Eig-“i: IJCPS Vol. 7, Special Issue ISSN:2319-6602

SmsEzEEEs ICAFM - March 2018 International Journal of Chemical and Physical Sciences
www.ijcps.org

Green synthesis of cobalt nanoparticles, its characterization and antimicrobial
activities
S. R. KUCHEKAR™, P.M.DHAGE', H. R. AHER?, S. H HAN?

'Principal, Women’s College of Home Science and BCA, Loni, At/Po .Loni(kd), Tal. Rahata, Dist.
Ahmednagar, Maharashtra state, India, 413713
“Department of Chemistry,, P. V. P. College, Pravaranagar, MS, India
*Inorganic Nanomaterial Laboratory, Department of Chemistry, Hanyang University, Seoul 133-791,
South-Korea
*e-mail: shashil7@gmail.com

Abstract

In the present study, cobalt nanoparticles were synthesized by an recyclable and cost
effective method using ocimum sanctum extract and characterized using various
techniques such as UV-visible spectrophotometry, Fourier transform infrared
spectrometry(FT-IR) and Scanning electron microscopy(SEM) coupled with Energy
dispersive micro analysis(EDAX) and XRD. The spectroscopic methods confirmed the
formation of cobalt nanoparticles and the microscopic technique confirmed the shape
and size of the cobalt nanoparticles as spherical. Antibacterial activity of the synthesized
nanoparticles was measured by zone inhibition method. The cobalt nanoparticles showed
effective antibacterial activity against human pathogenic bacteria such as Pseudomonas
Aeruginosa and Escherichia coli. The usage of plant extract for the preparation of Cobalt
nanoparticle makes the process cost effective, non-hazardous and green method.
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INTRODUCTION

Nanoparticle research is presently an area of strong scientific interest due to a wide variety of
potential application in biomedical, optical and electronic fields. Cobalt is considered to be the first
catalyst made from nonprecious metal with properties closely matching with those of platinum®. The
shape and size of the nanoparticles influence the physical characterization of these novel materials.
Nanoparticles are the nano-sized particles®® which have found various applications in the fields of
medicine®”’, biology ®*, catalysis****etc. The nanoparticles can be synthesized by physical, chemical or
biological methods. Cobalt nanoparticles can be synthesized by various approaches like ultrasonic spray
pyrolysis, DC magnetron sputtering®™, thermal decomposition®® electrochemical’’ and Liquid-Phase
Reduction™® process and also by biological methods such as microbial synthesis *° of nanoparticles.
Recently, many studies have proven that the plant extracts act as a potential originator for the synthesis of
the nanomaterials in harmless ways. The plants are used successfully in the synthesis of several greener
nanoparticles such as cobalt, copper, silver, gold, palladium, platinum, zinc oxide and magnetite. Plant
mediated biological synthesis of nanoparticles is gaining importance due to its simplicity, cost effective
and eco-friendliness ?#. Cobalt nanoparticles could be efficient nanoparticles as they possess good
catalytic** and high performance permanent magnetic properties®*® and also possess biomedical®® and
cytotoxic®’ activity.

Here we have taken into account green chemistry concept and synthesized cobalt nanoparticles by using
osmium santum leaves extract. Osmium sanctum (tulsi) is cultivated for spiritual and therapeutic purposes
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and essential oil. It is widely known across South Asia as medicinal plant and herbal tea and commonly
used in Ayurveda’s.

EXPERIMENTAL

Experimental set up is very simple it consists of magnetic stirrer. The 100 ml round bottom flask
is fitted with metallic stand. Flask is kept on magneric stirrer for constant stirring.

MATERIAL AND METHOD
Experimental Details:
Preparation of 50 mg/ml cobalt solution

For the preparation of cobalt solution we use the cobalt chloride 50.46 gm of CoCl, dissolved in
double distilled water and dilute to 250ml of water.

Preparation of leaf extract (Ocimum sanctum)

Exactly 30 gm of ocimum sanctum leaves were taken in clean beaker then washed thoroughly
with doubled distilled water. The leaves were dried on filter paper to remove the excess water then add
100 ml distilled water by using volumetric flask and boiled to get leaf extract and stored in umber colour
bottle and keep in refrigerator.

Synthesis of cobalt nano particles:

Add 20 ml 50 mg/ml cobalt solution in a round bottom flask then add 1-2 ml of osmium sanctum
leaf extract with constant stirring again add 60 ml of leaf extract the dark bluish colour was observed
which indicates the formation of cobalt nanoparticles Fig.1. Then synthesized cobalt nanoparticles were
characterized by UV visible spectroscopy. Then keep the flask for 24 hrs for setting the particles. After 24
hrs the resulting solution is centrifuged for 20 mins at 500 rpm, then centrifuge and discard the aqueous
layer and remove the residue with little amount of distilled water then keep it for dehydration in plane
surface glass dish with covering. After 2-3 days dehydration is completed then collects the particles which
are present on surface of glass.

Characterization of cobalt nanoparticles:

Dark bluish colored indicates cobalt nanoparticles are synthesized and detected by using UV-
Visible spectroscopy, Morphology of cobalt nanoparticles using Scanning electron microscopy (SEM), X-
ray diffraction spectroscopy (XRD) and Elemental analysis was performed by Electron Diffraction X-ray
analysis (EDX).
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Fig.1 A: Cobalt solution; B: plant Extract; C: Cobalt Nanoparticles
RESULT AND DISCUSSION

UV visible spectroscopic analysis of cobalt nanoparticles:

The UV visible spectroscopy is most widely used technique to investigation the optical properties
of the particles. The colours changes from Pink to dark bluish colour which indicates formation of cobalt
nano particles.UV visible spectroscopy analysis was done in the range of 200-800 nm and maximum
absorbance was observed at 646 nm region for the formation of cobalt nano particles Fig. 2
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Fig. 2. UV-Visible spectrum of Co-NPs

FTIR of cobalt nanoparticles

FTIR measurements were carried out to identify the possible biomolecules responsible for the
reduction of cobalt and capping of cobalt nanoparticles. The FTIR spectrum of cobalt nanoparticles
represents the major absorption bands as the bands 1100-1150 cm™ represents C-O stretching. The bands
1640-1650 cm™ indicates C=C stretching. The bands 1050-1080cm™ assigned phenolic or alcoholic
group. Fig. 3.
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Bands on these results the presence of phenolic compound and protein were believed to be responsible for
the formation and stabilization of synthesized cobalt nanoparticles.
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Fig. 3 FTIR Spectrum of Co-NPs
XRD Analysis of cobalt nanoparticles:

Analysis through X-ray diffraction was carried out to confirm the crystalline nature off cobalt
nano particles Fig. 4. The dry powders of cobalt nanoparticles were used for XRD analysis. The
diffracted intensities were recorded from 20°C to 100°C.At 20 angles. The comparison of our XRD
spectrum with the standard confirmed that cobalt nanoparticles form were in the form of nano crystals as
different diffraction lines were observed at 20 angle 15,16,20.5,22.5 respectively. The average particles
size of the cobalt nanoparticles synthesized by present bio synthesis method can be calculated by using
Debye-Scherer’s equation.
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Fig. 4 XRD Spectrum of Co-NPs
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Scanning electron microscopy

Analysis of the sample performed using SEM method. Scanning electron microscopy provided
the morphology and size details of the cobalt nanoparticles. It was identified that shapes of cobalt nano
particles appeared like irregular spherical shape with rough surface Fig. 5.
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Fig. 5 SEM Image
Energy dispersive micro analysis (EDAX)

The element analysis of cobalt nano particles was studied using energy dispersive micro analysis
(Edax). The analysis revealed highest proportion of cobalt in the nano particles followed by carbon,
oxygen and chloride. Fig. 6.

cps/eV.

Fig. 6 Energy dispersive micro analysis (EDAX)
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Spectrum: Co
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Antimicrobial Activity of Cobalt Nano particles

unn. C norm.
[wt.%] [wt
15.18 28
14.51 26.
13.75 25.
10.70 19.
54.14 100

Antibacterial activity of cobalt nano particles were checked against two bacterial pathogens such
as Pseudomonas Aeruginosa Fig. 7 and Escherichia coli Fig. 8, Cobalt complex was shown better result
in the form of zone of inhibition in culture plates for these organism were found to be 2.1 mm and 1.6 mm

respectively.

Fig. 7 Pseudomonas Aeruginosa
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Fig. 8 Escherichia coli

CONCLUSION

In this study simple approach was attempted to obtain a green eco-friendly, non-toxic way for
synthesis of cobalt nanoparticle. The primary confirmation for cobalt nanoparticle was due to colour
changes and UV/Vis absorption spectra of cobalt nanoparticles formed peak at 646 nm.The SEM study
was identified that the shape of cobalt nanoparticle appeared like irregular spherical shape with rough
surface. Edax study was to find out percentage of cobalt, oxygen, carbon and Chlorine antimicrobial
activity of cobalt nanoparticle shows better zone of inhibition against two bacterial pathogen i.e.
Pseudomonas and E.coli.Green synthesis method is rapid, convenient and less time consuming
environmentally safe method for the synthesis of cobalt nanoparticles.
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