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ABSTRACT

The magnetic behavior at T = 0 K of a system consisting of
conduction electrons coupled to localized electrons Ce.g. 4f
electrons), the latter submitted to an inhomogeneocus crystal
field distribution, is studied. We consider a simple crystal
field distribution and define an average ionic magnetic moment
using the results of the homogeneous case. We obtain a condition
for the onset of spontaneous magnetic order and study the
magnetic behavior in the paramagnetic and ferromagnetic reglons
of the phase diagram. The study implies that the inhomogeneity
of the crystal field attenuates the quenching effects. The model

is interesting to the study of <disordered rare-earth
intermetallic compounds.

PACS 75.10 Dg; 75.50 Lk
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1. Introduction

The crystal field interactions are Amportant in the
study of magnetic and thermal. properties of rare—-earth
intermetallie compounds, particularly in systems containing
light rare-earths. In the case of amorphous systems,
crystal field effects have been discussed® in the framework
of the Harris-Plischke-Zuckermann model®.

In the present work we will discuss the magnetic
behavior of a system formed of conduction electrons
interacting with localized electronz from rare earth ions
C4f electrons). The localized electrons are exposed to an
axial crystal field that varies from ion Lo ilon Ceffect of
disorder in the crystal latticed, This study may be of
interest in the case of disordered alloys, where there is a
distribution of crystal field parameters. In an earlier
publication‘ we have examinad the problem of a constant
crystal field parameter.

The present paper is organized as follows: in Saction 2
the model hamiltonian is detailed, the quantities of
interest defined, an ionic magnetic state equation is
derived at T = 0 K, and a magnetic phase diagram is
presented; in Sections 3 and 4 the paramagnetic and

ferromagnetlic behaviors are discussed.

2. Model Hamiltonian and Equation of State at T = 0 K

The total hamiltonian for conduction electrons and
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localized ions is
o= 9 4+ 9 C1d
L TON

Whgre the hamliltitonlans for the electron and ion are
given by

g = g¢ o+ o° c2-ad
- kin mag
ge = 9+ g c2-bd
ton ef mag

QEH“ describes the dynamics of the conduction electrons.
These are characterized by a density of states, assumed of
rectangular shape 1in the present work. gtd = {2 l:.‘ltCJ:)z
describes the crystal fleld, where _Iz is the z component of

the ionic angular momentum. The terms describing the Zeeman

interaction of e@lectrons and lons are:

- = - § -
gcm“g = 2 pnh. J s 3 (3-ad
i = — § . -
e g = g pahi % Jx C3-b2

where s, is the x component of the electronic spin. g is
Landé's factor and hi. and h. are the effective magnetic
flields acting on the sub-systems Cions and electrons). These
effective magnetic fields satisfy

a=g pnh.\‘ =g ‘uaho + Jng-i) <sx> C4-ad

(=] pnh. =2 unha + Jo(’.g—i)(OIJxIO) C4-bd

where ho is an external magnetic field, applied in the x
direction. The terms contalning Jo in Eqs. 4 describe the
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exchange fields acting on electrons and on lons.

From C2-b) one may obtain the magnetic moment per ion,
for the ground state®

20
o3 |o> = ¢5-ad
2, cd + ¢& V2

and from (2-a) the electronic magnetization“:

Bsuy<s*> = a yah. C6-bd
wherae 7 is the occupied fraction of the band.
The main purpose of this work is the computation of the

average ground state ionic magnetization Z'OTJ:@ » defined
as

<O[I_]0> = JaD £cDy <O[I [O>~ Jap rcm ¢8>

We have adopted a rectangular function (D) for
the distribution of crystal field parameters, centered in D.

and having a width &A
1Y

172 A if D-A £ D= D. + A

£ = 7
0 otherwlse

Within this approximation, cne obtains

a/&so
<0 ® 0> = ACe
o
D - 2 2 1,2
[ A s A
z e " [;z*—éz]*‘ [Zc]]
o Q L o o
X ln’
D b . I
e _ A& L2 - Alea E__
=F ce =€ 2e ee
o] [« ] o

(g-ad .
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gpnho 1

{,a _1(J gt
c¢co 1 4 L J,C9°1 l'aso IF[ ] Elj 1

2 rg aco

C8-hd

Equation (8-b) relates a to <GIT_T0>.

With ho = 0, in the limit <6|3n|5> = 0, one
obtalns

ca

The above equation, in the space JOCg-ibfaco
versus Afaco Cfixed p and [%/8:0) dezscribes the frontier

between the paramagnetic and ferromagnetic reglons.

3. Paramagnetic Region

Curves of 25|]“|6> versus g pahofaso obtained from
Eq. 8 are shown in Fig. 1 for two sets of parameters. It can
be seen that for larger values of A/Eco Clarger
inhomogenei tyd the magnetic response saturates mor e

gradually,
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4. Ferromagnetic Region

Curves of ?ﬁTj:T5> versus J Cg-1J/2¢ . with h_ = =
O, are shown in Fig. 2. for several sets of parameters. It
should be noted that the effect of the inhomogeneity Cof
widith 24> is to attenuate the quenching due te the crystal
field. For a given crystal field parameter of mean value Da.
the larger the value of A/Bca. the smaller the exchange
parameter required to establish spontaneous magnetic order;
also the value of ?UT?:T5>, given a value of J Cg-1dr2e . is

larger for larger values of Afaco.

5. Comments

The simplicity of the model C(we bhave considered a
distribution of the crystal field parameter D. but a single
Jo’ whereas a distribution of values of would be also
important) and the approximations used Ce.g. rectangular
energy density shape and distribution of D) allowed us %to
obtain an analytic magnetic state sgquation t T=0 K C(Egq. B-a
and 8-b). From it we derived a magnetic phase diagram and
performed a parametric study in the para- and ferromagnetic

reglions.

The extreme simplicity of the model and of its
approximations, particularly the use of a single J'o does not
allow a numerical comparison of our resulie with the data for
real systems. However, a qualitative description of the role
of the crystal field inhomogeneity and of the other

parameters in the magnetic behavior may be of interest in the
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case of disordered systems - disordered pseudo-binary
compounds and amorphous alloys. In amorphous systems, the
quadratic contribution to the crystal field Cinvolving the O:
and 0:_Stevens’ operators) exceeds by one order of magnitude
the effect of higher order terms‘; this justifies our use
of a simple quadratic crystal field term. In the present
study we have not considered the distribution of directions
of the crystal field axis, as in the HPZ
CHarris-Plischke-Zuckerman) modela; our derivation would be
more appropriate to an amorphous film in which the directions
of the crystal field axes are perpendicular to the plane of
the film.



CBPF-NF-001/90

_-7-
FIGURE CAPTIONS
Fig. 1. Average {onic magnetization (in units of gp’) versus
applied magnetic field. We have taken » = 0.8, g = 2 and

D /2¢ ==10-3. Curves 1 and 2 are for (J (g-10-2¢ , A2e D
[ o o o o

equal to (€0.0314, 0.0002> and (C0.0270, 0.0008), respectively.
Both sets of parameters satisfy Eq. 9.

Fig. 2. Average ionic magnetization Cin units of g,u.) versus
J Cg-1>s2¢ . The quantity D /B¢ equals 1073, For curves 1, 2, 3
and 4. A/2e  equals 0.2 x 10-"3, 0.4 x 1073, 0.8 x 10> and

0.8 x 1073, respectively. Here again 3 = 0.86.
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