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THE MAGNETIC SUSCEPTIBILITY OF INTERMEDIATE
VALENCE COMPOUNDS IN THE SIMPLIFIED PERIODIC
ANDERSON MODEL WITH fLEVELS SPLIT BY CRYSTAL FIELD
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The investigation of the exactly solvable limit of-the simplified periodic Anderson
model with. flevels split by crystal field is presented. The standard method of Green’s func-
tions is applied. The magnetic susceptibility and the occupation number of the £ electrons
versus temperature is obtained. Different types of temperature dependence for magnetic
susceptibility can be derived by changing the values of the model parameters. Comments
on the relation to experimental data are also given.

PACS numbers: 75.10.Dg, 71.70.Ch

1. Introduction

There are several approaches to the problem of electronic properties of intermediate
valence compounds (see, e.g. [1, 2] for a review). Some of them are based on the periodic
Anderson model, e.g. [3, 4]. In the present paper the U = 0 limit of this model, taking
into account the crystalline field splitting of flevels, is considered. Hund’s rule type correla-
tions are also neglected i.e. J = 0. Such a simplified approach seems to be reasonable
as a first approximation. This is due to the fact that crystalline field effects can be of im-
portance for rare earth ions in intermediate valence compounds [1, 2]. Besides that, because
of the absence of magnetic ordering in most of the intermediate valence compounds, the
case U, J = 0 can serve to estimate the behaviour of magnetic susceptibility for the para-
magnetic case.

The main aim of the present paper is to calculate the temperature dependence of the
‘magnetic susceptibility in order to see how the splitting of f levels influences the behaviour
of this quantity. - "
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We shall start from the simplified Anderson Hamiltonian in the presence of a magnetic
field &

H = Z ekﬂd:adko'-l_ z Ela’fl fm‘ Z (dkafla' lkRi+fl +dka' _lkRi)’ (1)

k,c !
where
E,=E—och, 1=1,2 3}
e = &—0h, o= %3 3

di and d,, are creation and annihilation operators for band electrons. For the f levels
creation and annihilation operators are denoted by f* and f}} respectively. The superscript
I is introduced to distinguish two different f levels split by the crystalline field. E, and ¥;
1 = 1, 2 describe the positions of the f level and the hybridization between the band and
f electrons, respectively. Further, ¥V, = ¥, = V will be assumed for simplicity.

2. Calculations

In order-to calculate the magnetic susceptibility and the average occupation of flevels
we need to calculate the Green’s functions [5]. For the Hamiltonian (1) the sequence of
equations of motion terminates so it is unnecessary to use any decoupling procedure.
For the Lorenzian density of states
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o(w) =

we can find, after simple calculations, the following formula for the total density of states
in units of the band half-width D

o(w) = )

(w— Elo’) (w— Eza)z'*‘(w Ejl) 2p2 4 +(w—Eq, ?v?
[(a)+a'h)(cu E ) (w—Ey,)— (a) B1a)V2—(w Eza)V2]2+(w E1a)2(w Ezc)z
®

The three terms in the numerator refer to the band, first and second f levels, respectively.
Tt is useful to approximate the density of states (5)-by

o(w) = =

(0) _Ela)'2 (CU—' E20')2+ (a)—EZG)sz + (CO --'E_lt.v'_)z‘/v2

X —
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in order to perform analytical calculations. The above approximation was verified by nu-
merical calculations, the maximum difference between ¢ and g is about 1%. The correla-
tion functions of interest

$ngy = Ldigdip>,  <ni'> = fuafidy, ™ = (242 N
can be derived from the spectral theorem with the use of (6)
+ o0
a B 1
(ngy =<y +<nf'y +<nf?y = — f o(w)f(w)dw, (8)
\ T

whéfe f(cu)ﬂis ﬂ;é Fermi function. The ihiegrai (8) can be evaluated by contour integration
and our final result reads
K L c B 3

- 3 ] 2 : . iﬁ B
<na> = Z {(’J+ '; Im [Z L' [’%_ Z (wr_ﬂ):l -Pjr}} . (9)
Jj=1 r=1 '

The individual contributions to <n,» from band electrons, S and f? electrons are given
by terms withj = 1, 2 and 3, respectively. In (9) .

3 3
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:C1 — (—CU 1_) ( 2 ) - Pl,-, (10)
=1 r=1
3 - 3
—-E, )V
C, = (@ =E) V" _ Py, (1D
L W)
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3 202 3
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¢ =) & N, 12)
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r=1 r=1
w1\= l,
wz = a)N+ia)Y’
W3 = Wp+iwy, 13
(by‘= V25
Oy = Eyy+Epyt [(Byy— E,,)° — 41412,
L Wp = E16+E2¢—[(Ela_E2a)2_4V4]1/2 (14)

and

. 2
W(CO,.) = (CO,.-I-I) (CO,.— i) [(wr_Ela) (wr_EZG)'l' Kl_ (2wr_Ela'-EZa'):|
- X [(wr—Ela') (a)r_Ela)— - (2wr;Eia_E20)] . (15)
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y stands for the digamma function (f = (kT)-'). From (9) we can obtain the magnetic
susceptibility which is defined by

om
X = “oh h=0’ (16)
where
m = 1/2[{ny—<n>]. 17

We have chosen the units in which the gyromagnetic ratio equals unity. Finally we have

3
r= %ﬁ 2 {‘/’f{ |:1/2— -;% (w,—u):l Re Pj,— [1/2— g} (co,—u)] Im Pj,} (18)

Jr=1
1 is determined self-consistently if one fixes the total number of electrons per site, {n,y = N
and yg(y;) stands for the real (imaginary) part of the v function derivative (see e.g. [6]
for series expansion).

3. Results

The occupation number of f levels as a function of temperature is shown in Fig. 1,
the temperature is given in units of kD-'. It increases quasi-linearly with temperature.
This is typical behaviour for different values of the total occupation number and other
parameters of the model Ey¢, E,6 and V.

In Fig. 2, 3 and 4 we see different types of temperature dependence of the susceptibility.
We can make a qualitative comparison of our results to the bahaviour of magnetic sus-
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Fig. 1. The occupation number of flevels as a function of temperature for Eyg = —0.02, E2¢ = —0.021,
¥ = 0.01 and for <ny> = 0.5 (left scale) and for <n,> = 1.(right scale)



=
3

—~
-~
T

071+

0.5

0.3

V=0.002

1

V=0006

v=0.01

V=004

I

o

Fig. 2. Temperature dependence of the susceptibility for gy = 0.5 and E15 = —0.01, Eyy
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Fig. 3. Temperature dependence of the susceptibility for <n,> = 0.5 and Ei, = —0.1, Eye = —0.11
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ceptibility of some intermediate valence compounds observed experimentally. For instance,
the susceptibility of SmBg¢ [7] exhibits a temperature dependence similar to that presented
in Fig. 2 for ¥ = 0.006. Reasonable similarity occurs between the susceptibility of YbAl;
[8], Sm,In; [9] and the curve corresponding to ¥ = 0.025 in Fig. 3. The behaviour which
is shown in Fig. 4 is similar to e.g. SmPd; [10]. 1t is noteworthy that a simple model gives
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Fig. 4. Temperature dependence of the susceptibility for {ns> = 1 and Eig = —0.1, Bz = —0.11

reasonable, qualitative agreement with a wide class of intermediate valence compounds
without magnetic ordering. Thus, we think that it would be interesting to take the crystal
field splitting into account within the more realistic model in which the intra-atomic corre-
lations should be present.
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