
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:28
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

An Effect of Substitution on the
Superconductive Property in Perovskite-
Like Oxides
Koichi Eguchi a , Kimitaka Kuma a & Hiromichi Arai a
a Department of Materials Science and Technology, Graduate School
of Engineering Sciences, Kyushu University, Kasuga, Fukuoka, 816,
JAPAN
Version of record first published: 22 Sep 2006.

To cite this article: Koichi Eguchi , Kimitaka Kuma & Hiromichi Arai (1990): An Effect of Substitution
on the Superconductive Property in Perovskite-Like Oxides, Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics, 184:1, 153-157

To link to this article:  http://dx.doi.org/10.1080/00268949008031754

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008031754
http://www.tandfonline.com/page/terms-and-conditions


M d .  Cryst. Liq. Crysf.,  1990, vol. 184, pp. 153-157 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

AN EFFECT OF SUBSTITUTION ON THE SUPERCONDUCTIVE PROPERTY IN 
PEROVSKITE-LIKE OXlDES 

KOICHI EGUCHI, KIMITAKA KUMA, AND HIROMICHI ARAI 
Department of Materials Science and Technology, Graduate School 
of Engineering Sciences, Kyushu University, Kasuga, Fukuoka 816, 
JAPAN 

Abstract The critical temperature, Tc, of YBa2Cu307-6 was 
lowered by the partial substitution of Nb, Mo, Al, Zr, Bi, 
Sn, Ti and In f o r  Cu. With a decrease in Tc, lattice parameter 
a increased, but lattice parameter b was almost constant. 
The superconductive property of Bi2Sr2CaCu209-6 samples was 
significantly affected by the preparation condition and by cation 
substitution. With an increase in Gd substitution for Ca, the 
oxygen content increased, which also accompanied a decrease in 
Tc. The lattice parameter c decreased with an increase in the 
oxygen content. In various Bi2Sr2CaCu~Og-&-based samples, the 
critical temperature tended to increase with an increase in 
lattice parameter c. 

INTRODUCTION 

The superconducting properties of oxides with perovskite-like 
crystal structures are significantly affected by the nonstoichiometry 
of oxygen in the solid or by substitution of metal cations. 
Substitution of several rare earth metals for yttrium do not affect 
critical temperature, Tc, of YBa2Cu307-6 the superconductive 
pr0perties.l The 
critical temperature was in many cases lowered with substitution for  
C U . ~ - ~  Xiao et a1.8 have investigated the systematic change in Tc 
with substitution of 10 atomic % of Cu for 3d metals from Ti to Zn. 

But substitution of Sr or La for Ba reduces T C . ~ ? ~  

The substitution effect in Bi-Sr-Ca-Cu-0 system is more 
complicated, but Pb-substitution for Bi is very effective in producing 
the high Tc phase.9 The dope of rare earth metals at Ca site 
generally gives rise to low Tc value.10-12 In the present study, we 
investigated the effect of metal substitution on superconducting 
properties of YBazCu307-6 and BizSr2CaCu2Og-6. The relation among Tc, 
lattice constants, and oxygen nonstoichiometry has been discussed. 
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Experiment a1 

The samples were prepared by the solid state reaction of 
component oxides. The oxide or carbonate powders were ball-milled 
overnight and heated at 800-900 'C in air. The pulverized samples were 
pressed into pellets (10 mm x 2 mm) and finally sintered for 5 h at 
950 C for YBa2Cu307-6 or 800 'C for Bi2Sr2CaCu209-6 systems. 

The resistivity and inductance measurements were carried out in a 
temperature range of 10 K to room temperature. The resistivity was 
measured by dc-4 probe method. Meissner effect was roughly estimated 
from the inductance change of a coil with temperature, in which a 
sample capsule is placed. The content of oxygen and the average 
valence of Cu ion in the samples were estimated by iodometry. The 
valence of Bi was assumed as tervalent. 

RESULTS AN0 DISCUSSIONS 

Effect of substitution for Cu in YBa2Cu307-6 system 
Temperature dependence of resistivity and magnetic susceptibility 

of YBa2Cu307-6 are shown in Figure 1. The resistivity steeply 
decreased at 97 K and reached to zero at 94 K. The magnetic 
susceptibility also decreased at 94 K due to the Meissner effect. 
Several metals (Nb, 

substituted for 1 
atomic% of Cu in 
YBa2Cu307- 6. The 
lattice parameters 
of the substituted 
sample, YBa2- 

(CUO. 99AO. 01 307- 6 
are plotted as a 
function of Tc 
(Figure 2). The 
relation between Tc 
and lattice 
constant c was 
unclear, but 
lattice parameter b 

Mo, Al, Sb, Zr, B i ,  Sn, Ti, and In were 
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FIGURE 1 
and magnetic susceptibility for YBa2C~307-~. 

Temperature dependence of resistivity 

= Lsample - Lblank 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
28

 1
9 

Fe
br

ua
ry

 2
01

3 



AN EFFECT OF SUBSTITUTION ON THE SUPERCONDUCTIVE PROPERTY 

was unchanged among the samples. 
It is noted that lattice 
parameter a increased with 
decreasing Tc. The lattice 
parameters a and b, corresponding 
to the Cu-0-Cu bond distance, are 
expected to increase with a 
removal of oxide ion from the 
lattice due to electrostatic 
repulsion between neighboring Cu 
ions. Thus the relation between 
lattice parameter a and Tc 
appears to be related with 
oxygen deficiency along the a 
direction. 

Effect of Gd- 
substitution for Ca 
in Bi2Sr2CaCu20g-6 

The Bi-Sr-Ca-Cu-0 
system consists of two 
superconducting phases, 
which are the low Tc 
phase (Tc = 80 K) and 
the high Tc phase (Tc = 

110 K). Preparation of 
the sample with the 
single low Tc phase is 
much easier than that 
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FIGURE 2 Relationship between Tc 
and lattice parameter of YBa2- 
(Cue. ggA0.01)307-~ system. 
(A : Nb,Mo,Al,Sb,Zr,Bi,Sn,Ti,In) 

1 0 0  200 
Temperature ( K )  

FIGURE 3 Temperature dependence of resis- 
tivities for Bi2Sr2Cal-xGd,Cu209-6 system. 

with the single high Tc phase. A variety of metals were substituted 
in this system and the effect on superconducting properties was 
investigated. Figure 3 shows the effect of  Gd-substitution for Ca on 
temperature dependence of resistivity. The critical temperature Tc was 
lowered with increasing Gd content. The relation between oxygen 
content and lattice parameters is shown in Figure 4 .  The oxygen 
content increased with increasing Gd-content, accompanying the 
reduction of Tc. Lattice parameter a remained constant, whereas 
lattice parameter c decreased with an increase in oxygen content. 
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Thus the oxygen occupancy is 31 .O 

30.5.5 

preferentially changed along the c 
direction relative to a direction. 
The superconductive properties of 

this system are strongly affected - 
by oxygen nonstoichometry. 

The relation between Tc and the 
lattice constant in cation 
substituted Bi-Sr-Ca-Cu-0 system 

80 
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The effects of preparation 
condition of Bi2Sr2CaCu209-6 and FIGURE 4 Relation of Tc and 
of  various substituents are lattice parameter with value in 
investigated in this section. Bi~Sr2Cal-~Gd,Cu209-6 system. 
Figure 5 summarizes the relation 
between lattice parameters and Tc in cation substituted or un- 
substituted BiSrCaCuO3. The lattice constant a was unchanged 

I I 

I L c - 
6 .O '2 

0 20 40 60 80 

31 .O.z - 
L aJ c, 
0) 

B 
30.5 

aJ U 

* * .- 
m 

30.0 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
28

 1
9 

Fe
br

ua
ry

 2
01

3 



AN EFFECT OF SUBSTITUTION ON THE SUPERCONDUCTIVE PROPERTY I57 

irrespective of Tc. It i s  noted that the lattice constant c decreased 
with decreasing Tc. The large c value corresponds to small interaction 
between the neighboring superconductive a-b planes. 

CONCLUSION 

The effect of cation substitution in high Tc superconductor is 
summerized as follows. 
1) Lattice parameter b was unchanged with cation substitution for Cu 
in Ba2Cu307-6, whereas the lattice constant a increased with a 
decrease in Tc. 

2) In the series cation substituted Bi2Sr2CaCu209-6 samples, the 
decrease in Tc accompanies the decrease in lattice parameter c, bu t  
lattice parameter a remains constant. The superconductive properties 
are strongly influenced by oxygen nonstoichiometry. 
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