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Abstract 

This report typically discusses the Voltage-Stability (V-S) of the electrical properties of a new 

perovskite oxide, Ba0.97La0.02Ti1-xNb4x/5O3 (noted BLT, BLT0.9Nb0.08) ceramics which have 

been meticulously studied. The ceramics typically exhibited a low rise in the real and 

imaginary parts of the complex impedance on the application of small field levels (up to 5 V). 

These accurate data, at a low voltage threshold, properly designate a hole-generation process 

which becomes active. These values considered using AC impedance spectroscopy, 

nonetheless, were relatively decreased with increasing Nb concentration, as well as increased 

by this application of a DC bias. For each sample, the complex impedance plot displayed a 

single impedance semicircle, identified over the high and low frequencies. The equivalent 

circuit configuration was typically fitted using the Electrochemical Impedance Spectroscopy 

(EIS) spectra analyzer. Importantly, the electrical properties of our both compounds deduced 

from the complex electric modulus show a conduction process due to the short-range mobility 

of charge carriers. An excellent addition of Niobium to some considerable extent can inhibit 

the grain growth. Conspicuously, the substitution of Nb5+ ions for Ti4+ on B sites leads to the 

noticeable increase of a band gap. These findings supplied critical insights into the electric 

mechanisms in BT-based ceramics. 
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I. Introduction 

Barium titanate (abbreviated as BaTiO3 or BT) has been the subject of intense research for 

more than six decades. It is one of the excellent ferroelectric materials with the ABO3 

perovskite structure, and it remains the basis of the industry today. [1] It is indeed a frequently 

used material typically having a dielectric, electrical, optical, piezoelectric and ferroelectric 

nature. Successful applications of the BT material include its use in thermistors, capacitors, 

optical devices, and in the electronics industry.  

The microstructure, dielectric, and electrical properties of BT can be modified by an 

enormous variety of substitutions possible at Ba2+ on A-sites or Ti4+ on B-sides 

simultaneously or autonomously in perovskite organization. These possible substitutions can 

be isovalent or heterovalent. The possible effects of isovalent substitutions like Ca2+, Sr2+, and 

Pb2+ for Ba2+ on A-locations and Hf4+, Zr4+ for Ti4+ on B-locations on electric, dielectric, and 

optical properties of used Barium Titanate ceramics have been thoughtfully examined. 

Heterovalent substitutions such as Nb5+, Yb3+, Er3+, Eu3+, Nd3+, Gd3+, Dy3+, Sm3+, Ho3+, Tb3+, 

La3+,  Bi3+, Mg2+, and so on for Ba2+ or Ti4+ cause a difference in charge and the possible 

creation of vacancies on A- or B- site or generation of holes to generally maintain the 

neutrality of the electric charge. [2-6] 

Rare-earth (RE) oxides are popularly known to be useful dopants for ceramic dielectrics due 

to their functions of stabilizing the temperature-Voltage dependence of dielectric constant and 

lowering the dissipation factor. Extensive works on the RE ion doped in the BT-based 

dielectric, electric, and optical. It has been carried out, such as crystal defect chemistry of RE-

cations in BT.[7-9] Significantly, rare-earths “RE” dopants are one of the most notable 

substitutions, for instance; Lanthanide doped BaTiO3 is of considerable importance to the 

modern electronics industry. [10-11] 

In addition, La3+ ions can typically decrease the dielectric loss of barium titanate ceramics; 

moreover, niobium can properly curb the growth of the grains of the barium titanate ceramic 

and lead to a considerable drop in the Curie temperature. There is an effective diffuse phase 

transition in barium titanate ceramics doped with Nb5+ and La3+. [12-16] 

Impedance spectroscopy generally represents a versatile tool to adequately characterize the 

electrical properties of materials, in particular the notable influences of interfaces on the 
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electrical properties of selected samples [17] for instance; it has been applied to decide the 

impacts of the limits of grain on the phenomena of polarization of ceramic materials. [18-19] 

In the doped models, the dopants can be appropriately present as solute particles in the grains, 

segregate toward the grain limits, or structure the inter-metallic compounds when they surpass 

as far as possible. This right away changes the carrier transports both in grains and grain 

limits of the sample and with relieve of the equivalent circuit models, their impacts on 

conduction behaviors can be esteemed via the impedance measurement at a several 

frequency.[20-24] Although there are numerous reports of AC impedance spectroscopy on 

BT-based ceramics, concentrates, including the impacts of DC bias, are relatively rare. 

[25,26] In other hand, Pure BT is sensibly expected to be highly insulating because of its 

enormous band gap, be that as it may, restricted measures of contamination dopants can 

definitely influence its electrical properties. [24] Accurate determination of a material's 

optical band gap (Eg) is critical in predicting relevance and execution in optoelectronic 

gadgets. The most extensively used strategies for Eg measurement generally involve 

spectroscopic methods dependent on absorption, for instance, transmission estimations on thin 

films [27-29] or diffuse reflectance (DR) proceedings on bulk specimens. [30] These 

predominant strategies are suggested for the estimation of massive properties for the clear 

explanation that they avoid confounding of bulk properties with surface impacts, attributable 

to the enormous infiltration profundities of photons in the energy sequence of mostly band 

gaps of the semiconductors. Higher-energy photoelectron spectroscopy estimations are 

deliberately restricted by the mean inelastic freeways of the moderately short photoelectrons. 

They are on the request of a few nanometers, and lead to the drop in the Curie temperature. 

[30, 31] 

 In the present work, we typically focus on Ba0.097La0.02Ti1-xNb4x/5O3 (for x = 0 and 0.1) 

ceramics compounds, to study the phase purity using the XRD. Furthermore, we articulate the 

effect of a slight DC bias [0V - 5V] on the electrical has been examined for our stoichiometric 

solid solutions of Nb-doped Ba0.97La0.02Ti1-xO3 (for x = 0 and 0.1) compositions. A small 

increase in the real and imaginary parts of the impedance will be shown when applying small 

field levels (up to 5V). At a low voltage threshold, this observation data correctly points to a 

hole-generation mechanism that becomes active. In remarkable contrast, these values 

calculated using AC impedance spectroscopy, however, were relatively decreased with 

increasing Nb concentration, as well as by the application of DC bias. This precisely 

represents a significant result from the point of view of electrical mechanisms in BT-based 

ceramics. It also helps to establish a relationship between traditional DC measurements 



implemented to study electrical properties and AC impedance spectroscopy techniques. When 

determining the values of the optical band gap, by the traditionally direct optical band gap of 

semiconductors, it is necessary to adequately take into account. 

II.  Experimental procedures 

1.  Materials and sample synthesis  

A set of Ba0.97La0.02Ti1-xNb4x/5O3 (for x = 0 and 0.1) perovskite ceramics were synthesized by 

high temperature molten-salt reaction method. As indicated by the specific stoichiometric 

ratio the high purity Barium carbonate ((BaCO3), 99%), Titanium oxide ((TiO2), 99.9%), 

Lanthanum acetate ((LaCH3CO2), 99.9%) and Niobium chloride ((NbCl5), 99%) as the 

starting crude materials. The stoichiometric amount of BaCO3, TiO2, NbCl5 and (LaCH3CO2) 

were taken and altogether blended for 2h in agate mortar employing 1:10 eutectic KCl to 

acquire the homogeneous compound. At that point, the blend was gathered and transferred 

into an alumina crucible followed by the calcinations in a furnace at 800 °C for 24 hours. 

After that, with distilled water, these mixes were washed. Then they filtered to eliminate the 

salts, and the residue was dried at 100 °C in air. This cycle was rehashed multiple times to 

accomplish homogeneous and nano-polycrystalline powders. After grinding thoroughly, the 

powders were squeezed into circular pellets of a few millimeters thick (~2 mm) and a 

diameter of 8 mm. The obtained pellets were conveniently located into alumina crucible and 

sintered in air at 800°C for 24h.  

2.   Sample characterization technique 

To investigate the crystal structure and phase of Ba0.97La0.02Ti1-xNb4x/5O3 (x = 0 and 0.1), the 

XRD (X-ray diffractometer) were typically performed. The XRD of prepared samples were 

accounted in a wide scope of Bragg angles 2θ (10° ≤ 2θ ≤ 90°) with a 0.02° step size and a 

utilizing recorded on a PANalytical X’Pert Pro diffractometer with Cu-Kα radiation (λ = 

1.54060Å). After cathodic sputtering of the gold electrodes on the circular faces, the dielectric 

properties were expressed from the ceramic discs. The Voltage-dependent at various 

frequencies electrical measurements on the pellets were performed with an impedance 

analyzer (4NLPSM1735), an over large sequence of frequencies from 100Hz to 5MHz. The 

UV-Vis diffuse reflectance spectra were recorded with the help of “Perkin Elmer Lambda 35 

UVVis-NIR Spectrophotometer in the wavelength range 200 to 800 nm. All measurements 

were performed at room temperature. 

III. Results and discussion 

1. Crystal structural:    



Compounds of Ba0.97La0.02Ti1-xNb4x/5O3 (x = 0 and 0.1) ceramics appeared to be effectively 

single-phase by XRD; there was no proof of any auxiliary phases in our compositions. (See 

Figure.1) Their consistent patterns closely resembled those of tetragonal perovskite for the 

tow samples, space group P4/mmm and were indexed accordingly with refined lattice 

parameters summed up in Table.1: lattice parameters, especially c and the unit cell volume, 

demonstrate a small decrease with x; it very well may be clarified by the rayon ionic radii 

Nb5+ substitutes for Ti4+. [32,33] 

2. Electrical properties 

2.1. Impedance spectral analysis 

The perovskite properties have influenced for a several factors, such as, the morphology of 

the surface, their thickness, the mismatch of the lattice, the structure of the interface between 

the sub-layers, character of the constituent materials, etc. As a general rule, it relies upon the 

role that interfaces and electrodes play, and the way they influence its behavior. At the 

interface, the physical properties, crystallographic, mechanical, compositional, and, 

specifically, electrical response, change precipitously, and heterogeneous charge distributions 

(polarizations) progressively reduce the overall electrical conductivity during a framework. 

Conventionally, complex impedance spectroscopy (CIS), [34] is without a doubt a ground-

breaking trial technique to separate and study the electrical route in a framework, which 

occurs between electro-dynamic districts and their interfaces when it applies a discontinuous 

signal at aggravation input. Between intrinsic (bulk or grain) and extrinsic (grain boundary, 

surface layer and electrode) contributions, the output signal makes it possible to recognize it. 

As a function of electrical properties, the ac impedance method permits a complete 

interpretation of the frequency-temperature with or without application of DC-bias has been 

examined [35]. 

The data information can be deliberately analyzed as far as four possible complex formalisms, 

such as, the impedance (Z*), admittance (Y*), electrical modulus (M*), and relative 

permittivity ε*, which are associated concerning each other according to Table.II. 

A sinusoidal signal of low amplitude is applied across a sample, in the impedance 

spectroscopy technique. The phase shift (θ) and impedance (Z*) are measured 

straightforwardly at the output. In the complex plane, the exposure to view of the impedance 

information is presented as a succession of semicircles attributed to relaxation phenomena 

with enough different time constants to allow the separation of each contribution: [36-39] 

(i) The high frequency area is attributable to the phenomenon of grains. 

(ii) Intermediate frequency due to the aspect of the grain limit.  



(iii) The low frequency region is due to the material-electrode interface event. This 

strategy has also been applied to explore the electrical-microstructure relationship of 

several multiferroic composites. 

The real (′) and imaginary (″) components of complex impedance quantities (*) and the related 

parameters of the materials have been viewed as utilizing the essential conditions [35] can be 

demonstrated in the Table.II, where, the parameters (C0, Cs, and Rs), represents, respectively, 

the vacuum capacitance, series capacitance, and series resistance. 

Nyquist plots of BLT and BLT0.9Nb0.08 ceramics under different DC-bias, shown in Figure.2. 

As this figure, there is an obvious sign of semicircle in the high-frequency region. The Cole-

Cole graph at medium and high frequencies is depicted by the dominance of a large 

overlapping semi-arc. However, the large semi-arc can further separate into two electrical 

elements associated with grain boundary response at mid-frequency. 

The Nyquist values of BLT and BLT0.9Nb0.08, furthermore, containing ceramics increased 

when applying a low DC-bias voltage. What’s importantly, there was a slight increase in 

resistivity values. [24] These two phenomena were reversible, that is, the resistivity returned 

to its unbiased values shortly after the DC-bias was removed. [24] BLTi1-xNb4x/5O3 (x = 0, 

0.1) ceramic impedance information data can be effectively modeled using an equivalent 

electrical circuit consisting of an equivalent circuit. This circuit contains two parallel elements 

(R//CPE): (R-resistance, CRE-constant phase element), as appeared in the inset of figure 5, 

where (Rg//CPEg) and (Rgb//CPEgb) depict the grains, and an obscure electrical boundary, 

respectively. (See Figure.2) 

The evolution of the real part of the impedance (Z′) as a function of the frequency in the 

interval [1-107 Hz] at different DC-bias voltage for BLT and BLT0.9Nb0.08, respectively, is 

displayed in Figure.3. [40]  

We have examined that Z′ decreases gradually with rising frequency as well as the DC bias 

voltage. Also, at low frequencies, Z′ has the most elevated value. Afterward, for BLT and 

BLT0.9Nb0.08, it becomes constant (independent of frequency) as well as the application of a 

low DC-bias voltage and merges at a high frequency. This outcome is due to the release of the 

polarization of the space charge in the material. [41] For a given frequency, the value of Z′ 

diminishes with an increase in the amount of the Niobium. (See Figure.3) 

 This behavior attributed to the increased in space-charge accumulation at grain boundaries. 

At the DC bias voltage, the evolution of the imaginary part of the complex impedance (Z″) as 

function of frequency, with various concentrations of Nb, illustrated in Figure.4. This figure 

is distinguished by: 



(i) For BLT and BLT0.9Nb0.08, the curves demonstrate that the Z″ values achieve a 

maximum peak (Z″max), at a selected frequency is understood because the frequency 

of electrical relaxation (fmax). 

(ii) We can notice a typical peak broadening, slightly asymmetric in nature.  

(iii) With increasing concentrations of Nb, the value of Z″max shifts to higher frequencies. 

The merger of Z″ could be the sign of the being of a relaxation of space charge, in the region 

of the high frequencies. The polarization of the spatial charge is dominant when the material 

is composed of grains and grain boundaries. [42-44] Also, the decrease of Z″ is clarified by 

the decrease in the resistive part of the samples. 

2.2.Electrical modulus analysis  

Analysis of the electrical module is an important process. It is interesting to distinguish the 

polarization of the electrodes, the conduction effect at the grain boundaries, the bulk 

properties, the electrical conductivity and the relaxation time. [45] At various frequencies, this 

technique additionally provides knowledge about the electrical processes occurring in the 

materials. [46] Physically, the complex modulus formalism is an important and advantageous 

gadget for dissecting and deciphering the dynamic aspects of electrical transport phenomena, 

i.e. parameters such as carrier/particle hopping rate, relaxation time conductivity, etc. It gives 

knowledge about electrical processes characterized by the smallest capacity of materials. In 

addition, the following electrical module relations can be used to assess M 'and M ″ based on 

the real and imaginary part of the impedance: [47] 

''
0

'
ZCM   : The real part of modulus.                                                                    (1) 

'
0

''
ZCM  : The imaginary part of modulus.                                                           (2) 

In the material, the physical meaning of the electric modulus is the mechanism of relaxation 

of the electric field, as the electric displacement remains constant. The frequency dependent 

characteristics of M′ and M″ are wonderful methods for studying the relaxation process. [48] 

At various DC bias voltages, the frequency dependence of the real part of the dielectric 

modulus (M′), for BLT and BLT0.9Nb0.08, has been verified in Figure.5. It has a low value 

(close to zero). This outcome indicates that the phenomena effects of the electrode are 

ignored. [49] In addition, with the increase in frequency and the low DC bias voltage, the 

values of M′ augmented and demonstrated a dispersion tending towards M∞ (the asymptotic 

value of M′ at higher frequencies). At lower value of frequencies, M′ was very low (very 

close to zero) at lower frequencies, [50] and tended to increase with increasing frequency and 

DC bias voltage. By increasing the DC bias voltage as well as the frequency, this variation 



was indicated as continuous dispersion. This dispersion may be a direct consequence of 

conduction phenomena due to the short-range mobility of charge carriers under the action of 

an induced electric field. [51-52] The Kind of evolution has indicated that the electrical 

properties of materials are due to volume (intra-grain). This implies the absence of a restoring 

force for the flow of charge under the effect of a constant electric field. 

At a small voltage of varied DC bias, the variation of the imaginary part of the electric 

module (M") of Ba0.97La0.02Ti1-xNb4x/5O3 (x = 0, and 0.1) with the frequency appeared in 

Figure.6. This curve is differentiated by a single relaxation peak occurring at a particular 

frequency and the beginning of increases of a second peak at higher frequency ranges. We can 

also view that the amplitude of the peaks and the position of the peaks have shifted to the high 

frequency side with the increase in the doping concentration of Niobium.   

The evolution of the peak position of the imaginary part of the modulus of our compounds is 

linked to the distinction of the cationic distribution and of the microstructure. [53] To better 

understand this phenomenon, when the M″ peak appears on the low frequency side, it 

represents the range of frequencies in which the charge carriers can travel from one site to the 

neighboring site over a long distance (i.e. that particles can successfully jump from one site 

and then to the next (performing long-range mobility) to a specific frequency (maximum 

frequency). [54] However, if the peak M″ appears on the high frequency side, this indicates 

that the range of frequencies in which the charge carriers can trap. n this way, the long range 

to short range displacement transition of the carriers can be found in our investigation with the 

increase in frequency. [55-57] The broadening of the peak with various time constants 

indicates the dispersion of the relaxation time, and therefore a non-Debye type of relaxation is 

seen in the material. [58, 59]    
Figure.7 appears the Cole–Cole plots (M″ versus M′) for BLT and BLT0.9Nb0.08 at different 

DC-bias. The Cole - Cole plot of the module appropriately displays a wide semicircular arc. It 

qualified for the grain effect (conductive regions). At high frequency, the onset of another arc, 

what's more, involved the weak response of the grain boundaries (resistive plates). Basically, 

for the separation of the relaxation effects of grains and grain boundaries in materials, we 

used the benefit of this study is more viable than the Nyquist plot of the impedance 

investigation (Z’ vs Z"). Figure.7 shows a single semicircle and the start of the next 

semicircle recommends the presence of both grain contributions and grain boundaries in our 

compounds with the grain dominant effect. This is why the grain boundary semicircle is 

insignificant compared to the grain semicircle. [53] With the huge difference (orders of 

magnitude) between the resistive values of the grains and the grain boundaries, it is baffling to 



get two full semicircles for the grains and the grain boundary on the same scale in the graph 

of impedance. Examination of the complex modulus is appropriate because the materials 

fundamentally have comparative strength, albeit a distinctive ability. 

3. Optical study 

3.1 . Optical band gap energy of the undoped and Nb-doped BLT ceramic 

Generally, the method created by Tauc for demining the value of the direct optical band gap 

of semiconductors has also been widely used. This process evaluates by extrapolating the 

straight area (linear region) of the square of the absorption curve to the x-axis. The application 

of the suitable Tauc process to crystalline materials is established in a misconception and 

traditional linear extrapolation techniques are suitable for use on degenerate semiconductors, 

where the occupation of the energy states of the conduction band cannot be overlooked. [61] 

For semiconductor materials, the energy band gap is an extremely critical parameter in the 

application of optoelectronics. The energy band gap of Ba0.97La0.02Ti1-xNb4x/5O3 (x = 0 and 

0.1) can be determined using Kubelka-Munk Theory. The generally settled practice in the 

experimental determination of Eg from bulk samples is to first convert diffuse reflectance 

“DR” spectra of prepared Niobium into pseudo-absorption spectra F(R) via the Kubelka–

Munk function [62] and enunciated as: 

 








R
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                                                                                                 (3) 

Where;  

                       F(R∞): Kubelka-Munk function,  

                       K: absorption coefficient 

                       S: scattering coefficient.  

The scattering coefficients of the most materials are comparatively invariant along the visible 

range of the optical spectrum, that's why S can be treated respectfully as a constant; 

appropriately, F(R) can be treated as a pseudo-absorption function, and R∞ = Rsample/Rstandard, 

where R is the reflectance of an infinitely thick sample.   

In the parabolic band structure, the band gap (Eg), and the absorption coefficient α of a direct 

band gap, for n=1, the semiconductors are originally related through the well referenced to the 

equation by Tauc [63] as: 

2)(
n

EghCh                                                                                                        (4) 

Where, 

              α: the optical absorption coefficient.  



             hυ: the energy of the incident photon. 

             Eg: the determined optical band gap of samples. 

             C:  the energy independent constant.  

At the point when the material scatters in a perfectly diffuse manner (or when it is illuminated 

at 60° incidences.), the K-M absorption coefficient K becomes equal to 2α (K = 2α). In this 

case, considering the K-M scattering coefficient S as constant with respect to the wavelength, 

Eq.2 can be adjusted as: 

2)()(
n

gEhChRF                                                                                                          (5) 

Where, all the symbols have their typical meanings. 

From the linear extrapolation of   0)( 2  hRF  exposed in Figure.8, the "Eg" value was 

assessed to be about 3.31 and 3.39 for BLT and BLT0.9Nb0.08, respectively, due to the 

diminished average crystallite size. [32, 33] It can be seen that the optical band gap energy 

increments with Nb rates. [64- 65] These obtained values of "Eg" established that the two 

compounds of polycrystalline ceramic perovskites were all semiconductor materials.[66]  

This adjustment in band gap can be clarified by the Burstein-Moss shift: doping increases 

electrons density in the conduction band and more energy is needed to energize electrons 

from the valence band to the conduction band.[67] 

The band gap of the material is commonly identified with the excitation of the electrons from 

the highest point of the valence band to the electronic states near the bottom of the conduction 

band. These outcomes in elevation of the Fermi level into the conduction band of the 

degenerate semiconductor due to the increase in the carrier density, which brings about the 

band gap broadening. [68, 69]  

IV. Conclusion: 

A simpler, using high temperature at the homogenization step was proposed for the suitable 

preparation of high-purity Ba0.97La0.02Ti(1-x)Nb4x/5O3 (x = 0 and 0.1) examples. The selected 

samples were successfully synthesized via molten-salt technique and characterized by X-ray 

diffraction, electrical properties and UV-Visible methods. 

At room-temperature (RT), the structural investigation typically exhibits the presence of a 

single phase which crystallizes in the tetragonal perovskite crystal structure with P4/mmm 

space group, for our tow examples. We have investigated the effect of doping a material to 

modify the electrical properties. The real (‘) and imaginary (") parts of complex impedance 

and modulus properties of the materials were inspected using a complex impedance 

spectroscopy (CIS) procedure. These latter describe by a strong dependence on frequency. Z´ 



value is found to diminish with increasing Niobium amount. This reduction is credited to the 

expansion in space-charge accumulation at grain boundaries. The Nyquist plot (Z" vs. Z’) is 

depicted by the existence of a semi-circular arc at high and a low frequency.  

The equivalent circuit was fitted using the Electrochemical Impedance Spectroscopy (EIS) 

spectra analyzer. This circuit contains a serial association of tow R//CPE(R-resistance, CPE-

constant phase element) related in the serial. The electrical properties of our samples 

demonstrate from the complex electric modulus exhibit a conduction process in view of the 

short range mobility of charge carriers. 

The imaginary (") a part of the complex electric modulus is portrayed by the presence 

of the height which moved to the high-frequency side with increasing the doping 

concentration. The variety within the peak position of the imaginary (") a part of the 

modulus of our examples is identified to the variability with the cation distribution. The 

electrical properties of our examples assumed from the complex electric modulus prove 

the existence of a conduction mechanism owing to the short-range mobility of charge 

carriers. Evenly, Nb-rates increased band gap from 3.31 to 3.39 eV which can be certified 

to the Burstein-Moss effect. 
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Figures

Figure 1

XRD patterns of tow samples: (a) BLT ceramic, (b) BLT0.9Nb0.08 ceramic.



Figure 2

Complex plane plots with DC bias between [0-5V] for BLT and BLT0.9Nb0.08 ceramic samples.



Figure 3

Real part of impedance as a function of DC-bias (V) for BLT and BLT0.9Nb0.08 ceramic samples.



Figure 4

Imaginary part of impedance as a function of DC-bias (V) for BLT and BLT0.9Nb0.08 ceramic samples



Figure 5

Real modulus as a function of DC-bias (V) for BLT and BLT0.9Nb0.08 ceramic samples.



Figure 6

Imaginary modulus as a function of DC-bias (V) for BT and BLT0.9Nb0.08 compounds.



Figure 7

Cole-Cole of modulus plots of BLT and BLT0.9Nb0.08 ceramic compounds under different DC bias.



Figure 8

Kubelka-Munk plot of re�ectance spectra to calculate the energy band gap of undoped and Nb5+ doped
BLT ceramics.
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