
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

Synthesis and Electrical Properties of
Pb2Ba2(Y1-xCax)Cu3O8+y
Y. Nakabayashi a , S. Imoto a , T. Hibiya a , T. Satoh b & Y. Kubo a
a Fundamental Research Laboratories, NEC corporation
b Resources and Environment Protection Research Laboratories, NEC
corporation
Version of record first published: 22 Sep 2006.

To cite this article: Y. Nakabayashi , S. Imoto , T. Hibiya , T. Satoh & Y. Kubo (1990): Synthesis and
Electrical Properties of Pb2Ba2(Y1-xCax)Cu3O8+y , Molecular Crystals and Liquid Crystals Incorporating
Nonlinear Optics, 184:1, 171-175

To link to this article:  http://dx.doi.org/10.1080/00268949008031757

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/10.1080/00268949008031757
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Cryst., 1990, vol. 184, pp. 171-175 
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 

SYNTHESIS AND ELECTRICAL PROPERTIES OF 
Pb~Ba2(Yi-,Ca,)Cu308+~ 

Y. Nakabayashi, S. Imoto, T. Hibiya, *T. Satoh and Y. Kubo 
Fundamental Research Laboratories, *Resources and Environment Protection 
Research Laboratories, NEC corporation. 

Abstract* We have synthesized PbzBaz(Y l.xCax)Cu308+ (0 d XS 0.3) which 
was an iso-structural Ba version of the superconducting PbzSrzACu308 + 
(where A is a rare earth metal + Sr or Ca). Single crystalline (x=O) an$ 
polycrystalline (0.056 x 6  0.3) samples were obtained. Ca substitution for Y 
decreased the resistivity and a filamentary superconducting transition at 
around 70K was observed for samples with x = 0.3. 

INTRODUCTION 

The discovery of a new class of high-Tc superconductors with the formula 
PbzSr2AC~308+~ (where A is a rate earth metal + Sr or Ca) offers the 
possibility of better understanding the superconducting For 
further understanding the superconductivity of the PbzSrzACusOs structure, a 
study of PbzBazYCu308 should be fruitful, because i t  has the same local 
structure of Ba0-CuOz-Y-CuO2-Ba0 as in the well characterized BazYCu307. 
It  is also expected that the Ca substitution for Y will create hole carriers and 
give rise to superconductivity. We have synthesized single crystals (x = 0) and 
polycrystals (0.055 x 5  0.3) of the Pb2Baz(Y1-,Ca,)C~308+~. Crystal 
structures and electrical properties were studied. 

SAMPLE PREPARATION 

Polycrystalline samples were prepared by a two-step solid phase reaction. At 
first, mixed powders of BaC03, Y2O3, CuO and CaC03 with nominal 
compositions of Ba2(Y1-,Cax)Cu3O, ( 0 6  x l 0 . 7 )  were calcined at  930°C for 20 h 
in oxygen atmosphere with one intermediate grinding. The obtained precursor 
was single phase ( 0 5 ~ 5 0 . 2 )  or a phase mixture with BaCuOz and unknown 
impurities (0.2<x<0.7). The precursor was reduced a t  700°C in flowing 
nitrogen. Then a PbO powder was added so as to obtain a nominal composition 

171 

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 



172 Y. NAKABAYASHI, S. IMOTO, T. HIBIYA, T. SATOH AND Y. KUBO 

of PbzBa2(Y1_,Ca,)C~308+~. The mixed powder was then pelleted, and 
sintered in nitrogen for 20 h with one intermediate grinding. The sintering 
temperatures (700"C-800"C) were chosen to obtain the best result depending on 
the Ca content. Single phase PbaBaz(Y1-,Cax) C U ~ O ~ + ~  ( 0 . 0 5 5 ~ 5  0.1) was 
obtained using this technique. Samples with starting Ca-composi tions of 
O.lCxS0.5 contained a small amount of impurity phases. According to a 
powder X-ray diffraction and an electron-probe micro-analysis (EPMA), the 
impurity phases were BaPbO3, CaCuOz and a trace of BaCuOz, but  
Ba2YCu307 type phase was not observed at  all. Samples with starting Ca- 
composition more than 0.5 were showed a significant phase separation, and the 
main phase was BaPbO3. So, we could not get any structural and electrical 
data from these samples. The real compositions in the PbzBa2(Y1-,Cax) 
Cu3O8 phase determined by EPMA are listed in table 1. The Ca-free (x=O) 
sample also contained impurity phases such as BaPbO3. 

Table 1 Atomic ratio of each element in Pb2Ba2(Y1-,Ca,)C~308+~ 
determined by EPMA. Starting Ca compositions of samples A,B and C are 
lo%, 30% and 50%, respectively. 

Pb Ba Y Ca Cu Y+Ca Ca/(Y+Ca)% 

A 1.91(2) 2.00(6) 0.82(7) 0.080(2) 3.2(1) 0.90(7) 9.0(4)% 
B 2.03(7) 2.04(2) 0.77(2) 0.16(2) 2.99(2) 0.94(4) 17.(1)% 
C 1.92(2) 2.01(1) 0.69(2) 0.30(1) 3.08(1) 0.99(1) 30.(1)% 

Single crystal samples with x =  0 were grown using a self flux method in 
an alumina crucible. The detailed process is described in ref.3. 

RESULTS AND DISCUSSION 

The crystal structure of the single crystal ( x = O )  was determined using 
RIGAKU AFC-5R. Figure 1 and table 1 show the obtained crystal structure 
and i ts  crystallographic data. The space group was assumed to  be 
orthorhombic(C4mmm). This crystal structure has PbO-Cu-PbO triple layers 
instead of a CuO chain layer in Ba2YCu307. The distances between each 
layers were almost same as those in Ba2YCu307. The c-axis was slightly 
longer than that of Pb2Sr2YCu308, which seemed to be due to the difference in 
size between Sr and Ba ions. Oxygen ions on the PbO layer showed a small 
shift from the original position approximately to the [1101 direction. It is now 

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 



SYNTHESIS AND ELECTRICAL PROPERTIES OF Pb2Ba2(Y1-xCax)Cu308+y 173 

Table 2 Crystallographic data of Pb2Ba2YCu308 single crystal 
orthorhombic cell 

space group Cmmm,z = 2 
observed reflections 405, Rw = 0.060 

atom position X Y Z B(eq)[A21 

ao=5.471&1) bo=5.5078(6)A co= 16.194(2)A 

Pb 
Ba 
Y 
Cul 
cu2  
01 
0 2  
0 3  

41 1J2 
4k 0 
2a 0 
2d 0 
41 1J2 
41 1 J2 

16r 0.071(6) 
8m 1J4 

0 
0 
0 
0 
0 
0 

0.090(6) 
1 J4 

0.38934(5) 
0.22306(7) 

0 
1J2 

0.1013(2) 
0.256(1) 
0.392(2) 
0.0876(7) 

0.81(3) 
0.60(5) 
0.6(1) 
1.1(1) 
0.55(9) 
1.2(3) 
1.0(5) 
0.9(2) 

uncertain whether this shift 
causes any long range order as is 
found in Pb2SrzYC~308~’. 
Crys ta l  s t r u c t u r e s  of t h e  
polycrystalline samples studied 
by the Rietveld refinement of x- 
ray diffraction were essentially 
the same as that of the single 
crystal. As x increased, c-axis 
smoothly elongated to 16.28A 
(x = 0.3) while a- and b-axis were 
unchanged or slightly shortened 
for xCO.2. For x>0.2, a0 and bo 

each other , converging a t  Pb2Ba2YCu308 
x-0.35. 

Annealing effects on the oxygen content and electrical properties were 
investigated using polycrystalline samples with x = 0.1 because they showed no 
impurity phases in the X-ray diffraction patterns. The absolute oxygen content 
of a sample synthesized in N2 atmosphere were 8.1f0.1,  which was 
determined by Horiba EMGA-2800. Figure 2 shows the resistance- 
temperature curves for oxygen-annealed samples with x = 0.1. The annealing 
temperature must be below 300°C, because oxygen annealing at  temperatures 
higher than 300°C easily oxidized Pb2+ to Pb4+ and resulted in formation of 

gradually approached Figure 1 Crys ta l  s t r u c t u r e  of 
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Temperature(K) Temperature(K) 

Figure 2 Resistance-temperature Figure 3 Resistance-temperature 
curves of PbzBaz(Yo.gCao.l)Cu308+~. curves for PbzBaz(Y1 -&a,)Cus 
(a) as prepared, (b) oxygen-annealed O S + ~  with various Ca contents. 
a t  270°C for 2h, (c) oxygen-annealed Each samples was synthesized in a 
a t  270°C for 49h. pure nitrogen stream. (a), (b), (c) and 

(d) correspond to the Ca contents of 
5%, lo%, 17% and 30%) respectively. 

PbBa03 based perovskite. It is noted that the annealing condition is much 
more critical as compared with that for the Sr version". The oxygen annealing 
a t  270" C for 29h,increased the oxygen content up to 8.25 and decreased the 
reisistivity by two orders, but no superconductivity was observed. 

Figure 3 shows the temperature dependence of the resistivity for samples 
with various Ca contents. Ca doping reduced the resistivity, and the sample 
with x=0.3 showed a slight drop in resistivity a t  around 50K. Meissner 
volume fraction a t  5K was 0.23%. Considering that the sample was 
synthesized in a pure nitrogen stream, this superconductivity should not be 
originated from Ba2YCu307. Oxygen annealing at 270°C for 5 h slightly 
improved the Meissner fraction to 1.4% and the resistive onset temperature to 
70K, but additional annealing for 5h reduced the Meissner fraction to 1.2%. 
On the other hand, following annealing in vacuum at  300°C enhanced the 
Meissner fraction to 2.1% as shown in fig.4, and made the resistive transition 
sharper as shown in fig.5. These facts strongly suggest that the observed 
superconductivity is not originate in an impurity phase of BazYCu307, which 
would not be superconducting any more after the reduction. Since the 
temperature dependence of the normal resistivity is still semiconducting, 
further Ca-doping over 0.3 would increase the hole concentration and improve 
the superconductivity. It was also reported for the Sr version that bulk 
superconeuctivity appeared at  x-0.5l). However, the present study revealed 
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Figure 4 Magnetic susceptibility of Figure 5 resistance-temperature 

Annealing condition are described 
in the text. 

curves of PbzBaz(Yo.7Ca0.3)Cu308+~. 
(a) annealed sample in 0 2  at 270°C for 
5h, (b) further annealed in vacuum at 
300°C for 3h. 

that  the solubility limit of Ca in the Ba version was about 0.3, which suggested 
the difficulty of the appearance of bulk superconductivity in this system. 

CONCLUSION 

We have successfully synthesized PbzBaz(Yi-,Ca,)C~308+~ (0 <x<0.3) which 
was a Ba version of the superconducting Pb2SrzAC~308+~.  As x increased, the 
electrical resistivity decreased and filamentary superconductivity appeared a t  
around 70K for x = 0.3. Further Ca doping (hole doping) might improve the 
superconductivity. However, it was quit difficult to prepare samples with 
x > 0.3 because significant amounts of second phases appeared. 
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