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ABSTRACT

The present work comprises of cadmium cobaltite CdCo2O4synthesized by a simple chemical
precipitation method. Cobalt nitrate and Cadmium nitrate were used as precursors. Composition
and structure were characterized by XRD, FESEM, EDX, UV-Vis and FT-IR analysis. Photocatalytic
degradation of brilliant green was studied using cadmium cobaltite. The effect of different
parameters like pH, the amount of semiconductor, concentration of brilliant green and light
intensity were observed on the reaction rate. The progress of reaction was monitored
spectrophotometrically and it followed pseudo first order kinetics. A tentative mechanism has been
proposed for the photochemical oxidation of dye.

KEYWORD : Brilliant green, Cadmium Cobaltite, DRS, XRD, FESEM, EDX, FT-IR,
Photocatalytic Degradation.

INTRODUCTION

Since the discovery of water splitting by Fujishima
and Honda in 1972, the semiconductor
photocatalysis technology has attracted great
interest because of its potential application in energy
and environmental fields by using cost-effective and
simple methods (Fujisjima et al., 1972 and 2012;
Leung et al., 2007 and Bahnemannt et al., 1995). The
phenomenon of photocatalyst has been extensively
studied for century (Apno et al., 2014 and Beale et al,
2015). Photocatalyst is a material that is able to
increase the rate of a reaction, however, only when
specifically activated by either UV or visible
electromagnetic radiation, generating holes and
electrons which subsequently participate in
oxidation and reduction reactions respectively
(Majima et al., 2010 and Barbati et al., 2015).

The research for newer catalytic transformation
and study continue endlessly. Spinels are a
significant class of material due to their catalytic
and magnetic properties. Spinel Cobaltites show
significant catalytic activity reported by Hyeon
(2003). Thermal treatment method of cobaltite
synthesis by co-precipitated precursors is the

significant method studied by Kilssurski (1994).
A number of methods for the synthesis of spinels

have been reported. The complexometric (sol-gel)
synthesis through glycolate, ethylene diamine tetra
acetate (EDTA), co-precipitation of the hydroxides
and oxylates, fumarate and citrate intermediates
have studied (Demirbas, 2009 and Kannadasan et
al., 2015). The synthesis of spinels are studied by
Organometallic synthesis in a polymer matrices,
mechano-chemical methods using binary oxides
and synthesis within silica ampoules (Drebushchak
et al., 2004 and 2008). Researchers have given a
considerable attention in synthesizing cobaltite
system by exploring different factors such as the
precursors used, preparation methods, processing
control and firing temperatures (Konvicka et al.,
2000 and Bokde et al., 2007). Among the binary
spinel oxide of transition metals with the general
formula MCo2O4, MFe2O4and MCr2O4 where M is a
divalent cation of a d-block element, Ni, Cu and Zn
cobaltites are attract interest due to their diverse
applications as oxide electrode materials, magnetic
materials, thermistors and catalysts. (Klissurski et
al., 1990 and 1991).

Brilliant green (BG) is one of the
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triphenylmethane based dye which has a widely
used in leather, textile and biological industries.
(Alderman et al., 1985). But BG contaminated water
has adverse effect on human and can cause
hypertension, health issues related to heart, lungs,
kidney, even it can be carcinogenic to living bodies
(Esther et al., 2004 and Games et al., 1977). The
synthesis of cadmium cobaltite as photocatalyst
using the respective metal cobalt nitrate and
cadmium nitrate as precursors is studied in the
present paper. Taking brilliant green (BG) dye as a
degradable product we have also studied the
photocatalytic activity of the synthesized sample.

MATERIALS AND METHODS

Materials

All the chemical reagents used in the synthesis were
of analytical grade. Cadmium nitrate Cd(NO3)2

(Merk 98%) and cobalt nitrate Co(NO3)2 (Merk 98%)
were used without further purification.

Co-precipitation method

Ternary oxide CdCo2O4 were synthesized by using
uni-molar concentration of Cd(NO3)2 and bi-molar
concentration of Co(NO3)2. Typically 0.1 M
concentration of cadmium nitrate and 0.2 M
concentration of cobalt nitrate were dissolved in 750
mL deionized water and stirred continuously for
half hour with magnetic stirrer at room temperature
separately. Then these solutions were mixed and
stirred further for half an hour to obtain a mixed
metal nitrates solution. The molar ratio of nitrates
was fixed to be 1:2. 2 M NaOH solution was added
drop-wise into the vigorously stirred cadmium
nitrate and cobalt nitrate solutions mixture till the
pH is 10.5. The blue color precipitate formed after
complete precipitation the color changes from blue
to brown within 25 minutes.

The brown precipitated was collected and
washed twicely with distilled water and with
ethanol two times to make it free of nitrate ions. The
dried brown precipitate was kept in the muffle
furnace, calcined at 500 oC for 5 hours. The
mechanism of CdCo2O4

 is explained on the basis of
simple chemical reactions and nucleation given
below.

Co(NO3)2(aq) + NaOH (aq)  Co(OH)2(cp) +
NaNO3(l) + H2O .. (1)

Cd(NO3)2(aq) + NaOH(aq)  Cd(OH)2(cp) +
NaNO3(l) + H2O   .. (2)

Co(OH)2(cp) + Cd(OH)2(cp) + NaOH (l) 
CdCo2O4(p) + Na+ + OH– + H2O .. (3)

In this process, the precursors Cd(NO3)2 and
Co(NO3)2 are hydrolyzed in the presence of a
reducing agent NaOH, and results in the formation
of coagulated precipitates of cobalt hydroxide and
cadmium hydroxides, which are unstable
intermediates. When it attains super saturation, the
precipitation of CdCo2O4 begins.

Characterization Studies

X-ray diffraction was characterized by X-ray
diffractometer for phase identification on a
Panalytical X’Pert Pro using Cu-K (=1.5417 Å)
radiation. A Field emission scanning electron
micrograph (FESEM/EDX) was used to observe the
morphology and elemental analysis of the CdCo2O4.
The optical absorption spectra of the CdCo2O4 were
recorded on a Lambda 750 Perkin Elmer UV–VIS-
NIR spectrophotometer in the wavelength range of
200 nm–800 nm. The FTIR spectrawere recorded on
Bruker Tensor 27 FTIR spectrophotometer.

Photocatalytic Performance Test

The photocatalytic activity of each sample was
studied by degradation of brilliant green under
visible light. A 200 W tungsten lamp (Philips) was
used for light irradiation purpose.

The catalytic material loading of the experiment
was kept at 2 g/L. The solution was kept in the dark
for 1 h to achieve adsorption–desorption
equilibriumin each case. The experiments were
carried out by simultaneous exposure of the
catalysts, each having 50 mL of Brilliant green of 30
M concentrations. The catalyst-loaded BG solution
was illuminated under visible light for 60 min,
respectively, and sampling was done at 5 min
intervals.

RESULTS AND DISCUSSION

XRD analysis

Fig. 1 shows the structural characteristic of
cadmium cobaltite investigated by XRD. The
relative crystalline size of catalyst is estimated to be
28 nm from the XRD line broadening using the
Debye-Scherrer equation.

Where ‘D’ is the crystallite size,  the wavelength
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of X-rays,   the bragg diffraction angle and  the
full width at half maximum of the diffraction peak.
(Cullity, 1967). This high purity binary metal oxides
reveals that the major diffraction peaks of CdCo2O4

at 2 values of 31.58°, 33.25°, 37.04°, 38.52°, 44.86°,
55.5°, 59.62°, 66.14°, 70.52° and 75.82° corresponding
to the (440), (200), (111), (400), (422), (220), (100),
(311), (440), (222) planes. Comparison with XRD
patterns of CdO (JCPDS Card No.05-0640) and
Co2O3 (JCPDS Card No.02-0770) shows that the
diffraction peak in the CdCo2O4 catalyst of curve
slightly shifted at the 2 theta scale. There were no
peaks in the XRD curve corresponding to CdO and
Co2O3. If pure CdCo2O4 catalyst was not synthesized
in XRD curve, diffraction peaks of CdO and Co2O3

have been detected at the same 2 theta value. This
provides evidence for the formation of pure
CdCo2O4 catalyst.

FT-IR Analysis

FT-IR spectra of the synthesized CdCo2O4 catalyst is
shown in Fig. 2 in the wavelength range of 4000 cm-

-1 – 400 cm--1.
The FTIR spectra of CdCo2O4 catalyst shows two

strong transmittance bands at 560 and 659 cm-1

correspond to the spinel structure of CdCo2O4

catalyst. The peak observed at 560 cm-1 was
attributed to the M–O stretching vibration of

octahedrally coordinated cobalt ions. The band at
659 cm-1 was arising from the M”O stretching
vibration of tetrahedrally coordinated cadmium ion
(Chen et al., 2007). The peak at 1401 cm-1 is
corresponding to the stretching vibration of NO3

–,
which is due to the residue of Co(NO3)2. (Gu et al.,
2011). The peak at 791 cm-1 is assigned to CdO
(Anand et al., 2015). FTIR spectrum of CdCo2O4 also
displayed stretching vibration band at 2988 cm-1 and
2366 cm-1 which are responsible for C–H and C=O
functional group, respectively.

FESEM and EDX Analysis

Field emission scanning electron micrographs of the
CdCo2O4 at different magnifications for the sample
prepared by the co-precipitation method is
presented in FESEM images as depicted in Fig. 3(a–
c) respectively. It is found that flower like structure
is formed at 500 oC. Element analysis was done
along with FESEM using EDX technique. The EDX
analysis revealed the peaks of the elements in the

Fig. 1. XRD pattern for Cadmium Cobaltite.

Fig. 2. FTIR Spectrum for Cadmium Cobaltite.

Fig. 3a.

Fig. 3b
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CdCo2O4. The EDX spectrum shows no
identification for other elements, thus confirming
the purity of the phase in the catalyst and it is in
good agreement with XRD analysis.

UV–VIS-NIR spectroscopy analysis

To evaluate the band gap of the synthesized
CdCo2O4, diffuse reflectance spectroscopy is carried
out in the broad absorption spectrum (200 nm – 800
nm) with peaks positioned at 226 nm, 272 nm, 379
nm and 566 nm is evident from the figure. This
broad absorption range of the catalyst allows the
catalyst to absorb radiation from UV to visible
region, which makes it an efficient photocatalyst
under visible light irradiation.

The band gap energy is determined by fitting the
reflection data to the direct transititon equation.

Where ‘v’ is the frequency, ‘A’ is a constant and
‘n’ can have different values depending on the
mode of inter-band transition, i.e., direct allowed
(1/2) and direct for bidden (3/2), indirect
allowed(2) and indirect forbidden (3) transition. The
band gap of the catalyst is obtained from Tau’c plot
as shown in Fig. 4 (b) where (h)2 is plotted as a
function of photon energy (h). (Aranovich et al.,
1998 and Radecka et al., 2008). The estimated band
gap (Eg) of the composite is Eg~2.58 eV.

Photocatalytic Degradation

A solution of 3.0×10-5 M of BG was prepared in
doubly distilled water and 0.16 g of cadmium
cobaltite was added to it. The pH of reaction
mixture was adjusted to 7.5 with previously
standardized sodium hydroxide solution. 200 Watt

tungsten lamp was used to irradiate the reaction
solution. 2 mL sample of reaction mixture was taken
out and its optical density was measured at 590 nm
at fixed time interval.

It was observed that the optical density of BG
solution decreased with increasing time of exposure
and that the degradation of BG was almost
completed after 3 h of illumination. A plot of log OD
against time was found to be linear. The rate
constant was determined with the help of k = 2.303
× slope. The data for typical run was represented in

Fig. 3. (a-c) FESEM image for Cadmium Cobaltite. Fig. 4. EDX image of Cadmium Cobaltite.

Table 1. A Typical Run.

Time (min) Optical Density (OD) 1+log OD

0 0.936 0.9712
5 0.850 0.9294
10 0.728 0.8621
15 0.588 0.7693
20 0.447 0.6503
25 0.370 0.5682
30 0.299 0.4756
35 0.255 0.4065
40 0.230 0.3617
45 0.217 0.3364
50 0.210 0.3222
Rate constant K = 5.63 × 10-5

Table 1 and Fig. 6.

Effect of Parameters

Effect of pH

Photocatalytic degradation of any dye solution may
be affected by the pH of the medium. pH was
varied from 5.5 to 10.5. pH was measured using a
digital pH meter (Systronics). The pH of solution
was varied by adding 1 N HNO3 and 1 N NaOH
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solution. The effect of pH on the dye degradation
with CdCo2O4 is summarized in the Table 2.

Effect of Dye Concentration

The dye concentration was varied from 1.5×10-5 M
to 5.5×10-5 M. A regular increase in the rate of dye
degradation was observed till dye concentration
reached 3.0×10-5 M and thereafter, there was a
gradual fall in the rate (Table 3). The photocatalytic
activity increases with the increase in the
concentration of the dye as a greater number of dye
molecules are available for excitation and energy
transmission and thus, an enhanced photoactivity is
observed. But with further increase in the dye
concentration above this limit, the dye starts
behaving as a filter and will not allow incident light
to reach the surface of composite and a decrease in
photoactivity was observed.

Effect of Light Intensity

The intensity of light also influences the rate of
photodegradation. The light intensity was measured
by solarimeter (Suryamapi CEL 201). The light
intensity varied from 20.0 to 70.0 mW/cm2 and the
results are tabulated in the Table 5.

Table 2. Effect of pH.

pH K × 104 (s-1)

5.5 2.42
6.0 2.80
6.5 4.90
7.0 5.26
7.5 5.63
8.0 4.68
8.5 4.50
9.0 4.28

Table 3. Effect of BG Dye Concentration

[Brilliant Green]×105 K × 104 (s-1)

1.5 2.51
2.0 3.10
2.5 3.60
3.0 5.63
3.5 4.60
4.0 4.40
4.5 4.20
5.0 4.10
5.5 3.43

Effect of Amount of Catalyst

The amount of photocatalyst CdCo2O4 may also
affect the photocatalytic degradation of BG. The
amount of the catalyst varied from 0.06 g to 0.20 g.
It was observed that the rate of photo degradation
of BG increases with an increase in the amount of
catalyst to a certain extent reaching a maximum
value. Any further increase in the amount results in
a decrease of the rate of degradation. The results are
represented in the Table 4.

Table 4. Effect of  Amount of CdCo2O4 Photocatalyst.

Amount of Catalyst (g) K × 104 (s-1)

0.06 2.70
0.08 4.49
0.10 4.64
0.12 4.99
0.14 5.48
0.16 5.63
0.18 5.44
0.20 5.38

Table 5. Effect of Light Intensity.

Intensity of Light (mW cm-2) K × 104 (s-1)

20.0 2.70
30.0 4.49
40.0 4.64
50.0 4.99
60.0 5.63
70.0 5.04

Mechanism

From all these observations, a tentative mechanism
for photocatalytic degradation of brilliant green can
be proposed. A light of suitable wavelength was
absorbed by the dye and it gets excited to its first
excited singlet state. This first excited singlet state of
the dye undergoes intersystem crossing (ISC) and
gets converted to its triplet state. The cadmium
cobaltite also absorbs the incident light energy and
excites its electron from the valence band to the
conduction band, leaving a hole in the valence
band. This hole may extract an electron from the
hydroxyl ions to produce hydroxyl radicals. The
hydroxyl radical will behave as the active oxidizing
species and convert the dye to its leuco form, which
may ultimately degrade to smaller products. The
confirmation of hydroxyl radical (–OH) as an active
oxidising species were reported by using isopropyl
alcohol (2-propanol) (a hydroxyl radical scavenger).
Here, a significant decrease 62% in the rate of dye
degradation was observed supporting the
participation of OH as an oxidant. This tentative
mechanism is operative in the cadmium cobaltite as
follow.
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1BG0 
1BG1 .. (4)

1BG1 
3BG1 .. (5)

CdCo2O4  CdCo2O4 [h
+ (VB) + e–(CB)] ..

(6)
h+ + OH  •OH .. (7)
3BG1 +

•OH   Leuco BG .. (8)
LeucoBG  Products .. (9)

CONCLUSION

In summary, the photocatalyst cadmium cobaltite
was synthesized via precipitation method using
cadmium nitrate and cobalt nitrate as precursor. The
spinel structure cadmium cobaltite has large specific
surface area and present excellent photocatalytic
activity for the degradation of BG molecules. The
optimum reaction conditions were obtained as: pH
= 7.5; [BG] = 3.0×10-5 M; [CdCo2O4] = 0.16 g; light
intensity = 60.0 mW/cm2. This cadmium cobaltite
could be reused 5 times without any significant loss
in its photoactivity which is essential in the practical
environment protection.
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