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SYNTHESIS AND CHARACTERIZATION OF CUBIC STRUCTURED
COBALT OXIDE NANOPARTICLES CAPPED WITH TOPO
THROUGH THE DECOMPOSITION OF
BIS(N-CYCLOHEXYL-1-NAPHTHALDEHYDATO)COBALT
(1) COMPLEX AS A SINGLE SOURCE PRECURSOR
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The synthesis of cobalt oxide nanoparticles capped with TOPO from the thermal
decomposition of bis(N-cyclohexyl-1-naphthaldehydato)cobalt(Il) complex is reported.
The effect of decomposition temperature was investigated and sophisticated
characterization techniques were used to characterize the complex and nanoparticles. The
FTIR spectrum of the complex confirmed the formation of the precursor through the
presence of the expected functional groups. The absorption and emission spectra showed
an increase in wavelength when the synthetic temperature was increased. The XRD
patterns of the nanoparticles displayed the formation of Co;0, face-centred cubic structure.
The formation of the metallic cobalt nanoparticles was also observed at higher
temperature. TEM images of the cobalt oxide nanoparticles revealed spherical shaped
particles.
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1. Introduction

Transition metal complexes derived from Schiff bases such as 2-hydroxy-1-
naphthaldehyde, salicylaldehyde etc. are one of the most malleable substances [1]. The synthesis
of metal oxides nanomaterials has been an area of effective research due to many scientific
applications of such materials. The study based on the synthesis and their exposures to human
health is essential [2]. The performance of the nanomaterials such as their catalytic, electronic, and
optical properties depends on the size and shape of the particles which is a key feature to their
utmost performance and application [3-6]. Cobalt oxide in particular, is a well-recognised
ferromagnetic semiconductor nanomaterial that has created a centre of attention due to its potential
applications in solid-state sensors [7], magnetic materials [8], electrochemical devices [9-10],
electronic and memory devices [11, 12].

Among numerous forms of cobalt oxides, Cos04 and CoO are the two important types of
cobalt oxides due to their distinctive structural landscapes and properties [13]. However, Co30, is
the most stable phase of cobalt oxides with a direct band gap of 1.48-2.19 eV. It is also an
important magnetic p-type semiconductor material [14-15]. These magnetic nanomaterials have
received considerable attention recently due to their biomedical applications as drug delivery
systems [16], cancer diagnosis treatment [17] etc. Several physical and chemical methods have
been reported for the synthesis of cobalt oxide nanoparticles including, microwave-assisted [18],
hydrothermal method [5], sol-gel techniques [19], and solution combustion method [20].
Yarestani and co-workers synthesized cobalt oxide nanoparticles through hydrothermal method
and study the optical and magnetic properties of the nanomaterials [15]. Mauro et al. [21] reported

“Corresponding author: thokozanix@vut.ac.za


mailto:thokozanix@vut.ac.za

1142

the synthesis of cobalt oxide nanoparticles. Their study was based on the behaviour of these
materials towards human skin and keratinocytes toxicity.

Here, we report the preparation of bis(N-cyclohexyl-1-naphthaldehydato)cobalt (I1)
complex from the reaction of a primary amine, Schiff base ligand which is utilize in biological
processes, and a cobalt salt. This complex was then used in the synthesis of Cos04 nanoparticles
through thermal decomposition method using TOPO as a capping molecule. The precursor was
characterized with Fourier transform infrared (FTIR) spectroscopy, elemental analysis, and
thermogravimetric (TGA) analysis. The synthesized cobalt oxide nanoparticles were characterized
with ultraviolet-visible spectroscopy (UV-vis), photoluminescence (PL), X-ray diffraction (XRD),
and transmission electron microscopy (TEM).

2. Experimental

2.1. Materials
Cobalt acetate 1142ehydrate, 2-hydroxy-1-naphthaldehyde, cyclohexamine, tri-
octylphosphine oxide (TOPO), methanol, ethanol, toluene

2.2. Synthetic processes

2.2.1. Preparation of the cobalt complex [Co(C17H1gNO),]

Bis(N-cyclohexyl-1-naphthaldehydato)cobalt (11) complex was prepared by reacting 10
mmol of 2-hydroxy-1-naphthaldehyde (HNA) in 20 mL of methanol with 10 mmol cyclohexamine
in 20 mL methanol together with 5.0 mmol cobalt (1) acetate tetrahydrate in a 250 mL one necked
round bottom flask. The mixture was stirred and refluxed at 50 °C for 3 hrs. The product was
filtered, washed three times with ethanol and dried in an open air. The prepared complex was then
weighed and characterized. The cobalt complex was obtained as a brown solid. Percentage yield:
81%. m.pt. 261 °C. CHNS analysis: Calc.: C, 72.45; H, 6.45; N, 4.97; O, 5.66%. Found: C, 73.01;
H, 6.21; N, 4.99; O, 5.51%. Significant IR bands: v(C=N): 1617 cm™, v(C-0): 1533 cm™, v(C-N):
1181 cm™, v(Co-0): 510 cm™ and, v(Co=N): 453 cm™.

2.3. Synthesis of Co3;0, nanoparticles

TOPO-capped cobalt oxide nanoparticles were synthesized by thermal decomposition of
the cobalt complex by transferring 0.5 g of the cobalt complex in 6 g TOPO using a 250 mL three-
necked flask that was placed in an oil bath. The mixture was stirred and refluxed under nitrogen
gas environment for 45 minutes at different temperatures of 145° and 190 °C. The solution was
then cooled to 70 °C and a minimum amount of methanol was added into the flask. The product
was centrifuged, washed three times with methanol and dried. The resulting TOPO-capped cobalt
oxide nanoparticles were dispersed in toluene for further characterization.

2.4. Characterization of the precursor and cobalt oxide nanoparticles

Microanalysis was collected on a Perkin-Elmer automated model 2400 series Il CHNS/O
elemental analyser. Fourier transform infrared (FTIR) spectroscopy analysis of the cobalt complex
was operated at room temperature in a scan range between 4000 to 400 cm * from a Bruker FTIR
tensor 27 spectro-photometer. A Perkin-Elmer Pyris 6 TGA was ran at 20 °C/min at a heating rate
from 30-900 °C in a closed punctured aluminium pan under nitrogen gas environment was used to
accomplish the thermal analysis. The absorption and emission spectra of cobalt oxide
nanoparticles were achieved through UV-1800 Shimadzu spectrophotometer and Gilden
Fluorescence. The XRD patterns were collected through the Phillips X Pert diffractometer with
secondary monochromated Cu Ka radiation (A = 1.54060 A°) at 40 k\V/30mA at 26 = 10-90° and
the TEM images were assembled at an accelerating voltage of 300 kV from a Tecnai F30 FEG
TEM instrument.
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3. Results and discussions

The synthesis of cobalt oxide nanoparticles using thermal decomposition of bis(N-
cyclohexyl-1-naphthaldehydato)cobalt (1) complex at various temperatures using TOPO as a
capping agent is reported. The cobalt complex was obtained as shown in Scheme 1 below:

Ligand
H O
N O

Co(acetate),
in methanol

O o~ N + 2H,COOH
reflux for
Q O H 3hrs @ 50 °C

Bis(N-cyclohexy-1-naphthaldehydato)cobalt(ll) complex

Scheme 1. The preparation of the bis(N-cyclohexyl-1-naphthaldehydato)cobalt (I1) complex.

3.1. Spectroscopic and Thermal studies of the Cobalt complex

Fig. 1(a) shows the FTIR spectrum of bis(N-cyclohexyl-2-hydroxy-1-
naphthaldehydato)cobalt (I1) complex which displayed the broad absorption bands between 3305-
3046 cm™ that correspond to O—H stretching vibrations from the solvent that was used for washing
and the characteristic -C—H peaks from the benzene ring were sported at 2926-2353 cm™. The
strong bands were observed at 1618-1536 cm™ which are attributed to the stretching vibrations of
C=N groups. The phenolic C-O stretching vibration was observed at 1388 cm™ and the strong
band at 1181 cm™ which was ascribed to C-N stretching vibration. The stretching bands that
verify the coordination of nitrogen and oxygen to the cobalt ion were also observed at 517 and 462
cm ™ which correspond to Co—O and Co-N bonds. Similar observation was reported by Sebastian
and co-workers [22].
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Fig. 1. FTIR spectrum (a) and TGA/DTG curves of bis(N-cyclohexyl-1-naphthaldehydato)cobalt
(11) complex

Thermogravimetric analysis (TGA) coupled with differential thermogravimetric analysis
(DTG) were used to investigate the decomposition temperature of the precursors under nitrogen
atmosphere at the temperature ranging from 20 to 900 °C. TGA graph of the cobalt complex in
Fig. 2 shows four decomposition stages. The first decomposition peak at 179-209 °C with a partial
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weight loss of 3% can be ascribed to the loss of the nitrates [23]. The second and the third
decomposition between 339-356 and 373-471 °C with the total weight loss of 62% is attributed to
the elimination of some of the precursor constituents leaving cobalt oxide. The last decomposition
between 582-625 °C is due to the reduction of Co;0, to CoO [24-25] which was also confirmed by
the DTG results.
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Fig. 2. TGA and DTG curves of bis(N-cyclohexyl-1-naphthaldehydato)cobalt (I11) complex.

3.2. Optical properties

Fig. 3 shows the UV-vis absorption spectra of the synthesized cobalt oxide nanoparticles
synthesized at 145 and 190 °C. The optical absorption spectra exhibited well-defined peaks at 391
and 396 nm which was increasing as the temperature was increased. Their band gap energies were
calculated according to following equation [26]:

ahv = K(hv — Eg)n
1

where a is the absorption coefficient, h is the Planck constant, v is the light frequency, K is a
constant, Eg is the band gap, and n = 2 for the direct band gap and n = 1/2 for the indirect band
gap. Extrapolation of the linear section can contribute Eg values. The band gaps of as-synthesized
Co30,4 nanoparticles were found to be 3.07 and 2.73 eV which is larger than the previously
reported value for the Co;0, bulk material [14].
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Fig. 3. Absorption spectra (a) and Tauc plot (b) of the cobalt oxide nanoparticles
capped with TOPO synthesized at 145 (i) and 190 °C (ii).

The luminescence properties of the cobalt oxide nanoparticles were investigated at room
temperature on excitation wavelength of 400 nm. The emission spectra of Cos0, nanoparticles
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synthesized at the temperatures of 145 and 190 °C in Fig. 4 demonstrate the strong broad emission
minima at 431 and 435 nm in the visible region that were red-shifted from their absorption edges.
The strong emission peaks signify the high crystalline character of the synthesized Co3;0,
nanoparticles [27].

(i) C0,0,@145°C
e (ii) C0,0, @190 °C.

Intensity

T T T T T T T T
420 430 440 450 460 470 480 490 500

Wavelength (nm)

Fig. 4. Emission spectra of the cobalt oxide nanoparticles capped with TOPO
synthesized at 145 (i) and 190 °C (ii).

3.3. Structural properties

The X-ray diffraction patterns of TOPO capped Co3;0,4 nanoparticles synthesized at
different temperatures of 145 and 190°C is represented in Fig. 5. The prominent peaks at 19.62,
31.40, 36.03, 45.85, 54.59, 59.74, and 64.92° that correspond to (111), (220), (311), (222), (400),
(511), and (440) planes can be indexed to Cos;0, face-centred cubic structure [JCPD: 42-1467]
with lattice parameter of a=b=c=6.85 A. The pattern of the TOPO capped Co;0, nanoparticles
synthesized at higher temperature displayed another set of peaks at 44.07, 50.12, and
77.59°correspond to (111), (200), and (220) planes that can be indexed to metallic Co cubic
structure [JCPD: 15-0806]. The extra XRD peak which appears in both patterns that is located
around 24.80° can be ascribed to the capping molecule.
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Fig. 5. X-ray diffraction patterns of the cobalt oxide nanoparticles capped with
TOPO synthesized at 145 (i) and 190 °C (ii).

The size of nanomaterial plays a crucial role in manipulating the properties of particles.
The TEM analysis was conducted to confirm the morphology of cobalt oxide nanoparticles. The
images of the nanomaterials synthesized at 145 and 190 °C are represented in Fig. 6. The
nanoparticles that were prepared at lower temperature (Fig. 6(a)) displayed the mixture of
sheet-like structures and spherical particles with an average particle sizes of 5.23+0.957 nm
which is represented by the frequency distribution bar graph in Fig. 6(b). The well-distributed
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spherical particles in Fig. 6(c) with the average particle sizes of 7.28+0.737 nm that is
confirmed by the frequency distribution graph in Fig. 6(d) were observed.
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Fig. 6. TEM images and frequency distribution of the cobalt oxide nanoparticles
capped with TOPO synthesized at 145 (a) & (b) and 190 °C (¢) & (d).

4. Conclusions

Bis(N-cyclohexyl-1-naphthaldehydato)cobalt (I1) complexes have been prepared through
simple one step method and used as a precursor to synthesize cobalt oxide nanoparticles. The
absorption and emission peaks were red shifted toward the higher wavelength while their band gap
energies were decreasing when the temperature was increased. The XRD patterns of the cobalt
oxide nanoparticles exhibited face-centred cubic structure nanomaterials. The mixture of Cos0,
and metallic Co nanoparticles was observed on the nanoparticles that were prepared at higher
temperature. The TEM images of the nanomaterials presented well-shaped and monodispersed
particles at higher temperature.
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