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Abstract

In this work, Cu NPs have been prepared by (PLA) method to ablate the Cu metallic target. The
laser ablation process is done at energy by 540 and 700 mJ) at wavelengths of 1064 and 532
nm. Sn1.xCuxO- thin film prepared by used chemical spray pyrolysis technique at x = 0.03, 0.05,
0.07 and 0.09. XRD measurements of the prepared thin films showed that thin films have a
polycrystalline with a tetragonal structure, the crystallite size average of thin films increases
randomly as Cu NPs ratio increased, and it was maximum (~ 30.7nm) for the Sng.93Cuo.0702
thin film prepared. AFM results showed that the Sno.93Cuo.0702 thin films have maximum grain

size with roughness and RMS of the thin films.

The optical properties studied in the range (300- 900) nm, the transmittance increased as the
wavelength increasing abuot (300-450) nm, it was found that the lesser transmittance (79%) for
Sno.9sCuo0.0502, the energy band gap firstly is decreasing after that is increasing as copper NPs

ratio increasing, as its value about (4.05-3.85) eV.
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Introduction

Synthesis of metallic nanoparticles is very important for new applications owing to their
especially optical properties compared with the bulk material. Recently, the researchers and
scientists have been devoted to Cu NPs to be used in various applications such as conductive
films, Nanofluids, lubrication and catalysis, the nanoparticles as well-known have a good
surface to volume ratio compared with the bulk material, which enables it for catalysis
applications [1, 2]. Research of Tin dioxide (SnO.) has a dramatic interest in the wide energy
gap of the semiconductor’s community, due to the unique photoelectric and outstanding
electricals conductions properties. As well as, doping of the Tin dioxide with metal ions is used
to tailor the properties of base material, which in turn has resulted in an enhancement the
performance of the device [2, 3]. This makes Tin dioxide thin films excellent candidates for
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great-scale applications of gas sensors, solar cells, lithium-ion batteries, and UV photodetectors
[4, 5]. The objective of the present study is to prepare Cu NPs by (PLA) method and Snl-
xCux02 films by using the chemical spray pyrolysis method, then study and their structural

and optical properties.

Experimental Details

Pulsed laser ablation (PLA) is used to prepare colloidal Cu NPs. Before starting the ablation
process, the surface of the metal target is polished with sandpaper to remove the impurities, and
then it is cleaned with high-purity ethanol and then with (Distilled Water). The target (Cu 99.9%
purity) is positioned at the bottom of a glass vessel and immersed in distilled water (DW). The
volume of water used in all ablation operations is (5 mL) and the height of the liquid above the
surface of the targets is (8 mm). Also, throughout the process, the target was shifted in many
directions in order to obtain homogenous ablation without texturing effect. The target ablation
main parameters were using pulsed ND-YAG laser: 1064 nm and 532 nm wavelengths of (540
and 700) mJ energies and 10 ns as a pulse time. The frequency of the laser was 1 Hz, and the
number of laser pulses that operated on metal targets was (100, 200, 300, 400) pulses for each
energy, In the present work, the distance between the target and the laser lens (6 cm) for the
target user and the diameter of the beam of the laser on the surface of the target was 2 mm.
After the ablation process was determined directly for the colloidal Cu. prepared the Sn1.xCuxO>
film at x = 0.03, 0.05, 0.07, and 0.09 by using a chemical spray pyrolysis technique as using
Tin chloride (SnCI4.5H20) (99.9%), then the solution is prepared by dissolving 0.1 M of
(SnCl4.5H20) in distilled water, other condition such a Distance of nozzle (30+1) cm, Spraying
Rate (10 ml/min), Spraying Period (10 s), The spraying time was 10 s with 2 minutes wait
between any two successive sprayings, the substrate temperature is 400 +3°C and the Air
Pressure (1.6) bar was kept constant for all films are prepared by the reaction(1). Thin films are
deposited glass substrates of the dimensions (2.5 x22.5) cm2. The thickness of the prepared
films is measured by using the gravimetric technique 350 nm. Films are investigated by
(Shimadzu XRD/6000) copper target (Cu-Ka/ 1.541°A) for structural properties, Atomic Force
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Microscopy (AFM) from (SPM- AA3000, USA), and the optical properties studied using UV-
vis spectroscopy from (Shimadzu, UV-1800).

SnCly.5H;0 + CuCly.2H30 = STy CUp_3 0o oot 1)

Results and Discussions

Results of XRD

Fig. (1) showed the X-ray diffraction results of Sn1.xCuxO at x = 0.03, 0.05, 0.07 and 0.09,
which is in a good agreement with (JCPDS. 00-046-1088). The highest peak occurs at 26~26.60
which is referred to as a plane (110) for all films which are in agreement with the ref. [6, 7], as
exhibited in Table (1). The peak positions and the event of more than one diffraction which
revealed that the thin films are polycrystalline with a tetragonal structure [3, 7]. The intensities
of the peaks are increases as the ratio of Copper NPs increases except for the sample deposited
at Sn0.95Cu0.0502. It can be noticed that decreases with increases of Copper NPs, which is in

agreement with other studies [8].
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Figurel: XRD patrens of thin films
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Where: K is constant, A wavelengths of X-ray incident, B: full width of half maximum for peaks,
and 0 angle of bragg diffraction. It’s seen that average crystallite size of films increases
randomly as copper NPs ratio increased, and it was maximum (~ 30.7nm) for the Sng.93Cuo.0702
film prepared as shown in the Table (1). Texture coefficient (Tc) can be estimated using [12-
14]:

NN VA RO
N;lz VAR

Where the Ink, is the intensity, lohk is taken from the JCPDS card, N: is the number of

Totkny =

reflections, and hkl : is the Miller indices. The Texture coefficient was used to detect the
preferred directions (hkl) for the growth of the crystal in polycrystalline thin films as shown in
the tablel, It is clear that the Tc values >1 for all thin films, which indicates that there are

numerous grains in the (110) direction [9].

Table 1: The structural properties of Sn1-xCuxO, thin films

SAMPLES | 20 (DEGREE) | FWHM(DEGREE) | HKL | D (NM) | TC
Sno.97CU0.0302 26.6879 0.2867 (110) | 285 | 1.52
Sno.95CUo.0502 26.5715 0.4522 (110) | 18.1 | 1.28
SNo.93CU0.0707 26.7102 0.2656 (110) | 30.7 | 1.43
SNo.91CU0.0902 26.6818 0.3117 (110) | 26.2 | 1.45
AFM Results

The morphological examination of Sn1-xCuxO2 films at x = 0.03, 0.05, 0.07, and 0.09, was
measured by using Atomic Force Microscopy (AFM), (2x2) um2 is the size of the scanned area
as shown in Fig. (2). The average roughness, root mean square (RMS) and average grain size
for thin films, estimated from AFM, which are given in Table 2. The Sn0.93Cu0.0702 thin

films have a maximum grain size, roughness, and RMS of the thin film. The increase in the
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average grain size is possibly produced by columnar grains growing in the structures, which is

in good agreement with XRD results [7].
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SNo.91CU0.0902

Figure 2: 3D AFM images of thin films

Table 2: AFM results of Sny.«CuxO, films (Root Mean Square (RMS), Surface roughness, and grain

size).
SURFACE GRAIN
SAMPLES | poygHNEss (\M) | RMS (NM) | g7 ()
SNo.97CU0.0302 14.2 17.87 99.57
Sno.e5Cuo.0502 26.7 33.57 81.68
Sno.93CuUp.0702 32.9 45.44 167.0
SNo.91CuUp.0902 17.9 24.19 141.0

Optical Results

The optical properties of Sn1-xCuxO2 films with different x have been calculated by studying
the transmittance and the absorbance of films within the wavelength (300 - 900) nm. Fig. (3)
showed the transmittance as a function of the wavelength of films, it seen that the transmittance
increased as the wavelength increased about 300-450 nm, it was found that the lesser
transmittance (0.79) for Sn0.95Cu0.0502, and the explanation for this is that the decrease leads
to the formation of new localized state at the lowest of the conductions band, and these levels
receive electron and create tails that work toward reducing the energy gap and thus the

absorbance will increase and the transmittance will decrease [7].
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Figure 3: Transmittance against wavelength of thin films

The absorbance behavior is different for the transmittance in general, its absorbed from Fig. (4)
that the absorbance decreases when the wavelength increases, about 300-550nm, and found that
the higher absorbance for Sn0.95Cu0.0502. The oxidation of Cu NPs prepared by pulsed laser
ablation (PLA) also affects to blue shift in both 650 and 850 eV due to the absorption band of
the film increasing at the short wavelength, which is in agreement with the References [1, 3, 7].
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Figure 4: Absorbance against wavelength of thin films
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Where t: is the thickness of films, A: is the absorbance. Fig. (5) showed the variation of the
absorption coefficient against photon energy for films, it noted that the absorption coefficient
increases when the photon energy increased, the coefficient of absorption increased randomly
as the copper NPs content increased and found the higher value of Sn0.95Cu0.0502 thin film,
the results indicate that the colloidal prepared at this ratio provides the highest absorption
compared another. The further consequence is the oxidation of colloidal Copper NPs due to the
strong reaction with the oxygen dissolved in water when prepared by PLA. This result is in high

agreement with the References [1, 3].
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Figure 5: Absorbance coefficient against photon energy of thin films.

The energy gap of films estimated by used [15, 16]:
ARV = B(AV = Eg)T oo 4

hv: energy of the photon, B is the constant. r= 0.5 for direct transitions. The energy gap values

were given by line straights to the (ahv)2 =0, as in Fig (6). It's noted that the value of the energy
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gap firstly is decreasing after that is increasing as the copper NPs ratio increases as shown in

table (3), the bigger value of the energy gap is due to the differences of mixed-phase thin films

[3], and the crystallite size is responsible for the difference of gap [15].
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Figure 6: Energy gap for the thin films.
Table 3: The energy gap for thin films
Samples Eq(eV)
Snog7Cuo.302 | 4.05
SNp.95CUg.0502 3.85
Snp.9sCuo0702 | 3.93
Snop.91Clo.0s02 | 3.97
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Extinction coefficient (K,) is estimated by [11, 15]:

Ky = 0 e oo oo e oo e e e e e e e e e oo e e e oo e e e e e e e e e ()

Where A : wavelength of the photon. Fig. (7) exhibited the relation of the extinction coefficient
against wavelength for all films. It observed that the coefficient of extinction decreases at short
wavelengths of (300-400) nm and after that, the coefficient of extinction remains constant. The
values of extinction coefficient were increased randomly with the increase of the Copper NPs
ratio and found that the higher the extinction coefficient for Sn0.95Cu0.0502 film.
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Figure 7: Extinction coefficient as a function to the wavelength

The dielectric constant of samples can be valued by [8, 13]:
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E12 = 2n KO .......................................................................................................................... (8)

n: refractive index, €1, €2: real part and imaginary part for complex dielectric constant
respectively. The real and imaginary parts of the dielectric constant against photon energy for
samples as shown in Fig. (8), where both the real and imaginary parts of the dielectric constant
decreased when photon energy increased and the real part increased when copper NPs
increased, and found that the higher value of Sn0.93Cu0.0702 and Sn0.95Cu0.0502 films of

the real and imaginary parts respectively.
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Figure 8: Real part and imaginary part of dielectric as a function to the photon energy for thin films

Conclusions

In this work, Cu nanoparticles have been prepared by PLA process to ablate Cu metallic target
and the Sn1-xCuxO2 film was prepared by using chemical spray pyrolysis techniques at x =
0.03, 0.05, 0.07, and 0.09. X-ray patterns of the films explained that the films have a
polycrystalline with a tetragonal structure, the maximum value of crystallite size (~ 30.7nm)
for the Sn0.93Cu0.0702 film. AFM result exhibited smooth and homogenous thin film. The
optical properties studied are in the range of (300- 900) nm. The coefficient of absorption
increased randomly as the copper NPs content increased. The energy band gap firstly is
decreasing after that it increases as the copper NPs ratio increases, with its value of about (4.05-
3.85) eV. From the study of the influence of copper NPs it has been observed that the copper
NPs plays an important role in promoting the crystallinity in the films and the best sample is
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Sn0.95Cu0.0502 have minimum value of energy gab and crystallite size and can be used as

window of the solar cell.
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