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Density functional theory (DFT) based calculations are performed to study the physical 
features of Mn doped KNbO3. The spin resolved electronic band structure (BS) and 
density of states (DOS) are investigated that confirmed the half-metallic ferromagnetic 
(HMFM) character at x=12.5 and 25% Mn concentration. The energy gap of pure KNbO3 
is found to majority influenced by Mn-3d states which introduces new states in the vicinity 
of Fermi level. The optical features (dielectric function, absorption coefficient, extinction 
coefficient, refractive index and optical conductivity) are examined to further reveal the 
role of Mn doping on the KNbO3 compound for optical devices. Finally in magnetic 
properties, the total magnetic moment of 2.98 and 3.68 μB which is mainly originated 
from Mn-3d along with weak contribution from K, Nb, and O. Results revealed that 
KMnxNb1-xO3 compound is a favorable candidate for optoelectronics and spintronics 
gadgets applications. 
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1. Introduction 
 
Complex metal oxides have long piqued the curiosity of researchers across a variety of 

fields owing to the fact that they can display intriguing physical features ranging from 'simple' 
magnetism and electronic states to 'complex' collective behavior like magnetoresistance and 
ferroelectricity [1]. As a typical illustration of collective behavior, magnetic semiconductors are 
substances that concurrently utilize the electrons' spin and charge to display magnetism with 
semiconducting states which is prerequisite for the development of spintronic devices [2]. Robust 
ferromagnetism with 100% spin-polarized asymmetric electronic states, having metallic nature in 
one spin channel and semiconducting state in other spin channel usually termed as half metallic 
ferromagnetism (HMFM) display even more complex collective behavior than magnetic 
semiconductors [3]. HMFM is a complex phenomenon, materials exhibiting this behavior can be 
developed by doping the transition metal in a wide bandgap semiconductor. The combined effect 
of metallicity and semiconducting states along with robust magnetism in a HMFM material can be 
viable option for the development of futuristic spintronic devices. Quest for development of 
HMFM material has attracted researcher’s attention and evolved as separate class of materials. A 
significant role in the field of material design is played by the perovskite family, one of the most 
prominent and resilient structural types in complex metal oxides. Perovskites are promising 
options for use in the future since it is simple to adjust the size and direction of metal-oxygen 
coupling contacts by changing the contents of unit cells and crystallographic structures. 

With a general formula of ABO3 (where A and B are any suitable cations), these materials 
are reported as environment friendly and have developed as replacement for lead-containing 
ferroelectric materials because of their prominent features including the nonlinear-optical [4], 
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piezoelectric [5], photocatalytic processes [6], photorefractive [7], pyroelectric [8], and 
optoelectronic [9]. Their structures possess a unique nature with its unusual energy bands and are 
being utilized in various gadgets to speed up the data processing via increasing integration-
circuit’s density eventually leading to lower energy usage [10]. HMFM behavior has been 
experienced in various perovskites owing to their distinctive electronic behavior. Because of this 
exceptional behavior, such type of material is considered as highly promising candidate for great 
technological implications, specially are being extensively utilized in the field of spintronics. In 
the past, most broadly studied transition metals doped materials have shown room temperature 
ferroelectricity [11, 12]. The transition metal ion shows different properties like ferroelectricity, 
superconductivity, magnetism and thermoelectricity [13]. Significant magneto-electric effect is 
observed experimentally at a room temperature in Co-doped KNbO3 compound [14]. The 
perovskite oxides had been doped with various transition metals targeting to attain new 
electromagnetic features [15]. 

Being specific, KNbO3 (KNO) is the one of the most important materials in perovskite 
family and plenty of strategies are proposed to tune its physical characteristics [16]. Recently, 
evaluation of phase transitions, remnant polarization, and dielectric susceptibility characteristics in 
KNO are theoretically reported [17]. It is noticed that Ba/Ni doped KNO compound exhibited 
exceptional decrease in band-gap from 3.30 to 1.18 eV, with major participation of Ni-3d electron, 
and with variation of electromagnetic properties [18]. Okoye et al. explored the optoelectronic 
characteristics of paraelectric (cubic) phase KNO and also revealed its structural transitions [19]. 
Wang et al. investigated pressure induced electronic properties of KNO to determine the charge 
transferring between atoms from theoretical and experimental approach [20]. The pressure induced 
phase transition implies the importance of KNO based ferroelectric materials for futuristic 
applications [21]. Also, it was found that the Cu-doped KNO shows metallic nature if 
concentration is increased to a substantial level, which is originated owing to the hybridization 
among Cu-3d and O-2p states [22]. 

In this study, the magneto-optoelectronic characteristics of KNO are tailored by Mn 
substitution at concentration 12.5 and 25% by employing GGA method within DFT. First, 
electronic properties of doped systems are studied by computing band structures and total and 
partial DOS. Then we presented frequency dependent optical parameters. Our computed outcomes 
are obliging to apply this material in various spintronics and optoelectronic gadgets. 

 
 
2. Computational details 
 
Computations of KNbO3 are done by employing DFT based full-potential linearized 

augmented plane wave (FP-LAPW) method as coded in WIEN2k [23]. The FP-LAPW method 
consists of two parts for crystal unit cell; one is interstitial region and the other is muffin tin (MT) 
zone. The potential in interstitial zone is expanded in term of plane wave orbital and the potential 
in both regions is shown below: 

 

𝑉𝑉(𝑟𝑟) = �
∑ 𝑉𝑉𝐿𝐿𝐿𝐿(𝑟𝑟)𝑌𝑌𝐿𝐿𝐿𝐿(ȓ)              𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒                                       𝐿𝐿𝐿𝐿
∑ 𝑉𝑉𝐾𝐾𝑒𝑒𝑖𝑖𝑖𝑖.𝑟𝑟                          𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝐾𝐾                                        

                    (1) 

 
The grid of 1000 Monkhorst-pack meshes in the first Brillion zone is used to compute the 

properties. The atomic radii conversions are done by Gmax factor which is taken as 14 [24]. The K 
and Nb atoms are situated at (0, 0, 0), (0.5, 0.5, 0.5), correspondingly whereas O atoms are 
centered at (0, 0.5, 0.5), (0.5, 0, 0.5) and (0.5, 0.5, 0) in KNbO3. The compound is found to be 
nonmagnetic in nature and it is stable in cubic structure with Pm-3m (221) space group. The 
muffin tin radii (RMT) for K, Nb, O, and Mn are 2.80, 2.15, 0.6, and 2.43 (Å) respectively. 

The lattice parameters values are calculated as 4.057 Å for KNO which is much 
comparable to the theoretical results of Okoye et al [19]. The electronic configuration of 
Potassium, Niobium, Oxygen, Cobalt and for Manganese is [Ar]4s1, [Kr] 4d45s1, [He] 2p42s2, [Ar] 
3d74s2 and [Ar] 3d54s2, respectively. 
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3. Results and discussions 
 
3.1. Electronic properties 
The calculated spin-dependent BS of KMnxNb1-xO3 at (x=12.5% and 25%) are given in 

Figs. 1 and 2. Electronic plots illustrate the spin up/down electronic BS of the Mn doped KNbO3 
besides with high symmetrical directions in a Brillion zone. The Mn doped KNbO3 compound 
provides varying band plot of energy. In a spin down version, the overlapping of valence bands 
maxima (VBM) and the conduction band minima (CBM) has been detected, that specifies 
conducting behavior of a Mn-doped KNbO3 compound. Calculated band structure of KMnxNb1-xO3 
(x=12.5% and 25%) displays half-metallic behavior, whose spin down version behaves like a 
metallic compound with a large number of the partially filled states beyond Fermi-level and spin-
up being a semiconductor. The calculated value of energy gap are 0.81 and 0.88 eV (direct band 
gap) for 12.5% and 25% doping, respectively while pure KNbO3 gives 2.3 eV band gap [25]. 
 

 
 

Fig. 1. BS of KMn0.125Nb0.87.5O3 for both spins. 
 

 

 
 

Fig. 2. BS of  KMn0.25Nb0.75O3 for both spins. 
 
 
 



1308 
 

To examine the source of impurity energy-levels of the KNb1-xMnxO3 (x=12.5 and 25%) 
compounds, total and partial DOS are calculated. TDOS of Mn-doped KNbO3, for spin up/dn 
version are specified in Fig. 3(a, b). After doping of transition metals (TM), the change in a DOS 
arises [26] which depends on the orientation of the spins, also leads to particular new states nearby 
the Fermi level (EF)  by altering electronic properties of a pure KNbO3 compounds. The DOS 
offers a complete statistic about occupancy of various electronic states of varied energy ranges, 
and respective valence and conduction band energy levels [27]. It is also observed that the states of 
the Mn atoms play a very significant role in a both valence bands (VB) and conduction band (CB). 
To understand the electronic BS, the calculations of total and partial DOS are crucial which are 
displayed in Fig. 3(a-d). In total density of states, when 12.5% Nb is substituted by Mn, the 
metallic behavior is perceived in the spin-down version by overlapping of the VB and CB in Fermi 
region, and a considerable band-gap is detected in majority spin version, as depicted in Figs. 1 and 
2. For the sake of relationship among a pure and doped KNbO3 compound, partial DOS of Mn-
doped KNbO3 system are schemed, that demonstrate an important difference in a VB and CB [28], 
before and after doping. The Nb-4d is mostly contributing atom in a spectrum of partial density of 
states, and contribution of Mn-3d is also important because of doping of the Mn in KNbO3 
compound, however, a new peak is observed above EF as demonstrated in Fig. 4(a-d), while K-s 
shows small contribution as compared to Nb-4d, and the Mn-3d. In Mn-doped KNbO3 at x=12.5% 
shows half metallic behavior because of hybridization of 3d-state of the TM, Nb-d-state and d-eg 
state of Mn (see Fig.  3c). At 25% concentration, the energy gap observed in spin-dn version 
because of hybridization of Mn-3d transition metals, and O-2p state (see Fig. 3d). 
 
 

    
 

    
 

Fig. 3. (a-b) total, and (c-d) partial DOS plots of KMn0.125Nb0.87.5O3 and KMn0.25Nb0.75O3. 
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3.2. Optical properties 
In optoelectronics, optical features of a compound expose its suitability for technological 

implications [29]. The dielectric function є(ꞷ) is used to represent the system’s linear response to 
electromagnetic (EM) radiation which is defined as: 

 
𝜀𝜀(𝜔𝜔) = 𝜀𝜀1(𝜔𝜔) + 𝑖𝑖𝑖𝑖2(ꞷ)                                                                     (2) 

 
The imaginary є2(ꞷ) and real є1(ꞷ) part of the є(ꞷ) show optical behavior of the materials 

owing to absorption and dispersion of the impinging frequencies, respectively. At all energies of 
the photons E = ℏꞷ, the Ehrenreich and Cohen formalisms have been employed to characterize 
material’s response to the incident light [30]. The є2(ꞷ) can be attained by computing momentum’s 
matrix element associated via VB and CB states [31]. It was computed by using following relation. 

 
𝜀𝜀2(𝜔𝜔) = 𝑒𝑒2ħ

𝜋𝜋𝜋𝜋2𝜔𝜔2 ∑ ∫|𝑛𝑛,𝑛𝑛᾿(𝑘𝑘, 𝑞𝑞)|2 𝛿𝛿�𝜔𝜔𝑛𝑛,ń(𝑘𝑘) −  𝜔𝜔�𝑣𝑣𝑣𝑣 𝑑𝑑3𝑘𝑘                                          (3) 
 

The є1(ꞷ) can be derived from є2(ꞷ) via Kramers-Kronig transformations. 
 

𝜀𝜀1(𝜔𝜔) = 1 + 2
𝜋𝜋
𝑝𝑝 ∫ 𝜔𝜔‚𝜀𝜀2 (𝜔𝜔‚)

𝜔𝜔∙2−𝜔𝜔2
𝜃𝜃
0 𝑑𝑑𝜔𝜔‚                                                                (4) 

 
The є1(ꞷ) of the є(ꞷ) is explained in Fig. 4(a) for Mn doped KNbO3 at 12.5 and 25% 

concentration within the span of 0-14 eV. The values of static dielectric є1(0) of K1-xMnxNbO3 at 
x=12.5 and 25% are 14.96, 19.22, respectively. The є1(ꞷ) values starts to fluctuate down via 
upsurge of energy owing to change in transition rate (see Fig. 4a). At certain energies limit (4.3-
5.6 eV), є1(ꞷ) decreases that it even become less than zero and show negative sign. The negative 
є1 (ꞷ) represent that radiations are impeded to propagate and are reflected back, signifying the 
metallic nature and then increases after 6 eV and become stable. The inverse relation exists among 
static real part and energy band gap (Eg) according to Penn’s law [32]. The expression of Penn’s 
law can be signified as є1(0) ≈ 1 + (ℏꞷp / Eg)2 that exhibits low Eg, leads to higher є1(0) values. 
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Fig. 4. (a) є1(ꞷ), (b) є2(ꞷ), (c) n(ꞷ) and (d) k(ꞷ) for KMnxNb1-xO3. 
 

The polarization of an incident photon is lower and absorption is higher at prominent peak 
of є2(ꞷ). The prominent peak of є2(ꞷ), appears at 0.126 at 25% concentration, as represented in 
Fig. 4b. The values of static dielectric є2(0) of KMnxNb1-xO3 at x=12.5, 25% are 7.66 and 8.94, 
respectively. In the є2(ꞷ), doping of the TM impurity decreases the sharpness of peaks, but 
upsurges width of absorption zone simultaneously associated via pristine KNbO3 system since 
material’s absorption is high for higher values of the є2(ꞷ). The refractive index n(ꞷ) exhibit 
amount of light passed through a material. The extinction coefficient k(ꞷ) and n(ꞷ) demonstrate a 
comparable trend to that of є1(ꞷ) and є2(ꞷ) and connected with each other by relation є2(ꞷ) = 2nk, 
and є1(ꞷ) = n2 – k2 [33]. The values of static n(ꞷ) for KMnxNb1-xO3 at x=12.5 and 25%  are 3.93, 
4.43, correspondingly as illustrated in Fig. 4c.In a range from 0-10 eV, n(ꞷ) is decreased however 
after 10 electron volt, it gives constant values. The refractive index can be computed from the 
following formulation: 

 

𝑛𝑛(𝜔𝜔) =  ��𝜀𝜀1
2(𝜔𝜔)+𝜀𝜀22(𝜔𝜔)�

1
2+ 𝜀𝜀1(𝜔𝜔)

2
�

1
2

                                                                (5) 

 
The static є1(ꞷ) and n(ꞷ) are associated via the relation: n(0) = √є(0). The k(ꞷ) has  same 

behavior as є2(ꞷ) also defines the degree of attenuation of incident light in KMnxNb1-xO3 
(x=12.5% and 25%). The prominent peaks of k (ꞷ) appear at 0.05 eV for both 12.5 and 25% 
concentrations (see Fig. 4d). Afterwards, the k(ꞷ) values decrease sharply at around 1.0 eV 
followed by a sudden fluctuated increase till 5.0 eV exhibiting the strong absorptive behavior at 
this point. Above, 5.0 eV, the k(ꞷ) values modestly decrease up to 10.0 eV. 
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Fig. 5. (a) R(ꞷ), (b) σ(ꞷ) and (c) α(ꞷ)for KMnxNb1-xO3. 
 

 
The absorption coefficients α(ꞷ) define the light absorbance capability of the compound. 

The α(ꞷ) of KMnxNb1-xO3 compound initiates to upsurge from 0 eV, and then after fluctuations, 
the highest absorption peaks are attained at 4.4 -5.9 eV for KMnxNb1-xO3 in visible to ultra-violet 
(UV) light energy range as depicted in Fig. 5a. So, the resultant material is appropriate for 
optoelectronic devices. It can be examined by the expression: 

 

𝐼𝐼(𝜔𝜔)  = 4𝜋𝜋
𝜆𝜆
��𝜀𝜀1

2(𝜔𝜔)+𝜀𝜀22(𝜔𝜔)�
1
2+ 𝜀𝜀1(𝜔𝜔)

2
�

1
2

                                                             (6) 

 
The σ(ꞷ) states the bond breaking in material caused by incident EM wave. It contents the 

Maxwell’s relation of EM wave to transform photon energy into electrical energy [32]. The 
designed σ(ꞷ) spectrum is illustrated in figure 5(b).The σ(ꞷ) is lowest for pristine KNbO3 
compound, however after doping of the transition metal, like  KMnxNb1-xO3 (x= 12.5% and 25%), 
value of the σ(ꞷ) increases. σ(ꞷ) of the material is produced by transportation of electrons because 
of photons radiations. Maximum values of the σ(ꞷ) prove the capability of the Mn doped KNbO3 
compound for photovoltaic applications. 

Reflectivity R(ω) of KMnxNb1-xO3 (x= 12.5% and 25%) system is frequency dependent, 
and analyze surface behavior. The surface behavior of Mn doped KNbO3 compound is analyzed 
via reflection of light. R(ω) decreases from 0 eV and second maximum R(ω) value is obtained at a 
precise energy where material show low absorption (see Fig. 5c). Various intensity peaks exhibit 
the photon’s reflection with altered angles of incident from material’s surface. Static reflectivity 
R(0) for KMnxNb1-xO3 (x= 12.5% and 25%) compound are 0.36 and 0.40, respectively, as shown 
in Fig. 5(c). Reflectivity of these compounds increases with increasing system’s metallicity and 
then approaches to its highest value at a lower є1(ꞷ). 
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3.3. Magnetic properties 
To investigate magnetism of compound, we computed total and localized magnetic 

moment values as tabulated in Table 1. The calculated total magnetic moments for KMnxNb1-xO3 
(x= 12.5% and 25%) compound are 2.9836 and 3.68853 μB, respectively (see Table 1). The partial 
magnetic moments of Mn are 2.64344, 2.61061 μB for KMn0.125Nb0.87O3 and KMn0.25Mn0.75O3, 
respectively. The total magnetic moment materialized because of large participation of the 3d orbit 
of dopant (Mn) atom and small participation of K, Nb, and O. Many of the perovskite materials 
display magnetic ordering, and large range of magnetic structures as a result can be found [34, 35]. 
 
 

Table 1. Calculated total, interstitial magnetic and the partial moments in unit (μB)  
for KMnxNb1-xO3 compound. 

 
Compound Total Interstitial K Mn Nb O 
KMn0.125Nb0.875O3 2.9836 0.24859 -0.00007 2.64344 -0.01076 0.10248 
KMn0.25Mn0.75O3 3.68853 0.18221 0.00016 2.61061 -0.00875 0.09043 
 
 
4. Conclusion 
 
The electronic, magnetic and optical features of KMnxNb1-xO3 are computed by density 

functional theory which is implemented in WIEN2k software. HMFM has been showed via Mn-
doping in KNbO3 at different concentration. The energy gaps of pure KNbO3 are found to decrease 
by doping concentration with transition metals. The investigated magnetic features of the Mn 
doped KNbO3 compound provides magnetic moment with major contribution of Mn. 
KMn0.125Nb0.87.5O3 and KMn0.25Nb0.75O3 illustrate the total μB of 2.9836 and 3.68853 µB, respectively. 
Furthermore, maximum n(ω) and α(ꞷ) of studied compound in the visible to UV zone suggest that 
the KMnxNb1-xO3 could be suitable for optoelectronic gadgets. Results showed that the Mn doped 
KNbO3 material is appropriate for optoelectronics and spintronics   applications. 
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