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Abstract

The sol-gel spin coating method was used for the preparation of the Zinc Ozide which was
coated over polymer, transparent, and glass translucent substrates and characterized with the
help of a UV-Vis Spectroscope. The wavelength bandgap of those samples was found to be
296mm, 310.5nm, and 330nm respectively. The actual band gap of ZnO is 388nm. Similarly,
their optical bandgap energy calculated by the Tauc Plot method were 3.641eV, 3.385eV, and
3.495 eV respectively. The transparent polymer slide has the lowest wavelength bandgap and
the translucent glass slide has the highest. Further, the bandgap’s value differs from its actual
value to the difference in the absorption process due to the presence of the substrate. These
results suggest that the choice of substrate can significantly impact the optical properties and
performance of the zinc oxide thin film. This result can be applied in developing and optimizing
zinc oxide thin films for various purposes, such as in solar cells, sensors, and optoelectronics.
By carefully selecting the substrate, it may be possible to tailor the bandgap energy and other
optical properties of the thin film to better suit the specific application.
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1 Introduction agriculture, medicine, industry, and technology.

The metal oxides being researched include copper,
Extensive research is conducted these days on metal zinc, tin, magnesium, zirconium, silver, titanium,
oxides in nanoparticle form due to their diverse cerium, and others. Among these, zinc oxide (ZnO)
potential applications in various fields, such as is particularly important due to its electronic and
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optical properties, radiation stability, low cost of
production, and non-toxicity. It has a high bandgap
of 3.37 eV at room temperature and is commonly
used in semiconducting oxide thin films, which are
extensively utilized in solar cells, sensors, LEDs,
surface acoustic devices, cosmetics, and paintings.
Previously, a study was conducted on sol-gel syn-
thesized ZnO deposited on a glass slide [1] which
will be studied further with other options in this
work. ZnO is also utilized in organic and solar hy-
brid cells [2-5] in the form of a buffer layer for the
cathode buffer layer, and it performs efficiently in
both bulk and 2D forms, with thin films proving
more effective than bulk ones. Due to its versa-
tility and various uses, ZnO is produced on a large
scale [6] these days. ZnOs are typically N-type with
a wide bandgap of 3.37 €V [7] and have bands in
the UV and visible light regions [§8]. During the
growth process, the interstitial sites, vacancies, or
anti-sites of oxygen, zinc, and other factors may af-
fect the final product’s parameters. ZnQO’s point
defect has an electron mobility of approximately
300 cm? V=2 s7! for bulk ZnO and around 1000
cm? V=2 57! for ZnO NSs, increasing the capac-
ity for electron transfer. Additionally, ZnO is ac-
tive in oxidation and reduction processes. However,
ZnO only has the capacity to absorb UV radiation,
which is a narrow window of electromagnetic ra-
diation and is difficult to excite the electron-hole
pair. Moreover, it can be scratched by light and de-
compose in higher and lower pH-valued solvents [9].
It can dissolve in highly acidic or basic media un-
der proper biasing [10]. However, the limitations
of ZnO can be overcome by using a composite of
ZnO with other metals, such as doping, as described
in previous literature. There are many processes
for the preparation of nanomaterials [11-17]. The
thin film ZnO [18] can be prepared with different
methods like a deposition [19], sol-gel [20], vac-
uum evaporation [21], sputtering [22,23], Successive
Tonic Layer Adsorption and Reaction (SILAR) [24],
pyrolysis [25], etc. We have incorporated the sim-
plest but well-controlled stoichiometry [26], method

called sol-gel followed by spin coating [27]. The sol-
gel method as shown in Figure 2 uses metal alkox-
ides M (OR)n [derived from weak acids R-OH] and
alkoxysilanes for their reaction in radial or all di-
rection [28]. We have taken Zn (NOgs)y for ZnO
synthesis [29]. The substrate for coating was trans-
parent glass, translucent glass, and polymer slide.
They were examined under a UV Vis spectroscope.
For spin coating, the substrate is mounted on a ro-
tating system (10,000 rpm) whose centrifugal force
spread the ZnO solution uniformly around the slide
against surface tension and viscous force thereby
creating the thin film of micro to the nanometer
range. It is not effective for samples with a large
area of the substrate. Only 5% of the sample is
distributed over the slide and the rest 95% is flung
off [30]. The thickness of the sample is dependent
on various parameters and given:
1

= (70) (i)
PAO
where,p , 7, M, and w are the density, viscosity,
evaporation rate, and angular speed of the slide re-
spectively.

The slides can be systematically coated [30].
The Tauc plot method was used to calculate the
band gap energy in which the energy is on the x-
axis and (ahr)? on the y-axis. A tangent line on
the curve at @ = 0 touches a point on the x-axis
is the optical bandgap energy of the materials. To
get the curve first, we have to begin the Tauc plot.
The equation (ahv)? = K(hv — E,) is known as
Tauc and Davis-Mott relation [31]. This relation is
used to find the optical bandgap energy of a thin
film of zinc oxide from UV-V is absorption spec-
troscopy. In this equation, a is the absorption co-
efficient ‘hi’ is the incident photon energy, K is the
energy-independent constant and E; is the optical
band gap energy of the zinc oxide. In this equation,
‘n’ represents the nature of the transition. For di-
rect gap semiconducting material, n=2.
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Figure 1: The Beer Lambert’s Law.
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In UV-V is spectroscopy, the data which is given
to us have wavelength and absorbance. Therefore,
we have to convert wavelength to energy and need
to calculate the absorbance coefficient («) from ab-
sorbance data. We use the Max Planck equation
energy from wavelength, i.e.

E,=hv (2)
Where h is Planck’s constant and v is the frequency
of UV-Vis light incident on the substrate in which
the thin film of zinc oxide is coated. We know that,

: 3)

Putting equation (2) in equation (1),

_he

where c is the speed of light and putting the values
in equation (4), we get,

662 x 1073 Js x 3 x 108m/s
B A

B,

~19.854 x 10726Jm %)

g A
In equation (4) the energy is in joule, we have to
convert it into electron volts. We know, leV =

1.602 x 10719J, therefore energy in equation (4)
can be converted as follows:

19.854 x 10~ *%eVm
1602 x 10719

12.393 x 10~ 7eVm
E, =
A
where 107%m = 1lnm

12 eVnm
,= o ()
In equation (6), we have to put the value of the
wavelength in the nanometer obtained from the
UV-V is spectroscope when UV-V is light incident
in zinc oxide. In this project work, we have used ori-
gin software to convert wavelength to energy with
help of equation (6) which can be seen in Figure
1. The coefficient of absorption («) is obtained by
plotting (ahr)? on the y-axis where ‘hv’ is the in-
cident photonic energy. Using Beer Lambert’s law,
we can calculate ‘e’ from absorbance data [32,33].

In Figure 1, I is the intensity of transmitted
light, I, is the intensity of incident light, ‘o’ is
the absorption coefficient and 1 is the path length
in which absorbance takes place. From Beer Lam-
bert’s equation,

I=Ipe ™

(7)

We can modify equation (7) as

Taking logs on both sides,

al

I
logg = loge™
1
logI—O = —alloge
1
l0g70 = alloge
As we know,

I
Absorbance(A) = logT0

So we can write as,

A = alLloge
1
=A
@ Lloge

where,loge = 0.4343, then we can write,

1
e WEYETS
A

—2302x 2
o 302 x T

As we took the thin film of zinc oxide so the path
length = 10mm = lcm

o =2302x A
lem

a=2.302x Aem™!

(®)

The unit of absorbance coefficient would be e¢m ™!

because 2.303 is a constant and Absorption is a di-
mensionless quantity.

Thus using equation (7), the absorption coeffi-
cient is calculated with the help of origin software
which can be seen in Figure 1.

Now combining equation (7) with energy to get
our desire Tauc relation i.e.

(ahv)™ = (Absorption coeflicient x energy)™

(ahv)™ = (2.303 x A x hv)" (9)

Equation (9) gives the value of (ahv)? with the
unit (eVem™1)2. Then, a graph is plotted with en-
ergy (hv/)) on the x-axis and (ahv)? on the y-axis.
Then, draw a tangent line on the curve where a=0.
The point where it touches the axis is the optical
bandgap energy of the materials.
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2 Materials and Methods

The work mainly can be divided into three parts:
1) to obtain a thin film of zinc oxide by the sol-gel
method and 2) analysis of the zinc oxide coated thin
films over different glass slides using UV-V is spec-
troscope, and 3) calculation of the optical band gap
energy of a thin film of zinc oxide with the help the
Tauc plot method. Steps 1 and 2 are schematically
shown in Figure 2. The preparation of ZnO solu-
tion in the laboratory of RECAST, TU is shown in
figures 3-13. The reaction taken in preparing ZnO
is shown in the following reaction: Zn (NOgs)s +
CH,CH (OH) — ZnO + CH,CH (OH) + 2NO2 +
(0]

In this work, the slides can be cleaned by keep-
ing them in the solution of water and detergent for
1hr 30 minutes followed by distilled water washing,
ethanol, and acetone. The slides are then dried in
a hot air oven for the complete removal of moisture
from the surface. We have used polyvinyl alcohol
(PVA) as a chelating agent and zinc nitrate as a
precursor for the production of zinc oxide nanopar-
ticles. At first, 1 £ 0.05 gm of PVA was mixed with

Hydrolysis &
Polymerization

Precursor

solution Sol

\\*
.

=

Spin Coating

100ml of distilled water and stirred at 80°C for 45
minutes in a magnetic stirrer. Next, zinc nitrate
of 2.974 + 0.05gm in 100ml of pure distilled water
and stirred in a magnetic stirrer. An equal volume
(20ml) of each solution is mixed and stirred in a
magnetic stirrer at room temperature ( 23°C while
experimenting) for 3hrs of time duration. The solu-
tion was again stirred for the next 5 hrs. at 50°C to
form a thick hot solution. Cooled to room tempera-
ture to obtain a gel solution. Then, we added a few
drops of methanol help of a volumetric pipette and
stirred for the next 15 min at normal temperature
to get the clear gel-type solution. The gel solution
was coated over the clean glass slide by keeping a
few droplets of the gel-type clear solution over the
spin coater (we have used the CPU 12V DC fan as
the spin coater which can be seen in Figure 10) and
spinner for the next 50 second. The resulting slide
was heated for 10 minutes at 2000C in a preheated
hot air oven and cool them to room temperature.
The systematic diagram of the sol-gel synthesis of
zinc oxide over a glass slide is given in Figure 2.
Then, obtained thin film of zinc oxide is analyzed
with the help of a UV-Vn is spectroscope.

Gelation /
Evaporation

Xerogel Film

Dense Film

Figure 2: A schematic view of the sol-gel process for the ZnO thin film processing.

Figure 3: Dissolving PVA with distilled water at
80°C.

Figure 4: Mixing PVA and Zinc nitrate solution.
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Figure 7: Normal temperature solution prepara- Figure 8: Adding methanol and stir the solution for
tion. 15 minutes.

Figure 9: Formation of Clear Gel solution.
Figure 10: Coating gel over the slide to get a thin
film.

i

—

Figure 11: Heating the coated thin film at 200°C in Figure 12: Thin film of Zinc Oxide.
a hot air oven.



D. Parajuli et al./ BIBECHANA 20 (2023) 113-125

118

Figure 13: ZnO-coated transparent and translucent glass/polymer slide .

3 Results and Discussion

3.1 XRD study

The X-ray diffraction (XRD) pattern in Figure 14
displays the crystallographic planes (100), (002),
(101), (102), (110), (103), (200), (112), (201), (004),
and (202) at 6 values of 31.76°, 34.44% 36.24°,
47.56%, 56.66°, 62.90°, 66.42°, 67.96°, 69.14Y,
72.64°, and 76.98°, respectively, which matches
with the JCPDS card number 01-089-1397 [20, 34,
35] The presence of sharp and narrow peaks in-
dicates that the ZnO NPs are highly crystalline.
Furthermore, the sample exhibits a single-phase
Wurtzite structure, which is a hexagonal close-
packed crystal structure commonly observed in ZnO
[25].

The average crystallite size is obtained with the

e XRD Pattern

(101)

(100)

(002)

(110)

(102)
112)

(103)

20 30 40 50 60 70 80 920
2 Theta (degree)

Figure 14: X-ray diffraction (XRD) patterns of
Zinc oxide nanoparticles.

A
help of Sherrer’'s D = formula,, Where D
cosf

is the particle size of the ZnO, K is the shape fac-
tor whose value varies from 0.89 to 0.94 and 0.94 is
chosen for spherical NPs, is the wavelength of the
Cu—K radiations (1.5406 ) used in the X-ray diffrac-
tion, 3 is the full-width half maximum (FWHM),
and 6 is the Bragg’s angle of different peaks. The
average particle size of the ZnO nanoparticle was
found at 39nm. The particle size and strain can
induce the broadening of the XRD peaks.

3.2 SEM Study

The Scanning Electron Microscope (SEM) image
of a pure ZnO crystal is shown in Figure 15 where
oxygen and zinc atoms are represented by large and
smaller spheres. The morphology of the composi-
tion agrees well with the previous literature [36].

© w/zajzonz
2o 4:35:01

WD 8

Figure 15: TSEM Image of ZnO nanoparticles.
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3.3 UV- V is spectroscope study

UV-Visible spectroscopy is an analytical technique
used to measure the absorption or transmission of
discrete wavelengths of UV or visible light by a
sample, compared to a reference or blank sample.
This method is suitable for both organic and in-
organic compounds, and the pattern observed in
the spectroscopic data depends on the reflective
or absorptive properties of the sample. UV spec-
troscopy is simple, versatile, cost-effective, and non-
destructive. Spectrophotometers are used to mea-
sure the absorption or transmission of light as a
function of the wavelength that passes through a
sample. However, exposure to UV light can damage
organic samples, which is a potential risk associated

Electric | Computer
i Light Light Light Current )
Light |=:> Wavelength =:> for Signal
Sample |==| Detector | =—= -
Source Selector P '- Processing
& Output

with this technique. To better understand how a
UV-Vis spectrophotometer works, it is essential to
consider its main components. Several variations of
the instrument exist, but a typical system usually
includes a light source, a monochromator, a sample
holder, a detector, and a data acquisition system, as
illustrated in Figure 16. The light source generates
the UV or visible light, and the monochromator se-
lects specific wavelengths. The sample holder holds
the sample in place and ensures uniform exposure
to light, while the detector measures the amount of
light absorbed or transmitted by the sample. Fi-
nally, the data acquisition system records the spec-
tral data, which can be analyzed to determine the
properties of the sample.

=

Figure 16: A simplified schematic of the main components in a UV-Vis spectrophotometer [37].

In this process, a steady source of light like
a Xenon lamp is needed for UV and visible light
range. A deuterium lamp is used for the UV light
range. A tungsten or halogen lamp is needed for
visible range. The determination wavelength range
needed for the substrate material, the uncoated
substrate is taken as the sample and identified as
the baseline wavelength and was found to be in the
range 190-600 nm for UV characterization. A wave-
length selector is used in the spectrophotometer to
set the wavelength in its baseline range. Then the
light of a wavelength within the baseline range is
passed through the coated sample and character-
ized with respect to a reference uncoated sample.

In this work, we developed a thin film of zinc ox-
ide over 1) transparent glass slides, 2) translucent
glass slides, and 3) transparent polymer slides as in
Figures 12 and 13 respectively.

Their optical properties were studied with a UV
visible spectrometer and calculated their bandgap

energy with the help of the Tauc plot method as
follows:

3.3.1 UV-V is spectroscopy for transparent
polymer slide

The spectrum obtained from UV-Visible spec-
troscopy (figure 17) shows a maximum peak at
296nm, as the bandgap wavelength of ZnO. How-
ever, the actual bandgap wavelength of the bulk
ZnO is reported to be 388nm [38-40]. This dis-
crepancy may be attributed to the use of substrates
that diminish the absorption of radiation. Further,
the nanograin of the different substrates differs in
the value of the optical energy band [41-43]. In
contrast, the uncoated transparent polymer slide
showed no such peak as seen in Figure 18. Fur-
ther, the Tauc plot method was used to calculate
the bandgap energy of zinc oxide coated on a trans-
parent polymer slide, yielding a value of 3.77eV, as
illustrated in the corresponding Figure 19.
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Figure 17: UV-Visible spectrum of a thin film of Figure 18: UV-Visible spectrum of uncoated over

zinc oxide coated over a transparent transparent polymer slide.
polymer slide.

(czh\f}2
Bandgap Energy E= 3.77eV
1500 1

1000 A
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Energy eV
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Figure 19: The optical absorption coefficient (hv)2 of zinc oxide-coated transparent polymer slide as a
function of the photon.
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Figure 20: UV-Visible spectrum of a thin film of Figure 21: UV-Visible spectrum of uncoated over a
zinc oxide coated over a transparent transparent glass slide.
glass slide.
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Figure 22: The optical absorption coefficient (hv)2 of zinc oxide-coated transparent glass slide as a func-

tion of the photon.

3.3.2 UV-Vis spectroscopy for transparent
glass slide

The UV-Visible spectrum as in Figure 20 indicates
that the maximum peaks are located at 310.5nm
as the band gap wavelength of ZnO. However, it is
important to note that the actual band gap wave-
length of bulk ZnO nanoparticles is 388nm [38-40],
which is higher than the measured value. This dis-
crepancy may be due to the substrate materials

g —— Absorbance
3 | Peak centers of Absorbance

Absorbance(AU)

400 500 600
Wavelength(nm)

300

Figure 23: UV-Visible spectrum of a thin film of
zinc oxide coated over a translucent
glass slide.

3.3.3 UV-V is spectroscopy for translucent
glass slide

The UV-Visible spectrum displayed in Figure 23
reveals that the maximum peaks are observed at a

used for coating zinc oxide, which reduced the ab-
sorption of radiation. Further, the nanograin of the
different substrates differs in the value of the optical
energy band [41-43]. In contrast, Figure 21 shows
no such peak for the uncoated transparent polymer
slide, and the deflection begins at a wavelength of
310.5nm. The bandgap energy of the zinc oxide
coated over a transparent glass slide was calculated
with the help of the Tauc plot method and found
3.68¢eV as in Figure 22.

Absorbance
24 Breakdown wavelength = 331.5nm
— 11
3
8 0+
Q
2
o -14
2
8
2 21
<<
.34
44
-5

300 400 500 600

Wavelength (nm)
Figure 24: UV-Visible spectrum of
translucent glass slide.

uncoated

wavelength higher than 331.5nm. However, the ac-
tual band gap wavelength of ZnO nanoparticles is
known to be 388nm [38-40|, which is higher than
the measured value. This difference in the measured
and actual values may be attributed to the sub-
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Figure 25: The optical absorption coefficient (hv)2 of zinc oxide-coated translucent glass slide as a func-

tion of the photon.

strate materials used for coating zinc oxide affect-
ing the absorption processes of radiation. Further,
the nanograin of the different substrates differs in
the value of the optical energy band [41-43]. Con-
versely, Figure 24 shows no such peak for the un-
coated transparent polymer slide, and the deflection
initiates at a wavelength of 331.5nm. The bandgap

energy of the zinc oxide over a transparent polymer
slide was found to be 3.59¢V with the help of the
Tauc plot method as in Figure 25. The actual wave-
length, Peak Wavelength, and Optical bandgap of
ZnO thin film for different substrates are listed in
Table 1 and the computational values of ZnO are
listed in Table 2.

Table 1: Actual wavelength, Peak Wavelength, and Optical bandgap of ZnO thin film for different

substrate.

Transparent Polymer

Transparent Glass | Translucent Glass

Peak Wavelength (nm) with a

out substrate (nm) [38-40]

296 310.5 331.5
substrate
Bandgap energy (eV) 3.77 3.68 3.59
Actual wavelength of ZnO with- 388 388 388

Table 2: Computational values of ZnO with different models.

| Computational Values of ZnO Bandgap [44] | 3.39 (HSE) | 3.57 ¢V GW | 3.30e¢V ZnO Wurtzite

4 Conclusion

The thin films of zinc oxide over different substrates
were developed with the sol-gel spin coating method
and characterized with the help of a UV-V is spec-
troscope. The wavelength bandgap of each sub-
strate such as 296nm (polymer substrate), 310.5nm
(for transparent glass substrate), and 331.5nm (for
translucent glass substrate), and the band energy
of zinc oxide coated over the different substrates is
3.77eV (transparent polymer slide), 3.68¢V (trans-
parent glass slide), 3.59 eV (translucent glass slide).

The transparent polymer slide has the lowest wave-
length bandgap and the translucent glass slide has
the highest. The Tauc plot method was used to
calculate the bandgap energy. These results sug-
gest that the choice of substrate can significantly
impact the optical properties and performance of
the zinc oxide thin film. The result is that the
polymer is more transparent than the glass. So, we
can incorporate polymers where more transparency
is needed. This result can be applied in develop-
ing and optimizing zinc oxide thin films for various
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purposes, such as in solar cells, sensors, and opto-
electronics. By carefully selecting the substrate, it
may be possible to tailor the bandgap energy and
other optical properties of the thin film to better
suit the specific application.
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