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ORIGINAL STUDY

Effect of Ag Doped Nanostructure CuO Thin Films

Qasim Sattar Kareem

Department of Physics, University of Qadisiya, College of Education, Iraq

Abstract

In this experiment, the nanoparticles Bimetallic NPCuOAg was already made using the chemical spray pyrolysis
process. Shap and structure CuOAg nanosheets was tested via XRD & AFM was investigated. XRD shown impacted of
Ag doping from (0e4) % reason decreasing crystallite size, as microstrain and dislocation density are increasing. Also,
AFM analysis of NPCuOAg a hierarchical structure where CuO thin films are regularly established with three dimen-
sional nanoparticles Ag skeleton. The optical characteristics confirm that when Ag doping increases, the energy gap
reduces from (2.4e2.32) eV.

Keywords: CuOAg thin films, Particle size, Doping, Nanoparticles bimetallic

1. Introduction

N ano-particular materials have many of char-
acteristics. They have been utilized in catal-

ysis, sensors and more [1e17]. Making nano - size
metals using the CAPM way was one of the suc-
cessful methods [16]. Due to its broad applications
in wide ranges, trhe thin films, nanorods and pow-
der were made via (ZnO and CuO) has been vast
research [18,19]. In this study, the production of a
bimetallic NPCuAg by (CSPM) is taken into account
in order to examine the structure, thermal treat-
ment, and morphology of CuOAg.

2. Experimental

By use of the chemical spray pyrolysis process,
thin films of CuO were made. Taking 0.1 M copper
chloride (CuCl2.2H2O) dissolved in 100 mL de -
ionized water, these films were applied to clean
plate surfaces. In the percentage range of 2e4,
AgNo3 was utilized as a doping material. The tem-
perature of the substrate was maintained during
300 �C, 2 percentages were supplied to the matrix
liquid after the matrix liquid had been deposited to
produce (2 & 4) % Ag dopants. The following pre-
paratory requirements were established. The sub-
strate was kept as 350 �C for the length of the
deposition stage. Carrier gas used was nitrogen, The

gap between the substrate and the nozzle was 27 cm
Spritzing period, rate, and the gap among two
spraying methods were all 10 s, 5 mL per minute,
and 2 min, respectively. Using a UVvisible double
beam spectrophotometer, the transmittance, and
absorbance spectra were acquired in 400e900 nm
wavelength.

3. Result and discussion

3.1. Structural studies

Fig. 1 appear XRD of CuO at several Ag doping
via (CSPM). In polycrystalline hexagonal, CuO films
do occur at 0 % [20]. When 2 % Ag doping was used
to improve peak intensity peaks at the reflection,
The crystal plane of the initial nuclei may continue
to be parallel to the film surface despite the fact that
rising in Ag reduces the amount of crystallinity of
thin film as a result of the film rising of initial nuclei,
since the crystal level, with the lowest surface free
energy grows more slowly than the other crystal
level. It is important to note Ag doping of 4 %
marked the transition from the hexagonal structure
to the cube at the reflection 110 as the angle 2q is
33.05� as indicated in lower images connected Fig. 1.
There were many secondary reflections, at (110), at
2q equal to 32.98�, 32.98� and 33.05, chemical spray
pyrolysis of CuO thin films revealed a phase
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transition from hexagonal to cubic. The crystallite
sizes via the XRD were calculated using standard
(110) reflection at 2q is 32.98�. As seen, increased Ag
doping results in an acute increase in Bragg re-
flections, which allows for the detection of a decline
in film crystallinity. Via Scherrer's equation, the
crystallite size (D) was calculated [21].

D¼ kl
b cos q

ð1Þ

Here K is the form factor, with a value of 0.9, q the
Bragg angle, b is the total width at half maximum
and l is the XRD wavelength. The equations were
used to determine the lattice parameter amounts
[21].

a¼d
�
h2 þ k2 þ l2

�1 =

2 ð2Þ

1
d2

¼4
3

�
h2 þ hkþ k2

�

a2
þ l2

c2
ð3Þ

CuO thin films' crystallite size was 27.94 nm, and
as Ag doping increased up to 4 %, it reduced to
27.69 nm. The number of crystallites per unit surface
area can also be determined using this information
to get the dislocation density. Equation (4), which
depicts a lattice expansion or pressure, was used to
measure microstrain (3). Dislocation density (d) was

evaluated via equation (5). Table 1 represent the
values of dislocation density and microstrain.

3¼b cos q
4

ð4Þ

Also, the films' tension was based on [17]:

d¼ 1
D2

ð5Þ

3.2. Optical properties

Fig. 2(a) displays the transmittance curves for
various deposition periods. The deposited films
were transparent at average transmittance 55 %;
however, as the Ag% doping rises, transmittance
drops, and this is because film thickness rises. The
measurements of the absorption coefficient ðaÞ in
Fig. 2(b) are, inversely proportional with Fig. 2(a).
Optical energy gap (Eg) can be evaluated using
equation (6). Fig. 2(c) displays curve of (ahn)2as
photon energy (hn) [22].

ðahvÞ¼A
�
hv�Eg

�n ð6Þ

n is a constant, ; it takes values of 1/2, for direct
allowed. It is found that as the Ag doping % is
increased, the Eg values of the CuOAg nanosheets

Fig. 1. XRD pattern of CuO at different Ag doping as (CSPM).

Table 1. Structural data of CuO at different Ag doping as (CSPM).

Ag
Doping %

(hkl)
Plane

2theta
(Deg.)

Lattice constant (Å) FWHM
(Deg.)

Crystallite
size D (nm)

Microstrain
(lineˉ2.mˉ1) � 10ˉ3

Dislocation
density (d)
(line.mˉ2) � 1015

0 (110) 32.98 a c 0.39 27.94 1.046 12.80
4.68 5.13

2 (110) 32.98 a c 0.38 27.75 1.050 12.98
4.68 5.13

4 (110) 33.05 a 0.40 27.69 1.052 13.04
3.42
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reduce, leading to a decline in crystal size, a varia-
tion in film thickness, and it might be caused by
quantum confinement [23]. Fig. 2(b) illustrates the
values of the ðaÞ, which explains why the (Eg) type is
direct. In Fig. 2(c), the Eg value is determined by
extrapolating the straight line of the plot of (ahn)2

versus (hn), Along with their reliance in drawing the

link amidst quantities of (ahn)2 and (hn), which are
observed to decrease as the Ag% doping rises.

3.3. Atomic force microscopy

AFM pictures showed the surface structure of the
thin films. Fig. 3 depicts a gradual rise in columnar

Fig. 2. (a) Tra. as l for CuO at unlike Ag doping via (CSPM), (b) absorption coefficient (c) band gap.

Fig. 3. AFM, 3D picture of CuOAg Nano-films (a, b and c) RMS, Roughness Average and Avg. Diameter, AFM pictures of CuOAg with % depositions
of (d) 0 %, (e) 2 % and (c) 4 %.
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size, surface area, and roughness. The growth might
be impacted by the thickness and deposition period.
According to Fig. (3a, b, and c), there a drop in
average of average particle size at rises Ag dopants,
which is accompanied by an increase in RMS and
average roughness. The average roughness (Ra), root
mean square (R.M.S.), time coating, and surface area
all rise with Ag% doping. With Ag% doping, how-
ever, average particle size decreases. The rises in
surface area is crucial for photocatalytic activity [24].

4. Conclusions

CuOAg Nano-films are made using various Ag
dopants, At 0 % CuOAg, it is evident that films are
polycrystalline and hexagonal, and 4 %, a fairly
straightforward transition begins. Nano-films enter
the hexagonal phase, resulting in smaller particles
and better crystallization. The model for the mea-
surement of the quantum confinement was the
reduced particle to nano size with increasing Ag %
doping.
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