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ABSTRACT 

The negative effects of pollution caused by electromagnetic radiation on human health and sensitive systems 

have reached serious dimensions. The most effective way to deal with this pollution is to create isolated areas 

with shielding materials. Especially after the discovery of graphene, studies on 2D materials continue to reveal 

the extraordinary structural, electronic, and optical properties of 2D materials. Thanks to the research on the use 

of monolayer materials in electromagnetic shielding, ultra-thin, and high-performance shielding materials are 

being obtained. In this study, the electromagnetic radiation shielding efficiency (SE) of a 2D film-structured 

material with a tetragonal crystal structure in the MBenes class of the MXene family and obtained using Fe2B 

unit cells in the P4/mmm space group has been investigated using ab initio methods. The electrical, optic, and 

magnetic behavior of the material in the ground state is determined using the density functional theory (DFT) 

approach. The Curie temperature was investigated using the Monte Carlo method. The shielding efficiency of 

Fe2B has been investigated in the range of 31.558-123980 nm of the electromagnetic wave spectrum at [001], 

[010], [100] polarization states. Despite Fe2B 2D monolayer film structure, it showed a shielding performance 

(SET) of >20 dB. This study shows that Fe2B in film structure is a promising and exciting material for ultra-thin 

shielding material applications with its superior shielding performance at nanometer dimensions. 
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Tetragonal Kristal Yapıdaki Tek Katmanlı Demirborürün 

Elektromanyetik Kalkanlama Performansının Ab initio Yöntemler 

Kullanılarak İncelenmesi 

 
ÖZ 

Elektromanyetik radyasyonun neden olduğu kirliliğin insan sağlığı ve hassas sistemler üzerindeki olumsuz 

etkileri ciddi boyutlara ulaşmıştır. Bu kirlilik ile başa çıkabilmenin en etkili yolu kalkanlama malzemeleri ile 

izole edilmiş alanlar yaratmaktır. Özellikle grafenin keşfinden sonra 2D malzemeler üzerine yapılan çalışmalar 

ile 2D malzemelerin olağan üstü yapısal, elektronik ve optik özellikleri hale keşfedilmeye devam etmektedir. 

Monolayer malzemelerin elektromanyetik kalkanlama alanında kullanılması amacıyla yapılan araştırmalar 

sayesinde ultra ince ve yüksek performanslı kalkanlama malzemeleri elde edilmeye çalışılmaktadır. Bu 

çalışmada MXene ailesine ait MBenes sınıfında bulunan tetragonal kristal yapıya sahip ve P4/mmm uzay 

grubunda bulunan Fe2B birim hücreleri kullanılarak elde edilmiş olan film yapılı 2D malzemenin 
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elektromanyetik radyasyonu kalkanlama etkililiği (SE); ab initio yöntemler kullanılarak araştırılmıştır. 

Malzemenin taban durumundaki elektriksel ve manyetik davranışı yoğunluk fonksiyonel teorisi (DFT) yaklaşımı 

kullanılarak belirlenmiştir. Curie sıcaklığı Monte Carlo Metodu kullanılarak araştırılmıştır. Fe2B’nin kalkanlama 

etkililiği elektromanyetik dalga spektrumunun 31.558-123980 nm aralığında [001], [010], [100] polarizasyon 

durumlarında incelenmiştir. Fe2B 2D monolayer film yapısına rağmen >20 dB seviyesinde kalkanlama 

performansı (SET) göstermiştir. Bu çalışma göstermiştir ki; film yapıdaki Fe2B, nanometre boyutlarındaki üstün 

kalkanlama performansı ile ultra ince kalkanlama malzemesi uygulamaları için umut ve heyecan verici bir 

malzemedir.  

 

Anahtar Kelimeler: Ab initio, DFT, kalkanlama etkisi, MBenes, FexBy 

 

 

I. INTRODUCTION 
 
The electric field and the magnetic field are the two main components of electromagnetic pollution 

(radiation) that can be measured. Radiation emitted as waves or particles comes in two basic types. 

One of these is ionizing radiation, which has a certain mass and energy, can move rapidly, and can be 

in the form of particles or electromagnetic waves such as alpha, beta, and neutron radiation, and the 

other is high-energy radiation that reacts with the nucleus or orbits by affecting the atom it encounters 

[1-3]. Gamma and X-rays in the form of electromagnetic waves are massless radiation types. Radio 

waves, infrared waves, ultraviolet light, and microwaves are low-energy nonionizing electromagnetic 

waves that do not cause any change in the nuclei and orbits of the atoms they encounter [1, 2].  

 

The main electromagnetic field generators are electrically powered devices, current-carrying 

conductors, high-voltage lines, radio-TV transmitters, microwave ovens, Wi-Fi access systems, 

energy-saving light bulbs, and devices used for industrial and medical diagnostics. Wireless 

telecommunication systems, which have become widespread, especially since the 1990s, have become 

the main actor of electromagnetic radiation generation. At the same time, the use of new technologies 

such as the Internet of Things (IoT) and 5G is causing new radio frequencies to emerge and this 

pollution to increase even faster. The widespread use of these electromagnetic pollution-causing 

radiation generators, even in rural areas, has led to a large increase in electromagnetic pollution due to 

population density. This pollution appears as the sum of the radiation pollution emitted by many 

electromagnetic wave generators. This summation effect of electromagnetic pollution causes 

increasing environmental pollution that grows day by day [4-7].  

 

Electromagnetic radiation (EMR), which we are exposed to in our daily lives, has two basic 

components: very low frequency (ELF) band (<300 Hz) produced by electrical devices, high voltage 

lines and transformers, and radio frequency (RF) and microwave (MW) with high frequency from 3 

kHz to 300 GHz from base stations, cell phones, radio and TV transmitters [3, 6, 8].  

 

Human-induced environmental pollution (“electrosmog”), which has increased most rapidly in recent 

years, not only threatens our health depending on the duration and severity of exposure but also has 

negative effects on sensitive systems, such as disruption of stable operation and interference [5, 6, 9-

11].  When the electromagnetic wave (EMW) we are exposed to in our living spaces against our will 

hits the tissue surface, some of it is reflected but the rest is absorbed by the body. Prolonged exposure 

to electromagnetic waves that produce a thermal effect on the tissue causes tissue damage. If the field 

strength of the wave cannot create the friction that can generate heat in the tissue, charges that are in 

motion in a continuous electric field such as ions, molecular dipoles, and colloid particles are also 

exposed to non-thermal effects. Depending on the nature of the organism, non-thermal effects can be 

stronger than thermal effects. The International Agency for Research on Cancer (IARC) identified 

ELF-type magnetic fields as a class 2B carcinogen in October 2001, and the World Health 

Organization (WHO) announced in 2004 that ELF magnetic fields increase childhood leukemia by a 

factor of two. In addition to the short-term effects of electromagnetic fields such as stress, insomnia, 

migraine, skin problems, memory loss, and weight gain, many scientific studies have proven that long-
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term exposure to electromagnetic fields can cause leukemia, brain tumors, heart disease, Parkinson's, 

Alzheimer's, cancer, increased risk of miscarriage during pregnancy, as a result of their effects on 

molecular and chemical bonds, cell structure and immune system [3, 8, 11, 12].  

 

The most effective way to deal with electromagnetic radiation is to create isolated areas using 

materials called “electromagnetic shielding” that can block the interference of radiation. Shielding 

materials should have properties that can meet the needs of different sectors. Studies on the production 

and application of shielding materials with these properties are still ongoing [13-17].   

 

The shielding strategy is based on absorption, reflection, and multiple internal reflections of the 

electromagnetic wave within the shielding material. The electromagnetic wave interacting with the 

monolayer shielding material utilizes the impedance mismatch between the shield and the air, 

reflecting part of the EMW from the surface and dissipating the rest by absorption as heat energy 

inside the shield. In the inner thickness of the shield, the effect of secondary reflections and refractions 

is mostly negligible, since it has a very small effect compared to the main reflection and absorption 

effect. This reduces the effect of the wave penetrating the shield. The amount of this reduction is 

determined by the shielding efficiency (SE) parameters and is expressed in decibels (dB) [6, 10, 11, 

15].  

 

 
Figure 1. Schematic representation of the EMI shielding mechanism 

 

The SE value, which varies with frequency, is calculated by the formula in Equation 1. As seen in the 

formula, the shielding effect is determined as the logarithmic ratio of the power (P) transmitted to and 

from the shield [11, 18, 19].  

 

𝑆𝐸𝑇(𝑑𝐵) = 10𝑙𝑜𝑔
𝑃𝑇

𝑃𝐼
= 20𝑙𝑜𝑔

𝐸𝑇

𝐸𝐼
                                                                                    (1) 

 

The total shielding effectiveness (SET) is the sum of the shielding effect due to reflection (SER), the 

shielding effect due to absorption (SEA), and the shielding effect due to multiple internal reflections 

(SEM) as stated in Schelkunoff's theory. 

𝑆𝐸𝑇(𝑑𝐵) = 𝑆𝐸𝑅(𝑑𝐵) + 𝑆𝐸𝐴(𝑑𝐵) + 𝑆𝐸𝑀 (𝑑𝐵)                                                                               (2) 

 

Neglecting the SEM, which has a very small effect, the total shielding effect becomes as shown in 

Equation 3. 

𝑆𝐸𝑇(𝑑𝐵) = 𝑆𝐸𝑅(𝑑𝐵) + 𝑆𝐸𝐴(𝑑𝐵)                                                                                                         (3) 
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The synthesis and fabrication of shielding materials that are corrosion-resistant, lightweight, flexible, 

easy to process, inexpensive, and capable of high SE performance is a popular research topic today 

[20].  

 

To exhibit electromagnetic shielding behavior, a material must exhibit good electrical conductivity at 

frequencies greater than 300 MHz. Materials with high conductivity can reduce the electric component 

(E) and the magnetic component (H) simultaneously. However, when the frequency is less than 30 

MHz, only ferromagnetic materials are capable of reducing the magnetic component (H) [11].  

 

Mu-metals, carbon derivatives (carbon black, carbon fiber, graphite, and graphene), polymer 

composites, conducting polymers, intrinsically conducting polymers (IPC), and nanocomposites have 

been frequently used for electromagnetic shielding. Although they have good shielding performance, 

metals, and carbon derivatives are not preferred as shielding materials in industrial applications and 

scientific studies because they have disadvantages such as brittleness, low impact resistance, and 

corrosion, as well as advantages such as cheapness and easy processability. Although they exhibit 

suitable behavior as shielding materials, carbon black, carbon fiber, graphite, and graphene (except for 

some graphite derivatives) are disadvantaged because they need a carrier phase to increase their 

resistance to external factors. Nanocomposites have become popular over metals as shielding materials 

due to their advantages such as light weight, flexibility, corrosion resistance, and ease of application 

[12, 15, 19-23].  

 

Graphene, which was synthesized as a monolayer by Kostya et al. in 2004, is a transition to planar 

two-dimensional (2D) materials. After the synthesis of graphene, which was very difficult to 

synthesize due to its thermodynamic instability, the quantum phenomena (massless Dirac fermions, 

anomalous quantum hall effect, Klein's paradox) in its physical and chemical properties are 

remarkable. Due to these properties, the discovery of graphene is a breakthrough in the discovery of 

2D monolayer materials [24].  

 

The most interesting additions to the discovery and fabrication process of 2D materials are transition 

metal carbides, nitrides and carbonitride structures (i.e. MXenes). Atomic-layered MXenes are 

obtained by selectively etching MAX phases from their bulk-layered parents. In MAX phases, named 

according to their composition, M is a transition metal, A is an element mostly found in columns 3A 

and 4A, and X is carbon (C) or nitrogen (N) [25, 26]. All MBene, which can be obtained by selective 

removal of A atomic layers (A is often aluminum) in MAB phases, exhibit good metallic properties 

with high electron transfer efficiency. M in the MBene structure represents a transition metal and B 

represents a boron [27, 28].  

 

Two-dimensional (2D) transition metal borides, called MBenes, are derived from the ternary boride 

group. The performance of boron (B) in 2D materials was discovered thanks to MBenes. A practical 

way to obtain boron-based 2D materials is to use boron and one of several transition metals.  In this 

case, the transition metal donates electrons to boron to stabilize the boron layer, while at the same 

time, the transition metal contributes to the diversity of 2D boride materials in a centrally coordinated 

manner [27]. The use of 2D materials in the synthesis of ultra-thin, lightweight, widely applicable, 

high-performance shielding materials is the most current area of research. 

 

In recent years, the design of Fe-containing nanostructures has greatly increased. This is due to the 

many advantages of nanoscale structures such as high aspect ratio, porosity, and high magnetic 

moment (superparamagnetic behavior) compared to bulk structures. In this study, the SE performance 

of MXene/MBene family member, FexBy, a 2D monolayer material (Fe2B) with a tetragonal crystal 

structure and P4/mmm space group in 2D monolayer structure, has been theoretically investigated in 

detail with quantum mechanical based DFT approach using ab initio methods. 
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II. MATERIAL-METHOD 

 

 
In this study, the electromagnetic shielding efficiency of 2D film-structured Fe2B with a tetragonal 

crystal structure in the P4/mmm space group was investigated. 

The lattice parameters of the Fe2B unit cell are shown in Table 1; the lattice parameters are a=3.494 Å, 

b=3.494 Å, and c=2.507 Å; the angles are α=90.000°, β=90.000°, γ=90.000°. The unit cell volume of 

Fe2B is V=30.605 Å3. 

 
Table 1. Lattice parameters of Fe2B unit cell with tetragonal crystal structure. 

 

Material 

Name 

Lattice parameters 

(Å) 

Unit cell angles 

(˚) 

Unit cell volume 

and density 

Fe2B 

(P4/mmm) 

a = 3.494 

b = 3.494 

c = 2.507 

α = 90.000° 

β = 90.000° 

γ = 90.000° 

V=30.605 Å3 

d=6.650 gr/cm3 

 
The structural, electrical, and optical properties of Fe2B, which is stable in the ferromagnetic (FM) 

state, have been calculated using the Generalized Gradient Approximation (GGA) [29] and the 

Perdev-Burke-Ernzerhov (PBE) functional [30]. In these calculations, the CASTEP software package 

[31], which uses a quantum mechanical background and is capable of performing ab initio 

computational approaches within the framework of Density Functional Theory (DFT) [32], was used. 

Geometry Optimization calculations using the LBFGS algorithm were performed using OTFG 

Ultrasoft pseudopotentials. K points were obtained by setting the Monkhorst-Pack grid to 9X9X12. 

The Koelling-Hormon correction cut-off plane wave basis set for the SCF in the PBE work flux was 

set to 353.70 eV. The SCF tolerance was 1.0X10-6 eV atom-1, the maximum force was 0.03 eV Å-1, the 

maximum stress was 0.05 GPa and the maximum displacement tolerances were 1.0X10-3 Å. Since the 

parameters used in the geometry optimization were similar to those used in the energy calculations, the 

energy cutoff was set to 390 eV and the SCF tolerance was set to 1.0X10-7 eV atom-1. 

 

The optical behavior of Fe2B is characterized by the real (εı) and imaginary (εıı) parts of the dielectric 

function (ε(ω)), which vary with the frequency of the incident photon. The optical behavior of the 

material also reveals its SE performance. The relationship between the real (εı) and imaginary parts 

(εıı) of the dielectric function and the optical behavior can be seen in the following equations. 

 

𝑛(𝜔) = [
√𝜀𝚤2(𝜔)+𝜀𝚤𝚤2(𝜔)+𝜀𝚤(𝜔)

2
]

1

2

                                                                                                 (3) 

𝑘(𝜔) = [
√𝜀𝚤2(𝜔)+𝜀𝚤𝚤2(𝜔)−𝜀𝚤(𝜔)

2
]

1

2

                                                                                                 (4) 

𝛼(𝜔) =
𝜔√2

𝑐
[√𝜀𝚤2(𝜔) + 𝜀𝚤𝚤2(𝜔) − 𝜀𝚤(𝜔)]

1

2
                                                                                   (5) 
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𝑅(𝜔) =
(𝑛(𝜔)−1)1+𝑘2(𝜔)

(𝑛(𝜔)+1)1+𝑘2(𝜔)
                                                                                                              (6) 

In the above equations, the refractive index is represented as n(ω), the extinction coefficient k(ω), 

absorption α(ω) and reflection R(ω). Since the combined effect of absorption-induced shielding (SEA) 

and reflection-induced shielding (SER) gives the total shielding efficiency (SET), the relationship 

between the optical character of the material and the SE efficiency is shown in Equation 9. 

 

𝑆𝐸𝐴(𝑑𝐵) = 10𝑙𝑜𝑔 (
1−𝑅

𝑇
)                                                                                                 (7) 

 

𝑆𝐸𝑅(𝑑𝐵) = 10𝑙𝑜𝑔 (
1

1−𝑅
)                                                                                                 (8) 

 

𝑆𝐸𝑇(𝑑𝐵) = 𝑆𝐸𝐴(𝑑𝐵) + 𝑆𝐸𝑅(𝑑𝐵) = 10𝑙𝑜𝑔 (
1

𝑇
)                                                                                   (9) 

 

The unit cell structure of Fe2B was visualized using the lattice parameters using the VESTA package 

program [33] as shown in Figure 2. 

 

 
 

Figure 2. Fe2B unit cell (atoms in yellow represent Fe and atoms in green represent B atoms) 

 

The a, b, and c perspectives of the mesh structure formed using the obtained Fe2B unit cell structure 

are shown in Figure 3. 

 

 
 

Figure 3. Representation of Fe2B supercells obtained using unit cells in the form of a, b and c projections 

 

The bond lengths and bond angles of the obtained unit cell Fe2B determined its atomic morphology 

and also provided information about its magnetic and electronic properties and thus its SE behavior. 

Using the Kohn-Sham method, DFT was used to look at the kinetic energy and electron density in the 
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orbitals, and PBE, a popular GGA functional, was used to determine the relationship between the 

electron density and the energy function. 

 

 

III. DETERMINATION OF ELECTRONIC, MAGNETIC, 

OPTICAL PROPERTIES OF Fe2B 

 

A. ELECTRONIC AND MAGNETIC CHARACTERISTICS 

 

By calculating the density of states and band structure, information about the electronic and magnetic 

properties of Fe2B was obtained. It is observed that the total energy and DOS calculations give 

consistent results for the Blöch correction and tetrahedron method. In addition, the major and minor 

channels in the band structure were obtained in the spin-polarized state. The band gap was created by 

using the valence band maximum (VBM) and conduction band minimum (CBM) so that the metallic 

behavior of Fe2B could be observed. Figure 4 shows the electronic band structure of Fe2B, which 

exhibits ferromagnetic behavior, obtained using major and minor spin channels with the Fermi level 

set to zero. 

 

 
 

Figure 4. Electronic band structure of Fe2B in the FM state tuned to the Fermi level 

 

When the band structure is examined, the conduction and valence bands, which overlap in places to 

create a minimum energy difference, show that Fe2B exhibits metallic behavior. At the same time, the 

up and down-oriented spin state reveals that Fe2B, which exhibits metallic behavior, also avoids semi-

metallic behavior. 

 

Partial density of states (PDOS) plots were used to obtain information about the magnetic properties 

and electronic structure of the material. Figure 5. shows the PDOS of ferromagnetic Fe2B and the 

TDOS graph obtained from their summation. 
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Figure 5. Partial density of states (PDOS) and density of states (TDOS) of Fe2B in the FM state 

 

Figure 5. shows the presence of magnetization caused by the hybridization of the p orbitals of Boron 

and d orbitals of Iron in the region close to the Fermi level. In this way, the material exhibits FM 

behavior. 

 

Orbital hybridization, direct or indirect exchange interactions, charge transport, and spin orientations 

are important physical properties determined by the bond lengths and angles between atoms. 

According to crystal field theory (CFT), it is possible to divide the d-orbital into a high-energy region 

(eg) and a low-energy region (t2g) [34]. 

 

To clarify the energy difference between t2g and eg, the structures containing transition elements can be 

examined by removing the degeneracy in the d-orbital. Thus, by looking at the electron placement in 

the orbitals, information about the unpaired spin and the total magnetic moment can be obtained. 

 

Heisenberg Hamiltonian is considered to elaborate magnetic feature of Fe2B. It is given by Equation 

10.  

𝛨 =
1

2
∑ 𝐽𝑖𝑗𝑆𝑖. 𝑆𝑗𝑖,𝑗

𝑖≠𝑗

                                                                                                                                              (10) 

 

 𝐽𝑖𝑗 denotes the Exchange energy between i and j indices, while 𝑆𝑖  and 𝑆𝑗 are the spin value of the 

choosen spin. The authors generate supercell of Fe2B in 100x100x2 size from DFT optimized unitcell. 

Expectation values of thermodynamic quantities, observables as magnetic susceptibility and 

temperature related magnetization are calculated via Monte Carlo Simulation Method. A classic MCS 

procedure is applied starting by a randomized spin configuration and zero magnetic field. 60% of total 

Monte Carlo Steps are used to reduce fluctuations. The rest stands for measurement. Unnecessary 

MCS moves may increae spin-spin correlations. Therefore, total MCS number as 10E8 and the 

percentages are determined after several trials. Note that exchange constants of JFe-Fe are derived from 

DFT calculations (∆𝐸 = 𝐸𝐹𝑀 − 𝐸𝐴𝐹𝑀). Markov Chain Monte Carlo scheme in Metropolis algorithm is 

preferred satisfying detailed balance condition.  The codes are written in C programming language by 

the authors. Susceptibility (χ) and average magnetization (M) vs temperature (T) are calculated via 

Equation 11 and Equation 12 to point out the Curie temperature. 
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𝑀 =
∑ 𝑆𝑖

𝑁
𝑖=1

𝑁
                                                                                                                                                              (11) 

𝜒 = 𝛽(〈𝑀2〉 − 〈𝑀〉2)                                                                                                                                               (12) 

 

Figure 6. shows the magnetic susceptibility and Curie temperature for Fe2B. 

 

 
 

Figure 6. Magnetization (M), Susceptibility (χ) and Curie temperature (Tc) for Fe2B exhibiting ferrimagnetic 

(FiM) behavior (Fe-Fe exchange interaction energy (JFe-Fe) 0.46 eV; Cruie temperature (Tc) 1200K; spin density 

(SD) 3.94 ħ/2) 

 

Thanks to the morphological properties of the material and the hybridization in the orbitals, 

information about the structural and magnetic properties of Fe2B has been obtained. In addition, as 

shown in Figure 6. the Fe-Fe exchange interaction energy (JFe-Fe) was found to be 0.46 eV as a result of 

the ground state energy calculations performed for Fe2B by considering the unit cell structure of iron 

(Fe) in the temperature-varying bcc model. The magnetic dipole moment per unit volume, i.e. the 

magnetization (M) of Fe2B decreased dramatically in the range of 1000K-1400K, starting from 1A/m 

at 0K and including the Cruie temperature (Tc=1200K). If we look at the magnetic susceptibility (χ) of 

Fe2B, we see that it increases from 0K up to the Curie temperature of 1200K and then decreases at the 

same rate. In light of this information, it is seen that Fe2B exhibits ferrimagnetic (FiM) character as 

magnetic behavior. 

 

B. ENERGY CALCULATIONS: DIELECTRIC FUNCTION AND OPTICAL 

PROPERTIES 

 

The ferromagnetic (FM) state of Fe2B is investigated using the Perdev-Burke-Ernzerhov (PBEsol) 

functional and the generalized gradient approximation (GGA). The absorption, reflection, and 

transmission coefficients of the material are calculated using the dielectric tensor obtained by 

calculating the frequency-dependent dielectric function. Figure 7. Energy dependence of the real (εı) 

and imaginary (εıı) parts of the dielectric function ε(ω) in the material depending on the direction of 

photon incident ([001], [010] and [100]) on Fe2B in the FM state. 
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Figure 7. Variation of the real (εı) part of the dielectric function with photon energy for polarization states 

[001], [010] and [100] 

 

As seen in Figure 7, when the effect of the photon on the real part (εı) of the dielectric function of Fe2B 

in the polarization states [001], [010] and [100] is examined, it is observed that they exhibit similar 

behavior and take the same values in the polarization states addressed as [010] and [100], while a 

divergent behavior emerges in the polarization state indicated by [001]. The static dielectric behavior 

they exhibited at frequency values close to zero became dynamic after ~3 eV and continued to react 

inversely to radiation up to ~27 eV. The real part (εı), which is responsible for the stored energy, was 

particularly affected by the electric field, one of the components of the polarized electromagnetic 

wave, and showed a relaxation frequency characteristic. After ~27 eV, it becomes more stable, taking 

a positive value for all cases. After the energy level of ~27 eV, Fe2B continued to produce the same εı 

value for the photon polarization states addressed by [001], [010] and [100]. 

 

 

 

Figure 8. Variation of the imaginary (εıı) part of the dielectric function with photon energy for polarization 

states [001], [010] and [100] 
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As seen in Figure 8, when the effect of changing photon energy on the virtual part of the dielectric 

function (εıı) of Fe2B in the polarization states [001], [010] and [100] is examined, it is seen that they 

exhibit similar behavior in the polarization states addressed as [010] and [100], while a divergent 

behavior emerges in the polarization state indicated by [001]. As it is known, the virtual part of the 

dielectric function (εıı) is responsible for the energy losses, i.e. the attenuation of the photon wave. Up 

to an energy level of ~1 eV (corresponding to the infrared region), εıı is increased, which is also the 

region where the absorption effect is increased. However, after this energy level, the εı value starts to 

decrease dramatically and this effect lasts until the energy level of ~15 eV. Figure 9 shows the photon 

energy dependence of the absorption coefficient (α(ω)), extinction coefficient (k(ω)), energy-loss 

function (L(ω)), and refractive index (n(ω)), which determine the optical properties of Fe2B, for 

polarization states [001], [001] and [100]. 

 

 

 

Figure 9. Photon energy dependence of the absorption coefficient (α(ω)), extinction coefficient (k(ω)), energy-

loss function (L(ω)), and refractive index (n(ω)), which determine the optical properties of Fe2B, for polarization 

states [001], [001] and [100] 

 

The photon energy-dependent change in the optical properties of Fe2B is shown in Figure 9. For 

polarization states [001], [001] and [100]; absorption coefficient (α(ω)), extinction coefficient (k(ω)), 

energy-loss function (L(ω)), and refractive index (n(ω)) It exhibited the same optical character for the 

polarization states indicated by [010] and [100], while the polarization state indicated by [001] showed 

a divergent behavior in all properties. 

 

 

IV. SHIELDING EFFECT (SE) PERFORMANCE OF Fe2B 

 
The electromagnetic shielding efficiency (SE) of Fe2B, which exhibits ferrimagnetic behavior as a 

member of the P4/mmm space group in 2D tetragonal crystalline structure, has been investigated in 

the spectrum range of 31.558-123980 nm allowed by the morphological properties of the material. The 

SE efficiency has been investigated separately for the ultraviolet (UV), visible, and infrared (IR) 

regions for [001], [010] and [100] polarization states. The total shielding efficiency (SET) is analyzed 

as the sum of the reflection-induced shielding efficiency (SER) and absorption-induced shielding 

efficiency (SEA), while the shielding efficiency caused by multiple internal reflections (SEM) [20], 

which has a very low effect, is neglected. 

 

Figure 10 shows the reflection (SER), absorption (SEA), and total (SET) shielding efficiency of 

monolayer Fe2B material in the ultraviolet spectrum (31.558-388.284 nm). 
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Figure10. SER, SEA, SET performances in the UV spectrum of Fe2B at [001], [010] and [100] polarization 

states 

 

The maximum SER, SEA, and SET values of Fe2B in the UV spectrum are shown in Table 2. 

 

Table 2. Maximum SER, SEA, and SET values in the UV spectrum. 

 

UV Spectrum (31.558-388.284 nm) 

dB Max. SER Max. SEA Max. SET 

[001] -9.999 -10.565 -20.239 

[010] -10.000 -10.601 -20.243 

[100] -10.000 -10.609 -20.243 
 

Figure 11 shows the reflection (SER), absorption (SEA) and total (SET) shielding efficiency of 

monolayer Fe2B material in the visible spectrum (390.688-746.661 nm). 
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Figure11. SER, SEA, SET performances in the visible spectrum of Fe2B at [001], [010] and [100] polarization 

states 

 

The maximum SER, SEA and SET values of Fe2B in the visible spectrum are shown in Table 3. 

 

Table 3. Maximum SER, SEA and SET values in the visible spectrum. 

 

Visible Spectrum (390.688-746.661 nm) 

dB Max. SER Max. SEA Max. SET 

[001] -6.860 -9.947 -16.807 

[010] -6.763 -10.089 -16.852 

[100] -6.763 -10.089 -16.852 

 

 
 

Figure12. SER, SEA, SET performances in the infrared spectrum of Fe2B at [001], [010] and [100] polarization  

States 

 

 

The maximum SER, SEA and SET values of Fe2B in the infrared spectrum are shown in Table 4. 
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Table 4. Maximum SER, SEA and SET values in the infrared spectrum. 

 

IR Spectrum (755.602-123980 nm) 

dB Max. SER Max. SEA Max. SET 

[001] -5.617 -9.999 -15.504 

[010] -5.237 -9.998 -15.167 

[100] -5.237 -9.998 -15.167 

 

The maximum values of SER, SEA and SET efficiencies for the [001], [010] and [100] polarization 

states of 2D Fe2B with tetragonal crystal structure in the range of 31.558 -123980 nm are shown in dB 

in Figure 13. 

 

 

 

Figure 13. SE effect of 2D Fe2B material in the range 31.558-123980 nm 

 

Fe2B exhibited shielding performance in the ultraviolet region, visible region, and infrared region with 

SEA>SER and showed absorptive-type shielding properties. Fe2B started to show its shielding 

performance at wavelengths above 31,557 nm. At wavelengths up to 50 nm (within the NUV region), 

the material exhibited increasing shielding performance with the effect of absorption performance and 

then gradually decreasing shielding performance. 

 

Although the SEA, SER and SET shielding efficiencies of Fe2B in the ultraviolet spectrum were the 

same in the [010] and [100] polarization states, the maximum SET was 20.243 dB, while the maximum 

SET performance in the [001] polarization state was 20.239 dB, 0.02% lower. 

 

Fe2B exhibited an absorptive shielding performance in the visible spectrum with SEA>SER. While the 

SEA performance for Fe2B does not show a significant change in this region, the SER performance 

tends to decrease. This effect resulted in a loss of total shielding efficiency (SET) performance at 

wavelengths further away from the visible spectrum.  Fe2B showed the highest total shielding 

efficiency of 16.852 dB at [010] and [100] polarization states, with the absorption-induced shielding 

efficiency (SEA) being greater than the reflection-induced shielding efficiency (SER). 

 

Fe2B exhibited shielding performance in the infrared region with SEA>SER, indicating absorptive-type 

shielding. While the SEA performance for Fe2B does not show a significant change in this region, the 
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SER performance tends to decrease. This effect resulted in a loss of total shielding effectiveness (SET) 

performance at wavelengths further away from the visible region. Although the total shielding 

performances (SET) at [010] and [100] polarization states were the same, the maximum SET value at 

[001] polarization state was 15.504 dB. 

 

The 2D material obtained using Fe2B nanoparticles behaved as an absorptive type shielding material in 

[001], [010] and [100] polarization states and exhibited the maximum SET performance (>20 dB) in 

the UV spectrum. 

 

When the literature on 2D-based electromagnetic shielding materials is examined, the EMI shielding 

performances (SE) of the materials shown in Table 5. are remarkable despite their ultra-thin structures. 

 

Table 5. SE performance of selected 2D based materials in thickness and frequency ranges. 

 

Material Loading 
Thickness (d) 

(mm) 

EMI SE 

(dB) 

Frequency 

(GHz) 
Reference 

Graphene film bulk 0.25 17 12.4–18 [35] 

Graphene 

paper 
bulk 0.050 60 8.2-12.4 [36] 

Graphene film bulk 0.015 20.2 1-4 [37] 

Multilayer 

graphene 
bulk 0.018 55 12-18 [38] 

Graphene 

aerogel 
bulk 2 20 12.4-18 [35] 

Flexible 

Graphite 
bulk 3.1 130 1-2 [39] 

rGO film bulk 0.0084 19.1 8-12 [40] 

Ti3CNTx 
film (100 

wt%) 
0.04 116.0 8.2-12.4 [41] 

Ti3C2Tx 
film (100 

wt%) 
0.01 70.0 8.2-12.4 [42] 

Ti3C2Tx-ANF 
film (90.9 

wt%) 
0.01 34.7 8.2-12.4 [43] 

TiO2-

Ti3C2Tx/GO 
bulk 0.0091 28.2 12.4 [44] 

Mo2Ti2C3Tx film 0.0035 26 8.2–12.4 [45] 

Mo2TiC2Tx film 0.004 23 8.2-12.4 [45] 

MoS2/glass 30 wt% 1.5 24.2 8.2-12.4 [46] 

BP-GO film (50 wt%) 0.01 29.7 8-12 [47] 

GO-h-BN-

polymer 
film 0.24 37.9 8.2-12.4 [48] 

Fe2B DFT bulk sheet 20.243 4.083X106 This work 

 

 

In the study conducted by Tripathi et al. [35], they reported the SE performance of the 0.25 mm thick 

bulk structure graphene film at 12–18 GHz as 17 dB. In the study by Zhang et al. [36], the SE 
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performance of 0.050 mm thick graphene paper material in bulk structure was reported as 60 dB in the 

frequency range of 8.2-12.4 GHz. In another study conducted by Kumar et al. [37] on a bulk graphene 

film, the SE performance of the 0.015 mm thick material in the 1-4 GHz range was measured as ~20 

dB. The 0.018 mm thick bulk material using multilayer graphene by Paliotta et al. [38] demonstrated 

55 dB SE performance for 12-18 GHz. Singh et al. [35] reported that the SE performance of 2 mm 

thick graphene aerogel is 20 dB in the range of 12.4-18 GHz. In the study by Luo and Chung [39], the 

SE performance of 3.1 mm thick flexible graphite material in bulk structure was reported as 130 dB 

for 1-2 GHz. In another study by Sehen et al. [40], the 0.0084 mm thick bulk material obtained using 

rGO film showed ~19 dB SE performance for 8-12 GHz. In their study [41], Iqbal et al. reported the 

SE performance of the 0.04 mm thick material obtained using Ti3CNTx in film (100 wt%) structure as 

116 dB under 8.2-12.4 GHz. In another study [42], Han et al. reported the SE performance of the 0.01 

mm thick material obtained by using Ti3C2Tx in film (100 wt%) structure as 70 dB at 8.2-12.4 GHz. In 

their study [43], Wei et al. showed that the SE performance of the 0.01 mm thick material obtained 

using Ti3C2Tx-ANF in film (90.9 wt%) structure was 34.7 dB at 8.2-12.4 GHz. In the study conducted 

by Xiang et al. [44], the bulk structured TiO2-Ti3C2Tx/GO with a thickness of 0.0091 mm showed an 

SE performance of 28.2 dB at 12.4 GHz. Shahzad et al [45] reported the SE performance of 0.0035 

mm thick Mo2Ti2C3Tx film at 8.2-12.4 GHz as 26 dB. In the same study, Shahzad et al. [45] reported 

the SE performance of 0.004 mm thick Mo2TiC2Tx film at 8.2-12.4 GHz as 23 dB. Wen et al. [46] 

reported that the SE performance of 1.5 mm thick MoS2/glass at 30 wt% filler ratio was 24.2 dB below 

8.2-12.4 GHz. In their study [47], Zhou et al. showed that the SE performance of the 0.01 mm thick 

material obtained by using BP-GO in film structure (50 wt%) was 29.7 dB at 8-12 GHz. In their study 

[48], Zhang et al. showed that the SE performance of 0.24 mm thick 11-layer film-structured GO-h-

BN-polymer material at 8.2-12.4 GHz is ~38 dB. In this study, where the DFT method was used, the 

SE performance of 2D Fe2B in monolayer structure in the frequency range of 4.083X106 GHz was 

determined as 20.243 dB. 

 

 

V. CONCLUSION  

 
The structural, electronic, magnetic and optical properties of Fe2B in the P4/mmm space group in the 

tetragonal crystal structure have been theoretically investigated using the DFT method on a quantum 

mechanical basis using ab initio methods, followed by a detailed study of the SE performance of the 

2D film material obtained using Fe2B unit cells. The electromagnetic shielding efficiency of the 

electromagnetic wave (radiation) penetrating into the material from the [001], [010], [100] directions 

of the monolayer Fe2B film material with a tetragonal crystal structure showing ferrimagnetic 

properties was investigated using ab-inito methods. Monolayer Fe2B exhibited the best shielding 

performance (SET) of 20.243 dB in the ultraviolet region in the [010] and [100] cases where the 

radiation was perpendicular to the material. Neglecting the shielding effect caused by multiple internal 

reflections (SEM), 10.6 dB of this performance is due to the absorption effect (SEA) and 10 dB to the 

refractive effect (SER).  The shielding response of the material started at 31.558 nm and lasted until 

123980 nm. This performance is remarkable considering the morphological properties of the two-

dimensional (2D) material. The SET performance (>20 dB) of Fe2B, a member of the MBene family, is 

exciting for the use of 2D materials in electromagnetic shielding. 
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