IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

The Occurrence of Superconductivity in the TIBa20u05_6-Type (1021) System

This content has been downloaded from IOPscience. Please scroll down to see the full text.
1989 Jpn. J. Appl. Phys. 28 L923
(http://iopscience.iop.org/1347-4065/28/6A/L923)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 140.113.38.11
This content was downloaded on 28/04/2014 at 20:04

Please note that terms and conditions apply.



iopscience.iop.org/page/terms
http://iopscience.iop.org/1347-4065/28/6A
http://iopscience.iop.org/1347-4065
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

JAPANESE JOURNAL OF APPLIED PHYSICS
VoL. 28, No. 6, JuNE, 1989, pp. L 923-L 925

The Occurrence of Superconductivity in the TIBa;CuOs_s-Type (1021) System
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Stable and reproducible superconductivity in the Tl(Ba,_,La,)CuO;_; (0.0=<x=<0.6) system with the tetragonal
TIBa,CuO;_stype (1021) structure was reported. A Prototype compound TIBa,CuO;_s; had shown a metastable
superconducting onset around 25 K, with zero resistivity at 10 K. With partial substitution of La for Ba ions, T, (50% re-
sistivity drop) increases to 45 K, T, (zero resistivity) to 42 K and onset around 50 K. A diamagnetic signal was observed
with onset as high as 57 K. Tetragonal lattice parameters decrease with the increasing La concentration due to the partial
replacement of larger Ba®* ions by smaller La** ions. The Pairing field energy of 170 K and electron-elementary excita-
tion coupling constant A of 0.76 were derived from the BCS-like T, formula through comparison with other single TI-O

layer systems TICa,_;Ba,Cu, 05,434
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Recently, seven superconducting phases were syn-
thesized in the TI-Ca-Ba-Cu oxide system
TL,Ca,-1Ba;Cu,Oni20+2 (m=1,2 and n=1, 2, 3, 4), with
the superconducting transition temperature 7.=0-80 K
for (2021), 95-110K for (2122), 120-125K for (2223),
105-120 K for (2324), 65-85 K for (1122), 100-110K for
(1223) and 120-122 K for (1324)."'® However, no super-
conductivity down to 4.2 K was reported in the Ca-free
TIBa,CuOs (1021) compound.'"'¥ This is quite puzzling,

-since all other systems with the CuOg octahedron show
superconductivity. For the (La,-,Ba,)CuO, system,'”'®
T. varied from nonsuperconducting for x<0.05 to a max-
imum 7, value of 35K at x=0.15. For the compound
BixSr,CuOg (2021),2” T, ranges from 0-22K were
reported. For the compound TL,Ba,CuOs (2021),"1%13) T,
ranges from 0-80 K were reported. Comparing the varia-
tion of 7. and the metal-insulator transition in these
oxide superconductors, it appears that the TIBa,CuOs
compound is near the metal-insulator transition bound-
ary. We believe that using careful sample preparation
conditions and/or suitable substitution, superconduc-
tivity can be stabilized and enhanced. Here we report
stable and reproducible superconductivity in the
Ti(Ba,—,La,)CuOs_s; system (0.0=x=<0.6) with the
tetragonal TIBa,CuOs_s-type (1021) structure.

Samples were synthesized by the solid-state reaction
method. High-purity powders of the TLO; and
(Ba;—xLa,)Cu0;44(0.0=<x=0.6) precursor were well mix-
ed, ground and then pressed into pellets. These pellets
were wrapped in gold foils and individualy placed in a
gold-foil-covered alumina crucible, reacted in flowing ox-
ygen at 895°C (x=0.0) or 910°C (x=0.2, 0.4 and 0.6) for
10 minutes, annealed at 880°C for 4 hours and then
cooled to room temperature at a rate of 1°C/min. AC
electrical resistivity measurements (16 Hz) were carried
out using a standard four-probe method with silver paint

contact, and the samples were cooled in a Cryosystems
LTS-21 closed-cycle refrigerator from 300K to 8K.
Low-field magnetization data were obtained by using a
PAR 155 vibrating-sample magnetometer (VSM) from 5
K to 100 K. Powder X-ray diffraction data were obtained
from a Shimadzu XD-3 diffractometer equipped with a
diffracted beam crystal monochromator.

The temperature dependence of the electrical resistivity
for the prototype compound TIiBa,CuOs_s; (1021) is
shown in Fig. 1. This sample was prepared at 895°C since
it melted at 910°C. Metallic behavior was observed with
relatively large room temperature resistivity of p(300 K)
=36 m{ cm. Metastable superconducting transition oc-
curred with an onset around 25 K and zero resistivity T
at 10 K. Meissner signal (field-cooled in 100 G) showed T
onset around 15 K and mass diamagnetic susceptibility
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Fig. 1. Temperature dependence of electrical resistivity for the pro-

totype compound T1Ba,CuO;_; (1021). Metastable superconducting
onset around 25K and zero resistivity T, around 10K were ob-
served.
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Xe=—1.7%10"*cm?/g at 5 K (Fig. 2). Here the powder
X-ray diffraction result shows almost single-phase
tetragonal patterns with lattice parameters ¢=3.859(4)
A, ¢=9.2299) A with small amounts of unreacted
Ba,CuO; precursors. No Tl,Ba,CuOs_s-type phase (2021)
can be detected. Large room temperature electrical resis-
tivity, low-T, a low fractional Meissner signal and good
single-phase X-ray patterns indicate that the metallic com-
pound TIBa,CuO:s is very near the metal-insulator transi-
tion boundary.

The superconducting transition temperature 7. of this
(1021) tetragonal phase can be dramatically enhanced
through partial substitution of Ba** ions by smaller La’*
ions. The temperature dependence of the electrical resis-
tivity for the TI(Ba,-,La,)CuOs_; system prepared at
910°C (x=0.2, 0.4 and 0.6) is shown in Fig. 3. Room tem-
perature electrical resistivity decreases rapidly from 36
m$ cm for x=0.0, to 14 mQ cm for x=0.2, 2.1 mQ cm
for x=0.4 and 1.4 mQ cm for x=0.6. The superconduct-
ing transition temperature 7. (50% resistivity drop from
linear resistivity deviation) increases sharply from 15K
for x=0.0, to 42K for x=0.2, 40K for x=0.4 and 45K
for x=0.6. The highest T, is observed at 42 K for x=0.6.
A small resistivity deviation with onset around 57 K for
x=0.2 is also obtained from a diamagnetic signal, as
shown in Fig. 2. Mass diamagnetic susceptibility x,. (100
G field-cooled) of —8x 107 % cm?/g at 5 K is observed for
both x=0.2 and 0.6. This value is nearly five times the
value for the prototype compound TIBa,CuOs even with
the small grain size of about 1 um, as observed from
SEM studies, due to the short reaction period.'®

The powder X-ray diffraction patterns for the
TI(Ba;.4Lay¢)CuOs—_s sample are shown in Fig. 4. All lines
can be indexed with the tetragonal TIBa,CuOs-type phase
except for small amounts of unreacted Ba,CuO;. No
(Lal,gsBao_ls)Cu04 (Tc =35 K), leBaZCuO6 or LaBaZCu3O7—
type phases can be detected from the diffraction patterns
under the present sample preparation conditions.
Tetragonal (1021) phase lattice parameters @ and ¢, and
unit cell volume ¥ were obtained using a scanning rate of
0.25° in 20 per minute with a Si standard to eliminate any
systematic errors. Relative line intensities could be fitted
nicely using the space group P4/mmm'® and program
LAZY PULVERIX-PC.?" Lattice parameters decreased
with the increasing L.a concentration due to the partial
replacement of the larger Ba** ions by smaller La** jons.

Similar superconductivity stabilization and enhance-
ment for the CuOg-octahedron system Bix(Sr,—,La,)CuQOg-—s
(0.0=x=<1.0) were also observed. With partial substitu-
tion of La for Sr, superconductivity increased from
below 6 K for the prototype compound Bi,Sr,CuQOg—s to
T.=27 K for the Biy(Sr;sLa,s)CuOs-s compound, with a
Ty of 19K and 7. onset up to 35 K.?? The stabilization
and enhancement of superconductivity for these two
systems can be attributed to the different valency between
La®** ions and A%** (A=Ba, Sr) ions, which play the role
of electron donors and thus move the compounds away
from the metal-insulator transition boundary into a
stable superconducting region.

Comparing the maximum 7. of 45K in the (1021)
phase with other single TI-O layer systems,
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Fig. 2. Temperature dependence of mass diamagnetic susceptibility y,
(field-cooled in 100 G) for the system TI(Ba,-,La,)CuOs_; (x=0.0,
0.2 and 0.6).
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Fig. 3. Temperature dependence of electrical resistivity for the system
g

TI(Ba,_,La,)CuO;_; (x=0.2, 0.4 and 0.6).
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Fig. 4. Powder X-ray diffraction patterns for the TI(Ba, ,La, )CuOs_;
sample. The patterns can be indexed with the tetragonal
TiBa,CuOs;_s-type (1021) structure with =3.822 A and ¢=9.092 A.

TICa,-Ba;,Cu,Ozn+3-4; i.€. the 85 K (1122) phase, 110K
(1223) phase and 122 K (1324) phase, these values can be
nicely fitted using the BCS-like formula kp7.=hAw,
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exp (—1/An), where n is the number of Cu Layers, kg is
the Boltzmann constant and % is Planck’s constant 4/27.
A pairing field energy Aw./ks of 170 K with an elec-
tron-elementary excitation coupling constant A of 0.76
were derived. For the two TI-O layers systems
TL,Ca,-1Ba,Cu,Oz,+4+s (n=1, 2, 3), a smaller pairing
field energy of 150K and larger coupling constant of
A=1.53 were obtained. For n=4 (2324),'9 it is still not
clear whether the lower T, of 120 K is due to the difficulty
of sample preparation or other factors.

In conclusion, metastable superconductivity with zero
resistivity around 10 K was observed in the prototype
compound, TIBa,CuOs_;. Superconductivity of this
(1021)-type phase was stabilized and enhanced with par-
tial substitution of Ba>* ions by La*" ions, where the tran-
sition temperature 7. as high as 45 K and onset around
57 K were observed.
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