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Electronic and magnetic properties of Cm in PSr,Cm;_,Ca,Cu3;Og (x=0.0 and 0.5
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A combination of x-ray diffraction, x-ray absorption spectroscopy, and magnetic susceptibility measure-
ments have been used to study the physical properties £8rf@m, ,CaCuOg (x=0.0,0.5). These Cm
compounds are isostructural with the superconducting members of §#8&Rp ,Ca Cu;Og (R denotes rare
earth series. X-ray absorption and magnetic susceptibility data clearly indicate that the Cm is trivalent in this
compound, consistent with the superconducting members of this series. Howex®&pClg Ca, -CusOg is
not superconducting. Furthermore, the Cm spins are found to magnetically order in the parent compound
Pb,Sr,CmCw0Og with an ordering temperature of 18 K. Suppression of superconductivity is observed together
with high-magnetic ordering temperatures in other highrelated compounds synthesized with Cm. The
results determined here are put into context with these previous observations.
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[. INTRODUCTION of 0.5 for highesfT.. The superconducting critical tempera-
turesT. are about 70 K for most of the series, althouih
The rare-eartifR) substitution effects on the highs; se- is 61 K for the Pr analog, about 10 K lower than the rest of
ries RBa,Cu;0,, R,_,CeCuQ,, and PbSKLR;_,CaCu;0g  the series. Magnetic and inelastic neutron scattering studies
have been studied in great detail using a wide variety ohave shown Pr to be essentially trivalent in,®5PrC,0g.8
experimental techniquésThe superconducting behavior ex- It should be noted that the Pr moments order at &K,
hibited by these three different series of substituted Cu oxwhich is significantly higher than the othé& substitutes,
ides are generally not affected by the natureRpklthough  despite the relatively small local moment on Pr. In contrast to
the R may carry magnetic moments as high ag30 Mag-  the other members of the series, neither the Ce nor the Am
netic quenching of superconductivity does not occur in thesanalog has been found to be superconducting. Detailed stud-
materials because the superconducting electrons reside in ties of these analogs have shown that, although the com-
planar CuO bands and the CuO aRaublattices are effec- pounds are isostructural with other members of this series,
tively electronically decoupled. This isolation is consistentboth Ce and Am are tetravalefit.In the work presented
with the known electronic behavior of thef 4electrons, here, we have synthesized tiefor Cm member of the
which are generally well localized, and are well modeled byPh,SrR; _,Ca,CusOg series forx=0 and 0.5, and have char-
simple, single-ion approaches. Despite this general trendicterized their structural and magnetic properties. X-ray ab-
there are severdl ions that, when substituted into one or sorption near-edge structureXANES) experiments were
more of the series listed above, do have a pronounced effecbnducted near the Crog, L,, andL; edges in order to
on superconductivity. These ions, which include Ce, Pr, Tbascertain the oxidation state of Cm. XANES has been used
Am (Z=95) and Cm Z=96), can be divided into two extensively to determine the ion-specific valence states in
classes. Th® ion in the Ce and Am analogs, if formed, are complex compounds. The atomic structure was determined
tetravalent® whereas all the otheR are trivalent. It has by combining x-ray powder diffraction and extended x-ray-
been demonstrated that the introduction of a tetravaent absorption fine structurdEXAFS) data. Cm has been chosen
suppresses superconductivity. The extra charge introduced ligr this study because it has a tetravalent/trivalent reduction
the Cé* or Am** is transferred to the Culanes, reducing potential similar to Pr and Tb but itsf5orbitals have a
the charge carriers. The situation is different with ®éor  slightly larger radial extent than thef orbitals of Pr. In
Pr and Cm analogs of these materials. Both these ions appeaddition, Cni* has aS;;, Russell-Saunders ground state that,
to be trivalent and yet Cm, and sometimes Pr, suppress st first order, is not influenced by the symmetry of the crystal
perconductivity through a mechanism that is not yet com{ield potential in which it is situated. These unique attributes
pletely understood.However, it is clear that whef. is  form a contrast to the properties of the other members of the
suppressed th® moments order at anomalously high tem- series and are expected to add insight into the suppression of
peratures. superconductivity and the concomitant high magnetic order-
The parent compounds FBr,R;_,CaCuwOg, for which  ing temperatures seen for Pr and Cm in other Highelated
x=0, form an isostructural series over a wide rangeRpf materials. Indeed, BBr,Cm,_,CaCu;0g is not supercon-
including Y, La-Lu(Refs. 5 and Band the actinide AM.The  ducting and the paremt= 0, compound exhibits evidence of
parent compounds themselves are not superconducting, ahagnetic ordering of the Cm moments at about 18 K.
though superconductivity can be induced by oxidizing some

Cuw?*, either by making the sample substoichiometric in Il. EXPERIMENTAL DETAILS
R3*, or by replacing som&3" with C&".” Generally su-
perconductivity is observed for 0X<0.8 in Powder samples of BSrL,Cm, _,CaCu0g (x=0.0,0.5)

Pb,SKLR,_,CaCu0g with the optimum Ca concentration were prepared by solid-state reaction techniques. Since
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FIG. 1. The CmL;-edge XANES spectra for
Pb,Sr,Cm; _,CaCu;0g (x=0.0,0.5 with spectra
of trivalent (CmCuQ,) and tetravalent (Cmg)
standards. The fluorescence data are shown for
Pb,SrL,Cm, _,CaCusOg, while transmission data
are shown for the standards. The inset shows the
first derivative of the intensities. The similarity
between the spectra obtained from Cm trivalent
standard and BBr,Cm,_,CaCu0Og indicates
that Cm is trivalent in P{Sr,Cm,; _,Ca,CusOs.
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2%8Cm is a man-made radioactive isotope with limited avail-Cm,CuQ, are used as the tetravalent and trivalent Cm stan-
ability, sample sizes were restricted to less than 10 mg. Dedards, respectively, and the other details of the x-ray absorp-
tails of the synthetic procedure were determined from surrotion setup are described elsewh&t@®ata were collected in
gate work on the Pr analog because of the similarities of Pthe transmission and fluorescence modes simultaneously.
and Cm solid-state Chemistry. Stoichiometric ratios of PbOLn(|O/|t) andl l/| o Were used for normalization of transmit-
CuO, CaCQ, SrCQ; and Cm as the oxalate, were mixed, ted and fluorescence intensities, respectively. Data analysis
pelletized, and prefired at 750 °C for two days indéntain-  methodology is described elsewhéfavinxas data analysis

ing 2% O,. The samples were reground, repelletized, andsoftyard®was used to fit the EXAFS data. FEFF7.0#f.
sintered at 750 °C under a;NMtmosphere for two days. This 1) \was used to obtain the phase and amplitude functions
procedure was repeated until the x-ray diffraction datarequired for EXAFS refinement.

which were taken on a Scintag theta-theta diffractom@@er

K, radiation, showed the sample to be single phase. Room
temperature x-ray diffraction data were analyzed using the
general structure analysis syst€®@SAS programt? Two
wavelengthsK ,; (1.5405 A andK ,, (1.5443 A, were used A. XANES

with a relative ratio of 0.5 for the structural refinement. The Cm L, edge XANES spectra obtained from

The magnetization experiments were conducted using . :
superconducting quantum interference devi®8@UID) mag- %bzerlefxc&c%OS’ along with those of the trivalent

netometer over the temperature range of 5-320 K. Sampl(ac_:mZCl%O‘l) and tetravalent (CmJ) standards, are shown in
masses fox=0.0 and 0.5 were 3.23 and 6.98 mg, respec-':'g- 1> The f|r_st derivative of '_che normalized m_tensnu_as,
tively. Magnetizations versus applied field were measured a¢Sed to determine the edge positions, are shown in the inset.
5 K to check the assumed linearity. A magnetic field of 500The fingerprint of Cmi* spectrum is the absorption energy
G was used for susceptibility measurements whereas loWfirst peak of the derivativeat about 18 973 with the maxi-
magnetic fieldg<20 G were employed to detect supercon- mum absorption at 18 979 eV, whereas the absorption energy
ductivity. Samples were doubly encapsulated in Al containerpeak of CM* is at 18 977 eV with maximum absorption at
for these measurements to prevent radioactive contamind8984 eV. The observed 4 eV shifts between trivalent and
tion, and containers were run separately in order to corredetravalent Cm absorption edges is consistent with the mag-
the magnetization data for background. X-ray absorption exnitude in differences observed between other trivalent and
periments were conducted on powder samples at room tentetravalent actinide$!’~1°XANES data for both thexc=0.0
perature on the BESSRC bending magnet beam lines 1znd 0.5 compounds of P&r,Cm; _,CaCu;Og are indistin-
BM-B at the Advanced Photon Sourt&PS) at the Argonne  guishable from those of the trivalent Cm standard. Our mea-
National Laboratory. Cm-4, L,, andL; edge data were surements of., andL, edges also showed similar shifts in
collected employing a 8&i11) double-crystal monochro- energy between trivalent and tetravalent Cim. and L,
mator that gives an energy resolution &fE/E=14.1 edges are observed to be at 23262 and 24547 eV for triva-
X 107°. The high critical energy of the APS ring required the lent CmyCuQ, and PBSr,Cm,; _,Ca,CuOg, Whereas they are
use of a Pt mirror to remove the higher-order harmonics. Nkat 23266 and 24551 eV for the tetravalent Cmm@hese

foil was used to calibrate the energy at 18986 eV. Gra@  observations show that Cm is essentially trivalent in

Ill. RESULTS

144521-2



ELECTRONIC AND MAGNETIC PROPERTIES OF Cm IN.. .. PHYSICAL REVIEW &4 144521

TABLE |. Structural parameters for PBr,Cm; ,CaCuOg (X 54671
=0.0 and 0.50btained from refinement of the x-ray diffraction and L
x-ray absorption fine structufXAFS) data taken at room tempera-

ture. InCmmm(No. 69, the crystallographic sites for Cm/Ca, Pb, S44r ]

Sr, Cul, Cu2, 01, 02, O3 ara24l, 4k, 2d, 41, 4l, 8m, and 18, —_ 5 i

and their coordinates ar@, 0, 0 (0, 3, 2), (0, 0,2), (0, 0,%), (0,3, < ot ]
©

2, (0, 3, 2, (3, % 2), and (x, y, 2), respectively. The occupation

factor for O3 is 0.25. Coordinates of Pb, Sr, and Cu2 are obtained
using diffraction data while O2 coordinates were fixed to the value 54
obtained from absorption data. O1 and O3 were fixedOat0.5, =
0.254 and(0.945, 0.072, 0.386 [

33805 T 105 L.l L5 12
x=0.0 x=0.5 Trivalent ionic radius(A)
a(A) 5.43781) 5.42531) FIG. 2. Lattice parametea of Pb,SLRCu;0g as a function of
b (A) 5.47561) 5.46031) trivalent (R®*) ionic radius for variouR. a for otherR, and triva-
c(R) 15.79024) 15.805%4) lent ionic radii were obtained elsewhér@?:*?Line is drawn to
Volume (A3) 470.142) 468.232) show the trivalent trend. Cm is trivalent that whereas Am and Ce
z for Pb 0.388%2) 0.39042) are tetravalent.
z for Sr 0.22533) 0.22413)
zfor Cu2 8'1111892)5& 8.1133‘31)53 Pb,Srb,RCu;0g compounds reveals good agreement of our
1108 a) 1104 a) data with the trend established for the trival@fThe varia-
z for 02 0.0933) 0.0943)

tion of the unit cella axis as a function of trivalent ionic radii
aparameters obtained from EXAFS fit. is shown in Fig. 2. The ionic radius of tetravalent Q95
A) is significantly smaller than that of trivalent Ci.10

Ph,SKL,Cm,_,CaCuO, for both thex=0 and the Ca-doped R),*?'therefore the valence state of Cm is expected to influ-
—X

sample. Ca doping does not measurably affect the Cm ve"¢® significantly the lattice parameters. The lattice param-
lence. etersa (Fig. 2) andb and unit-cell volume for variouR in

Pb,Srb,RCu;0Og increases smoothly with increasing trivalent
ionic radii with the exception oR for Ce and Am. Ce and
Am have been previously demonstrated to be tetravalent
In addition to the XANES, Cnl:; edge EXAFS data ions?®which have smaller ionic radii than that of their triva-
were also obtained. These data, in combination with x-rayent counterparts, therefore accounting for their deviation
powder diffraction data, have been used to determine th&tom the trend established by the trivalent ions. The lattice
Pb,Sr,Cm, _,CaCu;0g (x=0,0.5) are isostructural with the constants and volume for EBr,CmCuwOg fall on the trend
superconducting lanthanide analogs,#4R;_,CaCu;Og.  established by the trivalent ions, confirming our XANES re-
An x-ray Reitveld refinement, constrained to be consistensults that showed Cm to be trivalent in this material.
with the EXAFS results, was used to determine the lattice Several space groups including tetragor#mmm),
constants, space group, and overall structure. The EXAFSrthorhombic(Cmmm Pman Pmmm,?*~%* and monoclinic
data were used to obtain the Cm-O and Cm-Cu distance$C2/m,P2,/m,P2;) (Refs. 27,28 have been reported for
which are difficult to obtain from the x-ray diffraction data the PBSLRCu;Oq series. Although our data are consistent
because of the very weak scattering from O and Cu atomwith, and are refined in, the space gro@mmm a close
compared to the heavier atoms, such as Cm and Pb. Severaspection indicates that tH&, 1, 4 and(2, 0, 5 peaks are
iterations between fitting the EXAFS data and Reitveld re-much broader thai0, 0, 2, (0, 2, 0, and (0, 2, 5 peaks.
finements of the x-ray diffraction data were required before &imilar behavior has been previously observed for other
consistent fit was obtained for all the data. Pb,SrR;_,CaCu0g where it has been attributed to a
X-ray diffraction data, which were collected over the slight monoclinic distortion with a distribution of thg
range of 5°-150° at room temperature, show theangle?2°~3!
PbSrLCm; _,CaCu0g samples to be of high quality. All The x-ray diffraction data between 20° and 150°, together
observed peaks can be indexed using the same orthorhombidgth the CmL; EXAFS data, were used in the structural
space groufcmmmithat was found for the other members of refinement. The diffraction data, over a selected energy range
this serieg. The absence of extra peaks in the diffraction (Fig. 3), and the EXAFS data, together with their Fourier
pattern confirms the sample quality. Refined values for théransform (Fig. 4), are shown for P{Sr,Cm,sCa) sCugOg.
lattice parameters determined from fitting these peak posithe similarity between data from F®r,Cm,;_,CaCuOg
tions are given in Table I. The lattice parameta@ndb are  and those of the # compounds is demonstrated by the
contracted whereas theaxis is elongated for the Ca-doped EXAFS data from PSR, _,Ca,Cus0g>%2 that is also in-
sample. Similar behavior was observed for otReanalogs cluded in the EXAFS(Fig. 4) for R denoting Pr. Metrical
of Ph,SKR; _,CaCu0s.2?° A comparison between unit-cell results from the diffraction and EXAFS refinements are
edgesa,b and volumeV for the Cm analog with the other shown in Tables | and Il, respectively.

B. Crystal structure
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TABLE Il. The parameters obtained by refining the room tem-

4000:— szsrzcmo.scao.scuaoa perature CmL; EXAFS data of PESrL,Cm,_,CaCu0g (x=0.0
i and 0.5. Coordination numbers were fixed at 8 for both O and Cu
z 30001 :::;‘L‘:d based on the space group.
§ L — — -difference x=0.0 x=0.5
‘S 2000
5 : Cm-0 Ccm-0(A) 2.42624) 2.43624)
X ook a? (A?) 0.0243) 0.0132)
Ey (eV) —-1.41 —0.69
: M1 H [ TH I I A B TR IR NI UMYX N MW G BINOGE W WA TN Cm-Cu Cm'CU(A) 3241(30) 323330)
0 MWW\TMWMwMWNWMMW o2 (A? 0.0102) 0.0072)
S ) Eo (eV) —1.41 —0.69

Two theta (deg)

FIG. 3. Xray diffraction pattern and refinement for in the diffraction refinement. The O1 and O3 positional pa-
Pb,SrCmy sCa sCs0Og at room temperature. These data were col-rameters were estimated from previous structural work on
lected with CuK , x-rays. The crosses are the observed data and thghe R analogs of this Structur%s,z and were held fixed for the
solid line is the refinement. The difference between the observegafinement. Their contribution is very small to the total x-ray
data and the refined structure is shown at the bottom. Vertical ”ne§cattering, which is dominated by the heavy atoms.
in the middle indicate the positions of symmetry allowed charge All coordination numbers for EXAFS fits were fixed us-
Bragg peaks originating frork,; andK,, x-rays. ing space group requirements. Introducing three or more

fixed shells into the EXAFS fit to account for Cm-Sr, Cm-

The refinement was done in space gré@mpmm(No. 65). Cm, and Cm-O interactions with parameters determined ei-
The Cm/Ca and Cul positions are determined by symmetryher from the structural refinement or, in the case of Cm-O,
The z parameters for Pb and Sr were determined by Rietveldrom previous work on the Pr analdg? improves the fit.
refinement of the diffraction data. The Cu2 position was deHowever, these new parameters that are introduced into the
termined both from the diffraction data and also from fitting EXAFS model cannot be refined because there are insuffi-
the EXAFS Cm-Cu distance. The O2 position was detercient data to support more than two shells fit. The refined
mined directly from the EXAFS Cm-O fitting and held fixed Cm-O and Cm-Cu distances were 2.424 and 3.24130)

PbSr.R Ca CuO,
8_""I"."l'"'I""I""I""(""I""_""I'"l"'l"'~0.1
- (@) R=Cm it (b) R=Cm
i I+ ‘ 10.08
M: it 1 m
= I =
X
~ r Jo.06
= 0 8
“x =3
L ‘0'045_ FIG. 4. () The Cmi; edge fluorescence
®

k3v(k) EXAFS data (solid line from
Pb,SrL,Cm, sCa, sCu;0q. The best fits using two
Cm-0O and Cm-Cu distances are shown as dashed
lines. (b) Fourier transforms of the experimental
(solid lines and fitted(dashed linesEXAFS data
before phase shift correction. The Py-kedge
EXAFS data and their Fourier transform for
Phb,Sr,Pry sCay Cus0g are shown in(c) and (d),
respectively.
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A, respectively, for the undoped sample=(0.0) whereas
they refined to 2.43@4) and 3.23830) A for the x=0.5 Pbgsrgcmcu308
sample. It should be noted that the Cm-O-fitted Debye- o2 §
Waller parameter for the parent compound is larger than ex- vg % aof
pected relative to its doped counterpart. This result, repro- 1 \ °
ducible and verified over different synchrotron runs, is & . i
unexpected and inconsistent with the higher degree of disor- (; ‘. 3 ¢
der normally associated with a doped material. It should be % 0081 ., H 20:
further noted that this result does not impact our Cm-O bond § % 1ok
distance because it is the coordination number that is corre- & 006T .

. . . o s O 100 200 300
lated with the Debye-Waller parameter. Our coordination = “,
numbers are fixed by space group considerations and not 0041 (4) '*-.,..
refined from the EXAFS data. The fits to the diffraction and fereen.,
EXAFS experimental data fox=0.5 compound are com- 0.02 . L : . s LT
pared with the appropriate data in Figs. 3 and 4. 013 100 200 300

The Cm-O distances we obtained from the EXAFS are
significantly larger than those of AmO and Ce-O in the same 012 F
systen® This observation in consistent with G Am**, _ s
and Cé", the latter two of which have smaller ionic radii S ontf % S |°
than their trivalent counterparts. The effect of Ca doping on o
the Cm-O distance is also similar to that observed in other g 01f
trivalent 4f compounds. WheiR is trivalent, R-O distances 3 .
increase with Ca doping whereas they decrease in the tet- E 0.09 [ .
ravalent Ce analog®*3*Both x-ray diffraction and absorp- = Tn=18K .
tion experiments clearly indicate that 0.08 I b .
PbSr,Cm; ,CaCuOg is isostructural to all other (b) .
Pb,SKR; _,CaCu05 compounds and Cm is trivalent in this 007, 10 20 30 a0 50 80
system. Temperature (K)
C. Magnetic susceptibility FIG. 5. (a) The temperature dependence of the magnetic suscep-

. P . tibility of Pb,Sr,CmCuwOg and the inverse susceptibility is shown
Magnetic susceptibility data, obtained from a pOWderin the inset.(b) Magnetic susceptibility at low temperatures. The

sample of P58r2cmCléO§3 an_d measure_d as a functior_l Of cusp at 18 K indicates the antiferromagnetic ordering of Cm ions in
temperature, are shown in Fig. 5. The inverse susceptibilityy;s” compound.

shown in the inset, increases linearly with temperature above

30 K. These data were least squares fitted to the Curie-Weigsgder slightly above room temperature. In contrast to the
law xy=C/(T+6), whereC and © are Curie and Weiss observations from RSrL,CmCy0O; and CmBaCu;0;, the
constants. The refined parameters &e9.40 K and© measured susceptibility of G@uQ, is 7.89(5)ug, Which is
=96.8 K for the data between 120 and 320 K. The effectiveconsistent with local moments only on &m'*

moment of 8.7(2g, obtained from the measurediusing An expanded view of low-temperature magnetic suscepti-
wer=(8C)Y2, is significantly larger than the 7.4 expected bility data, shown in Fig. &), reveals a cusp in the data
for a Cn?t" free-ion moment. Cit has a spherically sym- centered at about 18 K. Similar cusps, attributed to the anti-
metric, 8S;/, ground state and therefore the crystal field will ferromagnetic ordering of Cm moments, have been observed
not influence the magnetic susceptibility to first orfeFor  in Cm,CuO, and CmBaCwO, at 25 and 22 K,
comparison, tetravalent Cm has &,, J=0 Russell- respectively’>3” Magnetic neutron diffraction experimefits
Saunders ground state, and hence a free-ion moment ahambiguously confirmed the origin of the transition at 25 K
Owg. Therefore, the high value of the effective moment ob-in Cm,CuQ, as the antiferromagnetic ordering of Cm spins.
served here for BISrL,CmMCuwOg can be accounted for neither Although the small sample sizes used here prevented us from
by crystal-field effects nor by the presence of some tetravaebtaining the magnetic ordering details from neutron diffrac-
lent Cm. Instead, the large observed moment is evidence oftioon, we conclude that the Cm spins antiferromagnetically
local paramagnetic moment on Cu. When the inverse magsrder in PhSr,CmCyOg at 18 K. This conclusion is based
netic susceptibility data fitted between 30 and 90 K, which ison the similarities in the temperature dependence of the mag-
below the slight anomaly observed at about 100 K, an effecnetic susceptibility in these two compounds. The temperature
tive magnetic moment of 7.8(2) is obtained in agreement dependence of the magnetic susceptibility in
with that expected for a Cti free-ion moment. This result Pb,Sr,Cmy, Ca, <CusOg did not show a cusp, therefore there
may indicate that Cu moment ordering occurs below 100 Kis no indication for magnetic ordering of Cm ions in
Precedent for a Cu local moment comes from previous work= 0.5 above 5 K. This result is consistent with the dilution of
on CmBaCu;0;, which has a measured magnetic momentthe magnetic ions by Ca in this compoufidAlthough the

of 8.9(2)ug,>> and PrBaCu;0,,% in which the Cu moments ordering is suppressed in the Ca compound, the strong mag-

144521-5



S. SKANTHAKUMAR, C. W. WILLIAMS, AND L. SODERHOLM PHYSICAL REVIEW B 64 144521

netic interactions and hybridization with Cu-O planes that TABLE Ill. Magnetic ordering temperatureg () of Rin three
resulted in the magnetic ordering of the Cm moments in theuperconducting systemsy of Cm is higher than all otheR, in-
parent phase will still be present in the Ca-doped samples.dicating that the magnetic interactions are very strong in Cm com-
Low-field magnetization data obtained from Pounds(Refs. 1,9, 10, 13, 31, 35, 4244, 47352
Pb,Sr,Cm, sCa, sCu;0g showed no indication of a supercon-

ducting transition, although the sample was prepared under R RBa,Cu;0; R,Cu, Pb,SLRCU;0g
conditions that, for lanthanide-doped BiBR, sCa) sCusOg, Pr 17.0 No ordering 6.0
result in bulk superconductivity. Whereas a slight variation 15 16 1.7
in the Ca concentratiofx) from 50% cannot be ruled out, sm 0.6 595 11
our overall conclusion remains the same because supercong, 4 29 6.4 23
ductivity has been observed in othB analogs for wide b Does not form 9 53
range ofx(0.2<x<0.8). Dy 13 7 09
Cm 22.0 25.0 18.0

IV. DISCUSSION

Single-phase  samples of fHRLCmCwOg and bonds were observed for superconducting samples, uncorre-
Pb,Sr,Cm, _,CaCus0g have been prepared following syn- lated with the effectivef-ion ionic radius. This effect was
thetic procedures as optimized for Bi,Pr,_,CaCu0g.%°  clearly demonstrated by the dependence of the superconduct-
A combination of x-ray powder diffraction and Chy-edge ing transition temperatureT() on the lattice paramete,
EXAFS data have been used to probe the atomic structureshich is an indirect measure of the planar O-Cu-O
of these materials. The Cm analog of;,BBRCu;Og is iso-  bondlength. The highe&t. was observed for the shortest
structural with the otheR members of this series. The dif- and T, was found to decrease with increasingAs with
fraction lines are indexed, and the positional parameters arether series, the Cu-O bond length is not exactly proportional
refined in the Cmmm space group. As previously observedo ain Pb,SKLR; _,Ca CusOg, however, it can be assumed for
for theR denoting Y, Pr, and Tb analogs, tfle 1, 4 and(2,  comparison purposes that lattice parameteasdb are pro-

0, 5 peaks in theR for Cm sample are also much broader portional to the lengths of O-Cu-O bond. In
than (0, 0, 2, (0, 2, 0 and (0, 2, 5 peaks’?*~*indicating  Ph,Sr,Cm, _,CaCu0q, the lattice parameters and b
the slight monoclinic distortion found for the lanthanide shrink with increasing Ca concentrations, similar to the ob-
compounds is also present in the Cm sample. served behavior in the otheR analogs®?® The relative

The structural data, including the trends established irthange in Cm is similar to otheR except Pr, where rela-
unit-cell lengths, cell volumes, arf@O bond distances, are tively larger contractions ira and b are observed with Ca
all consistent with trivalent Cm in these samples. This resultioping. Thea andb axes in 50% Ca-doped Pr compounds
is confirmed by XANES spectroscopy and magnetic suscepare found to be significantly smaller than those of the Cm
tibility data, which clearly show the presence of only €m analog, despite the fact that the ionic radius of Pr is slightly
in both the parent compound and the Ca-doped sample. Thiarger than that of Cm. Since F#r,Cmy, sCa, sCusOg is not
result is consistent with the overall redox chemistry of thesuperconducting and it has the largestnd b, it is also
rare earths and actinides in the known Cu-Oconsistent with the trend noticed by Kisheb al*! that com-
superconductors?133%Am and Ce are the most easily oxi- pounds with the largest Cu-O bond lengths have the lowest
dized, from ftrivalent to tetravalent, of thieions found in  T_s. A careful comparison of the reported lattice parameters
these systentsPr, Tb, and Cm can form selected tetravalentin the RBa,Cu,0, series® also supports this trend. Although
oxides, but have been found to be trivalent when associateghe ionic radius of Cm is smaller than that of Ndandb in
with a Cu-O framework. Recently, it has been predicted thaCmBa,Cu;0;, which is not a superconductor, are greater
Am will be trivalent in Am,CuQ, and that superconductivity than those of other superconductiRg

will be induced by C&" doping for An?*.%° This prediction The antiferromagnetic ordering temperatur@g) of Cm
is in contrast to the trend established to date by the redoxn three different highF. related compounds along with
activef ions in these oxide systems. some of their rare-earth analogs are given in Table Ill. The

Although PBSr,Cm, _,CaCwQg is isostructural with all  Cm  magnetic ordering temperature of 18 K in
the superconducting RBrLR; _,Ca,Cu;0g compounds, and  Ph,Sr,CmCwOg is the largest in the series. In
Cm is trivalent, there is no indication for superconductivity Pb,Sr,GdCwOg, the Gd spins order antiferromagnetically at
at temperatures down to 5 K. Whereas the Ce and Am an&.3 K *? Although Gd and Cm both have 4A configuration,
logs are also not superconducting, thens in both these and both have a spherically symmetric ground state with a
cases are tetravalent. Both BiPr,CaCu;03 and large magnetic moment, there is a significant difference in
Pb,Sr,Thy sCay sCu30g are superconducting, although the Pr their ordering temperatures. In tiCuQ, series, similari-
analog of theRBa,Cu;0; series is not, and the Tb analog ties are observed in the magnetic properties of Gd and Cm,
does not form as a single-phase sample. which have ordering temperatures of 6.4 and 25 K,

It was observed in an early work on respectively>**Both have the same magnetic structure and
[La;_«(Ba, Sr, Ca)],CuO,_; that there is a strong correla- three-dimensional(3D) behavior, and the nearest-neighbor
tion between superconductivity and the Cu-O bond lengthglistances are almost equal in all three directions. Since the
in the superconducting planésConsiderably shorter Cu-O maximum temperature expected for dipole-type magnetic in-
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teractions is about 2 K, it has been concluded that exchangbe hybridization effects on superconductivity. In Pr com-
interactions play an important role for the magnetic orderingpounds, superconductivity appears to be dependent on the
in the R,CuQ, series** Although 3D magnetic ordering of splitting of the 3H, Russell-Saunders ground leef’ The
the f moments is observed in théRBa,Cu;O;, and  superconducting critical temperature appears to correlate
Pb,SLRCu;0g series, the ordering shows a 2D-like magneticwith the moment of the Pr ground state. Cm, with its spheri-
behavior, which is observed even abdyg.3**This behav-  cally symmetric®S,,, ground state, is uninfluenced to first
ior originates naturally from the 2D-like crystal structure. order by the crystal field, and therefore Cm always carries a
The R-R nearest-neighbor distance along thexis (~15.8  large moment. All Cm highF, related compounds have been
A) in Ph,SLRCW,04 is about four times larger than that in found to be nonsuperconducting. €Bf orbitals are not as
the a-b plane (~3.9 A). ThereforeR magnetic coupling well localized as their # counterparts, and can easily hy-
within thea-b plane is expected to be much stronger than thédridize with the CuO planar states responsible for supercon-
coupling between planes, resulting in the observed 2D beductivity and situated near the Cm ion. The large magnetic
havior. The Gd spins in BBrL,GdCwOg order at 2.3 K and moment on Cm can affect the superconductivity by breaking
dipole rather than exchange magnetic interactions are reghe Cooper pairs. The strong bonding between the Cm mag-
sponsible for the magnetic ordering. In contrast, Cm inneticf states and the CuO band will make the indirect mag-
Pb,Sr,CmCuOg orders at 18 K, where it is clear that netic exchange interactions very strong and induce the Cm
Cm-Cm exchange interactions play the pivot role. That thespins to magnetically order at unusually high temperatures.
exchange interactions are clearly more dominant in the magstrong Cm-Cm magnetic exchange interactions, implied by
netic behavior of the Cm-based materials than in any of théhe high magnetic ordering temperature, are expected to be
lanthanide analogs is consistent with the known characterignediated along the direction through the Cu-O layers im-
tics of the Cm 5 orbitals, which have a larger radial extent plying a relatively strong Cm-Cu coupling. Such a coupling
than their F counterparts and therefore are morehas been previously reported in PpBagO,.*>* These
delocalized" Cm states may more easily hybridize with the Cm-Cu interactions influence the Cu sublattice magnetic
CuO bands and make the exchange interactions very stroroperties sufficiently to suppress superconductivity in the
in the a-b plane as well as along thedirection. The nature Ca-doped compound. A full understanding of this correlation
of the magnetic interactions is different in Cm and Gd inbetween superconductivity arid, suppression requires fur-
Ph,Sr,RCu;0g, therefore the magnetic structure may be alsather investigation.
different in these compounds.

The Cm analogs of all the Cu-O series studied to date
have the highestTys within their series(Table Ill). This ACKNOWLEDGMENTS
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