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Abstract

Magnetization curves of the localized-itinerant intermetallic system Gd1�xYxCo3 are calculated from a statistical

distribution of Gd-ions in a mean-field approximation. The Gd subsystem is considered magnetically localized, whereas

the magnetic properties of Co are described through a density of states model, built from the experimental M vs. H

curve of YCo3. We measured magnetization curves for x ¼ 0:0; 0:2; 0:4; 0:78; and compared to theoretical results.

Excellent agreement between the theory and experimental data was obtained. r 2002 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Among the rare earth–transition metal intermetallic

compounds, those with formula RCo3 present interest-

ing features [1]. The magnetic state of Co ions in these

compounds is very sensitive to the magnetic field acting

on the 3d electrons and a sharp transition on the M vs.

H curve is observed in YCo3 at a field around 82T, for

which the magnetic moment of Co ions jumps from

0.98mB to 1.22 mB [2]. This instability of the 3d

magnetism in YCo3 is related to the existence of sharp

peaks in the density of states (DOS) near the Fermi level

[3,4].

The replacement of Yttrium by Gadolinium in YCo3

introduces a magnetic species into the rare earth

sublattice, which increases the molecular field acting

on cobalt [4], leading to the above referred transition at

Gd concentration around x ¼ 0:225 [5]. In this work we

consider the following approach to the series of

intermetallic compounds Gd(1�x)YxCo3: the Gd sub-

system is assumed to be magnetically localized and well

described in the framework of the Heisenberg hamilto-

nian taken in a molecular field approximation. We

consider that Gd ions are randomly distributed in the

RE sites, and introduce a statistical distribution of R-

ions. For the Co subsystem, we used a rigid band model

within a molecular field approach, which reproduces the

magnetization curve of YCo3 reported by Goto et al. [6].

The equations are solved self-consistently in respect to

the magnetic moments of each sublattice and the model

reproduces the behavior of the experimental data.

2. Model

The total magnetic moment of the Co-subsystem is

given by the difference between spin-up and spin-down

electrons in the split band:

MCo ¼ mB

Z eF

am

DmðeÞ de
1 þ exp ðbðeþ mBBCo � eFÞÞ

� ��

�
Z eF

ak

DkðeÞ de
1 þ exp ðbðeþ mBBCo þ eFÞÞ

� ��
; ð1Þ
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where DmðeÞ and DkðeÞ are the density of states (DOS)

for the itinerant up and down electrons respectively.

Here, am ¼ mBBCo and ak ¼ �mBBCo give the bottom

energy for the up and down DOS, respectively, and eF is

the Fermi energy, determined from the conservation of

the number of itinerant electrons ne:

ne ¼
Z eF

am

DmðeÞ de
1 þ exp bðeþ mBBCo � eFÞ

� �
þ

Z eF

ak

DkðeÞ de
1 þ exp bðe� mBBCo � eFÞ

� �: ð2Þ

BCo is the molecular field acting on the Co lattice:

BCo ¼ Bext þ lCo�CoMCo: ð3Þ

For the localized subsystem one starts from the

Zeeman–Heisenberg Hamiltonian relative to the ith

magnetic site:

H ¼ 2J0

X
iaj

Si

-

� S
-

j � gmB Bext�
-

Si

-

; ð4Þ

where the symbols have their usual meaning.

In order to apply the relation (4) to the case of

Gd1�xYxCo3 compounds, the first thing to be noticed is

the fact that the number of terms in that series obviously

depends on the Gd concentration, ð12xÞ: The Gd ions

are assumed to be distributed at random through the

rare earth sites. Considering only first neighbor interac-

tion, the probability that a Gd ion will have ‘n’ other Gd

ions as first neighbors is given by [7]:

Pðx; n; xÞ ¼
x!ð1 � xÞnðxÞx�n

n!ðx� nÞ!
; ð5Þ

where x is the number of rare earth first neighbors, that

is, n ¼ 0; 1; y; x: On the molecular field approxima-

tion, upon the above assumptions, the Hamiltonian (4),

per magnetic ion, will be:

Hðn; xÞ ¼ 2J0Pðx; n; xÞn/~SSST � ~SS � gmB
~BBext � ~SS ; ð6Þ

where /~SSST ¼ MGd=7 mBNGd; with MGd the magnetic

moment of Gd sub lattice, and NGd ¼ ð1 � xÞNR (NR =

number of R sites) is the number of Gd ions. The

molecular field acting on the ith site will be given by

BGdðn; xÞ ¼ Bext þ l0
Gd�Gdð1 � xÞ

Xx
0

PðN; n; xÞMGd; ð7Þ

where l0
Gd�Gd ¼ 2J0n=7mBNR: In the present paper, the

experimental results are expressed as magnetic moment

per formula unit and the total magnetic moment is

calculated self-consistently from

Mtotal ¼ Mtotal
Gd � 3MCo: ð9Þ

3. Experimental

Polycrystalline samples were prepared by arc-melting

the constituent metals in argon atmosphere, followed by

annealing at 10001C, under dynamic vacuum for

48 hours, in order to minimize lattice defects. X-ray

diffraction was performed in order to check the quality

of the samples. The M vs. T curves were measured

under an applied field of 1T, between 4.2K and room

temperature.

4. Results and conclusions

In order to calculate the magnetic field dependence of

the Co-magnetization, MCo; we adopted a simple profile

for the DOS, which was constructed by a set of

connected linear equations. Fig. 1(a) shows the DOS

model curve built from the experimental results of Goto

et al. [8], and Fig. 1(b) shows the theoretical curve

superimposing the experimental data performed in ultra-

high magnetic fields up to 110T at 10K. The magnetic-

field region (I), in Fig. 1(b), presents a high increase in

magnetization as well as in the region (III), where the

metamagnetic transition is observed. These two magne-

tization enhancements occurs when the down peak,

number 5 in Fig. (1a), crosses over the up peaks 2 and 4

considered in our model DOS. The magnetization

increases observed in region (II) is due to small spin

changes that occurs when the down peak 5 is moves

along the region 3, where the DOS presents a very low

increases. Finally, above 90 T, the magnetization is

completely saturated achieving the value MCoðCo=mBÞ ¼
1:2; which is equal to the area sum under the three peaks

in Fig. (1g). Since the DOS is constructed from the

experimental data, it includes the information about the

three possible values of the magnetic moment that the

cobalt can have inside a cell unit of RCo3 [1], as long as

the concentration of the cobalt remain the same in the
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Fig. 1. (a) Full lines: theoretical results. Open dots: experi-

mental results after Goto et al. [2], (b) the DOS model and the

DOS x Fermi function for different values of the applied field,

(c) 0T, (d) 10T, (e) 82T (f) 85T and (g) 120T.
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whole series of Gd(1�x)YxCo3, the DOS is supposed to

be the same also. It is worth noting that we must

consider at least three peaks in our model DOS in order

to reproduce the experimental M vs. Bext data. Fig. 2

shows M vs. T curves measured from 4.2K up to RT for

various compounds, namely, x ¼ 0:0; 0:2; 0:4; 0:78: All

curves were taken at Bext ¼ 1T, in order to avoid

domains walls that are not included in the model.

Continuous lines are results from model calculation. As

it can be seen, there is very good agreement between

theoretical results and experimental data.

The Co itinerant subsystem in Gd1�xYxCo3 was

described using a rigid band model with DOS build

from the experimental results of Goto et al. [8]. The

localized magnetic Gd-subsystem was treated in mole-

cular field approximation, and the random distribution

of localized magnetic ions was described introducing a

statistical function. The total magnetization was calcu-

lated self-consistently from Eq. (5) and very good

agreement is found between the model and experimental

curves.
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Fig. 2. Comparison between theoretical results (full lines) and

measurements, for different concentrations of Gd. The model

describes simultaneously the behavior of the magnetization vs.

applied field curve (the inset).
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