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ABSTRACT 
ZnO nanostructures were synthesized by wet chemical method using surfactant PEG6000 with two different molar 

concentrations (0.1M & 0.5M). The morphology of the ZnO crystals was investigated by Scanning Electron 

Microscopy (SEM) technique. The results indicate that the presence of surfactant significantly modifies the shape 

and size of ZnO particles.  In order to examine the possible changes in other properties of ZnOcharacterizations, FT-

IR and UV-visible spectroscopy analysis were also studied and discussed. 
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INTRODUCTION 
ZnO is a useful semiconductor material due to the wide direct band gap (3.3 eV) and large value of 

excitation binding energy (60 meV).1-4 Synthesis of ZnO nanostructures is subject to intense research 

lately due to very rich shapes such as wires, tubes, rods, flowers, stars, belts and hexagonal prismatic 

using various methods such as wet chemical method, hydrothermal and solvothermal methods.5–10 Among 

these methods, a wet chemical method is one of the most common and promising methods for the 

synthesis of zinc oxide crystals. Fortunately, surfactants coupled with the wet chemical method are able to 

modify the surface chemistry of nanomaterials by changing their hydrophobic or hydrophilic properties. 

Therefore, the desired size and shape can be tailor-made. Recently, there have been lots of work on the 

synthesis of ZnO (zinc oxide) nanostructures using different surfactants like ethylenediaminetetraacetic 

acid (EDTA),11 sodium dodecyl sulfate (SDS),12 cetyltrimethylammonium bromide (CTAB).13It is known 

that size of nanoparticles can be controlled easily through the use of surfactants in the system. The 

electrical and magnetic properties of nanoparticles are strongly dependent on size and shape of the 

particles and it is essential to study the impact of surfactant on ZnO nanoparticles.  Various surfactants 

can alter nanoparticle size, shape and other surface properties to different extent depending upon the 

molecular structure. In this work PEG6000 (polyethylene glycol) is used as the surfactant. By adding the 

amount of PEG6000 we can modify the size and shape of ZnO nanoparticles.14 Here two samples with 

different concentrations such as 0.1 M and 0.5M were reported. The wet chemical method was adopted in 

the synthesis.  

EXPERIMENTAL 
The synthesis strategy for ZnO nanostructure fabrication starts with the sequence of reactions. The 

precursors (so-called starting materials) used for this investigation are Zinc acetate and liquid ammonia. 

Initially, zinc acetate was dissolved in double distilled water to obtain 0.1molar concentration. In the same 

way, PEG6000 also dissolved in double distilled water to obtain 0.1 molar concentration and added with 
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zinc acetate solution drop by drop. The solution was stirred vigorously and the pH value of the solution 

was adjusted to 8 by adding liquid ammonia until to get precipitated form.  After that, the prepared 

solution was placed in a microwave oven and irradiated for 15 minutes. The obtained product was filtered 

and washed with double distilled water. Finally, the sample was dried and kept in a furnace at 120°C for 5 

hours. The structural properties of ZnO nanoparticles with PEG6000 was investigated by Fourier 

Transform Infrared Spectroscopy (FTIR), Scanning electron microscopy (SEM)and the optical properties 

were studied using UV visible spectroscopy. 

 

RESULTS AND DISCUSSION 

SEM Analysis 

Figures- 1(a) and  (b) show SEM pictures which indicate that the sample is composed of a large quantity 

of nanoparticle with uniform size and shape. Generally, the surfactant has a significant influence on the 

size and structure of resultant products. The variations in the morphology seemingly correlate with the 

variation in the crystallinity of the particles. The figure shows that ZnO synthesized at different molar 

ratios of PEG6000; 0.1 and 0.5 respectively. When PEG6000 was added, the surfactant may cap the ZnO 

nanorods to inhibit further lateral growth. Therefore, the increase of PEG6000 concentration limits the 

lateral growth of ZnO rods.  

 

EDAX Analysis  

(a)  (b)  

Fig.-1: (a) PEG6000 with 0.1 molar concentration (b) PEG6000 with 0.5 molar concentration 

 

The chemical composition of the ZnO nanostructure was obtained from the EDAX analysis. Figures- (2a 

and 2b) show that the chemical compositions of the synthesized ZnO nanostructure with a different molar 

concentration of surfactant PEG6000 (0.1M and 0.5M) respectively. The EDAX pattern shows the 

presence of only Zinc and oxygen and hence indicates the purity of ZnO nanostructures. 

 
Table-1: EDAX analysis 

S. No. Molar Concentration    Zn wt% O wt% 

1 0.1M 89.62 25.99 

2 0.5M 93.35 15.81 

 

From the Table-1 the maximum Zinc content of 93.35 weight % was obtained for ZnO nanostructures by 

adding surfactant with 0.5M concentration. The weight % of oxygen O decreases while increasing the 

concentration of surfactant. 
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(a)                                                                                   (b) 
Fig.-2: (a) PEG6000 with 0.1 M Concentration(b) PEG6000 with 0.5 M concentration 

 

UV-Visible Analysis 

The UV-Vis spectrum is studied by Perkin- Elmer Lambda 35 spectrometer with nanoparticles of 0.1M 

concentration and 0.5 M concentration in the range of 300 to 700nm.  

 

 

 

      
(a) (b) 

Fig.-3: (a)PEG6000 with 0.1 M concentration (b)PEG6000 with 0.5 M concentration 

 

The transmission range and transparency cut off wavelength are important for nanoparticles. The recorded 

transmittance spectrum is shown in Figures 5a & 5b for molar concentration 0.1M and 0.2 M. The lower 

cut off wavelengths are at 362.330(0.1M) and 364.10(0.5M). The transmittance range is about 80% for 

0.1M concentration and 85% for 0.5M concentration respectively. The absorption edges are found to be 

1.252 and 1.122 and hence for the fabrication of application-oriented optical devices, the modification of 

optical parameter such as absorption edge is extremely important. 

 

FTIR Analysis 
To analyze the adsorption of surfactants on the surface of ZnO nanostructures, FTIR spectrum was 

recorded in the range of 4000–500 cm−1 (Figure 5a&5b). Samples prepared using PEG6000 with two 
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different molar concentrations 0.1M and 0.5M shows quite similar bands at 3374cm-1, 1558 cm-1and 1412 

cm-1which corresponds to N - H stretching vibration and N–H bending respectively. The characteristic 

peak of ZnO absorption can be clearly observed at 874.01 cm-1 and 428.00 cm-1 which clearly shows that 

by increasing the molar concentration of PEG6000, the peak shifted to lower wave numbers. 

 

 

(a) (b) 

Fig.-4: (a)PEG6000 with 0.1 M concentration(b)PEG6000 with 0.5 M concentration 

 

 

 

 

 

 

 

 

 

 

 

 
(a) (b) 

Fig.-5: (a) PEG6000 with 0.1 M concentration(b)PEG6000 with 0.5 M concentration 

 
Table-2: UV- VIS results 

S. No. Molar Concentration Absorption Edge Cut off Wavelength (nm) 

1 0.1M 1.252 362.330 

2 0.5M 1.122 364.10 

 

CONCLUSION 
In summary, ZnO nanoparticles have been synthesized using a relatively simple method using PEG6000 

as a surfactant. The size, structure, and morphology of the as formed ZnO nanoparticles are dependent on 

the increase of the molar concentration of the surfactants. Moreover, by increasing the molar 

concentration of surfactant it seems that there is a shift in the characteristic peak of ZnO to lower wave 
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numbers. The addition of surfactant to ZnO nanoparticles shows the better results in improving the 

crystallinity and structure of ZnO powders which intern enhance its characteristic nature. 
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