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Abstract: Here in, we are reporting a novel biochemical approach for the formation of nickel and cobaltoxide(NiO 

and CoO) nanoparticles by using pomegranate peel and fungus at room temperature. We used nickel nitrate 

hexahydrate [Ni(NO3)2.6H2O]and cobalt nitrate hexahydrate [Co(NO3)2.6H2O] as precursors. Exposure of 

thebiomass waste to aqueous solution resulted in the reduction of the metal ions and formation of nanoparticles 

(NPs). All nanoparticles were in nano size and were ~40 and ~46 nm respectively. The X-Ray diffraction (XRD) 

pattern reveals the formation of nickel oxide and cobalt oxide (NiO&CoO) nanoparticles, which shows crystallinity. 

Brunauer-Emmett-Teller (BET) Surface Area Analysis and Barrett-Joyner-Halenda (BJH) shows pore size and 

pore volume. Scanning Electron Microscopy (SEM) images reveal that the particles are of spherical and granular 

shape. Elemental analysis carried out by Energy Dispersion X-rays Spectroscopy (EDX). This is simple and cost-

effective biochemical approach for the synthesis of NiO and CoO NPs. These NPs may have a promising role in 

conversion of organic matter into biofuel and biogas. 
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1 Introduction 

 

Nanomaterials have wide-ranging applications and implications in a variety of areas, including physics, chemistry, 

electronics, optics, materials science, and the biomedical sciences. Besides, the novel properties exhibited by the metal 

nanoparticles due to quantum size effects, their synthesis protocol pose a major environmental problem. New applications 

of nanoparticles and nanomaterials are emerging rapidly (Murphy 2008). The nanomaterials exhibit unique and 

considerably changed physical, chemical and biological properties when compared to their macro scaled i.e. bulk 

counterparts (Simone 2002). Nel et al. reported the nanoparticles interaction with biological materials and established a 

series of nanoparticle/biological interfaces that depend on colloidal forces as well as dynamic biophysicochemical 

interactions. These interactions lead to the formation of new nanomaterial with control size, shape, surface chemistry, 

roughness and surface coatings (Nel et al. 2009). Furthermore, evidences suggested that the inorganic nanoparticles are 

very immense material because of their high surface area, it is easy to enter in cells via pores of plasma membrane proteins 

at nanoscale size. Apart from this, they have potential properties for sensing and detection of various biological analytes. 

For instance, the presence of semiconductor metal zinc oxide nanoparticles (< 30 nm) in the biological system have ability 

to altered biological properties. Zinc oxide nanoparticles have potential applications in various areas including optical, 

piezoelectric, magnetic and gas sensing and also they exhibit high catalytic efficiency, strong adsorption ability, high 

isoelectric point (9.5), biocompatibility, and fast electron transfer kinetics for biosensing purposes (Jamieson et al. 2007). 

The timeliness of ‘‘being green and nano’’ for nanomaterials synthesis is evident from two major reviews that have 

appeared in 2007 (Mai et al. 2007). Ithas been recognized for some time that the environmental impact of nanomaterials 

must be assessed (Colvin 2003). 

 

Most of the synthetic physicochemical methods reported till date are heavily on the use of organic solvents and toxic 

reducing agents like thiophenol, mercapto acetate, sodium borohydride etc. Most of these chemicals are highly reactive and 

pose potential environmental and biological risks. With the increasing interest in minimization or elimination of such kinds 

of hazardous chemicals, the development of biological, biomimetic and biochemical approaches is desirable. Therefore, 

biological approach has advantages over physicochemical methods because of its clean, non-toxic chemicals, 

environmentally benign solvents, and user-friendly nature (Albrecht et al. 2006). The use of environmentally benign 

materials like fungi or the synthesis of silver nanoparticles offers numerous benefits of eco-friendliness and compatibility 

for pharmaceutical and other biomedical applications as they do not use toxic chemicals for the synthesis protocol (Bhainsa 
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et al. 2006). Chemical synthesis methods lead to presence of some toxic chemical absorbed on the surface that may have 

adverse effect in the medical applications. Here we report a novel method for the synthesis and characterization of nickel 

and cobalt oxide nanoparticles synthesized by pomegranate peel (Punicagranatum L.) and Rhizopusnigricans fungus. DRS, 

XRD, BET, EDX and SEM analysis revealed that the nickel and cobalt oxide nanoparticles are monodisperse and with 

different morphologies as spherical to triangles ranging from ~40and ~46nm respectively in size. 

 

2 Experimental 

 

2.1 Methods and Materials 

 

The cobalt nitrate hexahydrate and nickel nitrate hexahydrate [Co(NO3)2.6H2O] and [Ni(NO3)2. 6H2O] were purchased 

from Sigma Aldrich and Sodium Hydroxide was purchased from Fluka. Pomegranate peel was obtained from local market. 

Rhizopusnigricans Fungus was obtained from bread. All solvents were of analytical reagent grade and were used without 

further purification For synthesis of cobalt oxidenano particles 1M solution of Cobalt nitrate hexahydrate [Co 

(NO3)2.6H2O] was prepared in 200ml distilled water. A fine piece of pomegranate was added to the 1M solution of cobalt 

nitrate and this solution along with pomegranate was stirred for 3 hours. After addition of pomegranate IM solution of 

NaOH was added as a precipitating agent. The solution was kept overnight and then filtered with whatmann paper. The 

filtrate was kept in an oven for night and then placed this oven dried filtrate in a furnace at 500
O
C for 5hrs. Then the 

calcined sampale was ground into fine particles. Similarly For synthesis of nickel oxidenano particles 0.5M solution of 

nickel nitrate hexahydrate [Ni(NO3)2.6H2O] in 100ml distilled water. Fine pieces of fungus5g was added to the 1M solution 

of Nickel nitrate followed by addition of 1M solution of NaOH and this solution along with  fungus was stirred for 5 hours. 

The solution was kept overnight and then filtered with whatmann paper. The filtrate was kept in an oven for night and then 

placed this oven dried filtrate in a furnace at 500
O
C for 5hrs. Then the calcined sample was ground into tiny particles. 

 

2.2 X-ray diffraction measurements 
 

X-Ray diffraction (XRD) measurements of the bioreduced nickel and cobalt nitrate solutions drop-coated onto glass 

substrates were done for the determination of the formation of Nickel and cobalt nanoparticles by an X’Pert Pro 

PANalytical X-ray diffractometer instrument with X’Pert high score plus software operating at a voltage of 45 kV and a 

current of 40 mA with Cu Kα radiation. 

 

2.3 BET Specific Surface Area Analysis 

 

BET (Brauner-Emmett-Teller) specific surface area analysis used physical adsorption of nitrogen gas molecules onto the 

material surface to calculate surface area. For each material studied, a sample was weighed and placed in a sample cell that 

was volume calibrated. The sample was heated to the highest acceptable temperature for the particular material and 

degassed overnight. Nitrogen adsorption isotherms were collected using the seven-point N2-BET method to calculate the 

SSA. For the cobalt and nickel nanoparticles samples, BET analysis was carried out before and after calcinations to remove 

the template in order to measure both external and total SSA. 

 

2.4 Scanning Electron Microscopy (SEM-EDX) 

 

The morphology and size of particles was characterized using scanning electron microscope (SEM) (JSM-6610 LV) 

equipped with an energy dispersive X-ray (EDS) spectrophotometer and operated at 20kV. 

 

2.5 Diffuse Reflectance (DRS-UV-visible) Spectroscopy 

 

The Diffuse reflectance spectra (DRS) were recorded with a Shimadzu 3600 UV-Visible NIR spectrophotometer equipped 

with an integrating sphere diffuse reflectance accessory, using BaSO4 as reference scatter. Powder samples were loaded 

into a quartz cell and spectra were recorded in the range of 200-900 nm. 

 

3 Results and Discussion 

 

The experimental powder diffraction (XRD) pattern of the prepared nickel and cobalt nanoparticles is shown in Figure1.In 

the XRD (A) pattern of Nickel oxide nanoparticles, diffraction peaks at 37.3112
◦
, 43.2841

◦
, 62.9449

◦
 and75.5188

◦
can be 

assigned to face-centered cubic (fcc) nickel oxide (111), (200) and (220), (311) and (222) facets of the nickel crystal and 

28.278 
O
, 36.0

O
and 42.112

O
 assigned peaks (111), (311) and (200) facets of the cobalt oxide crystals. Whereas any peaks 
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originating from potential nickel and cobalt metals cannot be observed. It was observed that the peak intensity increase with 

a narrowing down particle size distribution with high purity on calcination (Venkatnarayan et al. 2006). In addition to the 

Bragg peaks representative of fccnickel and cobalt nanocrystals, additional, and yet unassigned, peaks were also observed 

suggesting that the crystallization of bio-organic phase occurs on the surface of the silver. The broadening of the Bragg 

peaks indicates the formation of nanoparticles. The size of the nanoparticles was calculated through the Scherrer's equation 

(Yuanchun et al. 2008) 

D = 0.94 λ / β cosθ     (1) 

where D is the average crystallite domain size perpendicular to the reflecting planes, λ is the X-ray wavelength, β is the Full 

Width at Half Maximum (FWHM), and θ is the diffraction angle. To eliminate additional instrumental broadening the 

FWHM was corrected, using the FWHM from a large grained Si sample.  

β corrected = (FWHM
2
sample- FWHM

2
si)

1/2
                               (2) 

This modified formula is valid only when the crystallite size is smaller than 100 nm (Patterson 1939). 

 

Figure 2(A) and (B) show the typical bright-field SEM micrographs of the synthesized cobalt and nickel oxide 

nanoparticles. The image 3(A) shows that cobalt oxide nanoparticles are in the form of nanodots. Figure 2 (B) shows that 

nickel oxide nanoparticles are agglomerated and in the form of aggregates. These images suggest that the particles are 

polydisperse and are mostly spherical in shape. Hence it may be understood that the experimental conditions (viz., pH, 

temperature and the optimum concentration of NiO and CoO etc.) will achieve the mono-dispersity and uniform shape. A 

few agglomerated nanoparticles were also observed in some places, thereby indicating possible sedimentation at a later 

time. It is evident that there is variation in particle sizes and the average size estimated was ~40 nm and ~46 nm for nickel 

nanoparticles (NiNPs) and cobalt nanoparticles (CoNPs) respectively. It was observed as the temperature increases the 

crystalline nature of the particle changes with the help of nucleation (Jain et al. 2009). The biological molecules could 

possibly perform dual functions of formation and stabilization of nickel and cobalt nanoparticles in the aqueous medium.  

The elemental analysis of cobalt oxide and nickel oxide nanoparticles are reported by EDX and represented by 

 

 Figure 3 (A) & (B) The EDX spectrum of cobalt oxide shows the presence of Co and O atoms and the EDX image of 

nickel Oxide verifies the presence of Ni and O atoms.  

The surface area and pore volume was found to be 40.548m
2
/g and 10.87cm

3
/g for Cobalt and 50.66 and 8.90 for nickel 

nanoparticles respectively supporting the presence of limited porosity with a pore size distribution. These values support 

their industrial applications as a catalyst in organic reactions (Venkatnarayan et al. 2006). 

The diffuse reflectance spectra were used to calculate the optical band gap energy of NiO and CoO nanoparticles shown in  

 

Figure 5. The band gap energy was calculated by using Kubelka-Munk Function. 

F R =
(I−R)2

2R
     (3) 

Where ‘R’ is the absolute reflectance of samples and F(R) is the Kuelka-Munk function for the direct band gap of 

nanoparticles NiO and CoO are direct band gap materials. Where F(R) is plotted against Energy (Eg), the linear 

extrapolation of the plot to the base line gives the value of band gap energies thus calculated for nanoparticles using the 

relation(Murphy 2007). 

Eg =
1240

λ
      (4) 

 

Figure 4 shows band gaps of NiO and CoO respectively. For NiO direct allowed band gap is 3.47 eV and for CoO the band 

gap is 1.46 eV.These band gaps energies are higher then the bulk energies for NiO and CoO which indicates that the 

particles are in nano scale. 

 

Conclusions 

 

Our findings could be targeted for the promising potential applications including industrial organic wastes into biofuel, 

used lubricating oil into diesel, biosensing devices, and nanoelectronic because of its pollution free and eco-friendly 

approach. This green synthesis approach shows that the environmentally benign and renewable pomegranate peels and 

microorganism (fungus)can be used as an effective stabilizing as well as reducing agent for the synthesis of cobalt oxide 

and nickel oxide nanoparticles respectively. Nickel oxide and cobalt oxide nanoparticles synthesized by this approach are 

quite stable and no visible changes are observed even after a month. Synthesis of nickel oxide and cobalt oxide  

nanoparticles using pomegranate peels and fungal biomass are  an alternative to chemical synthesis. We anticipate that the 

smaller particles are mostly stabilized by alkaloids and proteins. Further experiments for the systematic mode of 

mechanism of size selective synthesis of nickel oxide and cobalt oxide nanoparticles using this very useful pomegranate 

peels and fungus are in progress. 
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Figure Captions 

 

Figure 1  ; XRD of (A) cobalt oxid nanoparticles by pomegranate and (B) nickel oxide nanoparticles by fungal biomass 
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Figure 2 SEM images of (A) nickel oxide nanoparticles produced by pomegranate and (B) cobalt oxide  nanoparticles synthesized 

by fungal biomass 
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Figure 3 (A) Energy Dispersive X-rays (EDX) spectrograph of cobalt oxide nanoparticles 

 

Figure 3 (B) Energy Dispersive X-rays (EDX) spectrograph of nickel oxide nanoparticles. 
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Figure 4: Plot of [F(r)Eg]
 2 vs Energy (Eg) for NiO and CoO nanoparticles 

 

Table. 1. This table shows various properties of nickel and cobalt nanoparticles 

 

 

Method Metal 

oxide NPs 

BET S.A 

m
2
g

-1
 

Langmuir 

S.A m
2
g

-1
 

Pore 

Volume 

cm
3
g

-1
 

Pore size 

cm
3
g

-1
 

Average 

Particle size 

nm 

Pomegranate 

biomass 

Nickel 40.548 32.678 10.87 18.72 40 

Fungal 

Biomass 

Cobalt 50.66 48.583 8.90 18.72 46 


