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Transparent conducting oxides (TCOs) are semiconductors gaind much interest  due to 

applications in optoelectronic and tranport properties. Herein, we investigated 

optoelectronic and tranport properties of Rh doped Fe3BO6 compound. The band structure 

of parent compound for spin up shows insulating nature while other channel is 

semiconducting nature (4.181 eV Up/2.41 eV Dn).When spinel material doped with Rh3+, 

the band gap is reduced for both spin   channels (2.59 eV (Up)/ 0.59 (Dn), respectively. 

The optical dispersion exhibits strong absorption in the UV region, for both materials. 

Reflectivity spectra, for both materials visible-UV indicating good coating materials to 

reduce solar heating.  The transport parameters are computed. It’s observed that large ZT 

value Fe3BO6 made this compoud most promisining in thermoelectric applications. The 

effective masses of species were also analyzed by curve fitting method, results showed 

that nature of band at 0.69 is changed from direct to indirect for doped compound. 
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1. Introduction 
 

Anhydrous oxyborates is a family of 3d transition metals compounds which exists in 

various chemical structures and compostions [1-8]. In case of ternary Fe-B-O system ( FeBO3 [9], 

Fe3BO6 [10]) Fe(III) borates, Fe2BO4[11] and Fe3BO5[12] have been investigated extensively from 

previous years. The chemical formula of three basic groups are Fe2+Fe3+OBO3, Fe 2
2+Fe3+O2BO3 

and Fe 2
3+Fe3+O2BO3 [13-15] known as warwickites, ludwigites and morbergites correspondingly. 

The chemical formula which is deviated from ludwigites contains other structures, which is 

normally used to attain stability. The crystal structure based on Fe borates varies with 
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compositions, microstructure and Fe-oxidation states. Biocompatible borates gain much attention 

in medical and biological compounds. The main compound containing one type of Fe3+(3d5) spins 

is Fe3BO6, which is mostly used in catalysts, drugs, color pigments and biological tools [16-18].  

In the early time of research, B2O3 was attained important preparations of glasses as 

scientific applications, and borate glasses was assumed to be good photo induced non linear optical 

aspects [19]. The transition metal oxides e.g ( Fe2BO3) gained much attention in physical 

properties of glasses including electrical, optical, transport and magnetic properties. The physical 

and structral investigations of B2O3 doped with transition metals played key role in establishing the 

importance of these glasses including physical mechanisms based on such properties. The 

preparations of Fe2BO3 in bulk form was studied in solid state chemistry at high temperatures. This 

technique was made this single phase compound within functional characteristics. Shi et al [5]. 

investigated nanospherical Fe2BO3, formed by rheological phase reaction for lithium ion battery. 

Liu et al [6] studied Fe3BO6, by phase reaction solution process. Qi et al. [25] described Fe3BO5, 

for hydrothermal nanorod applications. This is only reason that no reports carried out on synthesis 

or other theoritical approaches in the formation of optoelectronic and tranport properties of this 

Fe3BO6.  

Fe2SiO4 structural, electronic, elastic and thermodynamical properties have been 

investigated long time ago experimentally. It was analyzed that band gaps deviated from 

theoretically and experimentally for some spinel oxides. Orita et al. used first principles 

calculations for the investigation of electronic and structural properties of InGaZnO4, and they 

deduced In-s states are responsible for the formation of the conduction band. Omura et al. 

observed that doping of indium improved the efficiency of the thin films, and they predict atomic 

concentrations of spinel compounds based on DFT pseudopotential approach. The electrical 

properties of n-channel semiconductors were also improved by point defect operations. F.Zerarga 

et al. used first principles on the spinel materials and computed calculated its opto-electronic 

properties by FPLAPW method in the energy range of 0-35 eV [20-24].  

The aim of current research is to carry out DFT-based investigations of structral, 

optoelectronic, transport and magnetic properties of ferrite spinel oxides in pure and doped with 

Rh3+ with better accuracy. This technique helps us to investigate the properties which are not 

possible sometimes by expermentally. Now a days ab-initio calculations which are ofted called 

density functional theory (DFT) is important and essential tool of material science and condense 

matter physics. The whole computions were performed within framework of FP-LAPW method 

implemented in Wien 2k.  

 
 

2. Structral Properties 
 

The structral properties of Fe3BO6 and Rh0.8Fe0.92BO6 materials have been performed 

volume optimizations using PBE GGA. The equilibrium lattice constants and bulk moduli are 

calculated by employing fitting Murnaghan equations of states to the total energy, which is 

implemented in Wien-2K. Since, optimization of materials key role in determining electronic, 

optical and transport of properties of investigated materials. The plots of optimizations reveals that 

Rh doped structure is more stable as compared to parental structures as indicated in figure 1b. 
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Fig. 1. Total energy versus volume calculated using several exchange–correlation functional  

for Fe3BO6 and Rh0.8Fe0.92BO6 spinel oxides respectively. 

 

 
 

Fig. 2. Asymmetric unit structure of Fe3BO6 and Rh0.8Fe0.92BO6 spinel oxides respectively. 

 

 

3. Computational details 
 

The spin polarized calculations based on first principles is used for electronic, optical and 

transport properties of spinel oxides family. The method used for this framework is full potential 

linearized augmented plane wave (FP-LAPW) implemented in simulation code Wien 2K [27], the 

exchange correlations functional (GGA+U)[28,29]. This scheme has been used for the 

computations of ground state properties of traced materials. This model based on the fact, whole 

crystal is splitted into non-overlapping spheres caused by interstitial region. Inside muffin tin (MT) 

spheres, a simple basis set is selected in term of spherical harmonics and plane waves are assumed 

in interstitial ranges. To avoid from the leakage electrons, we used semi-core states incorporated 

with local orbitals. For strongly correlated electronic system, the Hubbard value U=6.0 eV 

(Ueff=U-J) which adjust the Fe/Rh-d states in the electronic structure.  The energy and charge 

convergence is achieved up to 10 -4Ry and 10-4(a.u)3 respectively. The muffin tin radius (RMT) for 

each element is chosen such that no core electrons leakage occurred which ensured energy and 

charge convergence. The RMT values for Fe, Rh, B and O are selected to be 1.80, 1.84, 1.20 and 
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1.39 respectively. These radii have been selected after analysis of different tests and different k-

points to perform energy convergence. The angular momentum (lmax) inside atomic spheres is 

choose as 10 and plane wave cutoff RMTKMax=8 used for calculations.  

The thermoelectric properties of spinel oxides were calculated by Post-DFT simulation 

code, based on Boltztmann transport theory called Boltztrap [29]. The electrical conductivity and 

Seebeck coefficient is computed given as  

 

𝜎
𝛼𝛽(𝑇;𝜇)=

1
Ω∫𝜎𝛼𝛽(𝜀)[−

𝜕𝑓𝜇
𝜕𝜀

]𝑑𝜀                                                                                   (1)  
 

 
𝑆
𝛼𝛽(𝑇;𝜇)=

1
eTΩ𝜎𝛼𝛽(𝜀)

∫𝜎𝛼𝛽(𝜀)(𝜀−𝜇)[−
𝜕𝑓𝜇
𝜕𝜀

]𝑑𝜀                                                                      (2)
 

 

In above equation, α and β are tensor indices, 
 is the unit cells volume, f is the fermi 

function and e is the electronic charge.  

 

 
4. Results and discussion 
 

4.1. Electronic and Magnetic observations 

The physical properties of materials are mainly characterized by the understanding of 

electronic band structures. This may provide pleased nature of suitability of material in 

optoelectronic applications. The materials of direct band gap structure gained much attention in 

semiconducting industry while indirect plays weak role in the optical excitations phenomenon. The 

energy band structure is calculated for pure spinel Fe3BO6 and doped Rh0.8Fe0.92BO6 is computed 

along high symmetry Brillioun zone points (R, Г, X, M, Г), respectively shown in figure 3. The 

band structure is calculated by generalized gradient approximation plus Hubbard potential 

(GGA+U) implemented within framework of DFT for both spin channels of investigated 

materials. The portion above the fermi level is called conduction band while below its valence 

band, the electronic configuration of valence shell of Fe, Rh, B, and O are  [Ar] 3d6 4s2, [Kr] 4d⁸ 

5s1,  [He] 2s2 2p1,   and  [He] 2s2 3p4, respectively.  

The energy band structure of pure and doped spinel oxides Fe3BO6 , Rh0.8Fe0.92BO6 for 

both spin polarizations direction is shown in figure 3(a&b), respectively. The pure spinel Fe3BO6 

shows direct band gaps (4.181 eV Up / 2.41 eV Dn), as valence band maxima (VBM) and 

conduction band minima (CBM) lies on Г- point traced in figure 3a. Hence, its one channel (Up) 

exhibits insulated character and other (Dn) showing semiconducting. Doping effects the band 

structure and Rh0.8Fe0.92BO6 shifts both direct polarizations in the semiconducting region [(2.59 eV 

(Up)/ 0.59 (Dn)], observed in figure 3b. The strong electron-hole mobility is occurred in both 

regions of VBM and CBM due to huge dispersions in K-space for both spinel oxides materials. 

The small shift in bandgaps after doping of Rh3+ in pure spinel caused paramagnetic character of 

compounds.  
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(a) 

 
(b) 

 

Fig. 3. Calculated energy band structure of spinel oxides (a) Fe3BO6 (b), Rh0.8Fe0.92BO6 for both spins 

polarizations. 

 

 

The atomic and orbital nature of electronic orbitals is attributed by density of states 

analysis, also used to clarify the electronic properties of spinel oxides as depicted in figure 4(a&b). 

The total and partial density of states (T/PDOS) is calculated within framework of (GGA+U) 

approach, explained contributions of different atomic orbitals in the band structure of both spin up 

and down channels of Fe3BO6, Rh0.8Fe0.92BO6, respectively. Total density of states reveals that 

both valence and conduction bands mainly formed due to hybridizations of Fe, Rh and O orbitals. 

Usually, three regions are attributed first is the lower valence band (-10 eV to -6 eV), second is 

upper valence band (-6.0 eV to 0 eV) and last is the conduction band region (0 to 10 eV).  

  Partial density of states is directly related to contribution of different orbitals in the 

specified regions for both spin channels of investigated spinel oxides. It is observed from the 

figure 4, valence band is mainly originated by contributions of Fe, Rh-d and O-p orbitals for both 

spin polarizations while Fe, Rh, B(s,p) and O-s states minutely. The conduction band of 

investigated spinel oxides formed due to direct transitions of Fd, Rh- d states mainly indicated in 

figure 4. As our parental compounds up channel shows insulating nature, when we doped it with 

Rh its nature changed to semiconductor due to weakening the bonds. It is also noticed that Rh 

doping in pure spinel causes more complex band structure resulting reduced band gap due to 

interbank transitions between valence and conduction bands. 

We have also computed the total and partial magnetic moments using GGA+U 

approximations. The total magnetic moment is the sum of partial magnetic moments and the 

interstitial sites occurred due to various atoms. The small contributions in the magnetic moment is 



1318 

 

due to B and O atoms, may be neglected and major effect due to Fe and Rh atoms in the whole 

spinel oxides as indicated in table 1. As U is the Hubbard parameter, used only for strongly 

correlated system of Fe and Rh effects the ion localizations. The total magnetic moments for Fe 

within GGA+U approximations including the values of partial, interstitial and total magnetic 

moment are tabulated in table 1. The magnetic and electronic investigation shows that these 

materials have potential applications spintronics, optoelectronic and ferromagnetic materials.  

 

 

Table 1. Spin Magnetic Moments of Mixed Charge Density. 

 
:MMINT:  MAGNETIC MOMENT IN INTERSTITIAL  =    3.36881 

:MMI001: MAGNETIC MOMENT IN SPHERE   1    =    4.22143 

:MMI002: MAGNETIC MOMENT IN SPHERE   2    =    4.22149 

:MMI003: MAGNETIC MOMENT IN SPHERE   3    =    4.22142 

:MMI004: MAGNETIC MOMENT IN SPHERE   4    =    4.22149 

:MMI005: MAGNETIC MOMENT IN SPHERE   5    =    4.20623 

:MMI006: MAGNETIC MOMENT IN SPHERE   6    =    4.20546 

:MMI007: MAGNETIC MOMENT IN SPHERE   7    =    4.22779 

:MMI008: MAGNETIC MOMENT IN SPHERE   8    =    4.22977 

:MMI009: MAGNETIC MOMENT IN SPHERE   9    =    4.20622 

:MMI010: MAGNETIC MOMENT IN SPHERE  10    =    4.20546 

:MMI011: MAGNETIC MOMENT IN SPHERE  11    =    4.22779 

:MMI012: MAGNETIC MOMENT IN SPHERE  12    =    4.22976 

:MMI013: MAGNETIC MOMENT IN SPHERE  13    =    0.00140 

:MMI014: MAGNETIC MOMENT IN SPHERE  14    =    0.00140 

:MMI015: MAGNETIC MOMENT IN SPHERE  15    =    0.00141 

:MMI016: MAGNETIC MOMENT IN SPHERE  16    =    0.00141 

:MMI017: MAGNETIC MOMENT IN SPHERE  17    =    0.18243 

:MMI018: MAGNETIC MOMENT IN SPHERE  18    =    0.18419 

:MMI019: MAGNETIC MOMENT IN SPHERE  19    =    0.18244 

:MMI020: MAGNETIC MOMENT IN SPHERE  20    =    0.18420 

:MMI021: MAGNETIC MOMENT IN SPHERE  21    =    0.33076 

:MMI022: MAGNETIC MOMENT IN SPHERE  22    =    0.32056 

:MMI023: MAGNETIC MOMENT IN SPHERE  23    =    0.25320 

:MMI024: MAGNETIC MOMENT IN SPHERE  24    =    0.25840 

:MMI025: MAGNETIC MOMENT IN SPHERE  25    =    0.15784 

:MMI026: MAGNETIC MOMENT IN SPHERE  26    =    0.15813 

:MMI027: MAGNETIC MOMENT IN SPHERE  27    =    0.15813 

:MMI028: MAGNETIC MOMENT IN SPHERE  28    =    0.15783 

:MMI029: MAGNETIC MOMENT IN SPHERE  29    =    0.17033 

:MMI030: MAGNETIC MOMENT IN SPHERE  30    =    0.17025 

:MMI031: MAGNETIC MOMENT IN SPHERE  31    =    0.17922 

:MMI032: MAGNETIC MOMENT IN SPHERE  32    =    0.17925 

:MMI033: MAGNETIC MOMENT IN SPHERE  33    =    0.17033 

:MMI034: MAGNETIC MOMENT IN SPHERE  34    =    0.17025 

:MMI035: MAGNETIC MOMENT IN SPHERE  35    =    0.17921 

:MMI036: MAGNETIC MOMENT IN SPHERE  36    =    0.17927 

:MMI037: MAGNETIC MOMENT IN SPHERE  37    =    0.25841 

:MMI038: MAGNETIC MOMENT IN SPHERE  38    =    0.25319 

:MMI039: MAGNETIC MOMENT IN SPHERE  39    =    0.32056 

:MMI040: MAGNETIC MOMENT IN SPHERE  40    =    0.33075 

:MMTOT:  SPIN MAGNETIC MOMENT IN CELL     =   59.08787 
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(a) 

 

       
 

(b) 

 

Fig. 4 Calculated total densities of states (states/eV unit cell) for (a) Fe3BO6 (b), Rh0.8Fe0.92BO6  

for both spins polarizations. 

 

 

4.2. Optical Properties 

The optical features of semiconducting materials play crucial role in optoelectronic 

industry. The understanding of optical properties is essential for its role in applications as photonic 

devices. The whole optical properties of investigated materials are based on complex dielectric 

functions𝜀(𝜔), is given as [30]  

 

𝜀(𝜔) = 𝜀1(𝜔) + 𝑖𝜀2(𝜔)       (3) 

 

Here, first and second term exhibits the real and imaginary parts of complex dielectric 

function, respectively. The optical dispersions like refractive index𝑛(𝜔), optical absorption 
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coefficient α(𝜔), normal incident reflectivity R(𝜔), and energy loss function L (𝜔) 

semiconducting materials can be calculated from real and imaginary parts of complex dielectric 

function.  

The real part (dispersive part) 𝜀1(𝜔), is calculated by Kramers Kroning relations (KKR) 

given by this relations below 

 

𝜀1(𝜔) = 1+
2

𝜋
 𝑀 ∫

𝜔/ 𝜀2(𝜔
/)

𝜔/2−𝜔2

∞

0
 𝑑𝜔/         (4) 

 

Figure 4 exhibits the dispersive part of dielectric function in the range of 0-14 eV for both 

spin channels. The static value of dielectric function for parent and doped materials are tabulated 

in table 2.  

The real part of dielectric function is directly connected to polarizability of 

electromagnetic spectra, which are mainly formed due to interband transitions as indicated in 

figure 5. The density of states used to remove the deficiencies by employing selection rule in the 

dispersive part of investigated materials. Figure 5 exhibits the changes in the dispersive part with 

photons energy; the parent compound shows dispersion around 3 eV and doped showing around 2 

eV for both spin channels. On further increase in the energy, few bumps are observed due to 

interband transitions and after reaching its maximum, it starts flattens as indicated in figure 5. The 

positive nature of real part of dielectric function is pleased as semiconducting materials, while 

negative peaks are termed as reflection of incident photons. The static value of real dielectric 

function is 1.6, 3.3 (Up/Dn) and 1.8, 2.9 (Up/Dn) for Fe3BO6, Rh0.8Fe0.92BO6, respectively.  

 

 
 

Fig. 5. Variation of dispersive part of dielectric function with energy for (a) Fe3BO6  

(b), Rh0.8Fe0.92BO6 for both spins polarizations. 

 

 

The phenomenon of jumping of electrons from the valence band to conduction bands is 

named as absorption coefficient, which occurred due to absorption of photons. Figure 6 shows the 

threshold value of imaginary part of dielectric function appear at 5.0 eV/2.3 eV (Up/Dn) and 2.8 

eV/0.5 eV (Up/Dn) for Fe3BO6, Rh0.8Fe0.92BO6, respectively. The small peaks in the 𝜀2(𝜔) traced 

due to interband transitions between VBM and CBM as shown in figure 6,  Direct transitions are 

responsible while in contributions of mainly peaks evolved in absorptive coefficient. It is observed 

from mentioned figure, the maximum absorption for parent compound occurred at 9 eV/5 eV 

(Up/Dn) and for doped material it’s in ultraviolet region. The main peaks in the spectra are due to 

conduction band (unoccupied states) and valence band (occupied states).  The imaginary part of 

complex dielectric function is derived from KKR relations given as 

 

𝜀2(𝜔) =  
𝑉𝑒2

2𝜋ħ𝑚2𝜔2 ∫𝑑3 𝑘 ∑ |⟨𝑘⃗ 𝑛|𝑝|𝑘⃗ 𝑛′⟩|
2

𝑛𝑛′ 𝑓(𝑘⃗ 𝑛)[1 − 𝑓(𝑘⃗ 𝑛′)]𝛿(𝐸𝑘⃗ 𝑛 − 𝐸𝑘⃗ 𝑛′ − ħ𝜔)      (5) 
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Fig. 5. Variation of absorptive part of dielectric function with energy for (a) Fe3BO6  

(b), Rh0.8Fe0.92BO6 for both spins polarizations. 

 

 

The energy loss function [31] (loss of fast electrons) computed by photons energy 0-14 eV 

is shown in figure 7.  The behavior of this loss is seen isotropic in the lower energy range while 

anisotropy observed in the UV region.  The Plasmon excitations occurred where the loss contains 

maximum value, due to VBM and CBM. At lower energy region, minute loss is observed and 

reached to maximum at higher energy range for both investigated materials. It is also linked to 

reflectivity, so as abrupt reduction in the spectra caused from the energy loss function. 

Another important optical parameter is the reflectivity𝑅(𝜔), which has inverse relations 

with energy loss function shown in figure 7 b. The limit of zero frequency is occurred at 0.02,0.9 

(Up/Dn) and 0.05, 0.15 (Up/Dn), respectively for Fe3BO6, Rh0.8Fe0.92BO6. Hence, huge reflection 

occurred in UV regions as compared to IR and visible indicated in figure 7b. Some fluctuations are 

assumed in figure due to interband transitions, its ration increased on doping with Rh3+. It is 

noticed from mentioned figure, 40 % reflectivity seen due to Fe/Rh-d orbitals. The peaks where 

dispersive part is assumed to be negative are due to 4, 6, 7 and 13 eV in reflection spectra. 

 

 

 
 

(a)                                                             (b) 

 

Fig. 7. Variation of energy loss function and reflectivity with radiation energy for (a) Fe3BO6 (b), 

Rh0.8Fe0.92BO6 for both spins polarizations. 

 

 

The atomic interactions plays wide role in the optical properties caused refraction 

phenomenon 𝑛(𝜔) at micro level, it’s directly connected to real part of dielectric function 

expressed as [32] 

 

𝑛(𝜔) =  [
√𝜀1

2(𝜔)+𝜀2
2(𝜔)

2
+

𝜀1(𝜔)

2
]

1
2⁄

     (6) 
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The static value of refractive index is basically square root of dispersive part of dielectric 

functions given by these relations 

 

𝑛(0) = √𝜀1(0)       (7) 

 

Figure 8 expressed the variations of refractive index in which role of phonons are assumed 

to be neglected in order to achieve the dielectric screening. When the energy of photon increased, 

𝑛(𝜔) also gets some fluctuations and decreased in UV region for both parent and doped 

compound. The static value of refractive index 1.2, 1.6 ((Up/Dn) and 1.4, 2.3 ((Up/Dn) for Fe3BO6 

and Rh0.8Fe0.92BO6, respectively. The refractive index of crystals is connected to electronic 

polarizability of local fields and ions interior the crystals. The peaks of refractive index are 

reached to their maxima around 2 eV to 4.5 eV for both investigated materials. Hence, these 

materials are non-transparent in the IR and visible region but transparent in UV region. 

The extinction coefficient is basically penetrations of light in material formed by relation 

as combination of real part of refractive index 𝑛(𝜔) and extinction coefficient 𝑘(𝜔)[33] basically 

provide a complex refractive index. 

 

𝑁(𝜔) = 𝑛(𝜔) + 𝑖𝑘(𝜔) =  [𝜀1 + 𝑖𝜀2]
1

2⁄      (8) 

              𝑘(𝜔) = [
√𝜀1

2(𝜔)+𝜀2
2(𝜔)

2
−

𝜀1(𝜔)

2
]

1

2

                             (9) 

 

The imaginary part of dielectric function is similar to extinction coefficient, which plays 

key role in absorption spectra for both spin channels of Fe3BO6 and Rh0.8Fe0.92BO6, respectively. 

Figure 8 exhibits the absorption spectra associated interband transitions, which are pleased in the 

UV range, and it goes on decreasing in the range of 14 eV.  

 
 

 
 

Fig. 8. Refractive index and extinction coefficient for (a) Fe3BO6 (b), Rh0.8Fe0.92BO6 for both spins 

polarizations. 
 

 

The absorption spectra [34] associated with parent and doped materials depends on nature 

of materials, as shown in figure 9 for both channels of spin polarizations of Fe3BO6 and 

Rh0.8Fe0.92BO6, respectively. This property of materials play key role in designing and fabrication 

of optical devices for both spin up and down spectra. The relation used to investigate absorption 

spectra is related to complex dielectric function given as 

 

𝛼(𝜔) = √2𝜔 [{𝜀1
2(𝜔) + 𝜀2

2(𝜔)}
1

2⁄ − 𝜀1(𝜔)]
1

2⁄
    (10) 
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At low energy range, no absorption occurred and material shows transparent nature due to 

forbidden bands, observed in figure 10. Both investigated materials shown good absorption in the 

UV region.  𝛼(𝜔) Connected to optical band gap of compounds which are 5.5 eV/3.0 eV (Up/Dn) 

and 3.0 eV/0.5 eV(Up/Dn) Fe3BO6 and Rh0.8Fe0.92BO6, respectively. 

 

 

 Fig. 9. Variation of absorption coefficnient (a) Fe3BO6 (b), Rh0.8Fe0.92BO6 for both spins polarizations. 
 

 

Table 2. Calculated optical dispersion parameters of Fe3BO6 and Rh0.8Fe0.92BO6. 

 

Compounds Eg (eV) 
1(0)  n(0) α(ω) κ (ω) L (ω) R(0) 

Fe3BO6 4.181 

Up 

2.41 Dn 

1.6 Up 

2.9 Dn 

1.2 Up 

1.75 Dn 

5.0 Up 

       2.5 Dn 

0.8 Up 

    1.3 Dn 

0.8 Up 

 1.1 Dn 

0.01 Up 

    0.9 Dn 

Rh0.8Fe0.92BO6 2.59 Up 

0.59 Dn 

1.8 Up 

3.0 Dn 

1.5 Up 

2.3 Dn 

3.0 Up 

       0.7 Dn 

0.99 Up 

    1.09 

Dn 

0.8 Up 

  1.2 Dn 

0.03 Up 

0.15 n 

 

 

5. Thermoelectric Properties 
 

Thermal energy sources play important role in the production of electrical energy which 

are mainly used in thermoelectric applications. The researchers have been studied thermoelectric 

properties extensively e,g detectors and computer cooling devices. The new spinel compound 

Fe3BO6 and Rh0.8Fe0.92BO6 could be used as thermoelectric materials because of suitability of 

transport parameters with variations in the temperature. The simulations code based on rigid band 

approximations used for the investigation of thermoelectric properties of materials is Boltztrap.  

The thermoelectric property based on band structure, is electrical conductivity (σ) which is 

flow of free charge carriers notable parameter computed in range 0-850 K exhibited in figure 10. 

The thermally excited electrons from the CB show the linear response 0.0 × 1017 (Ω m s)-1 to 2.0 × 

1017 (Ω m s)-1 and 1.18 × 1018 (Ω m s)-1 to 6.0 × 1017 (Ω m s)-1 for Fe3BO6 and Rh0.8Fe0.92BO6, 

respectively against temperature range of 50 to 800 K, as shown in figure 11 (a). Figure exhibits 

that doped material gain higher value of electrical conductivity as compared to parent compound.  

The second parameter is Seebeck coefficient [34], is the ratio between differences of 

voltage to temperature contains prestigious effect to determine the efficiency of thermocouples. 

Figure 11 indicate the computed seebeck coefficient for Fe3BO6 and Rh0.8Fe0.92BO6, both spin 

channels. Parent compound Fe3BO6, represents p-type nature and doped Rh0.8Fe0.92BO6 exhibits n-

type character as plotted in mentioned figure. It is also seen that parent compound has highest 

value at low temperature and on increasing T, its decreased linearly.  

Thermal conductivity [35] is the key feature to investigate the heat conduction, 

semiconducting materials contains phonons as majority carriers. Figure 12 shows the thermal 

conductivity of investigated materials, both materials shows lower value in the lower energy range 

and linear increased is seen at higher temperatures. At 800 K, the highest value of thermal 

conductivity is for Fe3BO6 and Rh0.8Fe0.92BO6, 1.18x1013 W/mKs and 0.5x1012 W/mKs, 
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respectively. The material Fe3BO6 exhibits unparalleled character as compared to dope 

Rh0.8Fe0.92BO6.  

 As we are interested to attain good efficiency of investigated compounds, Power factor 

[36,37]is parameter which is calculated and plotted in figure 13. It is analyzed from plot that high 

P.F is attained at 800 K, 2.454 x 1010 W/mk2s   highest value for parental compound. So, parental 

compound Fe3BO6 pleased to be good applications in waste heat management morphology as that 

of doped Rh compound, indicated in figure 13. Figure of merit (ZT) [38] is another thermoelectric 

parameter to measure effectiveness of materials. The material is said to be more effective if it has 

high value of ZT. Figure 14 exhibits that Fe3BO6 achieved ZT value around unity and showed 

stability up to high temperature. The variations of ZT value with temperature range is tabulated in 

table 3. 
 

Table 3. Calculated transport parameters of Fe3BO6 and Rh0.8Fe0.92BO6. 

 
Compounds  (𝜇V/K)  (W/Kms)  (1/cm)  (W/mK

2
s) (ZT) 

 50K 800K 50K 800K 50K 800K 50K 800K 50K 800K 

Fe3BO6 20 30 0.01×1013 1.18×1013 0.01×1017 2.0×1017 0.1×109 2.0×1010 0.9 1.0 

Rh0.8Fe0.92BO6 2500 500 0.2×1012 5×1012 0.0×1014 1.18×1018 0.12×109 0.28×109 0.1 0.2 

 

 

 
 

Fig. 10. Seebeck Coefficent for spinel oxides Fe3BO6 and Rh0.8Fe0.92BO6  compounds. 

 

 

 
 

Fig. 11. Electrical conductivity of spinel oxides Fe3BO6 and Rh0.8Fe0.92BO6 compounds. 
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Fig. 12.Thermal conductivity of spinel oxides Fe3BO6 and Rh0.8Fe0.92BO6 compounds. 

 
 

 
 

Fig. 12. Power factor of spinel oxides Fe3BO6 and Rh0.8Fe0.92BO6 compounds. 

 
 

 
 

Fig. 13. Figure of merit of spinel oxides Fe3BO6 and Rh0.8Fe0.92BO6 compounds 

 

 

6. Conclusions 
 

In summary, we have computed structural, electronic, optical, magnetic and thermoelectric 

properties of spinel oxides using DFT, based on first principles calculations performed within 

framework of FP-LAPW method as implemented in Wien 2k simulation package. As Fe and Rh d 

states unfilled, so we used GGA+U approximation, here U is Hubbard parameter whose value is 

set at 7.0 eV for both spin channels of Fe3BO6 and Rh0.8Fe0.92BO6.  

The electronic calculation reveals that both compounds showed direct nature of bands lies 

in the semiconducting range, as valence band maxima and conduction band minima lies on the 

gamma point.  The total and partial density of states assumed the contribution of Fe/Rh-d orbitals 

observed mainly for interband transitions for both investigated spinel’s. . The optical dispersion of 

complex dielectric function𝜀(𝜔), energy loss function L(𝜔), refractive index n(𝜔), extinction 

coefficient k(𝜔), reflectivity R(𝜔), and optical conductivity 𝜎(𝜔) were observed deeply in the 
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range of 0-14 eV. These materials revealed good anisotropy in the visible and UV range of energy; 

hence they can be good optical materials in the semiconducting industry. The thermoelectric 

properties calculated using semi classical theory by Boltzmann code, such as the electrical 

conductivity (σ/𝜏), electronic thermal conductivity (κe/𝜏), and Seebeck coefficient (S), Power 

factor (P.F) and figure of merit (ZT).  

The effective masses of electrons and holes were also calculated by fitting the parabolic 

function, which observed the point of inflection occurred where the nature of materials changed 

from direct to indirect at 6.9. The results of P.F and ZT values lie in the desirable range for the 

effectiveness of spinel oxides as thermoelectric applications. 
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