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Abstract: The Pure and EDTA Capped ZnO nanoparticles were synthesized via Wet-Chemical method. The surface 

morphology of the Pure and EDTA capped ZnO nanoparticles have been studied using FESEM. The structural morphology 

of the pure ZnO nanoparticles has obtained in non-uniform manner. When we added EDTA as capping agent the surface 

morphology of the radial hexagonal shapes of the particles are individually separated when compared to the pure ZnO. 

From the X-ray diffraction (XRD) study, it reveals that the synthesized ZnO product has the hexagonal phase structure. The 

average crystallite size of the Pure and EDTA capped ZnO nanoparticles are 16.17 nm and 9.22 nm respectively. The 

synthesized samples were examined through UV-Visible spectrometer; the UV absorption at around 373 nm with the 

estimated direct band gap energy is 3.32 eV for pure Zinc oxide and is 3.25 eV for EDTA Capped ZnO.  
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1 Introduction 

ZnO is a wide band gap semiconductor with optoelectronic properties that make it an attractive candidate for a variety of 

device applications. Zinc oxide is a versatile material that has achieved applications in photo catalysts, solar cells, chemical 

sensors, piezoelectric transducers, transparent electrodes [1-3], electroluminescent devices, and ultraviolet laser diodes [4, 5]. 

There are various methods in order to synthesize ZnO nanomaterials viz. solvothermal synthesis, sol–gel [6], combustion 

synthesis, Spray analysis, thermal hydrolysis, hydrothermal synthesis etc [7-10]. Hydrothermal synthesis is one of the most 

extensively used and cost effective methods for the preparation of nanomaterials. In this study, the ZnO nanomaterials have 

been synthesized and their optical and surface morphological properties are investigated. 

 

2 Materials Synthesis: 
In the typical synthesis, 0.1 mol of Zinc acetate and 0.2 mol of Sodium Hydroxide were dissolved in 100 ml of deionized 

water under vigorous stirring at room temperature. The stirring is continued for 18 hours. Pure ZnO was precipitated. The 

precipitated ZnO was washed thrice with water and thrice with ethanol to remove the unreacted precursor and the by-

products. The samples were dried using Hot Air oven at 12 hours. The obtained sample is labeled as pure ZnO. To the above 

same procedure and adding 0.025 mol of capping agent Ethylenediaminetetraacetic acid (EDTA) was added to get EDTA 

capped ZnO nanoparticles. 

3 Results and discussion: 

3.1 Powder – XRD Analysis: 

The X-ray diffraction analysis of the pure ZnO and EDTA capped ZnO nanoparticles were studied using Rigaku miniflex II 

X-ray. Fig.1 show the Powder XRD patterns of the pure ZnO and EDTA capped ZnO nanoparticles samples scanned in 2θ 

range from 20° to 70°. A number of strong Bragg reflections are observed originating from the synthesized ZnO samples. 

The peak observed at 2θ = 32.5
˚
, 34.5

˚
, 37.2

˚
, 47.5˚, 56.5˚, 63.8˚, 67.2˚, 68.1˚ and 69.6˚ correspondence to the lattice plane 

(100), (002), (101), (102), (110), (103), (200), (112) and (201) respectively, which indicates wurtzite hexagonal structure of 

ZnO [11]. All the peaks are matched with standard JCPDS card no-890510. The crystallite size (D) of the prepared 

nanopowder can be calculated by using Debye-Scherrer’s formula D = 0.9λ/β Cos θ 
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Fig.1 Powder XRD patterns for (a) pure and (b) EDTA capped ZnO Nanoparticles 

 

The crystallite size of prepared nanoparticles is found to be 16.17 nm for pure ZnO nanoparticles and 9.22 nm for EDTA 

capped ZnO nanoparticles which are in the order of nano size. 

 

3.2 FESEM Analysis: 

 In fig.2 FESEM has been used to examine the surface morphology and to estimate the pure ZnO nanoparticles has 

obtained in non-uniform surface morphology. When we added EDTA capping agent the surface morphology of Fig.3 shows 

the radial hexagonal shapes of the particles are individually separated when compared to the pure ZnO [12].   

 

Fig.2 FESEM images of Pure ZnO (a,b)                       Fig.3 FESEM images of EDTA capped ZnO (c,d) 

3.3 UV-Vis spectral analysis and Optical study 

 In fig.4 shows the UV-Vis absorption spectra of the Pure ZnO and EDTA capped ZnO respectively. The Optical 

absorption edge of both samples was observed at around 373 nm which corresponds to bulk ZnO nanoparticles [13].  

 

 

 

 

 

 

Fig.4 Optical absorption spectra for Pure and EDTA capped ZnO 
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Fig.5 UV tauc plot pure ZnO                                          Fig.6 UV tauc EDTA capped ZnO 

The absorbance peak was observed at 373 nm for both pure and EDTA capped ZnO nanoparticles. In Fig.5 and 6, the band 

gap estimated for pure Zinc oxide is           (3.32 eV) that is slightly varied than the EDTA Capped zinc oxide (3.25 eV). So 

the new materials of EDTA capped Zinc Oxide nanoparticles is good Optical and conducting properties. 

4 Conclusions: 

In the present work, ZnO nanoparticles were well synthesized, which can be used as Dye Sensitized solar cell, thermoelectric 

applications and Photo catalytic activity. The XRD average crystallite size of Pure ZnO and EDTA capped ZnO 

nanoparticles are 16.17 nm and 9.22 nm respectively. FESEM has been used to examine the surface morphology and the 

obtained image has radial hexagonal shapes of the particles which are individually separated when compared to the pure 

ZnO. The Optical absorption edge of Pure ZnO and EDTA capped ZnO nanoparticles samples was observed at around 373 

nm which corresponds to bulk ZnO nanoparticles. The calculated optical band gaps were found to be 3.32 eV and 3.25 eV 

for pure ZnO and EDTA capped ZnO nanoparticles respectively.  

References: 
1. Chakrarti S, Dutta B. K., Photo catalytic Degradation of Model Textile Dyes in Wastewater Using ZnO as semiconductor catalyst, Journal of Hazardous 

materials, 112(3):269-278(2004). 

2. Shishiyanu T. S, Lupen O.I., sensing characteristics of Tin-Doped ZnO thin films as NO2 gas sensor, sensors and actuators B: chemical, 107:1:379-386 

(2005). 

3. Suvaci E, Ozer I. O., Processing of textured Zinc Oxide varistors via template grain growth, Journal of the European ceramic society, 25(9):1663-

1673(2005). 

4. Saito N, Haneda H, Sekiguchi T, Ohashi N, Sakaguchi I, Koumoto K., Low-temprature fabrication of light-emitting Zinc Oxide micropatterns using 

self-assembled monolayers, Advanced materials, 14(6):418-421(2002). 

5. Meron T, Markovich G., Ferromagnetism in colloidal Mn2+-doped ZnO Nanocrystals, Journal of physical chemistry B, 109(43): 20232-20236(2005). 

6. Luna-Arredondo E. J, Maldonado A, Asomoza R, Acosta d. R, Melendez-Lira M. A., Indium-doped ZnO thin films deposited by the Sol-gel technique, 

490(2):132-136(2005). 

7. Xu CX, Sun XW, Dong ZL, Cui YP, Wang BP., Nanostructured single crystalline in disks of Zinc Oxide crystal growth &  Design, 541-44(2004). 

8. Natsume Y, Sakata H.,Electrical and optical properties of Zinc Oxide films post-annealed in H2 after fabrication by sol-gel process, materials chemistry 

and physics,78(1): 170-176(2002). 

9. Deenathayalan J, Saroja M, Venkatachala M, Gowthaman P, Senthil T.S., Effect of growthlayer soluthion concentration on the structural and optical 

properties of hydrothermally grown Zinc Oxide nano rods, Chalcogenide letters, 8(9): 549-554(2011). 

10.  Deenathayalan J, Saroja M, Venkatachala M, Gowthaman P, Senthil T.S, Shankar S., Fabrication on natural dye sensitized solar cell using 

hydrothermally grown Zinc Oxide nanorod, International journal of nano science and nanotechnology, 3(2):81-89(2012). 

11. Satyajit Saha and Amit Kumar Bhunia, Synthesis and Characterization of ZnO Nanoparticles, Journal of Physical Sciences, Vol. 19, 109-114(2014). 

12. Sangeetha nagarajan and Kumaraguru Arumugam Kuppusamy, Extracellular synthesis of zinc oxide nanoparticle using seaweeds of gulf Manner, India, 

Journal of Nanobiotechnology,    11:39 (2013). 

13. A K Singh, S S Multani and S B Patil, ZnO nanorods and nanopolypods synthesized using microwave assisted wet chemical and thermal evaporation 

method, Indian Journal of pure and Applied physics, vol.49,270-276(2011). 

 


