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ABSTRACT

Observed valence state of various Buropium inter

metallic compounds exhibit a systematic trend. They can
be classified intoc two groups, i.e., intermetallics of:
stro ng d~character at the Fermi level, and s-like band in

Lermeta111cs. In the latter, Bu ™ is the only stable con

figuration. The rcle of the d-~ or s~ like character of
band structure of the compounds is discussed with respect
to the stabilization of the various Fu configurations.
Charge screening plays a dominant role in this
process. This discussion bears on the physics of valen-
ce fluctuating systems, as well as on the electronic
structure of various classes of intermetallic compounds.
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In thé recent years, the study of rare-earth compounds
which exhibit valence fluctuations raised several interesting
questions, both experimental (see Table i) and theoretical (Vaxr
ma 1976). - " ‘

The purpose of this note is to suggest a simple physi
cal mechanism connecting the ‘band structure of Europium inter;

metallics to the stability of the Eul®, Eud?

configurations or
the valence fluctuation regime.

As far as band:structure is concerned, the compounds
presented in Table 1, could be. classified, into .two groups, na
mely, intgrmetallics of expected strong d-character of the elec
tron states at.the‘Fermi level and .s-like band intermetallics.
So, one exﬁects that the left-hand side of Table 1, corresponds
to transition metal like densities of states at the Fermi le -~
vel as contrasted with the compounds on the right-hand side
(e.g. EuAgS), which are expected to be of s-like conduction
electrons ét Erz. In this work, we intend to argue that the
stability of the Eu 4% configuration, in‘these compounds, de-
pends strongly on the character (and consedugntly on the va -
Jues) of the density of states near the Fermi level of the me-
tallic compound. More specifically, thé Fermi level lies in
a region of high density of antibonding states (Friedel 196S).

Another information supplied by Table 1 is that com-
pounds léké EuPd, EuPdZ, EuPdS, EuPdS show a passage from Eu2+
to E_u3+ valence state, as the Pd con;entration increases. Con
trasting to such behavior in Au or Ag compounds the valence
state Fu’’ does not change wifh the amount of noble atoms.

The picture, we want to suggest goes as follows: star
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with the eleetronic structure of the intermetallie compound
as derived from a band calculation assuming all the Eu atoms
in the 4f’ configuration. We now ask the question of the sta
bility of the assumed Eu 4f elecﬁron‘configuration with respect
to an electron transfer to the conduction band, thus producing
4f6 configuration plus an ext}a conduction,electrohi
We analyse this question, for simplicity sake, as one
center picture, i.e. we consider only one Eu center. This cor
responds to an impurity 11ke situation, where a +1 charge 1is
left with respect to 4f7 shell and should be screened by the
electron gas. This screenlng presexrves the overall charge neu
trality. S
V The concept of charge screening has aiso been indepen-
dently LﬂtTOdUCCd by Haldane (Haldane 1977) in the deac11pt10n
of va]ence fluctuatlons
. We want to discuss here, a stability criterion of the
three possible Eu configurations, i.e. all Eu in the 2+ valen-
ce state, all in the_3+'state or a mixture of valence states.
Note that we do not deal here with dfnamic effectsur
| In order to ensure charge negtr&lity, we start from
Friedel‘s sum rule for one band .case, in tight—binding form
(Friedel et 21. 1966),

'”VD(EF) .
P e 1)

1~VF(EP)
p{w) and F(y) being the density of states and its Hilbert
‘transform, respectively. The self-consistent screcning potern-

tial V is determined from equ.(1l). A measure of the localiza-
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tion qf the screening is then given by the change in the occu
pation of the "impurity cell" én,obtained through the usual
Koster-Slater problem (Koster and Slater 1954), using V deter-

mined from (1).

2+

The stability criterion for Eu configuration goes

now as follows. Suppose that €4 is the energy of the 4f7 shell

6 Eu

Eu configuration and iﬁtroduce €6 as the energy of the 4f
pure ionic,configuration. One expects, using, say the simple
Hirst's relation for thevzero order energy éf a n-electron io-
nic configuration (Hirst 1970) that €6 is larger than €. |
The Eu configuration involving 7 electrons (6f elec -

trons plus the electrons transferred to the conduction band) is

expected to have an energy (Gellat and Ehrenreich 1974):

. 0 i
6 €~ Y, BnA.+ O(HA) . (2)

where'yx>‘0, is the change in energy introduced by the presen-

ce of én , )-elections (A s or d) in the Wigner-Seitz cell

of Eu. In the following, one assumes equ.(2) to be valid, even

.

for én ~ 1. From equ.(2) one sees that the piling of r-elec -
trons at the Eu site tends to lower the energy €6 the maxi -

mum lowering depending on electronic quantities like 61, and

Yy e A crude estimate of Yy borrowed from isojated ions is pro

vided for x = d by Yqg = €g ~ €7- ‘This suggests that for a
strong piling of the screening charge at the "impurity centex',
one may produce e comparsble to €7 or even lower. Inciden-

taliy, let us not that for s-iike conduction states, one exXpec-

ts that, due to the large radizl extension of these states, v
: s



is small and cénsequeﬁtly 26»15 to be much highéf than €95
so stabilizing the Euz+ configuration. We emphasize that per
fect screening 'of the extra charge is assumed, the stability
of Euz+ configuration being associated to the weak coupling
constant Y -

This remark enables'us to understand qualitatively
why Cu, Ag; Au compounds with several noble metal concentra -
tions remain always in a'Eu2+ configuration..

The situation.cdrresponding to d-like Eu intermetallic
compounds is now di;cuésed, using egu.(4). Suppose that the
levels €9 and 26 exhibit natﬁral linewidths Ay, X6‘ In figure
1 the possible regimes are quoted, according to eﬁu.(Z). Yhe va
ieﬁce fluctuation regime corresponds to a situation with overlap
ping width, the Eu3+ configuration corresponding to a state 26
lower than the €y level.  This lowering is mainly ascribed to
éng, which‘may increase.if the Fermi level lies in a region of °
high d—density'of states. At.the equilibrium valuve x of the
fluctuation. valence_compouna, therquantity Y, appearing in
equ.(Z)Ais to be understood as determined frow the electronic
structure of the fluctuating medium. The relative positions of
the'%6 and €y ievels at the Eu "}mpuriiy site' are self consis-
tently determined by the requirement that the total excess char
ge be 1 while a fraction x of Eu atoms is in the 26 state. The
Eu3+ behavior is observed, when, say the amount of Pd in EuPd,
EuPd ‘

2 EuPdg, EuPdg is increased wherTe one exXpects a correspon-

ding increas

o

> in the d-density of states. On the other haund, it

follows froum Table 1, that EuTF compounds, T being Sd-transition
, 1

. ) q - - e PO S e Y N -
elements, like Ir, stabilize the Eu configuration, in & periect

agreement with previous band calculations (Carvalho 1974), which



show that in La?es—phase intermétallics with Co, Rh, and Ir,
the d-density of statés increases where one goes over from 3d
to Sd transifion elements.

So far the model discussed is' essentially a one cen-
ter picture. Real systems pefform physically, when a fluctua
tion regime is. stable, a time average 6f configurations with

3* and (1-x) for Eu2+. In such situation

concentration x of Eu
one expects, as in concentrated alloyé, the screening sum rule
(equ. 1) to be replaced within the CPA frame wotk (Gellat and
Ehrenreich 1972) by a charge transfer calculation (Menezes et

al.).
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FIGURE CAPTIONS

Table 1: Somne. expérimental results reported in the literatu
re for.the Eu valence in several intermetallic'cdg
pounds. The star indicates a valence fluctuation

regime.
Fig. 1= Schematic energy levels corresponding to the three

possible valence configurations. The segments in-

dicate level widths.
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