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Incorporation of Am into the superconductor-related phase Pr2CuO4

S. Skanthakumar, C. W. Williams, and L. Soderholm
Chemistry Division, Argonne National Laboratory, Argonne, Illinois 60439, USA

~Received 24 September 2002; revised manuscript received 10 February 2003; published 22 August 2003!

Pr1.85Am.15CuO4 has been synthesized and found to have a structure consistent with theT8-phase 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
Pr2CuO4 compound by Am41, magnetic measurements show that the Pr1.85Am.15CuO4 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 suppression ofTc . The presence of Am41 in this
sample precludes the formation of Am1.85Ce.15CuO4 , which has been predicted to superconduct.

DOI: 10.1103/PhysRevB.68.064510 PACS number~s!: 74.72.2h, 74.10.1v, 61.10.Ht, 61.10.Nz
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I. INTRODUCTION

Am22xCexCuO4 ~Am, Z595) has recently been predicte
to superconduct with aTc of 24 K.1 It is argued that this
phase should form a homolog of theT8 structure2–4 found
for R22xMxCuO4 (R315Pr-Eu, Cm; M415Ce, Th! and
that, once synthesized, it could be used to distinguish
tween charge-reservoir and cuprate-plane models
superconductivity.1 More generally, it can be argued that
Am can be incorporated into theT8 phase, the conductivity
and magnetic properties of this material should provide va
able insights into the role of unpaired spin density in su
pressing superconductivity. As has been previou
proposed5,6 a lighter lanthanide, such as Pr31, or an actinide
with a nonsinglet ground state, such as Cm, may supp
superconductivity via a hybridization of radially extende
magnetic,f states with Cu-O bands. It is argued that thisTc

suppression has its origin in enhanced magnetic interacti
This argument is supported by the anomalously h
magnetic-ordering temperatures seen for a variety of
~Refs. 7–9! and Cm~Refs. 10–13! high-Tc analogs.

The chemistry of Am, including size and charge cons
erations, as well as the trivalent/tetravalent redox couple
very similar to those of Ce. Am has two stable oxidati
states in solid samples, the trivalent state, as exemplified
Am2O3 and the tetravalent state, as exemplified by AmO2.14

Am31 has an 6f configuration, so assuming Russe
Saunders coupling it has aJ50, singlet ground state irre
spective of the site symmetry, and therefore no local mom
at low temperature.15,16 This is to be compared with Cm31

(Z596), which has an7f configuration and therefore
spherically symmetric ground state, with a large local m
ment that is uninfluenced, to first order, by the crystalline-s
symmetry.12 Am41 has an5f configuration and, according t
simple coupling arguments, aJ55/2 ground state. The loca
moment on Am41 can be expected to interact with surroun
ing ions because the 5f wave functions are more radiall
extended than their 4f counterparts.

Am22xCexCuO4 has been predicted to form and to b
superconducting,1 although chemical precident argue
against the formation of this phase. Preliminary synthe
0163-1829/2003/68~6!/064510~7!/$20.00 68 0645
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efforts in this laboratory to form Am2CuO4 have been un-
successful, resulting instead in AmO2 and reduced Cu. Nei-
ther the Ce nor Am phases ofRBa2Cu3O7 nor R2CuO4 have
been reported to form. In addition, Pb2Sr2AmCu3O8 has
been reported,17 but Am is tetravalent in this superconducto
related phase. The objectives of the work reported herein
the synthesis and characterization of aT8-phase sample con
taining Am. Pr22xAmxCuO4 has been chosen for study fo
several reasons. The parent compound Pr2CuO4 has been
well characterized.8,18 Pr is trivalent, with an3H4 ground
term that has a singlet ground state in the crystal field
parted by the lattice.19 Doping with Ce41 or Th41,2 both of
which are diamagnetic, results in a superconducting ph
The R2CuO4 lattice is able to incorporate either trivalent o
tetravalent ions at the 7% doping level of theR31 site. The
incorporation of Am31, with its singlet ground state, would
provide direction for making a phase appropriate for stu
ing predictions arising from either the charge-reservoir
magnetic suppression models. The incorporation of Am41

would provide a direct opportunity to study the influence
a magnetic ion, with radially extended valence states,
superconducting properties.

II. EXPERIMENT

243Am, atomic number 95, is a manmade, radioactive
ement ~a decay, t1/257.373103 yr). All experiments with
this isotope are performed in specialized laboratories us
procedures designed and approved to minimize radiolog
and chemical hazards. The limited availability, together w
radiation exposure concerns, require the use of only
quantities and thereby limit studies to small sample sizes

A polycrystalline sample of Pr1.85Am0.15CuO4 was pre-
pared following similar solid-state reaction technique
which were optimized for the production of high-purity, s
perconducting Pr1.85Ce0.15CuO4.4 Stoichiometric ratios of
americium oxalate@Am2(C2O4)3#, Pr6O11, and CuO were
mixed and prefired at 900 °C in air. The sample was regro
and sintered at 1100 °C in air. This procedure was repea
until the x-ray-diffraction data showed primarily a sing
phase. Finally the sample was resintered at 900 °C unde
N2 atmosphere for 15 h and rapidly cooled to room tempe
©2003 The American Physical Society10-1
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ture. Similarly prepared Pr1.85Ce0.15CuO4 samples were
found to superconduct with aTc of 20 K.

X-ray-diffraction data were obtained over the angu
range 5° to 150° at room temperature from a Scintag th
theta diffractometer using CuKa ~1.5405 and 1.5443 Å! ra-
diation. Approximately 5 mg of the sample, encapsula
under a Kapton film as a safety requirement, was used for
diffraction experiment. The data were analyzed using
general structure analysis system~GSAS! program.20

X-ray-absorption experiments were conducted on pow
samples at room temperature on the BESSRC bending m
net beamline 12-BM-B at the Advanced Photon Source
lowing safety protocols and procedures outlined by the A
tinide Facility. The beamline is equipped with a Si~111!
double-crystal monochromator and a Pt mirror that is
quired to remove higher-order harmonics that are presen
cause of the high critical energy of the Advanced Pho
Source ring. The ZrK edge was used to calibrate the mon
chromator energy at 17 998 eV. AmF3 and Pb2Sr2AmCu3O8
~Ref. 17! were used as trivalent and tetravalent standa
respectively. Data were collected in transmission and fluo
cence modes using a Canberra multielement Ge detector
extended x-ray-absorption fine-structure~EXAFS! data
analysis methodology is described elsewhere.21 WINXAS data
analysis software22 was used to fit the EXAFS data.FEFF8.01

~Ref. 23! was used to obtain the phase and amplitude fu
tions required for the EXAFS refinement.

The magnetic-susceptibility measurements were c
ducted on a Quantum Design superconducting quantum
terference device, under an applied field of 500 G, ove
temperature range of 5–320 K. In addition, magnetizat
data were collected at 5 K in the field range of 0–50 000 G
The 17.8-mg sample was doubly encapsulated in alumin
containers, which were run independently to determine
background correction to the data. The error on the meas
susceptibility is large because the sample size is small,
sample itself has a very low susceptibility, and the encap
lation contributes a high background. The sample w
checked for superconductivity under a remnant field.

III. RESULTS

A. Powder diffraction

X-ray powder diffraction is used to identify the structu
formed and its phase purity. The powder pattern obtai
from Pr1.85Am.15CuO4 is shown in Fig. 1. The moderate da
quality reflects the small amount of sample~5 mg total! ne-
cessitated by the use of243Am and the need for sample en
capsulation. Nevertheless, the data have narrow, well-defi
diffraction lines, indicating that the sample is well crysta
lized. The observed peaks can be indexed assuming
crystalline phases, one consistent with the tetragonal la
previously reported for Pr2CuO4 ~Ref. 24! and the other, a
minor impurity phase, whose lines are consistent w
Pr6O11.25 There is no evidence indicating the presence
AmO2, which would be the expected Am impurity phas
The absence of AmO2 lines in the diffraction pattern show
that the Am must be incorporated into the Pr sample beca
06451
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Am is a strong x-ray scatterer and AmO2 has theFm3m
structure, which has most of its scattering intensity cente
in very few diffraction lines.

The lattice constants, determined for the Pr1.85Am.15CuO4
phase, area53.9607(1) andc512.1676(2) Å. These lat-
tice constants are compared with those from ot
R2CuO4-based compounds in Table I. Thea axis of the par-
ent compound Pr2CuO4 is comparable with that observed fo
the Am-doped sample, whereas thec axis is considerably
shorter for the Am-doped compound. This shortening of thc
axis with doping is also seen with Ce doping. Since trivale
Am is comparable in size with trivalent Pr, this result ind
cates that tetravalent Am is substituting for trivalent Pr.
addition, thec/a ratio for the Am-doped Pr2CuO4 sample is
3.072, which is slightly smaller than the value of 3.085 fou
for the parent compound. A similar contraction of thec/a
ratio with doping was also observed for Cm1.85Th.15CuO4.11

A comparison of thec/a ratios of theR2CuO4-based samples
in Table I reveals that the value obtained f
Pr1.85Am.15CuO4 is similar to all of the other entries in th
table except for the La analog. All entries show doping w
a tetravalent ion, except for the La analog, in which Ba21

substitutes for La31. Thec/a ratio can be used to determin
whether a sample is isostructural with the hole-doped su
conductors, as exemplified by the La/Ba analog, or the e
tron superconductors, as exemplified by the Pr/Ce ana
The Am-doped Pr sample follows the trend established
the electron superconductors.

The x-ray powder pattern shown in Fig. 1 was refin
from a model based on the Pr1.85Ce.15CuO4 structure. Using
the space groupI4/mmm ~No. 139! Pr and Am are disor-
dered on the 4e site, 0 0z, Cu is located at the 2a site, 0 0
0, one of the two crystallographically inequivalent oxyge
sits on the 4c site, 0 0.5 0, and the other sits on the 4d site,
0 0.5 0.25. The only structural variable, in addition to t
lattice constants themselves, is the Pr/Am sitez coordinate,
which refines to 0.3515~2!. In order to fit the experimenta
data adequately, it is necessary to include a contribution fr

FIG. 1. Room-temperature x-ray-diffraction data obtained o
Scintag theta-theta diffractometer, operating with a copper sou
The data are compared with their best fit over the angular rang
20° to 150° in 2u. The fit includes 8.5-wt % Pr6O11 as a second
phase. The two sets of vertical lines indicate the positions of Br
peaks originating from Pr1.85Am0.15CuO4 ~top! and Pr6O11 ~bottom!.
0-2
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TABLE I. Lattice constants of representativeR2CuO4 compounds. All compounds crystallize in th
tetragonal space groupI4/mmm. There are two different structure types within theI4/mmmspace group that
have been shown for superconductors. If there is an oxygen located on the Wyckoff position 4e, the sample
is a hole superconductor, and it is referred to being in theT phase. In contrast, if the Wyckoff position 4d is
occupied, the sample is an electron superconductor, and is referred to as being in theT8 phase~Ref. 2!.
Numbers in parentheses following the lattice constants refer to the error in the last digit.

Phase a ~Å! c ~Å! c/a References

La2CuO4 3.8026a 13.1669 3.4626 47
La1.85Ba0.15CuO4 T 3.7873~1! 13.2883~3! 3.5086 47
Pr2CuO4 T8 3.96016~4! 12.2189~1! 3.0855 this work
Pr1.85Ce0.15CuO4 T8 3.9639~2! 12.1601~7! 3.0677 this work
Nd2CuO4 T8 3.9417~6! 12.163~6! 3.0857 48
Nd1.85Ce0.15CuO4 T8 3.9450~6! 12.078~9! 3.0616 48
Cm2CuO4 T8 3.946~2! 12.181~5! 3.0869 11, 12
Cm1.85Th0.15CuO4 T8 3.952~1! 12.13~1! 3.069 11
Pr1.85Am0.15CuO4 T8 3.9607~1! 12.1676~2! 3.0721 this work

aAveraged from the orthorhombic room-temperature structure.
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Pr6O11. This known structure is included as a second ph
in the fit, with the cell constants and the scale factor as
only fitted parameters. The refined lattice constants
6.687~13!, 11.602, and 12.829~19! Å with a beta angle of
100.70~16!°. The refined scale factors show that there
about 8.5 wt % of the Pr6O11 phase in the sample. The agre
ments of the refined structure with the experimental data
Rwp50.1209,Rp50.0956, andx251.592. Although prob-
lems associated with such small sample sizes, together
the need for encapsulation, prohibit the acquisition of be
data, the lattice constants determined byGSAS fitting un-
equivocally show that the sample crystallizes in theT8 struc-
ture of Pr2CuO4.

Although powder x-ray-diffraction data from a heav
metal, mixed oxide normally do not allow the accurate d
termination of metal-oxygen distances, the location of b
oxygens on special positions with no variable parame
means that the Pr/Am-O distances are directly establis

FIG. 2. Am L3-edge XANES data from Pr1.85Am0.15CuO4 are
compared with a trivalent (AmF3) and tetravalent
(Pb2Sr2AmCu3O8) standard. The first derivatives of the edge sp
tra are shown in an inset. The 3-eV shift to higher energy of
Am41 edge energy over that obtained from Am31 is consistent with
other studies that show similar shifts between trivalent and tetra
lent actinide samples~Ref. 26!.
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from the lattice constants and the Pr/Amz coordinate, both
of which are well determined by the refinement. Cons
quently, the results of theGSAS refinement of the powde
x-ray data are used to reliably determine the Pr/Am-O bo
distances in Pr1.85Am0.15CuO4, which are 2.3355~4! and
2.6787~4! Å.

B. XANES

Am L3-edge x-ray-absorption near-edge structu
~XANES! data are used to determine the valence state of
in Pr1.85Am0.15CuO4. The XANES spectrum obtained from
Am in Pr1.85Am0.15CuO4, together with those from trivalen
(AmF3) and tetravalent Am standards@Pb2Sr2AmCu3O8
~Ref. 17!# are shown in Fig. 2. The first derivatives of th
normalized intensities, used to determine the edge positi
are shown in the inset. As seen from the data analysis
Table II, the fingerprint of a trivalent Am spectrum is a
absorption energy~first peak in the derivative spectrum! at
18 512 eV, whereas the first derivative of the tetravalent A
absorption energy is 18 515 eV. The observed shift in e
energy of 3 eV between trivalent and tetravalent Am is co
sistent with the 3–4-eV difference in edge energy that is s
for other trivalent/tetravalent actinide edges.26 A comparison
of the L3-edge energy of our sample with those of the sta

-
e

a-

TABLE II. A comparison of the fits ofL3 XANES data from
Pr1.85Am0.15CuO4 with trivalent (AmF3) and tetravalent
(Pb2Sr2AmCu3O8) ~Ref. 17! Am standards. Data were detected
the transmission~T! or fluorescence~F! mode. The edge energie
are calibrated by setting the first derivative of the ZrK edge to
17 998 eV. Errors in the energies are61 eV.

Detection
mode

Peak
maximum

First derivative
maximum

AmF3 T 18 518 18 512
Pb2Sr2AmCu3O8 F 18 522 18 515
Pr1.85Am0.15CuO4 F 18 522 18 515
0-3
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dards clearly demonstrates that Am is tetravalent
Pr1.85Am0.15CuO4, a finding in support of the diffraction re
sults.

C. EXAFS

Am L3 EXAFS spectroscopy is used to determine t
coordination environment about Am in Pr1.85Am0.15CuO4.
The EXAFS data, together with their Fourier transform~FT!,
are compared with similar data from Cm2CuO4 in Fig. 3.
Cm2CuO4 has previously been shown to be isostructu
with Pr2CuO4.12 A comparison of the two FT’s reveals th
similarity in coordination environments of the twof ions,
thus confirming that Am substitutes at the Pr lattice positi
A fitting of the Am EXAFS data results in metrical param
eters listed in Table III. The Am coordination environme
consists of four oxygens at 2.19~2! Å and four oxygens at
2.62~3! Å. These distances are statistically different from t
values of 2.3366~4! and 2.6787~4! Å determined from the

FIG. 3. k3x(k) EXAFS ~left panel! and Fourier-transform~right
panel! data without phase-shift correction for@~a! and ~b!# ameri-
cium L3-edge data from Pr1.85Am0.15CuO4 and@~c! and~d!# curium
L3-edge data from Cm2CuO4 . The data are shown as solid lines a
the fits as dashed lines. Similarity in the data from Am and Cm
used to argue that Am sits on the Pr site in the doped sample.
06451
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diffraction data. The significantly shorter Am-O bond di
tances determined from EXAFS data reflect the local latt
contraction that is expected because Am41 is a smaller, more
highly charged ion than the Pr31, for which it is substituting.
EXAFS spectroscopy is a single-ion probe that measures
Am coordination directly whereas the diffraction data me
sures the average coordination environment about the Pr
site, which will be dominated by the Pr-O distance. A simi
comparison can be made for Cm coordination in Cm2CuO4,
as determined by CmL3 EXAFS data. Trivalent Cm has
near-neighbor oxygen distances, as determined by EXA
data, of 2.30~2! and 2.63~3! Å. The shorter distances ob
served by EXAFS spectroscopy for Am-O over Cm31 again
reflect the difference in oxidation state between the two io
Trivalent Am has a larger ionic radius than does trivale
Cm. Therefore the shorter Am-O distance compared to
Cm-O distance supports the XANES result that it is tetra
lent Am that substitutes for Pr31 in the Pr2CuO4 lattice.

The average Am-O distance of 2.40 Å i
Pr1.85Am0.15CuO4 is longer than the Am41-O8 distance of
2.327 Å in AmO2 ~Ref. 27! and 2.22 Å obtained for
Pb2Sr2AmCu3O8 ~Ref. 17! but smaller than the distance o
2.53 Å estimated from the lattice constants of AmScO3,28 in
which Am is trivalent. It should be noted that the Am coo
dination in Pr1.85Am0.15CuO4 is rather distorted, with a 14%
difference in oxygen bond lengths for the nearest-neigh
coordination sphere.

IV. MAGNETIC SUSCEPTIBILITY

The magnetic responses of Pr1.85Am0.15CuO4 and
Pr1.85Ce0.15CuO4, as a function of applied field at low tem
perature, are compared in Fig. 4. The two samples are
same size, and were prepared and measured using the
conditions. The behavior of the Ce-doped analog dem
strates the expected superconductivity in this phase. By c
trast, the Am analog shows no evidence of superconductiv
The occurrence of superconductivity in copper oxides
known to be very sensitive to preparative conditions, parti
larly oxygen stoichiometry and annealing procedures. T
preparative conditions for the synthesis of Pr1.85Am0.15CuO4
were based on the optimized procedure for a single ph
superconducting Pr1.85Ce0.15CuO4 sample, which is seen to
be superconducting. The effects of radiation damage are

s

based

TABLE III. Results of the fits ofk3x(k) Am and CmL3-edge EXAFS data from Pr1.85Am0.15CuO4 and

Cm2CuO4 ~Ref. 12!. Estimated uncertainties are 1% for all distances. Coordination numbers are fixed
on crystal structure.S0

2 has been fixed at 1 for all fits~Ref. 26!. Values ofN are fixed andE0 is fixed to the
O 1 value.

R5Am R5Cm
N r ~Å! s2 ~Å! EO ~eV! N r ~Å! s2 ~Å! EO ~eV!

O 1 4 2.19 0.0086 0.993 4 2.30 0.0072 6.017
O 2 4 2.62 0.016 c 4 2.63 0.0117 c
Cu 4 3.31 0.0095 c 4 3.31 0.0099 c
R 4 3.57 0.014 c 4 3.58 0.0144 c
0-4
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likely as the source ofTc suppression because243Am (t1/2

57340 yr;a decay! was used in the preparation, which has
relatively long half life, and because the samples were m
sured within 6 days of preparation. Characterization of
structure, coordination environment, and dopant oxidat
state is consistent with that expected for a superconduc
sample.

The magnetic susceptibility of Pr1.85Am0.15CuO4, ob-
tained as a function of temperature, is shown in Fig. 5. Th
data are analyzed assuming Curie-Weiss behavior,x5C/(T
1u)1xTIP , whereC and u are Curie and Weiss constan
and xTIP is the temperature-independent contribution to
susceptibility.C is related to the effective magnetic mome
meff5(3kC/N0b

2)1/2 in which N0 is Avogadro’s number andb

FIG. 4. Magnetization vs field data obtained from polycryst
line samples of Pr1.85Ce0.15CuO4 and Pr1.85Am0.15CuO4 . The data,
which were obtained at a temperature of 5 K, are shown after
rection for the container contribution. The diamagnetic signal at
fields shows that the Pr1.85Ce0.15CuO4 sample is superconducting. I
contrast, there is no evidence for superconductivity
Pr1.85Am0.15CuO4 .

FIG. 5. The magnetic susceptibility, obtained as a function
temperature (5,T,320 K), for Pr1.85Am0.15CuO4 . The data,
which were obtained under an applied field of 500 G, are sho
after correction for the container contribution. There is no evide
of superconductivity down to the lowest temperature measured.
solid line represents the fit to the data over the temperature ra
80–320 K. The inset show the same data as a Curie-Weiss plo
06451
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is the bohr magneton (0.927310220 erg/Oe). The effective
moment determined from a fit to data in Fig. 5, over t
temperature range 85,T,320 K, is 4.7(2)mB /f.u., and
measuredxTIP andu are 0.0022 emu/mol f.u. and 81 K, re
spectively. The measured effective moment compares w
the free-ion value for Pr1.85Am0.15CuO4 of 4.88mB , calcu-
lated assuming pure Russell-Saunders free-ion moments
Pr1 of 3.58mB and for Am41 of 0.845mB . A more appropri-
ate comparison includes an effective moment for Pr
3.53mB , which has been determined from a full crystal-fie
analysis of inelastic-neutron-scattering data.8,19 The Pr con-
tribution is determined using the wave functions and ene
levels determined from the inelastic neutron scattering fitt
to calculate susceptibilities as a function of temperature. T
susceptibility data is then fitted to the Curie-Weiss law in t
same manner used to fit the experimental data. This pro
dure results in a calculated moment over this tempera
range of 4.81mB , little changed from the free-ion case. Th
Cu moment was not included in the calculation because
spins in Pr2CuO4 have been shown to order antiferroma
netically at about 255 K~Ref. 18! and to exhibit strong two-
dimensional antiferromagnetic correlations even at temp
tures as high as 2TN .29 Strong Cu moment correlations tha
persist aboveTN obscure evidence for the transition in th
susceptibility data. Furthermore, it has also been dem
strated that the observed susceptibility of Pr2CuO4 is ad-
equately described with contributions only from the Pr su
lattice over the temperature range of interest.19,30

Whereas the susceptibility from Pr1.85Am0.15CuO4, mea-
sured at higher temperatures, compares well with sing
crystal data from the parent compound,30 it differs markedly
at lower temperatures. The parent compound has
temperature-independent susceptibility at temperatures
low about 50 K that is not observed in the Am-doped ma
rial. In addition to confirming that the Cu spins are order
in the parent compound at this temperature, the obser
temperature-independent paramagnetism also confirms
neutron-scattering assignment of an isolatedG3 singlet
ground state for Pr31, with a magneticG5 at 18 meV.19 The
incorporation of Am41 into the parent structure influence
the low-temperature susceptibility, which has a considera
temperature dependence below 50 K. The magnitude of
measured susceptibility~an estimated effective moment o
about 1.2mB over the temperature range 10–50 K! is signifi-
cantly more than expected simply from the addition
7-mol % Am41. The observed enhancement of the lo
temperature susceptibility for the doped sample may be
result of a change in the copper ordering, it may result fr
a change in the crystal field experienced at the Pr31 site, or it
may indicate hybridization of the localized Amf states with
the Cu-O band states. Similar behavior has been previo
observed for PrBa2Cu3O7 ~Ref. 31! and Pb2Sr2PrCu3O8
~Ref. 5! samples that have been doped with Ca.

V. DISCUSSION

Pr1.85Am0.15CuO4 forms and has a structure consiste
with the T8-phase electron superconductors. Although triv
lent Am, as the oxalate, was used in the synthesis, and
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parent compound can accommodate either the trivalen
tetravalent Pr substitutions, Am is tetravalent in the fin
product. The determining factor for the Am oxidation state
its reduction potential relative to the chemical potential
the Pr2CuO4 lattice, which is determined primarily by Cu21.
Contrary to previous prediction,1 Am31 effectively reduces
Cu21. This finding is consistent with our experimental a
tempts to make the pure Am2CuO4 phase, all of which pro-
duced oxidized Am41O2 and reduced Cu, with no evidenc
of the target phase. The inability to make the Am analog
Pr2CuO4 is also consistent with previous attempts to ma
Ce2CuO4. The pure Ce compound does not form because
Ce reduction potential is sufficiently large relative to that
Cu, that is, Ce is oxidized and Cu is reduced. In general,
Ce and Am analogs of the superconductor-related Cu ox
do not form unless the lattice can incorporate a tetrava
ion. Specifically, theRBa2Cu3O7 series does not accept
tetravalent ion and therefore does not form the Ce~Ref. 32!
or Am ~Ref. 33! analog. In contrast, Pb2Sr2RCu3O8 does
incorporate tetravalent ions and both the Ce41 ~Ref. 34! and
Am41 ~Ref. 17! analogs have been synthesized and cha
terized. Although Ca doping results in single phases for b
these compounds, neither is superconducting.

In the case under study here, the ease with which Am31 is
oxidized is intermediate between Pr31 ~which is harder to
oxidize! and Ce31 ~which is easier to oxidize!. For the series
of complex copper oxides that have been studied to dat
appears that Am and Ce are tetravalent in all cases, whe
Pr and Tb are trivalent. This example can be compared w
the perovskite series BaRO3, which provides more of an
oxidizing environment for theR ion. This ternary Ba-oxide
series, with the gadolium orthoferrite structure, includesR41

analogs that are stabilized forR5Ce,35 Pr,35,36 and Tb,35,37

as well as Th,38 U,39 Np,40 Pu,41 Am,42 Cm,43,44 and Cf.45

Although there was a previous report of the stabilization
Dy41, it was independently determined that Dy is trivale
and substitutes into the lattice with oxygen defects.46

Pr1.85Am0.15CuO4 is not superconducting. Am41 substi-
tutes into theR2CuO4 structure in the same manner as do
d

n

e,

d
.
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or
l
s
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e
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nt
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th
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s

Ce41 or Th41. Based on simple structural and charg
transfer arguments, Pr1.85Am0.15CuO4 should exhibit very
similar electronic behavior to the Ce and Th analogs.
demonstrated in Fig. 4, the Pr-Ce analog, prepared un
identical conditions, superconducts at low temperatures.
argue that the anomalous behavior of the Am-doped mate
results from the local moment of Am41. The unpaired spins
reside of 5f orbitals, which are expected to be more radia
extended than their 4f counterparts that form superconduc
ing phases. The presence of a magnetic moment in th
extended orbitals is argued to suppress the superconduc
through hybridization.6 It is this hypothesis that drove th
initial interest in studying Am2CuO4 and its electron-doped
analog. Whereas Am31 has no magnetic moment, Am is in
corporated into Pr2CuO4 as the tetravalent ion, which doe
carry a local moment.

The absence of superconductivity in this sample is c
sistent with the behavior of Cm2CuO4 and other nonsuper
conducting samples that carry a local moment, in radia
extended orbitals, on theR site. In addition to suppressin
superconductivity, there is also a notable change in the l
temperature magnetic properties upon doping. Whereas
parent compound exhibits only a temperature-independ
susceptibility below 50 K, the Am-doped sample has
marked temperature dependence on its measured suscep
ity over this temperature range.

It should be noted that superconductivity in a sample c
taining anf ion with radially extendedf orbitals, but with no
unpaired spins, remains to be demonstrated. Such a sa
would provide insight into the relative roles of hybridizatio
and localized moments in the suppression of hig
temperature superconductivity.
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