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We report on the results of low-temperature magnetization, specific-heat, and resistivity measurements on a
TbFe2Si2 single crystal in magnetic fields up to 5 T applied parallel to the principal crystallographic axes. We
conclude that TbFe2Si2 orders antiferromagnetically belowTN=5 K and exhibits strong uniaxial magnetocrys-
talline anisotropy. Analysis of specific-heat data has revealed a field-dependent Schottky contribution. The
observed pronounced magnetocaloric effect points to a strong competition of the applied magnetic field and
antiferromagnetic correlations in TbFe2Si2. Electronic structure of TbFe2Si2 was studied by first principles
calculations in the framework of the density functional theory, which has confirmed the nonmagnetic character
of Fe sites.
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I. INTRODUCTION

TbFe2Si2 belongs to the isostructural family of the ternary
intermetallic compoundsRT2X2 (R is rare-earth metal,T is
transition metal, andX is p metal), which has recently at-
tracted new attention because of the availability of high-
quality single crystals. TbFe2Si2 crystallizes in the body-
centered tetragonal crystal structure of the ThCr2Si2-type
with the space groupI4/mmm. In this structure, the Tb, Fe,
and Si atoms occupy the 2a=s0 0 0d, 4d=s0 1/2 1/4d, and
4e=s0 0 zd crystallographic sites, respectively. First powder
studies reported the lattice parameters abouta=0.39 nm and
c=0.99 nm with the symmetry-free parameterzSi=0.380.1,2

The RT2X2 crystal structure consists of basal planes of R, T,
and X atoms, respectively, stacked along thec-axis in the
sequenceR−X−T−X−R−X−T−Xs−Rd, forming a natural
multilayer. Such crystal structure often exhibits a strong
uniaxial magnetocrystalline anisotropy with magnetic mo-
ment confined to thec-axis.

So far, the published data on the thermodynamic proper-
ties of TbFe2Si2 are rather scarce and limited to polycrystal-
line samples only. First studies3 of the wholeRFe2Si2 series
reported a weak ferromagnetic order below about 700 K.
This result was probably caused by the presence of the fer-
romagnetic Fe-Si impurity phase, frequently forming at the
grain boundaries in the polycrystalline sample. Later on, zero
magnetic moment on iron was found by the57Fe Mössbauer
spectroscopy study of the wholeRFe2Si2 series within the
accuracy of the method.1 The magnetic moment can be then
ascribed only to trivalent rare-earth ion, which is subjected to
the crystal field of the tetragonal symmetry.

The first powder neutron diffraction experiment4 on
TbFe2Si2 revealed an incommensurate antiferromagnetic
structure of Tb magnetic moments below the Nel tempera-
ture TN=10.5 K. Following powder studies2 allowed re-
searchers to refine the propagation vector of the incommen-
surate structure ask =s0, 0.3226, 0.1708d.

A more recent report on investigation of magnetic and
transport properties of polycrystalline TbFe2Si2 claimed dif-

ferent ordering temperatureTN=6.5 K and an anomaly on
the temperature dependence of magnetic susceptibility at
about 180 K suspected for another possible magnetic phase
transition.5

This rather poor state of the knowledge about TbFe2Si2
motivated us to grow a good-quality single crystal and sub-
ject it to magnetic, specific heat, and electrical resist-
ivity measurements. This paper is reporting results of these
experiments. To understand these results well, we investi-
gated the electronic structure of of TbFe2Si2 by first-
principles calculations. We used the general-potential linear-
ized augmented-plane-wave(LAPW) method in order to
calculate the ground-state properties(the density of elec-
tronic states, the crystal field), which were only partially
studied up to now. We went beyond the local-spin-density
approximation (LSDA) in the construction of the Kohn-
Hohenberg functional6 and also applied the generalized-
gradient approximation, namely, the form of Perdewet al.,7

which is one of the most realistic approaches currently avail-
able.

II. EXPERIMENTAL DETAILS AND THEORY

A. Crystal growth

The single crystal of TbFe2Si2 was grown by the modified
Czochralski pulling technique in the tri-arc furnace of the
Department of Electronic Structures in Prague. The growth
was performed using about seven grams of melt, consisting
of the stoichiometric composition of the elemental constitu-
ents with the nominal purity: Tb-4N, Fe-3N8, and Si-5N.
Because the evaporation rates of terbium, iron, and silicon
are similar, no excess of any constituent was necessary to
keep the stoichiometric composition of the grown ingot. Us-
ing a random necking procedure, low pulling speed(about
8 mm/hr), and a tipped tungsten rod instead of polycrystal-
line seed(tungsten does not dissolve in the melt), we suc-
ceeded to grow a single crystalline ingot about 40 mm long
with 5 mm maximum diameter.
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The resulting single crystal was very brittle, easily break-
ing along the basal planes into platelike crystallites. Never-
theless, the x-ray Laue analysis has confirmed high quality of
the single-crystalline ingot and no spurious reflections were
detected within the Laue pattern. Several rectangular
samples with planes parallel to the principal crystallographic
planes were then cut from the ingot for studies of magnetic,
transport, and thermal properties.

Part of the single-crystalline ingot was pulverized and an
x-ray diffraction measurement has been performed on fine
powder to determine the lattice parameters and the
symmetry-free position of Si atoms. The Rietweld analysis
of the powder pattern yieldeda=0.3920 nm,c=0.9959 nm,
and zSi=0.37372. No traces of foreign impurities were de-
tected within the sensitivity of the method(3%).

B. Magnetization and susceptibility

Magnetization measurements were performed in the tem-
perature range of 2–300 K and in magnetic fields(up to 5 T)
parallel to both principal crystallographic axes using the
SQUID and PPMS devices(Quantum Design). All data
were corrected on the demagnetization factor of the rectan-
gular samples. The detailed inspection of magnetization
curves, namely, at higher temperatures, revealed a small,
temperature-independent, parasitic ferromagnetic contribu-
tion that saturates at about 1 T. Assuming that this contribu-
tion comes from the ferromagnetic Fe-Si impurity with the
saturated magnetization about 2mB/ f.u., we can estimate the
amount of this impurity as less than 0.2%, which is well
below the resolution of the x-ray diffraction. This results and
the fact that the impurity-magnetization is saturated above
1 T and that no phase transition was observed in the impurity
phase up to the room temperature enabled us to subtract the
impurity contribution from the measured magnetization data.

C. Specific heat

To complete the investigation of basic thermodynamic
properties and to determine the magnetic entropy of
TbFe2Si2, the specific heat was studied in detail in zero
magnetic field and in magnetic field of 5 T applied along the
c-axis (the easy axis of magnetization). The measurement
was performed in the PPMS apparatus using the
temperature-relaxation method, which enables us to accu-
rately determine the heat capacity of small samples with
typical mass about 5 mg.

D. Electrical resistivity

Zero-field temperature dependencies of electrical resistiv-
ity were measured by the standard four-probe technique for
current along the both principal crystallographic axes(a and
c) on rectangular bar-shaped samples in the temperature
range of 2–300 K. For the current parallel to thea-axis, the
cross section was 0.91 mm2 with the voltage-probes distance
2.13 mm and for the current parallel to thec-axis, the cross
section was 0.18 mm2 and the distance of the voltage probes
was 0.35 mm, respectively. The easy-cleaving basal planes
have frequently caused a spontaneous breaking of the bar

sample along thec-axis, thus the sample had to be much
smaller, and the resistivity along this axis is affected by
much larger absolute experimental error(about 4 times).
Moreover, frequent microcracks within the basal plane gen-
erate a quite large residual resistivity, along thec-axis. As
both temperature dependencies of resistivity exhibit a mini-
mum at about 10 K, a relative scale related to the respective
resistivity atT=10 K has been chosen to emphasize the an-
isotropic behavior of the electrical resistivity in TbFe2Si2.

E. Electronic structure calculations

For the electronic structure calculations, we used state-of-
the-art computational methods, namely, the general-potential
linearized augmented plane wave(LAPW, WIEN2k code).8

The Kohn-Sham equations were solved within the local-spin-
density approximation(LSDA), but we also tested the influ-
ence of the generalized gradient approximation(GGA).7 The
relativistic effects were treated in the scalar relativistic
approximation.8 Atomic-sphere(AS) radii of 2.8, 2.3, and
1.6 Bohr radii were chosen for Tb, Fe, and Si, respect-
ively. We used about 800 linearized augmented-plane-wave
basis functions(about 150 per atom) in the interstitial region
and the maximuml =12 in the expansion of the radial
wave functions inside the AS to represent the valence states.
The correlated 4f states were treated in the open core
approximation, and thus, the terbium 4f states are character-
ized by an integer occupation number 4f (Ref. 8). Local
orbitals were used to treat the Tb-5s and 5p, Fe-3p, and
Si-2p states with the valence states in a single energy win-
dow. The advantage of this treatment is that the abovemen-
tioned semicore states are orthogonal to the valence states.
Both the potential and the charge density were expanded
inside the spheres into crystal harmonics up toL=6 and in
the interstitial region into a Fourier series with about
2 500 K stars. For the Brillouin zone(BZ) integration, a
modified tetrahedron method8 with 153 specialk points in
the irreducible wedge(IW) was used to construct the charge
density in each self-consistency step. We have carefully
checked that with these parameters the calculations con-
verge. The first principles crystal field calculations were per-
formed using the method described in Divišet al.9

III. RESULTS AND DISCUSSION

The calculated electronic density of states(DOS) of
TbFe2Si2 using the experimental lattice parameters is
shown in Fig. 1(a). The occupied part of the DOS can be
decomposed into two regions. The first region, from
−10.4 eV to −6.2 eV, consists mainly of Si 3s states, which
are split off from the main valence band group[see Fig.
1(d)]. There is a band gap from −6.2 eV to −5.3 eV. The
bottom of the main valence band group is situated at
−5.3 eV. This band group represents mainly the iron 3d
states with the major part located below the Fermi levelsEFd
between −5.3 eV and 2 eV, creating a pronounced broad
maximum in the DOS curve from −5.3 eV toEF, the quasi-
gap situated aroundEF, and a secondary maximum around
1 eV [see Fig. 1(c)]. There is some hybridization between
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Fe-3d, Tb-5d, and Si-3p states present in the energy region
between −3 eV and theEF and a pronounced contribution
originating from the interstitial region[see Figs. 1(b)–1(e)].
The energy positions of the localized 4f6 s j =5/2d and 4f2

s j =7/2d states—marked by vertical lines—are correctly be-
low the EF [see Fig. 1(a)].

The EF is situated at the beginning of the quasigap be-
tween the two pronounced maxima in the DOS. The orbital
analysis of the DOS shows that mainly Fe-3d, Tb-5d, and
Si-3p states are contributing to the total value of DOS at the
EF. The value of the DOS atEF is smaller than that one that
would cause the spontaneous magnetic polarization of the
Fe-3d states. This peculiar position of theEF corroborates
the idea that the zero Fe magnetic moment observed by
Mössbauer spectroscopy1 is due to the itinerant character of
the Fe-3d electron states. The value of the DOS at theEF
corresponds tog=12.5 mJ/mol K2, which is lower than the
g value obtained from the analysis of our specific heat data.
This points to a rather low value of the mass enhancement
coefficientl=0.76 related to a small electron-phonon inter-
action in the TbFe2Si2 compound.

The low-temperature magnetization curves show large
uniaxial magnetocrystalline anisotropy with thec-axis as an
easy axis of magnetization. The magnetization along the
c-axis slowly saturates toward the valuemS,9mB/ f.u. (the
moment of free Tb3+ ion) whreas thea-axis magnetization is
almost linear, not exceeding 0.5mB/ f.u. in 5 T (see Fig. 2).
As thea-axis magnetization curves do not show visible tem-
perature dependence between 2 and 10 K, only the 2 K mag-
netization curve is presented. Assuming the linear depen-

dence of thea-axis magnetization, we may estimate the
anisotropic field as about 70 T.

Closer inspection of thec-axis magnetization curves at
temperatures below 5 K reveals a metamagnetic transition
into a field-induced ferromagnetic state starting at about
0.5 T. To emphasize the effect, Arrott-plots were constructed
from thec-axis magnetization data. Because to the magneti-
zation curves exhibit a small hysteresis, only data for de-
creasing field are displayed in Fig. 3. The Arrott-plots for
temperatures below 5 K clearly show the typical shape of an
antiferromagnet with the metamagnetic transition into the
field-induced ferromagnetic alignment of Tb moments.

The temperature dependencies of magnetization along
both principal crystallographic directions were measured in
the applied fields 2 T and 4 T, respectively. No anomaly was
observed around 180 K, which means that reported in Ref. 5
most probably originated in a spurious magnetic phase of
poor-quality polycrystalline sample. The data were corrected
both for the ferromagnetic impurity and for the demagneti-

FIG. 1. (a) the calculated DOS,(b, c, d), Tb, Fe, Si-atom pro-
jected DOS and(e) the interstitial DOS of the TbFe2Si2 compound.

FIG. 2. Magnetization curves of the TbFe2Si2 single crystal
along principal crystallographic axes corrected on the demagnetiza-
tion factor and on the ferromagnetic impurity. As the magnetization
along thea-axis does not depend on temperature, only the 2 K
curve is shown to simplify the picture.

FIG. 3. Arrott plots of magnetization versus field along the
c-axis for TbFe2Si2 show a metamagnetic transition at temperatures
below 5 K.
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zation factor and the corresponding dependencies of the
magnetic susceptibility were calculated from the data(see
Fig. 4). The temperature dependence of magnetic suscepti-
bility along both easy and hard magnetization directions, re-
spectively, document the strong magnetocrystalline aniso-
tropy also in the paramagnetic range. Both susceptibility
curves are affected by pronounced crystal-field(CF) effects
and cannot be described by the Curie-Weiss law in the mea-
sured range. On the other hand, this gives us an opportunity
to sensitively fit the CF parameters to the susceptibility data.
To analyze CF in TbFe2Si2, we applied a model Hamiltonian

ĤCF = o
l,m

alAl
mÔl

m, s1d

whereÔl
m are Stevens CF operators andAl

m are crystal field
parameters andal are reduced matrix elements.10 Diagonal-
ization of such Hamiltonian leads to energy levels of lowest
Hund’s multiplet splitting in CF. Including Zeeman-like term
H=gjmBJzB into this Hamiltonian, we can use its eigensys-
tem (energies and eigenstates) to obtain magnetizationM as
a function of temperature and magnetic field in the following
form:

M =

o
n

mi exps− En/kBTd

o
n

exps− En/kBTd
, s2d

wheremi =kuiuJzuuil with Ei andui being energies and eigen-
states of splitted lowest multiplet, respectively.

The five-dimensional space of CF parameters was
scanned to obtain the best fit to the experimental susceptibil-
ity data. These data were taken for comparison with the
weight w=1 at temperatures above 50 K, and with the
weightw=0.5 at temperatures below 50 K, respectively, due
to higher uncertainty in the correction on the magnetic im-
purity.

Taking into account the different sensitivity of the fitting
procedure to the individual CF parameters our best-fit values

are: A2
0=333±5 K, A4

0=−90±15 K, A4
4=−350±100 K, A6

0

=−165±25 K, andA6
4=−1750±50 K. This set of CF param-

eters gives us a good description of the magnetization and
susceptibility data. Nevertheless, we can see that the off-
diagonal parametersA4

4 and A6
4 are rather insensitive to the

fitting procedure.
The first principles calculation of the crystal field param-

eters leads to the following values:A2
0=448 K, A4

0=−24 K,
A4

4=330 K, A6
0=−1.74 K, andA6

4=18.5 K using the GGA
form of the exchange-correlation potential. The second-order
CF parametrA2

0 has correct sign, which determines the easy
c-axis of TbFe2Si2 in agreement with experiment, and its
value is in fair agreement with those derived from analysis of
the susceptibility data. The axial parametersA4

0, A6
0 have the

same signs, but the magnitudes are lower than those derived
from analysis of the susceptibility data. The off-diagonal pa-
rametersA4

4 and A4
6 differ from our best-fit values, but this

might originate from the fact that the fitting of magnetic
susceptibility is not very sensitive to the values ofA4

4 andA4
6

parameters. To conclude our first principles calculation of the
crystal field interaction provides an important test of our
best-fit CF parameters.

Similarly, the effect of the crystal field has to contribute to
the specific heat as part of the entropy originates from the
crystal-field excitations. In the case of Tb3+, the tetragonal
crystal field splits the 13 degenerated levels of the7F6
ground-state multiplet into 3 doublets and 7 singlets. Contri-
bution to specific heat from the CF splitting can be evaluated
by Schottky formula

Csch=
R

T23o
i=0

n

Di
2 exps− Di/Td

o
i=0

n

exps− Di/Td

−1o
i=0

n

Di exps− Di/Td

o
i=0

n

exps− Di/Td 2
2

4 ,

s3d

whereDi is the energy distance of the excited level from the
ground-state level in Kelvins.

The specific heat of TbFe2Si2 (see Fig. 5) is taken as a
sum of additive individual contribution: electronic, phonon,
and magnetic parts, respectively, where the magnetic part
includes both the entropy originating from the CF splitting
and the entropy changes due to the magnetic ordering. To
perform the accurate analysis of the magnetic part, the de-
tailed information about the electronic and phonon parts is
essential.

The simple Sommerfeld termCe=gT was used for the
approximation of the electronic part of the specific heat
yielding the valueg=22±3 mJ/mol K2. On the other hand,
full description of the phonon part of the specific heat in-
volves the harmonic approximation of the phonon spectrum
using both Einstein and Debye models and the correction for
an anharmonicity to accurately approximate the experimental
data.11 Within this approach, the Debye model describes the
three acoustic branches of the phonon spectrum and the Ein-
stein model is used for the approximation of the remaining
twelve optical branches. To simplify the fit while keeping the
model within the experimental error, one triple-degenerated

FIG. 4. Temperature dependencies of DC magnetic susceptibil-
ity along both principal crystallographic axes corrected on the de-
magnetization factor and on the ferromagnetic impurity. The lines
represents the best theoretical fit.
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acoustic branch and three optical branches with 2-4-6 degen-
eracy were used instead of the full phonon spectrum, where
the 2-4-6 degeneracy follows from the symmetry of the crys-
tal structure. Together with the anharmonicity correction and
using xN=UN/T for the respective characteristicUN tem-
perature of each branch, this yields the phonon term in the
form

Cph = RHo
i=1

12
1

1 − aEiT

xEi
2 expsxEid

fexpsxEid − 1g2

+
9

1 − aDT
S 1

xEi
D3E

0

xDi x4 expsxd
fexpsxd − 1g2J , s4d

whereaD andaEi are the anharmonic correction coefficients
for acoustic and optical branches, respectively andR is a gas
constant. The best-fit values of the characteristic tempera-
tures and of the anharmonicity coefficients as well as their
respective errors are summarized in Table I. The error values
of the fit denote the stability of this many-parameter fit
within the experimental error of the specific heat data, i.e.,
the sensitivity of the fit to the individual parameters.

Based on the fit of the nonmagnetic parts, the Schottky
analysis of the magnetic part of the specific heat was possible
both for the zero-field data and for the 5 T data, respectively
(see Fig. 6 and Table II), and the fit well describes the mag-
netic part of the specific heat in the paramagnetic region. In
fact, we see much better agreement of the fit than in the case
of magnetic susceptibility. The reason is that the fit of
Schottky specific heat depends only on energies of splitting
of the ground-state multiplet, which vary in relatively wide
interval; thus, it is relatively easily fitted. On the other hand,

susceptibility also depends on eigenvectors, and the shape of
the calculated susceptibility is much less flexible.

The presence of the magnetic field lifts the degeneracy
of the doublets, producing the 13 singlet levels. As can
be seen from Fig. 7, with increasing temperature the mag-
netic entropy in both cases saturates towardSm=R ln 13
<22.3 J/mol K, which is the entropy of the 13-level system.
The low-temperature part of the zero-field magnetic entropy
reveals a pronounced plateau at aboutR ln 2, indicating an
isolated quasidoublet as a ground state. Such a well-isolated
ground-state quasidoublet(yielded also by the Schottky
analysis of the specific heat:D1=6.3 K, D2=122 K) is fre-
quently the origin of strong, Ising-type uniaxial anisotropy in
the rare-earth compounds.

Simultaneously, the knowledge of the CF parameters en-
abled us to directly calculate the CF splitting of the ground-
state multiplet. The comparison of the directly calculated and
experimental(Schottky analysis) CF splitting is presented in
Table II. Considering roughly the 10% error of both calcu-
lated and experimental energy-level schemes, we see a good
agreement of the calculated and experimental CF splitting.

Finally, the magnetocaloric effect was evaluated directly
from the specific-heat data measured in zero and in a mag-
netic field of 5 T parallel to thec-axis, respectively. The

TABLE I. Characteristics temperatures and anharmonicity coef-
ficients of multiple degenerated acoustic(D-Debye model) and op-
tical (E-Einstein model) branches of the phonon spectrum yielded
by the analysis of the specific heat.

Type of
branch Degeneracy

Characteristic
temperature

QN (K)

Anharmonicity
coefficient

aN s10−4 K−1d

D 3 183±5 2±1

E1 6 234±5 5±2

E2 2 385±10 7±2

E3 4 515±20 9±3

FIG. 5. Temperature dependencies of the specific heat of the
TbFe2Si2 single crystal in aC/T versusT (a) andC/T versusT (b)
representation, respectively, in comparison with the nonmagnetic
analog LaFe2Si2. The lines represent the best fit of total, electronic,
phonon, and Schottky specific heat, respectively.

FIG. 6. Low-temperature parts of the magnetic specific heat of
the TbFe2Si2 single crystal in zero field and in magnetic field 5 T
along thec-axis. The lines represent the best fits of the Schottky
analysis of the data and the inset shows the corresponding crystal-
field splitting of the ground-state multiplet in 0 T and in 5 T,
respectively.
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magnetocaloric effect represents either an isothermal change
of entropy DS or an adiabatic change of temperatureDT,
respectively, corresponding to a change of magnetic fieldDB
(see Fig. 8). The isothermal change of entropy is negative in
the low temperature region, which is consistent with the
field-induced ferromagnetic alignment of the Tb moments,
significantly lowering the entropy of the system. The tem-
perature dependence of the adiabatic change of temperature
exhibits a pronounced maximum at about 6 K, where the
temperature change is almost 4 K/T.

The temperature dependencies of resistivity measured
along both principal axes(see Fig. 9) show local minima at
about 10 K. Below 10 K the resistivity increases with de-
creasing temperature, which can be ascribed to the onset of
the antiferromagnetic short-range ordering. This increase ter-
minates around 4 K, which is belowTN. Different tempera-

ture dependencies of resistivity can be observed in the or-
dered region. While thea-axis resistivity is almost
temperature independent below 4 K, the resistivity along the
c-axis exhibits a maximum at about 3.5 K. In the paramag-
netic region above 10 K, the resistivity along both axes can
be described using the Bloch-Grüneissen formula

rphon= r0 + CS T5

QD
4 DE

0

QD/T x5dx

sexpx − 1df1 − exps− xdg
,

s5d

wherer0 is a residual resistivity,C is a temperature indepen-
dent factor proportional to the electron-phonon interaction,
and TD is the mean Debye temperature. The fit yieldsTD
about 330±20 K for both resistivity dependencies. Note that
TD in this formula represents the characteristic temperature
of the whole phonon spectrum and is different from the char-
acteristic temperature of the acoustic phononsUD from the
phonon-specific-heat analysis.

TABLE II. Results of the Schottky analysis of the specific heat
data in the paramagnetic region both in zero magnetic field and in
magnetic field 5 T parallel to thec-axis yields the crystal-field split-
ting of the 7F6 ground-state multiplet of TbFe2Si2. The zero-field
CF splitting is compared to the calculated oneDi calc., where the
calculation is based on the model Hamiltonian(1).

i Di sB=0 Td (K) Di sB=5 Td (K) Di calc sB=0 Td (K)

0 0 0 0

1 6.3±1 43±4 5±1

2 122±13 137±15 117±36

3 122±13 142±15 117±36

4 171±20 235±25 279±37

5 287±30 260±25 295±29

6 319±30 315±30 295±29

7 329±35 333±30 311±25

8 383±40 397±40 324±29

9 383±40 416±40 343±33

10 390±40 424±40 459±27

11 425±45 445±45 459±27

12 425±45 461±45 497±25

FIG. 7. Temperature dependencies of magnetic entropy of the
TbFe2Si2 single crystal in 0 T and in magnetic field 5 T along the
c-axis. The horizontal lines represent the entropy of the doublet and
of the 13-level system.

FIG. 8. Temperature dependence of the isothermal change of
entropy corresponding to the change of magnetic field from
0 to 5 T. Temperature dependence of the corresponding adiabatic
change of temperature is presented in the inset.

FIG. 9. Temperature dependencies of relative electrical resistiv-
ity of the TbFe2Si2 single crystal with current along both principal
crystallographic axes. The inset shows the low-temperature detail.
The resistivity data are related to the respective resistivity at 10 K
(see text) to better visualize the anisotropy of the resistivity.
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IV. CONCLUSION

In conclusion, we have succeeded to grow a good-quality
single crystal of TbFe2Si2 and measured its magnetization,
specific heat, and electrical resistivity behavior. This com-
pound exhibits a strong uniaxial magnetocrystalline aniso-
tropy with crystallographicc-axis as the easy axis of magne-
tization. TbFe2Si2 orders antiferromagnetically below the
TN=5 K. The low ordering temperature points to rather weak
antiferromagnetic interaction, which was confirmed by the
observation of the metamagnetic transition into the field-
induced ferromagnetic alignment of Tb magnetic moments in
magnetic fields above 0.5 T parallel to the easy axis. Simul-
taneously, the strong magnetocrystalline anisotropy helps to
keep the parallel alignment of the magnetic moments, yield-
ing a significant change of entropy between the antiferro-
magnetic and the field-induced ferromagnetic state. The first
principles calculation based on DFT provides the informa-
tion about the electronic structure and crystal field interac-
tion of TbFe2Si2 compound.

A pronounced crystal-field effect was observed in the
paramagnetic region both on the specific heat and on the
magnetic susceptibility. The Schottky analysis of the specific
heat yields the total crystal-field splitting of the ground-state
multiplet of about 400 K with the isolated quasidoublet of
about 6 K as a ground state. The temperature dependence of
the magnetic susceptibility does not show a Curie-Weiss be-
havior in the measured temperature range and the anisotropy
of the susceptibility in the paramagnetic range can be de-
scribed using the crystal-field model.
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