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ABSTRACT

Simple, semiphenomenglogical thecry ¢f the abrupt change of

vaience In 5mS 1s presented. The phase transition and the softening of

the phonon mode can be considered as belng due to the partial decoupling

of phonons from the electronic system.
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The electren-phomon coupling is believed to be the possible mechanism
which enables the theoretical explaration of the pressure induced change of
valence gs observed experimentally in SmS f1-47. The appearance of this type
of phase transition within purely electronic models seems to be due to the
approximations {{5-8] and references cited therein). Recently, the satemic
limit of the extended Falicov=Kimbsll model [5,6] coupled to phonons has been
considered [9]. It has been found that at least fer some spacial cholee of
parsmeters the discontinucus chenge of the occupation number of f-level <IJ?>
as a function of its energy E (which parametrizes the pressur=) can be
-considered as an exact result [9]. In Refs.l,2 and 9 the phonon induced
hybridization is assutled to be of primsry importance for the phase transition
as leading to the renormalization of the hybridization parameter. The effective
hybridization can change its sign which leads to the discontinucus change of
valence {1,9]. However, %he physical interpretation of the vanishing of
hybridization is not clear {2]. It should te noted that in Refs.l, 2, 3 and

5 the deelectron-phonon intersction 1s not considered.

The aim of the present note 1s to propose the simple semiphenomenclogical
theory of the abrupt change of vyalence. Let us take inte acecount that the
slectron-phonon coupling constant is proportional to the overlap integral in
tight-binding approximation [10,L]. Thus, nne can neglect the d-electron=
phonon interaction ounly in the case that there are nos d e=lectrons at all.
idoweyer, *f there is a% lecst spall admixture of d states gt the site, the
coupling of phonons with J slectrons, A can be of scme importance, belng
comparable with gf. Sueh a situation can take place in the vicinity of tle
phase transition in SmS  and we suppose that the wvalues of -9 and g4
should depend on the average occupation numbers <fnf> and <rfl> in some
way which enables the change of the sign of 2.8, in the wvicinity of the

transition,.

Let us consider the gtomic limit of the exterded spinless Falicov—
Kimball model including the interaction of phonons with both types of electrons,

The second-guantized form of the Hamiltorlan can be written as

H = end « Enf « V(A ~d*) + Gn'n
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where - £,d {f ,4 ) denote the snnihilation (creatien) operators for f,d

- + f

electron and b,b are those for phenon. n 4 stands for the corresponding
¢lectron number operator and V,G are the hybridizetion and Cowlomb repulsion
parameters, respectively. The simple cancnical transformation of the type

used by other authors [4,11] leads to the equivalent Hamiltonian
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where
e 5 fod ~ 3 -9, ;
H= £n? «Enf +Gn'a? + V{d* exp| Sz—mf(b -b)_]rh.c.j ’
2 >
~ g ~ g ~ _ 29&5#
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Let us consider the seccnd order terms with respect to the electron~
+
phonen coupling and neglect the term linear in b -b. This implies the
quantitative medification only and is unimportant for qualitative discussion

Then, the average number of f-electrons can be derived solving exactly the

eigen problem f <nf Yy o+ '4 l’ld>

<hF)_ 1’*5[’/ = _/E'xp drs‘(G“ﬂ)) *e[‘f— —*—/exp{‘,p{(;»td))
& + ep(ip(G-4a) + exp(ip(G+4) (5)

where

A:'/(g_g)z r4v2 ) Q/: v(1 - g(iwr)z(sd_gfl)zttjh Fi”;’u“) , (6)

end 8 = k1)t

In order to perform the calculations we assume fhe dependence of

4 on <:nf'>

9u = 9ALT =<0 g = gt é_

which seems %o be qu1te general and g A x are parameters. Then (5} becomes

an equation for <r1 P We have found that the special form of gd(gf) is
not of crucial importance for the appesrance of the transition {three-fold
solution of {5)) which is governed by the value of g and the change of
sign aof gd_gf' Due to the fact that g57Ep aPpears in E - Eé, the second
order theory does not seem to be the seriocus restriction.

The results for some values of parameters are presented in Figs.l and
2. The insertion in Fig.2b shows that the transition disappears with in-
cregsing temper&ture and its position shifts slightly towards higher pressure
(E parametrizes the pressure), similarly to the results of Entel and Leder {1].
Let us mention that in our case the phase transition tekes place for finite

value of effective hybridization.

One can tske the hopping term for d electrons into account. Up to

the second order this term transforms as

Zf:, L\LJ = _t‘:l'df‘?}'{'/—"'%[{b;—b.t')—(br"biz] |

<
PO}
<

(B b) - 42 66+ (5] - b)jj )

which within the second order (and linear in tij) theory leads to the

modification of the band energy

- > 9 he

& — E,_((f [é—@)ctjh%-“ . (9)

The finite band width of d electrons decreases the tendency to an abrupt )
transition [7] but its appearance within the atomie limit will be in general

transmitted to the periodic (finite band width) case. We shall not discuss

this problem here due to the fact that the periodic medel is ne longer exactly

szlvable snd some spproximations must be introduced [5,6].
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Let ue mention that in the present approech the softening of the
thonon mode [1,4] in the vicinity of the phase transition is connected with
partial decoupling of phonons from the electronic svstem. This is realized
by vaniczhing of B, ~8p in the local part {3} ¢f the model neriodic Hamiltonian.

In conclusion, it seems worthwhile to lock fox vhe microscople
Justiflcation of the dependence of local electronephoonon coupling conscant on

the average number of electrons s the lattice zite.
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a) <nf> as a function of E  for different values of
g/-ﬁmo showed by the numbers at the curves T = 0, v/"hmo = 0.3,
b) (’nf') a5 a tunction of E for different temperatures
{RT/ww,. }

o)
G/hgb = h,0. 1In the insertion the phase boundary 1s presented.

showed by the numbers at the curves, v/(u.b =0.3,




