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TlCal „—L Sr2Cu20» (L Y or a rare-earth element)
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The T1Ca~-„L Sr2Cu20» (L-Y or a rare-earth element) series of cuprates possessing a
(1:1:2:2)-type layered structure exhibit superconductivity in the 60-90-K region. The
T1L„Sr2Cu20» (x -1) series of cuprates also possess the (1:1:2:2)-type structure, but are not su-

perconducting. A change in the conduction mechanism seems to occur in the
TlCal — L Sr2Cu20„system with a change in x. Partial substitution by Pb does not favor super-

conductivity in this series of cuprates.

Ever since the discovery of high-temperature supercon-
ductivity in thallium cuprates of the general formula
Tl Ca„—~Ba2Cu„02„+2+~ (trt 1 or 2), ' we have been
exploring the possibility of synthesizing other supercon-
ducting layered cuprates related to this family. In the
T1Ca„—~Ba2Cu„02 +3 series, partial substitution of Ca by
L (L Y or a rare-earth element) does not favor supercon-
ductivity. Partial substitution of Tl by Pb stabilizes
TICa„—~- Sr2Cu„02 +3 and gives rise to high-T, super-
conductivity. Accordingly, Tlo 5Pbo 5CaSr2Cu20» and
Tlo 5Pbo sCa2- Sr2Cu30» show superconducting transitions
around 90 and 120 K, respectively. ' We considered it
most worthwhile to investigate the eff'ect of substituting
Ca + in TICaSr2Cu207 by a trivalent ion on the supercon-
ductivity. Towards this end we have carried out studies on
several cuprates of the general formula TICa~
L„Sr2Cu20». This study has revealed these cuprates to
constitute a new series of high T, su-perconductors provid-
ing scope for examining several related series of cuprates
with diA'erent cation substitutions and also to investigate
changes in properties with composition as well as the rare
earth.

Oxides of the formula TICa~-„L„Sr2Cu20» were syn-
thesized as follows. Initially a matrix of the component
oxides other than T1203 was prepared by heating CaCO3,
SrCO3 L203 (except in the case of Pr and Tb where
Pr60~ ~ and Tb407 were used), and CuO at 1220 K for 24
h. The required quantity of T1203 was mixed with the
matrix, the mixture in the form of a thin pellet wrapped in
a Pt foil and heated in a sealed silica ampoule at 1170 K
for 2 h. The ampoule was then quenched to room temper-
ature. The Pb-substituted samples were prepared in a
similar fashion, with PbO being added along with T1203 to
the matrix before heating in a sealed ampoule. X-ray
diffraction patterns of the powdered samples were carried
out using a JEOL-8P diffractometer. Four-probe dc resis-
tivity was measured on polycrystalline pellets. dc magnet-
ic susceptibility measurements were carried out on
powdered samples with a Faraday balance. X-ray photo-
electron spectra were recorded with a VG Instrument
spectrometer.

In Fig. 1 we show the powder x-ray diffraction patterns
of a few members of the T1Ca& —„L, Sr~Cu20~ family
along with those of the known superconductor of the

(1:1:2:2)-type, Tlo5Pbo5CaSr2Cu20». The figure clearly
reveals the similarity in the patterns, which suggests that
they all possess the 1:1:2:2 layered structure with two
Cu-0 sheets. We could accordingly index the patterns of
the TICat „L„Sr2Cu20» samples based on a primitive
tetragonal cell with a c parameter of —12 A. We could
obtain monophasic samples of several T1Cap 5Lp 5Srz-

OO

PV OO O O

~O
O ~

T~p 5Pbo 5Ca Sr& Cu20„

Tl Cao &Lao&Sr2 Cu20y

Tl Cao, s ~do 55r2 CU20y

c

Tl Ca Pr Sr Cu20y
4

O
tD

O
O

O Tt Cao&oyp g 5r&Cu&Oy
O
O

I

10 20
I I

30 40
28 Cu Ka (deg)

I

50

F[Q. 1. Powder x-ray d&fraction patterns of some of the su-

perconducting compositions in the series T1Ca& —L Sr2Cu20y.
The x-ray pattern of the known 1:1:2:2 superconductor
T10.5pb(}.5CaSI 2CU20y is shown for comparison.
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