JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 16No 1, 01008(4pp) (2024)

REGULAR ARTICLE

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 16 No 1, 01008(4cc) (2024)

OPEN ACCESS

Calculations of Refractive Index Using Optical Band Gap: TiO: Spray Pyrolysis Thin Films

R.A. Zargarl* ™, Muzaffar Igbal Khan!, Tuiba Mearaj2, Faisal Bashir3, Yassar Arfat4,
Joginder Singh56, Kuldeep Kumar?

L Department of Physics, BGSBU, 185234 Rajouri (J&K), India
2 Centre for Nanoscience and Nanotechnology, JMI, 10025 New Delhi, India
3 Department of Electronics and Intstrumentation Technology, Kashmir University, 190006 Srinagar (J&K), India
4 Department of Electrical Engineering, BGSBU, 185234 Rajouri (J&K), India
5 Department of Physics, GDC-Nowshera, 185151 Rajouri, India
6 Department of Physics, JJT University, 333001 Rajasthan, India
7 Department of Physics, GDC Akhnoor, 181201 India

(Received 15 December 2023; revised manuscript received 15 February 2024; published online 28 February 2024).

Spray pyrolysis technique has been applied to deposit a broad range of thin films, which are used in
various devices such as solar cells, sensors, and solid oxide fuel cells. Spray pyrolysis is one of the most
common, inexpensive, simple, and quite versatile methods used for synthesizing submicron and spherical-
shaped luminescent materials multicomponent oxide thin films. In this paper, spray pyrolysis TiO:2 thin
films has been deposited on glass substrates and kept at different temperature to reveal its optical properties
by the help of UV-visible spectroscopy. Refractive index (n) of TiOz thin films as wide semiconductor has
been calculated using optical energy gap (Eg). The calculated values of refractive index from the new rela-
tions have been compared with the values reported by different researchers; an excellent agreement has
been obtained between them. The material identification was confirmed from X-ray diffraction techniques
and first derivative of transmission spectra’s has been plotted that gives band gap value of films respectively.
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1. INTRODUCTION

Refractive index and band gap of metal oxide semi-
conductors have been important parameter to study for
semiconductors. This is because of their potential appli-
cations in a variety of Opto-electronic devices such as
non-linear optics, light emitting diodes, photo-voltaic
cells, photo-detectors, lasers, modulators, Integrated cir-
cuits and filters. Different researchers [1] have dis-
cussed various structural properties such as optical elec-
tronic and elastic of these semiconductors.[2]. In this di-
rection Titanium dioxide(TiOs2), being an excellent n
type semiconductor is getting a lot of attention for its
wider band gap energy of more than 3 eV and distinct
functionalities[3, 7]. Several techniques have been em-
ployed to synthesize the metal oxide composites such as
sputtering, dip coating, electron beam evaporation,
chemical vapour deposition, sol-gel process[8, 11] etc.
These techniques are often costly and time consuming.
In contrast, spray pyrolysis technique has been a cost
effective and an efficient method while producing thick
films over large areas with superior reproducibility and
uniformity [12]. Readdy, Here have also attempted to ob-
tained relation between n and Eg. In this paper we de-
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veloped linear relationship between refractive index, op-
tical energy gap. A correlation between band gap and re-
fractive index is a subject of intensive research in recent
times. Refractive index of a material is known to de-
crease with energy gap. There have been many attempts
to find a suitable relationship both empirical and semi
empirical between these two physical quantities. This
paper reports the calculation of band gap helps to find
out refractive index.

2. EXPERIMENTAL SECTION

The TiO2 solutions were prepared with 0.24 M con-
centration of (TTIP) and the acetylacetone stabilizer
waadded drop by drop to obtain yellow solution [8, 11].
The glass substrates were cleaned with diluting nitric
acid, distilled water and finally with acetone. The TiO2
solutions were deposited by spray pyrolysis technique
onto glass substrates at 450 °C during 15 min with spray
rate of 1 mL/ min to obtain anatase and rutile phases of
TiOz2 thin films.TiOz thin films were deposited onto ordi-
nary glass substrates at different substrate temperature
using ultrasonic spray pyrolysis method.

https://jnep.sumdu.edu.ua

© 2024 The Author(s). Journal of Nano- and Electronics Physics published by Sumy State University. This article is

distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.

Cite this article as: R.A. Zargar et al., J. Nano- Electron. Phys. 16 No 1, 01008 (2024) https://doi.org/10.21272/jnep.16(1).01008


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
https://jnep.sumdu.edu.ua/
https://int.sumdu.edu.ua/en
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.21272/jnep.16(1).01008
https://www.sciencedirect.com/topics/materials-science/thin-films
https://doi.org/10.21272/jnep.16(1).01008
mailto:rayeesphy12@gmail.com

R.A. ZARGAR, MUZAFFAR IQBAL KHAN ET AL.

3. RESULTS AND DISCUSSIONS
3.1 XRD Analysis

The X-ray Diffraction (XRD) measurements were
performed on TiO2 thin film using a diffractometer
(Bruker Axs D8 Advance, Germany). CuK., radiation
(A =1.54 A) was used at a voltage of 40 kV and a current
of 25 mA to reveal the exact composition and phase iden-
tification. Fig. 1 shows the XRD pattern of spray pyroly-
sis thin film and the diffraction pattern consists of
peaks (101)A, (110)R, (101)R, (004)A, (200)R, (111)R,
(210)R, (200)A, (101)R and (211)R for anatase phase and
rutile phase of TiOz respectively. All the peak positions
have been verified as mentioned in JCPDS Card
No0s.86115Ti0z [14] respectively. The lattice parameters
are a=3.785 and ¢ =9.513 and grain size (D) is 33.31 nm
for most intense peak and has been calculated using for-
mulas mentioned in the reference [15, 16].
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Fig. 1 — XRD pattern of TiO2 thin film

3.2 Optical Transmittance Study

Figure 2 represents the optical transmittance versus
wavelength, and it shows the variation of TiOz thin films
under different heat treatments The transmittance
measurement was done in the wavelength settled from
A =300 to A =500 nm. This range shows clear variation
of red shift indicating decreasing of band gap. The de-
creasing of transmittance and band gap indicating in-
crease of absorbance that is attributed due increase of
particle size upon different heat treatment [17].

3.3 Optical Band Gap

The estimated absorption band edge of the films was
computed from the first derivative of optical transmit-
tance as shown in Fig. 3. Te curves between d7/dA and
photon energy give a peak that corresponding to the ab-
sorption band edge. In this figure the peak position of
the curves shifts to lower photon energy wavelengths.
This decrease of 0.06 eV band gap is due to increase in
particle. Hence, the absorbance below 3.27 eV makes
TiOz film a righteous choice of light detectors from UV
to blue region [18].

3.4 Calculation of Refractive Index from Optical
Band Gap
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Fig. 2 — The transmittance spectra’s of TiO: thin films

0.05

F=-600°C
—e—550°C
—A—500°C
0.04
-
£, a
0.03 in;;k
< ¥ % k
= A
0.02 {TIL A
.,\.’
|||'\\k
|!|.l\'\
0.01 i o
] ®
Sl mG
(rl
0.00 321,,i327M

3.0 31 3.2 3.3 3.4 35 36 3.7 3.8
Photon energy(eV)

Fig. 3 — First derivative plots of Transmittance of TiOz coated
films

The refractive index is an important optical parame-
ter to identify the materials behaviour within the light.
Reddy et al. has proposed an empirical relation between
refractive and band gap for a variety of compounds [19].

L [12417 "
E,-0.365

Equation (1) is the modification of Moss equation [20]
with secondary arbitrary constants added in order to im-
prove the results and gives better agreement with the
experimental values but can used for low energy band
gap values [21]. It’s well known that optical absorption
is strongly dependent on the electronic transitions over
the energy gap Eg. From this point of view, the relation
between the refractive index and the optical bandgap
has arisen. Generally, the band gap describes the maxi-
mum energy at which the transparency of a substance
starts to increase. When the energy of light increases to-
ward the optical band gap value, the refraction index
should be increased. The theoretical calculations studied
for energy base storage and memory devices in order-
disorder ferroelectric crystals [22, 23].
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CALCULATIONS OF REFRACTIVE INDEX USING OPTICAL BAND GAP...
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Fig. 4 — Refractive index vs photon energy along with the inset
of band gap vs refractive index

TiO2 Optical band Refractive
gap(Ey) index(n)
500 °C 3.27 eV 2.060
550 °C 3.24 eV 2.071
600 °C 3.21 eV 2.089
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4. CONCLUSION

The TiOz thin films were prepared by the spray py-
rolysis technique and deposited onto ordinary glass sub-
strates. The knowledge of n not listed in the experi-
mental values matches with the calculated by proposed
relation may be of great use in potential application re-
garding opto-electronic properties metal oxide semicon-
ductors, which may be of great use in today semiconduc-
tors devices such as lasers, modulators, light-emitting
diodes and integrated circuits. A fairly good agreement
has been obtained between the calculated and the exper-
imental values. The refractive index is found very sensi-
tive with anhealing, as the decrease of transmission in-
dicates increase in absorbance or refractance of the ma-
terial.
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PoapaxyHok nmoka3HuKa 3aJIOMJIEHHA 3 BUKOPUCTAHHAM ONTUYHOI 3a00POHEHOI 30HU:
TOHKI IUTiBKY 114 miposiidy poanmwiaeHHam TiOz
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TexHika po3NMUIIOBAIIHLHOTO MIPOJIidy 0yJIa 3aCTOCOBAHA JIJIS OCAIYKEHHS IIIMPOKOT0 JiaIa30Hy TOHKHX ILTi-
BOK, SIK1 BUKOPHCTOBYIOTHCSI B PI3HHX IIPUCTPOSIX, TAKUX SK COHSYHI €JIEMEHTH, JATIYUKU Ta TBEPIOOKCHIHL
MMAJIMBHI eJIeMeHTH. POSHIMIIIOBAIBHIN HIPOJIi3 € OJHUM 13 HAWMIOIITUPEHIIINX, HeJIOPOTUX, IPOCTHUX 1 JTOCUTH
VHIBEPCATBHUX METO/IIB CHHTE3y 0ATaTOKOMIIOHEHTHHUX OKCHTHUX TOHKHUX ILTIBOK CYOMIKPOHHUX 1 ChepIIHIX
JTIOMIHECIIEHTHUX MaTepiasiB. Y Iiif cTaTTi TOHKI miiBku posmuieHoro miposmisy TiO: Oysim mameceni Ha
CKJISTHI TIKJIAKN Ta BUTPUMAHI IPU PISHUX TeMIIepaTypax, o0 BUSBUTH IX ONTHYHI BJIACTHBOCTI 34 JOII0-
morow YO-suamumoi criekrpockorii. [Tokasauk samomitenns (n) ToHkux TiBoK TiOz Sk ITMPOKOTO HAMIBIIPO-
BiHUKA 0yJI0 PO3PaX0BAHO 3 BUKOPHUCTAHHAM orrtuaHOi rttuan (Eg). PospaxoBaHi 3HaYeHHS MOKAa3HUKA 3a-
JIOMJIEHHSI 32 HOBUMU CITIBBIHOITEHHIMHY OyJI TOPIBHAHI 31 3HAYEHHSAMH, TOBIIOMJIEHUMU PI3HUMU JIOCJI1-
MHUKAMU; MK HUMHA OyJia JOCATHYTa 4YyI0Ba yroga. lmeHTtmdikarris marepiaiy Oysia MiITBepIsKeHa MeTo-
IaMu U PAaKINl PpeHTreHIBCHKUX IIPOMEHIB, 1 OyJia mo0ymoBaHa mepIia IMOXiIHA CIIEKTPIB IPOITYCKAHHs, KA
BIJIIOBITHO [Ta€ 3HAYEHHS IITUPUHN 3a00POHEHOI 30HH ILTIBOK.

Kmiouogi cnosa: TiO2, PosnumoBabuuii miposaia, 3aboporeHa 3oHa, [[okasHUK 3aJI0MIIeHHS.
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