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Electronic structure of YFe2 by EELS and ab-initio calculations  

E- Yáñez-Terrazas, V. Gallegos-Orozco, J.A. Matutes-Aquino, M.T. Ochoa-Lara, and F. 

Espinosa-Magaña.  

Abstract 

The dielectric properties of the intermetallic cubic Laves phase compound YFe2 

were determined by analyzing the low loss region of the EELS spectrum in a 

transmission electron microscope. From these data, the optical joint density of states 

(OJDS) was obtained by Kramers-Kronig analysis. Since maxima observed in the OJDS 

spectra are assigned to interband transitions; these spectra can be interpreted on the 

basis of numerical calculations performed with the Wien2k code, using the Fully-

Linearized-Augmented-Plane wave (FLAPW) method within the Local-Spin-Density 

Approximation. Comparison between experimental results and theory shows good 

agreement  
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Introduction 

The study of rare-earth transition-metal (RE–TM) intermetallic compounds and 

the detailed description of their magnetic behavior present many interesting aspects. 

Yttrium-transition metal (Y–TM) are prototypes for RE–TM compounds, because yttrium 

is chemically very similar to the trivalent rare-earth atoms and thus allowing a band 

structure (BS) calculation for these compounds as a consequence of not having a 

partially filled 4f-shell [1]. The wide range of intermetallics with different stoichiometries 

and with different rare-earth elements in them allows the systematic research of their 

magnetic properties and complex interactions between 3d-4f electrons. The cubic Laves 
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phase structure compounds form a wide class of magnetic materials with important 

applications, being the rare earth-iron (RE-Fe2) based materials to be known as 

possessing interesting magnetic properties associated with 3d electrons in Fe atoms. 

The basic separation of the localized 4f and the itinerant 3d electrons allows one to 

consider the high TC and the anisotropy of these itinerant ferromagnets as a 

consequence of the strong exchange Fe–Fe and Fe–RE interaction, respectively, being 

the latter due to the strong spin-orbit coupling experienced by the 4f electrons [2, 3].  

In this work we calculate the electronic structure and density of states of the 

intermetallic cubic Laves phase compound YFe2 with the WIEN2k code, using the Fully-

Linearized-Augmented- Plane-Wave (FLAPW) method within the Local-Spin-Density-

Approximation (LSDA). The results obtained from the band structure calculations and 

the density of states are supported with experimental data obtained from Electron 

Energy Loss Spectroscopy (EELS) technique in the transmission electron microscope 

(TEM). We carried out an analysis in the low energy loss region of the spectrum and a 

comparison is made between theory and experiment. Kramers-Kronig analysis is 

performed to obtain the complex dielectric function from spectroscopic data.  

Electron energy-loss spectroscopy (EELS) is a powerful analytical technique that 

can be utilized to obtain information on the structure, bonding and electronic properties 

of a material [4-10]. The interactions of fast electrons with the specimen result in 

excitations of electrons into unoccupied energy levels in the conduction band. When a 

spectrum is obtained by analyzing the energy lost by the incident electrons, the region 

up to an energy loss of ~50 eV is dominated by collective excitations of valence 
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electrons (plasmon) and by interband transitions. At higher energy losses ionization 

edges occur due to excitation of core electrons into the conduction band.  

To our knowledge, combined EELS and ab initio calculations have not been used 

for studies of YFe2 yet. In the present work we have conducted low-energy EELS on 

arc-melting prepared YFe2 samples obtaining the complex dielectric function and the 

optical joint density of states by Kramers-Kronig analysis.  

The low loss region in an energy loss spectrum (<50 eV) contains information 

about excitations of outer shell electrons and the electronic structure of the material 

which determines its optical properties. The excitations of valence electrons are 

dominated by collective excitations (plasmon) and single electron interband transitions. 

Interband transitions are originated from the excitation of electrons to empty states in 

the conduction bands, so these can be identified as transitions in a band structure 

model.  

From the dielectric theory, it is possible to relate the experimental single 

scattering distribution S(E), to the Energy Loss Function Im(-1/ε), by [8]:  

 

where ε(q,E) = ε1+ iε2 is the complex dielectric function at energy loss E and 

momentum transfer q, a0 the Bohr radius, m0 the electron rest mass, v the electron 

beam velocity, na the number of atoms per unit volume, q the scattering angle and θE = 

E/(ym0v2) is the characteristic scattering angle, g is the relativistic factor, I0 is the zero 

loss intensity, t is the specimen thickness and b is the collection semi-angle.  
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To compare the experimental results from EELS with the density of states (DOS) 

obtained from band theory calculations, we can define the optical joint density of states 

(OJDS), as [10,11]  

 

where Ep is the plasmon energy in Drude model.  

Experimental details 

The samples were prepared by arc melting from the pure elements, Y (99.9%) 

and Fe (99.98%), under an argon atmosphere. Buttons were prepared and sealed in an 

evacuated quartz tube, then annealed for 90 h at 850°C and quenched in cold water. To 

avoid the risk of having undesirable phases in the initial samples, a thin layer was filed 

off from the surface of the buttons.  

EELS spectra were taken in diffraction mode with 0.2 eV/ch dispersion, an 

aperture of 2 mm and a collection semi-angle of 2.7 mrad. The resolution of the spectra 

was determined by measuring the full width at half-maximum (FWHM) of the zero-loss 

peak and this was typically close to 1.3 eV when the TEM was operated at 200 kV. 

Spectra were corrected for dark current and readout noise. The channel to channel gain 

variation was minimized by normalizing the experimental spectrum with independently 

obtained gain spectrum of the spectrometer. 

Calculation Details 

Self-consistent band structure calculations were performed using density 

functional theory (DFT) with the full-potential linearized augmented plane-wave 
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(FLAPW) method using the WIEN2k code [12]. Exchange and correlation were treated 

using the Local-Spin-Density Approximation (LSDA) for the potential. The core states 

were treated in a fully relativistic fashion. The wave functions within the muffin-tin 

spheres were expanded in spherical harmonics with an angular momentum up to l = 10. 

Additional local orbital extensions were used to avoid linearization errors. Nonspherical 

contributions to the charge density and the potential within the muffin-tin spheres were 

considered up to lmax = 4. In the interstitial region, plane waves with reciprocal lattice 

vectors up to G = 10 were included and the plane-wave cut-off (RMTKmax) was set to 8. 

For this compound, the muffintin radii were chosen as 2.50 and 2.44 a.u. for Y and Fe 

respectively. Self-consistency was considered to be achieved when the total energy 

variation from iteration to iteration did not exceed 10-5 Ry, on a mesh containing 165 k-

points in the irreducible Brillouin zone (IBZ).  

The dielectric function can be obtained from the OPTIC Program of the WIEN2k 

code, Ambrosch et al. [13] , allowing for comparison with experiment:  

 

Matrix elements are calculated from the electron states and an integration over 

the irreducible Brillouin zone is performed to calculate the imaginary part of the 

dielectric function and then a Kramers-Kronig analysis is performed to obtain the real 

part of the dielectric function ε1 and finally the energy loss function Im(-1/ε). The optical 

properties were calculated on a mesh containing 1540 k-points in the irreducible part of 

the Brillouin zone, as many points are needed for optical calculations.  
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The crystal structure of YFe2 has been widely studied experimentally. This is a 

cubic structure and belongs to the space group Fd-3m. The lattice constant is 7.362 Å, 

taken from the experimental results [14]. The atomic positions are: Y at (0,0,0) and Fe 

at (0.625,0.625,0.625).  

Results and Discussion 

Spectra acquired with the EELS spectrometer were Fourier-Log deconvoluted to 

have the single scattering distributions S(E), and then normalized to obtain the energy 

loss function Im(-1/ε). The real and imaginary parts of the dielectric function were 

obtained, after removing surface loss effects, by Kramers-Kronig Analysis, as described 

by Egerton [8].  

The energy loss function and the real part of the dielectric function are shown in 

Fig. 1. The ε1 spectrum shows zero upward crossing at 16.0 eV, indicating that the 

dominant peak in the energy loss spectrum at 16.8 eV is a well defined plasmon and 

peak at 25.8 eV corresponds to Y N23 ionization edge. The absence of any other zero 

crossing implies that other featured peaks appearing at energies below the plasmon 

peak are effectively due to interband transitions. As peak positions in the energy loss 

spectrum at low energy losses are strongly influenced by the volume plasmon and the 

positions of other excitations, the energy loss spectrum cannot be directly associated 

with interband transitions. However, the imaginary part of the dielectric function can be 

associated with interband transitions. Fig. 2 shows the imaginary part of the dielectric 

function. At first sight, no structure is observed in the spectrum; however, this structure 

exists and it can be made evident by calculating the optical joint density of states J1(E), 

from Eq. (2). Fig. 3 shows a plot of J1(E) Vs E, where some structure has been 
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appeared. Taking the second derivative of J1(E) with respect to E, the structure in the 

J1(E) Vs E plots are further enhanced, as it is shown in Fig. 4. Peaks not visible in the 

J1(E) Vs E plots show relative maxima in -d2J1(E)/dE2 Vs E plots. The appearance and 

height of these peaks show clearly that they are not noise in character, showing instead 

more structure associated with interband transitions. However, it should be stressed 

that wiggles in the second derivative of the OJDS have no physical meaning but are just 

a mathematical procedure to enhance the structure not visible, at first sight, in the OJDS 

Vs E plot. On the other hand, peak positions in the derivative correspond with peaks 

positions in OJDS and the OJDS is proportional to the joint density of states (JDOS) 

[11,15]. The electronic structure information available in the low-loss EELS spectrum is 

related to the joint density of states which is high for energies at which two energy 

surfaces lie parallel to one another at a particular k point in reciprocal space. At such 

points one has the so-called critical points. As single electron interband transitions 

depend on critical points in the band structure, peaks in the imaginary part of the 

dielectric function come from to the presence of critical points in the band structure.  
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As maxima observed in the J1(E) Vs. E plots are assigned to interband 

transitions, these peaks can be interpreted on the basis of energy-band calculations. 

Figs. 5, 6 show the calculated energy loss function and the imaginary part of the 

dielectric function ε2, respectively, where we chose not to broaden these quantities, as 

it is well known that experimental broadening is a much more complex process. 

Featured peaks a-e in Fig. 1 for the experimental energy loss function, coincide well 
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with corresponding peaks in Fig. 5 from theoretical calculations, as long as energy 

positions of relative maxima are concerned, even though a lack of absolute intensity in 

the theoretical calculations is observed when compared to experiments. In the same 

way, we find good coincidence between featured peaks A-H in Fig. 4, arising from 

experimental results and those observed in Fig. 6 for the calculated imaginary part of 

the dielectric function.  
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As long as the magnetic properties are concerned, we calculated the spin- 

dependent density of states. Fig. 7 shows the density of states for spin-up and spin-

down electrons for the compound YFe2, as well as the partial density of states for Y and 

Fe sites, from numerical calculations. From these plots, it is evident that the 

ferromagnetic character for YFe2 comes mainly from Fe. Actually, total magnetic 

moment in the unit cell, from calculations, comes out to be 3.68 μB, with Y sites giving a 

small negative contribution to the total magnetization of 0.09 μB, in agreement with 

calculations performed with different methods [16]. Our calculated magnetic moment 

per unit cell comes out to be higher than reported experimental values of 2.90 μB and 

2.86 μB calculated by other authors [17, 18].  
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Conclusion 

Electronic structure of YFe2 samples was studied by low-loss transmission 

Electron Energy Loss Spectroscopy. We obtained Kramers-Kronig derived complex 

dielectric function and optical joint density of states (OJDS) for YFe2. Peaks in the OJDS 

were enhanced by taking the second derivative with respect to energy loss and 

compared with numerical calculations. Good agreement was found between our 

experimental results and those based on theoretical calculations.  
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