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Abstract

The effect on electrical and magnetic properties of Gd*>* doping of LaNiO, was studied for Gd concentration x <0.1. The
electrical resistivity p increases with x, being dp/dT >0 for all samples studied. The magnetic susceptibilities were fitted by the
function x(T) =y, — aT’ + xC,,s+/T. The EPR results are discussed in terms of the Gd>* paramagnetic moment interactions

with the crystal field and with the conduction electron spins.
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1. Introduction

Research on the properties of the strongly electron
correlated system has been a field of intense activity in
recent years. The specific heat and metallic properties
of LaNiO, were studied by the authors in a previous
report [1], and also by Sreedhar et al. [2]. The LaNiO,
behavior, which is characteristic of a correlated metal-
lic system, was described in Ref. [2] in terms of a
Fermi liquid composed of almost localized Ni 3d
electrons. Metal-insulator transitions were detected in
RNiO, (R=Pr, Nd, Sm, Eu) at temperatures T\,
dependent on the ionic radius of R. T, rises sys-
tematically as the size of R decreases and as the
subsequent distortion from the ideal cubic perovskite
increases [3]. We are studying the system
La,_,Gd,NiO,, where the compounds for x=1
(GdNiQ,) and x=0 (LaNiO,) are respectively in-
sulating and metallic at room temperature. In this
work we present the results obtained for 0 <x =<0.1.

2. Experimental

The polycrystalline samples were prepared by a
sol-gel method. Stoichiometric amounts of La(NO),
6H,0, Gd(NO), 6H,0 and Ni(NO), 6H,O were
dissolved in a solution of urea to obtain a green gel
after removing excess water. Annealing at 250 °C for
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3h decomposed the gel into a brown powder. This
powder was ground and heated for 12 h at T = 800 °C.
After this procedure a change of color from brown to
black was observed. Finally, the powder was ground
again and, in order to homogenize the oxygen com-
position in the samples, was annealed at 450 °C in an
oxygen atmosphere for 12 h. The structural characteri-
zation of the La, _ Gd,NiO, system was carried out by
X-ray powder diffraction. The spectra were matched
to LaNiO, diffraction patterns from the total access
diffraction database (TADD). Small amounts (around
1%) of NiO were detected in addition to the LaNiO,
phase. The samples were pressed into small pellets for
the electrical measurements, which were performed
using a d.c. four probe method in the 77-300K
temperature range. Magnetization was measured using
a SQUID magnetometer between 5 and 300 K with an
applied magnetic field H of 10 kG. Measurements at
higher temperatures (77-600K) were made with a
vibrating sample magnetometer having H =5kG.
EPR spectra were taken at 9.5 GHz (X-band) between
10 and 300 K with a Bruker ESP-300 spectrometer.

3. Results and discussion
Resistivity as a function of T for different x values is

shown in Fig. 1. The experimental data were fitted by
p(T)=p,+ AT* between 77 and approximately
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Fig. 1. Electrical resistivities as a function of 7 for different x values. The solid lines are fittings to p = p, + AT with p, and A from Table 1.

In

the inset we show the experimental log o, vs. x, and in the broken line the expected behavior near the metal-insulator transition.

200K, where p changes to a linear behavior. The
parameters obtained are shown in Table 1. In the inset
to Fig. 1 we show o¢,=1/p, as a function of x.
Assuming that g, ~ (x. — x)"° [4], a percolation con-
centration for the metal-insulator transition x_ = 0.18
is obtained (see Fig. 1). This value is close to other
perovskite percolation values [5]. Magnetization mea-
surements are shown in Fig. 2 as y '=H/M vs. T.
The susceptibility y increases with Gd doping. The
tendency to a Currie-like behaviour observed for
higher x (see Fig. 2) is a consequence of the increasing
weight of the Gd susceptibility in the measured x. The
data were fitted by x(T)=x,—aT’+xCgyy-/T,
where y, —aT’ is the Stoner metallic susceptibility [6]
and xCg+/T (with Cgys+ the Curie constant of
Gd>") is the contribution of the paramagnetic local-
ized moments of Gd’*. The results of the fitting
procedure, taking y,, a and x as free parameters (see
Table 1), are plotted in Fig. 2 with and without 7
dependence. In Fig. 3 we show the EPR spectra taken
at 20 K. The fine structure observed is a consequence
of the interaction between the Gd spins and the crystal
field. The most important contribution would come
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Fig. 2. x ' vs. T for different x values. The solid lines are fittings to
X(T)=x,—aT?+xC,3+/T with x,, a and x from Table 1. The
broken lines show the fitting for a = 0.

from the twelve nearest neighbor oxygen ions. The
lines are broadened with increasing x because of
dipolar interactions between the Gd spins. As a
consequence the spectrum resolution is deteriorated

La,_,Gd,NiO, resistivity and susceptibility parameters obtained by fitting the data to p,+ AT? and Xo—aT? +xCgys+/T respectively
(Cgq3+ = 7.869 emu K mol ' is the free-ion, value for the Gd** Curie constant).

Sample Resistivity parameters Susceptibility parameters

X

(nominal) p,/mE cm A/pQlem K’ Xo X 10°/emu mol ™' ax10"/emumol 'K’ x

0 5.1° 2.9*

0.01 3.6 0.0509 54 4.8 0.0096
0.05 6 0.0762 5.6 8.6 0.049
0.1 133 0.1146 59 33 0.099

*From Ref. [2].
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Fig. 3. EPR spectra for different x values taken at T=20K. The
x =0.01 spectrum was amplified by a factor 2. Above each spectrum
are shown amplified well resolved resonance lines, with H between
4 and 8kG and without the base line. These lines do not change
position with concentration of Gd.

(see Fig. 3). However, at least two lines are well
resolved in all the samples. It can be seen in Fig. 3 that
the H positions of these lines remain unchanged when
going from x = 0.01 to x = 0.1. Therefore, we can infer
that the oxygen polyhedron surrounding the Gd sites
is the same (and not distorted) in all the x =0.01,
x=10.05, and x =0.1 samples. Upon increasing the
temperature some fine structure lines lose their am-
plitude, an effect probably related to the interaction

between Gd and the conduction-electron spins [7]. In
conclusion, we found that the metallic character of
LaNiO, remains unchanged by the (up to 10%) Gd**
substitution. Simultaneously, no structural distortions
were detected by EPR. However, the enhancement of
the Pauli susceptibility x, and of the electrical resistiv-
ity p, suggests that the metal-insulator transition is
being approached. In order to verify this hypothesis
we are presently synthesizing samples with higher Gd
content, which require high oxygen pressure tech-
niques.
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