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Abstract CdO thin films were prepared by electrodeposi-

tion method. Solution temperatures were varied from 58 to

98 �C. It was understood from the film thicknesses and

current densities that the reaction rate increased as the

temperature increased. Good crystallization and a thick

film were obtained at 98 �C. It was found that the energy

band gap varied between 1.99 and 2.61 eV depending on

the bath temperature. SEM images also showed that surface

morphologies were dependent on bath temperature.
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Introduction

Science and technology have given rise to a tremendous

escalation in this century. In the fields of science and

technology, nanotechnology is much substantial. Nano-

sized research has opened revolutionary opportunities for a

wide number of technological applications in the past

decade (Kalpanadevi et al. 2013). Regarding the nano size

materials, transparent metal oxide films are of technologi-

cal importance for liquid crystal displays, chemical sensors

for solar cells, and nanoporous films for dye sensitized

solar cells (Jayakrishnan and Hodes 2003). Among differ-

ent metal oxides, CdO is an important n-type semicon-

ductor metal oxide, which belongs to the II–VI group

(Giribabu et al. 2013). CdO has a large direct band gap of

2.2 eV (Baykul and Orhan 2014) which is a promising

candidate for optoelectronic applications such as solar

cells, phototransistors, gas sensors, photodiodes, and

transparent electrodes (Fan 2009).

At present, CdO has been prepared by a large range of

techniques including sol–gel, sputter deposition, spray

pyrolysis, MOCVD, molecular beam epitaxy, activated

reactive evaporation (Liu et al. 2012), and electrodeposi-

tion. Electrodeposition is a significant method that is used

for the growth of metal oxide films from aqueous solutions

and when compared with other techniques the advantages

of this method include inexpensiveness, low process tem-

perature, and opportunity to control the morphology of the

films (Singh et al. 2011a).

When Cd(NO3)2 was used in the deposition, the fol-

lowing reaction took place (Singh et al. 2011a),

NO�
3 þ H2Oþ 2e� ! NO�

2 þ 2OH�; ð1Þ

Cd2þ þ 2OH� ! CdðOHÞ2: ð2Þ

After the deposition, if Cd(OH)2 was heated at a

relatively high temperature, it converted to CdO (Singh

et al. 2011b),

CdðOHÞ2 ! CdOþ H2O; ð3Þ

So far, CdO thin films were deposited in aqueous solutions

at various bath temperatures such as 30 �C (Singh et al.

2011a), 35 �C (Abdulridha 2016), 70 �C (Baykul and Orhan

2014; Singh et al. 2011b), 80 �C (Singh et al. 2011b), and

90 �C (Liu et al. 2012; Singh et al. 2011b). Among these

studies, there was only one study that the effects of bath

temperature on CdO films were investigated at 70, 80, and

90 �C (Singh et al. 2011b) but there was no any other

research on wide range values of bath temperature.
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In this work, the effects of bath temperature were

investigated in detail. Bath temperatures were varied

between 58 and 98 �C. It is understood from the XRD

patterns that the good crystallization and thick film were

formed at the bath temperature of 98 �C. Besides, this

study showed that the film was not obtained at temperature

below of 58 �C. Unlike other studies, it was found that

crystallite size and energy band gap strongly depended on

bath temperature.

Experimental procedure

In this study, polycrystalline of CdO was obtained by

using electrodeposition device of IVIUM VERTEX.

Three-electrode electrodeposition cell was employed for

the deposition of Cd(OH)2 containing (indium doped tin

oxide) ITO as a working electrode, platinum wire as a

counter electrode, and Ag/AgCl as a reference electrode.

ITO coated glass substrates were washed with acetone and

water for 5 min to ensure that no pollution was left on

them. Deposition baths consisted of 0.01 M Cd(NO3)2
and 0.1 M KCl as a supporting electrode and cathodic

potentials were chosen to be -0.71 eV. Experimental

conditions are given in Table 1. Bath temperatures were

adjusted by a heater to 58 ± 1, 68 ± 1, 78 ± 1, 88 ± 1,

and 98 ± 1 �C and were named T1, T2, T3, T4, and T5,

respectively. When bath temperature was below of 58 �C,
the film was not formed. Cd(OH)2 covered on ITO-coated

glass substrates during the depositions and after then,

samples were annealed in air for 1 h at 445 �C with an

oven. The samples were left to cool in the oven after the

annealed. Thus, the color of samples converted from gray

to orange.

To investigate the crystalline quality, the crystallographic

phase, and the possible texture of CdO thin films, PANalytical

empyrean X-ray diffractometer using CuKa(k = 1.54 Å)

radiation in 2h range 30�–70� was used. Scan rate is 28/min.

JASCO V–530 double-beam UV–Vis spectrophotometer was

employed in order to measure absorbance values of the CdO

films. Also a Zeiss supra 40VP scanning electron microscopy

(SEM) was performed to investigate the morphology.

Result and discussion

Structural studies

The gravimetric method was used to measure the thick-

nesses of the CdO films, and thicknesses are given in

Table 2. As the temperature increased from 58 to 98 �C,
the film thickness increased from 402 to 783 nm. These

results were supported by current densities. Current den-

sities for the films are given in Fig. 1. When the temper-

ature was 58 �C, the current densities were averagely

0.05 mA/cm2. Besides, as the temperature increased from

58 to 98 �C, the current densities increased up to 1.1 mA/

cm2 proportionally. Thus, it could be said that as the

temperature increased, the reaction rate increased. It was

concluded that when deposition temperature was increased,

the molecular collision increased, therefore, the reaction

rate increased.

The XRD patterns of the CdO films are shown in Fig. 2.

It is also shown in Fig. 2 that the peak intensities increased

as the temperature of depositions increased. There are two

reasons for these results. One of these is good crystalliza-

tion, and the other one is the increasing film thicknesses.

Apart from ITO peaks, observed diffraction peaks (1 1 1),

Table 1 Summarized conditions of the experiments

Experiment T1 T2 T3 T4 T5

Volume of 0.01 M Cd(NO3)2 100 mL 100 mL 100 mL 100 mL 100 mL

Temperature 58 ± 1 �C 68 ± 1 �C 78 ± 1 �C 88 ± 1 �C 98 ± 1 �C
pH of the final solution 7 7 7 7 7

Deposition time (sec) 2700 2700 2700 2700 2700

Table 2 Energy band gaps, the crystallite sizes, and calculated film thicknesses

Experiment T1 T2 T3 T4 T5

Thickness (nm) 402 590 642 704 783

Crystallite size 39 nm 58 nm 65 nm 79 nm 84 nm

Band gap (eV) 2.61 2.41 2.21 2.12 1.99
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(0 0 2) (0 2 2), and (2 2 2) for CdO belong to the poly-

crystalline cubic structure of CdO.

By employing the Scherrer’s equation which is given in

Eq. 4, the average grain size was calculated for CdO thin

films

cs ¼ 0:089� 180� k
314� b� cos hc

nm, ð4Þ

where b is the full width at the half maximum of peak

height (in degrees), 2hC is the position of peak center, and

k is the wavelength of X-ray radiation (1.54056 Å)

(Bhowmik et al. 2008). Crystallite sizes of the films are

given in Table 2. It is shown in Table 2 that crystallite

sizes varied from 39 nm to 84 depending on increasing

reaction rates. It is reported in a previous study (Kiyak

Yildirim and Altiokka 2017) that when the reaction rate

increased, the crystallite size increased, and thus band gap

decreased. This study showed that crystallite size and

reaction rate were affected strongly by temperature. It is

concluded that bath temperature affects kinetic energy of

Fig. 1 Current densities vs. time curves for various bath temperatures

Fig. 2 XRD spectra for CdO thin films obtained at various bath

temperatures

Fig. 3 Absorption spectra for CdO thin films obtained at various bath

temperatures

Fig. 4 Tauc plots of CdO thin films grown at various bath

temperatures
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ions and molecules. Therefore, collisions increase.

Increased collisions increase the reaction rate. Increasing

the reaction rate increases the crystal growth rate so

increases in crystallite size.

Optical studies

It is a well-known method that measuring of absorbance is

employed to calculate optical properties of the films. Fig-

ure 3 shows absorbance values of the CdO thin films.

Fig. 5 SEM image of CdO nanostructures grown at a 58 �C and b 68 �C, c 78 �C, d 88 �C and e 98 �C
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When deposition temperature was 58 �C, the absorbance

was nearly 0.5. Besides when temperature increased up to

98 �C, the absorbance was nearly 1.5. It was concluded that
film thicknesses caused these results. As a result, absor-

bance depends on film thicknesses, and film thicknesses

also depend on temperature.

The Tauc plot was employed to estimate band gaps of

the CdO films, and it is given in Eq. 5. The relationship

between the absorption coefficient and photon energy for

direct allowable transition can be denoted as (Vishakha

et al. 2013; Mkawi et al. 2015);

ahv ¼ Aðhv� EgÞ1=2; ð5Þ

where a is the absorption coefficient, A is a constant, and hv

is the energy of a photon with 1240/k. The linear parts of

the curves were extended to the point of a = 0, and the

intercept on the abscissa was the band gap (Eg) (Vishakha

et al. 2013). The band gaps for the CdO thin film are given

in Fig. 4. The band gaps of the CdO thin films were

between 2.61 and 1.99 eV. It was interesting that band gap

depended on bath temperatures because of the fact that bath

temperature affected reaction rate and thus crystallite size.

For the bulk matter, the bands are formed by the merger

energy levels of atoms. When the crystallite size decreases,

the number of overlapping of orbitals decreases and

therefore valance and conduction bands get narrower.

When bands get narrower, the gap between valence and

conduction band gets larger. Therefore, band gap increases.

Morphology studies

Figure 5 shows the SEM images of the prepared CdO films

magnified 20,000 times. Figure 5a shows SEM image of CdO

thin film obtained at 58 �C. This surface consists of a lace-

like structure; diameters of wires are averagely 100 nm, and

lengths of wires are up to 2 lm. Figure 5b and c show the

SEM image of the films obtained at 68 and 78 �C, respec-
tively. These two images are nearly same. There are clusters

of CdO crystal on the sheet-like structure. SEM images of the

films obtained at 88 and 98 �C are given in Fig. 5d and e,

respectively. There are platelets stacks on these surfaces and

diameters of these platelets are averagely 750 nm. In the lit-

erature (Giribabu et al. 2013), these morphologies of the CdO

are found. This study showed that surface morphology

depends strongly on deposition temperature.

Conclusion

In this work, thin films of CdO samples were obtained by

employing electrodeposition. Effects of deposition tem-

perature were investigated in a wide range such as 58 and

98 �C for the first time. The current densities showed that

when deposition temperature increased, reaction rate and

film thicknesses increased. Structural analyzes were stud-

ied by using XRD, and XRD studies showed that when

CdO film was produced at 98 �C, the film formed in good

crystalline and thick. The optical properties of the CdO thin

films were determined by using absorbance measurement.

As the bath temperatures increased, absorbance also

increased and band gap decreased from 2.61 to 1.99 eV.

The images of surfaces were taken by using a SEM. SEM

images showed that surface morphology depended on bath

temperature. A lace-like structure was formed at relatively

low temperature, and a platelet-like structure was formed at

relatively high temperature.
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