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The present study focuses on the synthesis of ZnO nanoparticles of varying size (40-

100nm) by reverse micelle method using sodium dodecyl sulphide as stabilising agent. 

The variation in size was obtained by changing the calcination temperature. The 

nanocrystalline nature of the prepared samples was investigated using different techniques 

such as UV-Visible spectrophotometer, IR spectrometer, XRD, SEM, TEM. The prepared 

powder samples were then pressed into disks and coated with natural rubber (NR latex) 

using dip coating technique. The dielectric studies of the nano ZnO- rubber disks were 

then carried out at varying frequencies. The effect of particle size on dielectric constant, 

dielectric loss, ac conductivity and Q factor was examined. It was found that all the 

parameters are very sensitive to the size of the particle. The parameters can be tuned to 

desired values by varying the particle size. The Particles calcinated at 550°C, having 

minimum size, show the most promising results. 
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1. Introduction 
 

 The research on semiconductor nanostructures has great importance in recent years due to 

their optical, electrical and photocatalytic properties. The unique properties of semiconductor 

nanostructures are due to quantum effects and increased surface to volume ratio [1]. The different 

semiconducting nanomaterials of single elements, compound semiconductors and metal oxides 

have been successfully synthesized and studied. For the last few decades, ZnO has attracted much 

interest due to its versatile properties such as transparency in the visible range, direct band gap 

(3.37 eV), large exciton binding energy of 60 meV, absence of toxicity, etc. These qualities make it 

the best candidate for applications like transparent conducting electrodes in flat panel displays and 

window layers in solar cells [2-4]. It also exhibits many potential applications in areas such as 

laser diodes, solar cells, gas sensors, optoelectronic devices [5–7]. The ZnO nanoparticles can be 

synthesized using various techniques such as hydrothermal [8], sol–gel [9], wet chemical [10], 

precipitation [11], microemulsion [12], chemical vapor deposition [13], solid state reaction [14] 

and laser ablation [15]. The dielectric properties of an insulating medium can be modified by 

dispersing electrically conducting particles in the medium [16–19]. Thus the insulating host 

material can be modified into conducting or semi-conducting depending on the amount of filler 

particles dispersed in the medium [20- 22]. Zinc oxide is one of the most important basic 

components of rubber compounds. In rubber processing, it acts as an activator for the cross linking 

by sulphur or sulphur donors [23]. The rubber industry, utilized optical, physical and chemical 

properties of ZnO. It is   the most effective activator to speed up the rate of cure. It can improve 
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the resistance to corona effects by its dielectric strength in high-voltage wire and cable insulation. 

The materials properties such as melting points, mechanical properties, and electrical properties 

change at nanoscale. The studies on the effect of frequency on the dielectric behaviour and a.c 

electrical conductivity give useful information about the conduction phenomenon in 

nanostructured materials. It was also noted that premelting of samples greatly depend upon  the ac 

conductivity. And also the premelting of the mixtures at higher temperature led to a somewhat 

higher enhancement in ac conductivity because these temperatures are not high enough to allow 

for sintering or forming agglomerates [24]. The dielectric properties of particles are due to the 

contributions from electronic, ionic, dipolar and  space charge polarizations. The determination of 

dielectric properties of the material is also  important to assess the usability of the material in 

various electronic and optoelectronic applications. 

In this work, the ZnO nanoparticles of different sizes were fabricated using the cost 

competitive and simple reverse micelle technique. In order to reduce the agglomeration among the 

smaller particles, the sodium dodecyl sulphide molecule which can bind to the surface of 

nanoparticles in the initial nucleation stage is used. Different samples were prepared by varying 

the calcination temperature. The ZnO nanoparticles are then characterised using UV-Visible 

spectrophotometer, IR spectrometer, Scanning electron microscope, transmission electron 

microscope and XRD. It was found that particle size increases with calcination temperature. So in 

order to find out the optimum temperature a TGA-DTA analysis of the sample was done. The 

prepared particles are then pressed into round disks of 1cm diameter and thickness 2mm. The disks 

were then coated with natural latex rubber using a microcontrolled dip coating unit. The dielectric 

properties of prepared nano ZnO-natural rubber disks are studied at room temperature.  

 

 

2. Experimental 
 

The ZnO nanoparticles were prepared by reverse micelle method. In a typical experiment, 

first solution was prepared  by dissolving 8.636 g ZnSO4. 3.603 g CH3COOH and 40 mg SDS as 

surfactant in 1 dm3 of water. The second solution was prepared by 3.6gNaOH pellets and 25ml 

70% of ethanol. Then the first solution was slowly added to the second solution with continuous 

stirring. The obtained precipitate was filtered by using a Whatmann filter (grade-41) and air dried. 

The white solid product was washed with ethanol six times and with water ten times to remove 

impurities. Then, the dried precipitate was divided into four portions. The four portions were 

calcinated at 200 0C, 9000C, 7500C, and 5500C for one hour respectively. The samples were named 

as, A, B, C, D. The obtained powders were characterized using XRD, UV-Visible absorption 

Spectroscopy, FTIR, TEM and SEM. The TGA analysis of Zn(OH)2 was carried out using a TA 

instrument (SDT-2960) thermogravimetric analyser. The FTIR spectra were obtained using a 

SHIMADZU FTIR-8400S Japan in the range of 400 cm−1 to 5000 cm−1. The UV-Visible spectra of 

ZnO nano particle suspended in deionised water were recorded using an analytic Jena (Specord 

50) spectrophotometer. X-ray diffractograms of ZnO nano powders were taken using a GE 

Inspection Technologies Seifert (PTS 3003) using a copper kα radiation (λ=1.54A). Scanning 

electron micrographs of ZnO nano particles were obtained by (Philips XL 30) SEM. Transmission 

electron micrographs were taken in a JEOL Crop. (JEM – 3010) TEM microscope at an 

accelerating voltage of 100KV.   

 The samples were then made into disks of 1cm diameter and 2mm thickness. The disks 

were coated with a 0.5mm layer of natural rubber using dip coating technique.  

 

2.1 Dielectrical studies 

 

These studies were carried out using a Hioki LCR Impedence analyzer (model 3532-50) in 

the frequency range of 100 KHz to 5MHz, at room temperature. The samples were inserted 

between two copper plates of the same diameter to form a capacitor in a home-made dielectric cell 

whose fabrication details are reported elsewhere [25]. Using the impedance analyzer, the 

capacitance and loss tangent were measured at different intervals using an automated measurement 

set-up.  
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3. Results and discussion 
 

3.1 Thermogravimetric analysis 

 

A Thermogram of Zn(OH)2 heated from room temperature to 800°C in nitrogen  

atmosphere is shown in fig. 1. It is clearly seen in the curves that the mass loss begins just below 

200°C and the rate of mass loss increases with increasing in temperature up to 500°C, after which 

the mass becames constant. The constant mass indicates that all the  Zn(OH)2 has  been converted 

into ZnO.    

 

 
 

Fig. 1. Thermogram of Zn(OH)2 

 

 

3.2 Spectroscopic analysis 

 

3.2.1  FTIR spectroscopy 

 

The fig. 2a, 2b, 2c and  2d show the FTIR spectra of ZnO powders heat treated at 200°C, 

550°C, 750°C,  and 900°C. For the powders heat treated at 900°C only the band due to  the Zn-O 

bond at 500 cm -1 is seen. IR spectra of powders heat treated at 550°C show bands near 1517cm-1 

(C = O stretching mode), 2339cm-1 (due to the adsorption of CO2 from atmosphere on the metallic 

cation and a band at 500cm-1  (Zn-O) . The IR spectra of powder heat treated at 200°C shows many 

strong bands. This shows that Zn(OH)2 does not change completely into ZnO. The intensity and 

position of the band near 500 cm-1 is similar in all cases, indicating that temperature will not affect 

the Zn-O bond.    
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Fig. 2. FTIR spectra of ZnO powders heat treated at (a) 200°C,  (b) 550°C  (c) 750°C and (d) 900°C 

 

 

3.2.2 UV-VISIBLE spectroscopy 

 

Fig. 3 shows UV-VISIBLE absorption spectras of the B, C and D samples of nano ZnO 

powder. The prepared nano powders were first dispersed in water and then the UV-VIS optical 

absorption characteristics were measured. The presence of ZnO nanoparticles is clearly evident in 

fig.3. The excitonic absorption peak for sample heat treated at 550°C is observed at 361.34 nm, 

which lies much below the bandgap wavelength of 388 nm (Eg = 3.3 eV) of micro ZnO. The 

Figure shows absorption peak at 370 nm for sample heat treated at 750°C and the sample heat 

trated at 900°C shows peak at 378 nm. Also it is observed that absorption of ZnO is very sharp, 

which indicates the mono dispersed nature of the nanoparticle distribution. The mono dispersed 

nature of particle distribution has also been confirmed by SEM and TEM measurement. 
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Fig. 3. UV-VISIBLE absorption spectra of nano ZnO powder at various temperatures 

 

 

 Only the largest particles contribute to the absorbance, at the absorption edge. But in case 

of the smaller wavelength range, particles with smaller sizes contribute more. At the region of 

absorbance maximum, all particles contribute to the absorbance. Thus the average particle size 

present in a nano colloid can be obtained from the inflection point in the uv spectrum. Equation (1) 

based on the effective mass model, gives the relation between the particle size (r, radius) and the 

peak absorbance wavelength (λp) for mono dispersed ZnO nano colloid. ZnO nano particles 

prepared at 5500C show peak absorbance at ~361 nm which corresponds to average particle size of 

52.34 nm. 
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3.3 XRD studies 

 

Fig. 4 shows XRD patterns of nano ZnO crystals. The broadening in the XRD peaks 

reveals the nanocrystalline nature of the particles. The broadening of the peaks decreases with 

increasing calcinations temperature showing that size increases with increase in temperature. X ray 

diffraction patterns are obtained when incident X-rays are scattered by the parallel planes in the 

particles. As the powder size decreases, the planes in them rearrange so that the number of parallel 

planes decreases. Because of this the peaks broadens. The particle size was calculated using the 

Scherer equation, D = 0.9λ / βcosθ where D is the particle size, λ is the wavelength, β is the full 

width at half maximum and θ is the diffraction angle. X ray difractograms of nano ZnO calcinated 

at various temperatures shows a maximum intense peak is at the 2θ value 36.2° and d (interplannar 

distance) value 2.48056 indicates hexagonal crystal structure of ZnO and this peak broadens with 

decrease in particle size.  As the calcination temperature increased from 200°C to 900°C the size of 

the particles increased from 22nm to 66nm. As mentioned earlier, the formation of ZnO is 

incomplete at 200o C. 
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Fig. 4. X ray diffraction patterns of ZnO heat treated at various temperatures  

 

 

3.3.1 Effect of calcination temperature on metal oxide nanoparticles 

 

The fig. 5 shows variation of average particle size of powders with different calcination 

temperatures. The particle size increases with increase in calcination temperature. The XRD 

studies and SEM micrographs clearly show this. SEM shows that the shape changes from spherical 

to hexagonal. The size  of the crystal is proportional to its surface energy, hence small crystals get 

converted into large crystals automatically. The process happens immeadetly, especially at high 

temperature. The process becomes complete with prolonged calcination time. The crystal size 

increases with the calcination temperatures [26] . And it leads to the acquisition of large size 

nanoparticles .  

 
 

Fig. 5. variation of particle size with calcination temperature (obtained from XRD data) 
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3.4 Microscopic analysis 

 

3.4.1 Scanning electron microscopy  

 

The scanning electron micrographs of nanocrystalline ZnO powders are shown in figure 6. 

As seen in the figure, the powder calcined at 900°C (fig. 6a) has hexagonal structure and the 

particles have size in the range of a few hundred nanometres. As we decrease the temperature, it 

can be seen that the size decreases and the shape changes from hexagonal to almost spherical. At 

550°C (fig. 6b) the size is around 40 nm and at 200°C (fig. 6c) the size is around 20 nm. The size 

obtained from scanning electron micrographs is in agreement with size obtained from XRD. 

           
 

Fig. 6. SEM micrographs of nano ZnO (a) at 900°C (b) at 550°C and (c) at 200°C 

 

            

3.4.2 Transmission Electron microscopy  

 

The formation of the metal oxide nanoparticles can be easily proved by Transmission 

electron microscopy. Fig. 7 shows TEM images recorded from drop coated films of the ZnO nano 

particles prepared by calcination at 550°C. The particles are mono disperse in nature with an 

average size of 40-60nm. The nanoparticles are predominantly spherical in shape. Fig. 7a and  7b 

both include a scale  for comparison. 
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Fig. 7. TEM Micrographs of ZnO nanoparticles. 

 

                           

3.5 Dielectric Studies 

 

The electrical properties of a dielectric substance are usually described in terms of 

dielectric constant and dielectric loss. The variation of dielectric constant as function of frequency 

at room temperature of samples A, B, C and D is shown in the figure 8a. The dielectric constant or 

relative permittivity is determined using the equation εr= C.d/ ε0A, where C is the capacitance of 

the sample, d and A are the thickness and area of the sample pellet. The figure 8a shows the 

variation of dielectric constant with frequency at room temperature. It is clear from the results that 

the dielectric constant remains fairly constant at higher frequencies. Here dielectric constant 

decreases with the increasing frequency for all the samples. At lower frequency (100 KHz), this 

effect is more prominent. Increase in dielectric constant in nano ZnO–rubber disks is nearly 

inversely with the particle size of the ZnO particles. In this case sample D possesses more 

dielectric constant compared to other samples, but the sample A dielectric constant is low because 

of the incomplete formation of ZnO. The space charge effect will be a prominent factor, in 

determining the dielectric properties in materials with small particle sizes [27, 28]. In addition, ion 

jump polarization may also be greater in nanocrystalline materials since there will be a number of 

positions at the grain boundaries for the ions to occupy. The high values of the dielectric constant 

in the present study may be attributed to the increased ion jump orientation effect and the 

increased space charge effect exhibited by nanoparticles. The variations of dielectric loss factor 

(tanδ) of samples A, B, C, and D with different frequency are shown in figure 8b. It can be seen 

that the dielectric loss shows the behaviour similar to that of the dielectric constant. In dielectric 

materials, dielectric losses usually occur due to absorption current. In nanophase materials, 

inhomogeneities like defects and space charge formation in the interphase layers produce an 

absorption current resulting in a dielectric loss. Hence It is possible to obtain a desired dielectric 

constant in conjunction with small dielectric loss. The samples are thus potential candidates for 

making capacitors [26]. With the addition of a rubber coating to assure mechanical integrity, the 

disk becomes a practical candidate for capacitor manufacture. The a.c conductivity of the samples 

was calculated using the equation. σac=2πfε0εrtanδ [22] and shown in the figure 8c, where f is the 

frequency, ε0 is the permittivity of free space, εr is the relative permittivity of the sample  and tanδ  

is the dielectric loss factor. The ac conductivity increases with increase in frequency. The a.c. 

conductivities strongly depend on the particle size, the concentration and heat treatment of the 

sample and the premelting of the electrolytes [24]. It can be seen that σac increases with frequency 

for samples A, B, C and D in a sequential order. Here a.c conductivity of sample D is few orders 
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higher than the other samples. The increase of a.c. conductivity with the frequency indicates that 

the mobility of charge carriers is responsible for hopping [29]. The electrons which are involved in 

hopping are responsible for the electronic polarization in nano ZnO rubber disks.  

 

3.5.1 Q – Factor 

 

The Q-factor of samples is measured in the frequency range of 100 KHz to 5 MHz The       

Fig. 8d  explains the plot of Q-factor versus frequency of nano ZnO-rubber disks ,i.e. Sample A, B, 

C, and D. It can be seen that Q-factor increases with frequency for all the samples. For the sample 

A Q- factor is much low compared to other samples. 

 

Fig. 8.  (a) Variation of dielectric constant with Log f, (b) Variation of dielectric loss with Log f  

(c) Variation of ac conductivity  with Log f (d) Variation of Q- Factor with Log f 

 

 
4. Conclusion 
 

In the present study ZnO nanopowders were synthesised successfully with sodium dodecyl 

sulphide as the stabilising agent. The monodisperse nano size of the prepared particles was 

confirmed by different characterising techniques. In this investigation the direct relationship of 

particle size with calcination temperature was well established. The dielectric studies of the rubber 

coated disks prepared from the nano ZnO particles of different size were carried out. It was found 

that the dielectric properties vary with paricle size. By changing the particle size we can tune the 

dielectric parameters to the desired value. This finding permits the fabrication of electronic and 

optoelectronic devices with improved characteristics. The high value of dielectric constant for 

nano ZnO-natural rubber disks enhances its property towards nanoscale charge storage devices 

which is an essential prerequisite for biomedical applications. 
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