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Incorporation of Am into the superconductor-related phase Pr,CuO,
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Pr. ggAm 15CUQ, has been synthesized and found to have a structure consistent with-fitese electron
superconductors. X-ray diffraction, x-ray-absorption spectroscopy studies, and magnetic-susceptibility results
are all used to conclude that Am is tetravalent in this Cu-oxide host. Despite the hole doping of the parent
Pr,CuQ, compound by Arfi", magnetic measurements show that thegfAm ;-CuQ, sample does not su-
perconduct, despite the observation that a Ce-doped sample made under the same condition exhibits a diamag-
netic signal at low temperatures and small applied fields. The absence of superconductivity in the Am-doped
sample is discussed in terms of a magnetic model for the suppressin dhe presence of Afii in this
sample precludes the formation of AgiCe,sCuQ,, which has been predicted to superconduct.
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. INTRODUCTION efforts in this laboratory to form AgCuQ, have been un-
successful, resulting instead in Am@nd reduced Cu. Nei-
Am,_,CegCuQ, (Am, Z=95) has recently been predicted ther the Ce nor Am phases BBa,Cu;0; nor R,CuQ, have
to superconduct with &, of 24 K! It is argued that this been reported to form. In addition, F8L,AMCu;Og has
phase should form a homolog of g structuré™ found  been reported’ but Am is tetravalent in this superconductor-
for R,_,M,CuQ, (R®*"=Pr-Eu, Cm;M**=Ce, Th and related phase. The objectives of the work reported herein are
that, once synthesized, it could be used to distinguish bethe synthesis and characterization of ‘aphase sample con-
tween charge-reservoir and cuprate-plane models foiaining Am. Py_,Am,CuC, has been chosen for study for
superconductivity. More generally, it can be argued that if several reasons. The parent compoungCBO, has been
Am can be incorporated into tHE' phase, the conductivity Well characterized:'® Pr is trivalent, with an®H, ground
and magnetic properties of this material should provide valul€rm that has a singlet ground state in the crystal field im-
able insights into the role of unpaired spin density in sup-arted by the lattice” Doping with Cé* or TH'",? both of
pressing superconductivity. As has been previously"’h":h are dlamggn_etlc, results in a super_conduc;tmg phase.
proposed® a lighter lanthanide, such as®®r or an actinide The RZCuQ} lattice is able to mcorporate elth(ir tnvalent or
with a nonsinglet ground state, such as Cm, may Suppreggtravalent ions at the 7% doping level of tR&" site. The

. I
superconductivity via a hybridization of radially extended’mcor_pora'.uon .Of Ani, W't.h its singlet ground state, would
magnetic states with Cu-O bands. It is argued that thjs provide direction for making a phase appropriate for study-

; . o . . ing predictions arising from either the charge-reservoir or
suppression has its origin in enhanced magnetic mteractmna,]agnetic suppression models. The incorporation of*Am

This argument is supported by the anomalously higlr\/vould provide a direct opportunity to study the influence of

magnetic-ordering temperatures seen for a variety of PL aqnetic jon, with radially extended valence states, on
(Refs. 7-9 and Cm(Refs. 10—-13 high-T analogs. superconducting properties.

The chemistry of Am, including size and charge consid-
erations, as well as the trivalent/tetravalent redox couple are
very similar to those of Ce. Am has two stable oxidation
states in solid samples, the trivalent state, as exemplified by 243Am, atomic number 95, is a manmade, radioactive el-
Am,0; and the tetravalent state, as exemplified by AmM®  ement(a decay,t,,=7.37x 10° yr). All experiments with
Am** has an °f configuration, so assuming Russell- this isotope are performed in specialized laboratories using
Saunders coupling it has &0, singlet ground state irre- procedures designed and approved to minimize radiological
spective of the site symmetry, and therefore no local momerdind chemical hazards. The limited availability, together with
at low temperaturé>'® This is to be compared with Cth  radiation exposure concerns, require the use of only mg
(2=96), which has an’f configuration and therefore a quantities and thereby limit studies to small sample sizes.
spherically symmetric ground state, with a large local mo- A polycrystalline sample of RgAmg£CuQ, was pre-
ment that is uninfluenced, to first order, by the crystalline-sitgpared following similar solid-state reaction techniques,
symmetry? Am** has an®f configuration and, according to which were optimized for the production of high-purity, su-
simple coupling arguments,J=5/2 ground state. The local perconducting RrgCey4Cu0,.* Stoichiometric ratios of
moment on Afi* can be expected to interact with surround- americium oxalatd Am,(C,0,)3], PO;;, and CuO were
ing ions because thef5Swave functions are more radially mixed and prefired at 900 °C in air. The sample was reground
extended than theirf4counterparts. and sintered at 1100 °C in air. This procedure was repeated

Am,_,CeCuQ, has been predicted to form and to be until the x-ray-diffraction data showed primarily a single
superconducting, although chemical precident argues phase. Finally the sample was resintered at 900 °C under an
against the formation of this phase. Preliminary synthetid\, atmosphere for 15 h and rapidly cooled to room tempera-

Il. EXPERIMENT
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ture. Similarly prepared PRgLCe :CuO, samples were 26001
found to superconduct with &; of 20 K. C . data
X-ray-diffraction data were obtained over the angular 15003_ ——fit
range 5° to 150° at room temperature from a Scintag theta-.g‘ : - — -difference
theta diffractometer using Cki, (1.5405 and 1.5443 Jra- g 10003_
diation. Approximately 5 mg of the sample, encapsulated g C
under a Kapton film as a safety requirement, was used for theE‘ 5003_
diffraction experiment. The data were analyzed using thes« :
general structure analysis systé@sAS) program?’ o v
X-ray-absorption experiments were conducted on powder OB it S
samples at room temperature on the BESSRC bending mac Y T L S A S b
net beamline 12-BM-B at the Advanced Photon Source fol- '50020 40 60 80 100 120 140
lowing safety protocols and procedures outlined by the Ac- 26 (deg)

tinide Facility. The beamline is equipped with a &ill)

double-crystal monochromator and a Pt mirror that is re- FIG. 1. Room-temperature x-ray-diffraction data obtained on a
quired to remove higher-order harmonics that are present bescintag theta-theta diffractometer, operating with a copper source.
cause of the high critical energy of the Advanced PhotorThe data are compared with their best fit over the angular range of
Source ring. The ZK edge was used to calibrate the mono-20° to 150° in 2. The fit includes 8.5-wt% R©;; as a second
chromator energy at 17 998 eV. AmBnd PhSr,AmCu;Oq phase. The two sets of vertical lines indicate the positions of Bragg
(Ref. 17 were used as trivalent and tetravalent standardspeaks originating from RgsAm 1CuQ, (top) and PgO; 4 (bottom.
respectively. Data were collected in transmission and fluores-

cence modes using a Canberra multielement Ge detector. THen is a strong x-ray scatterer and Amp@as theFm3m
extended x-ray-absorption fine-structufEXAFS) data  structure, which has most of its scattering intensity centered
analysis methodology is described elsewténeinxas data  in very few diffraction lines.

analysis softwareé was used to fit the EXAFS datBerFs.o1 The lattice constants, determined for the g&2Am 1:Cu0,
(Ref. 23 was used to obtain the phase and amplitude funcphase, are=3.9607(1) ancc=12.1676(2) A. These lat-
tions required for the EXAFS refinement. tice constants are compared with those from other

The magnetic-susceptibility measurements were conR,CuQ,-based compounds in Table |. Theaxis of the par-
ducted on a Quantum Design superconducting quantum irent compound BCuGQ, is comparable with that observed for
terference device, under an applied field of 500 G, over dhe Am-doped sample, whereas theaxis is considerably
temperature range of 5—-320 K. In addition, magnetizatiorshorter for the Am-doped compound. This shortening ofcthe
data were collectedt® K in thefield range of 0-50000 G. axis with doping is also seen with Ce doping. Since trivalent
The 17.8-mg sample was doubly encapsulated in aluminumAm is comparable in size with trivalent Pr, this result indi-
containers, which were run independently to determine theates that tetravalent Am is substituting for trivalent Pr. In
background correction to the data. The error on the measureatidition, thec/a ratio for the Am-doped BCuQ, sample is
susceptibility is large because the sample size is small, th8.072, which is slightly smaller than the value of 3.085 found
sample itself has a very low susceptibility, and the encapsufor the parent compound. A similar contraction of tbk&a
lation contributes a high background. The sample wasatio with doping was also observed for gaTh;-CuQ,.*

checked for superconductivity under a remnant field. A comparison of the/a ratios of theR,CuQ,-based samples
in Table | reveals that the value obtained for

Pr; gsAm 15CuQy is similar to all of the other entries in the
Ill. RESULTS table except for the La analog. All entries show doping with

a tetravalent ion, except for the La analog, in whiciBa
substitutes for L3". Thec/a ratio can be used to determine
X-ray powder diffraction is used to identify the structure whether a sample is isostructural with the hole-doped super-
formed and its phase purity. The powder pattern obtainedonductors, as exemplified by the La/Ba analog, or the elec-
from Pr_gsAm ;15CuQ, is shown in Fig. 1. The moderate data tron superconductors, as exemplified by the Pr/Ce analog.
quality reflects the small amount of samggfemg tota) ne-  The Am-doped Pr sample follows the trend established for
cessitated by the use 6f°Am and the need for sample en- the electron superconductors.
capsulation. Nevertheless, the data have narrow, well-defined The x-ray powder pattern shown in Fig. 1 was refined
diffraction lines, indicating that the sample is well crystal- from a model based on the ReCe;sCuQ, structure. Using
lized. The observed peaks can be indexed assuming twihe space group4/mmm (No. 139 Pr and Am are disor-
crystalline phases, one consistent with the tetragonal latticdered on the 4 site, 0 0z, Cu is located at the@ site, 0 0
previously reported for BEuO, (Ref. 29 and the other, a 0, one of the two crystallographically inequivalent oxygens
minor impurity phase, whose lines are consistent withsits on the 4 site, 0 0.5 0, and the other sits on the dite,
Pr;0y,.% There is no evidence indicating the presence of0 0.5 0.25. The only structural variable, in addition to the
AmO,, which would be the expected Am impurity phase. lattice constants themselves, is the Pr/Am gioordinate,
The absence of AmQlines in the diffraction pattern shows which refines to 0.3512). In order to fit the experimental
that the Am must be incorporated into the Pr sample becaustata adequately, it is necessary to include a contribution from

A. Powder diffraction
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TABLE |. Lattice constants of representati®CuO, compounds. All compounds crystallize in the
tetragonal space groug/mmm There are two different structure types within t#lgmmmspace group that
have been shown for superconductors. If there is an oxygen located on the Wyckoff posititre 4ample
is a hole superconductor, and it is referred to being inTtipase. In contrast, if the Wyckoff positiord4s
occupied, the sample is an electron superconductor, and is referred to as beinglinghase(Ref. 2.
Numbers in parentheses following the lattice constants refer to the error in the last digit.

Phase aA) c(A) cla References
La,CuO, 3.8026 13.1669 3.4626 47
Lay 5B 16CUO, T 3.78731) 13.28833) 3.5086 47
PLCUO, T 3.960164) 12.21891) 3.0855 this work
Pr, g:Cey 1:CUO, T 3.963492) 12.16017) 3.0677  this work
Nd,CuO, T 3.94176) 12.1636) 3.0857 48
Nd; gsCey 1:CUO, T 3.945@6) 12.0789) 3.0616 48
Cm,CuQ, T 3.9462) 12.1815) 3.0869 11, 12
Cmy geTho 1£CUO, T 3.9541) 12.131) 3.069 11
P, sAMg 1:CUO, T 3.96071) 12.16762) 3.0721  this work

@Averaged from the orthorhombic room-temperature structure.

PrsO;;. This known structure is included as a second phas&om the lattice constants and the Pr/Antoordinate, both

in the fit, with the cell constants and the scale factor as th@f which are well determined by the refinement. Conse-
only fitted parameters. The refined lattice constants arguently, the results of thesas refinement of the powder
6.68713), 11.602, and 12.8299) A with a beta angle of Xx-ray data are used to reliably determine the Pr/Am-O bond
100.7G16)°. The refined scale factors show that there isdistances in RrgsAmg 1.CuQ,, which are 2.335@) and
about 8.5 wt % of the RO, ; phase in the sample. The agree- 2.67874) A.

ments of the refined structure with the experimental data are

Rwp="0.1209,R,=0.0956, andy®=1.592. Although prob- B. XANES

lems associated with such small sample sizes, together with
the need for encapsulation, prohibit the acquisition of bette
data, the lattice constants determined &gAs fitting un-
equivocally show that the sample crystallizes in THestruc-
ture of PrCuQ;,.

Am Ls-edge x-ray-absorption near-edge structure
EXANES) data are used to determine the valence state of Am
in Pr; gsAMg 1CuQ,. The XANES spectrum obtained from
Am in Pr; ggAmg 1:CuQy, together with those from trivalent

: : (AmF3) and tetravalent Am standard$b,Sr,AmCu;Og
Although powder x-ray-diffraction data from a heavy- (Ref. 17] are shown in Fig. 2. The first derivatives of the

mEtal’ m'xed oxide normally d_o not allow the accurate de'normalized intensities, used to determine the edge positions,
termination of metal-oxygen distances, the location of both

. 2 ; . are shown in the inset. As seen from the data analysis in
oxygens on special positions with no variable parameter

) . IS able I, the fingerprint of a trivalent Am spectrum is an
means that the Pr/Am-O distances are directly establishe hsorption energyfirst peak in the derivative spectrirat

18512 eV, whereas the first derivative of the tetravalent Am

1.6 Iy — -3 standard 3 absorption energy is 18515 eV. The observed shift in edge
> b ] A | - 4+ standard ] energy of 3 eV between trivalent and tetravalent Am is con-
Z Ly of ; —PrAm,, Cu0,} ] sistent with the 3—4-eV difference in edge energy that is seen
ﬁ ; T ] for other trivalent/tetravalent actinide eddf@%\ comparison
3 0 8__ | - _ ] of the L3-edge energy of our sample with those of the stan-
E L o h ] TABLE II. A comparison of the fits ofL; XANES data from
z 0.4 0 i , Pr ggfAmgy 1£CuQ, with trivalent (AmF) and tetravalent
E oost '\I 3 (Pb,S,AMCu;0g) (Ref. 17 Am standards. Data were detected in
- ‘ T R 135:}20 T ese ] the transmissioT) or fluorescencéF) mode. The edge energies
18480 18500 18520 18540 18560 18580 are calibrated by setting the first derivative of the Kredge to
Energy (eV) 17998 eV. Errors in the energies atdl eV.
FIG. 2. Am Ls-edge XANES data from RgsAmg 1 {CUO, are Detection Peak First derivative

compared with a trivalent (AmfF and tetravalent mode maximum maximum

(P, Sr,AmCu;Og) standard. The first derivatives of the edge spec

tra are shown in an inset. The 3-eV shift to higher energy of theAmF; T 18518 18512

Am** edge energy over that obtained from Afris consistent with ~ Pb,SL,AMCU;Og F 18522 18515

other studies that show similar shifts between trivalent and tetravaPr, ;;Am ;4CuQ, F 18522 18515

lent actinide sample€Ref. 26.
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0.05 diffraction data. The significantly shorter Am-O bond dis-
tances determined from EXAFS data reflect the local lattice
contraction that is expected becauseAnis a smaller, more
highly charged ion than the P, for which it is substituting.
EXAFS spectroscopy is a single-ion probe that measures the
Am coordination directly whereas the diffraction data mea-
sures the average coordination environment about the Pr/Am
site, which will be dominated by the Pr-O distance. A similar
comparison can be made for Cm coordination in,CunQy,
as determined by Cnh; EXAFS data. Trivalent Cm has
near-neighbor oxygen distances, as determined by EXAFS
data, of 2.3(2) and 2.683) A. The shorter distances ob-
served by EXAFS spectroscopy for Am-O over Emagain
reflect the difference in oxidation state between the two ions.
Trivalent Am has a larger ionic radius than does trivalent
Cm. Therefore the shorter Am-O distance compared to the
Cm-O distance supports the XANES result that it is tetrava-
lent Am that substitutes for Pt in the PsCuQ, lattice.

The average Am-O distance of 240 A in

FIG. 3. kgx(k) EXAFS (left pane) and Fourier-transfornfright Prl-ngmO-lF’CUO“ is longer than the A|‘+1+-08 dlstgnce of
pane) data without phase-shift correction ffig) and (b)] ameri- ~ 2-327 A'in AmG, (Ref. 279 and 2.22 A obtglned for
cium Ls-edge data from RgsAmg ;:Cu0, and[(c) and(d)] curium  PB:SHAMCU;0g (Ref. 17 but smaller than the distance of
Ls-edge data from CaEUO, . The data are shown as solid lines and 2.53 A estimated from the lattice constants of Am$¢in
the fits as dashed lines. Similarity in the data from Am and Cm iswhich Am is trivalent. It should be noted that the Am coor-

used to argue that Am sits on the Pr site in the doped sample.  dination in P§ ggAmg 1CuQy is rather distorted, with a 14%
difference in oxygen bond lengths for the nearest-neighbor

dards clearly demonstrates that Am is tetravalent incoordination sphere.

Pr; gsAmg 1:CuQ,, a finding in support of the diffraction re-

sults.

" (b) Pr/Am
iF 10.04

(@) PrAm

E Jo.03

i Jo.02

apnyubep 1°4

70.01

epnyubey 14

IV. MAGNETIC SUSCEPTIBILITY

C. EXAFS The magnetic responses of B¥Amg.LCu0, and

Am L; EXAFS spectroscopy is used to determine thePr, g£Ce, 1CuQ,, as a function of applied field at low tem-
coordination environment about Am in RgAMg 1CU0,. perature, are compared in Fig. 4. The two samples are the
The EXAFS data, together with their Fourier transfaiffT), same size, and were prepared and measured using the same
are compared with similar data from GBuQ, in Fig. 3.  conditions. The behavior of the Ce-doped analog demon-
Cm,CuQ, has previously been shown to be isostructuralstrates the expected superconductivity in this phase. By con-
with Pr,CuQ,.*? A comparison of the two FT’s reveals the trast, the Am analog shows no evidence of superconductivity.
similarity in coordination environments of the twioions, = The occurrence of superconductivity in copper oxides is
thus confirming that Am substitutes at the Pr lattice positionknown to be very sensitive to preparative conditions, particu-
A fitting of the Am EXAFS data results in metrical param- larly oxygen stoichiometry and annealing procedures. The
eters listed in Table Ill. The Am coordination environment preparative conditions for the synthesis of RAmg ;:Cu0,
consists of four oxygens at 2. A and four oxygens at were based on the optimized procedure for a single phase,
2.623) A. These distances are statistically different from thesuperconducting RgCe, ;<CuQ, sample, which is seen to
values of 2.336@}) and 2.6787) A determined from the be superconducting. The effects of radiation damage are un-

TABLE Ill. Results of the fits ofk3y(k) Am and CmLs-edge EXAFS data from PgAmg <CuQ, and
Cm,CuQ, (Ref. 12. Estimated uncertainties are 1% for all distances. Coordination numbers are fixed based
on crystal structureﬁ% has been fixed at 1 for all fitqRef. 26. Values ofN are fixed andE? is fixed to the

O 1 value.
R=Am R=Cm
N r (A) a? (R) Eo (eV) N r (A) a? (R) Eo (eV)
01 4 2.19 0.0086 0.993 4 2.30 0.0072 6.017
02 4 2.62 0.016 c 4 2.63 0.0117 C
Cu 4 331 0.0095 c 4 3.31 0.0099 c
R 4 3.57 0.014 c 4 3.58 0.0144 c
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T L A j is the bohr magneton (0.9%710 2° erg/Oe). The effective
i ] moment determined from a fit to data in Fig. 5, over the
- o ] temperature range 85T<320K, is 4.7(2ug/f.u., and
e ° 1 measuredyp and # are 0.0022 emu/molf.u. and 81 K, re-
o0 ] spectively. The measured effective moment compares with
e * M=Am ] the free-ion value for RiggAmg CuO, of 4.88ug, calcu-
= M=Ce ] lated assuming pure Russell-Saunders free-ion moments for
re ] Pr* of 3.58ug and for Anf* of 0.845.5. A more appropri-
i ] ate comparison includes an effective moment for Pr of
3.53ug, Which has been determined from a full crystal-field
- a ] analysis of inelastic-neutron-scattering datd The Pr con-
I Y- S R tribution is determined using the wave functions and energy
0 100 200 300 400 500 levels determined from the inelastic neutron scattering fitting
Field (Gauss) to calculate susceptibilities as a function of temperature. This
susceptibility data is then fitted to the Curie-Weiss law in the

_ FIG. 4. Magnetization vs field data obtained from polycrystal- c3me manner used to fit the experimental data. This proce-
line samples of Rrg:Ce, 14CUQ, and Py gsAmo,{CUG, . The data,  qre results in a calculated moment over this temperature

which were obtained at a temperature of 5 K, are shown after corz, g6 of 4,81, little changed from the free-ion case. The
rection for the container contribution. The diamagnetic signal at lo

W, . . .

. : ; Cu moment was not included in the calculation because Cu
fields shows that th.e E§5CQ)'15C.UO4 sample is superconduct_lr}g. In_ spins in PyCuQ, have been shown to order antiferromag-
contrast, there is no evidence for superconductivity mnetically at abomjt 255 KRef. 18 and to exhibit strong two-
Pr, m uGy. . g . " .

16#AMo.16CUO, dimensional antiferromagnetic correlations even at tempera-
. . tures as high asy.?° Strong Cu moment correlations that
3
likely as t.he source of ¢ suppressmn beca9§é Am. (ty persist abovel obscure evidence for the transition in the
= 7340 yr; « decay was used in the preparation, which has agysceptibility data. Furthermore, it has also been demon-
relatively long half life, and because the samples were Meagyaieq that the observed susceptibility ob@uO, is ad-
sured within 6 days of preparation. Characterization of the,qately described with contributions only from the Pr sub-
structure, coordination environment, and dopant oxidationaitice over the temperature range of interdsP
state is consistent with that expected for a superconducting \yhereas the susceptibility from fEAM, 1CUO,, mea-

sample. , o sured at higher temperatures, compares well with single-
_The magnetic susceptibility of PgAmo1sCUO,, 0b-  (rysial data from the parent compouiidt differs markedly
tained as a function of temperature, is shown in Fig. 5. Thesg;™ |ower temperatures. The parent compound has a
data are analyzed assuming Curie-Weiss behayietC/(T  temperature-independent susceptibility at temperatures be-
+6)+xip, whereC and ¢ are Curie and Weiss constants |,y apout 50 K that is not observed in the Am-doped mate-
and xp is the temperature-independent contribution to thejg| |n addition to confirming that the Cu spins are ordered
susceptibility.Cz iﬁzr_elate_d to the effective magnetic moment  the parent compound at this temperature, the observed
M= (3kG/NoB) ™ in which Ng is Avogadro’s number an@  temperature-independent paramagnetism also confirms the
neutron-scattering assignment of an isolated singlet
A . L L A A ground state for P, with a magnetid's at 18 me\° The
S incorporation of AM* into the parent structure influences
the low-temperature susceptibility, which has a considerable
temperature dependence below 50 K. The magnitude of the
measured susceptibilitfan estimated effective moment of
about 1.2tz over the temperature range 10-5DiK signifi-
T cantly more than expected simply from the addition of
emporatins g 20 ] 7-mol% Anf*. The observed enhancement of the low-
] temperature susceptibility for the doped sample may be the
result of a change in the copper ordering, it may result from
a change in the crystal field experienced at the Rite, or it
‘2;0 T 320 may indicate hybridization of the localized Afrstates with
the Cu-O band states. Similar behavior has been previously
observed for PrBa&Cu;0; (Ref. 3) and PBSKLPrCuOq

FIG. 5. The magnetic susceptibility, obtained as a function of(Ref. 5 samples that have been doped with Ca.
temperature (5T<320K), for Pf{gAmg,:CuQ,. The data,
which were obtained under an applied field of 500 G, are shown V. DISCUSSION
after correction for the container contribution. There is no evidence
of superconductivity down to the lowest temperature measured. The P gsAmMg1sCuQ, forms and has a structure consistent
solid line represents the fit to the data over the temperature rang#ith the T'-phase electron superconductors. Although triva-
80-320 K. The inset show the same data as a Curie-Weiss plot. lent Am, as the oxalate, was used in the synthesis, and the

<
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parent compound can accommodate either the trivalent ate** or TH**. Based on simple structural and charge-
tetravalent Pr substitutions, Am is tetravalent in the finaltransfer arguments, PgAm,;<CuQ, should exhibit very
product. The determining factor for the Am oxidation state issimilar electronic behavior to the Ce and Th analogs. As
its reduction potential relative to the chemical potential ofdemonstrated in Fig. 4, the Pr-Ce analog, prepared under
the PsCuQy lattice, which is determined primarily by €ti. identical conditions, superconducts at low temperatures. We
Contrary to previous predictiothAm3" effectively reduces argue that the anomalous behavior of the Am-doped material
Cw?*. This finding is consistent with our experimental at- results from the local moment of Af#. The unpaired spins
tempts to make the pure AIBuQ, phase, all of which pro- reside of § orbitals, which are expected to be more radially
duced oxidized Ai* O, and reduced Cu, with no evidence extended than theirf4counterparts that fo_rm supercorjduct-
of the target phase. The inability to make the Am analog of"d Phases. The presence of a magnetic moment in these
Pr,CuQ, is also consistent with previous attempts to make€Xténded orbitals is argued to suppress the superconductivity
Ce,Cu0,. The pure Ce compound does not form because th_@reugh hybr|d_|zat|or?. .It is this hypothe5|s that drove the
Ce reduction potential is sufficiently large relative to that ofinitial interest in studying AmCuQ, and its electron-doped
Cu, that is, Ce is oxidized and Cu is reduced. In general, th@nalog. Whereas AM has no magnetic moment, Am is in-
Ce and Am analogs of the superconductor-related Cu oxide&orporated into BCuQ, as the tetravalent ion, which does
do not form unless the lattice can incorporate a tetravaleraTy a local moment. S _
ion. Specifically, theRBa,Cu;0; series does not accept a The apsence of superconductlvny in this sample is con-
tetravalent ion and therefore does not form the(Ref. 39  Sistent with the behavior of Cs€uO, and other nonsuper-
or Am (Ref. 33 analog. In contrast, BBr,RCu;0g does conducting semples that carry a Iocel_moment, in rac_j|ally
incorporate tetravalent ions and both thé"C¢Ref. 34 and  €xtended orbitals, on thR site. In addition to suppressing
Am** (Ref. 17 analogs have been synthesized and characduperconductivity, there is alse a notable chenge in the low-
terized. Although Ca doping results in single phases for botf{émperature magnetic properties upon doping. Whereas the
these compounds, neither is superconducting. parent eqr_npound exhibits only a temperature-independent
In the case under study here, the ease with whici A~ Susceptibility below 50 K, the Am-doped sample has a
oxidized is intermediate betweenPr (which is harder to _marked temperature dependence on its measured susceptibil-
oxidize) and C&* (which is easier to oxidize For the series Ity OVer this temperature range. o
of complex copper oxides that have been studied to date, jt It Should be noted that superconductivity in a sample con-
appears that Am and Ce are tetravalent in all cases, wherefning anf ion with radially extended orbitals, but with no
Pr and Tb are trivalent. This example can be compared with!"Paired spins, remains to be demonstrated. Such a sample
the perovskite series B®;, which provides more of an would proylde insight into th_e relative roles of _hybrldlzatl_on
oxidizing environment for th& ion. This ternary Ba-oxide 2and localized moments in the suppression of high-
series, with the gadolium orthoferrite structure, incluBés temperature superconductivity.
analogs that are stabilized f&=Ce3® Pr25% and Tb>>%7
as well as THE U3 Np,* Pu Am,*? Cm*®* and Cf®
Although there was a previous report of the stabilization of This work has benefited from use of the BESSRC CAT at
Dy*", it was independently determined that Dy is trivalent, the Advanced Photon Source and the Actinide Facility, at the
and substitutes into the lattice with oxygen defééts. Argonne National Laboratory. This work is supported by the
Pr, gAmg 14CUQ, is not superconducting. At substi-  U.S. DOE, Basic Energy Sciences, Chemical Sciences, under
tutes into theR,CuQy structure in the same manner as doesContract No. W-31-109-ENG-38.
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