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OPTICAL INVESTIGATIONS OF Nb,Os AT DIFFERENT
TEMPERATURES FOR OPTOELECTRONIC DEVICES
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Effect of different substrate temperatures on the optical properties and some of the optical
constants of Nb,Os thin films is conducted in this work. Estimated optical band gap and
optical constant confirms the dependency of Nb,Os thin films on the substrate
temperatures. The band gap in the range of 2.8 to 3.5 eV is directly related to the solution
properties. The energy gap at optimum preparation state ensures the development of
semiconducting material that suits solar cell and other optoelectronics application.
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1. Introduction

The Nb,Os thin films Interest could be dated back to the early fortieth from the last
century, when the first polymorphs niobium oxide has been studied [1-3]. Niobium pentoxide, in
the recent years has emerged as a several purpose material that attracts the attention and a wide
scientific interest. It is one of the popular transparent oxides semiconductor materials [3-6]. This
material is a transparent in the Uv region because of its wide band gap, water-insoluble and air-
stable material. It has a relatively complex structure that displays a polymorphous structure
depended on preparation method and condition [7, 8]. These polymorphic structures give rise to an
important series of phases. All of them based on (NbOg) octahedral groups, forming different
arrangement from the rectangular columns or blocks [9, 10]. It is abundant material in nature,
thermodynamically stable, with high corrosion resistance [11-13].

Nb,Os thin films are widely used in several now day application such as optoelectronic
devices, optical coatings, catalysis, gas sensors, photocell, Ec devices and others due to their
interesting properties, such as wide band gap, elevated index of refraction, very good thermal
chemical and stability [14-21]. Attention on Nb,Os, has obtained more momentum due to their
applications, especially, nanostructured Nb,Os in solar cells, batteries, photo-detectors and other
electronic devices [22-25].

Previous study on the electrical properties of this material reveals the dependent of its
energy gap on preparation condition, wide energy gap range was obtained extended from (2.1-3.6).
in oure previous study, we investigate the effect of ultrasound vibration on the optical properties
[26] , on other work effect of ammonium molarity concentration was done, it reveals a dramatic
change in optical properties with molar ratio, [27].

In this work, the effect of substrate temperatures on the optical properties and some optical
constants of Nb,Os thin films were examined and analyzed. This work also reveals cost-effective
and simple deposition method that has been used to deposit Nb,Os thin films on quartz substrate.

2. Experimental work

By using ultra-purity (99.99%) of niobium pentoxide powder (0.2 g), the required Nb,Os
colloidal solution was obtained by solving the powder in hydrofluoric acid (HF) in water path at
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100 'C and continuous stirring for 1 hour as until the solution became totally transparence giving
indication for totally salvation for Nb,Os powder according to equation (2-1), then DIW and
ethanol were added to dilute the solution, Heat treatment to the substrate was done using burn
furnace () in static air for 1 hour using different treatment temperature (200, 300, 400,500,600,
700) °C with (10°C/min) heating rate. Then the samples cooled down over night to room
temperature [28].

The thin films were prepared using layer by layer spin coating growth (HOLMARC HO-
TH-05) using (1500 rpm) speed for 1 min duration then the film was dried in drying oven with
100 C for (15 min). This process repeated three times producing three layer of films. The optical
results was investigated using (T60) UV-Vis spectrophotometer is used to measure the
transmittance of Nb,Os thin films deposited on quartz substrate in the range (200-900) nm. For
every scan the background correction is possessed. The transmittance data can be utilized to
calculate absorption coefficient, the optical energy band gap (E) of the films using the following
equations [29-33]:

(ehv) = B(hv — Eg) /2 (1)

where B is a constant and a is the absorption coefficient its value depended on the thickness (t) and
the transmitting (T ans)

1 1

t Trans 2)
where A’ the incident photon wavelength, t is the thickness of the film [34, 35].
Urbach energy (Eu) was also calculated by measure the slope of the straight line fitted the

linear part of the curve plotted between Ina vs. photon energy relying on the following formula
[36, 37]:

6lhu = aO eXp I;_U (3)

u

3. Results and discussion

Optical properties of the prepared Nb,Os thin films were investigated. Fig. 1 shows the
transmission spectrum of the prepared films treated at different temperature ranged from (200-
700)°C.
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Fig. 1. Transmission spectrum of Nb,Os the thin films prepared at 12 mol/L molarity
treated at different heat treatment temperatures.
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Fig. 2. Energy gap of Nb,Os thin films prepared in 12 mol/L molarity and treated in
different heat treatment temperatures
a): without, b):200°C, ¢):300°C, d):400°C, €):500°C, f):600°C, g)G:700°C.
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The transmission spectrum of the thin films was decreased as the temperature increased
reaching its minimum value at 600 °C, this may impute to the presence of oxygen vacancies. The
formation of defects of oxygen increases the concentration of the localized states in the band
structure [38]. It’s also attributed to scattering from grain boundaries due to the increasing in the
grain size with increasing in the annealing temperature. The increasing in the grain size also
contributed on the decreasing of the transmission by increasing the absorption associated with the
reduction of the mechanical stress as a result to the lattice distortion in the grain boundary regions
which influence the electronic structure and, hence, the below-band-edge optical absorption [39].
Farther increasing in treating temperature caused an increasing in the transmission.

Relying on the transmission spectrum the energy gap of the prepared films were extracted
using equation (1), relation between (ahv)? and photon energy for Nb,Os thin film treated at
different heat treatment temperatures were shown in Fig. 2, and its value was displayed in Fig. 3.

According to Fig. 3 a very close energy gap value could be recognize, with a relative
variation with temperature. The band gap starts to decreases slightly when the temperature
increased hence the re-crystallization begins.
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Fig. 3. Energy gap value as a function to heat treatment temperature for Nb,Os thin
films prepared in 12 mol/L molarity.

The reduced energy gap value related to the presence of the unsaturated bonds that caused
the formation of the localized tail states in the energy gap as shown in Fig. 4. The high
concentration presence of these states is accountable on the reduction of bandgap for films treated
at different temperatures. An increase in the average grain size was combined with this
transformation; as a results, a drastic effect of crystalline phases on optical gap can by explained,
due to the increase in the surface dangling bonds around the crystallites during the crystallization
process. In addition, an increase in the annealing temperature to 700 °C results in breaking up the
film crystallites into smaller one, which resulting in increase the number dangling bonds at the
surface, so that some types of defects would be formed. These defects lead to the decrease of the
optical gap, similar results could be found elsewhere [40].
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Fig. 4. The relation between the absorption coefficient and the absorbed photon energy showing the
absorption tails for Nb,Os thin films prepared at 12 mol/L molarity and treated in different heat
treatment temperatures a): without, b):200°C, ¢):300°C, d):400°C, €):500°C, f):600°C, g):700°C.
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4. Conclusions

Nb,Os was successfully deposited at optimum different substrate temperatures, and 12
Mol/l. The Niobium pentoxide colloidal suspension was deposited using a simple and easy
technique with the vastly available raw material. The optical properties and some of the optical
constants of the prepared Nb,Os thin films confirmed the high affectivity of the added ammonium
concentration on these characteristics. An unusual behavior in the energy gap, the optical
properties indicated increment in the absorbance and decrement in the band gap as the
temperatures increased to 600 °C. Some of estimated optical constants at the optimum condition
verify the films suitability for renewable energy application.

References

[1] F. Holtzberg, A. Reisman, M. Berry, M. Berkenblit, Journal of the American Chemical
Society 79, 2039 (1957).
[2] G. Brauer, Zeitschrift fiir anorganische und allgemeine Chemie 248, 1 (1941).
[3] K. Lazarova, M. Vasileva, G. Marinov, T. Babeva, Optics & Laser Technology 58, 114
(2014).
[4] M. K. Abood, M. H. A. Wahid, E. T. Salim, J. A. Saimon, EPJ Web Conf. 162, 01058
(2017).
[5] I. Nowak, M. Ziolek, Chemical Reviews 99, 3603 (1999).
[6] M. K. Abood, E. T. Salim, J. A. Saimon, International Journal of Nanoelectronics and
Materials 11(2), 127 (2018).
[7] H. Schéfer, R. Gruehn, F. Schulte, Angewandte Chemie International Edition in English 5,,
40 (1966).
[8] E. T. Salim, J. A. Saimon, M. K. Abood, M. A. Fakhri, Mater. Res. Express 4, 106407
(2017).
[9] M. Gracga, A. Meireles, C. Nico, M. Valente, Journal of Alloys and Compounds 553, 177
(2013).
[10] Halboos, H.T., Salim, E.T., IOP Conference Series: Materials Science and Engineering
454(1) (2018).
[11] L. T. Arenas, P. C. Villis, J. Arguello, R. Landers, E. V. Benvenutti, Y. Gushikem, Talanta
83, 241 (2010).
[12] Salim, Z.T., Hashim, U., Arshad, M.K.M., Fakhri, M.A., Salim, E.T., Materials Research
Bulletin 86, 215 (2017)
[13] D. Velten, E. Eisenbarth, N. Schanne, J. Breme, Journal of Materials Science: Materials in
Medicine 15, 457 (2004).
[14] R. Pinto, B. Shaha, Japanese Journal of Applied Physics 7, 1542 (1968).
[15] B. Lelevic, N. Fuschillo, N. Annamalai, Thin Solid Films 23, 249 (1974).
[16] G. Rob&Lee, Journal of Materials Chemistry 1, 381 (1991).
[17] N. Machida, M. Tatsumisago, T. Minami, Journal of the Electrochemical Society 133, 1963
(1986).
[18] O. D. Coskun, S. Demirela, Applied Surface Science 277, 35 (2013).
[19] A. Le Viet, R. Jose, M. Reddy, B. Chowdari, S. Ramakrishna, The Journal of Physical
Chemistry C 114, 21795 (2010).
[20] Fakhri, M.A., Al-Douri, Y., Salim, E.T.,Hashim, U, Yusof, Y., Choo, E.B., Salim,
Z.T.,Jurn, Y.N., ARPN Journal of Engineering and Applied Sciences 11(8), 4974 (2016)
[21] B. Michalkiewicz, J. Srenscek-Nazzal, P. Tabero, B. Grzmil, U. Narkiewicz, Chemical Papers
62, 106 (2008).
[22] A. Michel, Sol. Energy Mater. Sol. Cells 68, 401 (2001).
[23] M. Hota, M. Bera, S. Verma, C. Maiti, Thin Solid Films 520, 6648 (2012).
[24] Fakhri, M.A., Al-Douri, Y., Hashim, U., Salim, E.T., Solar Energy 120, 381 (2015)



115

[25] Salim, Z.T., Hashim, U., Arshad, M.K.M., Fakhri, M.A., International Journal of Applied
Engineering Research 11(15), 8785 (2016).

[26] Hattab, F., Fakhry, M., 2012 1st National Conference for Engineering Sciences,

FNCES 2012 (2012) DOI: 10.1109/NCES.2012.6740474

[27 Makram. A. Fakhri, International Journal of Nanoelectronics and Materials 9(1), 93

(2016).

[28] Zaid T. Salim, U. Hashim, M. K. Md Arshad, Makram A. Fakhri, Evan T. Salim,
Microelectronic Engineering 179, 83 (2017).

[29] Makram A Fakhri, Evan T Salim, M. H. A. Wahid, U. Hashim, Zaid T. Salim, Raid A. Ismail,
Journal of Materials Science: Materials in Electronics 28(16), 11813 (2017).

[30] L. Hu, M. Wolf, M. Grétzel, Z. Jiang, J. Sol-Gel Sci. Techn. 5, 219 (1995).

[31] Fakhri, M.A., Al-Douri, Y., Bouhemadou, A., Ameri, M., Journal of Optical Communications
39(3), pp. 297-306

[32] N. Uekawa, T. Kudo, F. Mori, Y. Jun Wu, K. Kakegawa, J. Colloid and interface
Science 264, 378 (2003).

[33] Evan T. Salim, Raid A. Ismail, Makram A. Fakhry, Yushamdan Yusof, Int. J.
Nanoelectronics and Materials 9, 111 (2016).

[34] M. A. Muhsien, E. T. Salem, I. R. Agool, H. H. Hamdan, Applied Nanoscience 4, 719 (2014).

[35] A. Ohwofosirai, M. D. Femi, A. Sunday, O. Sunday, F. Ezema, R. Osuji et al., "A Study of
the Optical Conductivity, Extinction Coefficient and Dielectric Function of CdO By
Sucessive lonic Layer Adsorption and Reaction (SILAR) Techniques."

[36] Hassan, M.M., Fakhri, M.A., Adnan, S.A., IOP Conference Series: Materials Science and
Engineering 454(1) (2018)

[37] O. D. Coskun, S. Demirel, G. Atak, Journal of Alloys and Compounds 648, 994 (2015).

[37] E. Cetindrgu-Goldenberg, J.-E. Klemberg-Sapieha, L. Martinu, Applied Optics 51, 6498
(2012).

[39] Bader, B.A., Numan, N.H., Khalid, F.G., Fakhri, M.A., Abdulwahab, AW., Journal of

Ovonic Research 15(1), 53 (2019).
[40] M. Hafiz, N. El-Kabany, H. M. Kotb, Y. Bakier, Int. J. Thin. Fil. Sci. Tec. 4, 163 (2015).


https://doi.org/10.1109/NCES.2012.6740474

