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Evidence that all high-temperature superconductors arep-type
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The ground charge state of Ce substituting for Nd13 in Nd2CuO4 is usually assumed to be Ce
14, indicating

that Ce is a donor which causes Nd22zCezCuO4 to be ann-type superconductor. Using the self-consistent
bond/charge method, we show that the Ce ground state is Ce13, not Ce14, in ideal Nd2CuO4, implying that
monatomic Ce dopants are isoelectronic centers, notn-type donors. The observed Ce doping of
Nd22zCezCuO4 can be understood if an interstitial oxygen binds to the Ce, elevating its charge state to Ce

14.
This is a paired defect of Ce and oxygen, which dopes the hostp-type, notn-type, because of oxygen’s 2p
holes. The condition that the interstitial oxygen does dope the hostp-type translates into an approximate steric
constraint that the ionic radius of the rare-earth ionR13 must exceed that of Tb13 for R22zCezCuO4 to
superconduct. A similar situation occurs for the infinite-layer material Sr12vNdvCuO2, where the Nd dopant is
isoelectronic Nd12, not donor Nd13 as assumed, unless an extra oxygen is adjacent to the Nd. The data are
reviewed in light of these results, and show no convincing evidence either of particle-hole symmetry in doping,
or of n-type doping of any high-temperature superconductor. Instead they hint that the superconductivity is
associated with oxygen, rather than with any particle-hole-symmetric cuprate-plane phenomenon.
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I. INTRODUCTION

An important issue concerning high-temperature sup
conductivity is whether all such superconductors arep-type
or not. The models that rely on oxygen as the generato
superconductivity, whether cuprate-plane oxygen1,2 or
charge-reservoir oxygen,3 assume that the current carriers a
the 2p holes of oxygen. Such models would require ma
modification to be compatible withn-type superconductivity
by electrons: there is no particle-hole symmetry in an oxyg
model of superconductivity, because O21 and O22 naturally
form in ceramics much more easily than O11 or O12. The
more traditional models based on cuprate planes4 generally
do not provide a clear and specific picture of the assum
remote source of carriers, but merely treat the source
parameter to be specified independently of the supercon
tivity, allowing the carriers to be either electrons or hole
The models themselves typically have particle-hole symm
try, with the theoreticalcuprate planes that generate the s
perconductivity being equally compatible withn-type and
p-type carriers. To our knowledge, no single compound
exhibited bothn-type andp-type high-temperature superco
ductivity with different dopants, although this doping beha
ior is expected of theories with particle-hole symmet
Moreover, all assignments ofn-type superconductivity are
controversial, including that for the most studied candida
Nd22zCezCuO4. The evidence is such that one can credib
argue thatno high-temperature superconductor exhibits t
particle-hole symmetry common to so many theories, b
because none of the main candidates forn-type superconduc
tivity also exhibitsp-type behavior with another dopant an
also because all then-type candidates themselves are cont
versial.
550163-1829/97/55~10!/6605~7!/$10.00
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The main candidates forn-type superconductivity are
R22zCezCuO4, for the lighter, magnetic rare earthsR5Pr,
Nd, Sm, and Eu,5–8 and the infinite-layer compound
Sr12vRvCuO2 for R5La, Pr, Nd, Sm, Gd, and Y.9–12 How-
ever there is substantial evidence that defects play a ce
role in infinite-layer superconductivity,13 and the case for
n-type behavior is rather weak. For example, althou
Sr12vNdvCuO2’s chemical formula suggestsn-type
doping,12 Smith et al. found the Hall coefficient of
Sr12vNdvCuO2 to bepositive, normally interpreted as stron
evidence ofp-type superconductivity. Therefore, except
make a few comments near the end of this paper about
infinite-layer materials, we shall restrict our attention to m
terials which assume theT8 crystal structure, namely homo
logues of Nd2CuO4 ~Fig. 1!.

In addition to the Ce-doped compoundsR22zCezCuO4
with R5Pr, Nd, Sm, and Eu, three Th-doped homologu
also superconduct, with Th14 assuming the role of Ce14:
Pr22zThzCuO4, Nd22zThzCuO4, and Sm22zThzCuO4 ~with
Tc'2 K!.14 A closely related material is Ca-dope
Tm22zCazCuO4,

9 which exhibits theT8 crystal structure of
Nd22zCezCuO4, is p-type, and superconducts.15 In all of
these superconductors, the optimal doping compositionz is
typically in the range 0.13–0.17. Except for Tm22zCazCuO4,
all of these compounds that superconduct are thought to
n-type electron superconductors for the same reasons
Nd22zCezCuO4 is. Six closely related materials, which hav
been fabricated in theT8 crystal structure but do not supe
conduct, are Ce-doped Gd22zCezCuO4 ~Refs. 5–8 and 14!
and LaGd12zCezCuO4,

16 Th-doped Eu22zThzCuO4 and
Gd22zThzCuO4,

14 and Ca-doped Gd22zCazCuO4 and
Dy22zCazCuO4.

9 A number of compounds, including
Nd22z2aCezRaCuO4, for R5Gd, Y, and La, have also bee
6605 © 1997 The American Physical Society



n

th
-

t
rie
in

r,
a
ar
u

c
o

th
th

in

er
r-
re

to
ee

ar-
in

ct is
s,
nor
as in
Ce

on

on
l

for
Ce
ic

s the
s

ic
ld
ic

ud-
g
re

is
elf-
nt

rgy
in a
l-
d-

ns-
d
in

the

,

6606 55HOWARD A. BLACKSTEAD AND JOHN D. DOW
studied,8 with Gd generally being unfavorable to superco
ductivity.

The main purpose of this paper is to contribute to
discussion of whether the prototypicaln-type superconduc
tor, Nd22zCezCuO4, is actuallyn-type or if it is p-type.

II. IS Nd 22zCezCuO4 n-TYPE?

The n-type characterization of Nd22zCezCuO4 has been
controversial: ~i! Mangelschotset al.17 observed positive
normal-state thermopowers in Nd22zCezCuO4 samples
which superconducted at lower temperatures. The sign of
thermopower is an indicator of the sign of the charge car
~at least for a single-band free-electron gas undergo
energy-independent scattering18!. ~ii ! Jianget al.19 concluded
that Nd22zCezCuO4’s transport has multiband characte
with contributions from both electrons and holes, and M
et al.20 observed a virtually symmetric current-voltage ch
acteristic for a heterostructure composed of indisp
ably p-type YBa2Cu3O7 with purportedly n-type
Nd22zCezCuO4. ~One might have expected some eviden
of a p-n junction to remain even though the doping levels
these materials are high by semiconductor standards.!

A. Charge state of Ce

Completely absent from previous discussions of
n-type or p-type character of a dopant such as Ce is
question, ‘‘In Nd22zCezCuO4, is Ce13 or Ce14 the ground
state of the ion?’’ Obviously, if the ground state of Ce
Nd2CuO4 is Ce13, it does not dope its hostn-type; Ce13

merely replaces Nd13, and is an isoelectronic center rath
than the expectedn-type donor. An unexpected doping cha
acter of an impurity is common in semiconductors, whe
for example, oxygen replacing P in GaP is not a donor~as
expected!, but instead is neither a donor nor an accep
tending to make the GaP semi-insulating by virtue of a d
electron and hole trap oxygen produces in the band gap.21 It

FIG. 1. Crystal structure of~ideal! Nd1.85Ce0.15CuO4 in the T8
structure. The approximate possible locations of any~extra! inter-
stitial oxygen ion are denoted ‘‘X’’. When Ce substitutes for Nd
atoms move slightly from their ideal sites.
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is well known in semiconductor physics that the doping ch
acter of an impurity depends on its host. For example,
PbTe, anion-site In is a donor, but in SnTe the same defe
an acceptor.22 A similar situation occurs in superconductor
where one cannot simply guess that an impurity is a do
because it sometimes assumes a particular charge state,
the case of Ce14. Indeed, we shall present evidence that
doping of ideal Nd22zCezCuO4 leads to the formation of the
isoelectronic defect Ce13, not the donor Ce14—namely that
Nd-site monatomic Ce does not liberate its fourth electr
and dope (ideal) Nd2CuO4 n-type, as is widely assumed.

B. The actual dopant is interstitial oxygen paired with Ce

We propose that Ce doping normally results in formati
of a ~Ce, interstitial-oxygen! pair consisting of substitutiona
Ce on a Nd site~actually slightly distorted from the ideal Nd
site! and an adjacent interstitial oxygen~Fig. 1!. Such inter-
stitials have been reported in various experiments,17,23–26and
imply inhomogeneous superconductivity.27,28 For the Made-
lung potential at a Ce site to reach the ionization potential
Ce14, there must be an interstitial oxygen adjacent to the
and bound to it. Thus the dopant is not actually monatom
Ce, butCe plus oxygen, and this paired defect ideally29 lib-
erates a net of one hole: one electron as Ce undergoe
transition Ce13→Ce14 plus two holes as oxygen become
O22. Thus the ideal pair is anet p-type dopant, liberating
one hole, not one electron.

C. The self-consistent bond/charge approach

In attempting to determine the ground state of monatom
Ce in Nd2CuO4, we first refer to an early self-consistent-fie
local-density-approximation calculation for the electron
structure ofT-crystal-structure La22bSrbCuO4 with b50.0,
0.5, and 1.0, implemented using the spin-polarized pse
ofunction method.30 That calculation produced the followin
significant results:~i! the holes of the doped material we
predicted to lie in the La12~b/2!Sr~b/2!O layers, not in the cu-
prate planes;~ii ! the predicted hole location of that theory
in excellent agreement with both the recently developed s
consistent bond/charge model and with rece
measurements;31,32 ~iii ! the doping~bÞ0! does not alter the
band structure much, but does alter the Fermi ene
somewhat—an amount of the same order as is assumed
rigid-band approximation;~iv! although no comparable ca
culations for Nd22zCezCuO4 were executed using the pseu
ofunction method, other local-density calculations33 reported
that the electronic structures of Nd2CuO4 and La2CuO4 near
the Fermi surface are extremely similar; and~v! the calcu-
lated magnetic moment on the Cu in La2CuO4 was localized
and in excellent agreement with the measured value.30 The
result that the holes lie in the~La, Sr!-O layers is the oppo-
site of what was once widely assumed: that the holes tra
ferred from the~La, Sr!-O charge-reservoir layers and dope
the cuprate planesp-type. However, the cuprate planes
La22bSrbCuO4 are now known to ben-type,31,32 and the
p-type hole-doped regions of the crystal structure are
~La, Sr!-O layers. Only thesep-type ~La, Sr!-O regions~and
not then-type cuprate planes! can producep-type supercon-
ductivity.
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TABLE I. Computed ionic charges~in units of ueu!, magnitudes of Madelung potentials~in V!, and
ionization potentials IP~in V! ~Ref. 37! for ideal Nd22zCezCuO4 ~with z50.15!, and for the ideal infinite-
layer material Sr12vNdvCuO2 ~with v50.08!. The numbers in parentheses with the ionization potentials
the charges of the final states of ionization. The ionization potentials~in V! to theR13 charge state are, fo
R5La, Nd, Pr, Sm, Gd, and Y, 19.2, 22.1, 21.6, 23.4, 20.6, and 20.5, respectively. When~Ce, interstitial
oxygen! pairs are introduced into Nd22zCezCuO4, the Madelung potential at the Ce site becomes suffic
to ionize Ce to Ce14 ~.36.8 V!. The charge on the interstitial oxygen is21.16 ueu, both from the volume of
the oxygen cage containing it, and from the bond-valence sum method~Refs. 39–42!, provided the Cu ion
which has the interstitial at its apex is displaced away from the interstitial by the experimentally req
distance of between 0.5 and 1.0 Å~Ref. 24!. A displacement of;0.5 Å meets both the steric and charg
constraints. The Ce also relaxes;0.2 Å away from its adjacent cuprate plane~Ref. 25!.

Ion

Nd22zCezCuO4 Sr12vNdvCuO2

Charge Potential IP Charge Potential

Nd 13.09 229.1 22.1~13!, 40.4~14! 12.14 216.6
Ce 13.23 229.1 20.2~13!, 36.8~14!

Cu 11.84 219.3 20.3~12!, 36.3~13! 11.81 218.7
Sr 11.0~12!, 42.9~13! 12.14 216.7
O ~cuprate plane! 21.82 123.3 21.98 125.2
O ~O2 layer! 22.21 123.7
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The success of the pseudofunction electronic-struc
calculations for La22bSrbCuO4, combined with various suc
cesses of the easier-to-implement self-consistent bond/ch
theory and the similarity of Nd2CuO4 to La2CuO4, provides
justification for applying the self-consistent bond/charge
proach to the problem of Ce doping of Nd2CuO4: ~i! The
effective chargeQs on thesth ion is computed from its bond
lengths urs8,su using the phenomenological bond-valenc
sum method.34,35With bond lengthsurs8,su, the relationship
between the bond lengths and charges is

uQsu5ueuSs8ws8exp$@Rs2ur s8 ,su#/B%,

where we haveB50.37 Å, ueu is the proton’s charge, the
sum is over all ionss8 directly bonded to thesth ion,36 ws8
is the probability that the site is occupied by a particu
atom of types8, and urs8,su is the bond length between th
atom on sites and an atom of types8 at one of its neigh-
boring sites. The parametersRs are extracted from known
bond lengths of many chemical compounds and are tabul
in Ref. 34. ~ii ! With these charges, the Madelung potent
V~rs! at each siters is computed by summing over all ionsn:

V~rs!5SnQn /urs2r nu .

~iii ! The Madelung potential is compared with the ionizati
potentials of the ion on that site,37 to determine if the poten
tial is strong enough to ionize the ion to the expected cha
state.38 If the magnitude of the Madelung potential is weak
than the ionization potential by more than;1 V, then in all
likelihood the ion on that site is not ionized to the high
charge state. Only if the various ionic charges obtained fr
the bond lengths are nearly equal to the charges ded
from the ionization potentials do we accept the compu
charge states. Otherwise we start over, selecting diffe
integral ionic charges as input for the bond-length analys
until we find a self-consistent solution.
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1. Application to Nd22zCezCuO4

We applied this method to Nd22zCezCuO4, and found
that the charge state of Ce is Ce13.23, and that the magnitude
of the Madelung potential at the Ce site is;29.1 V, com-
pared with 36.8 V required to ionize Ce to Ce14. See Table I;
~Refs. 37, 39–42!. This;7.7 V difference is so large that i
is unnecessary to do a more sophisticated calculation, e
cially since both the computed charge~13.23ueu! and the
potential~229 V! self-consistently indicated that, at the C
site, Ce is Ce13, is an isoelectronic center, and is not a do
ant of any type. In particular, Ce is not ann-type dopant. In
idealNd2CuO4, Ce replacing Nd is in the charge-state Ce

13,
and does not account for the observed superconductivity

Experimentally, Ce in Nd2CuO4 yields superconductivity,
each Ce donates about one electron to a Cu-related b
while leaving the typical Cu ion in the Cu12 ionic state,43

and Ce is nonmagnetic14 ~i.e., closed-shell Ce14!. The only
way that the electrostatic point-ion potential at a Ce site
be made large enough to ionize Ce to Ce14 is if an additional
anion is placed close to the site—an oxygen interstit
There is space available in the unrelaxed lattice to accom
date hypocharged oxygen~not fully charged to O22! at or
near the ideal, unrelaxed interstitial site, which is at the fa
center of the Nd plane and'2.3 Å distant from the neares
Ce site.39–41 This oxygen could meet the steric constrain
even without local lattice relaxation if its charge2ZI ueu
were such thatZI,1.16,44 making the interstitial oxygen
small enough to fit in the cage of surrounding oxygen io
This interstitial charge would contribute an additional pote
tial of magnitude~6.5 ZI! V at the Ce site—compared with
the 7.7 V needed to achieve Ce14. Thus, for reasonable in
terstitial charges2ZI ueu ~and with reasonable lattice
relaxation!,24,25 the potential at the Ce site is likely to b
strong enough to ionize Ce to Ce14. Likewise, the charge a
the Ce site will increase by;ueu due to the inclusion of the
bond between the interstitial and the Ce, while the Cu cha
will remain near12ueu. Thus the Ce charge assumes a va
around14ueu, making the~Ce, interstitial-oxygen! defect a
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6608 55HOWARD A. BLACKSTEAD AND JOHN D. DOW
dopant that self-consistently satisfies the conditions of
bond/charge method, with Ce14. We executed calculation
for Nd22zCezCuO4 containing interstitial oxygen, and foun
that this is indeed the case.45

Thus the self-consistent bond/charge method offers
possible solutions for Nd22zCezCuO4: ~i! Ce is isolated, in
the charge-state Ce13, and electrically inactive, neither dop
ing n-type nor causing superconductivity; and~ii ! Ce is ac-
companied by interstitial oxygen, contributes its fourth ele
tron to doping, and is Ce14. The Ce14 solution is the one
relevant to superconductivity in Nd22zCezCuO4, but leaves
the materialp-type, because interstitial~initially neutral!
oxygen ideally has two 2p holes which it can release.29 In
the ideal weak defect-host coupling limit, the dopant is
~Ce, O! pair: ideally Ce142Nd131e21O2212h1 . Conse-
quently the~Ce, interstitial-oxygen! defect complex can be
net acceptor, doping Nd2CuO4 p-type. Previous workas-
sumedthat the Ce14 observed was associated with aniso-
lated defect, and thus that Ce’s ionized electron doped
cuprate planesn-type.23,43,46The self-consistent bond/charg
scheme shows that the relevant defect is not isolated
which is an isoelectronic center and a neutral defect~Ce13!
rather than a donor, as assumed. It also indicates tha
defect complex~Ce, interstitial oxygen! producesp-type su-
perconductivity in the vicinity of the interstitial and in th
nearby O2 layer, as discussed in Ref. 31.

III. IMPLICATIONS

Having concluded that Ce in Nd22zCezCuO4 forms a~Ce,
interstitial-O! complex that is ap-type dopant, it is straight-
forward to draw similar conclusions for both the Ce-dop
and the Th-doped homologues.

A. Oxygen solubility and interstitial cage size

A major factor governing the occurrence of supercond
tivity in the R2CuO4 homologues is the Ce-induced dopin
by interstitial oxygen. Therefore the solubility of interstiti
oxygen in the cage of surrounding oxygen ions becomes
issue, as does the question of whether the cage is l
enough to accommodate an oxygen ion with the requ
charge. The highest values of the critical temperature
obtained when the superconductingR22zCezCuO4 com-
pounds are fabricated under high pressure,47 consistent with
the expectation that the solubility of oxygen in the interstit
cage can be increased by pressure.48

The size of the interstitial cage determines a condition
p-type doping and superconductivity. The cage of oxyg
ions surrounding the interstitial oxygen must be large eno
to accommodate a superconductivity-sensitizing interst
oxygen ion that has acquired a charge2ZI ueu with ZI.1,
namely an oxygen that has yielded more than one hole to
host ~to both compensate the electron from dopant Ce
dope the hostp-type!. An examination of the crystal struc
ture of Nd22zCezCuO4 reveals that the sphere inscribed
the interstitial cage39,40,49is sterically incapable of containin
an oxygen ion of charge2ZI ueu if ZI.1.16, assuming an
oxygen ionic radius linearly interpolated between those of0

and O22: ~0.6510.375ZI! Å.
44 Consequently the range o

interstitial oxygen charges compatible withp-type doping
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and superconductivity~1,ZI,1.16! is small even in
Nd22zCezCuO4 and smaller yet for the heavier rare-ear
homologues.50,51Since the radius of the inscribed sphere d
creases approximately linearly with the decreasing io
radius52 of the trivalent rare-earth ion of the host, th
R22zCezCuO4 homologues cease to superconduct once
rare-earth ionic size becomes too small for the intersti
cage to accommodate the requiredZI.1 oxygen ion. From
an examination of the lattice constants,49 theZI51 condition
is met for a rare-earth ionic radius near Tb13’s, namely,
slightly smaller than Gd13’s. This trend with size is visible in
the data:Tc decreases from'32 K in pressure-fabricated
Nd22zCezCuO4 ~Ref. 47! ~21 K for normal fabrication50! to
'7.5 K for Eu22zCezCuO4,

50 as the oxygen cage size de
creases, and vanishes for Gd22zCezCuO4 andR22zCezCuO4
with smaller trivalent rare-earth ionsR, although the failure
of Gd22zCezCuO4 to superconduct is probably not due to
size effect, but to its total angular momentumL50.53–56For
doping by Th14, a slightly larger dopant than Ce14, the onset
of R22zThzCuO4 superconductivity corresponds to a slight
larger trivalent rare-earth radius, between those of Eu13 and
Sm13.14

B. Particle-hole symmetry

If particle-hole symmetry is valid, and if interstitial oxy
gen is involved in the doping as we propose, then
Ce14-doped and Th14-dopedR2CuO4 compounds must no
ceasesuperconducting forR13 smaller than Gd13 ~as they
do!, but must switch ton-type superconductivity, as the in
terstitial oxygen’s charge becomesZI,1.

C. Ca-doped Tm2CuO4

The Ca-doped Tm22zCazCuO4 appears to be anothe
manifestation of thep-type R2CuO4 compounds

15—except
that the Ca doping is by an isolated defect~Ca on a Tm site!,
rather than by a defect pair~Ce on a rare-earth site, paire
with interstitial oxygen!. This significant difference be
tween the Ca-doped Tm22zCazCuO4 and the Ce-doped
Nd22zCezCuO4 implies that thep-type doping, not the inter-
stitial oxygen itself, is critical for superconductivity in th
R2CuO4 compounds.

15 The Ce-doped compound is expect
to have roughly one interstitial oxygen ion per Ce, while t
interstitial oxygen concentration in the Ca-doped materia
likely to be much smaller because there is no strongly po
tive Ce14 ion attracting the negative oxygen. Thus, we e
pect thatTc of Tm22zCazCuO4 should not be depressed by
lack of greater interstitial-oxygen solubility; this appears
be the case for this pressure-fabricated superconduc9

Tc530 K, compared with 32 K for Nd22zCezCuO4. More-
over the effect of replacing Cu by Ni and Zn in Ca-dop
Tm2CuO4 and Ce-doped Nd2CuO4 will be rather different: In
Nd22zCezCuO4, less than 1% Ni destroys the supercondu
tivity, while about six times as much Zn is required to a
complish the same effect.57 This is because the interstitia
oxygen is apical to the impurity site and directly bonded
it, and the supercurrent in Nd22zCezCuO4 passes through
this interstitial site. Therefore the superconductivity
Nd22zCezCuO4 senses the adjacent magnetic moment of
andTc is depressed rapidly by the Cooper pair-breaking
fect of that magnetic moment. In contrast, we expect v
little interstitial ~apical! oxygen in Tm22zCazCuO4, and
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55 6609EVIDENCE THAT ALL HIGH-TEMPERATURE . . .
hence any superconducting condensate should primarily
cupy the O2 planes, where the strongly electropositive C
will insert the holes.31 This means that, to a good approx
mation, the supercurrent, which does not involve intersti
oxygen, will not experience exchange scattering and Coo
pair breaking by Ni on a Cu site~because the distance from
the impurity to the nearest hole-carrying oxygen exceeds
range of the exchange scattering!—and hence that Ni and Zn
should have similar effects onTc due to their similar long-
ranged scattering potentials. Studies ofTc versusNi and Zn
dopant concentrationsu for the two materials should exhib
this dramatic difference:Tc(u) for Ni and Zn should be
about the same in superconducting Tm22zCazCuO4, but
Tc(u) for Ni is smaller than for Zn in Nd22zCezCuO4 and
vanishes for a considerably smaller value ofu.57

IV. CONCLUSIONS

Our main conclusion is that isolated Nd-site Ce in ide
Nd22zCezCuO4 is Ce

13 and does not providen-type doping,
as widely assumed. Rather, most Ce ions facilitate the
mation of an adjacent interstitial oxygen, and the~Ce,
interstitial-oxygen! pair causes Ce to ionize to Ce14, while
the oxygen dopes Nd2CuO4 net p-type. A dramatic test of
this picture would be the demonstration thatTc(u), as a
function of Ni or Zn dopant concentrationu, would be the
same for Ni and Zn in superconducting Tm22zCazCuO4,
which is not the case for Ni- and Zn-dope
Nd22zCezCuO4.

57

A similar story holds for the infinite-layer compounds th
are thought to ben-type. As Table I shows, the predicte
ground charge state of Nd on a Sr site in Sr12vNdvCuO2 is
.
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Nd12, not Nd13. Thus Nd does not dope Sr12vNdvCuO2 at
all, much lessn-type, and off-site oxygen or a cation va
cancy must be involved in its superconductivity, which mu
be p-type.

In summary, the analyses presented here indicate
Nd22zCezCuO4 and itsT8-crystal-structure homologues ar
all p-type. They also suggest that the Sr12vRvCuO2 infinite-
layer compounds are not dopedn-type by isolated rare-earth
ionsR either, because those ions appear unlikely to achi
theR13 charge state in isolation.

Thus one can propose that there areno n-type high-
temperature superconductors, which, if true, points tow
superconductivity by hypocharged oxygen,58 rather than
particle-hole-symmetric cuprate-plane superconductivity,
the general cause of high-temperature superconductiv
This, of course, means that Cu-less Ba12aKaPb12bBibO3 can
be reclassified as a high-temperature superconductor,59 al-
though discovered by Sleight, Gillson, and Bierstedt60 long
before the discovery of high-temperature superconducti
by Bednorz and Mu¨ller.61
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