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SYNTHESIS AND CHARACTERIZATION OF COBALT 

OXIDE/HYDROXIDE NANOSTRUCTURED LAYERS 

The preparation of cobalt oxides in nanosized regime has attracted 

the interest of many research groups in recent years because of their unique 

properties and promising applications in catalysts, sensors, optics, electron-

ics and energy storage devices. Cobalt oxides are anti-ferromagnetics in na-

ture with p-type semiconducting behavior and belong to a class of pseudo-

capacity materials in which charge is stored using redox-based Faradic 

reactions [1]. Nanodimensional structures of Co3O4 exhibit higher surface 

area and enhanced electrochemical activity. The challenges in nanocrystals' 

synthesis is control of the crystal size as well as of the shape and morphol-

ogy. The use of chemical bath deposition process is a facile method for na-

nostructured layers synthesis. This method has numerous benefits such as a 

simplicity of the set up and an ease of tailoring of the structure/morphology 

of deposited layers by controlling the temperature, time and composition of 

the reaction mixture [2]. 

The synthesis and characterization of cobalt oxide nanopetals depo-

sited on the stainless steel substrates by chemical bath deposition method is 

presented in this work. The Co3O4/Co(OH)2 nanopetals were grown onto 

pre-deposited Co3O4 nucleation layer obtained by doctor-blade method. 

The thin layer of viscous solution of cobalt acetate and 

(2-hydroxypropyl)cellulose (1:9 wt. ratio) in the mixture of water and etha-

nol were deposited on the substrate, dried and subsequently calcinated at 

500 
o
C. Thin monolithic and nanocrystalline layer of Co3O4 on the stainless 

steel was so obtained and apply as a source of nucleation seed. As prepared 

substrate was immersed in a water solution of cobalt (II) nitrate (V) 

(0,05M) and hexamethylenetetramine (0,05M) and allowed to heat up in 

laboratory oven at a temperature range of 30 
o
C to 90 

o
C and a time range 

of 25 to 96 hours. 

Structural and morphological studies of obtained layers were per-

formed using Raman spectroscopy (Jobin-Yvon T64000) and scanning 
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electron microscopy (SEM, Hitachi S-3000). The specific capacitances of 

obtained layers was evaluated by cyclic voltammetry (CV) and galvanosta

discharge measurements. Charge transportation kinet

vestigated by electrochemical impedance spectroscopy (EIS). All electr

chemical tests were performed in a standard three-electrode cell in 3 M 

Raman spectra revealed composite structure of depos

bands characteristic of both Co3O4 as well as of Co(OH)2 phase were r

ed [3]. The ratio of observed bands varied with deposition time and 

temperature suggesting changes in composition of the layers. The highest 

content, evaluated based on relative intensity of Raman bands, 

was observed for sample deposited at 90 
o
C for 46 hours. Annealing of the 

sample at the temperature of 300 
o
C for 2h led to obtainment of pure Co

SEM analysis revealed petal morphology for all prepared samples. 

Figure 1 – SEM images of deposited layers:  

at 30 
o
C for 96 h; B - at 90 

o
C for 46 h.

The deposition process conducted at 30 
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C for 96 hours led to form
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or 46 hours. Annealing of the 

C for 2h led to obtainment of pure Co3O4

SEM analysis revealed petal morphology for all prepared samples. 

C for 96 hours led to forma-

35 nm (Fig 1–A). For the 

C for 46 h, the thickness of petals slightly 

to about 40 nm, however their length increased significantly (Fig. 

Cyclic voltammetry tests performed in a potential range of 0–0.6 V 

redox on the following 

e−

+ + +

spectroscopy (EIS) data were fitted by 

CPE)] circuit, described elsewhere [4]. Obtained value of charge 
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transfer resistance is 6,45 Ohm/cm
2
 indicating high electrical conductivity 

of the sample and utilization of energy during the charge/discharge process. 

The presented results indicate that the structure of obtained layers is 

weakly dependent on temperature of the deposition process; while the cru-

cial parameter determining structure and morphology of the layers is the 

deposition time. Electrochemical measurements of obtained samples show 

that such layers are promising candidates for energy storage devices. 
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