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Electronic energy of itinerant-electron metamagnetic materials is examined by taking
into consideration volume-dependent exchange energy between up and down spin elec-
trons. In particular, the average value of the electronic energy is formulated in terms of
the energy bandwidth which is closely related to volume; from the above average value,
the average value of the exchange energy may be evaluated.
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1. INTRODUCTION

In the context of itinerant-electron metamagnetism, energy is divided
into electronic energy and lattice energy; lattice energy depends
upon volume variation while electronic energy is assumed to be
volume-independent in a considerable part of the literature. For
instance, in Ref. [1] exchange energy between up and down spin
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electrons is regarded, for simplicity, as independent of volume; there-
fore, by taking into account that electronic energy depends on ex-
change energy (Stoner model for T=0K), it is obvious that, in
Ref. [1], volume-independent electronic energy is assumed. However,
more accurate assumptions can be made in order to achieve certain
goals representing a better understanding of the involved phenomen-
ology. With respect to this, the aim of this paper is to consider volume
variation of the exchange energy through the energy bandwidth
since there exists a close relation between bandwidth and volume
[2,3].

2. THEORETICAL CONSIDERATIONS

We begin by writing down the expression for the electronic energy at
T 0K of an itinerant-electron metamagnetic system in the context of
the Stoner model, namely [1,3, 4]:

fEE, fE M2j(W) #aMHEe(W) Eg(E, W)dE + Eg(E, W)dE
J-W d-W

(1)

where 2W is energy bandwidth, E denotes energy, g(E) is the electronic
density of states, EF and EF2 are the Fermi levels of the up and down
spin bands respectively, J is the exchange energy between up and down
spin electrons, #B is the Bohr magneton, M is magnetization and
H stands for an applied magnetic field. On the other hand, we can
write [2]"

W Wo exp [-a(V Vo)/Vo]

where V denotes volume, Vo is the initial volume, Wo is the value
of W when V=Vo, and c is a parameter such that 1 < a < 5/3.
For V >> Vo (theoretically as V o) we have that W O; J depends
upon V and, by taking into account Eq. (2), it is evident that J de-
pends upon W. Then, by considering expression (1), we formulate



ITINERANT-ELECTRON METAMAGNETIC MATERIALS 65

the following average value:

(3)

so that from expression (3) it follows:

J(W)dW 4Wo

+--. dW Eg(E, W)dE
./-w

+ dW Eg(E, W)dE
,/-w

(4)

Equation (4) provides a way to estimate the W-variation of J so that
we can say that J(W) is a function such that its average value is W
times the right-hand side of (4); rewriting this relationship, it is easy to
see that:

J(W)dW 4Wo

4
+- [/fn, Eg(E,W)dEdw

where fl and f2 are the integration domains (depicted in Fig. 1)
corresponding to the involved double integrals.
On the other hand, it is important to point out that an elliptic

electronic density of states is usually employed, namely (see, for
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FIGURE Integration domains VIi and

example, Refs. [1, 3]):

g(E, W) 3W-2(W2 E2) 1/2 (6)

However, from a strictly quantitative point of view, expression (6)
does not agree well with experiment; only a certain qualitative agree-
ment with experimental data takes place. At any rate, to date there are
no rigorous theories for the density of states that agree with experi-
ment (for all metamagnetic materials). Then, to some extent, Eq. (6) is
somewhat satisfactory for certain materials excluding intermetallic
compounds. On replacing (6) into (5), an acceptable estimation of the
W-variation of the exchange energy is feasible.

3. CONCLUSIONS

The preceding discussion offers a strategy to evaluate the bandwidth
variation of the exchange energy between up and down spin electrons.
In the above discussion, the electronic density of states plays an
important role; it is clear that W acts as a parameter in the integrals
involved in formula (1) so that E becomes a function of W. On the
other hand, it is interesting to notice that the average value (J)=
w fow J(W)dW constitutes a useful quantity which can be evaluated
by means of expression (5).
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