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A semiconductor ZnO with a broad band gap, cheap cost, and flexibility that can be
employed in a wide range of technical and scientific applications. In order to investigate
the optical quality of ZnO, the paper explains how to manufacture it utilizing a sol-gel
procedure with ((P- Naphtholbenzein(a)) dye. ZnO films' optical and structural
characteristics were examined. Scientists used X-ray diffraction to characterize the
unique ZnO:dye (XRD). Optical and dispersion parameters were determined by
measuring transmittance in the wavelength range (300-900nm).

The optical band gap of ZnO thin films obtained via the sol-gel approach was (3.04 eV),
while the optical band gap of ZnO:dye thin films was (2.95 eV).
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Introduction

Zinc oxide ZnO, which is employed in a range of
applications, has recently been the subject of
numerous investigations. To increase the
chemical stability of photo anodes and the ratio
of surface to volume in solar cells, Qiang Zhang
et al. used ZnO nanorods to make dye-
sensitized solar cells [11.

In many kinds of solar cells, zinc oxide (ZnO)
has been widely studied[?-4l. Because it has a
comparable band gap and electron injection
process from excited dye molecules as TiOz,
ZnO0 has gained a lot of attention as a DSSCs
alternative photo anode materiall56l. In
addition, electron mobility in ZnO is high (200
1000 cm2/(V.S))I”l. However, due to its low
chemical stability in acidic dye solutions and
the DSSCs electrolyte solution, ZnO's

application as a photo anode material in DSSCS
has been limited [8]. Defects are simply formed
in ZnO, producing electron-hole reinstallation
at the interface and enhancing the Zn?2*/dye
complex [°-12], One option for addressing the
disadvantages of ZnO-based photo anodes is to
coat the surface of the as-deposited ZnO with a
chemically stable shell. This core-shell
arrangement will passivity the surface of Zn,
decreasing the compound and establishing an
roadblock, which will reduce electron-hole [131,
The biomimetization of eggshell membranes to
produce metallic oxide powders with
pyramidal structures constructed by
nanocrystals is a blain process able to
manufacturing metallic oxide powders with
nanocrystal-based pyramidal structures(i4l.
Ti0z and ZnO have been investigated
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extensively for application in dye-sensitized
solar cells (DSSCs). These materials are
promising for application in DSSCs because
they can be made with features including large
surface area, light-absorbing crystallographic
flaws, and small crystallite sizel15],
Nanostructure TiOz has been considered the
most efficient material for DSSCs, although
many studies have revealed ZnO as the best
one than TiO2 substitute due to its high
electron mobility [16l. Semiconductors' electron
conduction capacity and light absorption are
affected by crystallographic defects . Interface
defects and mass defects in TiO2 electrolyte are
among the things that obstruct electron
transfer and cause unwanted recombination
[17]. Nonradioactive defects are detrimental to
the photovoltaic output of ZnO DSSCs when
used at high concentrations, according to
various studies in ZnO DSSCs applications,
while samples with green photo luminescent
emission for radioactive defects are no better
than samples with orang-red photo
luminescent emission[18l. The shape of the
molecules is one of the most important aspects
of operating DSSCs in semiconductors. Because
one-dimensional structures such as fibers,
tubes, and wires provide a large surface area
for dye adsorption, there has recently been a
lot of interest in using them to make optical
layers in DSSCS, as well as improved electron
transport and wunit surface photovoltaic
performancel19]

Theopolina Amakali et al. was able to deposit
ZnO thin films on a glass substrate to produce
molecular metal (MPM) using two simple, low-
cost techniques!?0l. To modify the optical
properties of ZnO thin films, several techniques
have been proposed, including both chemical
and physical processes. Sputtering techniques
are one type of physical method [21-23]
Chemical methods can also be used to make
ZnO thin films, but the traditional sol-gel
method is often preferred over other chemical
methods due to its easily and lower
crystallization ratel241,

In the literature, structural and optical
properties of ZnO thin films prepared by the

OH

OH

sol-gel technique with a variety of inorganic
and organic precursors under various

deposition conditions have been reported [25-
27].

Experimental

Zn0 was made using the sol-gel method,
according to the handbook [28. Zinc acetate
added to the combination of isopropanol and
ethanolamine. The volume of Zinc-acetate was
increased to 1.0 mole. The mixture was
agitated at 600°C for 1 hour ,when the solution
become homogenous, then deposited it on glass
substrates using the spin-coating process. A
chemical approach was used to make the dye
(P-Naphtholbenzenin(a)), as detailed in the
handbook [291. Figure 1 shows the molecular
structure of the dye. (P-Naphtholbenzenin(a))
dye has gained a lot of attention because of its
environmental resilience, ease of manufacture,
and optical and electrical properties. The dye
powder was dissolved in DMSO and agitated at
room temperature for 3-4 hours. The ZnO thin
films were heated for 1 hour at 6500°C at a rate
of 500°C/minl28] in a furnace, then dipped in
the dye solution for 24 hours. Before vacuum
drying, allow the fluid to slowly evaporate at
ambient temperature.
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Fig.1. shows dye structure.

Pro MPD from Philips of the Netherlands,
which ran at 40 KV and 20 mA , the
measurements were taken. As shown in figure.
2, XRD diffraction patterns were used to
determine the shift in position of the measured
diffraction peaks of ZnO and ZnO: dye.

1. Results and discussion

3.1Structural properties of the ZnO and
ZnO0:dye thin film

The films that were formed were crystalline in
nature, according to X-ray diffraction analysis.
These measurements were made with a Pert

(a)

(b)

L g

T
50

Position [*2Thetal 1 (Copper (©cuw)

Fig. 2 .: XRD spectra of (a) ZnO, (b) ZnO:dye.

Table .1: gives the values of 20, d, and I/l for ZnO and ZnO:dye.

Zn0/ Zn0/ d[A°] | ZnO/1/Io ZnO:dye Zn0:dye ZnO:dye
20[deg] 206[deg] d[A?] /1o
20.4297 4.34722 70.04 23.6337 3.76463 88.42
22.3750 3.97349 100.00 29.6996 3.00811 100.00
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31.6174 2.82989 91.92 31.6712 2.82521 97.55
34.3169 2.61321 65.31 34.3289 2.61232 71.72
36.1079 2.48759 93.10 36.1634 248391 95.17

The Debye-Scherrer formulal30! was used to
calculate the grain size of the ZnO film

based on XRD data.
0.91
D_,Bcose ---------- (1)
Where D is the crystallite grain size ,A
(1.5406A0) ,0 is the diffraction angle.
The grain sizes for ZnO and ZnO:dye were

found to be 92 nm and 144 nm, respectively.

The absorption spectrum of ZnO and ZnO:dye
is shown in figure 3.

P-Naphtholbenzenin(a) dye has an absorption
spectrum that shows it can absorb visible ligh
with a wavelength range of (450-550)nm and a
characteristic absorption peak at 500nm.
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Fig.3.: Absorption spectra of ZnO, dye,ZnO:dye.

Both the refractive index (n) and the extinction
coefficient (k) are used in a variety of
integrated optical devices3ll. The refractive
index must be changed to make it optically
efficient [321. In principle, multiple elements
influence the refractive index, including the
medium's polarizability and density, as well as
temperature and pressure [331,

Also, in order to estimate the refractive index n
of the film, the coefficient of absorption and
reflection must be taken into account, as well
as the absorbance34l,

n" (A) =n(A) + K(QA) ------- (D

where K denotes the extinction coefficient and
n denotes the refractive index. The following is
the relationship between n and k [3435l;

1+R 4*R
= (o) + Vg k? e 2)

Where k is the extinction coefficient, which can
be calculated using the relationship

K(aA/4mt), Where t is the thickness of the
films[36:34],

R is the film's reflectance which can be
calculated as[371.

_ (n—-1)2+k?
T (n+1)2+k?

-------- (3)
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Fig.4. : The refractive index n as a function of wavelength.
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Fig.5.: The extinction coefficient k as a function of wavelength.

To make the electron transfer from the valence
band to the conduction band, sufficient light
energy must be absorbed, and this energy is
equal to the energy gap and the relationship
that shows the absorbed energy (hv) is[#243],
ahv = B(hv-Eg)y --------- (7)

The power coefficient is represented by the
symbol. It's calculated by looking at the
different types of electronic transitions that are
possible, with 1/2 indicating direct allowed,
3/2 indicating direct forbidden [4445]. The
results of Tauc's model [#6] are shown in Figure
6.

The thickness value is calculated using the

relationship(38l.
- MhA
t= nllz—nzll (5)

M is a one-dimensional constant.
Using the formulal3], the absorption coefficient
was calculated from the spectra.

In ()
==L e (6)
Where t is the film thickness and T is the
transmittance.

Transitions from one state to another are
governed by quantum mechanics' selection
criteria [40.41],
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Fig. 6. : (a) direct electronic transition allowed , (b) indirect electronic transition forbidden , (c)
indirect electronic transitions allowed, (d) indirect electronic transitions forbidden [“71,
The free charge carriers are not absorbed and that interband transition activity is limited to high-
energy photons [48],
Figure 7 shows a plot of (ahv)? as a function of hv to determine Eg using linear fitting.
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Fig. 7.: (ahv)? is dependent on the photon energy hv.
It can written the relation for valuation the refractive index versus photon energy by using single-
oscillator model by Wempel- Di Domenicol4°].

EgE
n2(hv) 1= 20 —oeeeees (8)

Where h : plank constant, f: frequency, Eo, E4 oscillator energy, and dispersion energy respectably.

The inverse of the equation ( 8 ):

E§—(hv)?
(1)1 === eeeeeee (9)

Plotting (n2-1)-1 versus (hv)? as shown in figure 8 provides experimental corroboration of
Equation.(9).
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Fig.8.: Plots of (n2-1)-1 against ( hv )2 -
As illustrated in fig.9, plotting (n2-1)-! against A2 revealed that the linear component was below the

absorption edge.
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Fig. 9.: shows the
The approximate results of accounts of Eo,Eq,
and Eg were found to be (0.66) eV,(0.72) eV,
and (2.95) eV, respectively.
The refractive index n(0) and the high-
frequency dielectric 591 are found to be the
same (4.2 ) and (17.66 ).

Conclusions

In summary, sol-gel ZnO thin films were spin-
coated onto glass substrates at a temperature
of 6500C before being dyed with (P-
Naphtholbenzenin()).  We  discovered a
difference in grain size between ZnO pure
(92nm) and ZnO: dye using the dip method
(144nm). Despite the fact that the optical
constants were determined using a UV-VIS
spectrophotometer. The energy band distance
Eg, as well as the oscillator parameters EO, Ed,
and Eg, were measured and found to be (0.66,
0.72, 2.95) eV, indicating that the variations are
due to the dye addition to ZnO.
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