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ABSTRACT 

In this paper, five samples of perovskite oxide nanocrystals with the formula (Ba Ti(1-x) 

Nb(x)O3), where (x = 0.1, 0.2, 0.3, 0.4, and 0.5%), were synthesized using the solid-state 

reaction method and calcined at 1200
°
C. All samples were investigated using XRD and UV-

Vis spectroscopy. The XRD patterns of the prepared samples with varying Nb compositions 

showed that the nanopowders have a tetragonal phase. The lattice constants were found to be 

0.041, 0.081, 0.122, 0.162, and 0.202 nm, and the particle sizes were determined to be 2.93, 

5.80, 8.79, 11.72, and 14.65 nm, respectively. The structural analysis suggests that Nb doping 

and calcination influence atomic positions and site occupation in the crystal lattice due to 

differences in the size and charge that results in direct changes in the optical, structural and 

electrical properties of samples during the calcination process in barium titanate. UV-Vis 

spectroscopy confirmed the optical characteristics of the compounds within the 400–800 nm 

range. The energy gap of the nanocrystal samples was calculated, showing that the highest 

value of Eg was 3.30 eV, while the lowest value was 3.16 eV. The following optical 

properties, like absorption, optical absorption coefficient, extinction coefficient, refractive 

index, reflectance, transmittance, and optical conductivity were calculated as functions of 

wavelength. The variations in the optical properties might be attributed to the varying Nb 

content in the prepared samples. In addition, changes in grain size and phase transitions play a 

significant role in modifying the energy levels, which in turn greatly affect the optical 

measurements of these samples.  

Keywords: Energy gap, patterns, XRD, UV-visible, spectroscopy. 

 

لخصالم  

ذات الصيغة التركيب  خمس عينات من أكاسيد البيروفسكايت النانويةفي هذه الورقة العلمية، 
التي تم  %(0.5، وx  =0.1 ،0.2 ،0.3 ،0.4) وذلك عندما تكون  (Ba Ti(1-x) Nb(x) O3)الكيميائية 

درجة مئوية(. جميع العينات  1200)درجة حرارة عند وتم تكليسها تحضيرها بطريقة تفاعل الحالة الصلبة 
ف الأشعة المرئية فوق امطياف حيود الأشعة السينية ومطيطيفية مثل تم التحقق منها من خلال تقنيات 

حيود الأشعة السينية لعينات مركب تيتانات الباريوم المشوبة بكميات  مطياف نتائج أنماطالبنفسجية. 
لمساحيق النانوية لها طور رباعي، وكذلك ثوابت الشبيكة وجدت ن اأ تمختلفة من عنصر النيوبيوم أثبت

 محجكذلك ، و على التسلسل النانوبوحدات ( 0.202و ،0.162، 0.122، 0.081 ،041.0)عند القيم 
على  ( بوحدات النانومتر14.65، و11.72، 8.79، 5.80، 2.93الحبيبات تم اكتشافه عند القيم )

تغيرات في مواقع البإرتباطا وثيقا المستخلصة من الخصائص التركيبية مرتبطة  جقد تكون النتائ .التوالي
في الشبكة البلورية بسبب اختلاف  BaTiO3) ) في تيتانات الباريوم (Nbالذرات بعنصر النيوبيوم )

 حتلالإ، وكذلك بالشحنة والحجم، مما يؤثر مباشرة على الخصائص البصرية، البنيوية، والكهربائية للعينة
باستخدام  الوصول إليهاالخصائص البصرية للمركبات الجديدة تم  .الذرات لمواضعها خلال عملية التكليس

. نانومتر( 800-400) ىضمن المد طوال الموجيةعند الأ تقنية مطياف الأشعة المرئية فوق البنفسجية
الكترون فولت(  3.30)على قيمة لها أ للعينات النانوية تم حسابها، حيث كانت  فجوة النطاق كما أن 
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معامل ،    الامتصاصيةالكترون فولت(. الخصائص البصرية الآتية:  3.16بينما كانت أقل قيمة عند )
تم   والموصلية البصرية ،  النفاذية،  الانعكاسية ، معامل الانكسار، معامل التوهين الامتصاص البصري،

 إلى إختلاف محتوى قد يعزى التغير في الخصائص البصرية  .للطول الموجيحسابها كدوال بالنسبة 
في العينات المحضرة. بالإضافة إلى ذلك، فإن التغيرات في حجم الحبيبات  (Nb)النيوبيوم عنصر 

والتحولات بين الأطوار البلورية تلعب دورا كبيرا في تعديل مستويات الطاقة، مما يؤثر بشكل كبير على 
 القياسات البصرية لهذه العينات. 

.الطيف، الأشعة المرئية فوق البنفسجيةحيود الأشعة السينية،  ،أنماط ،فجوة النطاق كلمات مفتاحية:  

 

Introduction:  

Since the early 1940s, following the discovery of barium titanate as the first oxide 

compound with a perovskite structure exhibiting ferroelectric behavior, it has been utilized in 

a wide range of scientific and industrial applications (Aktaş, 2020), and (S. Alex Pandian, M. 

Sivakumar, 2023). Due to its versatility, barium titanate has become one of the most 

significant electroceramic materials among ferroelectrics (Fatima Basil, et al.,2022). Its 

ferroelectric properties are connected with three structural phase transitions: from 

orthorhombic to tetragonal (-90
⁰
C to 5

⁰
C), tetragonal ferroelectric (5

⁰
C to 120

⁰
C) to cubic Para 

electric (T>120
⁰
C) structure (Fakhar-e-Alam, et al., 2023) , (Mahata et al., 2020), and 

(Ahamed et al.,  2020).     

Barium titanate (BaTiO3) nanoparticles, a ceramic material of the perovskite type, 

possess remarkable properties, including a high dielectric constant along with ferro-, piezo-, 

and pyroelectric characteristics (Ping, et al., 2021). The BaTiO3 nanoparticles are widely 

utilized in the production of multilayer ceramic capacitors, thermistors, transducers, infrared 

detectors, sensors, and electro-optical devices (Karvounis et al., 2020).  

Nanotechnology captivates many researchers due to its unique physical, chemical, and 

structural properties, and it can be applied in various scientific fields, including physics, 

chemistry, material science, and medicine (Sumanasinghe, 2023), and (Baudry, 2022). 

Materials at the micrometer scale do not exhibit significant changes in physical properties 

when compared to their bulk counterparts (Razzak, et al., 2022), and (Nguyen, 2020). 

However, materials at the nanoscale show drastic changes in their physical properties (M, et 

al., 2023), and ( Sood, et al., 2023). A material that undergoes minimal changes in its physical 

properties in bulk form will exhibit varying physical and chemical properties when reduced to 

the nanoscale (Ahamed, et al., 2020). These properties include thermal behavior, stability, 

solubility, and conductivity (Jebli et al., 2021).  

Nanomaterials have diverse applications in both the electronics and biomedical 

industries (Angelats-Silva, et al., 2022). Their unique properties make them highly valuable in 

biomedical applications such as drug delivery, biosensors, and cell detection (Nandi, 2020). 

Nanomaterials are categorized based on their dimensions: nanoparticles (zero-dimensional), 

nanorods and nanowires (one-dimensional), and thin films and nanosheets (two-dimensional) 

(Batoo et al., 2021).  

Structurally, the nanoprobes used for diagnosis and imaging are core-layer 

nanocomposites, with a ferroelectric core encased in a biocompatible layer (Zhou, 2022). It is 
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important to note that barium titanate nanoparticles must exceed a certain critical size to 

maintain their ferroelectric properties (Gigli et al., 2022), and (Yoon et al., 2020).  

According to research by Bhat et al., 2020, barium titanate was doped with (Rh). The 

findings suggested that doping barium titanate with Rh lowered the photon energy, which 

impaired electronic properties while enhancing its photocatalytic activity (Bhat et al., 2020). 

Furthermore, ytterbium was added to BaTiO3 to enhance the electrical and optical properties 

and increase dielectric constats (Alshoaibi et al., 2020). BaLaTiO3 powders were formed 

using the sol-gel route. X-ray and IR spectroscopy proved the chemical bonds while 

increasing La content caused transition of the tetragonal into the cubic phase and increased 

grain sizes during the chemical process. The La value will increase until it reaches a 

maximum value at 21000 (Aleksandova et al., 2021). The solid-state reaction method was 

used to study the effect of Calcium doping in BaTiO3, and the results proved that the 

formation of the tetragonal phase and perovskite structure. The microscopy observation 

showed non-uniformity in the powders and significant variations in the grain sizes. 

Additionally, the new samples exhibited two transitions between 150 
º
C to 500 

º
C in the 

temperature range (T.O. Daniel et al., 2025).  

The purpose of this paper is to synthesize a new material with chemical formula of 

(BaTi(1-x) Nb(x)O3), where the molar fraction (x = 0.1, 0.2, 0.3, 0. 4, and 0.5%), using solid-

state reaction method. The structural and optical results were proved using XRD and UV-

Visible spectroscopy techniques.  

The goal of this research is to create new knowledge in the areas of materials science 

and physics that can also be useful for a variety of manufacturing and industrial applications. 

Prior work has shown that doping BaTiO₃ with Rh, Yb, La, or Ca can dramatically change 

structural, optical, and electrical properties, including grain size, phase transitions, and band 

gap. To build on the previous work, the current study examines Nb doping of BaTi(1-x) Nb(x)O₃ 

(x = 0.1–0.5%) using solid-state reaction methods and also considers structural and optical 

properties. Nb doping is anticipated to create new lattice distortions and optical transitions 

that have not been reported before. These areas are key to the originality and importance of 

the current work. 

Experimental details:  

Barium carbonate (BaCO3), titanium dioxide (TiO2), and niobium dioxide (NbO2) with 

99.99% purity were used to prepare (BaTi(1-x) Nb(x)O3) nanocrystals using the solid-state 

reaction method with Nb doping levels varying from 0.1 to 0.5. In all cases, 2 grams of 

powders were blended with acetone in a mortar for 2 hours to obtain a homogenous mixture, 

preheated at 200
°
C for 4 hours, remixed with acetone for 1 more hour, and the powders were 

calcined at 1200
°
C for 5 hours to complete the reaction, utilizing the same mixing procedure 

for all five compositions (UL Hag et al., 2022). The X-ray diffraction (XRD) patterns were 

acquired in the 20
°
–80

°
 2θ range at 40 kV to study the structural parameters, and the UV-

Visible absorption spectra were obtained for the solutions by dissolving 0.01 g of each sample 

powder in 10 mL of distilled water, scanning from 200 to 800 nm, using distilled water as a 

blank (Al-Ameri et al., 2022). These studies produced the structural and optical parameters of 

the powders including crystallinity, lattice constants, grain size, absorption coefficient, 

refractive index, transmittance, and reflectance can be calculated from the following 

equations: 

 2 2

2

2

2 2

1 4

3
h hk k

a

l

d c
 

 
   

 
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In this investigation, the symbols and parameters defined below will be employed: 

( , , )h k l  means the Miller indices, B denotes the full width at half maximum (FWHM), λ is 

wavelength, , ,a c d are lattice constants, A is the absorption, and (t) is the thickness of the 

sample, K is the extinction coefficient,  4 is a constant, C is constant, n is the refractive 

index, R is the reflectance, T is the transmittance, δop is the optical conductivity, α is optical 

absorption coefficient, and c is the speed of light in the vacuum. These definitions are found 

from previous studies (Al-Ameri et al., 2020; Phong et al., 2022; Saxena et al., 2021; Zhang et 

al., 2023; Al-Ameri, 2023, 2024).    
 

Results and Discussion: 

The XRD Results:  

 
Fig. (1). The XRD patterns for nanocrystal 

Table (1). The XRD results of the nanocrystals: 
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 ,, Chemical 

Phase 

Peak Positions 

 nm 
Particle Sizes 

 nm 
Lattice Constants  nm No 

90 tetragonal 47.15 2.93 0.041 1 

90 tetragonal 46.47 5.80 0.081 2 

90 tetragonal 47.30 8.79 0.122 3 

90 tetragonal 44.88 11. 72 0.162 4 

90 tetragonal 47.50 14.65 0.202 5 

 

Figure (1) and table (1) display the diffraction peaks of (Ba(1-x) Nb(x)O3) nanopowders. 

The XRD results proved that the chemical phase is tetragonal and the perovskite form 

invaginated at the calibrated peak that can be found at 30
°
. The five synthesized powders all 

displayed a pronounced peak at 30.76
°
, 30.88

°
, 30.88

°
, 30.88

°
, and 30.88

°
 respectively. Each 

sample displayed a distinct broad peak at a 2θ range of around 44.62
°
- 44.66

°
. The results may 

be related to the radii and the dopant amount in the barium titanate (Nahar et., 2021). 

Increasing Nb to higher peak intensities, which is attributed to in ionic radius and ion density 

(Elius et al., 2020). Grain sizes and the lattice constants were measured to range from 0.041 to 

0.202 nm and 29.3 to 14.65 nm, respectively. Peak positions for all samples were calculated 

between 44.88
°
 and 47.50

°
. These variations could be to changes after Nb doping. No 

significant shifts in diffraction peaks were observed. Likely because Nb content is very low 

(More et al., 2020). Rietveld refinement was applied to all samples to determine lattice 

constants, atomic position, and occupation. The analysis of confirmed the tetragonal 

perovskite structure as the most stable phase, with Nb partially substituting Ti atoms (Batto et 

al., 2021). The refinement of the peak profile using the microstructural models allowed 

accurate estimation of grain sizes, explaining the peak broadening near 44.6
º
 (Tomar et al., 

2020). Also, phase fraction analysis showed that only the preovskite phase was present, with 

no detectable secondary phase. Rietveld refinement validated the observed results, including, 

peaks positions, peak widths, grain sizes, lattice contestant, and chemical phases (Aktas, 

2022). 

3.2. The UV-Visible Results:  
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Fig. (2). The variations of wavelength for nanocrystal  

Figure (2) illustrates the absorption of prepared samples as a function of 

wavelength. The maximum absorption values were measured to be 0.02%, 

0.04%, 0.06%, 0.078%, and 0.094% at wavelength near 311 nm. The sudden 

decrease in values of the absorption can happen at wavelengths below 500nm, 

and the stable values of absorption were noted above 500 nm. These results may 

be related to the major absorption edge, the increase in grain size, and the 

decrease in the number of defects in the synthesized samples (Iriani, et al., 

2022). The absorption peak found at 311 nm is associated with the major optical 

transition within at the band edge, which also introduces the energy gap of the 

material. The increase of absorption with Nb content signifies doping defines 

additional electronic states. The decline in the absorption values below 500 nm 

depicts the occurrence of higher energy electronic transitions and the depletion 

of states for photons to interact; the stability of absorption results at 500 nm and 

above implies minimal interband transitions. Each of these observed behaviors 

demonstrates structural enhancements including larger grain size and fewer 

defect density directly contribute to the optical performance of the nanopowders 

(Menasre, et al., 2024).   
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Fig. (3). The variations of (α) with (λ) for nanocrystal 

 

Figure (3) explains the optical absorption coefficient of the synthesized samples as a 

function of wavelength. The maximum optical absorption coefficient values were calculated 

to be 0.046, 0.09, 0.13, 0.18, and 0.22     cm
-1

consecutively at wavelength near 311 nm. After 

that, the (α) values were decrease suddenly below 500 nm, and these results were more stable 

at wavelengths above 500 nm. These results may be related to the increase in grain size and 

the decrease in the number of defects in all prepared samples, and the increase in the doping 

ratio led to a clear increase in all values of the optical absorption coefficient at low energies 

(Karvounis A. et al., 2020). The primary absorption edge transitions to lower photon energies, 

suggesting that the effective band gap is reduced, which may be relate to the presence of 

enhanced density of state and shallower defect levels (Tihtih M. et al., 2022). The hard 

reduction of α below 500 nm proposes that new higher energy transitions occur with slight 

accessible electronic states; conversely, the constancy of α signifies low intermixed band 

switching above 500 nm., these optical characteristics suggest a strong relationship between 

structural impurities and grain size, improved crystallinity, decrease in defects, and improved 

inter-viad electronic transitions, caused by Nb doping on the optical characteristics of the 

nanocrystals, and the major absorption edge shifts towards lower photon energies (Palusamy 

et al., 2023).  
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Fig. (4). The variations of (K) with (λ) for nanocrystal 

Fig. 4 shows the extinction coefficient of the prepared samples as a function of 

wavelength. The maximum optical absorption extinction coefficient values were given to be 

11.33, 22.4, 34.18, 44.3, and 54.7, respectively at 311 nm. The (K) values showed a slow 

decrease in the (λ) range below 350 nm, this means that the transition must correspond to a 

direct transition, and the properties of this state are very important, as they are responsible for 

electrical conduction (Bo¨ ttcher et al., 2021). These results may be related to the increase in 

grain size and the decrease in the number of defects, which led to a clear increase in all values 

of (A) and (α), which in turn affected the (K) values (Hassan et al.,2023). The steadily rising 

way in K with higher doping levels denotes that Nb incorporation cements a greater quantity 

of available electronic states capable of contributing to direct transitions, resulting in an 

increased ability for these materials to interact with incident photons. The ultimate decline 

that occurs below 350 nm is due to higher-energy transitions occurring with scarce available 

density of state. The constant K value above 350 nm, confirms that electronic states at lower 

energy are more stable.  These types of behavior confirm the relationships between structural 

advancements in larger grain size and reduced defects, with the improvement in optical 

response, confirming that direct transitions dominate conduction-related optical transitions in 

these Nb-doped nanocrystals (Tihtih et al., 2020). 
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Fig. (5). The (Eg) values for nanocrystal 

By plotting  2hv  and the photon energy as shown in Fig. 5, and extrapolating the 

straight thin portion of the curve to intercept the energy axis, the photon energy was 

calculated. The values of (Eg) were found to be 3.30, 3.23, 3.20, 3.18, and 3.16 eV, 

respectively. The decrease in (Eg) may be related to the reduction in grain boundaries and 

their density due to the heating effect on the nanocrystal samples (Abed et al., 2024). The 

gradual depression in Eg with rising Nb doping indicates that the Nb ions suggests  the 

number of electronic states or defect levels close to the conduction band, which, in turn, leads 

to band narrowing. As well, a higher degree of crystallinity and larger grain sizes will lower 

the number of grain boundaries, thus lower carrier scattering and resulting in more 

delocalized electronic states, and allowing absorption of photons with lower energy. This 
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behavior illustrates the important relationship between the structure and electronic properties, 

reaffirming that both doping and thermal treatment have an important role in modifying the 

optical band gap of the nanocrystals (Tihtih M. et al., 2023).  

  

 
                           Fig. (6). The variation of (n) with (λ) for nanocrystal  

Fig. (6) displays the refractive index of the nanocrystals samples a function of 

wavelength. The maximum results of the refractive index were noted to be 1.4, 1.55, 1.7, 1.8, 

and 1.94, respectively at 311 nm. Following this, the (n) values exhibited a sharp decline in 

the (λ) range below 500 nm with various values of (n). The refractive index values remained 

stable for (λ) greater than 500 nm. This means that the increase in the dopant quantity in 

(BaTiO3) may be related to the fact that synthesized samples became less transparent with the 

increasing Nb content. The increase in the refractive index with higher Nb loading suggests 

that doping modifies the electronic polarizability of the material by introducing additional 

localized electronic states. The sharp decrease of refractive index below 500 nm may be 

related to high energy transitions where light photon energies exceed the effective band gap, 

which results in a little refractive response. The consistency of refractive index above 500 nm 

suggests that low energy photons while the gradual convergence to the refractive index of 

undoped BaTiO₃ indicates the influence that Nb induced structural and electronic changes 

have on optical density. These trends indicate a strong correlation between increased doping, 

decreased transparency, and increase electronic polarizability, validating Nb's role in 

modifying the optical properties of the nanoceramic powders (Marz ouk et al., 2022). 
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Fig. (7). The variations of (R) with (λ) for nanocrystal 

Fig. (7) displays the reflectance of the prepared samples as a function of wavelength. 

The maximum results of the reflectance were measured to be 0.023, 0.045, 0.066, 0.083, and 

0.1%, respectively at 311 nm. The (R) values were increased quickly at the range below 500 

nm, and the (R) remained constant at (λ) greater than 500 nm. The gradual increment of 

reflectivity with higher Nb content implies that doping evolves the surface electronic states, 

which increases light absorption and lowers the number of photons being reflected. The steep 

drop of R-below 500nm indicates higher-energy electronic transitions where higher-energy 

photons are absorbed more efficiently by the material. The plateau R, invariant with photon 

energy above 500nm, indicates all lower-energy photons are absorbed, and the sample's 

reflectivity has plateaued. This information supports the strong interaction between structural 

modifications induced by Nb, namely enhanced grain size and lower defect concentration, and 

the optical properties of the samples. Certainly, Nb doping not only modifies sample 

absorption and refractive index, but systematically modulates the sample surface reflectivity 

via tunable electronic structure of the nanocrystals (Rini et al., 2024). 
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Fig. (8). The variations of (T) with (λ) for nanocrystal 

Fig. (8) shows the transmittance of the prepared samples a function of wavelength. The 

maximum results of the refractive index were calculated to be 0.96%, 0.92%, 0.78%, 0.84%, 

and 0.80%, respectively, at a constant wavelength of at 315 nm. These values of (T) were 

followed by a sudden increase for (λ) less than 600 nm, and the (T) values remained stable for 

(λ) greater than 600 nm. The high transmittance values indicate that the dopant in all prepared 

nanoceramic samples of barium titanate may be responsible for the increased transmittance 

with the addition of Nb content. The proved in transmittance with increasing Nb content 

implies that doping minimizes scattering points and defects in the nanocrystals, allowing for 

greater propagation of photons through the material. The abrupt increase of T below 600 nm 

is consistent with improved absorption of high-energy photons and less trapping of photons at 

grain boundaries. The stability of T above 600 nm reflects the influence of an intrinsic lattice 

transparency associated with lower-energy photons. Overall, these behaviors illustrate the 

contributed forces of better crystallinity, larger grain size, and controlled defect density on 

optical transmittance. In summary, Nb doping is a viable method of systematically 

manipulating the transmittance and photon transport characteristics of the nanoceramic 

powders (Islam et al., 2022). 
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Fig. (9). The variations of (δ) with (λ) for nanocrystal 

Fig. (9) explains the optical conductivity of the nanocrystals samples a function of 

wavelength. The maximum values of the optical conductivity were found to be (
6104.1  , 

6105.3  , 
6106.5  , 

6107.7  , and 
6101.10  Sec

-1
), respectively at 311 nm. These values were 

followed by a sudden decrease for (λ) below 500 nm, with varying values of. Subsequently, 

and the remained stable for (λ) above 550 nm. These results may be related to the increase in 

grain size and the decrease in the number of defects. Additionally, the results showed that the 

decrease in values of (T) led to a clear increase in the (δop) (Ali et al., 2020). The trends 

displayed in δ indicate that increased Nb doping promotes energy dissipation mechanisms in 

the nanocrystals, which is likely a result of the heavier polarization and interaction of incident 

photons with localized defect states. The abrupt drop of δ below 500 nm represents less 

opportunity for high energy electronic transitions to occur, while the consistent δ value above 

550 nm shows equilibrium with the dielectric loss at lower photon energies. The correlation 

between T and δ, indicates that decreased photon transmission due to absorption or scattering 

leads to energy dissipation via dielectric loss. In addition, these behaviors highlight the strong 

coupling between structural optimization larger grain sizes, less defects, etc.  and the 

dielectric response, which emphasizes the important role of Nb doping in adjusting both 

optical and energy dissipation properties of the nanoceramic powders (Hassan, et al., 2023). 

The optical properties of Nb doped BaTiO3 samples are dependents on their structural 

properties. Increased Nb content led to larger grain sizes and lower defects, which increased 

electronic transitions, photon absorption, and the electronic density of states related to direct 

and indirect transitions. The changes manifest in absorption, absorption coefficient, extinction 

coefficient, refractive index, reflectance, transmittance, and dielectric loss experienced a shift 

in the absorption edge while lowering the effective band gap, with improved scattering of 

photons and improved energy transport. This suggests the controllability of crystal structure 

with Nb doped BaTiO3 samples serves as an important advantage for improving optical-

electronic properties. This research into Nb doped BaTiO₃ nanocrystals illustrates the novelty 

of the research by introducing its innovative preparation method that produced distinct 

microstructures, uniform grains, and diminished defects that improved optical and electrical 

properties. The findings also indicate that the Nb doping concentrations used resulted in 

significant enhancements to the absorption, band gap, refractive index, and dielectric loss 
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compared to other doped materials. Additionally, new mechanistic findings into Nb's impact 

on structural and optical properties were demonstrated, emphasizing the relevance of crystal 

structure and appropriate doping to achieve improved functional performance with the 

nanocrystal samples. 

4. Conclusion:  

All the synthesized compounds were obtained by solid-state synthesis and all the 

samples were doped with Nb atoms. Subsequently, all of the films were characterized by 

XRD and UV–Vis techniques. The XRD test results revealed that the tetragonal phases were 

identified and it shows that average lattice constants approach into different amount of Nb 

atoms in these prepared samples, 0.041 nm-0.202 nm, grain sizes ranges from 2.93nm -

14.65nm for all samples. The UV-visible determination of photon energy has resulted in 

higher at 3.30 eV and lower was found to be near by 3.16. Another optical property، such as 

absorption, optical absorption coefficient, extinction coefficient, refractive index, reflectance 

and transmittance and optical conductivity were calculated as a function of wavelength. 
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