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ABSTRACT 

In this work, CuO thin films were prepared by spray pyrolysis method using 
different concentration of CuCl2 .2H2O. X- ray diffraction (XRD) and UV-VIS 
transmission spectroscopy were employed to characterize the structure and optical 
properties of prepared films.XRD patterns show that the films are polycrystalline and 
monoclinic with (-111) and (111) crystalline orientations. The optical band gaps (2.05 
to2.42eV) ,with high absorption coefficient change from (3*105 - 1*105) cm-1  at 0.3M 
concentration , and excitation coefficient change from (0.85 – 0.7). These constants are 
found to be oscillatory in nature, which are attributed to the particular structure of films 
and their concentration.  
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 بتراكیز مختلفةCUOغشیة الرقیقةلأل الخصائص البصریة
 الرش الحراري طریقةب 

 
 الخلاصھ

، تم تحضیر غشاء اوكسید النحاس بطریقھ الرش الكیمیائي الحراري باستخدام تراكی�ز في ھذا البحث
كلوری��د النح��اس . ح��ددت الخص��ائص التركیب��ھ والبص��ریھ للاغش��یھ مختلف��ھ م��ن المحل��ول الم��ائي لمل��ح 

تب��ین م��ن  .المحض��ره باس��تخدام حی��ود الاش��عة الس��ینیة والتحلی��ل الطیف��ي للاش��عھ المرئی��ھ وف��وق البنفس��جیھ
نم��وذج حی��ود الاش��عھ الس��ینیھ ان الاغش��یھ ذات تركی��ب اح��ادي و متع��دد التبل��ور عــــــ��ـند الاتجاھیــــــ��ـة 

) و معامل الامتص�اص ع�الي یت�راوح 2.05eV-2.42. حددت فجوه الطاقھ (  (111) و(111-)البلوریة 
. وج�د  (0.7 – 0.85)ومعام�ل الخم�ود یت�رواح ب�ین   0.3Mعن�د تركی�ز  cm-1 (105*1 - 105*3)بین 

 والتي تعزى الى طبیعھ الاغشیھ من حیث التركیب والتركیز. الثوابت ذات طبیعیھ متذبذبھ هان ھذ
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INTRODUCTION 

opper oxides are semiconductors that have been studied for several reasons 
such as the natural abundance of starting material copper (Cu); the easiness of 
production by Cu oxidation; their non-toxic nature and the reasonably good 

electrical and optical properties by Cu2O [1]. Copper forms two well-known oxides: 
tenorite (CuO) and cuprite (Cu2O). Both the tenorite and cuprite were p-type 
semiconductors having band gap energy of 1.21 to 1.51 eV and 2.10 to 2.60 
eVrepectively [2]. CuO have emerged as potentially powerful materials in various 
technological applications such as catalysis, magnetic storage media, batteries, solar 
energy conversion, gas sensing and field emission [3-7]. The films have been prepared 
by various techniques such as sputtering [8], chemical vapor deposition [1],spray 
pyrolysis [9] , pulsed laser deposition [10] thermal oxidation [11], electro deposition 
[12]. 

In this study, CuO thin films were prepared by a simple and cost effective chemical 
spray pyrolysis with different concentration at 250 Co, to study the effect of changing 
the concentration on the structure and optical properties by using X-Ray diffraction 
and UV-VIS spectroscopy. 
 
EXPERIMENTAL WORK 

CuO thin films prepared by sprayingat different concentration (0.1, 0.2 & 0.3 M). 
Aqueous solutionof CuCl2.2H2O( Cupric chloride dehydrate, ~ 97% (RT), Fluka AG.) 
in distilled water where are deposited onto glass substrate at deposition temperature of 
250 ± 10 Co.The spray rate was maintained via compressed air carrier gas of the order 
~ 3 ml/min. The nozzle was kept 30 cm apart from the substrate. To avoid excessive 
cooling of substrates, successive spraying process was used with time period of 3 sec 
between successive bursts. Substrate temperature was controlled by thermocouple fed 
to a temperature controller. The temperature on top side of the substrate is measured by 
placing a thermocouple on a reference glass substrate kept near the coating substrate so 
as to measure the exact temperature. Film thickness measured by laser interference 
according to fezo fringes was 0.2µm. 

The crystal structure of thin film were determined by x- ray diffraction using the 
(Philips model, PW/ 1710) diffractometer , with monochromatic Cu Kα radiation (λ = 
0.15418 nm at 40 KV and 30 mA). Optical analysis was done by optical transmission 
data were obtained with an UV/ VIS Shimadzu 3101 PC Spectrometer in the (200 
to1100) nm range. 

 
RESULTS AND DISCUSSION 

Figure (1) shows the x-ray diffraction pattern of films prepared at different 
concentration of aqueous solution. The XRD patterns exhibit peaks at 2θ ≈32.5 ̊, 35.68 ̊ 
& 38.78 ̊ corresponding to the (110), (-111) and (111) reflections of the CuO phase. 
The peak near 2θ = 25.35̊ which match reflection from (021) plane of Cu (OH)2 phase. 
These data are compared with ICDD data. Peak intensities and increased with 
increasing concentration, the sharpness of the peaks shows that the films are 
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polycrystalline and monoclinic in nature, these result were good agreement with 
literatures [9, 13, 14]. 

The optical transmissions of sprayed CuO thin films were measured at room 
temperature using UV-VIS Spectrometer. The transmission T was recorded in the 
range of 300 nm to 1100 nm of the incident beam as shown in Figure (2). The 
transmission in the visible region is found to increase with decreasing mole 
concentration of the solution. The maximum transmission behavior is observed for 
lower mole concentration and comparatively lower values are recorded for other 
concentrations. This is attributed to the increase of the film dens with increasing mole 
concentration of the films. 

From the transmission data, the absorption coefficient α was calculated using 
Lambert law [15]: 
 
𝛼 =  1

𝑡
 𝐼𝑛 �1

𝑇
�                                                                                         … (1) 

 
Figure (3) show the Variation of absorption coefficient of CuO films prepared at 

different concentration, the absorption (α ≥ 105 cm-1) is related to direct band 
transitions [16].The energy gaps Eg of films were estimated using Tauc relation [17]: 
 
𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)1 2⁄                                                                           … (2) 

 
 Where Eg is the band gap energy, A is constant and hv is the photon energy. Figure 

(4) shows the variation of (αhv)2 as the incident photon energy (hv) of CuO films at 
different molar concentration. The optical band gap was determined by extrapolating 
the linear portion of this plot at (αhv)2 = 0 which indicates that the direct allowed 
transition dominates in the CuO films. The estimated Eg values are in the range 2.05 to 
2.42 eV these results was agreement with reference [18]. The energy gap were 
decrease with increasing film concentration, this range is suitable to use this material 
for solar cell application. 

The extinction coefficient k can be calculated by the following equation [17]: 
 

𝐾 =  𝛼 𝜆
4 𝜋 

                                                                                                           …  (3) 
 
 The variation of extinction coefficient with wavelength are shown in Figure 
(5),the  excitation coefficient related to attenuation value of electromagnetic wave 
where its passed through the medium, so that the high value of short wavelength 
related to the loss incident energy in absorption process or due to loss the wave in 
electron transit between the energy level but this result is revere in long wavelength 
this is may be related to appear another absorption process such as absorption by 
charge carrier. Also the excitation coefficient was increase with increasing films 
concentration. 
 
CONCLUSIONS 
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CuO thin films prepared by spray pyrolysis method have been characterized using 
XRD and UV-VIS spectra to study the effect of solution concentration on structural 
and optical properties such as transmission; optical band gap, absorption coefficient 
and excitation coefficient. The structure of the films were monoclinic with (-111) and 
(111) crystalline orientations. The transmittance increases with decrease in 
concentration of the films. The optical band gap was also found to varyfrom2.05to 
2.42eV, thus making the films suitable for solar cell applications. Variations in optical 
properties with wavelength are found to be oscillatory in nature, which are attributed to 
the particular structure of the films and their concentration.  
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Figure (1) XRD pattern of CuO thin films prepared at different 
concentration: a)0.1M, b)0.2M ,& c) 0.3M. 
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Figure (2) Optical transmission spectra of CuO films prepared at 

Different concentration. 
 
 

 
Figure (3) Variation of absorption coefficient of CuO films 

 prepared at Different Concentration. 
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Figure (4) variation of (αhv)2 with photon energy( hv)   
of CuO films Prepared at different concentration: 

 a) 0.1M, b) 0.2M, & c) 0.3M. 

0

5E+11

1E+12

1.5E+12

2E+12

2.5E+12

3E+12

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

αh
ν2

 (c
m

-1
. e

V
)2  

hν  (eV) 

a) 2.42 eV 

0

1E+11

2E+11

3E+11

4E+11

0 0.5 1 1.5 2 2.5 3 3.5 4

αh
ν2

 (c
m

-1
. e

V
)2 

hν (eV) 

b) 2.25 eV 

0

2E+11

4E+11

6E+11

8E+11

0 0.5 1 1.5 2 2.5 3 3.5 4

(α
hν

)2  (
cm

-1
,e

V
)2 

hν  (eV) 

c) 2.05 eV 

92 
 



Eng. &Tech.Journal, Vol. 32,Part (B), No.1, 2014     Optical Properties of CUO Thin Films with  
                                                                                   Different Concentration by Spray  

                                                                                         Pyrolysis Method 
 
 
 

 
 
 
 

Figure (5) variation of excitation coefficient with wavelength of  
CuO films prepared at different concentration. 
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