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Abstract

In this article, thin films of copper oxide are prepared by synthesis of CuO nanoparticles using
different solvents by a low cost sol-gel method. Chemical bath deposition (CBD) method is used on
substrates of quartz glasses are dried in oven at 150 °C for 3 hours. Finally these quartz glass pieces
are annealed at 500°C for 1 hour. The structural and optical properties of the samples have then been
tested by XRD, SEM, FTIR and UV-Visible spectrophotometer. The crystallite size and strain are
higher for the CuO nanoparticle synthesized using propanol as solvent that shown by XRD analysis.
The blue shift of direct band gap and the red shift of indirect band gap indicated by UV-Visible
spectrophotometer Optical absorption analysis. So, the blue shift is due to the quantum confinement
effect seen for nanoparticle systems while the red shift is associated with the formation of surface

defects.
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1. INTRODUCTION

Nanoscale metal oxides have attracted a great deal of research interest because of both
fundamental and technological point of view. Among all the metal oxides, cupric oxide (CuO) has
attracted considerable attention because of its peculiar properties. CuO has been used as a basic
material in cuprate High-TC superconductors as the super-conductivity in these classes of systems is
associated with Cu-O bondings [1,2].

CuO thin film can also be used in p-type field effect transistors and CO gas sensors [3]. A
wide range of deposition techniques such as chemical vapor deposition[4] electrodeposition[5],
thermal evaporation [6], sol gel techniques[7], spray pyrolysis[8], pulsed laser deposition[9] and
plasma based ion implantation and deposition [10], besides that magnetron sputtering, all these

techniques have been used for preparation of cu films [11, 12].

Experimental Methods

For the synthesis of CuO nanoparticles in sol-gel process, 2.5 gm of Cu(NO;),.H,O is
dissolved into 10 ml of ethanol. In order to see the effect of solvent, we use propanol instead of
ethanol for the synthesis of another CuO nanoparticles. Cu(NOs3),.H,O dissolved in two different
solvents separately stirred for 1 hour to obtain the homogenious solutions. These solutions are kept
for 2 day for gel formation. Then the quartz pieces are placed in glass containers. The gels are put
in glass containers and then the gels are dried in oven at 150 °C for 3 hour. The obtained thin film
for CuO deposited into quartz glass pieces. Finally these quartz glass pieces are annealed at 500°C
for 1 hour. The structural and optical properties of the samples have then been tested by XRD, SEM,
FTIR and UV-Visible spectrophotometer.

2.2 Film thicknesses
The deposited CuO thin film on quartz glass substrate has been calculated by weight difference
method( BALANCE MODEL KERN ALJ220-4NM) using formula:

where t is a film thickness of the deposited CuO thin film on substrate, m is the actual mass of CuO
deposited on substrate, A is area of the film (p = 6.31 g/ cm’) [13]. The calculated thickness of the
deposited CuO film was 19 u m.

2.3 Characterization

X-ray diffraction (XRD) of the product has been carried out on Shimadzu XRD-6000 X-ray
diffractometer equipped with Cu Ka radiation (A = 0.15406 nm),employing a scanning speed of 12°
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min-1 and 20 ranges from 20° to 60° . The morphology of the produced films was investigated using
Scanning Electron Microscope — SEM (Tescan Vega II- Cheek). Fourier Transform Infrared —FTIR
Spectrophotometer (Shimadzu / ARAffinity-1) was used, optical properties have been carried out on
UV-VIS spectrophotometer (metertech sp8001).
3. Results and Discussion
3.1 XRD Analysis
Figure (1A) shows the XRD pattern of CuO nanoparticles of thin film synthesized by sol-gel method
using ethanol whereas in Figure (1B) it has been used propanol as solvent. In both solvent cases all
the obtained peaks in the XRD pattern are well matched with the monoclinic phase of CuO bulk
crystals and well consistent with the JCPDS card. No impurity peak related to any other phases of Cu
like Cu(OH);, Cu,0 or Cu are seen in the observed XRD pattern. Our XRD results thus confirm
synthesis of pure and well crystalline CuO nanoparticles without any impurity. The obtained results
are well consistent with the previously reported literature [14].
The XRD peaks broaden and shift to higher angles for the CuO sample prepared when propanol used
as solvent. The peak shift could be due to strain generation in the materials medium during synthesis.
Since two different batches CuO nanoparticles were synthesized using ethanol and propanol as
solvent. The solvent might be influencing the microstructure of resultant CuO nanoparticle [15].
The mean crystallite sizes of CuO grown on quartz glass substrate was calculated using Debye-
Scherrer equation 2 [16].

L =0.92/B. Cos0 ....... (2)
where, L is the mean crystallite size (nm), A is the wavelength of Cu Ka (0.15406 nm), B is the full
width half maximum (FWHMXmn/ 180 rad.), and 0 is the Bragg angle .The average crystallite size of

CuO nanoparticales was calculated using sherrer = 29 nm
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Figure (1) shows the XRD pattern of CuO nanoparticles thin film synthesized by sol-gel route (A)

using ethanol and (B) propanol as solvent respectively.
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3.2 FTIR analysis

The FTIR spectrum for CuO nanoparticales thin film using ethanol as solvent as shown in figure
(2A) where bands at around 601,508 and 487 cm™, which can be assigned to the vibrations of Cu(II)-
O bonds. There is a peak observed at 601 cm™ in the spectrum CuO nanoparticles which is the
characteristics of Cu-O bond formation. The broad absorption peak at around 3430cm™ is caused by

the adsorbed water molecules since the nano crystalline materials exhibit a high surface to volume

ratio and thus absorb moisture.

The FTIR spectrum for CuO nanoparticales thin film using propanol as solvent in figure (2B) shows
the two broad absorption bands at 601, 529 and 489 cm ' are associated with Cu—O stretching modes
[17]. Thus, the FTIR result suggests the presence of Cu—O bonds. Thus, the formation of copper
oxide compound is confirmed from FTIR study the 437, 480, 503, 517, 606 and 650. The FTIR

results of our work compare with previous reports, from the figure (2B) that our work approximately

match with reference [18].
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Figure (2) shows the FTIR spectrum of CuO nanoparticles thin film synthesized by sol-gel route (A)

using ethanol and (B) propanol as solvent respectively.

3.3 Morphology analysis

The morphology of CuO nanoparticales thin film is shown in figure (3). This figure shows the SEM
images of CuO as thin film synthesized by sol-gel route using ethanol as solvent in different
magnifications(2.5kx,5kx,10kx,20kx),the images show that the grains are not highly homogeneous in
shape and size there are shape cubic , spherical and others. The average grain diameter, as

determined from figure (3) is about 65nm, which is to some extent higher than the value of the
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crystallite diameter (29nm) as obtain from XRD pattern analysis, which is obvious, since, the

crystallites clustered together to form grains with larger size.

Figure (3) shows the SEM images of CuO as thin film synthesized by sol-gel route using ethanol as
solvent in different magnifications(2.5kx,5kx,10kx,20kx) respectively.

3.4 Optical properties

3.4.1 UV-VIS (Absorption Spectra)

The optical absorption spectrum has been used to study the optical properties of the

synthesized copper oxide nanoparticles thin films with 19 um thickness deposited using ethanol and
propanol solution as solvent are shown in figure (4A) and (4B) respectively; from this the band gap
and the type of electronic transitions were determined. When a semiconductor absorbs photons of
energy larger than the gap of the semiconductor, an electron is transferred from the valence band to

the conduction band there occurs an surprising increase in the absorbency of the material to the
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wavelength corresponding to the band gap energy. The relation of the absorption coefficient (o) to

the incidental photon energy depends on the type of electronic transitions. When in this transition,
the electron momentum is conserved, the transition is direct, but if the momentum does not conserve
this transition it must be attended by a photon this is an indirect electronic transition [19]. Energy
band gap studies of these materials have been reported using absorption spectra. The figure (4)
describes the optical absorption spectrum of copper oxide nanoparticles thin films. The UV visible
spectra displayed high excitonic absorption at 130 nm and135 nm when using ethanol and propanol
solution as solvent respectively. It shows that the absorption edge at 420 nm and 389 nm for ethanol
and propanol solution as solvent respectively. The material is reported as direct band gap material.

For higher values of absorption coefficient, optical absorption shows a power load dependence on

photon energy.
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Figure (4) shows Variation of the absorption spectra against wavelength for CuO as thin film

synthesized by sol-gel route (A) using ethanol and (B) propanol as solvent respectively.

3.4.2 UV-VIS (Transmittance spectra)

The optical transmittance spectra against wavelength for the tow samples of copper oxide
nanoparticles thin films with 19 pm thickness deposited using ethanol and propanol solution as
solvent are shown in figure 5SA and 5B respectively. The presence of powdery deposit would cause
scattering losses from the film surface, which would continuously reduce the transmittance with
decrease in wavelength () following an inverse power law, A™. However, at the wavelength of about

500nm for 700nm the transmittance is reduced for coper oxide film using ethanol solution as solvent.

158



Journal of College of Education for pure sciences(JCEPS)
Web Site: http://jceps.utqg.edu.iq/ Email: jceps@eps.utq.edu.iq
Volume 8, Number 1, March 2018

10 -

A0 -

A s g
30 = 9.2 -
T%m TU%® -

10 4 B4 =
3 L] L] T L] 1

o T 7 T 1 ] i ] Qi [ ] o I ]

0 200 i [ S0
Wavelength (nm) Wavelength inm)

Figure (5) shows Variation of the transmittance spectra against wavelength for CuO as thin film
synthesized by sol-gel route (A) using ethanol and (B) propanol as solvent respectively.
3.4.3 The optical band gap
The optical band gap of CuO nanoparticles thin film usual method of determining involves plotting

( @ hv )""™ against photon energy, hv. Figure (6) and (7) show the variation of ( & hv )"

against ( hv
) for CuO nanoparticles thin film with n values of 1/2 and 2 respectively. The indirect band gap of
CuO nanoparticles synthesized using both the solvents show similar values and the values red shifted
~0.24 t0 0.27 eV as compared to bulk value (1.45 eV) [20]. The increasing red shift with decreasing
particle size suggests that the defects responsible for the intragap states are primarily of surface
defects [21, 22]. Our results thus indicated that CuO nanoparticles prepared using ethanol as solvent
show more surface defects as compared to the CuO nanoparticles prepared using propanol as solvent.
Both the CuO samples show higher direct band gap as compared to bulk value (3.25 eV) [22, 23].

The blue shift in the direct band edges as seen in present case is due to the quantum confinement

effect [22, 24].
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Figure (6) shows Variation of (@ hv )" vs. photon energy, for CuO as thin film synthesized by sol-

gel route (A) using ethanol and (B) propanol as solvent respectively.
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Figure (7) shows Variation of ( @ hv )* vs. photon energy, for CuO as thin film synthesized by sol-

gel route (A) using ethanol and (B) propanol as solvent respectively.

3.4.4 UV-Visible (absorption coefficient)

Figure (8A) and (8B) are shown the absorption coefficient as a function of wavelength for CuO as
thin film synthesized by sol-gel route using ethanol and propanol as solvent respectively. It is clearly
seen from the figures that the absorption coefficient tends to decrease exponentially as the
wavelength increases. This behaviour is typical for many semiconductors and can occur for a variety
of reasons, such as internal electric fields within the crystal, deformation of lattice due to strain
caused by imperfection and inelastic scattering of charge carriers by phonons[25, 26]. The
absorbance of CuO sample synthesized with propanol solvent shows faster exponential decrease

indicating more strain generation in this case.
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Figure (8) shows the absorption coefficient as a function of wavelength for CuO as thin film

synthesized by sol-gel route (A) using ethanol and (B) propanol as solvent respectively.
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3.4.5 UV-Visible (extinction coefficient)

The extinction coefficient ( k, ) values against photon energy plot for CuO nanoparticles as thin film
synthesized by sol-gel route using ethanol and propanol as solvent are shown in figure (9A) and (9B)
respectively.

It is clear from figure (9A ) and (9B) that the maximum value of the extinction coefficient were at
(1.8 ev) and (1.9 ev) respectively then it decrease sharply with photon energy up to (4 ev).
Furthermore, the extinction coefficient of CuO as thin film synthesized by using propanol as solvent
is found to increases with increase in the photon energy, this might due to the effect of happening
transition electrons between valance and conduction band. The extinction coefficient (k,) of CuO

nanoparticles thin films were calculated from the following expressions [27].
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Figure (9) shows the extinction coefficient as a function of wavelength for CuO as thin film

synthesized by sol-gel route (A) using ethanol and (B) propanol as solvent respectively.

3.4.6 UV-Visible (refractive index)

The figure (10A) and (10B) are shown the refractive index values against photon energy plot for
CuO nanoparticles as thin film synthesized by sol-gel route using ethanol and propanol as solvent
respectively.

It is clear from figures (10A ) and (10B) that the maximum value of the refractive index were at
(1.65 ev) and (1.68 ev) then it decrease sharply with photon energy up to (2 ev). Furthermore, the

refractive index of CuO as thin film synthesized by using ethanol and propanol as solvent
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respectively is found to decrease as the photon energy, this might due to the effect of particle size.

The refractive index (n) of CuO nanoparticles thin films were calculated from the following

= (1) +\] (ﬁ)

expressions [27].

....... “4)
where R is the refraction , K, is the extinction coefficient
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Figure (10) shows the refractive index as a function of wavelength for CuO as thin film synthesized

by sol-gel route (A) using ethanol and (B) propanol as solvent respectively.

4. Conclusion

Thin films of copper oxide have been prepared by synthesis of CuO nanoparticles using different
solvents by sol-gel method then the gels were dried on substrates of quartz glasses in oven at 150 °C
for 3 hour. The quartz glass pieces were annealed at 500°C for 1 hour.The crystallite size and strain
are higher for the CuO nanoparticle synthesized using propanol as solvent that indicated by XRD
analysis. The blue shift of direct band gap and the red shift of indirect band gap indicated by UV-
Visible spectrophotometer Optical absorption analysis. In this case, the blue shift is due to the
quantum confinement effect seen for nanoparticle systems while the red shift is associated with the
formation of surface defects. The average crystal diameter derived from the XRD data analysis is
found to be 29nm.
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