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On the basis of a narrow peaks (NP) model for the 4f-derived density of states (DOS) near the Fermi energy
proposed by us earlier, we present a detailed description of the temperatur e dependences of the contribution
of Ce f-states to the dectrical resigtivity, thermoelectric power, magnetic susceptibility, and electronic
contribution to the specific heat for CeNi. It is shown that the dependences of the above mentioned char acteristics
in awidetemperaturerange arewell described on the basis of a single narrow peak of L orentzian shape, assuming
temperature dependence of the peak parameters. At low temperatures (T < 20K) the peak parameters are
consistent with the corresponding parameters of the 4f DOS in the Anderson model for Kondo systems with
strong orbital degeneracy of f-states at the characteristic temperature Tx = 330K. At higher temperatures
(T > 50K) the best correspondence of the mode to the experimental data was achieved considering a dragtic
reduction (collapse) by ~50% of the width of the narrow peak for the DOS in a temperature range near

T=0p=115K (Op isthe Debye temperature).

Rar e earth compounds/ Electronic structure of metalsand alloys/ Electronic transport / Kondo effect

1. Introduction

The intermetallic compoundCeNi (orthorhombic
structure of CrB-type, space gro@omcm [1]) is well
known as an interesting intermediate valence (IV)
system with an abnormal strong effect of electron-
lattice coupling, which has been intensively
investigated over the last decads3]. A peculiarity
of the transport and thermodynamic properties of
CeNi is the appearance of additional contributions,
which take maximum values at the so-called Kondo
characteristic temperatufig [1-4]. CeNi, which has a
metallic ground state, has attracted special abent
because of the gap-like magnetic excitation of the
spectrum observed at low temperatures, similar to
those typical for so-called «Kondo-insulator§8].
Besides, it was found that the structure of the
quasiparticle state spectrum @$Ni exhibits a number
of peculiarities that are difficult to describe kit the
frame of existing models for systems with IV@. In
this context it is important to examine the stroetof
the quasiparticle states on the basis of invegtigaiof
the electronic transport properties, particuladgstive
to IV states ofCe.

In this paper, we present a detailed description o
the main transport properties @eNi in a wide
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temperature range on the base of a narrow peaKs (NP
model for the density of states near the Fermigner
proposed by us earli¢®-11].

2. Method

Regarding the theory, the electronic transport
properties of systems with IV of Ce have been most
logically studied by means of the Anderson model
[12,13] However, it has not been possible so far to
derive analytical relationships that are able tscdbe

the behavior of systems with transport properties
implying IV of Ce in a wide temperature range. This
requires the development of various
phenomenological approachgs11,14,15] based on
an NP model. The band approach proposed by us
earlier[9,10] seems to be the most suitable of them.
According to this approach, the main contributidn o
the IV of Ce to the transport coefficients is determined
by electron scattering at transitions from a bread
conduction band to a narrofsband. The scattering
process can be described by the relaxation timtedan
form

74 (ET) ™~ g (ET)R,(T), 1)
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where g; (E,T) representspeaks of the effective

density off-states, the parameters of which can depend
on the temperature. The function

Ron(T) = (T105)*35(p / T).
where® is the Debye temperature, ahd©, / T)

is a well known transport integral, which takesoint
account the possible phonon-induced interbafd
transition.

From the linearized Boltzmann transport equation,
the following expressions for the electrical rasist
component and thermoelectric power connected with
the IV of Ce were obtained:

_1 1 _
M=% SO

1 L(T)
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L, (T) = jE“rsf (E,T)(-0f (E)/ dE)dE , n= 01,

where Of(E)/0E is the energy derivative of the
Fermi-Dirac  distribution ~ function. In  the
case of a representation of the quasiparticle
state spectrumg; (E,T)in the form of a peak of

Lorentzian shape (approximation of independent
scattering on impurity f-centers) these transport
coefficients can be written in the simple analytica
forms[9,10]

) I'¢ (T) [Ry(T)
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where &; is the position of theg; (E,T) peak relative
to the Fermi leveEg, T'; is its width. Egs. 3 and 4

satisfactorily describe the temperature
dependences of the transport coefficients of the
majority of the systems with IV of Ce,
even without taking into account the possible
temperature dependence of the parametgrsand

I's [9]. We have recently shown for systems with IV

states of Ce that are sensitive to temperafifg,

that a good agreement of the -calculated
transport  coefficients with the experimental

data can only be obtained when the temperature
dependences of the parametegs and I'; are

taken into account. In this paper, the temperature-
induced changes of theg(E,T) peak were

associated with high stabilization of th€e®"
magnetic state when the temperature increases,
which has been confirmed by spectroscopic
measurements dfstate occupatiofiL6].

Within the framework of the given model, the
contributions of the f-states to the magnetic
susceptibilityy; (T) and electronic specific heat

coefficient y; (T) can be found by the relations
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X1 (T) = g Ko(T),

, (5)
Y1 (T) = Ky(T) =Ky (T)? 1 Ko(T)

Kn(M) = [E"g (ET)-F (E)/GE)CE,

n=0,1,2
where 1y is the effective magnetic moment of the
cerium 4 '-state.

3. Results and discussion

The transport properties of the compound CeNi #&d i
analogue with La have been partially analyzed by us
earlier[9-11]. With the aim to define the contribution of
Ce f-states to the electronic transport properties of
CeNi, it was assumed that LaNi is a good analogue f
the description of the corresponding propertieshef
so-called “background” and is “in principle” idecdl to
CeNi without considering the involvement
f-electrons in forming resonance states at the grigg
In this case the contribution @fe f-states to the total
transport properties may be written as

X (T)= Xce(T) = X1a(T), (6)
where X, and X, denote arbitrary transport

properties measured for CeNi and LaNi, respectively
To analyze details of the fine structure of the
density of states of CeNi on the basis of electroni
transport properties, experimental data reported in
[2,3,11] was usedFigs.1-4 present the temperature
dependences of the contribution of €states to the
total values of the electrical resistivity pof),

of

thermoelectric power $; ), magnetic susceptibility
(x:) and the Sommerfeld electronic specific heat
coefficient (y; ). For the estimations gf; based on

data for monocrystalline samples of CeR]j, it was
assumed that the total susceptibility (CeNi) =

(Xa +Xb +X 03, where x ., are the magnetic

susceptibilities for the fields along thee, b- and
c-axis, respectively. All the dependences are
characterized by one asymmetric maximum, the
position of which is qualitatively determined byeth
values of Tx = 150 K. Investigations of transport,
magnetic, and spectral properties of CeNi indithsd
the values ofTx should be in the range 150...360 K
[1-5,10,11] At T << Tk the system exhibits properties
typical of a Fermi liquid, but af > Tx properties of a
paramagnetic substance with localized magnetic
moments. This is in qualitative agreement with
theoretical views on systems with IV ©€ [12].

In this approach the parametefs and &; are

considered as the main fitting parameters in the
process of correlating the calculated

dependences; (T), S¢(T), x:(T), and y;(T)
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Fig. 1 Temperature dependence of the contribution of-€ates to the total electrical resistivity of CeNi
(¢ ). The solid line shows the electrical resistiwigiculated from Eq. 3. The inset shows the resigtin

the low-temperature region.
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Fig. 2 Temperature dependence of the contribution of-Eates to the total thermopower of CeNg; ().

The solid line shows the thermopower calculatedanfieq. 4, imposing the best correlation of the dakions
with the experimental dependengg (T) . The inset shows the thermopower in the low-terpee region.
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Fig. 3 Temperature dependence of the contribution of-§ates to the total magnetic susceptibility of CeN
[6] (x:)- The solid line shows the magnetic susceptibilipiculated from Eg. 5, imposing the best

correlation of the calculations with the experinagmtependences; (T), S; (T).
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Fig. 4 Temperature dependence of the contribution df €ates to the total electronic specific heat dgefit of
CeNi[7] (y¥;)- The solid lines show the electronic specifictleefficient calculated from Eg. 5, imposing the

best correlation of the calculations with the expental dependenceg; (T), S¢(T) (line 1), andy, (T)
(line 2).
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Fig. 5 Temperature dependence of the paramEterof thepeak density of-states, obtained imposing the best
correlation of the calculations with the experinamtependences; (T), S; (T) (line 1), and/; (T) (line 2)

for CeNi. The inset shows the peak densityf-efates near the Fermi levet-(= 0) calculated for two
temperatures. The parameters of the peak are ine &8 those employed for the calculation of thep&zature

dependence; (T) (Fig. 4, line 2).

with the experimental ones. With the aim of obtadni

a better correlation of the calculations with the
experiment we used normalized values of the
calculated coefficients, imposing as a conditioaeirth
equality to the experimental coefficients at onénpo
on the temperature scale. The maximum values of
electrical resistivity and thermoelectric power e

as the values ofy; and y; at T= 300K, were

accepted as such points. In the calculations amplyi
Egs. 3 and 4 we used only two experimental values:
correction for the residual resistivity
pP: (0) = 3uQ-cm [11] and the Debye temperature
Op =115 K[5].

The results of the calculations of the transport

coefficients Figs.1-4, solid lines) are presented for
temperature-dependent parameter§; andg;,

obtained imposing the best correlation with the
experiment. The best agreement with the experiment
throughout the 4...800 K temperature range was
realized for the dependencies(T) and S;(T),

taking into account the temperature dependenchkeof t
parameterI"; , shown inFig.5. The dependence of

the T'¢(T) to & (T) ratio is given bythe linear
relation T'¢ (T)/&¢(T)= 0.45 (1+4-107). It is well

known that the relationship between the
parameters; ,I'; and T in the single-impurity

Anderson mod€]12] for systems with IV of Ce at low
temperatures is described by the relations:
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I'¢/&=m/ Ny =052 and Ty =

(JE2 4T =g,
where N; is the orbital degeneracy of thetates. In

our case, the ratid ' /&; increases linearly in the

temperature range 4...800 K and takes the values
0.45...0.6. The paramet®t decreases with increasing
temperature, taking the values 330 K< 50 K) and
~200 K (T> 150 K). The temperature dependence
I'; (T) has a nearly jump-like character, decreasing in
the temperature range 50...150 K, but exhibiting an
approximately linear increase in the temperatungea
200...800 K Fig.5, solid line 1). For the electronic
specific heat coefficieny; the two presented curves
were obtained imposing the best correlation of the
calculations with the experimental dependences
p: (M), S;(T) (Fig.4, solid line 1), andy; (T)
(Fig. 4, solid line 2). The dependenge (T) is better

described by a peak of density of states with atwid
slightly larger thanl'; at low temperatures, but with

similar character of the temperature dependendeein
range T= 50...150 K Fig.5, solid line 2). The
difference between the descriptions@f (T), S; (T)

and y; (T) is caused by the fact that the behavior of

the transport characteristics is determined bytedac
scattering from a broagband to a narrow, strongly
correlated f-band. The scattering process can be
described by the relaxation time (dynamic procdss).
the case of the electronic specific heat coefficiza
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have static characteristics of the crystal eledtron
subsystem.

The use of temperature-dependent paramdters
&; allows a better fit of the theoretical curves he t

experimental ones, except for the behaviorxgf(7)

in the low-temperature regior’" € 50 K). According
to magnetic susceptibility data for CelNi-3] and
model notions of physical properties of systemshwit
IV of Ce [17], the inconsistency between the
calculated values ofy; and the experimental ones

should be connected with a possible partial
manifestation of spin fluctuation coherence at ste

transitions and the presence of paramagnetic

impurities.
The parameters of the peak (E,T) at7< 50 K

take the valued'; ~ 12 meV, &; ~ 26 meV, which

parameters of the peak are in qualitative agreement
with those assumed in the Anderson model for Kondo
systems with strong orbital degeneracyf-states. In

the 50...150 K temperature range the DOS peak
undergoes a drastic reduction (collapse) of itsthwid
and shifts towards the ener@y. This behavior may

be caused by an electron-polaron effect.
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