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Neutron diffraction measurements on, E€e, sSr,Cu,NbO, o (Pr222Nb-10 show that the defect previously
predicted as responsible for the lack of superconductivity ®r on a Sr sitg is present in the material in
sufficient content to destroy the bulk superconductivity by magnetic scattering of Cooper pairs. Microwave
power dissipation shows that the material, although previously thought to be an insulator, is in fact a granular
superconductor with a superconducting transition temperature28 K. A Cu impurity electron spin reso-
nance (ESR is also detected. Mssbauer spectra show that some grains of the material contain ordered
magnetism at thé’Fe site(Cu site, while others are superconducting. These results are interpreted in the
context of recent observations on the similar-structure compound,@uB2a;, and indicate that in both
materials Pr ions occupying alkaline-earth sites quench the superconductivity.

[. INTRODUCTION granular superconductor, as was the case in Pr123-7 at first,
and if such neutron diffraction experiments are successful in
Recently it was predicted that Pr2u,0; (Pr123-j  detection of Pg, then we would have strong and convincing

would superconduct witiT,~90K if it were grown without ~ €vidence that Pr readily occupies alkaline-earth sites, and
a significant concentration of Pr-on-Ba-site {Qrdefects: ~ destroys superconductivity—both in the Sr-based material
Although there have since been numerous confirming reports™222Nb-10, and, by inference, in its sister compound
of superconducting Pr123<(Refs. 2—14 with critical tem- Priz3-7.
peratures in the 85K T, <90K (Refs. 5 and 1prange, and
a great deal of evidence thatgRrs the culprit destroying the II. STRUCTURE OF Pr222Nb-10
superconductivity!®1315-21 in  conventionally grown

Pr123-7, a more definitive experiment correlating the pres- Th?r? F?rzezgf\llsaft wo interestingf VI‘D’ai’;SO; Ioo!‘;ing at the
ence of Pg, with the destruction of superconductivity in a material Pr -10(i) as a sister of Pri23-7 and) as a

Pr123-7 sample has not yet been reported—primarily beg,uperlattice containing RPr,Ce,Cu0Q, which is a subset of
. . . the layers in its fundamental supercell.

cause Pr and Ba have almost identical neutron scattering

lengths, making the By defect almost indistinguishable

from Ba by neutrons. Consequently, it would be desirable to A. Similarity of Pr222Nb-10 to Pr123-7

have a superconducting material with almost the same Crys- pr222Nb-10 is a material with almost the same layers as
tal structure as Pr123-7, but with Sr replacing the Ba, befound in Pr123-7, but with Sr in place of Ba: it has a crystal
cause neut_r0n§ can dlstlng_wsh between Sr and S_r-sne Ritructure featuringi) a rare-earth layer (RL (2 C&u2), (i)
PrSeCus0y is difficult to fabricate, and so we study instead g cuprate-plane below the rare eafiin the negativec-axis
Pr,_,Ce,SL,Cu,NbO,, (Pr222Nb-10. Neutron-scattering ex-  direction), (iii) a SrO layer below the cuprate platanalo-
periments from Pr222Nb-10, exploiting the difference ingous to the BaO layer of Pr123;7and(iv) further below, a
scattering lengths of Pr and Sr, are expected to have suffNbO, layer in place of the CuO chain layer of Pri23sée
cient sensitivity to detect a few percent ofsPdefects.(On  Fig. 1). On the otherpositivec) side of the rare-earth layer
the order of 7% Ry; defects should destroy superconductiv-is an Q layer, followed by rare-earth (Pr(;»Ceuz),

ity in otherwise-superconducting grains of the mate®?df)  CuO,, SrO, and NbQ planes, displaced in tha andb di-

If microwave studies of Pr222Nb-10 suggest that it is arections so that a rare-earth ion lies directly above a Cu ion
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(Pr-Ce) /CuG,/SrO/NbG/SrO/ layers, but with optimal
{iﬁ © | ¢Cuo, Cuo Ce dopingz~0.5, instead oz~0.15(as in Pr21-
“"_V (Pr-Ce) (Pr-Ce) 4). Pr222Nb-10 also has similar layers to
1 %5'—6 o, o, Pr123-7:(i) a rare-earth ion(ii) a cuprate plane,
@ (Pr-Ce) (Pr-Ce) (iii) a SrO layer(in place of BaQ, and (iv) a
® z“ﬂ Cuo, Cu0, NbO, layer (in place of Pr123-7s CuO chain
- P layen. It also has an extra Qayer, displacement
Q sro : ; S
© 00 . ® e 0 o0 of its crystal structure in thgl,1,Q direction, and
NbO, Pr Ce Ba Sr Cu Nb O then a repeat of the same layers.

(a) (b) (c)

of its second closest cuprate-plane. From this viewpointpf its cuprate planes as found in Pr222Nb{&Rcept that Sr
Pr222Nb-10 should superconduct with a critical temperatureeplaces Bp suggesting & . nearer to 90 Kor at least=73
not too different from that of Pr123-7T.~90K, if one K expected for Sr having replaced Ba
adopts a cuprate-plane model of the superconductivity— Indeed, if the cuprate-planes are the primary supercon-
because the nearest-neighbor planes to a cuprate-plane ardwtors, then we expect the material whose nearest-neighbor
rare-earth layer and a SrO layer, the same as in Pr123-gnvironment to those planes is most similar to that of
except that alkaline-earth Sr replaces fellow alkaline-eartiPr222Nb-10 to have the nearégt: namely,~90 K, as in
Ba. Pr123-7, or=73 K as in Pr§Cu;0,, not =24 K, as in

An indication of the expected effect of Ba replacement byPr21-4.[Pr21-4 has neighboring layers to its cuprate-planes
Sr on thisT,~90K estimate can be obtained by noting thatthat are both Pr/Ce layers, while Pr222Nb-10 has one rare-
T, of YBaSrCuyO, is 83 K?* although YBaSrCyO, is  earth layer(Pr/Ce orR) and one SrO layer as the neighbors
YBa,Cu;O; with half of its Ba replaced by Sr. This suggests to its cuprate planes, as RSrL,Cu0,.] This argument im-
that full replacement of the Ba in YB&u;O, should degrade plies thatT, for Pr222Nb-10 should certainly be greater than
T. about twice as much, giving.=73K for hypothetical 73 K—if the primary superconductivity inhabits the cuprate
superconducting Y$SEuW;0; and its homologues such as planes.
PrSpCus0;. Hence, if the primary superconductivity occurs  Since we shall find that Pr222Nb-10 is a granular super-
in the cuprate-planes, we expect that Pr222Nb-10 will have aonductor withT.~25K, closer toT. of Pr21-4 than tor .
critical temperature in excess of 73 K, because it has thef Pr123-7, something must be wrong with the assumption
same layers next to the cuprate-planes as Sr-replacdbat the cuprate planes are the primary superconductors.
Pr123-7.

D. Superconductivity of Pr222Nb-10

B. Pr222Nb-10 is a superlattice of Py_,Ce,CuO, If the cuprate planes of the crystal structures of Nd21-4

and /SrO/NbO/SrO/CuQ,/ layers and Nd222Nb-10 are the primary superconductors, then it
Pr222Nb-10 is also a natural superlattice of Should be the case that replacement of the Nd by some other
Pr,_,Ce,Cu0, (Pr21-4 with the metal oxide layers rare-earth will cause either both compounds or neither to

/SrO/NbG,/SrOICUQ/. If we adopt a cuprate-plane model super-(_:ondu_ct. In other words, since Pr21-4 superco__nducts,
of the superconductivity and if we assume that the role of théhen either(i) Pr222Nb-10must superconduct or elséi)
oxide layers is solely to confine the superconducting Pr21-4different layers of the homologues of Nd21-4 and
then we expect that Pr222Nb-10 will also superconduct—NdZZZNb'lo must be the superconducting layers. This argu-

perhaps with a critical temperature near that of Pr2174's Ment can be applied to the Pr compounds and their homo-
~24 K231 and with a somewhat different “optimal dop- logues to show that eithér) Pr222Nb-10 must superconduct

ing” z In fact the optimal doping in the stand-alone com-(but has not done so because of some superconductivity-
pound Pr21-4 iz~0.15, and in the superlattice compound destroying defect, such asdjror else(ii) the superconduct-
Pr222Nb-10 is expected to ze~0.5, as it is for the super- N9 condensates in Pr21-4 an_d in Pr222Nb-10 are located in
conducting R222Nb-10 homologues. different layers(e.g., not both in the cuprate planes
The fact that Pr123-7 now supercondu@s predicted in

Ref. 1), although it was long thought to be an intrinsic
insulator®?*3lends further support to the notion that Pr com-

Therefore, from both viewpoints, we expect Pr222Nb-10pounds, when carefully fabricated, superconduct if their rare-
to superconduct in a cuprate-plane modél, because earth homologues do superconduct—and provides a hint
Pr,_,Ce,CuQ, superconducts and Pr222Nb-10 is a superlatabout what causes Pr222Nb-10not superconductPrs, de-
tice containing Pr21-4but doped withz=~0.5 instead of fects, which are analogous to the pair-breaking, Flefects
0.15 and /SrO/NbQ/SrO/CuQ/ layers, suggesting d. responsible for killing the superconductivity in Pr123-7. If
near the 24 K of Pr21-2 or (ii) because Pr123-7 now this picture is correct, Pr222Nb-10, although a bulk insulator,
superconducts!! and has the same structure on either sideshould exhibitgranular superconductivitydetectable by rf

C. ExpectedT, in each model
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FIG. 2. Plot of the caxis lengths (in A) of FIG. 3. Neutron diffraction spectrum of Pr222Nb-tfumber of

R,_,Ce,SL,CW,NbO,, (Refs. 43 and 44 (which are qualitatively  counts vs 2, whered is the diffraction angle The solid line is the
similar to those 0RBa,Cu;0;) (Refs. 41 and 4bversustrivalent- fit, and the residuals are the bottom curve.
rare-earth radiiin A) (Refs. 40 and 41 Note that thec-axis is

anomalously short foR=Pr (in both materials and material with bl ith th tracti b din th
an anomalously short axis does not superconduct. This is symp- comparable wi € axes coniraction observed in the

tomatic of Pr occupancy of the $or Ba) sites. RBa,Cu;0; compound$?-4°
Note that in both Pr compounds that originatlyd not
surface resistance measurem®néd should contain-5% exhibit bulk superconductivity?r123-7 and Pr222Nb-10, the
Prs, (which can be detected by neutron diffraction c-axis length was short in comparison with the trends, but
Therefore, we set Ol.(t) to observe P§ defects and”) to that in the version of Pr123-7 that did SuperCOﬂdUCt, ¢he
detect granular superconductivity in Pr222Nb-10. Not onlyaxis was what the trends predicted. We propose that the same
did we accomplish both goals, but we also saw direct eviwill be the case for superconducting Pr222Nb-10.
dence in Mesbauer data of a superconducting phase in
Pr222Nb-10 that coexists with an ordered magnetic phase,
confirming by an independent method the presence of grains V. NEUTRON DIFFRACTION
of superconductivity embedded in magnetically ordered ma- .
terial. A. Main results
Neutron diffraction data on Pr222Nb-10 were collected
on a high-resolution powder diffractometer at the University
of Missouri Research Reactor, and analyzed with ¢lses
program (see Fig. 3 Refinement with this phase alone
Our Pr222Nb-10 was fabricated by standard méns, showed a number of residual peaks, and the progmRBoOR
which  routinely produced bulk nonsuperconductingwas used to search for high-symmetry unit cells with inter-
Pr222Nb-10, although its homologues with the rare-eartlplanar spacings matching the residuals. A second, nonsuper-
ions Nd, Sm, Eu, and Gd all superconduéted® when fab-  conducting phase was identified, having a cubic unit cell
ricated similarly. The Pr222Nb-10 was very similar in be-with a=3.97 A, the cell parameter of the simple phase-
havior to our early Pr123-7 samples: no evidencebolkk  separated perovskite SING® Most of the residual peaks
superconductivity (diamagnetisth was apparent in them were successfully fit with this structure, which was found to
when they were probed by a superconducting quantum inteaccount for 14% of the sample by volume. Pr222Nb-10 ac-
ference device(SQUID), and the bulk resistivity was counts for the balance-85%), except for two small residual
semiconductor-like, increasing as the temperature wapeaks that remain unidentifie@<2%). These residuals do
lowered®®% Clearly, the Pr222Nb-10 we studielil not ex-  not affect the refined results significantly, but do control the

Ill. SAMPLE PREPARATION
AND TESTS FOR BULK SUPERCONDUCTIVITY

hibit bulk superconductivity minima in the goodness-of-fit parameters reported. The pres-
ence of SINbQ@(Ref. 47 implies that the Pr222Nb-10 phase
IV. EVIDENCE OF Pr ¢, DEFECTS must be Pr rich, with significant numbers of Pr ions occupy-
. r

ing non-rare-earth sites.

The proposal that a pair-breaking defect in Pr222Nb-10 The rare-earth sites are found to be fully occupied by Pr
kills the superconductivity causes us to search for such ar Ce, and the data are incompatible with more than a few
defect. By analogy with Pr123*where Pg, is almost cer- percent Sr on those sites. The best refinement gives 23% Pr
tainly the pair-breaking defect, we proposed thai, Brthe  on Sr sites, the expected pair-breaking defects. However, the
culprit defect in Pr222Nb-168/~3° minimum x? obtained from fitting the data is shallow as a

If Pr occupies Sr sites in our Pr222Nb-10, then tkexis  function of the Pg, occupancy, and the results are consistent
lattice constant should be shorter than in material withoutvith an occupancy value between roughly 15 and 30%.
such defects, much as occurred fogAn Pr123-7 and Cy,  Clearly there are more than enoughsRtefects to account
in Cm123-7*° Figure 2 shows suck-axis contraction for for the failure to observe bulk superconductivity in Pr222Nb-
R=Pr in the R,_,Ce,SrLCWNDbO;, compounds, which is 10.
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qofr T T tions are at least rare and perhaps unknown in the cuprates,
we interpret the power dependence of the surface resistance
(Fig. 4) as indicative of granular superconductivity. Note that
the temperature of the drop in surface resistance coincided
with the drop in bulk resistance, also observed at 25-30 K,
»=12.92 GHz . detected in R222Nb-10 foR=Nd, Sm, Eu, and Gd. Thus
H=0.0 we conclude that Pr222Nb-10 exhibits granular supercon-
ol Fa / ] ductivity for T.~25-30K.
' / We obtained a crude estimate of the Meissner fraction by
/ comparing the size of the signal obtained here with that of a
- /308 ] bulk superconductor; we estimate a volume fraction of order
| ~10%. Our attempts to directly measurdkailk) Meissner
ook J ] effect and diamagnetism in the granular Pr222Nb-10 failed,
5 5'1'01'52‘02'53'0 oo presumably because a SQUID is expected to detect flux ex-
T (K) pulsion only if the size of the superconducting grains ex-
ceeds the penetration depthand if the grains percolate to
FIG. 4. Surface resistand®s (in ohmg on an arbitrary scale form continuous superconducting paths. We have demon-
versustemperatureT (in K). The microwave frequency employed strated the ability to detect vortex dissipation with micro-
was v=12.92GHz, and the measurements were in zero appliegvaves in grains that are larger thanbut fail to percolate.
field H with a power levels 0f~32 mW (=5 dB) and~0.1 mW  Materials with small superconducting grains exhibit super-

(—30 dB). The data with a power level of 5 dB indicate a partial conductivity without displaying either a Meissner effect or
breakdown of the superconductivity at this higher power level. This, g tex dissipation.

breakdown results from the relatively lody of parts of the super-
conducting material.

0.8
Pr,sCeqs3r,Cu,NbO,,

0.6F /

. (Ohms, arb. scale)
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B. Meissner screening

B. A new distortion One way to measure a mesoscopic Meissner effect is with

The neutron refinement also reveals a distortion of the!€ctron spin resonan¢&SR) of C%%Q an impurity phase or
structure from the ideal structure shown in Figh)l The DY & substitution such as Gd for P¥" The integrated inten-
oxygen atoms in the NbOplanes, @1), were originally sity of the resonance varies inversely as the temperature
thought to reside at the midpoiri0,3,0) between the Nb and the coefficient of this variation is proportional to the
atoms at the origin of the unit cell. However, the refinement?UMbPer of unscreened spins. The number of unscreened
gave anomalously large anisotropic thermal factors f(f)O SPINS should decrease suddenly as thg sample temperature
with this model, and it was clear from the refined thermaldrops through the superconducting critical temperailye
factors that significant-ionic density was located off the ideadU€ t© Meissner screening, and due to a decrease in the ef-
site and in the basal plane, in a direction perpendicular to th&Ctive microwave penetration depth. . _
cell edge. Reanalysis of the data with a disorder nfSdel We did observe g=2 ESR associated with Cu. Since Cu
which the oxygen atoms were split into two partially occu- d0€s not normally resonate when the Cu liesa cuprate
pied sites at £x,1,0), with x=0.138 (or xa=0.487 plane, we assign this resonance to defects either in the non-
+0.31A) produceéza,l bétter fit and r.nore reasonablé thermq uperconduct(;ng parts O-f the Ffr222Nb—1(:] matné( contaémng
o : S c e superconducting grains, or in some other undetected non-
facg)rls fo(rj tt?]e S.art'?j"y Occgpl'Edh S'té%h'BﬂE the original  g,herconducting impurity phase which is near superconduct-
model and the disorder model show that the Nip@ane is i,y grains. For example, the defect phase responsible for this
oxygen deficient, with its sites about 20% empty. The re

maining oxygen sites appear to be fully occupies within resonance could be SrCyOr PLSTCUQ;
0, I I I .
éi_ﬁf’%nd so the actual stoichiometry isq QPrather than VII. MG SSBAUER SPECTRA
The low-temperature Nesbauer spectra of Fe substi-
VI. MICROWAVE MEASUREMENTS tuted for cuprate-plane Cu in Pr222Nb-10 and Eu222Nb-10
(for comparisoi are given in Fig. 5* A sextet spectrum is
characteristic of ordered magnetism at the Fe site, namely,
As in the case of Pr123-7, Pr222Nb-10 is expected taantiferromagnetism or weak ferromagnetism, at the Cu site
exhibit granular rf superconductivity even if it is notbalk  in the cuprate planes:>* (Weak ferromagnetism associated
dc superconductor. This granular superconductivity was eviwith canted antiferromagnetic Cu spins has been reported in
dent in the microwave surface resistaneeeasured for a Pr222Nb-10>°9 A doublet spectrum signals the lack of
frequencyv=12.92 GHz), which dropped rather suddenly atmagnetic order at the Fe site, and hence, in a cuprate-plane
25-30 K (Fig. 4). These data indicated either a metal- model, is consistent with superconductivity there. The ex-
insulator transition or a superconductor-insulator transitionpected type of spectrum for a superconducting compound
We also found that the rf surface resistance was power desimilar to pure Pr222Nb-10 is given in Fig(t§, and is the
pendent, consistent with a granular material. In our rf experispectrum of superconducting Eu222Nb-10. The spectrum of
ments, the current densities ranged from roughly 1®  Pr222Nb-10 is different from that of Eu222Nb-10 in two
10° Alcm?; high rf current densities can drive a bulk super-important waysf{i) the spectrum of Pr222Nb-10 in Fig(eh
conducting sample normat. Since metal-insulator transi- featuresboth a doubletand a sextet, suggesting that the

A. Surface resistance
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; 10. We also provide evidence that Pr222Nb-10 is a granular
-ﬁ‘ fqm, t;“aj ,f"" superconductor, w!th a crit@cal temper_atgrenoz.ts K, and so
S A %, Y ‘;. ] the superconducting grains are similar in structure to
‘ ' Pr222Nb-10's  superconducting homologues, such as
Eu222Nb-10. The lack of superconductivity in the majority
of the sample is doubtless due to defects that break Cooper
— - pairs and destroy the superconductivity: The continuous su-
j”"“-""“’"“"r‘\ gt perconducting paths across the sample needed to produce
v bulk superconductivity do not occur, and the $4bauer data
T’:’ indicate that parts of the Cy(lanes are doped, and hence
L 1;1 i ] are nonmagnetic and superconducting. The pair-breaking de-
g’) ‘“ fect that we predicted, Pr,,*"~*%is present in ample quan-
-Eu222Nb-10 = tities, but its twin defect, $f, whose presence we had also
-0 -5 0 5 10 predicted, has been detected, but in smaller quantities than
Velocity (mm/s) Prs. Therefore the relevant defect is not the antistructure
defect (Pg,, Stp)), bugois the pair-breaking half of that anti-
structure defect, Rr> Furthermore, the observed crystal
spectra 0f&) Pr222Nb-10 andb) Eu222Nb-10, after Ref. 34. Note g\, e of PrZZZE{)-lO contains an unexpected distor)':ion of
that Pr222Nb-10 featureboth a doublet and a sextet, while .
its NbG, planes from the expected square planar structure.

Eu222Nb-10 has only a doublet. Furthermore the sextet i The implicati f th its for th I th i
Pr222Nb-10 has a slightly larger splitting indicative of a slightly € implications of these results for the overall theory o

different hyperfine field. We interpret these data as indicating thah'gh'temperawre supercondL_Jctlwty are significant. i
the Pr222Nb-10 sample is inhomogeneous and that the sample con- (1) We have presented evidence that the magnetic defect
tains at least two kinds of grains—one kind that supercondpets ~ P'sr IS @ pair breaker in Pr222Nb-10 and implicit evidence
ducing the doublgtand another that contains an ordered magnetic(the fact of granular superconductivithat Pg, is not. Since
structure(e.g., weak ferromagnetismThe slightly larger splitting  the cuprate plane is approximately midway between the Pr
of the sextet in Pr222Nb-10 than in Eu222Ru-10 or inand Sr sites, and since the magnetic environments of the two
(Lay_4Pr)2- zSrsCU0,, is an indicator that the crystal structure in sites are virtually the same, it is difficult to understand on
the vicinity of the3"Fe on the Cu sites in the cuprate planes of thesymmetry grounds how Pr on one side of a cuprate plane
nonsuperconducting grains contains a defstich as Ry). The  a Sr site@ can be a pair breaker, but Pr on the other side, on a
lines are guides to the eye. regular Pr site in about the same location with respect to the
cuprate plane, is not. If the primary superconducting conden-
Pr222Nb-10 sample contairtsoth superconducting grains sate occupies the cuprate plane approximately midway be-
and magnetic graingand is inhomogeneot3—consistent tween the two sites, then Pr on both sites should have the
with the picture provided by surface resistance measuresame effect on the superconductivity. Hence we conclude on
ments of granular superconductivitpamely, some grains symmetry grounds that the primary superconducting conden-
that superconduct and others that do)yidiand (i) slightly ~ sate is likelynot in the cuprate planesand that “clean”
larger splittings are detected of the sextet in Pr222Nb-10Pr222Nb-10 is &28 K superconductor. This general picture
than in either Eu222Ru-10 or (kasPr),_ sSr;CuQ, (Refs.  is confirmed by the fact that no pair-breaking dedefects
59-62—suggesting that the’Fe site of the granular mate- were observed in the neutron diffraction spectra of the ho-
rial sees a different hyperfine field from that of the bulk mologous superconductor Eu222Ru®® consequence of
superconductors. this logic is the prediction that Pr222Nb-10 will be a bulk
An analysis of the Pr222Nb-10 fdebauer spectrum as- superconductor if it can be grown with fewdPdefects.
suming (i) that the doublet comes form Fe-containing re- (i) These conclusions add to existing evidence thgj iBr
gions or from grains that are locally nonmagnetic and superthe pair-breaking defect in Pr123-7. Although we disagree
conducting and(ii) that the sextet is associated with with the authors of Ref. 55 on a number of central is$li&8,
nonsuperconducting and magnetic regions, reveals that 32%e heartily endorse their conclusion that the same physics is
of the sample by volume is from the nonmagnetic and superesponsible for the lack of superconductivity in both Pr123-7
conducting phases. This 32% is therefore an approximatand Pr222Nb-10, while pointing out that the pair-breaking
upper bound to the superconducting volume fraction, beinglefects responsible for destroying the superconductivity are
an overestimate because we do not know how much Fe is dArg, and Pg, respectively. The difficulty with the By de-
grain boundaries, in microphases such agdgeor in other  fects is that unpolarized-neutron diffraction cannot detect
impurity phases. It should be compared with the crude estiPrg, because the neutron scattering lengths of Ba and Pr are
mate of ~10% superconducting volume fraction, and is notso similar.
inconsistent with that value—given the uncertainties in- (iii) The 23% P¢, defects are more of these pair-breaking

F(a)
[Pr222Nb-10 ]

Transmission Coefficent

FIG. 5. Low-temperaturé4.1 K) Mossbauery-ray absorption

volved in both estimates. defects than we expected. However, this large concentration
of Prg, is consistent with a paucity of large superconducting
VIIl. SUMMARY granuled(i.e., with sizes as large as a penetration depftas

indicated by our microwave measurements in an applied

In summary, the samples that we have studied ofield, which featured neither observable vortex dissipation
Pr222Nb-10 contain the predictedsPdefects in amounts nor field dependence. Since the coherence length irathe
sufficient to destroy théulk superconductivity of Pr222Nb- plane is very likely~20 A, the 32% doublet/sextet \de-
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bauer ratio, the 10% Meissner volume fraction, and the 23%ctinide ion, and Cpg,Th,CuQ,, much as Gg_,Ce,CuQ,,

Prs, defects are probably not mutually inconsistent. The rarecannot superconduct at all. The attendant implication for

earth excess in the Pr222Nb-10 phase is compensated in tR21-4 homologues of either Gd21-4 or Cm21-4 is that the

overall chemistry by the rare-earth-free SINDO primary R21-4 superconductivity is exterior to the cuprate
(iv) Although the local environments of the cuprate planesplanes(i.e., in theR-O, layers®” where the holes are found,

in Pr222Nb-10 and Pr123-7 are almost the s@exeept that according to a bond-valence-sum analf8isnd cannot be

Sr replaces Ba the critical temperatures of the two com- in the same regions as in R222Nb-10, where we have iden-

pounds are very different, witf, for Pr222Nb-10 being tifieq the SrO layers as holding the superconductivity. .

only about one-third the size df. expected for Sr-replaced _ Finally, we note that the two-layer double perovskite

PrSpCus0;. This means that the cuprate planes probably ar&&GdRuQ, when Cu-doped on the Ru site, does not super-
not the primary superconducting elemerdt these com- conduct, but that homologous materials, such as Cu-doped
pounds, as widely assumed. SKLYRUQ,, do® This is another example of =0 Gd"3

(v) The logical anomaly that Pr21-4 superconducts, whilefunctioning as a pair breaker. We predict that other homolo-

its superlattice compound Pr222Nb-10 does not, has beePUs compounds will superconduct. ,
removed; both compounds superconduct, with almost the !tiS our position that Gd, not Pr, is the unusual ion of the
same critical temperature. This, however, may be somewhdfre-earth series, and that this is due to its being magnetic
accidental: see the following paragraphi). Also Pr123-7 with L=0, a_nd hence not crystal-field split—which aIIows_@
and Pr-PSYCO (PISKPr, {Ca, ClOs) superconduct, as to break pairs. Pr, be|r_19 large, mgrely has a large solubility
expected, showing that the Pr ion is not an anomalous paff" the Ba site, where it breaks paurs and .dlsrupts the super-
breaker. Nor is there any indication froEr%}t?ge high-pressuréonductivity, whenever enough Pr is off site.
experiments that Pr is in any way unusuar:
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