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ABSTRACT

A previously reported model for valence fluctuations -
in europium compounds 1s extended in order to account for
thermal occdpation effects. Experimental results are criti -

cally discussed and new experiments are-suggested.
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The problem of valence-fluctuation 4n europium inter-

metallic compounds in the framework of a one-center picture was

discussed in a recent work |1]|. It was suggested that the charge
screening can provide a physical mechanism connecting the band
structure of europium intermetallic compounds to the . stebility

2+ . 34 ; . ;
of Eu” , Eu™ configurations or the valence-fluctuation regine.

The model may explain the change of the excitation energy (Eex)
‘ . o 641
between two europium valence configurations, namely 4f 5d° for

7 2+

+

'FEUS‘ and 4f'-for Eu”". The main ideas of the model are as
follows: the transfer'of one electrbﬁ from the 4£ Configuratiqﬁ
to the conduction band introduces a +.1 charge that must bex{
scrcened by_the'elgctron gas to preéerve the overall charge neu-
trality. The configutation with 6 localized fQ electrons pius
one in the conduction band,_has an energy ¢,, and is connected

- with 56,.the enérgy of the pure ionic 459 configuraticn by the

approximate-relationship

S6 T eg - vg omg(0) : (1)

where Yq is the change in energy introduced by the presence of

5nd(0) electrons at the impurity center. Because of Y4 énd(O),

EG may be of the same order than 57 " (the energy of the 4£7 con-

figuration} or lower. The model does not include dynamic effects.

and A for each

6 "7
level |1] , so that the overlap of these broadened levels could

One has taken phenomenological linewidths &

describe a valence-fluctuation regime.

n order to check the model asain
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‘account through the virtual crystal approximation. The europium

.

We considered a Eu(A1 Bx )2 p%eudo blnary intermetallic system A

and B belng transition metals (eg. Pt, Ir). Fhls disordered

.system was described in the simplest way, taking disorder into

valence in LuA, and EuB, compounds were taken as 2+ and 3+ res-
pectively. The crossover between the two valence states is achieved

when x ranges from 0 to °l.

T

We have also analysed the rble of témperature on the
calculation of electronic quantities like énd(O) .and from,(l) ‘on
the B fD@ a given compound. For a parabolic.d band shape 1]
such effect:beCDmelréievant only-at high temperatures - (~1000K),
when the change of Gnd(O) is appreciabié. This result Supports

a preyious study of the Eu ﬁépmer shift in EuRh, |21, based on
a'temperature b pondent excitation energy.

In thlq Lommunlcatlan we want to extend the model of re

’

-fercnce |1 in order to discuss temperature and concentration

effects on the curopium valenLe in compouud“ like Eu(n1 —x x)2 ‘
The discussion is restricted to situations where, for a given
concentration, the electronic contribution to Eex is roughly

temperature independent. Then, temperature effects arise from

the thermal oc¢

")

cupation of the 56 and € level, which should be

described by the appropriate statistics. In this study. degenecracy

effects will be briefly discussed. Again, since this extended

model does not inciude dynamics, the level widths will be treated

phenomenologicaliy.

Consider an intermetaliic compound FuA, exhibiting a

[

strong d-charvacter conduction band. The local change ﬁnd(G} 1S

. B T . s . 3 . . -
governoed by the scereening conditicn in the Lu configuration i,
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For a simple baﬁdlshape (parabolic) the temperature dependence
of sny(0) is almost neg}igiﬁie [i]. Then, in order to discuss
temperature effects, let us start with some-remarks on the appro
priate statistics for this problem..

Hirst (3) emphasized thét the conduction states obey .
the Fermi~Dirac étatistics, whereas the rare éarth ionic states
obey the Boltzmann statistics. This point of view was adopted

ih differeﬁt experimental works ]2,4] to obtain values of Eex
"and the effective linewidth of the 4f7 leyel. On the contrary,
the theoretical approaches starting from an Anderson Hamiltonian
incorporate ab initio thé Fermi-Dirac statistics |5,6].

The use of thec Boltzmann statisticé for the 4f levels

introduces difificulties in the desc

3
9

iption of the Iluctuation
at very low temperature, since only one level wiil.be.éccupied.
To avoid this problemASéles and Wohlleben lé] havé assumed ia.
"quasi-Boltzmann' partition functioﬁ by inserting a phenoménolg
gical fluctuation temperature Tsf’ associated by Sales and
Visvanathan |7| te the linewidth of the 4f level.

Klaase et al. |8| have observed that this formulation
is in conflict with Nersnt's law. Indeed, Sales |91 recently
assumed that the temperature-dependent occupation of the broadened
4f configuration is to be described within the Fermi-Dirac statii
tics. In that wérk some experfmental results were fitted starting
from this assumption. |

A few remarks about the choice of fhe Fermi statistics
may be added. Usual microscopic medels |5.6] describe valence
fluctuation in texms of fermion eoxcitotions. In Alaszcio's work

, Wwhich 1s ¢loses

10 our

o
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prencimenciogical formulation, the
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valence fluctuaticns are desgribed by thé usual conduction band fez
mion. excltations together Qith ionic exciiations(from a ln,J>
to a |n-1, J'> many electron states)defined by fefmion like ope-
rators. J and J' are the angular momentum of the n, n-1.configu-
rations . Hybridization between conduction and localized states
is introduced and an,approximate.Green'é‘function treatment 1is
presented |5| . Althoughjour model }1ﬁ'does not include hybridi-
zation and consequently does not account for levels widths we
still keep the fermién like character of the excitations.

The normalized chupation of the two europium configu-

rations, with n-1 and n electrons for a given temperature T is

Py * Py = 2 _ - | (za)

de ’ ‘(ZB)

AZ T )2 de » (2¢)
7 7
where £(e¢)-is the Fermi function and a lorentzian shape for the
broadened 4f level was assumed. The terms P(n—l) and P(n) in

(2a) are assumed to contain implicity degeneracy effects. In
fact, since we are not calculating susceptibilities, the external
magnetic field is set equal to zero. Within the manifold {M} of
states assoclated to the angular momentum J, the occupation proba
bility is identical for each state. In order to get the probabi-
lity per degenerate level M one shouj& divide P, and P

. (n-1} (1)

respectively by 2J + 1 and 2J' + 1. The total probability of

-~



occupation'for‘each configuration is'given‘by the sum over the
manifold and (2) follows.

The meah valence extracted from M8ssbauer and lattice
parameter measurements depends on the occupation of each confi-
guratioﬁ'and is given by | |

V=23 P(n—-l)‘ + 2 P(n) : | (3)

We further assume Xé ~ Aq ~ & ¢ this is expected to be
‘trueifor a cempound whichﬁéxhibits fést—fluctuation between the
two europium Configurations; This ésSumption is not necessarily
valid for values of x near 0 and 1, where only a configurat%gn‘
is, almost cqmplétely stable |9]. |
| We obtain a simple relation between Eek and 4 from
(2) at T = 0K:

- ‘ 1  Eox
V=12.5+= arctg = ) _ - (4)

The ekperiméntal value for Vat T = bK and at another
temperature (e.g. room~tehperature) gl}ow to determiﬁe Eex and A.
. Figure 1 shows an application of the above considerations. 
Isomef shift measurements of EﬁRhZ as a function of temperature
were reported in Ref. 2.. In oxder to check the model‘definéd
by equations {(2) one adopts the foilowing procedure: using the
values of the isomer shift in extreme temperature 1imi£s, the
T = 0K extrépolation and T = SOOK, from (4), (2) and (3) one gets

E

-+ -
cX

{assumed to be temperature independent) and the linewidth & .
These results inserted back in (2) and (3) generate the intermc
diate temperature values. which agree with the experimental resuitis.

This anclysis yields EGY ~ 1250K and A-~270K. This is to be com-



pared to the resuits of Baumingeriet al. | 2] which obtain the
values of 155OK«and 625K respectively; This difference in the
.linewidth is to be ascribed to the different starting assumptions.

Up to here one has analysed only 'pure' compounds; now
we turn our attehtién to compounds of the form Eu(Al»xBx)Z' The'
above discussion provides a mechanism to sﬁudy the teﬁperature
dependence for a compound of a given concentration.

The existence ofitwo physical quantities (concentration
and temperature) suggests the construction of the surface obtained
by plotting the valence as a function of x and T. Firstly we
describe how this surface may be consﬁructed‘using’the_modél of
1]. The.possibility of obtaining tﬁevsﬁrface from experimental
data independently of some ?Ssumptions of the model will be men-
tioned later on.

The construction.of fig. (2) goes as follows: the exci-

-tation energ§.Eexchénges because SHA(O) varies with concentration
and we calculate this using the virtual érystal appréximation of
|1]. The linewidth for each concentration, is assumed to be the

v

same for both europium configurations. In the absence of dynanmics

~lls

in our picture we associate a fluctuation time of 10 at the

extreme concentrations (X = 0 and X = 1) [9]|. For the intermediz

te concentration x = .5 we adopt a liinewidth compatible with fast
fluctuations, namely a fluctuation time of the order of 10"155
|9]; in between we adopt a linear interpolation. The results are
shown in fig. (2), where we'present algo for room temperature ,
the vaience observed in the compound Eutlrlmxptx) as-a function

of x. This enables a compariscn between the model results and

the experimental ones. We emphasize that fig. 2 was constructed



under a simplified theoretical moﬁel.. If gystematic experimental
investigations vere avaiiable for the Isomer shift, these results
could be plotted in a surface. The method outlined for the cons
tructicn of fig. 1 would then free us from the phenoméndlogical
linewidth assumptions.

The information provided by phevsurface constructed di-

N

rectly from experiment can be summarized as follows. For a given

‘concentration x, using data from low temperatures and following

the method used in the construction of fig. 1 one derives the
quantities Bex(x)‘and Af{x). Repeting this~proceduf¢ for seve-
ral'vaiues cf x one gets'EeX versus,xf' This plot contains: the
required information cohcerning the electronic Contributioﬁs in-
Volved. In fact, assuming the eqn. (1) oné'derives thetelectrcnic
correction Ydﬁnd(O). In this quantity ére incorporated beth
the charge screening condition and the alloying (A _ B effects,
in particulér the neighbour correction invoked by Bauminger et
al. |2].. ._.Indecd, a detailed theoretical computation of sn4(0)
could inﬁolve an extended CPA calculation of the disordered d
band of the Eu(Alwax)Z compound including heighbour corrections
|11] , together with the local scrccaning hypothesis discussed in
Ref. 1. So, the advantage of this method with respect to the
empirical formula of BRawminger-et al. |2] is to separate clearly
statistical effects from the pure electronic ones, and could
provide an estimate of the neighbour effects as compared to the
simple virtual crystal approach adopted here thréugh the more

reall

wn

stic CPA.
To conclude let us emrhasize cur main points. First of

all, the model developed in |1 suitably extendcd by the usc of

.



Fermi statistics to include thermal éffbcts, accouni under sim-
ple approximations for the available data (cf. Fig. 2). Secondly,
we suggesf a way to extract the Fxcitation energy from the expe-
Timental £empefature dependent valence (cf. Fig. 1) which is free
from modelvdependent assumptions for the electronic effects. This

enables a direct test of the predictions of the model developed

in [1!.
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FIGURE CAPTIONS

Fig.

Fig.

1

2

Theoretical curve of the mean valence of Eu in EuRh,
as a function of temperature. The experimental points

are taken from isomer shift measurements |2].

Mean valence as a function of temperature and x concen-
tration of Eu(Al~xBx)2 intermetallic compounds (see -

text).
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