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ABSTRACT 

ZnO nanoparticles were synthesized by microemulsion route in W/S ratio of 5 at room 
temperature. X-ray diffraction (XRD) pattern reveals wurtzite structure of ZnO nanoparticles. Rod 
shape of ZnO nanoparticles of average particle size 10.0 to 12.0 nm were observed by transmission 
electron microscopy. FT-IR spectra confirmed the adsorption of surfactant molecules at the surface of 
ZnO nanoparticles and presence of Zn-O bonding. Thermal studies were carried out by the differential 
scanning calorimeter (DSC) techniques. In addition, UV-Visible spectra were employed to estimate 
the band gap energy of ZnO nanoparticles.      
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1. INTRODUCTION 

 

In recent years, noble metal oxide nanoparticles have been the subject of focused 
research due to their unique electronic, optical, mechanical, magnetic and chemical properties 
that are significantly different from those of bulk counterpart1-5. Nanostructured ZnO 
materials have drawn broad attention due to its wide range of applications in ultraviolet (UV) 
lasers6, power generators7, solar cells8, gas sensors9, field emission devices10, capacitors, 
varistors, transparent UV resistance coating, photoprinting, electrophotography, 
electrochemical and electromechanical nanodevices, sun screen lotion (cream), cosmetic and 
medicated creams etc.11-14.  Zinc oxide (ZnO) is a wide band gap semiconductor with an 
energy gap of 3.30, 3.28, and 3.27 eV at 300, 500, and 700 °C15. ZnO nanocrystals or 
quantum dots (QDs) have superior optical properties of the bulk crystals owing to quantum 
confinement effects.  
 A variety of preparation routes have been reported for the preparation of metal oxide 
nanoparticle3,4 notable examples include, reverse micelles process5,16, salt reduction17, 
microwave dielectric heating reduction18, ultrasonic irradiation19, radiolysis20,21, solvothermal 
synthesis22, electrochemical synthesis23,24 etc.  

Compare to other methods, the reverse micelle method is one of the most promising 
wet chemistry synthesis approaches of synthesis of metal oxide nanoparticles25. This method 
provides a favorable microenvironment for controlling the chemical reaction. As such the 
reaction rate can be easily controlled, and it is possible to obtain a narrow nanoparticle size 
distribution26. Reverse micelle microemulsions are transparent, isotropic, and 
thermodynamically stable27,28.  
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In continuation to our earlier research work29,30, present work reports synthesis of ZnO 
nanoparticles by microemulsion route. Characterization of ZnO nanoparticles were carried 
out by XRD, TEM, DSC, FTIR and UV-Visible spectroscopy. Emphasis has been given on 
structural and optical properties of CuO nanoparticles, etc.50-54. 
 

 

2. EXPERIMENTAL  

2. 1. Materials and method 

All chemicals used in experiment were of analytical grade. The stable reverse micelle 
microemulsion was prepared by mixing a non-ionic surfactant, Triton X-100 
[(C14H22O(C2H4O)n] (Qualigen Chem. Pvt. Ltd., Mumbai), Polyvinyl pyrollidone (PVP) 
(K85-95) (Merk, India) and 1:9 ratio of cyclohexane (Qualigen Chem. Pvt. Ltd., Mumbai) 
and triple distilled water (conductivity less than 1×10-6 S cm-1). The microemulsion was 
mixed rapidly with continuous stirring for five minutes. ZnSO4·6H2O (Qualigen Chem. Pvt. 
Ltd., Mumbai) solution (0.5 M) was added drop by drop to microemulsion with continuous 
stirring. A sky blue color mixture was obtained. PVP was used as a stabilizing agent. After 
half an hour of equilibration, 2.0 M hydrazine hydrate (Qualigen Chem. Pvt. Ltd., Mumbai) 
solution was added drop by drop with continuous stirring at room temperature. The reverse 
micelles were broken by adding THF (Merk, India).  

ZnO nanoparticles were subsequently washed with ethanol and triple distilled water to 
remove residual PVP and surfactant molecules. After washing ZnO nanoparticles were dried 
in oven at 100.0 °C for 48 hours.  
 
2. 2. Characterization techniques 

Structural and optical properties of the ZnO nanoparticles were determined by using 
Transmission Electron Microscopy (TEM) (Hitachi: H-7500; Resolution: 2 Å), X-ray 
Diffraction (XRD) (Rikagu Mini-2 using CuKα1, λ = 0.15406 nm radiations), Differential 
Scaning Colorimetery (DSC) (TA Instruments USA, DSC Q10) in the range 50-600 °C, 
Fourier Transform Infra-Red spectroscopy (FTIR) (Thermo-USA, FTIR-380) in the 
wavelength range of 400 - 4000 cm-1 and UV-Visible spectroscopy (Systronic-2203). 

 
 

3.  RESULT AND DESCUSSION  

3. 1. Synthesis 

ZnSO4·7H2O crystallizes in the orthorhombic structure. Here six water molecules make 
a highly distorted octahedron around Zn+2 ion31. Due to the solvating action, ZnSO4·7H2O 
dissolves in water to produce the colorless solution which is due to the presence of 
[Zn(H

2
O)

7
]2+

 

ions. 

Addition of N2H4·H2O 
 
to the aqueous solutions of zinc sulphate heptahydrate results to 

production of white precipitates of Zn nanoparticles inside the miceller core. PVP act as 
stabilizer for these Zn nanoparticles. The surfactant and PVP molecules adhere to the surface 
of nanoparticles which serve as a protective layer to prevent the further reaction. The Zn 
nanoparticles are oxidized into ZnO nanoparticles in the presence of atmospheric oxygen at 
100 °C.  

The reaction profile of formation ZnO nanoparticles can be illustrated as: 

 (1)   ZnSO4(aq) + N2H4 + 2H2O(l) → 2Zn(s) + 2(N2H5)SO4(aq) + O2  

 (2)   2Zn(s) + O2 → 2ZnO(s)         
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There are two important factors that affect the exchange rate of reverse micelles in 
microemulsions; the stability of the dimer form and the size of channels between the two 
dimers32. The dimer stability, which depends on the intermicellar attractive potential, 
determines the interdroplet transfer of reactants. On the other hand, the size of channels 
which depends on the rigidity of interfacial film in the microemulsion, determines the 
Ostwald ripening contribution33. 

 
3. 2. X-ray diffraction analysis   

Figure 1 shows XRD diffraction pattern of ZnO nanoparticles. The peaks are indexed 
as 31.82º (100), 34.54º (002), 36.42º (101), 47.46º (102), 56.74º (110), 62.92º (103), 66.06º 
(200), 68.42º (112), 69.06º (201) and 78.82º (202) respectively.  All diffraction peaks of 
sample correspond to the characteristic hexagonal wurtzite structure of zinc oxide 
nanoparticles (a = 0.315 nm and c = 0.529 nm)34. Similar, X-ray diffraction pattern were 
reported by C. Chen et. al.35 and Y. Pong et. al.36. Average particle size of ZnO nanoparticles 
is found to be 10.0 nm using Scherrer equation37. Diffraction pattern corresponding to 
impurities are found to be absent. This proves that pure ZnO nanoparticles were as 
synthesized.  

 

 
 

Fig. 1. XRD patterns of ZnO nanoparticle. 
 
  
 
3. 3. Transmission Electron Microscopy 

Figure 2 (a & b) show the TEM images of ZnO nanoparticles. Rod shape ZnO 
nanoparticles were observed in TEM images of average size in the range of 10.0-12.0 nm 
which is in the good agreement with the size calculated by XRD. Figure 2 (c) shows the 
selected area diffraction pattern (SAED) of ZnO nanoparticles. It shows that the particles are 
well crystallized. The diffraction rings on SAED image matches with the peaks in XRD 
pattern which also proves the hexagonal wurtzite structure of ZnO nanoparticles38.  
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Fig. 2. TEM images of ZnO nanoparticles (a, b) and its selected area electron diffraction image (c). 
 

 
3. 4. FTIR spectroscopy 

Figure 3 shows FTIR spectra of ZnO nanoparticles. Infrared studies were carried out in 
order to ascertain the purity and nature of the metal nanoparticles. Metal oxides generally give 
absorption bands in fingerprint region i.e. below 1000 cm-1 arising from inter-atomic 
vibrations. The peak observed at 3452.30 and 1119.15 cm-1 are may be due to O-H stretching 
and deformation, respectively assigned to the water adsorption on the metal surface. The peaks 
at 1634.00, 620.93 cm-1 are correspond to Zn-O stretching and deformation vibration, 
respectively. The metal-oxygen frequencies observed for the respective metal oxides are in 
accordance with literature values39,40. V. Parthasarathi and G. Thilagavathi41 reported similar 
FTIR spectra observed of zinc oxide nanoparticles in their investigation.  
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Fig. 3. FTIR spectra of ZnO nanoparticles. 

 
3. 5. UV-Visible spectroscopy 

The optical characterization of the sample was recorded on UV-Vis absorption 
spectrophotometer Figure 4 (a) shows the UV-Visible absorption spectra of ZnO 
nanoparticles as a function of wavelength. The UV-Visible absorption spectroscopy of ZnO 
nanoparticles in ethanol solvent shows an excitonic absorption peak at about 214 nm, which 
lies much below the band gap wavelength of 388 nm of bulk ZnO42. The peak at ~214 nm is 
due to interband transition of copper electron from deep level of valence band. The blue shift 
in the peak centered at ~214 nm in absorption spectra (Figure 4 a) may be due to the 
transition of electrons from the more inner shell of copper to the uppermost shell as time 
passes. It is possible that, due to aggregation and agglomeration, particle size increases and 
material settled down on the bottom of container causing decrease in the absorbance43. This 
behavior is typical for many semiconductors due to internal electric fields within the crystal 
and inelastic scattering of charge carriers by phonons44,45.  

Absorption coefficient (α) associated with the strong absorption region of the sample 
was calculated from absorbent (A) and the sample thickness (t) was used the relation:  

 

30 ILCPA Volume 19



 

 

 
Fig. 4(a). Absorption of ZnO nanoparticles as a function of wavelength. 

 

 
Fig. 4(b). Variation of (αhν)2 with hν for ZnO nanoparticles as a function of wavelength at n 

value of 1/2.  

        α  = 2.303A/t                        (3)
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While the optical band gap of ZnO nanoparticles is calculated using the Tauc relation46: 

 

                            𝛼 = 𝐵(ℎ𝜈−𝐸𝑔)𝑛ℎ𝜈                                                           (4) 

 
Where, α is the absorption coefficient, B is a constant, hν is the energy of incident 

photons and exponents n whose value depends upon the type the transition which may have 
values 1/2, 2,  3/2 and 3 corresponding to the allowed direct, allowed indirect, forbidden 
direct and forbidden indirect transitions, respectively47. Figure 4 (b) show the variation of (α 
hν)1/n vs. photon energy, hν for ZnO nanoparticles with n values of 1/2. Allowed direct band 
gap of ZnO nanoparticles is calculated to be 3.7 eV, which is higher than reported value 
3.5348 eV. The increase in the band gap of the ZnO nanoparticles with the decrease in particle 
size may be due to a quantum confinement effect49.  

 
3. 6. DSC analysis  

The isothermal oxidation behavior and the oxidized structure of ZnO nanoparticles 
have been investigated using DSC technique over a temperature range of 50-600 °C in 
ambient air. Figure 5 shows DSC curve of zinc oxide nanoparticles. A small low temperature 
endothermic peak at 138.81 ºC is due to loss of volatile surfactant molecule adsorbed on the 
surface of zinc oxide nanoparticles during synthesis conditions. A large high temperature 
endothermic peak at 260.43 ºC is assigned the conversion of zinc hydroxide to zinc oxide 
nanoparticles. A small high temperature endothermic peak at 382.77 ºC attributed the 
conversion of zinc oxide into zinc nanoparticles. 

 

 
                                                   Fig. 5 DSC curve of ZnO nanoparticles. 
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4.  CONCLUSION 

  

ZnO nanoparticles of hexagonal wurtzite structure are synthesized by microemulsion 
technique. From TEM study, it is found that ZnO nanoparticles are of rod shape with average 
size of 10.0-12.0 nm. The FTIR spectral analysis reveals the characterstics peaks for Zn-O 
stretching. The absorption of water molecules on the ZnO nanoparticles is confirmed by 
FTIR spectra. The UV-Visible study shows blue shift absorption at ~214 nm. Allowed direct 
band gap energy of ZnO nanoparticles are found to be higher as compared to their bulk 
counter part. Thermal studies are carried out by DSC technique which further confirms the 
formation of ZnO nanoparticles.   
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