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Results of measurements of a thermoelectric power component (S;) and electrical
resistivity ( oy connected with the temperature unstable valence of Ce are presented for

compounds CeNi, CeNi, and CeNi,Si, in the temperature range 4-800K. It is shown that
dependences S(7) and p (T) are well described in the narrow peak model of the density of f-

states of the Lorentz shape, which is situated near the Fermi level. The peak's width depends
on temperature and is defined by characteristic Kondo temperature.

Transport properties of metallic compounds containing Ce with unstable f-electrons attract
the increased attention during recent decades. This applies particularly to the coefficient of
diffusive thermoelectric power S and electrical resistivity o, which are characteristics the

most sensitive to peculiarities of the near Fermi states' spectrum.

It is known that transport characteristics of systems with Ce can be described in the
relaxation time approximation with allowing for the exchange scattering of conduction
electrons on local f-states [1, 2]. However, with detailed consideration of a number of
important factors, such as the f-states orbital degeneracy, crystal field-split f-states, the f-states
hybridization with band electrons, many-body effects connected with f-f electron correlation
effects etc., one cannot succeed in obtaining the general solution of the transport coefficients
behavior problem in the wide temperature range. All this contributed to development of a
number of phenomenological approaches for description of transport properties of such
systems [3-6]. The band approach [5] proposed by us earlier seems as the most suitable of
them. We have assumed there that the main contribution into the transport coefficients is
determined by electron scattering on transitions from a wide s -conduction band to a narrow,
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strongly correlated f-band with density of states g/(E) of the Lorentz shape. Scattering process
can be described by the relaxation time in the form of
7y (E 1) ~ g(E)§(T). (1)
Function ¢(T) ensures the linear increase of electric resistivity in the case of simple metals
according to the Bloch-Gruneisen law.
Contribution of such transitions to transport coefficients in the approximation of independent
scattering on f-centers can be written as [6, 7]
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where Ny- is the orbital degeneration of f-states, p (0)- residual resistivity. Recently, we have
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shown [8] that good agreement of thermoelectric power curves calculated by formula (2) with
experimental data can be obtained only when temperature dependence of parameter Ty is
taken into account. This especially holds true for systems with the IV states of Ce, which are
sensitive to temperature.

In this paper, we present results of comparison of dependences S¢(7) and p «(T), calculated

by formulas (2) and (3) for CeNi, CeNi, and CeNi,Si, compounds with temperature unstable
valence state of Ce, with experimental data.

When calculating f-states contribution to total thermoelectric power and electrical
resistivity, we assumed that S(T) = ScT) — S1o(T) and pAT) = p ceo(T) - p 1a(T), where Sc.,
S1. and p ce, P 1. denote thermoelectric power and electrical resistivity of a compound with

Ce and corresponding to it isostructural analog with La. Because of special sensitivity of
thermoelectric power to parameters of the density of states fine structure, detailed
concordance of calculation with experiment was carried out only for the S{7) component.
Values of Sy calculated by equation (2) were normalized by coefficient p=Spnax exp/Sfinax,caics
where Spnavexp and Spnaxcae denote the maximal values of experimental and calculated
thermoelectric power. Parameter p takes into account the discrepancy between experimental
and calculated values of S{7), caused by not allowing in (2) for the concentration of scattering
f-centers and presence of other scattering mechanisms in compound under study [5].
Dependences Tx(T), obtained as a result of such concordance, were used for assessment of
PAT), normalized by coefficient ¢ = P pnavexp! P naxcaic (P fnaxexp aADA P finax carc denote
maximal values of experimental and calculated electric resistivity), and some other crystal's
physical characteristics.

Temperature dependences of the f-states of Ce contribution to total thermoelectric power
(Sp) for compounds CeNi, CeNi, and CeNiySi,, based on the data [7, 9-11], are presented in
Fig.1. According to spectroscopic measurements [12], transition of Ce from a state with
strongly mixed valence (Ce***) to almost magnetic one (Ce®") is observed in CeNi in the
temperature range 80-600K. Similar decrease of the Ce valence ( ~ 0.1-0.2) takes place in the
case of CeNi, and CeNi,Si, reaching state of Ce*'*at 7=1000 K [12, 13]. Apparently, typical
features of the S/(7) dependence for the compounds in question are presence of asymmetric
maximum (qualitatively Sy~ T at T <Tsppax and Sy~ T TatT >Tsfnax) and certain deviation
from linear behavior Sy = aT at low T with the occurrence of positive curvature. A good
agreement of the calculated thermoelectric power (Fig. 1, solid curve) with experiment is
reached when temperature dependence of parameter T is considered. In the low temperature
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range (T < Tspax ), parameter Tk increases sharply until values Ty =(2-6) Tsfnqr. Linearity of
dependence Sy (T) at T <T'spnar frequently observed in such systems [14, 15] is achieved only
at Tx= const according to equation (2). Such dependence is shown for CeNi,Si, (Fig.1, dotted
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Figure 1. Temperature dependences of the Figure 2. Temperature dependences of the
contribution of Ce f'states to the total thermopower contribution of Ce f states to the total electric
of CeNi (7), CeNi, (2) and CeNiySi; (3). Solid resistivity of CeNi (/) and CeNi,Si, (2).
lines plot thermopower calculated from Eg. (2) in Lines plot calculated dependences according
suggestion temperature dependence of parameter to Eg. (3).

Tk and Tx= const (dotted curve).

curve calculated at 7x=680K). Appearance of positive curvature on the dependence of S(7) in
the low temperature range and corresponding increase of Tk allow coordinating parameters of
resonant structure g £) with main thermodynamic properties of crystals.

It is well known [14] that the majority of thermodynamic properties of systems with the IV
of Ce are satisfactorily described within the framework of a single impurity Anderson model
with allowing for strong orbital degeneration

X0)= u’nf0) /3T 4)
and
7(0) = 7 k,, n(0) /3Tx, )

where u? =g JU+1) 1 8%, ny(0)- electronic population of f-states of Ce at low temperatures.
To assess the low temperature values of Tx we use known data [12] for population of f-states
of Ce in CeNi (n40)= 0.86) determined at 7' =80K. To deduct contributions of d-states of Ni to
the values of coefficients ¥ (0) u y (0), it is possible to use similar data for LaNi. According to data
[16, 171, ¥ (0)= 65 mJ mol(CeNi), 5 mJ mol(LaNi); y (0) = 2.2 10” emu mol™(CeNi), 0.2 10
emu mol(LaNi). After substitution of the data presented in equations (4) and (5), we obtain Tk
=350 u 390 K correspondingly. Results of assessment of 7k are in a good agreement with those
determined by means of thermoelectric power at the low temperatures (we obtain 7x= 360 K at 7'=
15 K). Similar assessment carried out for CeNi, in [18] gives Tx= 1500 K, which is also in fair
agreement with our calculations (we obtain 7x= 1460 K by the thermoelectric power data at 7= 15
K). For the case of CeNi,Si,, reliable assessment of 7k by other methods is unknown for us. Found
by us value 7x=1850 K at 7=15 K s presented wholly acceptable.
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The experimental and calculated (solid curves) dependences of the component p (7) normalized
by coefficient g are shown in Fig. 2. Calculation of p (7) was carried out by equation (3) with use

dependence Tx(T) found. The best agreement between calculation and experiment is reached when the
function in formula (/) has form of @ (T) ~T for CeNi and ¢ (T) = const in the case of CeNi,Si,. This

fact agrees with anomalously strong interaction of electron system with lattice vibrations revealed
previously [19]. In the case of CeNi,Si,, type of behavior of p (T) corresponds to Mott scattering on
s-f-transitions under allowing for the temperature narrowing of the density of states g(E) peak.

By total set of data presented, one can conclude that transport properties of compounds with the
temperature unstable IV of Ce are described satisfactorily within the framework of the simple model
of narrow peak of density of states of Lorentz form with allowing for its narrowing caused by
stabilization of the Ce* states as the temperature increases. Differences in the character of
temperature dependences of electric resistivity are probably caused by relationship between Tx and
the Debye temperature 7p. In the temperature range with 7x >> Tp, the electron-phonon scattering
of charge carriers does not manifest itself on the p (7) behavior.

Such scattering mechanism is important in description of the temperature behavior of electric
resistivity of systems with the IV of Ce, when the relationship 7x = Tp holds true.
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