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Abstract:
Cobalt oxide thin films at varied molar concentrations were prepared by electrodeposition technique. Ultraviolet-Visible
(UV/VIS) analysis conducted on the grown films revealed blue shift in the absorption edge at increased molar concentrations,
which is a consequence of band gap widening. The band gap values (3.65 eV to 3.85 eV) in this research are greater than
the value (2.4 eV) for the bulk phase of cobalt oxide. This increase in band gap can be likened to higher concentration
effect and quantum-size phenomenon. Scanning Electron Microscopy (SEM) analysis indicated a porous nature for the
material, suggesting its ability in absorbing ultraviolet (UV) radiation, thus confirming its use as an absorber material for
solar cells fabrication. Energy Dispersive X-ray (EDX) study confirmed the growth of cobalt oxide. X-ray diffraction
(XRD) analysis confirms the crystalline nature of the films with grain sizes within the range of 0.7 nm to 1 nm for varied
molar concentrations. Electrical studies reveal a linear relationship of resistivity values with molar concentrations, while
the conductivity values reveal inverse relationship with molar concentration.
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1. Introduction

Semiconductor thin film research has continued to be an
area of intense interest. This possibly stems from the fact
that devices based on semiconductors have proven effective
in diverse areas like solar cells (SCs) fabrication, fabricat-
ing electronic devices, fibre-optics technology, etc [1]. One
essence of studying semiconductor films is to understand
their various underlying properties and suggest applications
based on these properties.
Cobalt oxide fall within the materials classified as transi-
tion metal oxides (TMOs) or transparent conducting oxides
(TCOs). Due to their very good optical, electronic, catalytic
and magnetic properties, TMOs are considered as promis-
ing materials for variety of technological applications [2].
These properties have triggered their use in optoelectronic
devices such as electrochromic sensors and photovoltaic
devices [3]. Cobalt oxide exhibit p-type conductivity and
ferromagnetic behaviour.
Cobalt oxide, due to its power storage capacity, finds appli-
cations in supercapacitors and selective absorbers in solar
cells. Cobalt oxides, due to their importance, also have
applications in the manufacture of sensors, optoelectron-

ics and other electrical devices [4]. Cobalt oxide has been
synthesized hydrothermally [5], by sol-get coating [6], by
electrochemical deposition [7–9] and pyrolysis [10].
In this research, novel cobalt oxide is prepared by elec-
trodeposition at different molar concentrations. Increased
molar concentration has shown to improve the crystalinity
of the films [2]. Electrodeposition technique was preferred
in this research when compared to other growth techniques
of semiconductors due to its low cost. Electrodeposition has
the advantage of scalability, simplicity and manufacturabil-
ity [11]. Electrodeposition also offers the ability to control
the composition of the chemical and film thickness by varia-
tion of either current or potential [12]. After deposition, the
optical, electrical, and structural properties of the material
were examined for possible applications of the material.

2. Materials and method

2.1 Materials
The starting chemicals and solvents include cobalt (II)
chloride (CoCl2.6H2O), potassium hydroxide (KOH),
ammonia solution (NH3) and de-ionized water. Tin oxide
substrates doped with fluorine (FTO) were employed for
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Figure 1. Pictorial representation of an electrodeposition
setup.

the deposition.
Power source
The power supply used in this work was a regulated
power supply capable of converting AC voltage into
DC voltage. The 220 AC voltage from the main was
converted into 120 DC voltage using AC - DC converter.
During connection, the positive terminal (live) of the
output from the power supply was red while the negative
(neutral) of the output from the power supply was black.
The working electrode (FTO glass) was connected to the
negative terminal (cathode) while the carbon electrode
was connected to the positive terminal (anode) during the
deposition. The pictorial representation of the experimental
setup is displayed in Figure 1.

2.2 Method
Electrodeposition setup comprising two-electrode cell was
employed for the film’s growth. The electrochemical bath
comprised a cation source (CoCl2.6H2O for Co2+), an anion
source (KOH for OH2−) and deionized water in a 100 ml
beaker. The reaction bath was continuously stirred with a
magnetic stirrer hot plate, while a DC voltage power source
was applied as the source of electric field. In the setup,
a conducting glass (FTO) served as cathode while carbon
served as anode. With the setup in place, the concentration
of the cation was varied at 0.01 mol, 0.02 mol, 0.03 mol,
0.04 mol, and 0.05 mol respectively while other growth
parameters were kept constant.

Figure 2. Absorption spectra of cobalt oxide prepared at
different molar concentrations.

The reaction equation is given as:

CoCl2.6H2O+KOH = Co(OH)2 +2KCL+6H2O

Details of the experimental procedure can be further ex-
plained using Table 1.
where A1, A2, A3, A4 and A5 are all Fluorine doped tine
oxide substrate that was used for the deposition. In concen-
tration variation, 25 ml of CoCl2.6H2O, 10 ml of KOH and
5 ml of NH3 were measured into 100 ml beaker, concen-
tration was varied at the range of 0.01 mol, 0.02 mol, 0.03
mol, 0.04 mol and 0.05 mol respectively at constant time 8
sec. and constant voltage 5 V.

2.3 Characterization of the films

Optical characterization was performed by a UV/1800 Visi-
ble Spectrophotometer, structural studies (X-ray diffraction)
was obtained using a Bruker-D8 Advance X-ray diffrac-
tometer with Cu-Kα line (λ = 1.54056Å) in 2θ scanning
range from 10° - 70°, electrical characterization was per-
formed using four point probe (Model T345) while Scan-
ning Electron Microscopy (SEM) and Energy Dispersive
Analysis (EDX) were used to obtain the surface morphology
and compositions of the films respectively.

Table 1. Variation of concentration.

Slide No CoCl2.6H2O (ml) KOH (ml) NH3 (ml) Conc. (mol) Time (Sec.) Voltage (v)

A1 25 10 5 0.01 8 5
A2 25 10 5 0.02 8 5
A3 25 10 5 0.03 8 5
A4 25 10 5 0.04 8 5
A5 25 10 5 0.05 8 5
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Figure 3. Band gap energies for different molar concentrations of cobalt.

3. Results and discussions

3.1 Optical characterization
The absorptions at different molar concentrations of the
cations are presented in Figure 2. Optical range covered is

Figure 4. XRD spectra for all varied concentrations of
cobalt.

200 nm to 800 nm.
The absorption spectra decreased steadily as they progressed
from the ultraviolet (UV) region to the visible region, in-
dicating band to band transition of the cobalt oxide films.
Increased molar concentration from 0.01 to 0.04 M shows a
closely packed spectrum within the UV region. From SEM
analysis, these closed-packed spectrum is porous (contains
pores). These pores on the film’s surface aid in trapping the
UV light, hence can store the UV radiation in the material.
Such ability indicates that cobalt oxide cell can act as a good
storage material for photovoltaics. A further increment in
molar concentration to 0.05 mol resulted in a band edge
shift from higher wavelength to lower wavelength (blue
shift). The observed blue shift for the band edge is a con-
sequence of widened band gap and higher concentration
effect.
Figure 3 displays the band gap energies for varied concen-

trations of cobalt.
Tauc’s plot was used to obtain the band gap values at differ-
ent molar concentrations (Figure 3). The band gap values
(3.65 eV to 3.85 eV) in this research are greater than the
value (2.4 eV) for the bulk phase of CoO. This increase in

2251-7227[https://dx.doi.org/10.57647/j.jtap.2023.1702.25]

https://dx.doi.org/10.57647/j.jtap.2023.1702.25


4/6 JTAP17(2023) -172325 Sandra et. al

Figure 5. SEM image of CoO deposited at (a) 0.01 mol, (b) 0.02 mol, (c) 0.03 mol, (d) 0.04 mol and (e) 0.05 mol.

band gap can be likened to higher concentration effect and
quantum-size phenomenon. The quantum-size phenomenon
results in a blue-shift and subsequently shifts the band gap
to higher energies [13]. For semiconductor particles in
the nano-range, an increase in band gap results in a blue-
shift [14]. Depending on the molarity concentration, the
highest band gap was obtained at 0.05 M. The results ob-
tained in this research find perfect agreement with previous
reports of [14, 15].

3.2 Structural characterization

The XRD spectra for all varied concentrations are displayed
in Figure 4. The observed XRD patterns for all concen-
trations appear identical; as such, no additional peaks are
evident, indicating the non-existence of any impurity phase.
Thus, at higher concentrations, the results show that the
overall crystalline structure of the studied films remains
unchanged. From Figure 3, well-defined peaks are evident,
suggesting the crystalline nature of the films. The observed
peaks are positioned at 2θ values of 29.12o, 31.59o, 48.03o,
56.47o and 66.21o corresponding to crystal planes of [111],
[200], [222], [300] and [311] which are consistent with

the cubic structure. The [111] plane appears to be the pre-
ferred growth plane. This result agrees with previous re-
ports [15–19].
The crystallite sizes (in nm) in this research were calculated
from Debye-Scherrer’s equation [20] using the expression:

D =
Kλ

β cosθ

The films have crystallite sizes within the range of 0.7 nm
to 1 nm for different molar concentrations of cobalt.
The dislocation density was between 3.09 m2 to 6.45 m2.
The SEM images of the films are displayed in Figure 5(a-e).
The crystallites are spread across the surface of the films.
From Figure 5(b), the SEM image of the film obtained at
0.02 mol appears porous. However, at increased molarity
(0.03 mol, 0.04 mol, 0.05 mol), the porosity of the material
appears reduced as the films were observed to be more
compacted resulting in lower particle sizes distributed on the
surface of the films. Similar CoO with porous morphology
has been reported [21]. The porous nature provides the
films with the advantage of absorbing UV light, which is a
very good requirement for absorber materials for solar cells

Table 2. Resistivity, conductivity and thickness values for CoO .

Samples Thickness, t(nm) Resistivity,ρ (Ω.cm) Conductivity, σ (Ω.cm)−1

0.01 mol 108.86 5.121×10−11 1.952×1010

0.02 mol 110.93 5.242×10−11 1.907×1010

0.03 mol 111.72 6.412×10−11 1.559×1010

0.04 mol 113.06 6.512×10−11 1.535×1010

0.05 mol 117.73 7.127×10−11 1.403×1010
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Figure 6. EDX spectrum of CoO deposited at (a) 0.02 mol,
(b) 0.05 mol.

fabrication.
The elemental composition of the grown CoO films obtained
by EDX analysis is displayed in Figures 6(a) and 6(b).
The EDX spectrum for the films shows peaks corresponding
to cobalt and oxygen respectively confirming the growth of
CoO.

3.3 Electrical studies

The electrical characterizations were measured using four-
point probe (Model T345). The plot of the values of resis-
tivity versus film thickness is presented in Figure 7.
The electrical properties of CoO thin films revealed that
the material deposited at different molar concentrations of
0.01 mol, 0.02 mol, 0.03 mol, 0.04 mol and, 0.05 mol had
thickness increment from 108.86−117.73 nm with a corre-
sponding increase in the resistivity of the deposited material
from 5.121×10−11−7.127×10−11 (Ω.cm) which resulted
in a decrease of the electrical conductivities of the deposited
material from 1.952×1010−1.403×1010 (Ω.cm)−1 (Table
2). The increased resistivity stems from reduction in the
mean free path of the conduction electrons arising from
increase in scattering effect. Conduction electrons (CEs)
are responsible for the conductivity of any material. If the
CEs are free to move within the lattice, conductivity be-
comes easier, if not mobile, conductivity is unlikely. In
every material, the CEs are attached to the atoms in the
form of covalent bonding. However, once the electrons gain
enough energy, they easily break the covalent bond and are
free to move within the lattice. The movement of these free
electrons result in the material’s conductivity. Therefore,
the implication of high resistivity at increased molar concen-
tration is that the material’s conductivity is reduced because
this high resistivity prevents the electrons from easily break-

Figure 7. Electrical resistivity versus thickness of CoO for
different molar concentrations.

ing up the covalent bond, thus slowing down conductivity.

4. Conclusion
Cobalt oxide films were deposited on FTO glass substrates
at different molar concentrations by electrodeposition.
The characterized films were studied for their optical,
morphological, structural and electrical properties. The
optical and morphological results indicate closely packed
spectrum having pores on the surface of the material. These
pores are capable of trapping UV radiation, thus suggesting
the material’s usefulness as an absorber for solar cell
fabrication. Structural (XRD) studies suggest the grown
films are crystalline, belonging to the cubic crystal structure.
The crystallite sizes were calculated from Debye-Scherrer’s
equation and found to have values between 0.7 nm and
1 nm for different molar concentrations of cobalt. The
electrical studies reveal increase in resistivity and decrease
in conductivity as thickness and molarity increases. The
increased resistivity in response to increased thickness
and increased molar concentration were observed to have
occurred due to the reduction in the mean free path of the
CEs of cobalt oxide. Hence, cobalt oxide will function
better as a conductive material at lower molar concentration.
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