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Prediction of superconductivity in Am,_,Ce,CuO,
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In the charge-reservoir oxygen model, AmCe,CuQ, is predicted to be @-type high-temperature super-
conductor, withT, around 24 K, provided the sample geometry is selected to minimize the effects of Am
radioactive decay. The cuprate-plane model of high-temperature superconductivity cannot be sustained if
Am,_,Ce,CuQ, superconducts and Gm,Th,CuQ, continues to not supercondug80163-1829)15021-3

. INTRODUCTION Am,CuQ, doped with Ce(or possibly with Th will super-
conduct withT.~24 K, provided the sample geometry per-
The true test of a theory of superconductivity is its ability mits one to overlook the sample heating by the radioactivity
to predict new superconductors. To our knowledge, this tessf Am. (Use of freshly synthesized Am,Ce,CuQ, with
has been passed successfully only a very few times: b¥*3Am instead of?*!Am will limit radiation damage and
Cohen’s prediction of superconductivity in Sr@t 1 K make the cooling problems of radioactive Am about a factor
and in othedow-temperaturesuperconductor, and by the  of 18 less severe: 6.3 mw#d)
predictions for the high-temperature superconductors
PrBaCu0; (T,~90K),%% Gd, (& ,SLCWTiO;,,*° and
Pr, £C& SLCWLNDO,, (T,~25-28K) %" In the last three
cases, the predictions were made for compounds isostruc- The essential elements of the charge-reservoir modél are.
tural to materials that do superconduct, using the self(j) The primary superconducting condensate lies in the
consistent bond-charge methddind were based on the charge-reservoir layers of the various crystal structes
charge-reservoir oxygen modeThis model employs struc- in the Am-O layers of Am_,Ce,CuQy), not in the cuprate
tural considerations primarily and admits to an incompletepjanes. (ii) In the T’-structureR,_,Ce,CuO, homologues,
knowledge of the dynamics of electrons in the superconducinterstitial oxygen is a prerequisite of superconductivity and
ing state. The main difference between the charge-reservogiopes the host material type? (iii) The physics of super-
oxygen model and the cuprate-plane motfelsf high-  conductivity is nearly Bardeen-Cooper-Schrieffer-like
temperature superconductivity is that the primary supercon(BCs-like), 24 but with polarization pairing by bosons that are
ducting condensate is in the charge reservoiignity of the  nonmagnetic:  phonons, polarons, excitons, or plasn@ss
chain layers of PrB&us0,, La-O layers of La_,Sr,Cuw, or  opposed to spin-fluctuation pairing, for example(iv) The
Sr-O layers of Pr_,Ce,Sr,Cu,NbO,p), while this condensate Cooper pairs are broken by Abrikosov-Gorkov magnetic
is in the CuQ planes for the cuprate-plane models. scattering® Hence the model contrasts with all cuprate-
However, the charge-reservoir oxygen model stands iplane models in thafi) it locates the main superconducting
opposition to the popular cuprate-plane picture of high-condensate in the charge-reservoir layers @ndt also re-
temperature superconductivity, and so its successes in havirgiires the presence of interstitial oxygen in the
predicted three high-temperature superconductors are r@,_,Ce,CuQ, materials, which causes these materials to
garded by some proponents of cuprate-plane superconducti¥onductp type® It also disagrees with those many cuprate-
ity as accidents. Nevertheless, three successful predictions pfane models that hypothesize either magnetic pairing or ma-
new superconductors cannot be ignored when the morgr deviations from Abrikosov-Gor'kov pair breaking.
popular cuprate-plane models taken collectively have none—

especially since cuprate-plane models have been unable to
explain why the high-temperature superconductors
Ba, K Pb,_1BipO3 (T,~32K) (Ref. 1) and Cu-doped In the charge-reservoir picture, the failure of
YSrL,RuQ; (T,~82K) (Ref. 12 can superconduct with no Cm,_,Th,CuQ, to superconduct is attributed to the=0
cuprate planes, and why rare-earth-site Pr in BEBigO;  nature of Cm"™ in Cm,_,Th,CuQ,, and the resulting occur-
does not adversely affett,, while Ba-site Pfwhich is sym-  rence of pair breaking that is uninhibited by crystal-field
metrically placed with respect to the cuprate plane in besplitting (the crystal-field splitting inhibits pair breaking by
tween the Ba and rare-earth sjtes destroys L #0 rare-earth and actinide ions, but there is no splitting by
superconductivity?. Accordingly, we suggest another experi- L=0, J#0 magnetic ions such as Cfa—whereL andJ are
mental test, one that discriminates between the chargdetal orbital and overall angular momentum quantum
reservoir oxygen and cuprate-plane models: the chargexumber$’'9. Experiments supporting this viewpoint in-
reservoir oxygen model proposes that carefully fabricatedtlude the fact that (i) the isoelectronic compound

Il. CHARGE-RESERVOIR OXYGEN MODEL

A. Crystal-field splitting in Th- or Ce-doped R,CuO,
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Gd,_,Ce,CuQ, does not superconduct either, becausé'Gd homologue; it cannot explain why the Gd homologue super-
like Cm?*, hasL=0 andJ+0; (i) the alloysR,_,Ce,CuQ,  conducts (e.g., GdBaCu;0;), while the Cm homologue
do not superconduct for R=La;_,Gd,,**?2 R (CmBaCu;0O;) does not. In those classes of materials whose
=Nd,_,Gd, ,2+*?*or R=Eu,_,Gd, (Refs. 24 and 26(be- ~Gd homologue does superconduct, e.g., GABgO; or
cause theL=0 Gd pair breaker is present in significant Gd»—,C&,SL,Cu,NbOy,, the superconducting condensate
amounty, but (ii ) the alloysR,_,Ce,CuQ, do superconduct Mmust lie more than one nearest-neighbor distance from the
for R=La;_,Nd, or for R=La; _,Eu, (Refs. 20, 21 and 26— Gd ions in order to provide superconductivity unbroken by
28) because pair-breakirlg= 0 rare-earth ions such as &d  the Gd magnetic momefiin the vicinity of the Cu-O chains
are absert*?3°[These factsannotbe organized in terms and the Ba-O layers of GdB@u;0; or near the Sr-O layers
of the average radius of the trivalent i&’* because some 0f Gd,_,Ce,SLCUNDO,). With the crystal-field splitting
nonsuperconducting compounds wilh=La; _,Gd, (Refs. effect ruled out for CmB#Cu;0; by the superconductivity of
20—22 have even larger average rare-earth radii than Nd 06dBaCu;0;, we proposed Cgy pair breaking as the
superconducting Nd ,Ce,CuQ,.] mechanism for the failure of CmB@uO; to

The charge-reservoir picture postulates that the supercon‘i*uperCOﬂdUC@19
ducting condensates of tHE' -structureR,_,Ce,CuQ, ho-
mologues involve interstitial oxygen sandwiched between

. . . D. Charge states of Am and Ce
the O, layer in a unit cell and a cuprate plane. This oxygen g

dopes the hosp type® The next question is, does Am in Am,Ce,CuQ, assume
the An?" valence state? This question is important, because
B. Pair breaking by Cmg, in CmBa,Cu30- some compounds, such 61528téAr'nCUstav57 do not super-
conduct on account of Am being A rather than A"

The charge-reservoir model has CmBesO; supercon-
ducting when pure, but not when normally prepared, becaus
it contains too many Cgy defects which are rather more

soluble on Ba sites than ggldefects In GABZLUOr, for 4 pr(3g 98 ) 59 and the magnitude of the Madelung po-

gxample§'3l As W't.h Prin PrBaCu;0,,” the Iqrge magnetic o niia| at the rare-earth site is approximately 29.8%Gbn-
ions of Cm are highly soluble on the Ba sites, where theysequently Am will be in the AR charge state in
break Cooper pairs and destroy the superconductivity: onI)Am cuo '

if the number of Ba-site rare-earth defects Por Cmy, is 2o
minimized will PrBgCu;0; or CmBgCu;O; superconduct.
Pure PrBaCu;O, superconduct$*2~*3while the same ma-

terial with ~10% or more By, defects does not. Signatures
of,the Pg, defects includéi) a Neel temperature of 17 Kno air that is a nep-type dopanf:*>*°Without the interstitial
Ne_el transition has been detected in th_e sgpe_r_conducting m xygen, the magnitude of the Madelung potential at the Ce
terial down to 4 K(Refs. 4_4 and 48, (||_) S|gn|f|<_:_ant oCCU-  ite is too weak by~7.7 V to ionize C&"—Cé**. With the
pancy of the @) antlchalq oxygen site, andii) excess interstitial oxygen, the Madelung potential is just barely
B_aCuQ during sample fabrlcatl%n_. C.mafﬁuﬁ@ al_so_has a strong enough to ionize Ce to €e (In the cuprate-plane
high Neel temperaturdl =22 K,™ indicative of significant models, Ce imssumedo be in the C&" charge state, but no

; ; a7
nur%t])ers_ of the palr-_bre_,-lakmg Cémgefgctcs:. NbO. . 13:48-54 reason for this ionization is given, and so these models are
e situation is similar in Br ,Ce,SLCu,NbO,, not self-consistent.

which has a similar crystal structure and has significant con- Since the magnitude of the ionization potential of Am is
centrations of pair-breaking grdefects—but has recently |5ger than that of Ce and since Ce is just barely ionized to

exhibited (granulay superconductivity>> this material's ~ ~g+ by interstitial oxygen, we believe that Am cannot self-

former'lack of supercondugtivity .iS now attribL_l'FabIe to the dope AmCuQ, by attracting interstitial oxygen and forming
large size of the rare-earth ion®Pr its high solubility on the (AM**, Oy ersiia) Pairs. But a prudent investigator should

Sr site(recently measuréd, and pair breaking. perform measurements of the magnetism of NéAm,CuQ,
to guarantee that Am itself does not become a doplant.

“hole filling” ).
The ionization potential of Am from the AM to the
Am** state is knowrf to lie between those of C@6.76 )

The nature of Ce doping is different in the charge-
reservoir and cuprate-plane models. In the charge-reservoir
model, Ce bonds with an adjacemterstitial oxygen and
forms Cé" paired with the interstitial: a (Ce,Qstita)

C. Superconductivity in Am,_,Ce,CuQ,

Am,_,Ce,CuQ, should superconduct, barring unforeseen
difficulties associated with the radioactivity of Am.

Moreover, Am_,Ce,CuQ, homologues obtained by re- Many authors appealed to hybridization of the Prahd
placing Ant* with a trivalent rare-earth ion will supercon- O 2p orbitals as a way of explaining why Priau;0; did
duct, unlesgi) a size effect associated with the rare-egah  not superconduct? and so it would be remarkable if hybrid-
Am) ion prevents the host from forming a cage large enougtization were the reason that Am,Ce,CuQ, supercon-
to enclose interstitial O between the @layer and the cu- ducts. Zowet al3®and Yeet al3 have convincingly shown
prate plan& or unlesgii) crystal-field splitting is impossible that hybridization does not quench the PsBaO, super-
for the magneticrare-earth ion replacing A#i, because it conductivity: Both by fabricating single crystals that super-
hasL=0 (such as for G& or Cn?"), and so pair breaking conducted and by measuring the pressure dependerite of
is effectivel®1® (which increasedwith pressure, contrary to the expectations

The L=0 pair-breaking effect due to the absence ofof hybridization theory*3%%), they demonstrated that hy-
crystal-field splitting must occur foboth the Gd and Cm  bridization is neither operative nor important. To our knowl-

E. Hybridization
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edge, no convincing evidence exists of any degradation.of has been given of why YB&u,0,/Nd,_,Ce,CuQ, junc-

by hybridization in 4 or 5f high-temperature tions do not rectify, despite being purportedig-n
superconductor®: Furthermore, Soderholret al*® have ar-  junctiong®].

gued that the 6 electrons of Cm are more localized than the'  a|| cuprate-plane theories place the primary supercon-

4f electrons of Pr, which means that the failure of gcting condensate in the cuprate planes. Many, but not all,
CmBgCu;0; to superconduct cannot be ascribed to hybrid-;55me spin-fluctuation  pairing(already ruled out

ization, since the failure of PrB&u;O; to superconduct was experimentally®) or that either Abrikosov-Gorkov pair

not due to hybridization. b . ' " . . .
reaking or crystal-field splitting are inoperative or unimpor-
If hybridization of the actinide & wave function were to 9 y P 9 P P

be importani{and it could conceivably be important, because
the actinide % radii are larger than their fAcounterparts
one would expect hybridization tguenchsuperconductivity

in Cm,_,Th,CuQ,, for the same reasons that hybridization
purportedly quenched superconductivity in PsBaO, (be-

In our opinion, most cuprate-plane theories attempting to
describe the facts about superconductivity for Cm-, Am-, and
Gd-based compounds will conclude that AmCe,CuQ,
will not superconduct. There is a clear difference between the

fore clean material was fabricate®ne way to examine this predictigns of such cupra.te—plane theories and the charge-
issue is to prepare (Cm,Am,), ,Th,CuQ, which should reservoir oxygen mode(This should be the case for most of

superconduct with increasing However, this experiment thqse cuprate-plane theories that accept the nonsuperconduc-
would only discriminate between cuprate-plane and chargdiVity of Cm,_,Th,CuQ, or of CmBaCu;07.)
reservoir mechanisms by the functional formTf(x), be- In the Igss likely alternative that a specific cuprate-plane
cause less pair breaking in a charge-reservoir model and le§aeory claims Ana_,Ce,CuQ, must superconducor, once it
hybridization in a cuprate-plane model should both increas€loes superconduct, if some cuprate-plane theory claims to
T. with x. The more discriminating test is with measure- explain why, then attention should be drawn to whether this
ments of interstitial oxygen. theory is also capable of explaining why gmTh,CuQ,,*
Gd,_,Ce,Cu0,,®” and CmBaCu;0, (Ref. 46 do not super-
conduct, while GdB#u,0,,% Gd,_,Ce,SL,CWNbO,(,*
S ] and PbSrGd; _,CaCu0g (Ref. 65 do superconduct. Any
Distinguishing features of the charge-reservoir model Ofattempt to explain the nonsuperconductivity of
§uperconductivity are that) the carrie(s_ of superconductiv- Cm,_,Th,CuQ, (or Gd,_,Ce,CuQy) in terms of crystal-field
Ity are holes(V\_/h_|ch gon”'b“te topositive Hall and ther- splitting would also have to explain the superconductivity of
mopower coefficient&® although only the most perfect crys- .
S . . > the other Gd compounds: GdEau,0;,
tals exhibit these propertipand(ii) the crystal must contain Gd,_,Ce,SLCULNDO,, and PBSKLGH, ,CaCuOs Why
; it i -7 2 10 201 —x 8-
at Il\?l?)sstt Se\c/:ir‘;arla;s;r;;r:]telntetrﬁél(tjlfitle:xyg;n pglrdzuc?géﬁg do the almost identical cuprate planes, which experience vir-
*  tually the same bonding to Gd in all of these compounds,

homologues regard these homologues as dopetype . .
(without explaining how this can hebut in the charge- produce some materials which superconduct and others

reservoir model, the doping is necessagiltype and requires Which do not? o
interstitial oxygen as a condition of superconductivity. 1Ne explanation that Cg destroys the superconductivity
It should be possible to discriminate between these twdn CmBaCu0;, while Ciep, does not, is not available to a
models by remo\/ing interstitial oxygen. Superconductingcuprate-p|ane model for the same reason that it is unavailable
Am,_,Ce,Cu0, should continue to superconduct in a for PrBaCusO;:2 the primary superconducting condensate
cuprate-plane picture, but will lose its superconductivity in acannot occupy the cuprate planes that are essentially midway
charge-reservoir model. between the Cm and Ba-O layers and yet havesCand
Cm¢, scatter Cooper pairs differently.
Hence, even if Am_,Ce,CuQ, superconducts, cuprate-
plane models will still be faced with answering the question,
We are unaware of any explicit predictions based on anwhy do Cm_,Ce,CuQ, and CmBaCu;O; not supercon-
cuprate-plane model of superconductivity for the expectediuct?
behavior of Am_,Ce,Cu0,. But we do note that any such
predictions mustsimultaneously explain or predict, (i)

F. Interstitial oxygen

Ill. CUPRATE-PLANE MODEL PREDICTIONS

whether Am_,Ce,CuQ, will superconduct; (i) why IV. CONCLUSION

Cm,_,Th,CuQ, does not supercondutt; (iii) why

Gd,_,CeCu0, does not supercondult; (iv) why Regardless of which set dtonsistent predictions are
CmBaCu0; does not supercondutt; (v) why made for the cuprate-plane picture, in the charge-reservoir
GdBaCu0,,%* Gd,_,CeSKLCWNDbO;,,>° and oxygen model of high-temperature superconductivity,

Pb,Sr,Gd; _,CaCu05 (Ref. 65 do superconduct; an@i)  Am,_,Ce,CuQ, is predicted to superconduct if it is doped
how Ce can dope an,CuQ, compound eithep or ntype.  such that we have~0.15—barring unforeseen problems
The Ce-doping issue is especially interesting: Ce dopingvith radioactivity. A demonstration of such superconductiv-
is assumedo produce botm-type doping and C¥ in iso- ity would lend further support to this model and would place
lation [although (i) no demonstration has been presentedan added burden on advocates of cuprate-plane theories to
showing that the Madelung potential at a Ce site can bexplain the lack of superconductivity in Gm,Th,CuQ,,*°
consistent with a C¥ charge state andi) no explanation Gd,_,Ce,Cu0,,®” and CmBaCu;0,,%¢ as well as the super-
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