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We present the magnetic, specific heat, electrical resistivity, and thermoelectric power measurements for the
intermetallic compound CeSi; »Gag g. This composition belongs to the series CeSi.xGay, which exhibits diverse
magnetic orderings and different crystallographic structures depending on the substitution level x. It has been
previously suggested that for 0.0 < x < 1.3 the compounds crystallize in the «-ThSi; type structure and for 0.7 <
x < 1.3 they order ferromagnetically below 14 K. Our complementary studies for x = 0.8 reveal that it is a
complex system due to the Kondo scattering competing with the RKKY interactions. The transition from the
paramagnetic to the ferromagnetic state takes place at T¢ = 12.5(1) K. Moreover, the Seebeck coefficient and
electrical resistivity show not only an anomaly related to the magnetic transition, but also a broad maximum at
~90 K related to the crystal field effect. The case of x = 0.8 is of special interest as it is at the crossing of the
characteristic temperatures, i.e. Toyq (magnetic ordering temperature) ~ Tx (Kondo temperature) ~10 K.
Additionally, ab initio electronic structure calculations were performed allowing us to determine phase stability,
(revealing two stable phases - a-GdSia-type and o-ThSis-type structures) as well as spin and orbital moment
decomposition on Ce-states for both considered structures.

1. Introduction

The binary compound CeSi; is a known Kondo system with a non-
magnetic ground state and moderate electronic specific heat coeffi-
cient, y ~ 100 mJ/K [1-4], hence it cannot be unambiguously classified
as heavy fermion system. On the other hand, CeGay exhibits a cascade of
magnetic phase transitions at 11.3, 10.3, 9.9, and 8.4 K [5-8]. These
compounds crystallize in various structures. While the CeSiy; compound
crystallizes in the tetragonal a-ThSi, type structure (space group 41/
amd, No. 141), the Ga-based compound crystallizes in the hexagonal
AlB,-type structure (space group P6/mmm, No. 191) [6,8-10].

The series CeSipyGay exhibits various magnetic ordering and
different crystallographic structures depending on the substitution level
x [5,11-17]. It has been previously suggested that for 0.0 < x < 1.3 the
compounds crystallize in the a-ThSia-type structure and for 0.7 < x < 1.3
[11,17] they exhibit ferromagnetic (FM) ordering [12,14]. Due to the
influence of the crystal field (CF) this range of Ga content is known to
require the characterization of the physical properties by two Kondo
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temperatures, the high one, TKh, and the low one, TKl, interrelated by
TKh = (TKlAlAz)l/ 3 where A; and A, are the energies of the CF excita-
tions. For x = 0.7 TK1 =9.6Kand forx =1.0 TK1 =18 K [15,18]. These
magnitudes of the Kondo energy scale are comparable to the magnetic
energy scale, corresponding to the RKKY interaction and manifested as
an appearance of the magnetic ordering at Torq ~10 K. Therefore,
CeSi; 2Gag g is one of the most interesting, yet not widely studied, rep-
resentatives of the CeSiy.4Gay series. The competition between the
Kondo and RKKY interactions might cause the untypical behavior of
various measured quantities at or around the temperature of magnetic
ordering. Magnetocaloric effect (MCE) and thermoelectric properties
have been intensively studied in recent years due to the ideas of sub-
stitution of the classical gas-based fridges and air-conditioners with
environment friendly alternatives [19,20]. Moreover, the energy har-
vesting has become a promising perspective to recover the heat dissi-
pated all around. Apart from the experimental search for novel
materials, theoretical studies of physical properties of numerous mate-
rials are widely carried out, including Monte Carlo methods [21,22] or
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simulations using the First Order Reversal Curve tool (FORC) [23]. Our
investigations concern experimental characterizations of intermetallic
compounds and alloys based on anomalous lanthanides, especially Ce-
based ones.

In this article, we present an extended research for the case of x =
0.8, which has not been studied previously and we find it is of a special
interest. The competition between Kondo effect, RKKY interactions, and
CF excitations might provide interesting physical properties at low
temperatures [4]. Therefore, in the present study we verify magnetic
and transport properties of CeSij 2Gagg. The study includes the mag-
netocaloric parameters analysis, as well as thermoelectric power, elec-
trical resistivity, thermal conductivity, magnetic and specific heat
measurements, supported by ab initio calculations of the energy of for-
mation for both crystal structures. Moreover, these first principle cal-
culations provide insight into the density of states and the magnetic
moments.

2. Experimental

A polycrystalline sample of a nominal composition CeSi; 2Gag g was
prepared by arc melting the constituent elements of high purity in an
argon atmosphere. The sample was melted several times and rotated
after each melting process. Weight losses after melting were below 0.5
mass%. After synthesis the compound was annealed at 900 °C for 120 h.

The sample quality was examined via the powder x-ray diffraction
(XRD) using the PANalytical X’Pert Pro with a Cu Ka monochromator.
Rietveld refinements were performed using the program FullProf [24].
The density of the obtained sample was determined using the Archi-
medes method.

Scanning electron microscopy (SEM) images and the elemental
composition was obtained using FEI Nova NanoSEM 650 with the en-
ergy dispersive spectroscopy (EDS) Bruker detector. Electron energy of
30 keV was used for imaging and to excite the characteristic radiation of
the elements. Analysis of the EDS data was performed with a license
software delivered with the instrument using P/B ZAF (standardless)
method.

All other physical property measurements were made in the tem-
perature range from 2 to 400 K and in magnetic fields up to 9 T on the
PPMS platform (Quantum Design) equipped with appropriate options.
We measured the magnetic properties with a vibrating sample magne-
tometer (VSM) and an AC Measurement System (ACMS). Transport
measurements were carried out on a cuboidal sample with dimensions of
1 mm x 1 mm x 8 mm, which was cut with a wire saw (WS-21 K.D.
UNIPRESS). The contacts were made with a silver paste.

Complementary to the experimental measurements, the ab initio
electronic structure calculations were performed. Due to an off-
stoichiometric composition of the studied compounds, a fully relativ-
istic Korringa-Kohn-Rostoker (KKR) method implemented in the SPR-
KKR package was employed [25,26]. It is based on the multiple scat-
tering theory and Green’s function formalism, which allows to treat the
chemical disorder with a high efficiency by means of the coherent po-
tential approximation. The calculations were performed in the spdf-
atomic model and the xc-potential of Vosko, Wilk, Nusair was involved
[27]. To treat the electron correlations for Ce f-states LDA + U approach
in the atomic-like limit [28] was employed. The calculations were
treated in the irreducible part of the 12°3 k-point large Brillouin zone
using the integration of over 30 energy points in the complex energy
plane.

3. Results and discussion

Previous reports performed on polycrystalline samples, have shown
that for 0.0 < x < 1.3 the compounds CeSiyxGay crystallize in the
tetragonal a-ThSiy type structure (space group I4;/amd, No. 141).
Recent studies by Darone et al. on single crystal have also confirmed that
the compound CeSi; 13Gag gy crystallizes in the a-ThSiy type structure
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[16]. Using this information we fitted our data, obtaining a good match
[Fig. 1(a)]. We identified a small amount (~8%) of gallium oxide
B-GayOs, as an impurity [29]. A mismatch occurs in the intensity of
individual peaks, which may be related to the texture of the sample or to
a structural disorder [30]. The obtained values of the lattice parameters
(a = 4.2381(2) fo\, ¢ =14.170(1) A) are in good agreement with those
known from the literature for similar alloys of this series [12,15,17].
Nevertheless, we decided to make additional fits using other models of
crystallographic structures. From our ab initio calculations (see below) it
turns out that the orthorhombic a-GdSi,-type structure (space group
Imma, No. 74) possesses lower formation energy than the tetragonal
a-ThSip-type. The orthorhombic a-GdSip-type structure was previously
observed in a similar system containing Ge, CeSis xGex [17], in Y doped
compound Yo 5Ceo5Siz [4], or in samples containing heavy rare earth
elements RESi3 y.yGay (RE = Ho, Er, Tm) [16]. The structural parameters
determined from our fits for CeSij 2Gag g are summarized in Table 1.
Since both structures are very similar to each other (the a-GdSio-type
structure can be regarded as a slightly deformed structure of a-ThSi,-
type), both fits give very similar results. However, the values of the
Bragg factor and structure factor (Rg and Rp) for the a-ThSis-type
structure are slightly smaller than for the a-GdSi,-type structure, which
might suggest that this structure is the correct one. On the other hand,
the difference is small. Unfortunately, the quality of our data does not
allow us to clearly determine which structure is appropriate for our
sample. To precisely settle this, detailed studies on high-quality single
crystalline samples are needed, carried out with the use of more precise
measuring instruments.

The density of our sample was determined by the Archimedes
method and is equal to 5.92(1) g/cm3. This value is smaller than that
determined from the crystallographic data for orthorhombic a-GdSi,-
type structure (5.985 g/cm®), which may result from imperfections like
voids and cracks in the polycrystalline samples. On the other hand, the
experimental value almost perfectly matches the theoretical value for
the tetragonal a-ThSi,-type structure (5.908 g/cm?), indicating that it is
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Fig. 1. Room temperature X-ray diffraction pattern of CeSi; »Gag g alloy. Open
circles show observed data and solid line represents the Rietveld refined pat-
terns (a) for tetragonal o-ThSip-type and (b) for orthorhombic a-GdSi,-type
structure. The difference patterns are shown as gray solid bottom lines. The
Bragg peaks for a-ThSi>-type, a-GdSis-type structure, and B-Ga,O3 impurity
phase are marked by short vertical lines.
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Table 1

Structural parameters of CeSi; »Gag g sample.

Sample

CeSij.2Gag g

Space group
Cell parameters

Cell volume
Atom positions
Ce (x, y, 2)
Si/Gal (x, y, 2)

I41/amd, No. 141
a=4.2381(2) A
b=a

¢ =14.170(1) A
V = 254.52(2) A3

0.0, 0.75, 0.125
0.0, 0.25, 0.464(1)

Imma, No. 74

a = 4.2506(3) A
b = 4.2260(3) A
c=14.174(1) A
V = 254.62(3) A3

0.0, 0.25, 0.623(1)
0.0, 0.25, 0.050(1)

Si/Ga2 (x, y, 2) - 0.0, 0.25, 0.212(7)

Theoretical density 5.908 5.985
Rg 12.8 19.3
Rp 11.0 12.4

B -Ga,03 phase content 8(1)% 5(1)%

the accurate structure.

To verify the stoichiometry and presence of secondary phases we
carried out the SEM and EDS measurements. Fig. 2 shows the obtained
results. The SEM images [Fig. 2(a)] showed that the sample was free
from major imperfections, although we did observe a few gaps and
micro-cracks. The EDS were performed on large areas in several places
of the sample. The experimental results revealed the stoichiometry of
Ceo.97(5)Si1.17(2)Gao.ge(2), which is in good agreement with the nominal
concentration. The mapping showed that apart from the regions where
all three elements are uniformly distributed, there are grain boundary
precipitates that are rich in Si and Ga [Fig. 2(c) and (d)]. SEM and EDS
measurements showed that our sample consists of quite large and
irregularly shaped grains, in which size varies in the range from several
dozen to several hundred micrometers.

The temperature dependence of the magnetization (Fig. 3) allowed
us to confirm the occurrence of the magnetic phase transition at T¢ =
12.5(1) K, which was determined from the derivative of the magneti-
zation as a function of temperature, dM/dT, see inset (b) in Fig. 3. The
determined value of T is close to that reported in the literature for
CeSiy xGay group of alloys, where T¢is 12 K and 7 K for x equal to 0.7 and
1.0, respectively [15], and T¢ ~12.5 K from extrapolation to x = 0.8 of
the plot presented by Moshchalkov et al. [12]. These slight differences in
the magnetic ordering temperature for samples from different authors
with theoretically the same chemical composition are probably due to
different actual stoichiometry of different samples. However, the
chemical composition was not verified with EDS in previous works
[12,15]. Additionally, the zero field cooling (ZFC) curve clearly shows a
slope change at 5 K. This may be related to a presence of a small anti-
parallel component of the magnetic moment or come from an additional
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Fig. 2. SEM image (a) and elemental EDS maps (b, ¢, d) recorded for
CeSi; »Gag g alloy.
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Fig. 3. Magnetic properties of CeSi; »Gag g alloy. Zero field cooled (ZFC) and
field cooled (FC) magnetization versus temperature curves measured with an
applied magnetic field of poH = 0.1 T. Inset (a) shows the hysteresis loop
measured at 4 K and inset (b) indicates T¢c = 12.5(1) K determined on the dM/
dT(T) curve.

phase. To explain this, we preformed measurements of the AC magnetic
susceptibility. In the real y’ and imaginary y” parts of magnetic sus-
ceptibility (Fig. 4) we observed two sharp peaks of different intensity.
The appearance of distinct peaks in y” excludes the occurrence of the
antiferromagnetic ordering in this sample [31]. The first peak, the
stronger one, is located around ~ 3 K, and is related to the FM ordering
of our sample. The second peak, the smaller one, is located around 8 K,
and it’s position coincides with the ZFC curve maximum in DC magne-
tization (Fig. 3). The origin of this peak is unclear. It may come from an
impurity phase, e.g. CeGay phase or from CeSiGa phase, which has a FM
transition at ~8 K [15,18]. On the other hand, in the XRD and SEM/EDS
measurements we do not see any traces of this phases. Therefore, this
peak may be related to the change in the arrangement of the magnetic
moments, which is often observed in similar compounds and alloys [32].
Notwithstanding to confirm this, additional measurements are needed,
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Fig. 4. Real part x’ (a) and imaginary part y” (b) of AC magnetic susceptibility
measured at various frequencies (10-10 000 Hz range) for CeSi; »Gag g alloy.
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e.g. neutron diffraction. Slight changes in the observed y’ and y” peaks
(shape, intensity or position) as a function of the frequency of the
external magnetic field (Fig. 4) can be related to the movement of the
domain walls [31].

The magnetization curve M(joH) indicates that the CeSi; »Gag g alloy
is a hard FM with a coercive field of the order of 0.14(1) Tat 4 K. At 4 K
and 9 T the magnetization reaches 0.96 pp/f.u. and is a value lower than
that expected for the Ce>* ion (g;J = 2.14 pp). This lower value of the
saturation moment may suggest antiferromagnetic interactions or a
strong influence of anisotropy [33]. Also, the influence of the crystal
field can lead to a decrease in the value of the saturation moment [34].

As the CeSi; 2Gagg alloy exhibits a ferromagnetic ordering, we
decided to determine its magnetocaloric response in order to assess its
application potential. For this purpose we measured the magnetization
curves in isothermal conditions around the transition temperature. We
present the results of these measurements in the form of an Arrott plot in
Fig. 5(a) [35]. Then, basing on the Maxwell relations, we used the
equation [36]

o OM(T , o H
ASm(T, uoH) :/ %
0

du,H @
to estimate the magnetic entropy change ASy as a function of temper-
ature for several different values of the magnetic field changes poAH
[Fig. 5(b)]. The maximum ASy; value —6.5(1) J/(kg K) is reached for the
poAH = 5 T at Tc. This value is more than two times lower than for the
antiferromagnetic compound CeSi (ASy = -13.7 J/kg K for poAH =5T),
which is a good representative of a magnetocaloric material in the low

400 ' ~: y p
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Fig. 5. (a) Arrott plot of M2 vs. HoH/M at temperatures in the vicinity of Tc. (b)
Temperature dependence of the magnetic entropy change ASy, under different
applied magnetic field values for CeSi; »Gag g. (c) The maximal entropy change
(left axis) and maximal RCP (right axis) vs. magnetic field change poAH. The
solid lines represent fits with the power law ~poAH".
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temperature range [37]. On the other hand, it is comparable to the
values obtained for the RGay series (e.g. for DyGag ASy = -6.5 J/(kg K)
for ppAH = 5 T) [38]. Another parameter describing the MCE is the
relative cooling power (RCP = |ASMMAX|-6TFWHM), where |ASMMAX| is
the absolute maximum ASy value and 8Trwyy is the half-width of
theASM(T) peak [36]. Maximum values of RCP as a function of the
change in the external magnetic field are plotted in Fig. 5(c) (right axis).
Both the ASy and the RCP values as a function of the magnetic field
changes show exponential type relationships ~poAH", but with different
values of exponents. Fits allowed to estimate the values of these expo-
nents (n), which are equal to 0.81(1) and 1.16(3), for ASy; and RCP,
respectively. The obtained n values are close to those predicted by the
mean-field theory (2/3 and 4/3) [39].

The transition from paramagnetic to ferromagnetic state is also
evident in the specific heat (Cp) data (Fig. 6), where a typical anomaly
occurs at around 12 K. Moreover, below this transition there is another
one located near 8 K, as it was also observed in magnetization mea-
surements (Fig. 4). The extrapolation of the Cp/T vs. T data to the lowest
temperatures allows to determine the Sommerfeld coefficient y and
Debye temperature Op using the following expression: C, = yT2 + 12/
51*nR(T/Op)°. Unfortunately, due to the proximity of the magnetic
phase transition, the y value may be burdened with a significant error.
Nevertheless, the value obtained by us is equal to y = 20(2) mJ/(mol K%
and is slightly lower than those reported in the literature for similar
alloys (for CeGaj 75Sip 25 Yy = 210 mJ/(mol K?), for CeGay y = 340 mJ/
(mol XK?)) [5]. The electronic density of states N(Ep) at the Fermi level,
calculated by the formula [40] y = kg2n*N(Ep)/3, is equal to 8.5 states/
(eV atom). This value is in good agreement with those obtained in the ab
initio calculations (see Fig. 8). The Debye temperature is equal to 78.9(2)
K. Around room temperature C, reaches value provided by the classical
Dulong-Petit law (3nR) [40].

The temperature dependence of the electrical resistance p(T) shows
the metallic nature for our sample. The obtained value of the residual
resistivity ratio, RRR = p(300 K)/p(T), is about ~1.5, which is a typical
value for multicomponent polycrystalline samples. Only one steep drop
in resistivity [Fig. 7(a)] was registered at temperature ~13 K, consistent
with the magnetic ordering confirmed by magnetization and specific
heat measurements. The second anomaly around 8 K is not visible in the
p(T). The low-temperature resistivity, below T¢, can be well described
by the expression [41-43]:

T —A
p(T) :ﬂo+AART{1 +2A—J ep(—2). ©)

where the first term (pg) represents scattering of conduction electrons on
crystal lattice imperfections, while the second term accounts for scat-
tering on FM spin-wave excitations with the energy gap Agr in the
magnon spectrum. The coefficient A is a fitting parameter related to the
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Fig. 6. Temperature dependence of the specific heat of CeSi; »Gag g alloy. The
solid line represents the Dulong-Petit limit (3nR). The inset shows Cp/T vs. T in
the low temperature range measured in zero and finite magnetic field.
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Fig. 7. Transport properties for the CeSi; 2Gag g sample. (a) Electrical resistivity. Inset shows the temperature range close to the phase transition. The solid line
represents the fitting with equation (2) (for details see text). (b) Seebeck coefficient. Note a logarithmic x-axis scale. (c) Thermal conductivity in the range of low

temperatures. The arrow indicates the position of Tc.

spin-wave stiffness [41,44]. The parameters values obtained from the
fitting are po = 3.02(1) pQm, A = 5.2(2) x 10 pQmK 2, and Ag = 5.8
(9) K. Apart from the anomaly near the magnetic phase transition, the
p(T) dependence reveals a broad maximum at ~80 K. It is developed by
the CF effect expected for the localized f states of cerium. It has been also
interpreted in terms of the high, TKh, and low, TKI, Kondo temperature
[14,15]. The high Kondo temperature implies that the entire J = 5/2
multiplet is involved in the scattering process and TKh = (TKIAlAz)l/ 3,
The small increase of the resistivity with lowering the temperature in the
region just above the magnetic ordering temperature is probably caused
by the proximity to T, i.e. by the Kondo effect.

Fig. 7(b) shows thermoelectric power S as a function of temperature
and it distinctly illustrates the characteristic energy scales governing the
properties of CeSij 2Gapg. The Seebeck coefficient shows three ex-
tremes: two positive at ~10 K and ~90 K, and one negative at ~25 K.
The peaks are in accordance with the high, TKh, and low, TKI, Kondo
temperatures related by the CF energies: TKh = (TKlAlAz)l/ 3. The
maximum value of the Seebeck coefficient is typical of metals (~6 pV/K
at ~80 K). Also, the value of the thermoelectric power factor, PF = s%/ s
is also small, reaching a maximum value of 7.5(1) pW/(mKZ) at ~80 K.
The PF value in the vicinity of the magnetic transition is even smaller 3.3
(1) pw/ (rnKZ) at 10 K. The thermal conductivity (k) [Fig. 7(c)] for the
CeSi; 2Gag g alloy is relatively low, possibly due to the small size of the
crystallites, the macroscopic imperfections in the form of voids and
cracks, and the structural disorder caused by Ga for Si substitution.
Above 150 K, the value of k is dominated and overestimated by the in-
fluence of radiation losses, typical for this type of measurements [45]. At
the lowest temperatures in the x(T) dependence, we observe a single
clear anomaly around 13 K, which is related to the magnetic phase
transition.

Using the above data, we can determine the thermoelectric figure of
merit ZT = TS%/px, which at 80 K is 3.8 x 107, This value is small but
comparable to other Ce-based materials [4,46].

Finally, we decided to test if the tetragonal structure is the most
stable one for this chemical composition. Thus, we employed ab initio
SPR-KKR [25,26] calculation to determine a ground state energy dif-
ference between two considered crystal structures. Initially, we did not
consider Hubbard model, i.e., U and J parameters [27]. It revealed that
the orthorhombic a-GdSi,-type structure (space group Imma, No. 74)
possesses formation energy lower by about 81.6 meV/atom than the
tetragonal a-ThSip-type (space group I4;/amd, No. 141) one. It was
confirmed also by calculations employing Perdew-Burke-Ernzerhof
parametrized generalized gradient approximation (PBE) [28]. Howev-
er, both yielded almost zero total magnetic moments which is incon-
sistent with the experimental observations (Table 2). Therefore, a
Hubbard model was employed, i.e., non-zero U and J parameters were
introduced in our calculations to act on the Ce f-states, which are located

Table 2
Magnitudes of the magnetic moments of Ce atom for both crystal structures with
and without the Hubbard model (U and J parameters).

U (eV) J(eV) Imma (No. 74) I4,/amd (No. 141)
Bs (uB)  pr(HB)  Peotal Bs (uB)  pr(HB)  Peotar
(uB) (uB)
- - —0.55 0.42 -0.13 —-0.59 0.45 -0.14
1.30 0.25 -0.78 2.05 1.27 -0.76 1.84 1.08

near the Fermi level and are responsible, to the largest extent, for the
magnetic behavior of the studied compounds. It enabled us to achieve
magnitudes of the total magnetic moment corresponding to the experi-
mentally determined magnetization, as especially the orbital moment
was enhanced. Regarding the Imma and I4;/amd space group structures
and employing U = 1.30 eV and J = 0.25 eV, we obtained a total
magnetic moment of 1.27 pg and 1.08 pp, respectively. Even for the
calculations of the correct magnetic moments using the Hubbard U
model, the former Imma space group still has a lower formation energy,
keeping nearly the original value despite U, J-magnitude variation as
well.

The densities of states plotted for both considered structures are
quite similar (Fig. 8). They are dominated by Ce 4f states nearby the
Fermi level. Likely, the only significant difference is a distinct behavior
of Si states. In contrast to the I4;/amd space group, the Imma one pos-
sesses two different Si states, which do not behave exactly in the same
way. Hybridization of the Si p, d-states with Ce f-states is likely
responsible for a bump in the minority channel in the vicinity of the
Fermi level.

4. Summary

In this work, we investigated the physical properties of the poly-
crystalline sample of the CeSi; »Gag g alloy, which belongs to the CeSis.
xGay series, where the interplay between different effects leads to
interesting physical properties. Our measurements showed that this
alloy exhibits a ferromagnetic order with T¢ = 12.5(1) K. We also
observed an additional magnetic phase transition at ~8 K. It may be an
intrinsic feature of a given material or it may come from a contamination
with a different phase, and to clarify this, additional measurements are
essential. In the next step, we performed an analysis of the magneto-
caloric parameters. Using isothermal magnetization measurements, we
determined the magnetic entropy change ASy(T), which is a measure of
the magnetocaloric effect. The obtained values are not high, —6.5(1) J/
(kg K) for poAH = 5 T, but comparable with other materials of this type
in this temperature range.

The electrical transport and thermopower properties of this material



K. Synoradzki et al.

8 T . T T T T
(@) CeSi; ,.Ga, 4
__ 6 14 Jamd (No. 141)
£ 4 U=12eVv
ﬁ- 5 J=025eV
>
o 0
~
(e
S
2 -4
< -6
-8 il 1
8t (b)  Cesi, ,Ga,,
6 Imma (No. 74)
—~ 4L U=14eV
£ 41 J=025eV
a L[
)
S 0k
© R
D -2}
E L
k) -4 [— = sitx10
— gl— -catx10
(= [ —--si2x10
_8_—~-Ga2]x10 ' . '
10 8 6 4 2

E-E_ (V)

Fig. 8. The densities of states (DOS) of CeSi; 2Gag g for (a) I4,/amd (141) and
(b) Imma (74) crystal structure.

are governed by an interplay between Kondo, magnetic RKKY, and CF
interactions. Additionally, transport measurements allowed us to
determine the strength of the thermoelectric effect in this alloy. Values
characterizing the thermoelectric effect (PF = 7.5(1) pW/(sz), ZT =
3.8 x 10™* at ~80 K) also do not reach significant values, which is typical
for this type of materials.

Experimentally, at this moment, we are not able to resolve which of
the two similar structures is the ground-state one. However, from our
theoretical calculations it is clear that the orthorhombic Imma (74)
structure is energetically more favored, by 81.6 meV/atom, than the
tetragonal I4;/amd (141) one, irrespective of the use of the Hubbard
model. In addition, based on the determined electronic structure, we
showed the decomposition of the total moment into the spin and orbital
contribution.
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