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Studies of magnetic and transport properties of the 1212 compounds
ΜΑΑ"Cu2Ο7-x (Μ = Αl or Tl; A' = Sr or Ba; A" = RE, Y, and Ca) re-

vealed a number of interesting magnetic phenomena. Apart from high-temper-
ature superconductivity, these compounds exhibit spontaneous antiferromag-
netism, field induced antiferromagnetism or ferromagnetism. The different
magnetic orders and superconductivity may be realized in the same com-
pound as a result of the phase separation.

PACS numbers: 74.25.Ηa, 74.72.Jt

1. Introduction

In last years the perovskite-like compounds have attracted a great deal of
interest in many laboratories because of a wide range of interesting physical prop-
erties both superconducting and magnetic. Besides high-temperature supercon-
ductors (HTSC) they include compounds revealing different types of magnetic
ordering. These circumstances open a promising and exciting possibility to study
the interaction between so different types of order parameters. From this point
of view the cuprates with general formulae ΜΑ Α"Cu 2 O7-x (Μ=Αl, Ti; A'
Sr, Ba; A" = RE, Y, and Ca) crystallizing in the so-called 1212-type of struc-
ture may supply a great variety of experimental data because they show bright
superconducting properties (ΤΙΒa 2 CaCu 2 O7-x has T, = 110 K) as well as inter-
esting magnetic ones. The coexistence of superconductivity and magnetic ordering
is the subject of especial interest for researchers. Moreover, the 1212 compounds
are promising materials for such investigations because both impurity phase sep-
aration and electronic phase separation can occur there.

2. Experimental

Polycrystalline samples of ΜΑ Α"Cu2O7-x (Μ=Αl, Tl; A' = Sr, Ba; A" =
RE, Y, and Ca) compounds with a typical for HTSC 1212-type structure have
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been synthesized and investigated. Samples for the investigations were prepared
by a solid state reaction at temperatures of 840-1080°C for 4-24 hours using
well-homogenized mixtures of Μ 2 O 3 , R2 O 3 , CuO oxides, and SrCO 3 or ΒaCO3
carbonates. If necessary the samples were additionally milled and several times
annealed to obtain a single-phase composition. The X-ray diffraction analysis was
carried out on a Geigerflex diffractometer D-2 using CuΚα, radiation and a bent
graphite monochromator. Some X-ray diffraction patterns were taken using an au-
tomated Phillips PW 1820 diffractometer with CοΚα, radiation. X-ray diffraction
measurements indicate that all samples are single phase 1212-type material. The
crystal structure of the AlSr2RCa2O7-x (R = Y, Er, Ho) compounds was addi-
tionally studied using neutron diffraction measurements [1]. Note that the oxygen
content in the Al-containing compounds is equal to 7. The dc magnetic suscepti-
bility and isothermal magnetization have been measured in magnetic fields up to
0.43 Τ with a "Cahn 1000" balance magnetometer. The ac magnetic measurements
have been carried out in the temperature range 4.2-300 K using a Lake Shore 7225
Model susceptometer by applying ac fields 1 x 10 -5 -2 x 10 -4 Τ and dc fields up to
5 Τ. Some measurements have been performed on an Oxford Instruments magne-
tometer at temperatures of 1.5-50 K and on a SQUID magnetometer of an original
design. It should be noted that ac and dc measurements have given the similar
experimental values. The effective magnetic moment /deft and the paramagnetic
Curie temperature O have been determined from the linear part of the tempera-
ture dependent inverse susceptibility curve χ -1 (T) in the temperature range from
77 K up to room temperature. The electrical resistivity has been measured using
a standard four-probe technique.

3. Results and discussion

Depending on the rare-earth metal the 1212 compounds exhibit differ-
ent magnetic properties. The 1212 compounds with non-magnetic Y and Lu
(AlSr2YCu2 O7-x , AlSr 2 LaCa 2 O7-x and TlSr2 LuCu 2 O7- x ) show a sharp peak
on the susceptibility curves vs. temperature in the temperature range of 15-22 K
(Fig. 1). This sharp peak shifts towards the low temperature with increasing mag-
netic field (see Fig. 1b). There is no hysteresis of the magnetic moment at the
temperatures below the peak. This type of behaviour seems to be characteristic of
quasi-two-dimensional antiferromagnetic ordering (AFM) of Cu-spíns. Some other
investigated compounds AlSr2LnCu2O7-x , TlSr 2 LnCu 2 O 7-x, TlBa2 LnCu 2 O 7- x

with magnetic rare-earth ions (Ln=Nd, Gd, Tb, Dy, Ho, and Er) reveal quite dif-
ferent features in their magnetic characteristics. The thermomagnetic curves are
described well by the Curie-Weiss law at low magnetic fields but in high mag-
netic fields we can see maxima that are displaced to the higher temperatures
with increasing magnetic fields. Figure 2 shows a typical dependence χ(T) for
ΤlSr 2 GdCu 2O7-x for different applied fields. No hysteresis on the magnetization
curve Μ(Η) has been observed at the temperatures both above and below the
maximum (see Fig. 2b). As the described features of χ(T) curve can be attributed
to AFM ordering we can assume that a new type of antiferromagnetic ordering-field
induced AFM has been found experimentally [2]. According to the theoretical
model of Nagaev [3], the long-range antiferromagnetic order in two-dimensional
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Fig. 1. (a) Temperature dependence of dc susceptibility for ΑlSr 2 YCn2 O 7- x (1),
ΑlSr2 LuCu2 O 7-x (2), and TlSr2LuCu2O7-x (3) at H = 4.3 Oe. (b) Temperature de-
pendence of ac susceptibility for TlSr2LuCu2 O7-x at H from 0 to 5 Τ.

Fig. 2. (a) Temperature dependence of ac susceptibility for TlSr2 GdCu2 O 7-x at dif-
ferent magnetic fields. (b) Dependence of magnetization of TlSr2GdCu2O7-x at the
temperatures 5 Κ and 30 K.

spin-1/2 Heisenberg frustrated systems can be induced by external magnetic field
because it decreases the angles between magnetic moments in the magnetic sublat-
tice and suppresses quantum spin fluctuations hindering AFM ordering in such sys-
tems at Τ = 0. The additional favourable factors might be the magnetic anisotropy,
interplane exchange interaction, and interaction of 1/2 spins with large spins of
rare-earth metals [4]. Third group of studied magnetic compounds with 1212 struc-
ture includes AlSr 2ΤmCu 2 O7-x , TlSr2 TmCu2 O7-x , and TlΒa2TmCu2 O7-x . At
the temperature dependences of susceptibility one can see a sharp peak at 15-20 K,
which drastically drops with rather small (about 1 kOe) values of the external
magnetic field (see Fig. 3a) for ΤlSr 2 ΤmCa2 O7-x ). The considerable hysteresis
of magnetic moment at temperatures below transition clearly seen in Fig. 3b
bear witness in favour of ferromagnetic-like ordering (FM). In order to study
the interaction between the superconducting and the ferromagnetic order parame-
ters we have investigated a set of solid solutions ΤlΒa 2(Ca1-yΤmy)Cu2O7-x  and

TlSr2(Ca1-yΤmy)Cu2O7-x with a wide range of properties from high-Tc super-
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Fig. 3. (a) Temperature dependence of ac susceptibility for TlSr2TmCu2O7-x at dif-
ferent magnetic fields. (b) Dependence of magnetization of TlSr2TmCu2O7-x at the
temperatures 5 and 30 K.

conducting ΤlBa2CaCu2O7-x and TlSr2CaCu2O7-x  up to non-superconducting
low-temperature ferromagnetic samples for y = 1. The measurements indicate that
up toy = 0.7 the samples exhibit zero resistivity and the value of critical temper-
ature does not vary considerably. But for y = 0.7 from dc-magnetization data we
can see that the samples become superconducting at T^ = 100 K and exhibit the
features similar to FM TlBa2TmCu2O7-x on the χ(T) dependence at a much lower
temperature about 20 K. So, one can conclude that in the system of these solid
solutions superconducting and FM phases can exist simultaneously. The results of
temperature-dependent magnetic moment measured by SQUID magnetometer for
ΤlΒa2 (Ca0.2Tm0.8)Cu2 O7-x both in the case of zero-field-cooling and field-cooling
indicate the behaviour typical of superconductors. On the other hand, on the base
of magnetization data for TlΒa2(Ca0.1Tm0.9)Cu2O7- x  we have found that su-
perconductivity and ferromagnetic ordering coexist in the sample. In the samples
of TlSr2 ΝdCu2 O7-x and ΤlΒa2 DyCu2 O7-x the phase separation on the super-
conducting, paramagnetic insulating, and field-induced antiferromagnetic phases
has been observed. So the compounds with the 1212-type of structure appear to
demonstrate different types of long-range ordering, namely: superconducting and
three types of magnetic ordering. Moreover, these phenomena may coexist in the
same sample simultaneously. The work is supported by the grant RFFΙ—ΝΝΙO,
project no. 96-02-00046G.
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