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We have investigated the optical properties of La (0, 0.125, 0.250) doped YB6 by means of first-principles calculations 

within the framework of density functional theory. It was found that electronic and optical properties of YB6 crystals 

varied remarkably when Y atoms were replaced with La atoms. Furthermore, with increasing content of La in YB6 

crystals from 12.5 % to 25 % reflectivity and absorption coefficient of near infrared light decreased obviously, while the 

transmittance was enhanced. 
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1. INTRODUCTION* 

Over the past decades, the first-principles calculations 

have been used widely to investigate performance of 

various materials. Relevant findings [1 – 3] have illustrated 

that the optical properties of these materials could be 

characterized in terms of dielectric function, reflectivity, 

absorption and transmittance function, which are mainly 

related to band structure and electron density.  Recently, an 

increasing attention has been given towards the rare-earth 

element boride due to interesting structure and optical 

properties [4, 5]. Among them, yttrium hexaboride (YB6), 

an extremely hard, refractory and stable rare-earth 

hexaboride, has been also applied as solar radiation 

shielding materials in windows for its high optical 

absorption coefficient in near-infrared (NIR) range (around 

1000 m) and ultraviolet (UV) range (around 350 nm), and 

high transmittance in visible region. To our knowledge, a 

lot of researches have been conducted on thermoelectricity 

[6], super-conductivity [7] and optical performance [8, 9] 

of YB6. Even though electronic structure and optical 

properties of pure YB6 have been reported by Xiao [8, 9], 

there are no relevant researches on La doped YB6. Yttrium 

and lanthanum belong to one family; they possess many 

similarities in structure and physicochemical property. 

Within this paper, band structure, density of states, 

dielectric function, refractive index, reflectivity, absorption 

coefficient and transmittance of La doped YB6 are 

analyzed and discussed in detail. 

2. DETAILS OF CALCULATION 

All first-principles calculations were conducted on the 

basis of density-functional theory incorporated into the 

Cambridge Serial Total Energy Package (CASTEP) 

computational code [10]. The interaction between valence 
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electrons and nucleus with positive charges was 

represented in terms of ultra-soft pseudopotentials [11]. 

The exchange correlation energy was measured by the 

generalized gradient approximation (GGA) proposed 

before [8, 9, 12]. Brillouin zone integration was obtained 

through the Monkhorst–Pack scheme [13]. Geometry 

optimization was achieved by convergence thresholds of 

2 × 10−5 eV Å−1 for total energy and 0.05 eV Å−1 for 

maximum force. It is sufficient to adopt the plane wave 

cut-off energy of 380 eV and a 6 × 6 × 6 k-point mesh to 

ensure convergence for the total energy. 

In general, YB6 shows a CsCl-type structure with a 

Pm3m space group (No. 221), in which Y atom and B6 

octahedron take the sites of cesium and chlorine, 

respectively. Calculations of the La-doped YB6 have been 

performed within a 2 × 2 × 2 supercell of La0.125Y0.875B6, as 

presented in Fig. 1 b, and a 2 × 2 × 1 supercell of 

La0.250Y0.750B6 in Fig. 1. 

3. RESULTS AND DISCUSSION 

3.1. Structural and electronic properties 

Y atom occupies the Wyckoff site 1α (0, 0, 0), and B 

atom locates at the 6ƒ (z, 0.5, 0.5) site, with z acting as an 

internal parameter. According to the previous experimental 

research [8], the experimental data of α = 4.051 Å and 

z = 0.1991 Å were set as the initial input for geometry 

optimization. As many experimental findings reported 

[8, 14], optimized lattice constants were a =4.052 Å and 

z = 0.199 Å for pure YB6. 

Fig. 2 shows the calculated total density of states 

(TDOS) of pure YB6, La0.125Y0.875B6 and La0.25Y0.75B6, 

where the Fermi energy level is chosen to be the zero 

position of the energy scale. As illustrated in the TDOS 

curves, many bands of two La-doped YB6 samples cross 

the Fermi energy level, indicating typical conductor 

behavior. So it can be concluded that they could be used as 

conductors like YB6. 
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a b c 

Fig. 1. Supercell structure: a – YB6; b – La0.125Y0.875B6; c – La0.25Y0.75B6 

   

a b c 

Fig. 2. Total density of states: a – YB6; b – La0.125Y0.875B6; c – La0.25Y0.75B6 

 

The partial density of states of YB6 was obtained, but 

it is not present here because it is due to its consistency 

with what has been reported by Xiao et al. [8]. The band 

structures of pure YB6, La0.125Y0.875B6 and La0.25Y0.75B6 are 

plotted in Fig. 3. It can be noticed that the valence bands of 

the three samples go across the Fermi energy as well, 

which indicates that the original YB6, La0.125Y0.875B6 and 

La0.25Y0.75B6 possess good electrical conductivity. 

The above results demonstrate that the YB6 

compounds, no matter pure or doped with low content of 

the rare-earth element La, show superior conductivity. 

3.2. Optical properties 

3.2.1. Complex dielectric function 

In this section, the complex dielectric function 

)()()( 21  i+= is usually taken to describe the 

photon excitation of materials. It has a linear correlation 

with electromagnetic radiation of materials [15]. The real 

part (Re) of the dielectric function )(1  describes the 

dipole polarization intensity and the imaginary part (Im) 

)(2  is a key parameter in the optical performance. It is 

related to the electron excitation between occupied and 

unoccupied bands. Fig. 4 shows the dielectric function of 

YB6, La0.125Y0.875B6 and La0.25Y0.75B6. 

It can be observed from the real part that there is a 

transition from the metallic state to the dielectric state for 

YB6 and La0.125Y0.875B6, while for La0.25Y0.75B6 no 

transition zone exists in the curve. The imaginary part of 

La0.25Y0.75B6 obviously differs from those of the other two 

sample. This may be ascribed to different electron 

excitation modes they possess. Thus, it can be concluded 

that concentration of La in YB6 has great influence on 

dielectric function of hexaborides. Then systematical 

analysis on reflectivity, absorption and transmittance was 

conducted to compare optical properties of YB6, 

La0.125Y0.875B6 and La0.25Y0.75B6. 

 

   

a b c 

Fig. 3. Energy band structures: a – YB6; b – La0.125Y0.875B6; c – La0.25Y0.75B6 
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Fig. 4. Real part (1) and imaginary part (2) of the complex 

dielectric constant spectra: a – YB6; b – La0.125Y0.875B6;  

c – La0.25Y0.75B6 

3.2.2. Reflectivity spectra 

Fig. 5 depicts the reflectivity spectra of YB6, 

La0.125Y0.875B6 and La0.25Y0.75B6.  

 

Fig. 5. The reflection spectra of YB6, La0.125Y0.875B6 and 

La0.25Y0.75B6 

The energy positions of the plasma edge for YB6 and 

La0.125Y0.875B6 are V shaped in the visible region, the 

corresponding minimum values are 695 nm and 685 nm, 

respectively. The sample La0.25Y0.75B6 shows a relatively 

low energy position of the plasma edge in the visible 

region. It also can be observed in Fig. 5 that the maximum 

reflectivity for YB6, La0.125Y0.875B6 and La0.25Y0.75B6 in the 

near infrared region (NIR) is 70 %, 80 % and 28%, 

respectively. It demonstrates that reflectivity of this kind of 

materials can be regulated by changing concentration of La. 

3.2.3. Absorption spectrum 

It can be observed from the absorption spectra of YB6, 

La0.125Y0.875B6 and La0.25Y0.75B6 in Fig. 6 that each curve 

shows a strong absorption peak in the UV region and 

relatively weak absorption peak in the visible region. 

Especially for La0.25Y0.75B6 the peak in visible region is far 

too subtle to be noticed. As observed from the absorption 

curves of YB6, a clear absorption valley appears at around 

600 nm and there is an absorption peak at around 1100 nm 

in NIR region. Interestingly, when the La doping content 

goes up to 12.5 %, the absorption valley shifts toward a 

higher wavelength. With further increasing the content to 

25 %, the corresponding curve is much different from the 

others. The spectrum shows an absorption peak at visible 

light region, and then the data changes abruptly and 

decreases to a minimum value till 2500 nm. As we all 

know, the position of the absorption valley is always 

accompanied by the maximum transmission of light. So it 

can be deduced from this theoretical results that these 

materials can filter various wavelengths of light from the 

visible region by tailoring the component. 

 

Fig. 6. The absorption spectra of YB6, La0.125Y0.875B6 and 

La0.25Y0.75B6 

3.2.4. Theoretical transmittance 

The theoretical transmittance of YB6, La0.125Y0.875B6 

and La0.25Y0.75B6 films can be obtained according to the 

Eq. 1 [9]: 

)2exp(1

)exp()1(
2

2

dR

dR
T





−−

−−
=

, (1) 

where T is the theoretical transmittance; R is the 

reflectivity; α is the absorption coefficient; d is the film 

thickness. Fig. 7 presents theoretical transmittance of a 

50 nm thick film of these samples in the UV-Vis-NIR 

range. The theoretical transmittance is originated from the 
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reflection spectrum (Fig. 5) and absorption spectra (Fig. 6) 

of the samples. It demonstrates that calculated theoretical 

transmittance values of the compacted films of YB6, 

La0.125Y0.875B6 and La0.25Y0.75B6 are different. 

Moreover, it can be observed in Fig. 7 that in UV-Vis 

region, YB6 and La0.125Y0.875B6 films show transmittance 

peak at around 695 nm and 685 nm, respectively, but in 

NIR region they both present weak transmittance. On the 

contrary, La0.25Y0.75B6 displays high transmittance in the 

UV-Vis and NIR regions. That is, the transmittance of the 

La-doped samples in NIR region increases from around 

10 % to 50 % apparently by adjusting the content of La 

from 12.5 % to 25 %. 

Based on the above findings, it is found that both YB6 

and La0.125Y0.875B6 are promising solar radiation shielding 

materials for windows, which require high transmittance 

for visible light and high blocking effect for near infrared 

waves [8], while La0.25Y0.75B6 might serve as filter 

materials. Obviously, the optical tunable characteristic of 

the ternary materials shows greater potential in practical 

application than the binary YB6. 

Meanwhile, we noticed some interesting theoretical 

results, such as similarity in electronic structures and 

optical properties of YB6 and La0.125Y0.875B6, and an abrupt 

leap in the performance when the La content increased to 

25 %. These are supposed to be researched and discussed 

in our future work.   

 

Fig. 7. Theoretical transmittance of 50 nm thick films of YB6, 

La0.125Y0.875B6 and La0.25Y0.75B6 

4. CONCLUSIONS 

In summary, electronic structure and optical 

characteristics of YB6, La0.125Y0.875B6 and La0.25Y0.75B6 

have been calculated by the density-functional theory 

within the GGA. The as-obtained lattice constant and 

optical parameters are in good consistency with reported 

experimental results. Our findings show that YB6 and 

La0.125Y0.875B6 are ideal for the near-infrared 

absorption/reflectance materials and solar radiation 

shielding materials for windows which require high 

transmittance of visible light. As for the La0.25Y0.75B6, it 

may find potential application in filter materials due to its 

low absorption/reflectance and high transmittance in NIR. 
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