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Abstract 

Zinc oxide nanoparticles (ZnO NPs) were prepared by electrochemical method in solution contains 

NaNO3 as electrolyte and Polyvinylpyrrolidone (PVP) as stabilizer. The prepared ZnO NPs were 

characterized by EDX, SEM, TEM, and AFM studies .EDX-Spectrum of ZnO nanoparticles exhibited 

signals of zinc and oxygen only, and that means the sample of ZnO NPs having high purity. SEM 

micrographs givesa homogeneous particles distribution and having sheets like structure. From TEM 

study the size of ZnO NPs was found to be about 60 nm and the shape of nanoparticles was a bipyramid 

like shape. The average size of synthesized ZnO NPs from AFM study was found to be 60.99 nm; this 

result was agreement with result that obtained from TEM. 
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Introduction 

Nanotechnology includes the study, control 

and processing of materials at the nanometer 

scales, typically they having less than 100 

nanometers dimensions (1-2). The properties of 

such materials are new and can be adjusted 

by controlling the dimensions of these 

structures and their synthesis by biological, 

chemical or physical methods. 
(3)Nanostructured semiconductor metal 

oxides are of large important for many 

technologic applications due to their various 

interesting electronic and optical properties.  

 

The design and preparation of 

nanostructured semiconductor oxides with a 

adjusted physical and chemical property for 

advanced applications have drawn a large 

deal of interest in the field of catalysis (4-7). 

Metal oxide nanoparticles semiconductors 

possess widely developed in the past 

decenniums. They have been vastly used in 

several applications like catalysts, sensors, 

capacitors, cosmetic, batteries, medical and 

engineering science (8–13). Among them zinc 

oxide that have many unique characteristics 

such as high-specific surface area, chemical 

stability, non-toxicity, high electron 

communication features, and electrochemical 

activity (14-18).Zinc oxide can be termed a 

multifunctional material due to its unique 

physical and chemical properties (19) like high 

chemical stability, broad range of radiation 

absorption high electrochemical coupling 

coefficient and high photo-stability, is a 

multifunctional substance (20,21).   

 

Properties of ZnO nanoparticles (ZnO NPs) 

depend on their preparation method. It's 

found to be various techniques have been 

used for preparation of ZnO NPs such as 

hydrothermal (22), laser ablation (23), radiolytic 

synthesis (24), sol-gel (25), and electrochemical 

methods (26). The purpose of this paper was to 

preparation of ZnO NPs by electrochemical 

method in presence of Polyvinylpyrrolidone 

(PVP) as stabilizer and NaNO3 as electrolyte 

and study the characteristics of prepared 

ZnO NPs such as SEM , TEM , EDX, and 

AFM. 

Experimental Section 

The electrochemical system for preparation of 

zinc oxide nanopowders (ZnO NPs) is shown 

in schematic Figure (1). A 250 ml-glass 

beaker, pure zinc plate  as positive electrode 

(anode), graphite plate as negative electrode  
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(cathode), DC-regulated power supply (30 

volt-as a maximum voltage and 5000 milli-

ampere as a maximum current, UTP3345TD-

China) was used for measuring and 

providing, stirrer plate  and  magnetic stirrer 

bar for stirring the electrolytic cell solution. 

 

 
Fig.1; the electrochemical system for preparation of ZnO nanoparticles in PVP and NaNO3 

 

Prior of electrolysis, both cathode and anode 

were rinsed by acetone and then deionized 

water to removing any organic materials 

from the surfaces of the two electrodes. In 

typical electrochemical method; the 

electrochemical cell was be bored with 200 ml 

solution contain of (4 ml of 10 g/100 ml 

NaNO3as electrolyte, 10 ml of 1 g/100 ml 

Polyvinylpyrrolidone (PVP) as stabilizer, and 

deionized water).  

 

A pure zinc plate (1 cm x 4 cm) and inert 

graphite electrode (1.5cm x 5 cm) were as 

anode and cathode respectively, being 

vertically and placed face toward face in 

electrochemical cell solution with 4cm apart. 

The electrolysis reaction was carried out in 

an undivided electrolytic cell for one hour 

with stirrer at room temperature. The range 

of voltage (20-30) volt and current density 

(100 mA/cm2). After about (10) minutes of 

beginning of electrolysis, milky suspended 

solution is obtained of ZnO nanoparticles.  

The pH of solution rises during of electrolysis 

until reaches to a maximum value of 11.4 and 

remains constant to end of electrolysis. The 

zinc electrode is used once of each 

experiment. The produced white precipitates 

of ZnO nanoparticles were centrifuged, 

washing with deionized water and ethanol for 

several times and then dried at 60 ̊C for 60 

minutes.   

Result and Discussion 

EDX- Spectroscopy 

The purity and stoichiometry of 

electrochemical prepared ZnO NPs was 

examined  by energy dispersive X-ray 

spectroscopy (EDX) as shown in figure (2) 

which is elucidates presence specific signals 

of zinc and oxygen only,suggesting that the 

high  purity of ZnO NPs sample. The weight 

percentages of Zn and O were 73.92 and 

26.08  % respectively, and the atomic 

percentages were 40.91 % and 59.09 % of Zn 

and O respectively. 

 

 
Figure 2: EDX-spectrum of electrochemical prepared ZnO- NPs in presence of PVP as stabilizer and NaNO3 as 

electrolyte 
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Scanning Electron spectroscopy 

The morphology of electrochemical 

synthesized ZnO nanoparticles in presence of  

(NaNO3and PVP) was investigated  by 

scanning electron spectroscope (SEM) as 

shown in figure (3) ; the SEM images reveals 

in almost a homogeneous particles 

distribution and having sheets like shape. 

 

 
Figure 3: SEM micrograph of electrochemical prepared ZnO- NPs in presence ofPVPas stabilizer and NaNO3as  

electrolyte 

 

Transmission electron spectroscopy 

The morphology and size of ZnO NPs which 

is electrochemically synthesized in (15 ml of 

10 g/100 ml NaNO3, 10 ml of 1 g/100 mlPVP) 

was assayed by transmission electron 

spectroscopy (TEM) micrograph of ZnO NPs 

as shown in Figure (4); which elucidates the 

TEM micrograph of ZnO NPs .The 

nanoparticles exhibited a bipyramid like 

shape, having a sizes in the range of (55-65) 

nm. 

 

 
Figure 4: TEM micrograph of electrochemical prepared ZnO- NPs in presence of PVP(1g/100ml) as stabilizer and 

NaNO3(10 g/100 ml)  as electrolyte 

 

Atomic force microscopy analysis 

Atomic force microscope (AFM) topography 

imaging is a useful tool to getting 

information about morphology, topography, 

and textile of several surfaces. In the AFM 

image of ZnO NPs (Fig (5)); the opaque colors 

are the faint structures while the bright 

colors are the soaring structures due to 

various directions of ZnO grains. The 3-D 

AFM image (Fig (5 a)) illustrates the 

formation of homogeneously distribution of 

ZnO NPs and no agglomerated was seen. The 

obtained information  from granularity 

cumulation distribution (GCD) about the 

distribution of particles sizein Figure (6) 

which shows the range of particles diameters 

of ZnO NPs between (45-115) nm , and the 

average diameter is found to be (60.99) nm. 
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Figure 5: AFM images of electrochemical prepared ZnO- NPs in presence of PVPas stabilizer and NaNO3as electrolyte 

 

 
Figure 6: GCD-chart of electrochemical prepared ZnO- NPs in presence of PVPas stabilizer and NaNO3as electrolyte 

 

The other topographic information data were  abridged in Table (1). 

 
 Table 1: the topographic information data which were produced from AFM  

 CSPM Imager surface roughness analysis 

0.445 Roughness average (Sa) nm 

0.514 Root mean square (Sq) nm 

0.000132 Surface skewness (Ssk) nm 

1.8 Surface kurtosis (Sku) 

1.78 Peak-peak (Sy) nm 

1.77 Ten point height (Sz) nm 

-0.00248 Mean summit curvature (Ssc) nm-1 

0.0393 Root mean square slope(Sdq) nm-1 

0.0767 Surface area ratio (Sdr) 

5.58 Surface bearing index (Sbi) 

1.49 Core fluid retention index (Sci) 

0.0692 Valley fluid retention index (Svi) 

0.19 Reduced submmit  height (Spk) nm 

1.55 Core roughness depth (Sk) nm 

0.0.0452 Reduced valley depth (Svk) nm 

 

Conclusion 

It has been proposed successfully 

electrochemical preparation of ZnO- NPs 

including dissolution of zinc electrode in 

NaNO3 as electrolyte and PVP as stabilizer of 

nanoparticles. 

This is an easy, economic, and shortened 

time method. The average size of ZnO- NPs 

was equalled to 60.99 nm which is obtained 

from GCD and about 60 nm which is 

produced from TEM micrographs. According 

to TEM micrographs the nanoparticles 

having a bipyramid like shape. 

 



Aqeel Mahdi Alduhaidahawi et. al. | Journal of Global Pharma Technology| 2018; Vol.10 Issue 10 (Suppl.):335-339 

©2009-2018, JGPT. All Rights Reserved                                                                                                                                           339 

References 

1. Mallikarjuna K, Dillip GR, Narasimha G, John 

Sushma N,  B Deva, Prasad Raju (2012) 

"Phytofabrication and Characterization of Silver 

Nanoparticles from Piper betle Broth". Res. J. 

Nanosci. and Nanotech., 2: 17-23.  

2. Natarajan Kannan, Selvaraj Subbalaxmi (2011) 

"Green Synthesis of Silver Nanoparticles using 

Bacillus subtillus IA751 and its Antimicrobial 

Activity". Res. J. Nanosci. and Nanotech., 1: 87-94.  

3. Manoj Singh, Manikandan S, AK Kumaraguru 

(2011) "Nanoparticles: A New Technology with Wide 

Applications". Res. J. Nanosci. and Nanotech., 1: 1-

11. 

4. YH Zheng, L Zheng, YY Zhan, XY Lin, Q Zheng, K 

Wei" (2007) Ag/ZnO hetero structure nanocrystals: 

synthesis, characterization, and photocatalysis 

"Inorg. Chem. 46: 6980-6. 

5. G Colon, MC Hidalgo, JA Navio, EP Melian, OG 

Diaz JM Dona (2008) "Influence of amine template 

on the photoactivity of TiO2 nanoparticles obtained 

by hydrothermal treatment" Appl. Catal. B 

Environ., 78:176-182.  

6. HG Kim, PH Borse, W Choi, JS Lee Angew (2005)" 

Photocatalytic Nanodiodes for Visible‐Light 

Photocatalysis", Chem. Int. Ed., 44 (29): 4585-4589.  

7. G Marci, V Augugliaro, M J Lopez-Munoz, C 

Martin, L Palmisano, V Rives, M Schiavello, RJD 

Tilley, AM Venezia (2001) "Preparation 

Characterization and Photocatalytic Activity of 

Polycrystalline ZnO/TiO2 Systems. 1. Surface and 

Bulk Characterization" J. Phys. Chem. B, 105 

(5):1026-1033. 

8. W Ueda, M Sadakane, H Ogihara (2008) "Nano-

structuring ofcomplex metal oxides for catalytic 

oxidation,” Catalysis Today, 132(1-4): 2-8. 

9. T Gessner, K Gottfried, R Hoffmann et al (2000) 

"Metal oxidegas sensor for high temperature 

application,” Micro system Technologies, 6 (5): 169–

174. 

10. JH Kim, EK Kim, CH Lee, MS Song, Y-H Kim, J 

Kim (2005) "Electrical properties of metal-oxide 

semiconductornano-particle device,” Physica. E, 26 

(1-4): 432-435. 

11. PD Pria (2007) "Evolution and new application of 

the alumina ceramics in joint replacement,” 

European Journal of Orthopedic Surgery and 

Traumatology, 17 (3): 253-256. 

12. H Farsi, F Gobal (2007) "Theoretical analysis of the 

performance of a model super capacitor consisting of 

metal oxide nanoparticles,” Journal of Solid State 

Electrochemistry, 11(8): 1085-1092. 

13. AC Dillon, AH Mahan, R Deshpande, PA Parilla, 

KM Jones, SH Lee (2008) "Metal oxide nano-

particles for improved electro chromic and lithium-

ion battery technologies, “Thin Solid Films, 516 (5): 

794-797. 

14. Kodihalli GC, Thimmappa VV, Kanagalasara V, 

Chikkadasappa  SU" (2010) A Hybrid 

Electrochemical-Thermal Method for Preparation of 

Large ZnO Nanoparticles", J. Nanopart. Res., 

12 (7): 2667-2678. 

15. Yan Jian F, Lu YM, Liang HW, Liu YC, Li BH, Fan 

XW, Zhou JM (2005)  "Growth and properties of 

ZnO nanotubes grown on Si(1 1 1) substrate by 

plasma-assisted molecular beam epitaxy". J Cryst 

Growth 280 (1-2):206-211.  

16. Zhao QX, Willander M, Morjan RE, Hu QH, 

Campbell EEB (2003)" Optical recombination of 

ZnO nanowires grown on sapphire and Si 

substrates". Appl. Phys. Lett., 83:165-167.  

17. Meulenkamp EA (1998) "Synthesis and growth of 

ZnO nanoparticles". J. Phys. Chem. B 102:5566-

5572.  

18. Roy VAL, Djurisic AB, Chan WK, Gao J, Lui HF, 

Surya C "Luminescent and structural properties of 

ZnOnanorods prepared under different conditions". 

Appl. Phys. Lett., 83:141-143. 

19. Agnieszka KR, Teofil J (2014) "Zinc Oxide-From 

Synthesis to Application: A Review" Materials, 

7:2833-2881. 

20. Segets D, Gradl J, Taylor RK, Vassilev V, Peukert 

W" (2009) Analysis of optical absorbance spectra for 

the determination of ZnO nanoparticle size 

distribution, solubility, and surface energy". ACS 

Nano., 3 (7): 1703-1710. 

21. Lou X, Shen H, Shen Y (1991) "Development of ZnO 

series ceramic semiconductor gas sensors", J. Sens. 

Trans. Technol., 3: 1-5.  

22. Arunima B, P Kamaraj "(2014) Undoped 

Nanostructures of Zinc Oxide with significant 

emission properties using Hydrothermal Method" 

International Journal of Advanced Chemical Science 

and Applications, 2: 2. 

23. Israel R, Mendoza S, Camacho LY Y, Luna PY, 

Esqueda B, Marco CL, Guillermo A (2018) "Second-

harmonic generation of ZnO nanoparticles 

synthesized by laser ablation of solids in 

liquids".,Optics & Laser Technology,99:118-123. 

24. Cuba V, Gbur T, Mucka V, Kucerkova R, pospisil M, 

Jakubec I (2010) "Properties of ZnOnanocrystals 

prepared by radiation method". RadiationPhysics 

and Chemistry, 79 1: 27-32. 

25. A Król, P Pomastowski, K Rafińska, V Railean-

Plugaru, B Buszewski (2017) "Zinc oxide 

nanoparticles: Synthesis, antiseptic activity 

andtoxicity mechanism". Advances in Colloid and 

Interface Science, 249:37-52. 

26. Anna Ulyankina, Igor Leontyev, Marina 

Avramenko, Denis Zhigunov, Nina Smirnova 

(2018)" Large scale synthesis of ZnO nanostructures 

by pulse electrochemical method and their 

photocatalytic properties", Materials Science in 

Semiconductor Processing,76: 7-13. 

https://www.sciencedirect.com/science/article/pii/S0926337307002925
https://www.sciencedirect.com/science/article/pii/S0926337307002925
https://www.sciencedirect.com/science/article/pii/S0926337307002925
https://link.springer.com/journal/11051/12/7/page/1
https://www.sciencedirect.com/science/article/pii/S0022024805003453#!
https://www.sciencedirect.com/science/article/pii/S0022024805003453#!
https://www.sciencedirect.com/science/article/pii/S0022024805003453#!
https://www.sciencedirect.com/science/article/pii/S0022024805003453#!
https://www.sciencedirect.com/science/article/pii/S0022024805003453#!
https://www.sciencedirect.com/science/article/pii/S0022024805003453#!
https://www.sciencedirect.com/science/article/pii/S0022024805003453#!
https://www.sciencedirect.com/science/article/pii/S0022024805003453#!
https://www.sciencedirect.com/science/article/pii/S0030399217304723#!
https://www.sciencedirect.com/science/article/pii/S0030399217304723#!
https://www.sciencedirect.com/science/article/pii/S0030399217304723#!
https://www.sciencedirect.com/science/article/pii/S0030399217304723#!
https://www.sciencedirect.com/science/article/pii/S0030399217304723#!
https://www.sciencedirect.com/science/article/pii/S0030399217304723#!
https://www.sciencedirect.com/science/article/pii/S0030399217304723#!
https://www.sciencedirect.com/science/article/pii/S0030399217304723#!
https://www.sciencedirect.com/science/journal/00303992
https://www.sciencedirect.com/science/article/pii/S1369800117320528
https://www.sciencedirect.com/science/article/pii/S1369800117320528
https://www.sciencedirect.com/science/article/pii/S1369800117320528
https://www.sciencedirect.com/science/journal/13698001
https://www.sciencedirect.com/science/journal/13698001

