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Abstract

We report the out-of-plane and in-plane magnetic susceptibility and resistivity of Ni-doped Lap_4Sr, CuO4 single
crystals. Our data shows that in lightly Sr doped compounds the Néel temperature T\ increased with increasing Ni
concentration. As the temperature is lowered, the resistivity deviates from the impurity band conduction process
and becomes dominated by the variable range hopping process associated with the evolving of antiferromagnetic

ordering.
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1. Introduction

While it is well known that doped holes strongly dis-
turb the long-range magnetic order, the detailed mech-
anism of the rapid suppression of the Néel temperature
Tn caused by hole doping is poorly understood. Re-
cently, Hiicker et al. reported that Zn impurities lead
to an increase of the Tk in slightly hole doped LaxCuO4
polycrystals, and this increase of Tx correlates with an
increase of the resistivity[1]. More recently the increase
of T was also reported in Ni doped Laz_;Srz;CuOy
polycrystals by Kato et al [2].

We present results of the temperature depen-
dence of the susceptibilities and resistivities for
Lai.99S10.01 Cu1—yNiyO4 (0 <y < 0.1) single crystals.
At high temperatures, the resistivity is described
within the impurity band conduction model. As the
temperature is lowered, the resistivity behavior change
to the variable range hopping model associated with
the evolving of antiferromagnetic (AF) ordering.
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2. Experimental details

Lai.99S10.01 Cu1—yNiyOs (0 <y < 0.1) single crys-
tals were grown by the Traveling-Solvent Floating-
Zone (TSFZ) method. To reduce the excess oxygen all
samples have been annealed for 50 h at 650 °C in pure
Ar atmosphere. The magnetic susceptibility was mea-
sured using a superconducting quantum interference
device (SQUID) magnetometer. The electrical resis-
tivity was measured by the conventional four-probe
method.

3. Results and discussion

Figure 1 shows the temperature dependence of the
out-of-plane susceptibilities for La; 99 Sro.01 Cu1—yNiy O4
(0 < y <0.1) single crystals. In contrast to the case of
x = 0, in which the well-known linear decrease of Ti is
observed with increasing Ni content, Tx was found to
increase with Ni content for the Sr substituted crystals.
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Fig. 1. The temperature dependence of the out-of-plane sus-
ceptibilities for Laj.g9Srg.o1 Cui—yNiy Oy (0 <y < 0.1) single
crystals. The curves are offsets by 1 X 1074 emu/mol from top
to bottom. Inset: The Néel temperature T'x as a function of
the Ni content for Laj.99Srp.01Cui—yNiyOg4.
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Fig. 2. The temperature dependence of the in-plane resis-
tivity for La1_998r0_010u1_yNiyO4 (y: 0, 0.005 and 0.02)
single crystals. Inset: Temperature dependences of the resis-
tivity anisotropy ratio pc/pab for Lai.gg9Srg.01Cui_,Niy Oy
(y = 0.005 and 0.02) single crystals. The p./pqp shows that
the 2D resistivity behavior changes to the 3D one at lower
temperatures.

Hicker et al.[1] measured the electrical resistivity in
Zn doping system and showed that Zn doping lowers
the localization radius of the holes. Their conclusion
was that as the holes become more mobile, the Ty in-
creases. In the framework of the frustration model Ko-
renblit et al.[3] show the combined effects of hole dop-
ing and magnetic dilution more quantitatively.

Figure 2 shows the temperature dependence of the
in-plane resistivity for Lai.g9Sro.01 Cu1—yNiyO4 (y = 0,
0.005 and 0.02) single crystals. All samples exhibit a
semiconducting-like behavior. At high temperatures,
the resistivity is described within the impurity band
conduction (IBC) mechanism which shows tempera-
ture dependence as p(T') x exp(e./kT). As the tem-
perature is lowered, the resistivity is described within
the variable range hopping (VRH) model. In VRH
model, the resistivity shows the temperature depen-
dence as p(T) x exp[(15/T)“], where T, is a charac-
teristic temperature related to the localization radius
of the holes. The values of a depend on the dimension-
ality of the system.

By analyzing the in-plane resistivity data, the p(T)
phase diagram for Lai.g9Sro.01 Cu1—yNiyO4 is summa-
rized in Fig. 3. The T is also plotted. The Ni content
dependences of the crossover temperature from IBC to
VRH appear to be similar to that of the Tx. This fact
suggests that the temperature change of mechanism of
the p(T) is closely related to the evolving of AF order-
ing.
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Fig. 3. p(T') phase diagram for Laj.99Srg.01 Cu1_yNi,O4. The
Néel temperature TN is also plotted. The lines are guides to

the eye. The temperature change of mechanism of the p(T) is
closely related to the evolving of antiferromagnetic ordering.

Acknowledgements

This work is supported by NEDO.

References

[1] M. Hiicker et al., Phys. Rev. B59 (1999) R725.

[2] 1. Kato et al., in Meeting Abstracts of the Physical Society
of Japan, Tokushima, 2001, Vol. 56, p. 490 [in Japanese].

[3] I. Ya. Korenblit et al., Phys. Rev. B60 (1999) R15017.



