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Surface Effect on Electronic, Magnetic and Optical Properties  
of PtCoBi Half-Heusler: A DFT Study

The electronic, magnetic, and optical properties of PtCoBi half-Heusler compound [001] surfaces and its bulk state have 
been investigated in the framework of density functional theory using GGA approximation. The half-metallic behaviors of CoBi-
term, CoPt-term and PtBi-term decrease with respect to its bulk state. The spin polarization at the Fermi level is 73.2% for the 
bulk state, and it is –64.4% and –64.1% for the CoBi-term and PtBi-term, respectively while less polarization has been observed 
for the CoPt-term. All terminations have given almost similar optical responses to light. Plasmon oscillations for the terminations 
occur in the range of 12.5 to 14.5 eV (21 to 22 eV) along xx (zz), and it occurs at 23 eV for the bulk state. The refractive index 
for the bulk and all three terminations is very high in the infrared and visible areas, meaning a very strong metallic trend in these 
compounds. The phenomenon of super-luminance occurs for the incident light with energy exceeding 5.5 eV for all three termina-
tions, and it occurs in the range of 10 eV for the bulk mode. These terminations show transparent behavior after the energy of 10 eV.
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1. Introduction

In recent years, much attention has been paid to ferromag-
netic half-metals to be used in the spintronics [1-7] and opto-
electronics industries [8-14]. More over, other two-dimensional 
materials are used in the optoelectronics industries [15-19]. Ideal 
half-metals are a group of material having metallic behavior 
in the majority spin and the semiconductor properties in the 
minority one [20-22]. The most important half-metal structures 
are binary and Heusler compounds. The Heusler structures are 
crystallized based on zincblende structure and are divided into 
two classes; full-Heusler and half-Heusler. Half-Heusler com-
pounds with the space group number 216 crystallize in three 
phases of α, β, and γ. In their unit cell, there are three atoms with 
XYZ stoichiometry, with the X, Y, and Z atoms at (0, 0, 0) and 
(1/4, 1/4, 1/4) and (1/2, 1/2, 1/2) for α, β and γ phases [23-28].

The relatively high Curie temperatures of the half-Heusler 
composites, their structural conformity with semiconductor 
substrates, and their interesting optical and electronic proper-
ties have made these semiconductors very attractive. Recently, 
the structural and electronic properties of PtXBi semiconduc-
tors (with X = Mn, Fe, Co, and Ni) have been computationally 

considered, and the results show that PtCoBi is half metal in all 
three phases of α, β and γ [29].

In the spintronic and optoelectronic industries, thin films 
of semiconductor compounds are used, so their surface effects 
and their interface are the most important and challenging points. 
Much theoretical and experimental work has been recently done 
in this field, but as the Heusler structures are crystallized in the 
zincblende phase, the two types of films with [001] and [111] 
terminations are more likely to grow. The density functional 
theory (DFT) and FP-LAPW+lo method have been used to cal-
culate the electronic, magnetic and optical properties of Co2VAl 
graphene-like (GL) mono-layer by Boochani et al. [30]. While 
the GL state represents a strong half-metallic properties and 
0.5 spin-flip gap as well as an integer magnetic moment (1.00), 
the grown films in (101) and (011) directions is calculated to ex-
hibit metallic properties with low spin-polarization at the Fermi 
level. The CoFeHfGe compound has been investigated in (100) 
and (001) directions by Paudel et al. [31]. The half-metallicity is 
found to be destroyed due to the surface states. Additionally, the 
HfGe (100) direction has the highest spin polarization of 90.72%, 
thus, it has the potential applications in giant magneto-resistance 
devices. The spin-polarized first-principles method is employed 
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by Yang et al. [32] to investigate the half-metallicity and mag-
netic behaviors of different (001) surfaces of Y2CrSn Heusler 
structure. Using the generalized gradient approximation (GGA) 
method, the spin polarizations that has been calculated for two 
various terminations of the standard stable YSn-terminated and 
the artificial stable SnSn-terminated are –96.9% and –95.8%, 
respectively, while it is –69.2% and –83.0%, respectively, 
using the GGA+U method, indicating the potential applica-
tions in spintronic devices. Hussain et al. [33] claimed that the 
confirmed half-metallicity in the YCoCrGe bulk structure is 
appeared to be failed in all investigated 2D structures except the 
Cr-termination, with spin polarization about 64% and 76% for 
Y-Ge and Cr-Co, respectively, and 70%, 51%, and 68% for the Y, 
Co, and Ge surfaces, respectively. Moreover, the half-metallicity 
is observed to be confirmed in the Cr-terminated surface with 
spin polarization equal to 100%. Spin-polarized first-principles 
calculations are performed by Yang et al. [34] to examine the 
structural, electronic and magnetic properties in bulk state and 
variety of (001) surfaces of X2CoIn (X = Ti, Zr) Heusler alloy. 
The InIn and XIn terminations are the most stable surface and 
the second stable one, respectively. Hence, the InIn termination, 
as the most stable surface, has high spin polarizations of 80.8% 
and 69.6% for X = Zr, respectively, and 65.2% and 62.3% for 
X = Ti, respectively. For two quaternary Heusler compounds of 
NbFeCrAl and NbFeVGe, the structural, electronic and magnetic 
properties in the bulk structure and (001) surfaces are studied 
by Y. Li et al. [35] in the density functional theory framework 
using first-principles calculations. The half-metallic behavior 
is devastated for the Fe-V, Fe-Cr, Nb-Ge, and Nb-Al termina-
tions of the (001) surfaces, such that the spin polarization ratio 
experiences a dramatic decline to less than 50% for NbFeCrAl 
and NbFeVGe compounds. Therefore, in this study, the effects of 
[001] thin film surfaces on the electronic and optical behaviors 
are studied and compared for the first time for the PtCoBi half-
Heusler composition in the γ phase.

Section 2 provides the details of the calculations, and Sec-
tion 3 compares the structural, magnetic, electronic and optical 
behaviors of the films.

2. Computational methods

The electronic and optical properties of the PtCoBi half-
Heusler and its [001] film terminations have been considered 
with Wien2K code [36] based on the density functional theory 
(DFT) by full-potential (linear) augmented plane waves plus 
local orbitals (FP-LAPW+lo) [37] and the exchange-correlation 
potential has been approximated by PBE-GGA [38]. The opti-
mized input parameters such as Kpoints was selected 4000 for 
bulk and 500 for films, as well as Rkmax and Gmax to 8.5 and 
13.5, respectively. The atomic forces on the film structures were 
optimized to 1.0 mRyd/a.u. by mini-position command and the 
self-consistent calculations are considered to be stopped when 
the charge convergence is less than 0.0001 e. Besides, the optical 
calculations were approximated by RPA method [39].

3. Results

3.1. Structural properties

The slabs of nine atomic layers of the PtCoBi compound 
in the γ phase along [001] crystal direction have been created. 
The three terminations of CoBi-term, CoPt-term and PtBi-term 
were considered for this compound. On both sides of the slabs, 
a vacuum of 30 Bohr was added to eliminate interactions. Fig. 1 
shows an overview of the bulk state and the three terminations 
mentioned above. To investigate state of the bulk and the ter-
minations, which are stable in the two ferromagnetic and non-
magnetic states, the total energy curve is plotted in terms of 
volume, fitted by the Murnaghan equation of state, for the bulk 
and all three terminations with the ratio of c/a = constant in the 
two states: the ferromagnetic (FM) and non-magnetic (NM), 
which are plotted in Fig. 2. As it can be seen from the curves, 
the bulk and all three terminations of CoBi-term, CoPt-term, 
and PtBi-term are more stable in the ferromagnetic state than 
in the non-magnetic state because they are in lower energy than 
in the non-magnetic state. The transition pressure values of 
PtCoBi compound and PtBi-term obtained 15.74 and 7.70 Gpa, 
respectively while there is no transition pressure for CoBi-term 
and CoPt-term.

3.2. Electronic Properties

The electronic structure of the material gives useful infor-
mation about the physical behavior such as electronic, optical and 
transport properties. The electronic density of states is plotted in 
Fig. 3 for the PtCoBi half-Heusler compound in the γ phase for 
the bulk state. It is clear that the electron density is anisotropic in 
the energy range from –2 eV to 1 eV, and the electronic behavior 
is different in both spins. The magnetic moment of PtCoBi is 
obtained 1.381 μB as reported in 

Table 1 which is in a good agreement with the other works. 
Additionally, the spin polarization at the Fermi level is derived 
from the relationship P = (N↑ – N↓)/(N↑ + N↓) which is 73.2%. 
There is not a necessity for the bulk material to be 100% spin 
polarized. There have been compounds where their spin polariza-
tion is less than 100% in the bulk state, but their spin polarization 
has remained constant or increased in the surface state [40,41]. 
It can be seen from Fig. 3 that the main cause of the magnetic 
anisotropy at the Fermi level belongs to the electronic states of 
Co atoms and, to some extent, Pt atoms. It can also be observed 
that the electronic states of the Bi atom at the Fermi level have 
a very small contribution compared to the other two atoms. 
Therefore, it can be concluded that this compound exhibits a dual 
behavior as the response to an applied external magnetic field. 
Most Heusler compounds in the industry are used in the form 
of thin films, so it is important to study the PtCoBi composition 
behavior in the form of the thin film. In thin films, the surface 
effects cause changes in electron behavior, followed by changes 
in other behaviors such as optical and transport behaviors because 
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Fig. 1. The structures of (a) bulk (b) CoBi-term (c) CoPt-term and (d) PtBi-term

Fig. 2. The total energy in terms of a function of volume in the two states (FM) and (NM) for (a) bulk (b) CoBi-term (c) CoPt-term and (d) PtBi-term
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in thin-film structures, the increase in electron density at the sur-
face and the presence of dangling bonds elevates the electrostatic 
potential at the film surface, with altering the physical nature of 

the material. Due to the crystallization of PtCoBi structure based 
on the FCC structure, there are two important directions to grow 
the film: one is [001] and the other is [111].

Fig. 4 illustrates the electron density of states for the PtCoBi 
thin film in two spin channels with different terminations for 
[001] direction. The spin polarization values of all these films 
are listed in Table 1. Considering the DOS curves in Fig. 4, it is 
observed that at the terminations of CoBi-term and PtBi-term, 
the spin polarization is –64.4% and –64.1%, respectively, and at 
the termination of CoPt-term, less polarization is observed as the 
electron states in the spin-up are less than the spin-down ones.

Table 1 shows the total magnetic moment of PtCoBi half-
Heusler compound and the CoBi-term, PtCo-term and PtBi-
term, as well as the magnetic moment of the atoms forming the 
bulk and terminations from the first layer (the surface layer) 
to the fifth layer (the central layer). As it can be seen in Table 
1, the magnetic moment of the surface atoms at each of three 
mentioned terminations has a significant increase or decrease 
due to the surface effects compared to the magnetic moment 
of similar atoms in the bulk state, with the largest increase 
(decrease) in the magnetic moment for the Co atom, which is 
equal to 52% (–36%) for CoBi-term (CoPt-term). This situation 

Fig. 3. The total and partial DOS of PtCoBi bulk in up and down (dn) 
spins

Fig. 4. The total DOS of CoBi-, CoPt- and PtBi terminations in up and down spins

Table 1
The spin polarization, total magnetic moment, and the magnetic moment of the atoms for all layers in all mentioned terminations

Magnetic Moment of terminations in μB

Pt-Bi-termCo-Pt-termCo-Bi-termLayer
M(Bi1) = –0.013M(Pt2) = 0.124M(Pt1) = 0.047M(Co2) = 0.808M(Bi1) = –0.021M(Co2) = 1.930L1 (surface)

M(Co1) = 1.361M(Bi1) = –0.023M(Pt1) = 0.212L2

M(Bi3) = –0.005M(Pt1) = 0.133M(Pt3) = 0.024M(Co1) = 1.920M(Bi3) = 0.006M(Co1) = 1.837L3

M(Co2) = 1.223M(Bi2) = –0.028M(Pt2) = 0.184L4

M(Bi2) = –0.008M(Pt3) = 0.177M(Pt2) = 0.072M(Co3) = 1.219M(Bi2) = 0.006M(Co3) = 1.855L5 (central layer)
5.6937.03410.340MMT

–64.1%–40.7%–64.4%Spin polarizationn
Magnetic Moment of bulk in in μB

P(Bi) = -0.008M(Co) = 1.269M(Pt) = 0.146MMT = 1.381(1.443 Ref [22])
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for magnetic moment shows only decrease for the Pt atom and 
just increase for the Bi atom so that the highest decrease for the 
Pt atom is –68% for CoPt-term and the highest increase for Bi 
atom is 162% for the CoBi-term. It seems that a decrease in the 
number of neighbors at the surface is the dominant factor in 
determining the magnetic moment. The magnetic moment of 
Co in the second (subsurface layer) and the third layers in the 
considered terminations have been increased in comparison with 
the bulk state, but the magnetic moment of Pt and Bi has fluctu-
ated around the bulk value. In the central layer (fifth layer) of the 
terminations, the magnetic moment of the atoms tend to move 
toward the magnetic moment of similar atoms in the bulk due to 
the reduction of surface effects, so that the magnetic moments 
of the Co atom at CoPt-term and the Bi atom at PtBi-term are 
only slightly different.

In Fig. 5, the electrostatic potential curve along the crystal 
growth [001] is plotted for all three terminations of CoBi-term, 
CoPt-term, and PtBi-term. It can be seen that in all three films, 
Blach’s behavior is detected along the z-axis, and at the film sur-
face, there is a sharp escalation in the electrostatic potential. 
This increase is a factor to change the nature of electronics and 
electron transport in films. Fig. 5 indicates that the electrostatic 
potential in the PtBi-term film has the highest oscillation and the 
lowest oscillation occurs in the CoPt-term. Thus, the electron 
transport factor and magnetism in the PtBi-term termination are 
expected to have the high value. 

In Fig. 6, the electron density curves are plotted for the 
surfaces of the terminations of the [001] films. It is obvious that 
in the spin-up for the CoPt-term termination, the highest electron 
density is at the position of the Co atoms, and by comparing the 

graphs at the two spins up and down, it is clear that the electron 
density gradient in the spin-down has changed significantly as 
the bonds in the spin-down become more ionic. In the CoBi-term 
termination, the form of electron density changes differs in 
both spins, as a dipole appears at the location of the Co atom 
at the film surface, and the electron density distribution has not 
changed much at the Bi atom location. However, in the PtBi-term 
termination, the ratio of electron density changes from spin up 
to down belongs to the Bi atoms, and the electron density shape 
at the Pt atom location does not display much change. It can be 

Fig. 6. The electron density of the film surfaces for two up and down spins

Fig. 5. The electrostatic potential of the CoBi-, CoPt- and PtBi-termi-
nations along [001] direction
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seen from the electron density, comparing the atoms in the up 
and down spins, the Pt-Bi bond at the Pt-Bi-term is stronger at 
the Co-Bi-term due to the greater electron density than the other 
two bonds at the other two terminations e.g. the Co-Pt bond at the 
Co-Pt-term and Co-Bi bond at the Co-Bi-term.

Comparing the bond length between the atoms located on 
the surface can be a suitable tool to study the interactions be-
tween the atoms on the surface. The length of Pt-Bi bond at the 
Pt-Bi-term is 3.157Å, the length of Co-Pt bond at the Co-Pt-term 
is 3.087Å and the length of Co-Bi bond at the Co-Bi-term is 
3.061Å. Shorter Pt-Bi bond length at the Pt-Bi-term is another 
reason why the bond is stronger than the two Co-Pt and Co-Bi 
bonds for the Co-Pt-term and Co-Bi-term terminations, respec-
tively.

3.3. Optical Properties in the Bulk State

Fig. 7(a) represents the gamma phase absorption graph of 
the PtCoBi structure. As it is expected from the metallic nature 
of this compound, light absorption at the low energies (infrared 
region) starts with a steep slope, increases to 5 eV, and after 
several fluctuations rises to 18 eV. It then declined again with 
a sharp slope. This spectrum shows that based on the metallic 
behavior of the PtCoBi compound, the light absorption is con-
tinuous and it exists at all energy ranges up to 25 eV. Absorp-

tion can be due to a variety of reasons, including the transfer of 
electrons from lower levels to higher ones, or the acceleration 
of electrons inside the compound.

Fig. 7(b) shows the energy loss function (Eloss) spectrum so 
that there is the least energy loss at low energies, at the infrared, 
visible, and UV edge areas. Therefore, it demonstrates that the 
PtCoBi combination is a useful combination for use in infrared, 
visible and UV edge sensors, and the Eloss peak, which occurred 
at 23 ev, could be due to Plasmon oscillations. The extinction 
coefficient is one of the important physical parameters providing 
the amount of light penetrating the material. Fig. 7(c) represents 
that the PtCoBi has the highest extinction coefficient at lower 
energies (infrared and visible range), but there is a dramatic 
decline in the amount of light entering the thin film at the UV 
edge and higher energies as the extinction coefficient is virtually 
zero at 25 ev thereafter. It can be seen from the Fig. 7(a) that the 
light absorption is also very low, so at high energies, virtually all 
light passes through the object. Hence, PtCoBi actually acts as a 
transparent object, but by comparing the extinction coefficient 
and the Eloss, the composition can be said to be more useful for 
applications in the energy range of the UV edge.

The response of each object to the incident light is shown 
by the dielectric function, ε(ω), which is a complex mathematical 
tensor. Fig. 7(d) provides the real part of the dielectric function, 
Re ε(ω). At low energies, Re ε(ω) has tended to -∞, indicating its 
strong metal nature. Interestingly, it does not have any positive 

Fig. 7. (a) Absorption, (b) Eloss, (c) Extinction and (d) real part of dielectric function for PtCoBi bulk
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response to the light at all energy ranges, especially the energy 
range of 0 to 7 eV. Nevertheless, it has a root at the energy of 
23 eV, and it has transited from the negative area to the positive 
one at this point. This root is where Eloss also had a peak, so 
the Plasmon oscillations of this compound occur at the energy 
of 23 eV. 

The imaginary part of the dielectric function, Im ε(ω), 
represents the electron transition from filled levels to the empty 
ones, and each peak corresponds to this electron transition. In 
Fig. 8(a), as it is expected from the metallic nature of the PtCoBi 
thin film, the major Re ε(ω) peaks occurred in the infrared and 
visible regions, decreasing with increasing photon energy de-
livered with a steep slope. Practically, no significant transition 
occurs after 10 eV. As mentioned above, after 25 eV, according 
to this fact that the absorption, Re ε(ω), the extinction coefficient 
and Eloss are zero, this compound is transparent.

The PtCoBi optical conductivity diagram in Fig. 8(b) 
shows that this compound has a very high optical conductivity 
at low energies. Additionally, it was mentioned that Im ε(ω) 
had a high electron transition in the infrared region indicating 
that all absorbed light is used for conduction. In Fig. 8(b), from 
the edge of the visible light to about 15 eV, optical conductivity 
has some fluctuations with a slight decrease in mean value. After 
25 eV, the conductivity is zero, which is another evidence for 
the transparency of this compound. The high refractive index 
in Fig. 8(c) shows the metallic behavior for PtCoBi while it de-

creases with steep slope by increasing photon energy. After the 
UV edge, the refractive index magnitude becomes lower than 
one, demonstrating that the phase velocity of the electromag-
netic spectrum in the object is greater than the speed of light in 
the vacuum. By further reducing the refractive index at higher 
energies, the transparency of this compound is again confirmed 
at energies above 25 eV.

The PtCoBi reflection coefficient In Fig. 8(d) is approxi-
mately 100% at low energies, indicating a very strong metallic 
nature in the infrared region, but the reflection coefficient de-
creases further in the visible region with more absorption and 
reduction of Im ε(ω) peaks. Consequently, it leads to a decline 
in its metallic behavior so that it exhibits semiconductor or even 
insulator behavior at energies above 25 eV resulting in a trans-
parent behavior.

3.4. Optical Properties of Thin Film

Surface effects on thin films lead to fundamental changes 
in the physical behavior of materials. In this section, the optical 
properties are studied for the (001) PtCoBi films at the CoBi-
term, CoPt-tem, and PtBi-term terminations. The real parts of 
the dielectric functions, Re ε(ω), of these terminations are shown 
for both directions of xx and zz in Fig. 9(a) and 9(b). Given that 
in the (001) film, the crystal symmetry is broken compared to the 

Fig. 8. (a) imaginary part of dielectric function, (b) real part of electric conductivity, (c) refraction index and (d) reflection index of the PtCoBi bulk
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bulk state, optical response of the films, when the light electric 
field direction is parallel to the cross-sectional area of the film 
(xx axis), is accordingly expected to be different from when the 
light electric field direction along the crystal growth direction (zz 
axis). As it can be expected from the features of these films, these 
terminations exhibit very strong metallic behavior such that their 
static values of the real part of the dielectric function values in 
the xx and zz directions are –∞ and +∞, respectively. By com-

paring the optical spectra along both directions of xx and zz, it 
can be observed that the response of these films to the incident 
light differs in the infrared, visible and UV regions, so differ-
ent optical responses can be obtained by changing the incident 
light. For the diagram of the real part of the dielectric function 
along xx direction, Re ε(ω)xx, it is clear that at the CoBi-term 
termination, the value of this parameter shifts from negative to 
zero, and it has a root in the visible region. Furthermore, there 

Fig. 9. (a) real part of dielectric function along x direction, (b) real part of dielectric function along z direction, (c) imaginary part of dielectric 
function along x direction, (d) imaginary part of dielectric function along z direction, (e) energy loss function (Eloss) along x direction, (f) energy 
loss function (Eloss) along z direction for the CoBi-, CoPt- and PtBi-termination
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are two other negative peaks in the range of 4.5 to 7.5 eV. At the 
CoPt-term termination, Re ε(ω)xx again approaches zero, one at 
5.5 eV and the other at 7.5 eV beside a negative peak at 7 eV. 
It is obvious from the comparison of these two terminations that 
the CoBi-term termination experiences a redshift compared to 
the CoPt-term one, but the PtBi-term has more metallic behavior 
than the other two terminations because Re ε(ω) is negative in 
the infrared, visible and UV edge energy ranges, and its abso-
lute magnitude is greater than the other two ones. The common 
point among all three terminations is that they have roots in the 
range of 12.5 to 13.5 eV. On the contrary, the real part of the 
dielectric function along zz, Re ε(ω)zz, has shown different 
behavior with positive responses to the incident light in the 
visible region. The highest response belongs to the PtBi-term 
termination, but in the UV edge range, the two terminations 
of PtBi-term and CoBi-term enter the negative area and have 
root. In the CoPt-term termination, an oscillatory behavior is 
observed in the range of 4 to 5 eV, and there are two roots. In the 
range of 4.5 to 12.5 eV, the real part of the dielectric function 
along zz is negative in all terminations. This means that in these 
regions, the electromagnetic waves do not propagate in these 
compounds and the absorptions and dissipations occur. Similarly 
[42], same as the xx direction, there is a root at 5 eV for the 
real part of the dielectric function along zz in the range of 12.5  
to 13.5 eV.

In Fig. 9(c) and 9(d), the imaginary part of the dielectric 
function, Im ε(ω), in the xx and zz directions have been shown. 
Each peak of the imaginary part of the dielectric function repre-
sents an electron transition from a filled level to an empty one. 
It can be seen from the comparison of the imaginary part of the 
dielectric function in both the xx and zz directions that the static 
values of all three terminations in the xx direction tend to +∞ 
while they start from zero in the zz direction and reach to the large 
peak with a steep slope in the infrared region. It can be concluded 
from this diagram that the metallic properties of the terminations 
are severely strong in the xx direction although it decreases along 
the zz direction. For the all terminations, the imaginary part 
values of the dielectric function drop with a dramatic slope for 
both xx and zz. Hence, it is observed that the electron transitions, 
which are due to the strong metallic behavior at the terminations, 
especially in the xx direction, occur in the infrared and visible 
areas, and they have reached a saturation level such that there 
is practically no significant transition at energies above 15 eV. 
As a result, the absorbed light is not consumed for the transition. 
In the zz direction, one thing to note is that except for a very 
sharp peak at the visible edge, no significant peak can be seen at 
other energies meaning that there is an optical instability in the 
behavior of these films along the zz direction.

Fig. 9(e) and 9(f) show the energy loss function (Eloss) 
which its peaks can represent Plasmon oscillations provided 

Fig. 10. (a) Absorption coefficients along x direction, (b) Absorption coefficients along z direction, (c) Conductivity along x direction and (e) 
Conductivity along z direction of the CoBi-, CoPt- and PtBi-terminations
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that the real part of the dielectric function simultaneously has 
a root at the same energy. It is obvious in these figures that the 
Eloss has magnitude and peak in the two areas of 21 to 22 eV 
and 12.5 to 14.5 eV, respectively. Comparing with the real part 
of the dielectric function in these two directions, it is clear that 
there are Plasmon oscillations at these two points. The remark-
able point is that the Eloss values in both directions are very small 
in the range of 0 to 5 eV, so the incident light is losing a very 
small amount of energy due to the high absorption in this area 

as well as the high response of these terminations, which can be 
seen in Fig. 10(a) and 10(b). In Fig. 10(c) and 10(d), according 
to the extremely high optical conductivity of the terminations in 
the range of 0 to 5 eV, it can be concluded that these films are 
excellent optical transporter for electrons, but as the amount of 
Eloss increases, the optical conductivity decreases.

In Fig. 11(a) and 11(b), the refractive index diagram is 
plotted in the two directions. Clearly, the refractive index of 
all three terminations is very high for both directions in the 

Fig. 11. (a, b) The refraction indexes along the x and z directions, (c, d) Extinction coefficients along with the x and z directions and (e, f) Reflec-
tions along with the mentioned directions for CoBi-, CoPt- and PtBi-terminations
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infrared and visible regions and tends to +∞ meaning a very 
strong metallic property in these compounds. After the range 
of 5.5 eV, the refractive index values are lower than unity, and 
they exhibit milder behavior with a gentle slope, indicating 
a super-luminance phenomenon. The refractive index values 
are lower than unity mean that the phase velocity (v = c/n) of 
the electromagnetic spectrum is greater than light velocity in 
a vacuum, c [43,44].

The extinction coefficient represents the light perme-
ability in the material, and their peaks determine the rate of 
decrease in the incident light amplitude. In Fig. 11(c), for all 
three terminations, all static values of the extinction coeffi-
cients of these combinations in the xx direction tend to ∞, so 
in the infrared, visible, and UV edge area, there are the most 
significant drop in wave amplitude, especially in the infrared 
area because these compounds have a highly metallic behavior 
and the incident light wavelength is greatly reduced and finally 
absorbed. In Fig. 11(d), along the zz axis, the extinction coef-
ficient at zero energy is very low, but it has a Dirac peak at the 
visible edge. By increasing the incident photon energy, they all 
decline (at both directions) with a steep slope to reach zero at 
high energies. Besides, according to the refractive index value 
less than one at high energies (after 10 eV) and as it is obvi-
ous from Fig. 11(e) and 11(f), the reflection coefficient is also 
less than 0.2 after 10 eV. Furthermore, considering very small 
amounts of the real and imaginary parts of the dielectric func-
tion, these compounds are transparent and most of the incident 
light passes through.

4. Conclusion

In this paper, the electron, magnetic, and optical properties 
of the PtCoBi semiconductor compound [001] films and its bulk 
state are studied based on the density functional theory em-
ploying GGA approximation. The half-metallic behavior of its 
CoBi-term, CoPt-tem and PtBi-term terminations and its block 
state are investigated. The spin polarization at the Fermi level 
is –73.2% for the bulk state and for the CoBi-term, PtBi-term 
and CoPt-term terminations are –64.4%, –64.1% and –40.7%, 
respectively. Consequently, two CoBi-term and PtBi-term ter-
minations are relatively good candidates for applications in the 
spintronics industry. In addition, due to their large magnetic mo-
ment, they can be used in the giant magneto-resistance (GMR). 
Owing to the very high static values of the imaginary part of the 
dielectric function in the xx direction, the metallic behaviors of 
the terminations are extensively strong while it has decreased 
in the zz direction. These terminations are good optical trans-
former for electrons because of their high optical conductivity 
in the range of 0 to 5 eV. According to the extremely low ex-
tinction coefficient, the refractive index is smaller than one and 
the reflectivity is smaller than 0.2. Moreover, because of very 
small amounts of the real and imaginary parts of the dielectric 
function for incident photons with energies greater than 10 eV, 
these compounds exhibit a transparent behavior.
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