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Abstract 

The interstellar diatomic nickel oxide nanoparticles were synthesized via the 

ball milling technique.  The structure was confirmed using the X-ray 

diffraction spectrum. The surface morphology was analyzed with the help of 

transmission electron microscope. The UV-visible spectrum expressed the 

maximum absorption wavelength (λmax) and optical band gap (Eg). The results 

established the largest Eg value of 4.32 eV for nano nickel oxide diatomic 

molecular ceramic material.   

Keywords: Impedance Spectroscopy; Diatomic-Molecule; Optical Band-gap; 

Nanoparticles. 

 

1. Introduction 

In the astronomy, the interstellar medium is a matter that exists within the 

astronomical objects such as other planets, stars etc. [1]. It may be in the form of ion, 

gas and molecule. In addition, the scientists found the elements like lead, sodium, 

nickel, calcium etc in the astronomical objects [2]. The nickel oxide is a natural 

diatomic material. It is most commonly available on the planet earth and from other 

interstellar objects.  It is a well-known fact that the NiO is a wide band gap 

semiconducting material of bang-gap about 3.5 to 4.1 eV [3]. Moreover, this 

particular material has got more recognition for distinct electrical and magnetic 

properties [4-6]. In general the NiO exhibits different structures such as rhombohedral 
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(JCPDS: 89-7390), monoclinic (JCPDS: 89-7131) and cubic (JCPDS: 65-5745). The 

cubic nickel oxide is a very simple structure. In addition, it performs magnetic nature 

as the magnetic cation of nickel is existed. In bulk form, the NiO cannot exhibit the 

photo-catalytic activity but on the other hand it acquires the photo-catalytic behaviour 

in nanoform. This kind of evidences was reported by previous scientists [3-7]. Naidu 

et al. [3-7] reported that the magnetic specimen revealed the more interesting 

properties in bulk as well as nanoform. In the literature several researchers reported 

on distinct electrical, magnetic, impedance spectroscopic and optical properties in 

nano and bulk form via various synthesis methods such as conventional, sol-gel, auto-

combustion and solid-state thermal decomposition techniques [8-10]. In the literature, 

after the deep survey on it, very limited studies were made on nano nickel oxide in 

respect of the above mentioned properties. Hence, an attempt has been put forth by 

the authors in order to prepare nano diatomic NiO using ball milling technique. In 

addition, the impedance spectroscopic analysis of nickel oxide is a good approach to 

evaluate the semiconducting nature of material via the Nyquist (Cole-Cole) plots. 

 

2. Experimental Procedure 

In order to synthesize the nano NiO diatomic molecular sample, the similar precursor 

(NiO, 99.8 % Sigma-Aldrich) was chosen. The sample was grounded for 12 hours and 

then ball milled for 72 hours. The resulting powder was then pressed in to pellets 

under a pressure of 10 torr. The pellets were heated at 100oC for 1 hour to give 

mechanical strength. The phase and orientation of diatomic nickel oxide sample was 

characterized by X-ray diffractometer (Bruker X-Ray Powder Diffract Meter) using 

CuKα (λ = 1.5405 Å) radiation. The surface morphology was examined by field 

emission transmission electron microscopy (TEM). The UV-Visible 

spectrophotometer was used to study the maximum absorption wavelength and the 

optical band gap energy of current sample. 
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3. Results and Discussion 

 

Fig.1. XRD spectra of NiO diatomic molecular ceramics 

 

The variation of intensity (I) as a function of two-theta (2θ) angle for the nano 

interstellar nickel oxide diatomic molecular ceramic sample is depicted in Fig.1. It can 

be obviously understood from figure that the intense diffraction peaks of cubic 

structure was formed. The reflection planes and two-theta angle positions are in 

consistent with the standard JCPDS data card No’s: 65-5745. In addition, the average 

crystallite size (D) of all compositions is evaluated using the Scherrer formula [11-

16]: D = 0.9λ/βcosθ, where λ is the wavelength of radiation used, β is the full width 

half maximum (FWHM) of diffraction peaks and θ is the diffraction angle [17-23]. It 

can be seen from figure that the average crystallite size ‘D’ value is of 52.5 nm. The 

main reason for observed variation of crystallite size is the developed micro-strain or 

full width half maxima of all diffraction peaks. The lattice constant (a) was observed 

to be 4.096 Å for maximum intense plane of (200) at 44.782o. The X-ray densities 

(Dx) are found to be changing between 6.897 g/cm3.   

TEM generally provides the information about the existence of nano-particles. In this 

investigation the TEM image (about 50 nm area of the sample surface) of NiO nano-

particles are showed in Fig.2. It is seen from Fig.2 that all NiO nanoparticles are of 

spherical in shape. The particle size is varying between 23 to 37 nm. In TEM image a 

weak-agglomeration is identified. This kind of agglomeration is mainly due to the 

magnetic interactions among the nanoparticles. 
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Fig.2.TEM photos of NiO diatomic molecular ceramics. 

 

The difference reflectance spectrum (Fig.3) is recorded in the range of 350-2000 nm 

for evaluating optical band gap of powder samples. The Kubelka –Munk function of 

reflectance F(r) is used to determine band gap [7]. F(r) = (1-r)2/2r.The absorption 

coefficient (α) is directly proportional to F(r) and hence an equation to find band gap 

can be written as [7]: (αhν)n = m (hν -Eg), where ‘m’ is energy–independent constant 

that depends on transition probability. Eg is optical band gap energy. N depends on the 

kind of transition i.e., n=2 for direct transition, 2/3 for direct forbidden transition, ½ 

for indirect transition and 1/3 for indirect forbidden transition, and hν is photon 

energy. In this study n =2 is taken for the direct transition [7]. The Eg value is 

considered as extrapolated tangent value towards x-axis for (αhν)2 versus photon 

energy hν (eV) plot as α tends to zero. 
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Fig.3 Absorption and band-gap spectra of NiO diatomic molecular ceramics 

 

The maximum absorption wavelength (λm) for NiO nano-particles is showed in Fig.3. 

It is observed from figure that the λm value is acquired to be 562 nm for the NiO 

nanoparticles. The optical band gap is found to be 4.32 eV and is more than the 

previously reported data of 4.1 eV [10]. 

The impedance spectroscopic analysis is a good technique to understand the 

conduction mechanism and microstructure behaviour of ceramic materials. Impedance 

analysis is made using Nyquist plots. The bulk or electrical conductivity analysis as a 

function of temperature is elucidated from the grain and grain boundary behaviour. It 

is obvious from the Z' versus Z" plots (shown in Fig.4) that all samples show single 

semi-circular arcs of distinct diameters for various temperatures in the frequency of 1 

kHz - 5 MHz. Therefore, it is observed that the electrical conduction is alone occurred 

due to grain contribution. Moreover, few compositions express a small disorder 

tendency in Cole-Cole plots which may arise because of the change of grain size 

distribution, stress, strain, volume fraction and improper atomic arrangement at grain 

and grain boundary. These may in turn lead to increase of the electron scattering [7]. 

The diameter of semicircle reveals the bulk resistance. It is an established fact that 

grains are of semiconducting nature while its boundaries are of insulating nature. The 

current investigation reports that the complete electrical conductivity is owing to bulk 

contribution. However, in this study the formation of complete semicircle is a 

dependent of temperature. It is noticed from all the plots that room temperature Cole-

Cole plots reveal the tendency of slight semicircular arc. At the higher temperatures 

this tendency becomes predominant. However, the semicircular arc formation is 

mainly a dependent of relaxation strength of plot. Therefore, the partial formation of 
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arcs at room temperature may be attributed to the partial relaxation strength as 

reported in reference [10]. Hence, it is reported that the present samples are of almost 

semiconducting nature at room temperature. On the other hand, at high temperatures 

samples eventually reaches the exact semiconducting nature The centers of 

semicircular arcs of all compositions (at all temperatures) lie below X- axis 

expressing the non-Debye type relaxations [10].  
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Fig.4. Cole-Cole plots of nickel oxide nanoparticles 

 

4. Conclusions 

The nano NiO diatomic molecular ceramics are synthesized via ball milling method. 

The cubic phases are detected in diffraction pattern. The huge value of optical band 

gap of 4.23 electron volts was obtained for nano nickel oxide particles.  The 

impedance spectroscopic analysis revealed the magnetic semiconducting nature of 

specimen.   
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