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Effects of elemental substitution for the (Pb, Cu)O layer of
Pb-1212 High-temperature Oxide Superconductors and
their Oxygen Nonstoichiometry

Michitaka OHTAKI, Jun KATAQKA,
Koichi EGUCHI and Hiromichi ARAI

The Pb site in the (Pb, Cu)O layer of the Pb-1212 oxide superconductor (Pbo.7sCuo.2s)Srz(Y0.5Ca0.5) Cuz07+:

is partially substituted by metals M=Li, Bi, In, Sn, and Sb.

The Bi substitution at 5 mol% markedly depress-

es the superconductivity, whereas the substitution by Sb and In raises the superconducting critical temperatures

for the electrical resistivity and the ac magnetic susceptibility.
enhancement of oxygen deficiency in the Bi-substituted sample.
amount of oxygen defect which causes decrease in the hole concentration on the Bi substitution.

The thermogravimetric analysis reveals an
The iodometric titration confirms the large
The hole dop-

ing by the substitution with Sb and In appears to be efficient because of the lower ionic valence of these cations

and the increased oxygen content in the samples.
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Fig. 1 Temperature dependence of the ac magnetic
susceptibility for (Pbg.7sCuo.2s) Srz (Yo.5Cag.5)
Cuz07 +, annealed for 24 h in oxygen at va-
rious temperatures followed by quenching
into liquid nitrogen.

HEORZRRBEILEDREKRFEELRT. 750COT
IV TRIEBEASBEREEIRENL TV AW, 7=
VBESN ERT BICH G, To, ERT 2 L5
ERHEY ¥ F VO RELC LY, BIREARES R
AKLTWAZERRLTWA, 850CT7=— b L7
AE B TRERELRWHEY 7P VERL, X
DBIGEREDEIF R ONT20 Teqs bR OE L 62K
R L7, BALERBIEIZ B 5 BEER 0 5 2 A
% ?iE, Pb-1212 RICK K ABNAEHTHS. &5
KT ViBEF BT L, REMEY 7 vizAaRc
INEL Y, STOCTIRIEEAEHELE. ZOHSR
o, Uo7 =— VIEEIE80T I —L 7.
Pb-1212 % ®» (Pb, Cu)O B® Pb % 1 + % Bi, In,
Sn, Sb, B LU Li T—#EIE L -HB OBEK X HEH
/8% — % Fig. 2 IZ7RY. BIRE x=0.05 TRET
ORE O RIIFHIZIES E D Pb-1212 #iE 1IRE S 1,
Ao 2 VEERE B S /. LA L x=0.10
OFRBTIE Li & Sn BERFE LA A I
HEBrE—2s2BdoNz, £-TC, chbADE
IR D Pb 4 P ~DOEBERFE x=0.10 Kl T
HEEbhB, x=0.10 O Li BRAB (DT

(a)x=0.05

5k M=In A M J\_JL—J\A——»AJ\J\*—J\—-—N

:. M=5n _A_A_.,J\J v__‘M_l_MJw—IM

2lmso | ik d el

8| m=Li ‘

2 S B Y . S SN N
M=Bi [ N L_}WL__AKL_—I\MI\JM}\AM
M=Pb Ak J\ /\.]L_MI J-i A A

5 20 40 60 70
20 /deg.
(b)x=0.10 O impurity phase
=]

5 _‘__M=Il'l ° L A AOAJ \A,_J\f\‘_?j.\..h-_ﬁ A}\A—J\ﬂd

i Mw M. ___,.M_L_A._MM.A»__,\_,_A,

g M=Li n ‘ A M O: Ox ,_J*"\.—LAA_‘MA-A'*.MJ

= M=Bi°A A Oﬁ A O.J /\Jﬂ __,?M__AA_,&_AAILM
M=Pb A A }\J a M J_A A M_AA’\vJ\

5 20 40 60 70

26 /deg.
Fig. 2 Powder X-ray diffraction patterns of
(Pbo.75— xMCug.25) Sr2 (Yo.5Ca0.5) Cuz07 +, at
(a) x=0.05, and (b) x=0.10.
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as a function of x.
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Fig. 4 Temperature dependence of the ac magnetic
susceptibility for (Pbo.7oMo.osCuo.25) Srz (Yo.5Cao.5)
CuzO7+. annealed for 24 h in oxygen at 850C
followed by quenching into liquid nitrogen.
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Fig. 5 Temperature dependence of the electrical resis-
tivity for (Pbo.70Mo.0sCuo.25) Srz (Yo.5Cao.5)
Cuz07 +, annealed for 24 h in oxygen at 850C
followed by quenching into liquid nitrogen.
The resistivity values are normalized at 150 K.
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Fig. 6 The change in weight of (Pbo.rsCuo.2s) Srz
(Yo.sCao:s) Cuz07 + = on stepwise heating in
flowing oxygen. The sample before the
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Table 1 Oxygen nonstoichiometry of (Pbo.7oMo.csCuio.25)

Sr2(Yo.sCao.5) CuzOr+.
M AW/ wt%* T+z* 742" z-7'
Pb*t 0.24 7.02 — —
Bi** 0.32 6.87 7.00 —0.13
Li* 0.22 6.93 6.95 —0.02
Sb** 0.30 7.16 7.00 0.16
Sn** 0.26 7.18 7.02 0.16
In®* 0.29 7.20 7.00 0.20

a Gain in weight on heating in flowing oxygen.

b Amount of oxygen determined by iodometric
titration.

¢ Calculated from the ionic valence of the cation
substituents M.
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SLEZLNS. PbH A FADHFACEBRIZLS
BIZEHFEOTIE, BERREBEDENIILBF—
F—7BORILTLKHHATED Z E b o/,

4. #& Ell

Dbtz ehs, ROLXS niEms BN,

(1) (Pho.75Cuo.25) Sr2(Yo.5Cag.5) Cuz07+, @ Pb #
4 % Bi THA/BHRLIZEZS, Smol%DERET
b BRERRSESKIGISHD L, 10mol% DEHRT
EREEIIIEE L.

(2) Pb % Sb % In T5mol% B L HKHE T,
BIREHERIERE Tc O LRSS h7.

(3) MERFHXBROKEL,S, B BT
S VRECBIIBERBESE DL, BEIHK
BELRTWILdbhh o,

4) I=FA P2 DVRBPOBEELREL
kA, Bi BREMGEBEROBNESR LD 2L,
ZOBBEREEX N F 4 v BERICHT 5 ERMHEE I
HETERWI LA bh o7z, COBEREBIZLDF
v )T THDHR—VOERENEL L, BIEEIEET
Hb0EEZOLND. —F, S EMHABCHBEEE
PHEIMLTBHEY, F— LD F—~FI2k 5T Tc 5LH
LiztEZoNB,

(5) Pb-1212 FRELMBIZERD Pb ¥4 b ~DH
FoF VERII X HEEEREOEMNE, BREREED
BWICEBR— )V F—TEORILTLHBHTESL Z
EDbh ol

z £ X &
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