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ABSTRACT ’ ‘ :

Observed valence state of Vérioﬁs europium intermetallic
Vcompounds exhibit aisystematic ffend. .They can be classified in
to two groups, i,e.,Aintermetaliics of strong d character at the
Fermi level énd s-like band intermetailics.' Among the latter

2+ is the-only stable configu:atidn. ‘The role of the d- or

Eu
s-like character of band structure of the.compounds is discussed
with respect to the stabi}izétion of the various Eu‘configﬁrations
within® a one—cenfer picture. |
Chargé screening plays a dominant role in this process.
This discussion bears on thé physics of fluctuating-valence sys-
tems, as well as on the electronic structure of Va;ious c1a$ses
of intermetallic compounds.
_ | A numerical analysis is'performed considering a Moriya-
"like model density of states to describe the-conduction states
of the Eu-cdmpound. One illustrates the role of screening in
the crossover between the two europium configurations in

Eu(A BY)Z intermetallic compounds. Effects connected with

1-x73

temperature are also briefly discussed within our picture.



INTRODUCTION

In recepf years the siudy of pa;eéearth'compounds which
exhibit Valence'fluctuations ;aiséd several interesting questions,
both from experimemtal and theo:eficai,points of view |1|., In
particular, systematic measurements concerning eurOpium inter «
metallic compounds have Beén.performed by different experimental
techniques and a number of system which present ﬁixedevalence
configuration weré.discovgred. |

The purpose of this paper is fwofold, Firstly, we want
to suggest that chargé sc;eéning p;ofides a physical mechanism
connecting the band1structure of.europium intermetallics to the
stability of Eu2+. Eu3+ configurations or to the valence~fluc-
tuation regime. This siﬁple picture may explaiﬁ-the change of
excitation.enefgy (Ee;) betﬁeen two europium valence configura-
tions which can be oBtained from experiments | 2| . The role

—~of .charge scféenihg has been independently streéseé by ﬁalda -
ne I3l in connection with cerium-based fluctuatingrvalehce Sys«
tems. This suggests that it is of basie importance to the phy~
sics of any flﬁctuating-valence'system. ' |

Secondly, we intend to bring cut the role of screening
in the crossover Between two europium valence configurations as
a function of the concentration x in pseudobinary intermetallic
systems 1ike_Eu(A1_XBx)2. Also, for axgiven intermetallic com-
pound like EﬁAz ,Wwe show the behaviour of the valence state of
europium with thermal smearing of the density of states at the
Fermi 1eve};

As far as band structure 'is concerned, the compounds
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.presénted in Table 1 could be classified into two groups, name-
ly, intermetallics of expected strbné d(character of the elec -~
tron states at the Fermi level and s-like band intermetallics.
‘So, one oxoects that the left-hapd side of Table 1 correéﬁoﬁds
to transifion-ﬁetal—like densities of states at the Fermi level
as contrasted with the oompotnds on the right-hand side (e.g.'
EuAgz) which are expected to have s-like conductlon-electron cha

racter at EF' Therefore, we argue that the stablllty of the

‘Eu-4f7 configuration, in these compounds depends strongly on the

character (and consequently on the values) of the dens1ty of sta
tes near the Fermi level of the metalllc compound. More spec1f1'
cally, the Fermi level lies in a reglon of high den51ty of anti-
bonding states |13I

Another information given in by Table 1 is that compounds

2+ to Eu3+

like Equ, EuPdZ, EuPdS, EuPd5 show a transition f:oﬁ Eu
valence étate as the Pd concent;ation increases. Contrary to soch
_behaviour, in Au ovag compounds the valence state Eu2+ does not
"change with the amount of noble-metal atoms.

In Sectioo 2 wevdiscués the stability criteiion for va-
rious Eu valence regimes Qithin the framéwork of a one-center»ig
purity model. 1In Section 3 we discués numericélly some implica-
tions of tﬁe model, namely, the crossover between Eu3+,and Eu2+
configurations in Laves-phase intermetallic compounds like
Eu(Al_xBx)2 and temperatufe effeots in a compound 1like Equ. Fi
nally, Section 4 is devoted to general discussions about the 1i-

mitations of the model, its connection with Haldane's ]3| one-

center picture, and the further developments of the present work.
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2. MODEL

We adopt here, for the sake of simplicity, a oneacenter
impurity model. This means that one considers only one ?u atom
:embedded in a d- or s-like band.hetali This conresponds to
-neglecting interactibns between Eu atoms; howevér, as will be
shown throughout, within this simple approach one obtains a qua-
litative explanation of the principal features in Table 1. So,
b_we believe that on the whole the physics of the Eu valence- fluc
tuatlon phenomena in such. compounds can be accounted for w1th1n
a one-center p1cture.A
In order to understand qualltatlvely the systematics
exhlblted in Table 1, we want to establlsh a stablllty crite -~
rion of the three possible Eu conflgunatlons, i.e., all Eu in
fhe 2+ valence state, all- in the 3+ state, or a mixture of va-
lence stdtes. |
| Let us start with the electronic structu;e'of'the inter
“metallic comﬂbund as derived from a band calculation assuming
all the Eu atoms to have a 4f7_configuiatidn. We now look into

the stability of the assumed Eu 4f’

electron configuration with

. Tespect to an electron transfer to the conduction band producing
a 4f§ configuration plus an extravconduction electron. In the
light of our model this corresponds to an impurity like situation
where a +1 charge is left with respect to thé'4f7 shell and
should be screemned by the electron gas: This screening preserves
the overall chargé neutrality. -

In order to ensure charge neutrality, starting from

Friedel's sum rnle for the one band case in tight-binding .we



obtain |14]

b ovE R

, (A =s or d). (1)

o A
AZ = 1 = == tan
) v
'p*(m), FX-(m),-and N being the *)» density of states (normalized
to unitj, its Hilbert transform, and the degeneracy of the 2
band, respectively. The self-consistent screening potential V 1is
determined from (1).

A measure of the localization of the screening is then

"given by the occupation of the "impurity cell™

1

24,2

" sn '(o) = a :
x ! [1-VE, ()] %+ v2v%, (o)

-1}p, (0)du, (2)

Ebot

where Ebdt is the energy of the bottom of the band.

+ . s
2 configuration now

The_§tability c;iterion for the Eu
ffollows. Suﬁpo;e that € is the energy of thev4fz shell Eu
COnfigurations.and.intréhuce €6 as the énergy of the 4f6 Eu pu-
ﬁe ionic configuration. One expects, ﬁsing e.g. the simple 3
Hirst's relation for the zero order energy of a n-electron ionic

configuration, |15]

= - 1p -
€ U, n+ > F, n(n 1), (3)

that £g is larger than €q - In (3), Ué'is an ionic-like attracfi
ve potéﬁtial and F  is a radial Slater integral.

The Eu configuration involving seven electrons with six
4f electrons plus one ¢lectron transferred to the conduction band

is expected'td have an cnergy g@ which is different from the
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previous pure ionic 4f6 configuration enefgy €6° These engrgies
are connected by the relation l16]
n

€6 - €g Y yxﬁnx(o) | | {4
y .

where Y, > 0 is the change in ehergy introduced by the presence

of 8n, (0) » electrons (} = s or'd) in the Wigner-Seitz cell of

o . . 4f 5d .

Eu. A moresprecise definition of Yy would be Y, = EEEEH—“ , the
q _ ' : A 6 A

energy e4f ?d being defined as the energy of the 4f configura-

tion plus one electron in the 5d atomic ‘orbital. |

From expressions (1) and (2), specified for d and s’
electrons, one simultaneously insures charge screening of.the
extra charge and éeterminés the amplitude of A electréns at the
"impurity cell'. From f4) one sees that the piling of'k elec-
trons at the Eu site tends fo lower the energy eg, the'maximum
lowering depending on electronic quantities.like'aﬁl(oq'and'yx.
This suggests that for a strong piling of the screéning‘chargé.

at the "impurity center", oné,may obtain an 26 comparable to €5
'or even 1owér.- A crude estimate of Yy bo;roﬁed f;om the case 6f
isolated ioné is provided for X = d By Yqg = €g"€7- assuming that’
dnly d states afe involved.

For a given intermetallic of st—like.density of states,
sgreening may be achieved.iﬁ principle, by both d and s states.
Howeve:,‘in general, owing to the character.of the d states
(small bandwidth and strong density'of states) we expect scree-
ning to be due to d states, when the Fermi level lieé in a Te-
gion of évailable d states. On the other hand, if one considers
a band structure where the Fermi level iies‘in a region of p:edg

minantly s-character states it may happen that local screening

~
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cannot be achieved at all. This is because the 'small density of
states in the broad s band sets too iow a limit for the availa -
ble displaced ch%rge. This corfesponds, in‘our picture, to the

stabilization of the Eﬁ2+ configuration. Thefefore, one can un
derstand gualitatively Why Cu, Ag, Au compounds with several no
ble-metal concentrations remain always in a Eul* configuration.

Note that the EuZn, compound situated on the right hand side of

2
Table 1 shows a singular behavior, i.e., a fluctuation regime.
We suggest that this discrepancy may be associated with a proper
"ty of the density of states (presence of conduction d states).

A similar behavior, showing anomalous d band character, is res-

com-
N

ponsible for the peculiar magnetic properties of the ijZn2

pound |l7l._

In figure 1.(a) we show the stable‘ﬁf7'configuration,
the valence of the Eu atoms being 2¥. We assume that the 26 and
e, level have natural linewidths‘ X6 and.A7 respectively. One
~wobtains the stable 4f’ configuratién when the e, level has an
/energy lower than 26 and no overlap occurs between‘them.

A valence—fluétuétion regime is schematicallf‘drawn in
figure lf(b)..'This case is cha:acte;ized by aﬁ'overlap between
the two 26 and e, levels. If ohe haé a conéentration‘y cf atoms
belonging to the Euz+ configuration and consequently a concentra

tion 1l-y of atoms belonging to the Eu3+

configuration from our
point of view a+l charge must be self-consistently screened in
such a way that the term z yxén () of (4) implies that the
d1fference 26"57 characterlzes a definite mixed-valence state.

Finally in figure 1.(c) the stable 4f6 configuration

_is.shown, the valence of Eu atoms being 3%. In this case the
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€c level is lower than €4 and no overlap exists between them.

3+

From the -experimental point of view, the Eu” valence

behavior is observedrwhgn, e.g. the amount of Pd in EuPd, Eusz,

3 and EuPd.5

pects a corresponding increase in the d density of states at the

EuPd is_increased. According to our picture one ex-

Fermi level.
Another’similar situation 1is presentéd by sYstems like

Eu(Irl_thx)z. Agaiﬁ one expects that the d densityAbf states
at the Fermi_level of such comﬁounds déqreases with increasing
concentration x. So, the Eu valence must‘change fromASi'towards
of 24, which is indeed observed experimentally |18|. On the
other hand, it follows frbm Table 1 that EuTn compounds, T being
a §d transition elements like Ir, stabiliZe.the Eu3+ cohfigura-

,  tion in agreement with previous band calculations |19] .which show
that in Laves-phase intermetallicé with Co, Rh and I;; the d den
sity of states increases when one goes over'from Sd to 5d tfansi-

tion elements.

3. NUMERICAL RESULTS

In the'previOﬁs Section, we have presented a 6ne impuri
ty center quel and we have explained in a quaiitative way the
observed valence states df Eu ions in a quite large range of Eu
iﬂtermetallic compounds, listed in Table 1.‘v

We want now to explore numericallyrsome features of our
simple model. The details of the band structure of Eu interme-
tallic cbmpounds, considered in Table 1, remain, to our knowledge,
unknown. So, it'is beyond the scope of thié section to proVide

a direct check with some available experimental results starting
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from a first principles calculation of the density of stafesf

However, our numerical estimates, based on this quite naive mo-

del agree with the main tendencies observed experimentally.

- In what follows we explicitly consider a simple model

band structure describing Eu intermetaliic compounds, namely a

Moriya-like density of states lZOI. ,Fu;thermo;e, we hope that

if one considers an Eu(A

1-xBx)2 1nte§meta11;c system, where A

and B are neighbours in the Periodic Table the rigid band

approach is not so drastic.

between Eu

We begin next the discussion concerning the crossover

2+ 3+

and Eu valence states.

Let Eu(All_XBx)_2 Be'a pseudobinary intermetallic system,

where A and B can be nd'transition metals (n=3,4,5) and x ranges

from 0 to 1. We suppose that EuA2 has a stable Eu3+ configura-

tidn, EuB2 has a stable Eu

2+ - p
one, whereas for values X between

0 andﬁl one assumes that the Eu(Al_'xBx)2 compounds can exhibit

—-a fluctuation-valence regime.-

For simplicitt sake the .following assumptions will be

made:

i)

ii)

theblinewidth A, associated to the €7 level is a shafp onéf
This corresponds here tb suppose the linewidth XG as an
effective one.

The separation between the energies of the two levels 26 and
€5 is chosed to be an half of the effective linewidth XG asso
ciated to the 26 level. This implies that substitution of a
small concentration x of B atoms by the same amount of A atoms
may modify the initiallx measured'Eu valénce'state of the

EuB2 compound.



In fact, real systems can exhibit such behavior. - an
instance, starting from the.EuPtzicompound, if a small quantity
of Pt is substituted by Ir, isomer shift measurementsvin
Eu(Ir;_ Pt ), - ]18] suddenly shon a small variation of the‘En
valence state. This change of Eu Valence can be more rapid for
a smaller range of x variation éérindeed observed for Eu(Rhl_thx)z
|18] , where a complete crosSovén is peiformed from the stable
Euz+ state (Eorresponding to x = 0.5).towards tne Eu3+ state.

As discussed in the previous Section, the three possible
regimes are shown in figure 1, namely:

a) the stabilization of the Eu?*

state (coriesponding to the EuB,
compound. |

b) A crossover configuration where the‘valence goes fiom Eu3+ to.
Euz+ (corresponding to a.compound like‘Eu(Al_xBx)z,'for a gi-
ven x). ' |

c) The stabilization of the Eu3+

state (corresponding to the EuA2
compound) |
:Consider the two stable situations (a) and (c), where the
valence flucfuation regime has not yet begun but is incipient

From (4), one has

- - 3+
Bex §,7 = €776 = €77e¢ * vg omg (o), B
A _ : 2+ :
Bex 736 = %6757 = €67¢7 = Yq Sng (0], (5b)
Here, Eex is the excitation energy at T=0K, and Gng+(o) and

2+ ' . L
§n 4 (o) denote respectively the variation of the occupation at
the impurity center associate with the Eu atom in valence states

3+ and 2+. We have disregarded in the above equations s-contri-
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butions 1like Ys~6ns(°)’ as discussed previously.

It is to be stressed that these excitation energies re-
present the mean energy necessary to promote an f electron from

one configuration level to another one.

Equations (5a)-(5b) yield

: N
V) . n
ex 627 * Bex 7+6 - - A

3+
sn" (o) 60" (0)

E 6

angf(o)-6n3+(o)

Yd =

(6)

where, by using the above assumptions (i), (ii), we take Eex €s7

' N
- - N2
o Eex 746 = %6/2-

In the case (b) one has for the energy difference between
\ Y . ’
the levels €6 and €q!

|Eg ()| = |Eg(x)- eq]=] egme; ~vgon3(e)| . (7)

From (6) and (7) one has

_Zéng(o)

QlDe-
o

By -

e (8)
- en3" (0)-sn3" (0) | :

Irn order to simplify our numerical estimates, one addi-

tional assumption of pure computational nature will now be made.

As mentioned befd;e, the Equ and EuB2 compounds exhibit
a Moriya-like density of states |20]

2 .
p(w) = C|] 1 - 27 - (9)
A
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where A is the bandwidth and C is a normalization constant'in'or—
der to ensure that
Etop
p(w)do = 1

Ebot

One considers that the Fermi 1éve1 of those model com-
pounds are ;bcated in the Moriya band (9) in such a way that EuA2
corresponds to a band filling n, = 0.9 electrons and Eu valence
state 3+ whereas EuB2 corresponds to a band filling n, = 170 elec
tron and valence state 2+. ‘

Consequeﬁtly ;he term 5n§+(o) in (8) is equal to gero.
Therefore, as far as occupation numbers are concerned, thebexci—
tation energy, Eex(x), will depend only on the occupatipn 5ng+(o)
and snﬁ(o). Concerning the absolute value of the excitation ener

gy, E_

ex® one verifies a monotonic decrease until the 57'1eve1 rea

_ches the center of the effective 26 Ievel. From.this point on,
" the ]Eex| ihcreases until the value X6/2 is recovered, thus cor- '
responding fo the EuB2 compound.
The mean number of elect;ons as a function of the B atom

concentration is

'Ne. 7 0.9(1-x)+1.0 (10)

The estimated valence is obtained as follows. Suppoging
0<x<1, according to (10) and using the rigid band model, one
obtains Ne' SQ,'a definite Fermi level is calculated and conse-
quently 5n§(o) (see figure 2) and Eéx(x) are obtained alsd

through (2) and (8).



-12—
) The situation corresponds to an ovérlap of the sharp g4
level with the 26.1eve1. Since Qﬁe has one electron to fill up.
the two basic Eu configUrgtions, given a f:éction y of the ayai—
lable electron’whichv"occupy" the 26 level having 3+ valence sta
te, the remaining electron fraction 1-y have a 2+ valence state.

Then the average valence. (see figu;e 3) is given by

V= 3y + 2(1-y)

Bauminger et al |18]| have ﬁeasﬁred the lattice parame-
ter at room temperature of Eu(Irl_thx)2 as a function of x.i Ag
" suming that the average valence of Eu varies linearly with the

1a£ticé parameters one can estimate values for the Eu valence sta
te in such compounds. These values are also presented in figure
3 in order to get comparison between our model system with a real
one.
Now a few comments concerning temperature effects. As
~pointed out in_the Introduction, the'influence of the temperatg

're on the variation of the Eu valence state in EuA, intermetallic

2
compound can be described within our model. 1In fact, the inclu-

sion of temperature yields for the variation of the occupation
at the impurity center

+

. —_ ] 1 '
5nd(0,T) = O’.q 7.7 7 -1 .f(m)pd(w)dw, (12)

| 1-VFg () +n V2 ()

[+

f(w) being the Fermi-Dirac function. It is to be expected that the
occupation Gnd(O,T) decreases with increasing T. 1If one impbses a

charge screening equal to one in (1), where the density of states (9)
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is modified by temperature (th;qugh f(w)), the self.consistent
screening potehtial V would increase with temperature. In or-
de; to obtain physically reasonable results wé make. the follo-
wing assumption:'for a given T one considers the localized po-
tential as being the same as obtained self-consistently at 0°K,
the "additional" screening being then perfoimed bf the next nei
ghbours. We_neglect'thesevnext neighbours contributfons in the
calculation of Gnd(O,T) at the impurity cell. Clearly, when the
next neighbours contributibh becomes important one arrives at
the breakdown of the "one'cénter impurity model”.

Numérical calcuiations show that within our band model
(9), for reasonaHles temperatures, the changes bf and(o) with T
are negligible. . So, we have used alsd quite unrealistic valaes
fof the temperature (see figure 4), jﬁst to exhibit a notable
temperature effect. |

Wé>wan§.to show the possibility'to'obtain a croésover

_brocess of the Eu valence value due to temperaturé.within our
’piéture. The~Qc¢upation number ét the impurity cell as function
of the band filling islpldtted‘in fig.‘4 for séveral.values of

the temperature T. ' —

Finally some exﬁerimental temarks aré in order. The
effect of temperéture on the excitation energy is obsérved to be
very small in EuRh, |21|. This agrees qualitatively with our
band model (9). In fact, our model suggesté one needs a've:y
strong Value'fqr the T parameter to obtain aﬂchange in Gnd(o)
and consequently a change on the Eu valence state. On the other
hand, EuCuZSi2 |2] shows a strong dependeﬂce of the excitation
energy with temperature. We claim that for this case, the d den

sity of states must have a high density around the Fermi level in

T
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a region comparable with kBT.

4. FINAL REMARKS

We discuss some limitations of the model describéd‘in
this paper, i.e. the one-center picturé. It could be afgued that
in intermetallic compounds such as EuAn(n = 1,2,3, etc) or pseu-
do-binary Eu‘(Al_xBx)n compéuﬁdsAthe Eu atom tqncentration would
invalidate the one-center picture adopted here.

We claimlfhat thg main physical idea, namely, that of
‘screening of charge-fluctuations is expressed by the Friedel sum
rule |14] in the;one—éehtervproblem;énd by the concept of‘chargé
transfer l16] in con;egtrated systems .. The latter tends to de-
termine self—conéistently the best approximation for atomic char ‘
ge neﬁtrality. We believe that therficture devéioped above, al-
though with the one-center 1imitation, brings out'the’main physi
cal point,, that of aséotiating Valenceéfluctuationé to the péssi,
~bility of enéuring the charge 'screening. i ‘

Thisfpapé: does not consider explicit time dependences
for'physica1 quantitie$-such as, for example, the decay time which
would'appéar in a calculation of the‘chargefchaige corfelation,
function. Screening is invoked to discuss the relative position
of the'gf6 and € ievels.‘ The time-dépendences mentioned above are
phenomenologically lumped together in the f levels width Xé and
A7, for which we do not present a thedretical treatment.

_Thé results of Section 2 shows evidence that our simple
model accounts qualitatively for the obsefved features (cf Table
1). We emphasize that a conceptual advantage of our picture is

-that it provides an intermediate view between opposite approaches
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to the valence fluctuation probleﬁ like "ionic model” |15| or the
pure one- electron "band picture” of valence-fluctuation |22].

+ . .
2 configuration

Recently, Miedema |11| noted that the Eu
is unstable in alloys and compounds with heat of formation larger
than 23 kcal/g-atom. This indicates that the instability of the

EuZ+

configu;ation sets in when the density-of states at the Fer-
mi level lies in a régidn Corresponding to a cohesive energy lar
ger than (by a factor 2 or 3) for noble-metalé, i.e. with a sig-
nificant number of empty aﬁtibonding d band states. This agrees
-qualitatively with our pofnt on the role of screening in valence-
fluétuation Eu compounds.

The inclﬁsion of the concept of charge screening inithe
valence-flﬁctuation»prdblem has been independently developed\by

Haldane |3] , in connection with Ce compounds. This theoretical

approach is also based in a single impurity view of the problem

and starts from the Andersoﬁ model. The classical non-degenerate

._Anderson model is complemented by the inclusion of an interaction

'term coupling -the local f states and the conduction states, which

he considers to be a degenerate d band. Using symmetry arguments,

the extended Anderson model reduces to two sepérate sub-spacés:
“one fesponsible for charge'screening.and‘the other associated to
Anderson resonance model in such a-way that charge neﬁtfality is
ensuredf Haldane's work |3| may be éomparedjtq ours in the follo
wing terms. The sub-space solution of the Anderson model 1is
replaced in our work by equation (4) which is a correction of the
ionic model to include the interaction Yd between the d state am
plitude at the Eu site and the remaining f electrons. In our

work, similarly to Haldane's, screening is performed by a separa
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.

te channel, but within the tight-binding version of-the scatte-
ring problem (Slater-Koster problem). Tﬁe‘charge screening con
dition reflects then in the valence-fluctuation problem through
the determinatién of the local self-consistent potential which
defines the "impurity occupation nuﬁbef”» pr(o) (see eqn. (2)
so implying in the excitation energies (5);
Finally let us coﬁment our further improvements over

the model presented here. In order:to take into account the

concentration of Eu atoms in the mentioned intermetallics, equa
“tions (1) and (2) are reférmulated in terms of the charge trans
fer concept |16| of the coherent potential approximation (CPA).
Again the charge neutrality is ensufed by a self consistent gal

culation |23].
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CAPTIONS oo

Table 1: Some eXperimental results reported in the literature
for the Eu valence in several intermetallic compounds.
Table 2: " Values for énd(o), ZEex/'&'6 and V for the x concentra-

)2 pseudobinary intermetallic conm

t;on in the Eu(Al_xBx

poﬁnds.
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CAPTIONS

Schematic energy levels corresponding to the - three pos
A . S .

sible valence configurations. The erros bars indicate

level widths.

Plot of ény(o) as a function of the band filling at

T = OK.

Average valence values vV as a function of the concentra
tion x of B atoms. It is also indicated the valence va .
lues for Eu in Eu(Irl_thx)Z compounds obtained via

lattice parameters measurements |[18|. (See text).

Plot of 6nd(o) as a function of the band filling for

¥

different values of the temperature T.



EuAl4(2+) 5]

BuAl, (2" ||

‘EuNis(3+) 6] EuCuS(2+) [sl EuZn5(2+) |5]
BuCu;(2%) 6] | Buzn,(2"3% 5|

~ EuCu (2 11] | EuZn 2" 15|

EuPd5(3+)~ |10] EuAgS(;+) 6] Equ5(2+) 5

. EuPd3(3+) 6]
3" 14 |

Bt (57,2 |2]" EBPd, (@) |4 EuAg,(2") |12] |. EuCd,(2") |5|
Epd (27) [4] | Eucd (29 |s|

Bt (3 6] | Ewau(2h) |6 | Buigc (2" s

| o Buiey (1) ||

(37,29 171 "2 9,41 | |

Bulr,(3") 6] BuPt,(2") 8] | Buru,(27) |12 | Eurlg,(2") 5]
Eubg (27) |5

TABLE 1

~




X 6n§(0_) ZEexc:/?iﬁ -V
.0 62 1.00 3.00
2 53 71 2.94
.4 .44 .42 2.80
.6 .33 .06 2.54
.8 .19 .39 2.22
1.0 .00 -1.00 ©2.00

TABLE 2
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