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ABSTRACT .

cumummi. a

IS is shown that the Ramirez-Falicov model for

the a-y transition in Ce , in its present form , fails to

account for the experiments on Ce.l_XLaX . This result is in

i

disagreement with a recent work bv Ramirez and Kiwi publi-

shed in this journal



@®~] | ~centiy published paper 1~tliig”purnal 1,
Ramirez and Kiwi (RK) claim to have®" explained the effect
of La addition on the a-y transformation in Ce metal . We
want to show here that the main conclusion at which they
arrive 1is incorrect

As is knownf, The ""Ramirez-Falicov model for
pure Ce 2 , assumes a s-d;band with a constant density of
states and highly correlated ionic-like f levels with ze-
ro width . In n Ce the band contains four electrons per
atom , and the f level which lies above the Fermi energy
is empty . When electrons are thermally excited to the f
level , the Coulomb repulsion between localized and band
states pushes the band energies xip , and since the f le-
vels have an important contribution to the entropy due
to the angular momentum degeneracy > the free energy can
be lowered by completely occupying the f level and conse-
guently moving up the band states , which now contain on-
ly three electrons per atom . The”situation has been,sche-
matized in Tfig. 1.

On the basis of these ideas . it is clear how
substitutional 1impuirities,,jwhich do not appreciably change
the band structure but have different valency and differ-
ent T level energies , can alter the transition temperatu-
re. A tetravalent impurity with a lower f level energy

Ej will lower the trans-



The latter 1is the case of .alloying With Th.

If the impurity f level energy K lies well a-

bove or well below the Fermi energy , and due account is ta-

ken of the valency effects , one can explain 5 the qualita-

- - . -

tive features of the effect of alloying 3 with Pr Pv ,

Lu ,trivalent impurities , and Fu and Yb which are diva-

lent in the n phase-.

In ref. 1 , La.is assumed to be a trivalent im-
purity , which implies that the Fermi, energy is depleted
with respect to pure Ce - Since the authors 1indicate that.

> i i ici i .
F[a Efe , the conclusion |maI|C|t in E% (3) that the

transition temperature at. constant pressure is lowered

cannot be understood.

To show that this is in fact so , we start from

the following expression for the~ free energy per atom

W _i-l* L]

0]

+ T[(j--x)Kt + X - T[(/- Z)/CHhk-fL] <6



The notation is as ;in JX except, ifai K .starnls fnr jp con-

centration , C indicates cerium and L lanthanum
i This expression has to be minimized with resoect
to 7?(E) , and /L subject to the constraint
W
\ <te Tice] + (4-1) fc + v iL - // (i-X) t 3/ (2)
0

It should be noticed that Kgs. (1) and (2) a-
bove differ from Egs. (1) and (2) oJ ref.l and this”might
be the reason for the wrong conclusion arrived at in that

work . The Fermi energy 1is given by

@ [*t-Ec-1461h6@m)fc*Cx 4 B

This expression gives the variation of £r.with

La concentration , which ranges from the value

- (i/]
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for pure Ce to
£Er n (a-.fL) + G ft

for pi'iAiAtéipAAiAiiminq.,—the same band s f t r s va-



r il in!) i< itopo» I-jritf Pn nf tho f;u*t tb>{. ju J tlio
results arc ex tajar>ol;jited -to interpret the behaviour of pu-
ra La , assuming that the Fermi energy is unchanged over
the whole concentration ranga 0< <1

Following the procedure outlined in refs. 5-6 |,
we eliminate the conduction electrons -using the condition
(2) and neglect the hand entropy term N’ . This last a-
pproximation 1is justified in the constant density of sta-
tes mode] since one is only interested in entropy changes
and these are negligible if the hand changes from four e-
lectrons per atom in the a phase to three 1in the y phase.
In this way one obtains }. as a function of only FE and
" Variation of this function with respect to #% and

-j-a< allows us to write the following relation between

the occupation probabilities

p -Fc (6)

In this form , one can finally write Ir- as a
function of J% alone which has in general two minima and
a maximun . The graphs of Fito) have a similar form to tho-
se given in fig. 2 of ref.6 . At the transition temperatu-
re . the two minima have the same height and the maximun
occurs for f% “<1/2

Imposing the condition that the eguation that

determines Nas ~ie solution -t = 1/2 , we Tfind that the *



transition l.oimwral-ur® .t« cflvem bv

T inh= Et.&gm%[*1-8(2fL~<)] <3

vjhere

E.= Fc % UlG—XLj = "66 T7f
e, - |/ <s= /M of
'B - G,~gu_- N oK

0 m v
<

e +.10
The 1linin conclusion to lie drawn from equation
(7) is that there 1is no value of ¢1 that will make negati-
ve the factor multiplying X . Therefore , the model pre-

dicts an increase in the transition temperature at constant

pressure , or a decrease of the transition pressure at °*
constant temperature , in contradiction to the results of
refs. 3-4

A possible way to improve the model to explain
the Co l.a transition , as has been already pointed out
in ref. 2 , is to use a more realistic density ofi states
for conduction electrons , which would make the Fermi ener-
gy ho he 1less depleted by alloying . We have performed cal-

culations using a parabolic density of states and have

found that this 1is not. enough to obtain at least qualita-



tivf? tWoflttl -« T Viel. fF.r»VP*TIr*"f
hybridization 7 .11 jn-»1p in 1i:!ns W iiHtecM.ion , bocausi" ~a
jfinito line width of the.f levels would encourage the tran
sition .Work on the effect of s-f hybridization on the pro
perties of the a phase and on the o-y transformation 1is

presently in progress , and will be the siibject of a forth-

coming paper.
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Fig. 1 - Density of states for

used in the "RF theory The graph on

situation 1in the a phase. 1z t 6 1is

nergv of the localized state in the c€

is the position of the f levels in the

ttom of the hand 1is shifted upwards by

the f level 1is occupied

the

localized and hand electrons
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