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Abstract

Magnetization measurements on two Pb;_xCexTe single crystals, at T' = 20 mK and different field orientations,
revealed magnetization steps from antiferromagnetic Ce>* pairs. The present data, along with previous ones on
Pb1_«CexS and Pb;_,Ce,Se, strongly support the existence of two kinds of nearest-neighbor Ce*"-pairs in this
materials: one with isotropic and the other with anisotropic exchange interaction.
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Recent studies[1] on the low temperature magneti-
zation of Pbi_xCexSe and Pb;_xCexS have shown the
existence of two kinds of Ce**—pairs in these diluted
magnetic semiconductors. The exchange interaction is
antiferromagnetic (AF) for both kinds, giving rise to
magnetization steps (MST). For one of them the MST’s
depend on the field orientation, which has been inter-
preted as due to exchange anisotropy. In this work,
an experimental study on Pb;_xCexTe is presented.
The results are qualitatively very similar to the pre-
vious ones and give further support to the conclusion
that both kinds of pairs are formed by nearest-neighbor
(NN) Ce** ions.

Two Bridgman grown crystals of Pbi_xCexTe were
studied. The Ce concentrations, x = 0.0049 and x =
0.0062, were determined from the saturation moments
measured at 2 K. The g-factor for the ground doublet
(effective spin S = 1), g = 1.398, was taken from EPR
data. The Ce concentrations for both samples are low
enough to prevent crystal inhomogeneities.[2]

The magnetization M of both samples was mea-
sured at 7' = 20 mK and magnetic fields H up to
90 kOe, oriented parallel to the three principal direc-
tions of the crystals (as the other members of the se-
ries, Pb1_xCexTe has the rock-salt structure). For both
samples, M is saturated below 20 kOe. Figure 1 shows
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Fig. 1. Relevant part of the magnetization curves measured at
T = 20 mK with H || (101) for two Pbi_xCexTe samples. The
magnetization M has been corrected for the lattice diamag-
netism and normalized to its saturation value Mjy.

the relevant part of the normalized magnetization m =
M /My (My is the saturation value) below 20 kOe for
H || (101). After a initial rise, three MST’s are ob-
served for this field orientation.

These MST’s, as well as the MST’s observed for the
two other field orientations, are seen as the peaks in the
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Fig. 2. Numerical field derivative of the magnetization curves
at 20 mK for the sample with x = 0.0062 with three different
field orientations.

susceptibility traces shown in Fig. 2. The first MST at
H, = 4.3 kOe is isotropic and the structure of MST’s
centered near Hz = 8.5 kOe depends on the field orien-
tation. The same feature was observed for the sample
with x = 0.0049.

For the low concentration of the studied samples,
M is determined essentially by singles and pairs, the
larger clusters being in much smaller numbers. For
pairs of S = 1/2 spins coupled by an AF isotropic ex-
change interaction, only one MST is predicted, at H =
2|J|/gpp. Therefore, the MST’s are attributed to two
kinds of Ce*-pairs. One kind, giving the MST at H;,
has isotropic exchange, with J = —0.20 + 0.01 K. The
second kind leads to the orientation dependent struc-
ture of MST’s around Ha.

To explain the observed structure we assume ex-
change anisotropy, taking the pair Hamiltonian in the
form:

H, = —2JS1.S5
—2D(351:S2- — 81.82) — 2E(S12S2s — S1yS2y).

Here 2z is the bond direction of the pair and z is the cu-
bic edge perpendicular to z. The exchange anisotropy
makes the position of the MST for a pair to depend
on the orientation of its axes relative to the applied
magnetic field. Differently oriented pairs of the same
kind, present in a diluted sample, will then give rise to
MST’s in different field positions, generating the ob-
served peak structure.

A novel feature for Pb;_xCexTe, as compared to the
other two materials, is the MST splitting observed for
H || (111). It means that there are two differently ori-
ented groups of anisotropic pairs for this field orien-

Table 1
Exchange parameters for the two kinds of NN Ce-pairs in
Pbi_xCexS, Pbi_xCexSe[l] and Pb;_xCexTe (this work).

Isotropic Anisotropic

Material J/kp J/ks D/kg E/kp

Pb;_xCexS —0.32 —0.46 —0.057 4-0.150
Pb;_xCexSe —0.26 —0.42 —0.028 +0.155
Pb;_xCexTe —0.20 —0.40 —0.107 4-0.060

tation. That rules out the possibility that these pairs
are formed by next-nearest neighbors Ce-ions. In that
case, all pairs would be in equivalent orientations in
relation to the field. We conclude, therefore, that the
anisotropic pairs are NN-pairs.

The exchange parameters for the isotropic and
anisotropic kinds of pairs for the three materials of
the Pby_xCexX series are shown in Table 1. We notice
that for the anisotropic pairs in Pb;_xCexTe, the ax-
ial term D is sensibly stronger than for the other two
materials. This explains why the H || (111) splitting is
observed in this case and not in the other two.

For both Pb;_xCexX samples, the total size of the
MST’s (from both the isotropic and the anisotropic
pairs) is quite consistent with the predicted number of
NN-pairs with random distribution of the Ce®*" ions.
This agreement has been observed for every one of the
eight samples investigated in the Pb;_xCexX family,
with x ranging from 0.0018 to 0.035. Such remarkable
agreement strongly indicates that both kinds of pairs
are NN Ce pairs. The coexistence of these two kinds
of NN-pairs (with about the same population in each
of the studied samples) may be due to the presence of
local defects in the crystals. This possibility is being
investigated by EPR experiments.
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