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ABSTRACT

Utilizing the Successive lonic Layer Adsorption and Reaction (SILAR) technique, nanocrystalline thin films of pure zinc oxide (Zn0),
nickel oxide(NiO) and their composites in varying ratios were deposited onto glass substrates. The morphology of these films was
characterized using scanning electron microscopy (SEM) and energy-dispersive X-ray Spectroscopy (EDX). X-ray diffraction (XRD)
spectroscopy and Raman spectroscopy were employed for phase identification of ZnO and NiO, while Fourier transform infrared
(FTIR) spectroscopy provided valuable insights into their structural and functional characteristics. UV-visible spectroscopy
demonstrated that transmittance increased with higher ZnO content, while a significant decline and shift towards lower wavelengths
occurred with increasing NiO levels. Photoluminescence (PL) spectroscopy revealed various defect-related emission features. Notably,
an increase in ZnO content resulted in a red shift of the optical energy bandgap, ranging from 3.51 eV to 3.12 eV, alongside a decrease
in electrical resistivity. These findings suggest that ZnO-NiO nanocomposites possess a tunable bandgap making them promising

candidates for optoelectronic applications.
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1. INTRODUCTION

The unique properties of nanocrystalline thin films have
garnered significant research interest due to their potential
applications across various fields such as electronics,
optoelectronics and energy storage. Among the diverse
types of nanocrystalline thin films, nickel oxide-zinc oxide
(NiO-ZnO) nanocomposites have emerged as particularly
promising materials exhibiting a wide range of
functionalities and improved performance. Nano-
composites are characterized as materials comprising two
or more phases with at least one phase having dimensions
in the nanometer range. Nanocomposite thin films have
been extensively studied because of their enhanced
performance beyond that of their individual constituent
phases [1, 2]. Nanocomposite materials are used in various
applications such as the development of efficient
photovoltaic devices [3, 4], UV-photo detectors [5] and gas
sensors [6, 7].

The wide energy band gap and n-type semiconductor
properties of ZnO make it an excellent candidate for
applications in UV and blue light emission, especially in the
production of high-performance lasers and diodes. In
contrast, NiO stands out as a rare p-type semiconductor,
notable for its impressive thermoelectric, magnetic and
electrochromic properties [8]. When synthesized at the
nanometer scale, the composite of these two materials
exhibits enhanced properties for various new applications
in material science [1].
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Thin films of zinc oxide (Zn0) and nickel oxide (NiO) have
been successfully produced using various deposition
techniques [7, 9-17]. In this study, we employed the SILAR
(Successive Ionic Layer Adsorption and Reaction)
technique, a straightforward and cost-effective method for
depositing NiO-ZnO composite thin films varying in NiO and
ZnO blending proportions directly onto glass plates with
precise control over their thickness and composition. We
took into account the thermodynamic conditions for
adsorption which represent a critical step in the SILAR
deposition process. We accomplished layer-by-layer
deposition by sequentially exposing the substrate to metal
precursors and reactants, allowing for accurate control over
material growth. [9, 18]. Our study investigated the
spectroscopic, structural and surface characteristics of NiO-
ZnO nanocomposite thin films. We found that these
properties were significantly influenced by the relative
proportions of NiO and ZnO. Specifically, the presence of
NiO in the nanocomposite thin films decreased
transparency in the UV-Vis spectral range. Additionally, the
optical bandgap of the nanocomposite exhibited a red shift,
decreasing from 3.51 eV to 3.12 eV as the concentration of
NiO increased.

2. EXPERIMENTS
2.1. Materials

To prepare the pure ZnO and pure NiO nanocrystalline thin
films, as well as their composites, we used analytical-grade
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materials. Specifically, we sourced nickel nitrate
hexahydrate  [Ni(NOs3)2].6H20] and zinc acetate
dihydrate[Zn(CH3C00)2.2H20] from HiMedia Laboratories
Pvt. Ltd. Aqueous ammonia (25% NH4OH) was obtained
from Pallav Chemicals and hydrogen peroxide solution was
purchased from LobaChemie Pvt. Ltd. The distilled water
used for film deposition was prepared in our laboratory. We
utilized glass substrates measuring 75 mm x 25 mm x
1.3 mm, which were processed in India from selected
optically flat sheet glass, for the deposition of the films.

2.2. Deposition of Thin Films

In this study, we deposited pure and composite thin films of
NiO and ZnO on glass substrates at ambient temperature
using the Successive lonic Layer Adsorption and Reaction
(SILAR) technique. The SILAR method involves a sequential
process of ionic species adsorption and reaction, leading to
the formation of thin-film coatings. Initially, a layer of
cationic species adsorbs onto the substrate, followed by a
reaction triggered by the adsorption of a different anionic
species. This reaction produces an insoluble product that
coats the substrate at the nanometer scale. As illustrated in
Figure 1, the SILAR setup follows a series of steps to control
the deposition process: 1) Immersion of the substrate in a
cationic solution. 2) Rinsing in distilled water to remove
excess material. 3) Immersion in an anionic solution.
4) Rinsing again with distilled water. Repeating this process
allows for incremental increases in the thickness of the
deposited layer, enabling precise control over the coating's
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Step 1: Cationic precursor solution.
Substrate dipped in this solution for
optimized time t1

Step 2: Rinsing step. Substrate rinsed
for optimized time t2

.

Step 3: Anionic precursor solution.
Substrate dipped in this solution for
optimized time t3

Step 4: Rinsing step. Substrate rinsed
for optimized time t4

l

No

Figure 1. Flow Chart showing Successive immersion of a
substrate in solutions in the SILAR method

properties. While the rinsing steps are not essential, they
help remove excess material and ensure that a single ionic
layer remains before the next immersion. However, rinsing
can also remove adsorbed reactants or products thereby
limiting growth rates. To optimize the deposition process,
eliminating the intermediate rinsing step can lead to faster
growth rates, but careful control is necessary to avoid
uncontrolled material deposition.

To utilize the SILAR cycle, we prepared zinc acetate
dihydrate [Zn(CH3C00)2.2H20] (0.8 M) and nickel nitrate
hexahydrate [Ni(NOs)z2].6H20 (0.8 M), along with their
mixtures at different volumetric concentrations of NiO-ZnO
(as shown in Table 1), using separate beakers. These
solutions served as cationic precursors for the deposition of
ZnO, NiO and their composite films (denoted as S2, S3, and
S4) respectively. Distilled water was used as the solvent for
preparing these precursor solutions. Next, we added 25%
ammonia (NH4OH)) to these solutions until white and green
metal hydroxides of nickel and zinc were precipitated.
Additional ammonia was introduced to dissolve these
precipitates, turning the cationic precursor.

For pure ZnO into a colourless solution, while the
precursors for the other compounds became deep blue.
Thus Zn2+ and Ni%* ion concentrations were optimized in
these precursors for film deposition at ambient
temperature. We used a temperature-controlled solution of
1% hydrogen peroxide (H20:) in distilled water as an
anionic precursor, maintained at temperatures between
90°C and 100°C. This solution provided hydroxide ions
(OH7) for the deposition of all films [19-21]. Before
deposition, the glass substrates were treated with chromic
acid and rinsed thoroughly with distilled water to remove
any impurities. This cleaning process ensured optimal
contact and interaction between the precursor solutions
and the substrate surface.

For the deposition of pure ZnO (S1) and NiO-ZnO composite
films (S2, S3 and S4), we optimized the adsorption, reaction
and rinsing times after each precursor dip to 25, 30 and
5 seconds, respectively. The optimized SILAR cycle for the
deposition of these films consisted of dipping substrate in
their respective cationic precursor solutions for 25 seconds,
intermediate rinsing in distilled water for 5 seconds,
dipping in anionic precursor H202 solution for 30 seconds
and a final rinsing in distilled water for 5 seconds. For pure
NiO thin film (S5) deposition, we optimized the SILAR cycle
to three steps eliminating intermediate rinsing (Step 2) and
setting dipping times to 10 seconds. This optimized cycle
consisted of a 10-second immersion in the Ni salt bath,
a 10-second immersion in the H202 solution and a final
10-second rinse with distilled water. By refining the SILAR
cycle parameters, we achieved precise control over the
deposition process enabling the fabrication of high-quality
thin films. In our experiment, we coated the glass substrate
with 30 SILAR cycles. Subsequently, we annealed the
samples at 300°C for 2 hours allowing a phase
transformation from hydroxide to metal oxide [22]. The
experimental conditions for the deposition of pure ZnO, NiO
and their composite films are summarized in Table 2.
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Table 1. Blending percentage of NiO-ZnO nanocomposite thin films

Films/composition in (%) S1 S2 S3 S4 S5
NiO 0 25 50 75 100
ZnO 100 75 50 25 0

Table 2. Experimental parameters for the deposition of pure ZnO, NiO and their composite films

Optimized dipping times in
Films Cationic precursor Anionic Cationic Int.erl.nediate Anionic . Fi.nal
precursor precursor, t1 rinsing, t2 precursor, t3 rinsing, t4
(s) (s) (s) (s)
S1 1% H202,
0 Zn(CH3C00)2.2H20 + NH.OH 90-100 ¢ 25 5 30 5
S2 Mixture of Ni(NO3)2].6H20 and 1% H,0
Ni0:ZnO Zn(CH3C00)2.2H20 solutions in 9 0_"1 020 j& 25 5 30 5
(25:75) 25:75 ratio + NH4+OH
S3 Mixture of Ni(NO3)2].6H20 and 1% H,0
Ni0:ZnO Zn(CH3C00)2.2H20 solutions in 9 0_"1 020 j& 25 5 30 5
(50:50) 50:50 ratio + NH4OH
S4 Mixture of Ni(NO3)2].6H20 and 1% H,0
Ni0:ZnO Zn(CH3C00)2.2H20 solutions in 90_"1 020 j& 25 5 30 5
(75:25) 75:25 ratio +NH4OH
. 0 (No
S5 Ni(NO3)2].6H20 1% H202, . .
NiO +NH,0H 90-100 °C 10 intermediate 10 10
rinsing)

2.3. Thermodynamics of Adsorption

In any spontaneous process, the net reduction in Gibbs free
energy G is required (AG<0). This change is expressed as
Equation (1):

dG =-SdT + VdP + Y udn + 0 dA (1
Here, Srepresents entropy, T denotes temperature, P stands
for pressure, p refers to chemical potential, ¢ indicates
surface energy, V is the volume of liquid, n signifies the
number of moles and A represents the surface area of the
substrate. It is important to note that adsorption leads to a
decrease in surface energy.

Gibbs free energy (AG) is related to enthalpy described as
Equation (2):

AG = AH - TAS (2)
As the entropy of the absorbed species decreases due to its
confinement on the surface, so for AG to be negative the

adsorption process must be strongly exothermic such that
AH(<0) be dominant in the above relation.

2.4. Film characterizations

Films were characterized by various techniques. Panalytical
X’pert Multifunctional Powder X-ray Diffractometer (XRD)
having Cu-Kq radiation of wavelength A = 1.5406 A has been
used for phase identification. The optical transmittance has
been measured using Shimadzu Make UV-1800
Spectrophotometer in the range from 320 nm to 900 nm.
The photoluminescence emission was excited at a

wavelength of 325 nm using Shimadzu RF-5301 PC
Spectrofluoro-photometer. Raman spectra have been
recorded with an instrument named Raman: Research
India. IR transmittance spectra have been taken in the range
from 400 to 4000 cm-! by Bruker Alpha FTIR spectrometer.
EDX analysis and SEM image of the composite film have
been recorded from Carl Zeiss uhr FESEM model Gemini
sem 500 kmat.

3. RESULTS AND DISCUSSIONS
3.1. X-ray Diffraction Analysis

The X-ray diffraction patterns of pristine and
nanocomposite films with different blending ratios of zinc
oxide and nickel oxide are shown in Figure 2(a-e). For all
the samples, the NiO peaks are marked by an asterisk (*)
and ZnO peaks by a bold dot (¢). The peaks at 31.7°, 34.4°,
36.2°, 47.5° 56.6° 62.8° and 67.7° corresponding to (100),
(002), (101), (102), (110), (103) and (112) respectively
(JCPDS: 65-3411) points to the growth of ZnO crystals
exhibiting a wurtzite hexagonal lattice. Peaks at 37.3°, 43.3°,
62.8° and 79.6° corresponding to (111), (200), (220) and
(222) respectively (JCPDS: 73-1519) confirm the growth of
the cubic phase of NiO nanoparticles. An additional peak at
75.0° has been seen in the S4 sample which may be due to
the tetragonal nickel-zinc peak (JCPDS: 10-0209) [23].In S3
some peaks of NiO are missing and in S4 ZnO peaks are
diffused which might be due to poorly crystallized or small
particle size in that particular direction [24-25].

The interplanar distances (d) in angstroms (A) have been
calculated from Bragg's law of diffraction as in Equation (3)
and are summarized in Table 3.
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Figure 2. XRD of (a) S1pure (Zn0), (b) S2 (NiO-ZnO) (25:75), (c) S3 (Ni0-Zn0) (50:50), (d) S4 (NiO-ZnO) (75:25), and (e) S5 pure (NiO)

2dsin 6 =nA (3)
The average crystallite size (D) for the samples under
investigation was determined using Scherrer's formula [1]

as in Equation (4):

D = 0.941/Bcos(06) (4)

where D is the crystallite size in nm, A = 1.5406 A is the
copper kq line wavelength, B is peak broadening i.e. Full
Width at Half Maxima (FWHM) in radians, 6 is the
diffraction angle. Calculated average crystallite sizes are
summarized in Table 4 which ranged from 5.7 to 9.44 nm
[26]. As the percentage of ZnO in the composite film is
increased the crystallite size increases.
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The dislocations in the crystal system are measured in
terms of dislocation density () and expressed as Equation

(5) [12]:

0=1/D2 (5)
The XRD peaks inform about another very important
parameter which is a measure of distortion in the material
and is calculated by the Wilson formula [14] as in Equation

(6)-

€ = [3/4tan6 (6)
Calculated values of D (nm), o (1016 m-2) and € (10-3) from
the XRD data are summarized in Table 4.

The data presented in the table indicates that the
incorporation of ZnO into NiO significantly alters the
properties of the films. This addition leads to a notable
increase in the average crystallite size, suggesting a more
organized microscopic structure. Concurrently, there is a
decrease in dislocation density, indicating an improvement
in crystallinity and a reduction in structural defects.

Moreover, the analysis of strain values shows a downward
trend with increasing ZnO concentration, reflecting a more
stable and uniform film structure, which enhances overall
performance. The ability to adjust the ZnO content presents

Table 3. The interplanar spacing of the nanocystalline materials
of pure and composites of NiO and ZnO with varying
blending ratios

Prepared thin films | (hkl) | Interplanar distance, d (A)
(100) 2.809
s1 (002) 2.606
(102) 2.478
(110) 1.623
(101) 2.478
S2 (200) 2.089
(203) 1.477
(100) 2.809
(002) 2.606
S3 (101) 2.478
(110) 1.623
(220) 1.480
(111) 2.436
S4 (200) 2.105
(103) 1.487
S5 (200) 2.089

Table 4. D (nm), o (1016 m-2), and € (10-3) values from

the XRD data
Prepared Average Dislocation Strain, €
thin films crystallite density, ¢ (x10-3)
size, D (nm) (1016 m-2)
S1 9.44 1.12 11.26
S2 8.68 1.33 12.56
S3 8.58 1.36 11.58
S4 6.96 2.06 13.12
S5 5.70 3.08 16.50
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an opportunity to fine-tune the physical properties of the
films. By carefully varying the ZnO ratio, one can optimize
various characteristics including mechanical strength
resulting in greater durability, and optical transparency
allowing for improved light transmission and electrical
conductivity enhancing performance in electronic
applications. Therefore, the strategic incorporation of ZnO
offers a versatile method for customizing these films for
specific uses.

3.2. UV-Visible Transmittance Spectra Analysis

The transmittance of all the films was measured at ambient
temperature over the wavelength range of 320 to 900 nm,
at normal incidence. The results presented in Figure 3
indicate that as the proportion of NiO in the nanocomposite
films increases (from samples S2 to S4), the transmittance
decreases significantly [27]. These composite films appear
to be more effective at capturing light, which is beneficial for
various applications in photovoltaic system design.
Additionally, there is a rapid decline in light transmittance
at the onset of the visible spectrum, indicating that the
material begins to absorb light substantially. This
absorption shifts to shorter wavelengths as the percentage
of NiO increases [1].

3.3. Film Thickness Measurement
Film thickness is estimated by the following relation,

t=(A12A2)/[2(n(A1)Az - n(A2)A1)] (5)
where A1 and A; are the corresponding wavelengths at two
consecutive maxima or minima and n(A1) and n(Az) are
corresponding indices of refraction at these wavelengths.
Here refractive index n is given by following the equation,

n = [N+ (N2 - no?ni2)1/2]1/2 (6)
where
N= [(HOZ + n12)/2] + [Znonl(Tmax - Tmin)/(Tmamein)] (7)
100
——51(Zn0)
—— S2(Ni0-Zn0)(25:75)
——S3(NiO-Zn0)(50:50)
80 1 S4(NiO-Zn0)(75:25)
S5(Ni0)
8
c
£ 60+
=
@
c
o
= 40
X
20 A
0 T T T T

500 600 700

Wavelength(nm)

800 900

Figure 3. %Transmittance curve of pure Zn0O, NiO and
Zn0-NiO nanocomposites
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The refractive indices of the media between which the film
is formed are represented as no and ni, corresponding to the
glass substrate and air, respectively [28]. Small oscillations
within the transmittance curves have been employed to
calculate the film thickness, estimated to be around 900 nm.
For instance, in sample S3, the minor oscillatory component
has been magnified in Figure 4. The refractive indices,
n3ze=1.52 and n374=1.61, were determined using the
expression for two consecutive maxima at wavelengths of
376 nm and 374 nm, leading to a thickness value of 976 nm
from Equation (5). Other samples exhibited thickness
values within the range of 975 nm to 989 nm.

3.4. Tauc'’s Plot and Optical Energy Band Gap

The absorption coefficient () in Equation (8) is obtained
from transmittance (T) and the film thickness (d):

o= [In(1/T)]/d (8)

For direct allowed transitions, the absorption coefficient is
linked to the optical band gap (Eg) by the Equation (9):

ahv = A(hv - Eg)1/2 9)

where A is a constant, h is the Planck constant and v is the
frequency of incident light. The Tauc plot, which displays
(ahv)? versus hv, is presented in Figure 5 for all the films.
The optical band gap values (Eg) were estimated by
extrapolating the linear portion of Tauc's plot to a = 0, as
shown in Table 5. The single slops indicate that the material
exhibits characteristics of a direct band gap. As detailed in
Table 5, it is clear that the optical band gap decreases with
an increasing ZnO composition in the composite. This
decrease may be due to an increase in crystallite size, as
noted in Table 4 [1, 11].

Table 5. Bandgap energy values (Eg) estimated from Tauc’s plot

Prepared thin films Eg (eV)
S1 3.12
S2 3.25
S3 331
S4 3.36
S5 3.51

3.5. Photoluminescence (PL) Analysis

The photoluminescence (PL) emission spectra of pure and
composite films of NiO and ZnO, with varying blending
ratios, are presented in Figure 6. The pure NiO thin film
exhibits a peak at 393 nm, which corresponds to the
radiative transition of electrons from the conduction band
to the valence band. Additionally, there is a broad peak at
496 nm, attributed to defects related to nickel interstitials
and oxygen vacancies when excited with an ultraviolet
wavelength of Aext = 325 nm [29]. In comparison, the PL
spectrum of the pure ZnO film shows two peaks: one at
386 nm in the UV region, which corresponds to near-band-
edge emission characteristic of ZnO's wide band gap and
another at 497 nm known as deep-level emission [30].

In contrast to the PL of pure ZnO and NiO films, the emission
peaks in the NiO/ZnO composite films are notably
diminished, accompanied by the broadening of the intrinsic
emission peak. This indicates that the inclusion of NiO in the
sample significantly reduces the likelihood of
recombination between photo-excited electrons and holes
[31], while in S2 (ZnO75/Ni025), a broad peak with less
intensity around 443 nm in the range 410 nm to 450 nm in
pure ZnO (S1) form shifted to the left with increased
intensity. This might be ascribed to band gap
renormalization caused by the formation of ionization
[32-33].

16
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10

372 373 374 375 376 377 378

Figure 4. (Enlarged) Oscillatory part of transmittance curve (%
transmittance vs wavelength in nm) of the film S3 NiO-ZnO
(50:50).
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Figure 5. Tauc Plot for annealed films at 300°C for 2 hrs
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Figure 6. Photoluminescence Spectra of pure ZnO, NiO and
NiO-ZnO nanocomposites



3.6. Raman Spectra Analysis

The Raman scattering spectra of pure ZnO, pure NiO and the
composite film S3 are shown in Figure 7. The wurtzite
structure of ZnO presents a zone-center optical phonon
mode that includes A1, E1 and 2E2 modes. The Al and E1
modes exhibit polar behaviour and separate into transverse
optical (TO) and longitudinal optical (LO) branches, while
the E2 mode represents a non-polar phonon mode. Spectral
analysis indicates that the peak at 581 cm-! corresponds to
the low-frequency E2 mode, and the peaks at 381 cm-1 and

ﬁw

1000 1500 2000 2500
Wavenumber(cm™)

(a)

50

40 A

30 4
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20 4
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Figure 7. Raman Spectra of (a) pure ZnO, (b) pure NiO, and
(c) NiO-ZnO nanocomposite (50:50)

429

International Journal of Nanoelectronics and Materials (IJNeaM)
Volume 18, No. 3, July 2025 [423—432]

420 cm! are assigned to the Al (TO) and E1 (TO) modes,
respectively [34-35]. The peak at 420 cm-! is characteristic
of the hexagonal wurtzite phase of ZnO [1]. In contrast, the
NiO phase displays peaks corresponding to LO, 2TO and 2LO
modesat517 cm-1, 730 cm-tand 1060 cm-1, respectively [1,
20, 36]. The absence of additional vibrational modes in the
nanocomposite sample S3 confirms the absence of
secondary phases, consistent with XRD analysis. A slight
shift in the peaks observed in sample S3 may be attributed
to crystalline rearrangement [1].

3.7. Fourier Transforms Infrared (FTIR) Analysis

The FTIR spectra for pure NiO, and ZnO films and their
composite films were recorded in the range of 400 cm™ to
4000 cm™. According to the literature, peaks at 416 cm™
[37-38], 427 cm™ [38-39], 437 cm™ [40] and 460 cm™*
[41] correspond to Zn-0 stretching vibrations. Additionally,
bond peaks at 415 cm™, 439 cm™, and 475 cm™* represent
Ni-O stretching vibrations [20, 42, 43]. A broad absorption
peak around 3460 cm™ is attributed to O-H stretching
modes from adsorbed water molecules, while weak peaks
between 1000 cm™" and 1500 cm™ are attributed to carbon
impurities from leftover cationic precursors [9, 39]. As
shown in Figure 8, the FTIR spectra indicate that the peaks
of NiO and ZnO in the region below 600 cm™ overlap,
making it difficult to assign distinct peaks to each oxide
phase [44].

——S1@Zn0)
—— S2(NIO-Zn0)(25.75)
— S3(NiO-Zn0)(50:50)
S4(NiO-ZnO)(75:25)

(N

S5(NiO)

% Transmittance

T T T T T
2500 2000 1500 1000 500
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(a)

T T
4000 3500 3000
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——S2(Ni0-Zn0)(25:75)

*SZ&(N\O Zn0)(50:50)
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% Transmittance

s2
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T T T T T T T T T
900 850 800 750 700 650 600 550 500 450 400
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Figure 8. FTIR Spectra of pure Zn0O, NiO and ZnO-NiO
nanocomposite. (b) Zoomed-In FTIR Spectra of pure ZnO, NiO and
Zn0-NiO nanocomposite 400-900 cm-!
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3.8. SEM and EDX Analysis

Scanning electron microscopy (SEM) was employed to
examine the surface morphology of the NiO-ZnO (50:50)
film sample, with the resulting micrograph shown in
Figure 9. The image, captured at a magnification of 200 nm
and a resolution of x100000, reveals rice-like shapes [44].
Furthermore, the SEM images demonstrate a uniform
distribution of particles, indicating the effective integration
of NiO and ZnO within the composite material. Energy-
dispersive X-ray (EDX) analysis confirmed the presence of
nickel, zinc and oxygen in the nanocomposite thin film,
validating its elemental composition. Figure 10 provides
details on the weight and atomic percentages of these
elements. The analysis indicated a Ni:Zn atomic ratio of
approximately 0.84, with oxygen being the predominant
element, which is consistent with the expected composition
of the NiO and ZnO phases. This suggests a successful
synthesis of the composite material.

3.9. Electrical Resistivity

Electrical resistivity measurements were conducted using
the two-point probe technique at ambient temperature and
the results are shown in Table 6. It was observed that the
electrical resistivity decreases as the proportion of ZnO in
the NiO-ZnO composite film increases. This decline can be
primarily attributed to the increased crystallite size.
Additionally, the introduction of Ni** as a donor impurity
creates an energy level defect, resulting in a shallow donor
level situated just below the conduction band [1].

4. CONCLUSION

This study presents the successful synthesis of both pure
and composite nanocrystalline thin films of nickel oxide
(NiO) and zinc oxide (ZnO) utilizing the Successive Ionic
Layer Adsorption and Reaction (SILAR) technique. The
research investigates the optical properties of these
nanocomposites by calculating their band gaps, which were
found to vary depending on the specific blending
percentages of NiO and ZnO. Notably, these observed band
gaps differ significantly from those of the individual metal
oxides, providing strong evidence for the successful
creation of innovative mixed oxide nanocomposites.
Furthermore, the findings indicate that by carefully
adjusting the relative proportions of NiO and ZnO in the
composite films, the band gap can be strategically tailored
to align with the specific requirements of various
applications, thereby enhancing the potential utilization of
these materials in advanced technological fields.

Optical analysis reveals that as the concentration of NiO in
nanocomposite films increases, the sudden drop in
transmittance shifts towards shorter wavelengths near the
onset of the visible region. This shift is beneficial for various
applications, such as UV detectors. Furthermore,
calculations of the optical bandgap indicate that an increase
in the amount of ZnO within the nanocomposite film leads
to arise in crystallite size, which results in narrower optical
bandgaps. Additionally, this increase in the ZnO ratio

430

Table 6. Electrical resistivity of films

Sample S1 S2 S3 S4 S5

p (2 cm) 1037 1286 1500 1510 1923
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Figure 9. SEM image of Nanocomposite NiO-ZnO (50:50)

o

ERFIS

234

156K

078K

Ni . Z

P PSR
0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00

Det: Octane Elect Super
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oK 545 037 824 24113 79 08751 0.3872 1.0000
NiK 196 114 81 2109 67 0.9663 0.9921 1.1616
ZnK 259 202 96 1324 80 09759 0.9858 1.0577

Figure 10. EDX analysis of Nanocomposite S3 (NiO-ZnO) (50:50)

contributes to a decrease in the electrical resistivity of the
nanocomposite thin films. These findings have significant
implications for the optimization and design of
optoelectronic devices.
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