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        YbNi4Si compounds crystallize in the hexagonal CaCu5-type of structure, space group 
P6/mmm.  Yb atoms occupy the (1a) site, Ni(1) the 2c site and Ni(2) and Si are statistically dis-
tributed on the 3g positions.  The lattice constants are a = 4.820 Å and c = 3.996 Å.
       Our previous studies on YbNi4Si have revealed its paramagnetic properties with the 
paramagnetic Curie temperature θP = 0 K and the effective magnetic moment µeff = 4.15 µB/f.u 
[1]. This effective magnetic moment is lower than the value expected for the free Yb3+ ion 
(4.54 µB). Since magnetic moment of the divalent Yb is zero, the observed reduction of µeff can 
be explained in a natural way assuming a fractional occupation of the excited magnetic state 
4f13.  The  Yb2+ and Yb3+ peaks observed by XPS in the valence band region confirm the 
domination of the Yb3+ valence state [1].  A quadratic dependence of electrical resistivity at low 
temperatures has been observed.  A relatively large residual resistivity ρ0 is probably due to the 
random distribution of Ni(2) and Si on the 3g site, as has been also observed in the CeNi4Si 
compound [1].  The quadratic variation of the low temperature resistivity is characteristic of a 
Fermi liquid. The magnitude of the resistivity is relatively large and the residual resistivity ratio 
ρ(300K)/ρ(4K) = 1.3 is quite small, both findings being probably indicative of considerable 
atomic disorder.
       Based on the specific heat measurements, the electronic specific heat coefficient  γ = 
25 mJ/mol -1K-2 and the Debye temperature θD = 320 K were derived (Fig. 1).

 

Fig. 1  Specific heat of the YbNi4Si compound. The experimental data (circles) are fitted with the Debye formula 
(solid line).  Inset: The low-temperature specific heat data in the form of  C/T(T2).  The value of the electronic 
specific heat obtained by plotting.

         Extrapolation of the lowest temperatures range of C/T(T2) yields the value of 0.1 Jmol-1K-

2.  Therefore, it seems that YbNi4Si tends to the heavy fermion state at low temperatures range. 
The analysis of the Schottky peak appearing in the magnetic part of the specific heat has 
provided the scheme of the energy levels being a result of the splitting by the crystal electric 
field.  For Yb, three Kramers doublets with ∆0=0, ∆1=90 K and  ∆2 =218 K have been obtained.
      Besides, as is typical of Ce- and Yb-based compounds, TEP is mostly positive for the 
former and negative for the latter [2].  It is a direct consequence of the electronic structure (Yb 
being a hole counterpart of Ce).  The linearity of the  S(T) curve of YbNi4Si for T > 200 K 
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(Fig. 2) is doubtless related to the diffusion thermopower and the phonon drag certainly plays 
a minor role.  One can notice that TEP in the temperature range 25 – 175 K deviates from the 
linear dependence.  This deviation from linearity can be explained employing a band model [3].

Fig. 2.  Temperature dependence of the thermoelectric power of YbNi4Si (circles: experiment, line: fit 
with Eq. (1).

     The conduction electrons are  assumed to be scattered by a  4f  quasiparticle band of 
a Lorentzian form.  It leads to the TEP formula of the form:
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       The parameter ∆ = E0 – EF is a measure of the position of the DOS peak in respect to the 
Fermi level  and  Γ is  the width of the 4f band.   The fit  presented in Fig. 3 was obtained 
including additionally the linear term due to the diffusion thermopower, i.e., S(T) = SB(T) + cT. 
As a result we get a rough estimation of the parameters,  ∆ = -0.11 meV and Γ = 10 meV. It 
means that there should be a DOS peak just below the Fermi level.  It may be a tail of the 4f7/2 

peak of the Yb2+ spin-orbit split doublet, which seems to be confirmed by our previous X-ray 
photoemission spectroscopy studies [1].
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