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Theresults of an investigation of electrical resistivity p and thermoelectric power Sare presented for the solid
solutions Ce,Y 1.4NisGes (x < 0.5) and Yh,Y 14NisGes; (x = 0, 0.5) in the temperature range 4-400 K. The overall
shape of the p(T) and S(T) dependences observed for the Ce- and Yb-containing alloys is typical for
paramagnetic inter metallics exhibiting a combined effect of Kondo and crystal field (CF) interactions with a
low single-ion Kondo temperature Ty, which is generally much lower than the overall CF splitting. The
single-ion Kondo interaction does not vary when the Y sublattice is diluted with Ce (Tx ~ 60-80 K). For the
Yb-containing alloy, the dependences typical for a Kondo-impurity ground state with Ty < 5K were
observed.

Rar e earth compounds/ Electronic transport / Kondo effects/ Crystal fields

1. Introduction effect, and the YbNGe; compound is

antiferromagnetic al < 2.7 K[7]. The formation of
Ternary rare earth metal-nickel-germanium systems Kondo state Ce- and Yb-ions in the Ydgs-type
have attracted considerable interest in recentsyear crystal matrix may be possible as the result ofmito

because of their peculiar crystal structures aegtyr
varying physical propertiefl-3]. Systematic studies

of isothermal sections of the phase diagrams of

R-Ni—Ge systems show the formation BNisGe;
intermetallic compounds with YRNBis-type structure
(space groupPnmg [4,5]. The peculiarity of this
structure type is the formation of one-dimensioal

chains along [010]. The short Y-Y distances in the

chain, equal to ~3.9 A, in the Y}Be; compound

indicates the existence of Y-Y bonds, while the

distance between the chains is above 5.6 A. Thes, t

RNisGe; compounds constitute a perspective object

for the investigation of real low-dimensional Kondo

substitutions in th&-sublattice.

In this paper we present data from a study of
electrical resistivityp, and thermoelectric powes, in
the temperature range 4-400 K for the solid soh#io
RY1,NisGe (R = Ce, Yb) with theR elements in
Kondo state.

2. Experimental details
Polycrystalline samples were prepared by arc-ngeltin

the elemental components of the ideal composition
under argon atmosphere. The purity of the starting

systems based on the valence unstable elements Ce o materials was 99.9% for Y, Ce, and Yb, 99.99% for

Yb.

According to literature data[5,6], no Ce-
containing compound with YNSis-type structure is
formed in the ternary Ce-Ni-Ge system. In the aafse
Yb-Ni-Ge a compound with YNBis-type structure
exists, but the magnetic susceptibility, specifeath
and electrical resistivity do not indicate any Kond

Ni, and 99.999% for Ge. Weight losses after melting
were generally less than 0.5 mass%. The arc-melted
buttons were homogenized by annealing in evacuated
quartz tubes under vacuum at 1070 K for 800 h. The
purity of the obtained samples was checked at room
temperature by powder X-ray diffraction using a
DRON-2.0 diffractometer with Fea-radiation.

Chem. Met. Alloy& (2009) 151



G. Koterlynet al.,Electronic transport properties BfY ; \NisGe; (R = Ce, YD) ...

Table 1 Lattice parametersa( b, ¢) and unit-cell volumes\) for R,Y 1 ,NisGe; (R = Ce, Yb) solid solutions

(YNisSiz-type structure, space groBmm3g.

Compound a A b, A c, A v, A3
YbNisGe; 18.982(8) 3.830(1) 6.779(4) 4928
YbosYoNisGe 19.05(1) 3.849(2) 6.787(3) 496.9
YNi:Ge, 19.108(7) 3.864(4) 6.773(4) 500.1
Cey 1Yo NisGe 19.11(1) 3.878(3) 6.787(4) 502.8
Cey,Y o NisGes 19.124(9) 3.887(2) 6.795(3) 505.0
Cey.aY o NisGes 19.151(8) 3.893(2) 6.790(2) 506.2
CeysY o NiGe, 19.18(1) 3.901(3) 6.791(3) 507.9
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The lattice parameters determined for the
RY 1,NisGe&; (R = Ce, Yb) solid solutions are listed in
Table 1

The electrical resistivity was obtained by the
standard four-probec technique. The thermoelectric
power was measured by a differential method with a
temperature gradient of 2-4 K using pure copper as
reference material.

3. Results and discussion

The temperature dependence of the resistip(f}), of
RY 1,NisGe&; (R = Ce, Yb) is displayed ifrig. 1. The
curves resemble those of the electrical resistivity
intermetallic compounds exhibiting spin fluctuason
due to Kondo interaction$8]. The p(T) plot for
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Fig. 1 Electrical resistivity oRY 1,NisGe; (R = Ce, Yb) as a function of temperature.

YNisGe; adequately corresponds to the ordinary
Bloch-Griineisen relation. The value of the Debye
temperature,@p, derived for YNiGe; by a least-
squares fitting procedure, is ~250 K. Data on (3¢
were recorded in order to estimate the phonon
contribution to the resistivity of the Ce(Yb)-cointiag
samples. The temperature dependence of the magnetic
contribution to the total resistivity,,, which can be
estimated using the equatipp = p(R(Y 1xNisGe;) —
p(YNisGe), is shown in a semilogarithmic
representation ifig. 2. The overall shape of thg,(T)
plots for the Ce(Yb)-containing samples appeaiseto
typical for Kondo-impurity and crystal field (CF)
interactions[9,10]. The regions of —IA{) dependence
were analyzed in terms of the theory developed by
Cornut and Coqgblin[9]. According to them, the
combined influence of Kondo-impurity and CF

Chem. Met. Alloy& (2009)



G. Koterlynet al.,Electronic transport properties BfY ; \NisGe; (R = Ce, YD) ...

100 | I
R =Ce
80t X=05 4 4 44+ttt -
03 ¢ © 0000 000, +_|_+
= oo
g 50 02 o0 noooo Oooog RN _
o
G R=Yb -
2] x=05 % XX
20 - . -
RXYl_XNl5G63
0 I |
1 10 100 1000

T (K)

Fig. 2 Temperature dependence of the magnetic contribtidhe total electrical resistivity &Y 1 NisGe;

(R=Ce, Yb) in a semilogarithmic scale.

interactions on the electrical properties of CefYb)
containing intermetallic compounds results in a
magnetic contribution to the total electrical rasity,
which can be expressed as:

2
@ L,
2j+1

Pm(T)= A+BN(E )3 (1)
whereJ is thesf exchange integraly; stands for the
effective degeneracy of the crystal fieltlldvel, | is
the total angular momentum of the 3céYb*") ions,
N(Eg) is the electronic density of states at the Fermi
energy, andl andB are constants defined i&]. From
Eqg. (1)it can be seen that the ratio of the logarithmic
slopes of the high- and low-temperature resistsiis
determined exclusively by the parameters. In the
case of C¥ ions experiencing an orthorhombic
crystal-field potential, the six-fold degeneratedund
multiplet ’Fe,, is split into three doublets. Therefore,
for well separated crystal-field levels one canestp
two regions of —In[) dependence of the resistivity.
However, only one region of —IMf dependence is
observed inFig. 2 Such a behavior op,(T) is
characteristic of Kondo systems willy ~A;, where

A, is the energy of the first excited CF doublet. The
insignificant variation of the slope of the linear
segment ofp,(T) for different amounts of atomic
substitution Y— Ce shows the relative stability of the
Kondo interaction energyJN(EF) ~ const) with
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respect to variations of the Ce concentration.tAsin

be seen frontig. 2 p,(T) reveals saturation at low
temperatureg, ~ const forT < 60-80 K). According
to the theoretical description of the transport
properties of Kondo systeni9,10], this indicates a
nonmagnetic ground state of Kondo-impurity type
with T = 60-80 K for the CgY 1 NisGe; alloys. In the
case of the Y§sY,sNisGe; compound there are two
regions of logarithmic dependence of the resistivit
According to the theor§f], the change in the slope of
the linear segments is associated with a changjeein
population of the sublevels formed by partial realov
of the degeneracy in the ground state of thé"Ydm
(ground multiplet?F7,) under the influence of the
crystal field whenT increases. Considering the limits
T << A andT >> A (whereA is the total crystal field
splitting), the ratio of the slope of the lineagseent

at low temperature to that of the linear segmehigtt
temperature is given by = (*~1)/(a,>-1), whereq,
anda;, denote the effective degeneracies of the crystal-
field levels at low and high temperature, respetyiv

In a crystal field with orthorhombic symmetry, the
4f level of the YB"ion splits into four sublevels with
degenerancy: = 2. On examining all the possible
transitions in such a crystal field, we obtaine@ th
following values forv: 0.20 ¢ = 2, oy = 4), 0.09
((X| =2,0ay = 6), 0.05 @ =2,0ay = 8), 0.43 @ =4,

On = 6), 0.24 éq =4,0n= 8), and 05606 =6,0p= 8)

153



G. Koterlynet al.,Electronic transport properties BfY ; \NisGe; (R = Ce, YD) ...

20 |

- 10 |

0 100

200
T'(K)

Fig. 3 Thermoelectric power of Q€,,NisGe; as a function of temperature. The dotted lineswsfittings

according taeq. (4)

The experimental value = 0.21 corresponds to a
scheme where thef fevel splits in the doublet ground
and the first excited stateg, = 2, a, = 4). Thus, we
may assume that the two linear segments are refiated
Kondo scattering of charge carriers, predominaintly
the doublet at temperaturds< 60 K and in the four-
fold degeneratefdevel for T > 80 K. The existence of
CF effects in the Kondo scattering mechanism with a
doublet ground state of thé kevel was confirmed by
measurements of magnetic and specific heat pregerti
for YbNisGe; [7]. The absence of saturation gf(T)

at low temperature indicates small values of the
Kondo temperature for the ground state doublet,
Tk <5 K.

Figs. 3and4 show the thermoelectric powes, of
samplesR,Y ,NisG&; (R = Ce, Yb) as a function of
temperature. For YNGe; §T) shows a behavior
typical for nonmagnetic intermetallic compounds. It
can be assumed that the thermoelectric power of
YNisGe; is qualitatively described in phonon and
diffusion terms. At low temperature the phonon-drag
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contribution is proportional tor® and changes at
higher temperatures to TL/ hence giving rise to the
formation in §T) of an extremum at ~0&,, where
Op is the Debye temperatufél]. For YNisGe; Op
estimated from resistivity measurements is 250 K,
which is consistent with the minimum observed in
S(T) near 50 K. The phonon drag peak of about
-2 uVIK near 50 K is superposed upon the diffusion
term having a slope of about -1.80PV/K? (Fig. 3
dotted straight line).

The T) plots for CgY,,NisGe; have two broad
peaks neafllgmax1 = 30-40 K andTsmaxe = 100-140 K
and stay positive up to 300 K. The temperature
position of the pealS,. is not sensitive to the Ce
content, but the position of the pe&k.., moves to
higher temperatures with increasing Ce concentratio
In the case of Y§YsNisGe, T) takes negative
values in the range of measurements with a minimum
at Tsmin = 56 K. Such a behavior at temperatures
T > Ty can be qualitatively described in the framework
of models[12-14] that take into account a Kondo

Chem. Met. Alloy& (2009)
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Fig. 4 Thermoelectric power of Yl ,,NisGe; as a function of temperature. The dotted lineswsfittings

according tceq. (4)

effect in the presence of a CF effect[12,13]it was
shown that characteristic maxima or minima i)

for Ce- or Yb-containing intermetallic systems
strongly depend on the CF splitting. This anomaly
appears at around@smaxmn ~ A/3 (where A is the
effective overall CF splitting). Taking into
consideration that the CF factor is essential gcdee
the behavior ofy(T), one can approximately estimate
the thermoelectric power for a two-level CF scheme
splitting [14]. The absence of data on a number of
microscopic parameters defining the interaction in
these systems motivates the use of a simplified
equation for the magnetic contribution to the ollera
thermoelectric power:

S = /%%amw G(10), @

]

wherepOSA/RA is a dimensionless quantity, which is
described in[14], ks/e = 86uV/K. The function
G1(A,0) can be expressed in the form:

7A7T|mw( 277TH @4[ ) ©
CD4(X):”J- sin(xt)

—2{12 cotl'(%] —1}dt ,
) 2sinh?(t/2)

qmm=$[
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where ¢' is the derivative of the psi-(digamma-)
function. The temperature dependence of the
thermoelectric power for th& Y ,NisGe; samples
may be described by the expression:
S(r)=CiT+C,Gy(a0), @)
where C; and C, are temperature-independent
parameters that determine the strength of the
contributions arising from the nonmagnetic Motteyp
and magnetic scattering processes, respectively.
Simulations of Y(T) (dotted lines) for Ce- and Yb-
containing alloys are shown iRigs. 3and 4. These
curves were computed on the basis Eif. (4) by
fitting the calculated parameter§nadSwn) and
Tsmaxd Tsmin) t0 €xperimental ones. The best agreement
between calculation and experiment at temperatures
T> T« was obtained fo€; = -2.7x10%, -2.8x1(0%, and
-5.4x10° pV/IK? C, = 18.8, 22.0, and -16.8V/K,

A 370, 390, and 180 K for EgYooNisGes,
CeyoYoaNisGe, and YRsYo:NisGe, respectively.
Analogous  calculations for the  remaining
CeY 14NisGe; alloys gave CF parameters df= 420
and 450 K for the concentrations x = 0.3 and 0.5,
respectively. The calculate§{T) dependences are in
better agreement with the experiment for the Ce-
containing than for the Yb-containing alloys. This
may be an indication of the somewhat limited
application of the doublet-quartet CF splitting scte

to the 4 level of the YB"ion. The observed values of
A for the Ce-containing alloys correspond
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qualitatively to the change of the lattice paramete

and unit-cell volumes, which suggest an increase of

the chemical pressure for the atomic substitution
Ce—Y.
According to the model proposed ifi2,13]

EqQ. (4) describes the main high-temperature features

of Ce and Yb intermetallics. In the low temperature
regionT << A the principal contribution to the overall
thermoelectric power of the alloys is the Kondoeyp
interaction of the conduction electrons with the
localized magnetic moments of the ground state
doublets, which are well described by the single-
impurity Anderson mode]14,15] Depending on the

values of a number of parameters the thermoelectric

power can show a minimum or a maximum at the
temperatur@ ~ Ty /2. In the case of the ¢, ,NisGe;
alloys maxima were observed Bt= 30-40 K, which
suggests characteristic temperatufesof ~60-80 K.

In the case of the YRYq:NisGe alloy a similar
estimation of Ty is questionable, since positive
contribution to the thermoelectric power at= 20 K
needs additional studies.

Conclusions

Bases on the transport properties RfY ,NisGe;
alloys studied here one can conclude that Ce- dnd Y
ions in the YNiGe; crystal matrix reach the state of
Kondo-impurity withTyx substantially smaller than the
overall CF splitting of the fdlevel. The detection of
low-dimensional Kondo-lattice effects requires
additional studies of the transport propertiesoatelr
temperatures and larger concentrations of Ce- dnd Y
ions.
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