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Electrical and Magnetic Properties of Lay_, Pr,BaCusO13_y.
M. E. LOPEZ-MORALES, J. L. HEIRAS and R. ESCUDERO,
Materials Institute (IIM), Nat. Auto. U. México (UNAM). — The
compound LayBaCus013_, is remarkable in that it is one of the
very few CuO perovskites that is metallic at all temperatures yet
superconducting at none. In addition, it has an unusually high car-
rier concentration, as estimated from the excess cationic charge in
the unit cell, compared to the high-T copper oxide compounds.
We have investigated the effect of substituting Pr for La in this
structure with the objective of studying possible mixed valent ef-
fects arising from the Pr cation. We find that it is possible to obtain
single phase Lay_,PryBaCusO13-, for 2 < 2, and report the ob-
served electrical and magnetic properties of a sample set within this

range.
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ubsequent low tcm'icraum re-oxidation on the oxygen ordering and
“e distribution in these systems. Monte Carlo simulations using
Kawasaki dynamics is used to investigate the Fe cluster formation
ind its effect on oxygen ordering for various Fe concentrations. The
esults are in very good agreement with experiments, suggesting that
he structure change during the reduction and re-oxidation process
an be explained by Fe clustering in CuQ plane. -

'Work supported by the U.S. Department of Energy, Office of Basic
“nergy Sciences under Contract No. DE-AC02-76CH00016.

3:24

Q13 3 Investigations of Te Depéndence on Magnetic and Nonmagne—
ic Jons ir YBay[Cuy_,(MsZny_x).}s07-5 M.A. CASTRO, S.A. HOFF-
MAN, G.C. FOLLIS and 5.M. DURBIN

, G.C. and 5. , Purdue U.—In seeming con-
radiction with BCS theory, previous studies on the response of high-T,

superconductors to the presence of dopants® have not conclusively found *

1 qualitative difference between the effects of magnetic and nonmagnet-
¢ impurities on T,. We are investigating dopant effects on. T, which
appear to be sensitive to the magnetic character of the impurity. Apart
rom magnetic spins, an impurity ion may introduce other perturbations
which could mask the effect of spins. The charge carrier concentration,
or instance, can be affected if the dopant and host ions have differ-
nt valences. By simultaneously doping with ions of different valences
and magnetic nature, we are able to vary both the charge carrier den-
ity and the concentration of magnetic spins. We report on magnetic
susceptibility and electrical resistivity measurements on polycrystalline
YBay[Cuy_o(MxZny_x):}307-s (with M=Ga, Fe, Ni) to determine the
jependence of T, on impurity concentration, as well as anomalous dis-
persive x-ray diffraction measurements on single crystals to determine
he dopant site occupancy distribution.

This work is supported by the Indiana Center for Innovative Supercon-
jucting Technology and the NSF through Grant DMR 86-57587.

¥ K. Westerholt et al., Phys. Rev. B 39, 11680 (1989).

8:36

Q134 3

Sn Dopant in YBa,Cus0; and YBa,Cu,Os' S.PRADHAN,
Y.WU, J.MOSES and P.BOOLCHAND, University of
cincinnati, ---YBa;(Cuy.,Sny),0s samples at x=0.01
and 0.02 have been prepared by sintering the
precursors at 220 atm. and 900°C in pure oxygen.
Ic of both samples established magnetically
reveal. a value of 77(1)K. XRD scans. of the
samples reveal primarily a 1-2-4 phase. '¥sn
¥8ssbauer spectroscopy results reveal in both
cases a partially resolved but ' asymmetric
joublet. These results on 1-2-4 will be compare
Eo the results of several studies! on 1-2-3, to

jecode the dopant site location in these layered

suprates.
¢ Supported by NSF grant DMR-89-02836

(1) T.Saito et al. Physica €171,167(1990) and
references there in.

3:48 ’ . :
2135 The Effect of Sr-doping on the Superconducting Transi-
jon of Y-Ba-Cu-O System® M.K. Wu, C.C. Chi**, D.H. Chen, S.R.

5heen, M.J. Wang, and J.L. Hsu, Dept. Physics and Materials Sci-

ance_Center, National Tsing-Hua Universitx, Taiwan, ROC; F.Z.
;hlen, Dept. of Physics, Tamkang University, Taiwan, ROC . —

Ne have achieved® the preparation of single phase
7(Ba,_,Sr.)CusO; compound with x ranging from 0 to 1 by substi-
uting a small amount of Mo for Cu. it was observed that the
superconducting transition temperature first decreases linearly
vith Sr-content until x~0.4, then a sharp drop in Tc occurs. The
Tc for the sample with x=1 Is about 40 K. The X-ray structure
inalysis’ shows that the crystal symmetry changes from
yrthorhombic to tetragonal at the critical concentration, whera Tc
ixhibits' a sharp drop.  Detail results on the Hall coefficlent,

3

{0l 37, No. 1 (1992)
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normal state resistivity, and Raman spectrum measurements wili
be presented and discussed.

] Suppbrted in part by ROC NSC Grant NSCB80-0208-M007-95.
** Permanent address: IBM, T.J. Watson Research Center,
Yorktown heights, NY 10598
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The Effect of Sr-substitution on the Y-site of thé YBa,Cu30,
Superconducting Structure. B.H. MA, C.U. SEGRE, Illinois
Institute of Technology, M.K. ANIS, A.A. GILL, S.A. HAYAT, Z.

- IQBAL, K.E. LIPINSKA-KALITA, F.C. MATACOTTA, M.M.
SAIH, P. STASTNY, International Centre for Theoretical Physics

— The solubility range of Sr on the Y-site in the YBa,;Cu30; Struc-
ture was studied using two series of compounds: (Gd,_.Sr,)
(Bal.ssro‘s)CU307_5 and (Sml_,Sr,)(Bal,5Sr0_5)CU307_5. Struct-
ural, compositional and transport data are reported as functions of
Sr-content, x and sample preparation temperature.  The Sm sam-
ples show' systematic increases in T¢o with both Sr-content and
annealing temperature. The difference in behavior between Gd
and Sm-based samples is most likely related to their differing ionic
sizes. Increasing the Sr content seems to prevent the trivalent Sm
from occupying the Ba site and thus reducing T¢. Measurements

.of screening fraction made by a.c. susceptibility at 4K show that.

with one exception, a decrease with increasing x (Sr content) but
an increase with increasing annealing temperature. The Sm-based
samples annealed at 970°C, however, show a relatively constant
screening factor as a function of composition.

9:12

Q137 Electrical and Magnetic Properties of La4_: Pr:BaCus0:3._,.
M. E. LOPEZ-MORALES, J. L. HEIRAS and R. ESCUDERDO,
Materials Institute (IIM), Nat. Auto. U. México (UNAM). — The
compound La,BaCus0;3-, is. remarkable in that it is one of the
very few CuQ perovskites that is metallic at all temperatures yet
superconducting at none. In addition, it has an unusually high car-
rier concentration, as estimated from the excess cationic charge in
the unit cell, compared to the high-T¢ copper oxide compounds.
We have investigated the effect of substituting Pr for La in this
structure with the objective of studying possible mixed valent ef-
fects arising from the Pr cation. We find that it is possible to obtain
single phase La,_ . Pr,BaCus0,;_y for z < 2, and report the ob-

- served electrical and magnetic properties of a sample set within this

range.

9:24

Q138 ivity i 5
RBa2Cu307-5_Superconductors.* P. KOSTI%, B. W. VEAL,

-

A. P. PAULIKAS, and J. W.DOWNEY, Materials Science
Division, Argonne National Laboratory.--- We have extensively
studied the effect of oxygen vacancy order in reduced YBa;Cu307.5
(Y123): vacancies tend to order forming chains in the b-direction and
the superconducting T rises, apparently a consequence of increased
hole concentration. Annealing disordered samples at room
temperature can result in a rise of nearly 30 K in Tc. When cations are
substituted however, it appears that alternate forms of oxygen ordering
can occur. - When reduced samples of Y123 or Gd123, with Sr
replacing one-half of the Ba atoms, are quenched from temperatures in
the range 75 > Tg > 190°C, T declines when the samples are permitted
to anneal at room temperature. These results suggest that an ordering
process_occurs in the substituted samples at low_temperatures that
reduces the carrier concentration. In contrast to Y123, this might be
accomplished by a reduction in the concentration of 2-coordinated
(monovalent) Cu atoms as a result of the ordering. :

¥Work supported by the U.S. Department of Energy, BES-Materials Sciences,

under contract #W-31-109-ENG-38. E
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THEE OXYGEN DE?ECT.PEROVSKITE BaLaa 13.53 A METALLIC CQUDUCTOR

C. Michel, L. Er-Rakho and B. Raveau _
Laboratoire de Cristallographie, Chimie et Physique des Solides, U.A. 251
IS:Ra-Université de Caen, 14032 Csen Cedex, France

(Received March 14, 13885; Referced)

ABSTRACT

A new oxygen defect perovskite Bala,Cug0y3 4, characterized by a mizxed
valence of copper has been isolated ; the parameters of the tetragpnzl
cell are closely related to thatof the cubic perovskitera =8.6455(%) A

= a, 5 and ¢ = 3.867(3) X = a5. The X-ray diffraction study shows
that the atoms are ¢isplaced from their ideal positionms in the cubic
cell, owing to the presence of ordered oxygen vacancies. The study of
conductivity, magnetic susceptibility and thermoelectric power versus
temperature shows that this oxide is a very good metallic conductor.

INTRODUCTION

Oxygen cefect perovskites, have been more extemsively studied these
last years owing to their potential applications in catalysis, electrccata-
lysis or as gauges (1-3). 1Ia this respect mixed valence copper oxides offer
a wide field for investigation : several perovskites (4) or perovskite-rela-
ted structures hazve been isolated (5-6). These materials in which conper
takes several coordinations sizultanecusly and a valence state intermediate
between II and III can intercalate large amounts of oxygen according to the
oxygen pressure and the temperature.- Their electron transport properties

ranging froam semi-corductive to metallic (7) are closely correlated to the
amount of intercalated oxygen.

The present paper deals

with a new oxygen defect perovskite
DalagCus0y3, 4, which is like Laq2a3CugO1445 (4) a mixed valence copper cxide
but whose behavior is quite different.’
ENPERIMENTAL

Synthesis

" Samples were prepared in platinum crucible and in air from appropriate
mixtures of dried oxides Laz0j, Cud and carbonate BaCOj. The mixtures wvere
first heated a few hours at $00°C, zround and heated at 1000°C durinz several
hours. They were then ground again, and mixed with an organic binder, com-~
pressed inta bars and then slowly heated up to 100n°C. After 24 hours or
more at 1000°C, the bars were finally quenched to room temperature, The use
of a binder was nccessary to avoid that the compressed bars brecak before

667
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Possible High T, Superconductivity
in the Ba—La—Cu—O System

'J.G. Bednorz and K.A. Miiller
-y o3 b R e L]
IBM Ziirich Research Laboratory, Rischlikon, Switzerland

Received April 17, 1986

Metallic, oxygen-deficient compounds in the Ba—La — Cu— O system. with the composi-
ton Ba,La,_,CusOy,s_,, have becn prepared in lvcrvsw!_l‘gg'gw@gq. Samples with
x=1and 0.75, y>0, anncaled below 900 °C under rﬁucmg conditions. consist of three
phases. one of them a perovskite-like mixed-valent copper compound. Upon cooling,
the samples show a linear decrcase in resistivity, then an approximately logarithmic
increase, interpreted as a beginning of localization. Finally an abrupt decrease by up
to three orders of magnitude occurs, reminiscent of the onset of percolative superconduc-
tivity. The highest onset_temperature, is obscrved in the 30 K range; It 1s markedly
reduced by high current densitics. Thus. it results partiully from the percolative nature.
bute possibly also from 2D superconducting {luctuations of double pe.ovskite lavers

%xdma Maﬁer '

of one of the phases present.

1. Introduction

* At the extreme forefront of rescarch in supercon-
ductivity is the empirical search for new materials™
(1). Transition-metal alloy compounds of A15
(Nb,Sn) and B1 (NbN) structure have so far shown
the highest superconducting transition temperatures.
Among many 4 15 compounds, careful optimization
of Nb—Ge thin films near the stoichiometric compo-
sition of Nb,Ge by Gavalev et al. and Testardi et al.
a decade ago allowed them to reach the highest 7, =
23.3 K reported until now (2, 3]. The heavy Fermion
systems with low Fermi energy, newly discovered, are
not expected to reach very high T,'s [4).

Only a small number of oxides is known to exhibit
superconductivity. High-temperature superconduc-
tivity in the Li—Ti—O system with onsets as high
as 13.7 K was reported by Johnston et al. |5]. Their
x-ray analysis revealed the presence of three different
crystallographic phascs. one of them. with a spinel
structure, showing the high T, [S]. Other oxides like
perovskites exhibit superconductivity despite their
small carricr concentrations. n. In Nb-doped SrTiO),,
with n =2 x 10°% cm "2, the plasma cdge is below the
highest optical phonon. which is theretore unshackded

(6]. This large clectron-phonon coupling allows a T,
of 0.7 K [7] with Cooper pairing. The occurrence of
high electron-phonon coupling in another metallic
nxide, also a perovskite, became evident with the dis-
covery of superconductivity in the mixed-valent com-
pound BaPb, __Bi,O, by Sleight et al., also a decade
ago [8]. The highest T, in homogeneous oxygen-defi-
cient mixed crystals is 13 K with a comparatively low
concentration of carries #=2-4x10*! cm ~* [9]. Flat
clectronic bands and a strong breathing mode with
a phonon feature ncar 100 cm ', whose intensity is
proportional to . exist [10]. This last example indi-
cates that within the BCS mechunism, one may find
still higher T,s in perovskite-type or related metallic
oxides. if the clectron-phonon interactions and the
carrier densitics at the Fermi lkevel can be enhanced
further.

Strong clectron-phonon interactions in oxides
can occur owing 1o polaron formation as well as in
mixed-valent systems. A superconductivity (metallic)
to bipolaronic (insulator) transition phase diagram
was proposed theoretically by Chakraverty [H] A
mechanmism for polaron tormation is the Jahn-Teller
cfieet, as studied by Hovk et al. [12). Isolated Fet”,
Ni** and Cu®’ in octahedral oxygen environment

[y
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'Tab]c IV. Comparison of the Cu(2) - Cu(2) interplanar, or “slot”, distance dg,,,, with source
referenced, with increasing trivalent state ionic radii RLn for various rare earth clements Ln
in LnBazCu3O7 Values of ionic radii are from Ref. 30. Data {rom thxs Table used in con-
structing Fig. 4. Distance units are in A.

13 .
RS

Ln C dgy, | Ref. R,
Er ‘ 3.350 ' a I.144
Ho 3.367 b 1155
Y 3.369 ¢ 1.159
Gd 3.395 d 1.193
Nd 3.513 | a .

@ | 3.554 This Work
La 3676 B e

2 S. J. La Placa, unpublished data.
b Reference 6.
¢ Reference 26.

4J. A. Campa, J. M. Gomez de Salazar, E. Gutié¢rrez-Puebla,
M. A. Monge, I. Rasincs and C. Ruiz-Valero, Phys. Rev. B37, 529 (1988).

¢ M. Izumi, K. Uchinokura, A. Macda and S. Tanaka,
Jpn. J. Appl. Phys. 26, L1555 (1987).



Lag,Pr;BaCus0y3,5
Synthetic Procedure

e Mix stoichiometric amounts of Laz0,,
BaCOz and Cu0

e Grind in light organic liquid (ace’rone) |

o Eliminate CO, by baking at 900 C

e Grind in acetone again

e Calcine at 950 C

e Mix and grind product with an low MW
organic binder (ZYP "HTSC Vehicle")

e Calcine at 950 C

® Dry—grind product

e Final calcine at 970 C

e Dry—grind product
e Press into pellets at 6 metric tons
e Sinter in air at 990 C




 Lay,Pr;BaCus0ys,5
Synthetic Procedure

Caveats

e Must dry Laz0, at 950 C prior to
weighing | |
o First calcine at temperature not greater
than 300 C in order to prevent melting
e Organic binder helps homogenize final
calcine mixture
e Dry grinding needed to eliminate
residual traces of binder

* NB: Long calcine periods (~ days)
needed as Pr concentration increases
due to low diffusion rate of this cation
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Band Structure of La4_xPpr"_aCu501315
Herman, Kasowski and Hsu

Phys. Rev. B37, 2309 (1988)

Energy (eV)

La4'BaCusO13 -
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Reduced Wave Vector
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X=XoT =g
Lay_.Pr.BaCus013 | Xo (1078 emu/g) | C (emu K/g) | © (K)
x=0.0 1.10 8.0x 1076 0
x=0.2 0.46 1.5 x 1074 -12
x=0.5 1.00 5.0x 1074 -25
x=1.5 - 1.40 1.7 x 1078 -34
x=2.0 2.00 2.0 x 1073 -20
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| L8.4__XPI‘ XB&CU5O 1346 -
summary

"Quasi"—3D metal
Single phase for x £ 2

Pauli o and TEP suggest
Er independent of x

Curie constant indicates ProY
independent of x

o p decreases as x increases —-—

anomalous behavior —— needs further

study




| La4_xPpraCu5013i5
Future Agenda

o More resistivity and TEP experiments

o Understand why material is only
single phase for x £ 2

e Continuara....

No se pierda el proximo capitulo
de su novela favorita,

"Los fisicos tambien lloran”

d la misma hora
y por los mismos actores
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