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ABSTRACT

C0,0; and C0,031.:Cux films have been deposited by using spray pyrolysis
technique on a glass substrates. The optical properties of the cobalt oxide have
been studied as a function of doping concentration with Cu. Changes in direct
optical band gap energy of cobalt oxide films were confirmed after doping, Eg
increased from 1.48 and 1.95 eV for the undoped Co0,0; to 1.55 and 2.05 eV with
increasing the doping concentration to 5%. The effect of doping on the optical
parameters of Co,0O; thin films such as transmittance, reflectance, absorption
coefficient, refractive index, extinction coefficient, and real and imaginary parts of
dielectric constant has been reported.

Introduction

The optical properties of thin films are very
important for many applications, including
interference devices, such as antireflection coatings,
laser mirrors and monochromatic filters, as well as
optoelectronics, integrated optics, solar power
engineering, microelectronics and optical sensor
technology depending on the reflectance and
transmittance properties of the films during their
preparation.

Transparent conducting oxides (TCO) are well
known and have been widely used in optoelectronics
and transparent electronics as well as in different
research fields. Most of the existing TCOs are n-type,
whereas it is very difficult to prepare binary metal
oxides with p-type conductivity ™. Among the
transition metals, copper and cobalt are the most active
for the decomposition of nitrous oxide and removal
3]

Cobalt oxide is an important functional material
for a wide range of technological applications such as
heterogeneous catalysts, anode materials in Li-ion
rechargeable batteries, magnetism, and optical devices
47 gas and humidity sensors®® solar selective
absorber, pigment for glasses and ceramics %, catalyst

for oxygen evolution and oxygen reduction reaction ™
12]
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It is widely used as an electrochromic material
(131 electrochemical capacitors for high power devices
in energy storage systems (supercapacitors) ™ *°I,
Owing to the influence of doping on the properties
of materials, the controlled preparation of cobalt oxide
of different doping materials and concentrations are
always the researcher’s purpose. This paper reports the
influence of doping with copper on the preparation and
properties of cobalt oxide (Co0,05) thin films by spray
pyrolysis technique (SPT). The accurate determination
of the optical constants of these materials is important,
not only in order to know the basic mechanisms
underlying these phenomena, but also to exploit and
develop their interesting technological applications.
Therefore, the optical absorption parameters, such as
dielectric constant ¢, have been evaluated.

Experimental details

Cobalt chloride CoCl,.6H,O0 0.1 M as matrix
material and Copper chloride Cu 0.1 M as a doping
agent with a concentration of 1%, 3% and 5% have
been dissolved in de-ionized water and ethanol to form
the final spray solution, a few drops of HCI were
added to make the solution clear, a total volume of 50
ml was used in each deposition, these two starting
solutions were used for deposition of C0,03:Cu thin
films. The spray pyrolysis was done by using a
laboratory designed glass atomizer, which has an
output nozzle of 1 mm. The films were deposited on
preheated glass substrates at a temperature of 450°C.
With the optimized conditions that concern the
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following parameters, spray time was 10 sec. The
period between spraying processes was about 3 min,
this period is enough to avoid excessive cooling of
glass substrate. The carrier gas (filtered compressed
air) was maintained at a pressure of 10° Nm™, distance
between nozzle and substrate was about 29 cm 1 cm,
solution flow rate 5 ml/min. Thickness of the sample
was measured using the weighting method and was
found to be around 0.3 pm. A thermocouple was fixed
to the substrate surface and the temperature was
measured at the four corners of the glass substrate
surface, Optical transmittance and absorbance were
recorded in the wavelength range (300-900nm) using
UV-visible spectrophotometer (Shimadzu Company
Japan). Optical transmittance and absorbance were
reported in order to find the effect of doping on the
parameters under investigation.

Results and discussion

Optical measurements of transmittance of
C0,05:Cu thin films are shown in Fig. (1) These
measurements have been taken in the wavelength
range of 300-900 nm. It is observed that in the visible
region all films have very low transparent, then
transmittance is rapidly increased with increasing the
wavelength to more than 800nm. This behavior may
be attributed to perfection and stoichiometry of the
films. Below 800 nm there is a sharp fall in the
transmittance for all films, which is due to a strong
absorbance of the films in this region while the
structure tends to be more transparent in the long
wavelengths region. Also it can be observed from the
figure that the transmittance increased with increasing

the doping concentration of Cu to 5%.
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Fig. (1) The variation of transmittance with
wavelength for Co,03:Cu thin films.
Fig. (2) shows the optical reflectance spectra for
undoped and doped Co0203 thin films. The optical
transmittance data may not be a necessary
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characteristic of valence to conduction band transitions
in transition metal compound ,but it may also involve
valence band to d-state and d-state to conduction band
transitions , where the d-state/band lies between
valence and conduction bands . The reflectance has
been found by using the relationship:
R+T+A=1 (D

The overall reflectance of the films decreases as
the doping concentration increases. As expected the
reflectance of Co203:Cu thin films is extremely small
in the visible region. The extremely small values of the
reflectance and the absorbance in the visible region
offered the most promise for realizing visible laser
diodes (LD) and efficient light-emitting—diode (LED)
displays, by using Co0203:Cu thin films in these
devices.
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Fig. (2) The variation of reflectance with

wavelength for Co203:Cu thin films.
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The absorption coefficient (o) could be calculated by
using the following relation [16]:

2.303A

t (Y)
Where (A) is the absorption and (t) is the film

thickness. Fig. (¥) Shows the dependence of the
absorption coefficient (o) on the wavelength. The
absorption coefficient decreases with increasing the
doping concentration of Cu. It can be seen from the
figure that the absorption coefficient decreases up to
wavelength 620 nm and then increases up to 750 nm
and again decreases from 780 nm, depicting two
regions of optical transitions. Similar type of results
was reported by Shinde et. al.[17].
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Fig. (3) The variation of Absorption coefficient with
wavelength for Co203:Cu thin films.
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From the transmittance data and according to Tauc
[18] relation, (' 'h' )2 versus incident photon energy
(h[1), plots were obtained. The graphs are represented
in Fig. (4) As cobalt oxide is a direct transition
semiconductor, the estimated band gap energy values
are found to be 1.48 and 1.95 eV for the undoped
C0203 thin films, which is in consistent with the band
gap energy of cobalt oxide films reported earlier for
spray pyrolysis method [17]. After doping and
increasing the doping concentration to 5% of Cu, the
band gap energy values were increased to 1.55 and
2.05 eV. It can be notice from fig.4 that all the films
have two different regions was put in evidence,
corresponding to different phases. It was proved that
Eg values, corresponding to these phases.the result of
these thin films show the possibility of a threshold
degeneracy of the valence band at k=0 at the obtained
energies[19] The activation energy calculated from the
slopes of graphs represents the location of trap levels
below the conduction band.
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Fig (4) (ahv)? for Co,04:Cu thin films versus

photon energy.

The refractive index is an important parameter for
optical materials and applications. Thus, it is important
to determine optical constants of the films. The
refractive index of the films was determined from the
following relation [20].

1+R 4R )
n=(g)" R .(3)

Where k is the extinction coefficient (k=aA/4m).
The n and k values dependence of wavelength are
shown in fig. (5) and (6) respectively. As seen in these
figures, the n and k values decrease with increasing the
doping concentration of Cu. Such behavior
corresponds to the density of absorbing centers such as
impurities absorption, excitation transition, and other
defects in the crystal lattice dependent on the
conditions of sample preparation.
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Fig. (5) The variation of refractive index with
wavelength for Co203:Cu thin films.
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Fig. (6) The variation of extinction coefficient with
wavelength for Co203:Cu thin films.
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The dielectric constant is defined as & () =
el(w) + i€2 (w) , real and imaginary parts of the
dielectric constant are related to the n and k values.
The €l and €2 values were calculated using the
formulas [21]:

- ()
~(8)

The &) and &Y values dependence of photon
energy are respectively shown in fig. (7) and (8). The
¢) values are higher than that of €Y values. It is seen
that the €) and €i values decrease with increasing the
doping concentration with Cu.
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Fig. (7) The variation of real part of dielectric
constant with wavelength for Co203:Cu thin films
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Conclusion

C0,0; and Co0,05:Cu thin films were prepared by
using chemical spray pyrolysis technique. Both doped
and un-doped samples were characterized. Optical
band gap increased due to doping. Similarly optical
transmittance was affected for moderate doping. The
extremely small values of the reflectance and the
absorbance in the visible region offered the most
promise for realizing visible laser diodes (LD) and
efficient light-emitting—diode (LED) displays, by
using C0,05:Cu thin films in these devices.

Journal of University of Anbar for Pure Science (JUAPS)
2" Conference For Pure Science - university of Anbar 20-22/11/2012

YY¢

Open Access

References

[1] C.F. Windisch, Jr., K.F. Ferris, G.J. Exarhos,
(2001). Synthesis and characterization  of
transparent conducting oxide, cobalt-nickel spinel
films, J. Vac. Sci. Technol. A, 19(4) :1647-1652.

[2] S. M. Ciocilteu, M/ Salou,Y. Kiyozumi, S. Niwa,
F. Mizukamia and M. Haneda, (2003). Uniform
distribution of copper and cobalt during the
synthesis of SiIMFI-5 from kanemite through solid-
state transformation, J. Mater. Chem., 13: 602—607.

[3] M. Mhamdi, S. K. Zineand and A. Ghorbel,
(2008). Influence of the Co/Al ratio and the
temperature of thermal treatment on cobalt
speciation and catalytic properties of Co-ZSM-5
prepared by solid-state ion exchange, Applied
Catalysis A: General, 337 (1): 3947

[4] W. Y. Li and L. N. Xu, (2005). Co304
Nanomaterials in Lithium — lon Batteries and Gas
Sensors, Chen, Adv. Funct. Mater,. 15: 851-857.

[5] D. Barreca and C. Massignan, (2001). Composition
and Microstructure of Cobalt Oxide Thin Films
Obtained from a Novel Cobalt (Il) Precursor by
Chemical Vapor Deposition Chem. Mater., 13:
588-593.

[6] H. Pang, F. Gao, Q, Chen, R. Liuand Q. Lu,
(2012). Dendrite-like Co304 nanostructure and its
applications in sensors, supercapacitors and
catalysis, Dalton Trans., 41: 5862-5868.

[71 W. L. Roth, (1964). The magnetic structure of
C0304, J. Phys. Chem. Solids, 25: 1-10.

[8] R. J. H Grisel and B.E Nieuwenhuys, (2001).
Selective Oxidation of CO, over Supported Au
Catalysts, Journal of Catalysis, 199(1): 48-59.

[9] M. Ando, T. Kobayashi, S. lijima and M. Haruta,
(1997). Optical recognition of CO and H2 by use of
gas-sensitive Au—Co304 composite films, J. Mater.
Chem., 7: 1779-1783.

[10] T. Seike and J. Nagai, (1991). Electrochromism
of 3d transition metal oxides, Sol. Energy Mater.,
22:107-117.

[11] L. D. Kadam and P.S. Patil, (2001). Thickness-
dependent properties of sprayed cobalt oxide thin
films, Mater. Chem. Phys., 68: 225-232.

[12] S. Wang, B. Zhang, C. Zhao, S. Li, M. Zhang and
L. Yan, (2011). Valence control of cobalt oxide
thin films by annealing atmosphere, Applied
Surface Science, 257 (8): 3358-3362.

[13] V. R. Shinde, S. B. Mahadik, T. P. Gujar and C.
D. Lokhande, (2006). Supercapacitive cobalt oxide


http://www.sciencedirect.com/science/journal/0926860X
http://www.sciencedirect.com/science/journal/0926860X
http://www.sciencedirect.com/science/journal/0926860X/337/1
http://www.sciencedirect.com/science/journal/00219517
http://www.sciencedirect.com/science/journal/00219517/199/1
http://www.sciencedirect.com/science/journal/01694332
http://www.sciencedirect.com/science/journal/01694332
http://www.sciencedirect.com/science/journal/01694332/257/8

P- ISSN 1991-8941 E-ISSN 2706-6703 Journal of University of Anbar for Pure Science (JUAPS) Open Access

2013,(7), (2) :131-135 2" Conference For Pure Science - university of Anbar 20-22/11/2012
(Co304) thin films by spray pyrolysis, Applied (Co304) thin films by spray pyrolysis, Applied
Surface Science, 252 (20): 7487-7492. Surface Science, 252: 7487-7492.
[14] H. K. Kim, T. Y. Seong, J. H. Lim, W. L. Cho [18] J. Tauc, “Amorphous and Liquid Semiconductors,
and Y. S. Yoon, (2001). Electrochemical and (1974). Ple-num Press, New York,.
structural properties of radio frequency sputtered [19] R. H. Misho and W. A. Murad,(1992) Solar
cobalt oxide electrodes  for  thin-film Energy Materials and Solar Cells 27:335-345
supercapacitors, J. Power Source, 102: 167-171. [20] N. A. Subrahamanyam, (1977). A textbook of
[15] D. Barreca, C. Massignan, S. Daolio, M. Fabrizio, Optics, Brj Laboratory, Delhi,.
C. Piccirillo, L. Armelao, and E. Tondello, (2001). [21] T. S. Moss, G. J. Burrell and B. Ellis, (1973).
Chem. Mater. 13 (2): 588 Semiconductor Opto-Electronics, Wiley, New
[16] X. Han, R. Liu, W. Chen and Z. Xu, (2008). Thin York,

Solid Films, 516: 4025- 4029.
[17] V. R. Shinde, S. B. Mahadik, T. P. Gujar and C.
D. Lokhande, (2006). Supercapacitive cobalt oxide

433 ,1) C0203:Cu 5 C0203 4uidi Ciuagiy s’

s Juald jal axl ) e paa sl lajd e sl olalu ol

AuadAl)
Al alaainl Lalay aeld e C0203:Cu (ulatll Gigdiall caly Sl 284y C0203 iyl anasl (e 3885 Fptie] i o3
Al yad 8 alialall oyl a8 a3 L CUG quysiil) (il 401K C0203 ity Agpuadl (alsal) ol a3 . ghall Slasl Sl
L sl slial YoooeV )00 I Ggdall e bl anuol oLaal 1,906V 5 V. EA (e Eg canlayl Cuancugdill aay 4gyaalll
Saolas dalSai¥) il :Jhe 4885 C0203  dpiey appall ciladadll e cygiall HE0 Ay oL oalaill e %0 Ay isiial)

LD Jiall iy idal) Jiadl i cagadll Jalaa ¢ LS Jalaa ¢ alisiay)

YYe


http://www.sciencedirect.com/science/journal/01694332
http://www.sciencedirect.com/science/journal/01694332
http://www.sciencedirect.com/science/journal/01694332/252/20

