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The anomalics in the low-temperature thermodynamics (heat capacity, thermal expansion) of Kondo-
materials CeNiSn and CeRhSb are explained in a framework of the theory of spin liquid in a Kondo lat-
tice which was uscd previously for quantitative description of inelastic magnetic neutron scattering spectra
(2.5meV and 4meV excitations). These anomalics are explained by the interplay between the heavy fermions
and the crystal ficld excitations in assumption that the crystal-field splitting écp is less than Kondo tem-

perature Txk.
excitations remain gapless.
anisotropic.

1. The orthorhombic compounds CeNiSn and
CeclRhSb, apparently, form a special group in the fam-
ily of Kondo materials. These compounds demon-
strated quasi semiconducting behavior of electrical
resistivity at early stage of studiecs but the recent
measurements on the samples of better quality show
rather metallic then semiconducting temperature de-
pendence of resistivity [1]. On the other hand the
pscudogap behavior is distinclly scen in the specific
heatl, magnetic susceptibility and inelastic neutron
scattering spectra [2]. To reconciliate the apparent
contradictions the theory was offered [3] which con-
nects the spin response and low-temperature thermo-
dynamics of these materials with spin-liquid excita-
tions of Fermi type (resonating valence bonds) which
are strongly intermixed with the on-site crystal-ficld
excitations under the condition Agp < Tx. In
the present paper we calculate the energy spectrum
of these mixed excitations for real symmetry of or-
thorhombic CeNiSn and use this spectrum in calcu-
lations of low-temperature specific heat and thermal
cxpansion.

2. 'The Kondo lattice is described by the eflective
~indirect exchange Hamiltonian of Cornut-Coqblin
(CC) type which is obtained from the Anderson-
lattice Hamiltonian

”,f = ch,\CLACk,\ - Z

kA kk/iAA!

nkk f,\fm'ck:,\:ck,\

writlen in assumption that the sf-hybridization V,ﬁ
intermixes only the alomic and the band states which
belong to the same irreducible representation A of

Czechoslovak Journal of Physics, Vol. 46 (1996), Suppl. S4

It is shown that the V-shape pseudogap appears in a spin excitation branch but the charge
The spin excitation spectrum for an orthorhombic lattice turns out to be highly

the crystal point group. Here A = G, FE corre-
sponds to the ground and excited states of Ce(f!)
ion, JAA, = Vir V| /(ex — Ey) is the indirect ex-
change mteractlon between the f- state and the band
electrons. In the assumption )", mfl/\ = 1, the
conduction electrons can be integrated out, and one
comes to 1nd1rect RKKY interaction HRKKY =
Zu’AA' fman’f'A'fl’A

Since the orthorhombic symmetry of CeNiSn lat-
tice is due to small distortion of trigonal elemen-
tary cell, we use the CC approximation for the lat-
ter case and deal with the pair of doublets |G+) =
al|+1/2) £ b|¥5/2), |E+) = [£3/2) and then take
into account the non-CC exchange term which is in-
duced by the orthorhombic component of the crystal

field, Hpgx gy = 2w ( SEflafipflcfue + H. C)

The uniform spin-fermion state of RVB type is
described in the mean-field approximation by the
anomalous average AC = ¥ (fl-, fuc,) (v is the
row of the irreducible representation). Inserting this
correlator into the RKKY Hamiltonian one comes
to the mean field Hamiltonian which describes the
spinon excitations

Hyr = Z Ecflific + Acrfiafie +

Z it’ f|Gfl'G + E [Bu’ finl’E + H. C] (1)

it/ ii’

lere 7,§ = ACIC, and BSF = ACIGE
The density of spin- fermlon states described by
(1) is shown in fig.1. This picture is obtained for
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Fig. 1. Density of spin-fermion states in CeNiSn.
The position of Fermi level is determined by the con-
straint condition.
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Fig. 2. C,./T versus T' for CeNiSn. Theory and
experimental data are shown in line and points, resp.

the following values of parameters: Acp = 15K,
7;19‘ = 11K for the ncarest neighbors in Ce sub-
lattice in the be-plane of orthorhombic CeNiSn lat-
tice, |BEZF| = 5K for the nearest neighbors in two
Ce sublattices. The assumption of 2D character
ol spin-fermion spectrum follows from the charac-
ter of necutron scattering spectra [2]. The Kondo
temperature can be estimmated from this spectrum
as Tx ~ 60 — 80K which is in reasonal agreement
with experimental data [2]. Cpr(7') calculated in the
mean-ficld approximation described above compared
to experimental data of [4]. The spinon DOS shown
in Fig. 1) results not only in low-temperature be-
havior Cn(7) = aT + bT? but also describes quan-
titatively the peak at 7" =~ 6K. According to our de-
scription this peak appears due to the influence of
highest CF-induced peak in DOS.

3. I is scen that the calculated spectrum has
the pscudogap structure which was postulated phe-
nomenologically in previous studies [2] but the form
of this pscudogap is determined by the van Hove sin-
gularities of spin-fermion dispersion law. The high-
cst in energy double peak arises duc to intersection
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Fig. 3. ay /T versus T for CeNiSn. Theory and
experiment are shown in line and points, resp.

of CF level with spinon continuum. This DOS ex-
plains the main features (peaks at 2, 4 and 7 eV)
of neutron scattering spectra and gives good quan-
titative description of specific heat and thermal ex-
pansion of CeNiSn at low temperatures provided the
dominant contribution to the low-temperature spin
entropy is ascribed to spin-fermion excitations [3].
Fig. 2 illustrates the spinon contribution to specific
heat The spinon contribution to the volume expan-
sion a, is determined by the volume derivatives of
the hybridisation integral and the CF level position,
I'p=0InB/0InV and T'a., = GInAcp/0InV re-
spectively. Then,

1 55 as
ay = krS(T) [1 +he (5_B)T *lace <3ACF>T}

Here k7, S and V are the isothermal compressibility,
the entrophy and the volume, resp. Using this ex-
pression with parameters kr = 0.25% 10~'Mbar~?,
I'p = 4.0 and I'a,, = 2.5 one gets quantitative de-
scription of experimental data (fig. 3). The same the-
ory gives the quantitative description of low-T" ther-
modynamics of CeRhSb with tripled energy scale.
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