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ABSTRACT
Experimental data in the Kondo lattice YbPd2Si2 is compared with the results of

a hybridisation model, based on the "large-degeneracy expansion7" approximation, which

takes into account the crystal field level splittings of the Yb ion. We show that satisfactory

agreement is obtained with a unique set of crystal field and hybridisation parameters.
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I. INTRODUCTION

Tho tetragonal compound YbPd2Si2 lias been characterised as a "mixed valent" ma-
terial, in which the Yb ion has a valency close to 3, by the L///-edge x-ray absorption
technique /!/. The thermal variation of the electronic specific heat shows a Kondo-like
bump peaking around 30K, with a low temperature slope 7 = Cet/T ~ 200 mJ A'~2mol.~1

/2,3/. The specific heat bump is very close to the calculated curve for a Kondo ion with
degeneracy N — 4 /4/. As the degeneracy of the J = 7/2 ground spin-orbit multiplet of
Yb3+ is TV = 8, this means that the crystal electric field (C.E.F.) interaction yields two
ground Kramers doublets separated from the excited states by an energy A much greater

than the Kondo temperature: A ^> ksTo.

Calculation schemes for computing the thermodynamic properties of a hybridised Yb
(or Ce) impurity in the presence of the C.E.F. interaction have been available since a few

years. One type of calculation is based on the resolution of the Anderson /5/ or Coqblin-
Schrieffer /6/ hamiltonian by means of the Bethe-Ansatz method /7,8/. Another type of
calculation, which uses an approximation of the large-TV expansion method /9/, has been

proposed by Zevin, Zwicknagl and Fulde /10/ (this work will be referred to as the ZZF
model in the following). The ZZF model allows one to numerically calculate the partition
function Z4f(T) and the occupation probabilities nym(T) of the hybridised C.E.F. levels.
Its input parameters are the Kondo temperature TO, the bare hybridisation width F and
the C.E.F. coefficients B™.

In this work, we will show that, with an unique set of C.E.F. and hybridisation

parameters, the ZZF model can satisfactorily reproduce the following experimental data
in YbPd2Si2 : thermal variation of the electronic specific heat, of the electric field gradient

at the Yb site, of the magnetic susceptibility, and field variation of the low temperature
magnetisation.

II. RESULTS
The quadratic C.E.F. hamiltonian relevant for YbPd2Si2 is described by the simplified

expression:

H = B\ [3J2
2 - J(J + 1)] + B\ (J* + Ji), (1)

where we have dropped the B® term and the 6th order 5g and B$ terms. When a magnetic

field is present, a Zeeman term is added to hamiltonian (1). Starting form the eigenstates
of (1), the 4f electronic specific heat Ce( is obtained from the partition function Z4/ and
the expectation values of any operator is derived from the occupation numbers n/m. The
bare hybridisation width F is linked to the fractional occupancy n/ = J3m

 nfm of the 4f



shell through the relation:

where the Am are the C.E.F. excitation energies.

Interpreting the thermal variation of Ce( as due to the Kondo effect on two ground
Kramers doublets (N — 4), we have to choose the B\ and B\ parameters so that they yield

an adequate C.E.F. level scheme. The value of the Kondo temperature TO is determined

by the position of the specific heat maximum. The best fit to the thermal variations

of Cfi (Fig.l) and of the quadrupolar hyperfme coupling otq (Fig.2), discussed below, is

obtained with the following parameters: B\ = -110 cm"1, B\ = 695 cm"1, T0 = 70K

and F = 40 meV, corresponding to a fractional occupancy rif = 0.9 consistent with the

determination of Ref.l. The resultant C.E.F. level scheme consists of two quasi-degenerate

ground doublets and of excited states lying at energies 305K and 365K, much greater than

TQ. The dashed curve in Fig.l represents the N = 4 Bethe-Ansatz result /4/ which matches

quite well the experimental data, whereas the ZZF calculation somewhat overestimates the

specific heat.

The quadrupolar hyperfine coupling parameter OQ, measured by Môssbauer spec-

troscopy on 170Yb, is proportional to the electric field gradient at the tetragonal Yb site.

It is made up of a dominant 4f shell contribution, proportional to (3 32, — J(J + 1)}T,

and of a small temperature independent lattice contribution ÛQ"'. The lattice contribu-

tion was set to the value a^u- = -0.026 mm/s (1 mm/s = 68 MHz for 170Yb) so that

the experimental and calculated values of CKQ coincide at T = OK. The calculated curve

satisfactorily reproduces the experimental data (Fig.2) if one takes into account the error

bars inherent to the Môssbauer measurements at high temperature.

Using the same set of parameters, we obtained the powder magnetic susceptibility

x(T) and the T = OK powder magnetisation m(H), represented respectively on Figs.3 and

4 together with the experimental data (the magnetisation was measured at T = 4.2K). We

had to include an antiferromagnetic coupling between Yb magnetic moments, via a nega-

tive molecular field constant A, so that the experimental and calculated values of x coincide

at T = OK. We get A = — 4.5T///g, corresponding to an energy scale for the magnetic in-

teraction TR.KKY — 3/C. The low temperature variation of x and the linear field variation

of m at T = 4.2AT are well reproduced by the ZZF mod* > At higher temperatures, the

calculated 1/x thermal variation has a Curie-Weiss form, with a paramagnetic Curie tem-

perature 9 made up of two contributions: 8 = #hyb + #RKKYi with $hyb — —0.5 T0 = — 35A"

arising from the single ion hybridisation effect (within this particular C.E.F. level scheme)



and 0 R K K Y = IA /^ ~ —20A" arising from the magnetic RKKY-likc interaction /G/ be-

tween Yb magnetic moments, The approximate experimental 0 value ( — 70A") remains

however above the calculated one (—55A').

III. CONCLUSIONS
Using an approximate hybridisation model based on the "large-degeneracy expansion"

method, we could satisfactorily reproduce the thermal variation of the electronic specific

heat, of the electric field gradient and of the magnetic susceptibility, and the field variation

of the low temperature magnetisation in the Kondo lattice YbPd2Si2- Our analysis yields

TO = 70A' (Kondo temperature), F = 40 meV (hybridisation width) and a crystal field

level scheme of the Yb ion consisting of two quasi-degenerate ground doublets and of

excited states lying above 300A' from the ground states. We could also estimate the

magnetic interaction energy scale: TRKKY — 3A". The weakness of this latter quantity

with respect to TO could be related to the rather high degeneracy (TV = 4) of the ground

states in this compound /I I/ and it probably accounts for the absence of magnetic ordering

in YbPd2SÎ2 : 170Yb Môssbauer measurements indeed could not detect any spontaneous

magnetic moment (greater than 0.1 (IB) down to 0.05A'.
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FIGURE CAPTIONS

Fig.l : Electronic specific heat in YbPd2Si2 : expérimental data (A); ZZF model calculation
(solid line) using the parameters given in the text; N = 4 Bethe-Ansatz calculation
of Réf.4 (dashed line).

Fig.2 : Quadrupolar hyperfine parameter in YbPd2Sia : experimental data (A); ZZF model
calculation (solid line) using the parameters given in the text. Insert: extrapolated

C.E.F. only thermal variation (dashed line); same values as in the main figure for the

other symbols.

Fig.3 : Magnetic susceptibility in YbPd2Si2 : experimental data (A); ZZF model calcula-

tion (solid line) using the parameters given in the text. Insert: extrapolated C.E.F.
only thermal variation (dashed line); same values as in the main figure for the other

symbols.

Fig.4 : Magnetisation in YbPd2Si2 : experimental data at T — 4.2K (A); ZZF model calcula-
tion at T — OK (solid line) using the parameters given in the text. Insert: extrapolated

C.E.F. only variation at T = 4.2-K"; same values as in the main figure for the other
symbols.
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