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A study has been carried for the oxidation  of zinc hydroxide by controlled flow of nascent 
oxygen using sodium perborate (NaBO3 4H2O2), which leads to the formation of nano-
sized zinc oxide (ZnO), while the uncontrolled flow of nascent oxygen leads to the 
formation of zinc peroxide (ZnO2). X-ray diffraction studies of the synthesized materials 
indicated pure phases and nanocrystalline nature of zinc oxide and zinc peroxide. The 
average crystallite sizes of the zinc oxide and zinc peroxide powders using Scherrer 
formula were estimated to be 20-30 nm and 5-6 nm, respectively. The oxidation process of 
zinc hydroxide were carried out at 50 0C ± 5 0C. Various steps for the synthesis of zinc 
oxide/zinc peroxide and synthesis mechanism has been discussed in this paper. The 
process is eco-friendly and does not add any toxic pollutants in the air. The scanning 
electron micrographs of the synthesized zinc oxide and zinc peroxide show the spherical 
nature of the particles. 
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1. Introduction 
 
The metal oxides have potential applications in fields like catalyst, magnetic materials, 

optoelectronic, semiconducting and sensor materials [1-7]. Out of these oxides zinc oxide is a 
transparent electro conductive and piezoelectric material having several applications in the 
electronic, photonic photo cells and laser diodes devices. Zinc oxide has a band gap of 3.37 eV and 
exciton binding energy of 60 meV and shows efficient UV stimulated emission at room 
temperature [8]. A substantial effort is therefore placed on utilizing such properties within a new 
generation of short wavelength photonic devices. The shape and the size of the nano zinc oxide 
govern its properties [9-11]. In wet chemical route most of the zinc oxide nanoparticles of various 
morphologies have been synthesized by the decomposition of zinc compounds through 
decomposition / oxidation at different temperatures.  

Zinc peroxide is an odorless white or yellowish temperature stable solid. It decomposes at 
150 0C and releases oxygen and converts in to zinc oxide. It is used for making a foamed product 
of high melting synthetic resin and as an accelerator in the vulcanization of polysulphide rubber. It 
is also used in explosives as an oxidant and oxygen donor. 

Chemical route for synthesizing nanomaterials at low temperature provides excellent 
control over metastable phases, uniform homogeneity, particle sizes and morphologies of the 
synthesized nanomaterils. The wet chemical route has various advantages over the conventional 
high temperature solid-state reactions [12-16] as it requires some low cost instruments. Several 
researchers have reported preparation of metal oxides through wet chemical methods [17-20]. M. 
Sun et al [21] have synthesized zinc peroxide and zinc oxide under sunlight irradiation. In the 
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present paper an attempt has been made to synthesize nano particles of zinc oxide and zinc 
peroxide through a simple wet chemical route at 50 0C ± 5 0C temperatures by oxidation of zinc 
hydroxide using control nascent oxygen generated from sodium perborate and uncontrolled 
oxygen generated by hydrogen peroxide respectively. The zinc peroxide can be synthesized at 
ambient temperature but here we have synthesized at 50 0C ± 5 0C to get more yield in less time 
and to check the effect of thetemperature. the formation of particles of zinc oxide has been 
explained using aqueous co-ordination chemistry of Zn2+  ion [22, 23]. 

 
 
2. Experimental 
 
2.1 Synthesis of zinc oxide and zinc peroxide 
 
For the synthesis of zinc oxide 6.58 gm of zinc acetate (make Loba Chemie India) was 

dissolved in minimum quantity of de-ionized water (18.2-mega ohm resistivity water prepared by 
Millipore Milli-Q element). Ammonia solution (make Merck India) was added to this solution 
drop by drop; initially zinc precipitated as zinc hydroxide and finally gets dissolved on adding 4-5 
mL of ammonia solution. Further 2-3 mL of ammonia solution was added to the zinc oxide 
solution for complete dissolution of zinc hydroxide and to stop further precipitation. 100 ml 
methyl alcohol was added to clear the turbidity of the solution. Further, 4.62 g of sodium perborate 
was dissolved in 100 mL of de-ionized water and methanol mixture (20:80). This solution was 
added to the dissolved solution of zinc hydroxide at pH 10-10.5 slowly drop by drop with constant 
stirring using a magnetic stirrer at 50 0C ± 5 0C. The solution was further stirred for 2 hours and 
was kept for over night. The particles get precipitated as floating in the solution. While for the 
synthesis of zinc peroxide an equimolar solution of hydrogen peroxide solution was added drop by 
drop in the solution of zinc hydroxide at the same temperature range as in case of zinc oxide with 
constant stirring. The precipitates of both the reactions were boiled with 5% ammonium hydroxide 
and filtrated through Whatman filter paper number 42. The precipitates were washed several times 
with hot dilute 2% ammonical water and methanol to dissolve remaining impurities of zinc 
hydroxide, un-reacted sodium perborate etc.  Finally both the precipitate were dried in oven at           
105 0C. 

 
2.2 Formation of zinc peroxide and zinc oxide 
 
Hydrogen peroxide acts as a strong oxidizing agent in acidic as well as alkaline medium 

and readily forms nascent oxygen when dissolved in water. The 50% solution of hydrogen 
peroxide contains minimum 23.5% active oxygen. The strength of O-O bond is of fundamental 
importance in a variety of chemical process and a value of 34 kcal/mol has been ascribed to a 
generic O-O bond energy. The bond dissociation energy in hydrogen peroxide is 47 kcal/mol. 
When 50% aqueous solution of hydrogen peroxide gets mixed with water it decompose into water 
and nascent oxygen. When hydrogen peroxides decompose one volume of hydrogen peroxide 
releases ten volumes of oxygen and the nascent oxygen oxidized zinc hydroxide in alkaline 
medium in zinc peroxide. The reaction takes place as follows: 
 
H2O2                                         H2O + 1/2 O2           ∆ G0= -122.6 k J  
Zn(OH) 2 + [O]       ZnO2 + H2O 
 
 

On the other hand sodium perborate trihydrate contains maximum 10.4% active oxygen 
which is less than half of the evolved by the direct hydrogen peroxide and dissociation energy of 
sodium perborate trihydrate is higher than the hydrogen peroxide. So it takes larger times to 
release nascent oxygen to oxidize zinc hydroxide.  Under hydrolysis with water, sodium perborate 
forms hydrogen peroxide very slowly in comparison to direct hydrogen peroxide because the 
dissolution rate of sodium perborate trihydrate  in water is approximate 6 to 8 minutes(2 g/L) at 15 
0C), which releases oxygen step by step in a control way and forms zinc oxide. The possible 
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mechanism of formation of zinc oxide could be explained in two-step process i.e. (i) Nucleation of 
zinc oxide crystal, (ii) Growth of zinc oxide crystal. Nucleation of zinc oxide crystal depends upon 
the concentration of the precursors, pH and temperature. In this method the possible reaction is as 
follow:  
                         Zn(CH3COO) 2 + 2NH4OH                   Zn(OH)2 +2CH3COO NH4 
 
Zn(OH)2 formed is amphoteric  and it dissolves in excess of NH4OH and forms [Zn(OH) 4]-2. 
 
                                   Zn (OH) 2 + 2NH4OH     [Zn(OH) 4]-2  
 
The Raman spectra of Zn2+ ions (of ZnCl2 in aqueous solution), had shown the presence of 
[Zn(H2O)6]2+, ZnCl+, ZnCl2 and [ZnCl4(H2O)2]2- ions. Analogous to this, it is proposed that in the 
intermediate solution [Zn(OH)4(H2O)2]-2 is formed instead of [Zn(OH)4]-2 and Zn(OH)2 forms tetra 
amine zinc(II) ions as given below. 
 
            Zn(OH)2 + 4NH4OH                 [Zn(OH)4(H2O)2]-2 +  [Zn(NH3)4]+2 + 2OH- +  4H2O 
 

Thus, it is proposed that in the intermediate solution  [Zn(OH)4(H2O)2]-2 and [Zn(NH3)4]+2 
ions are present. The aqueous solution of sodium perborate dissociates itself to give nascent 
oxygen. The released nascent oxygen approaches [Zn(OH)4(H2O)2]-2 ion in between the ligands as 
shown schematically in the fig-1. In the process to approach Zn++ central metal ion it takes charge 
from the OH- ligand ions and forms O-2 ions and further forms zinc oxide. The bond formation 
energy of zinc oxide at room temperature and 60 0C - 70 0C is accomplished by breaking of four 
OH- and two H2O co-ordinate bonds with the central metal ion Zn2+, while O-2 ion is approaching 
Zn2+ ion of the intermediate complex, [Zn(NH3)4]+2 ion present in the solution tries to approach O-2 

ion and form zinc oxide bond. The breaking of the four co-ordinates NH3 bonds with the Zn2+ ion 
supports the energy of bond formation. This process repeats and the crystal growth takes place. 
The reaction takes place as follows: 

 
                        Zn(OH)2 + Na BO2H2O.3H2O                 ZnO + NaOH + 4H2O + HBO3 

 
 
3. Results and discussion  
 
Synthesized zinc oxide and zinc peroxide powders were characterized for it various phases 

by X-ray diffraction (XRD) using Bruker AXS D8 Advance Diffractometer. Data collection and 
analysis were carried out using Diffracplus software. Diffractograms were recorded using CuKα 
radiation. The diffraction patterns were recorded in the 2θ range from 200 to 700 for ZnO and 200 
to 800 for ZnO2 as given in the Fig. 2(a) and 2(b). XRD pattern of the zinc oxide powder is shown 
in Fig.2 (a) while XRD pattern of the zinc peroxide is given in the fig. 2(b). All observed 
diffractions peaks in fig. 2(a) correspond to hexagonal zinc oxide (PDF# 36-1451) and those in 
fig.2(b) correspond to zinc peroxide (PDF # 13-0311) confirming formation of a single-phase 
material in each case. Crystallite sizes were estimated by using Scherrer’s equation [24]. The 
FWHMs of the peaks were estimated by fitting analytical profiles to the experimental profiles. 
Contributions of instrumental broadening to the FWHMs were estimated by using XRD standard 
reference material such as silicon powder from NIST USA. The crystallite size of zinc oxide 
particles is estimated to be about 20-30 nm whereas crystallite size of zinc peroxide particles is 
about 5-6 nm. 
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Fig. 1. Schematic diagram for the proposed mechanism 
for the synthesis of zinc oxide 

 

 
 

Fig. 2 (a) XRD Pattern of ZnO 
 

  
 

Fig. 2 (b) XRD pattern of ZnO2 
 

 
The surface morphology of both the samples was examined by using LEO 440 Scanning 

Electron Microscope (SEM). The SEM photographs are as shown in the fig.3 (a) &3(b) for zinc 
oxide at two different magnifications, while 4(a) & 4(b) represents the micrograph for zinc 
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peroxide at different magnifications. The micrographs were recorded at 2.5 kX and 5 kX 
magnifications and are presented in fig. 3(a) and fig. 3(b) for zinc oxide and fig. 4(a) and fig. 4(b) 
for zinc peroxide. The surface morphology as given in fig. 3(a) at 2.5 kX magnification for zinc 
oxide shows flower like microstructures with needle-like projections and 5 kX magnification 
shows spherical shaped particles as presented in fig. 3(b). But in some of the flowers 
agglomerations tendency were also observed. SEM micrographs for zinc peroxide as given in fig. 
4(a) and fig. 4(b) at 2.5 kX and 5 kX magnifications shows hexagonal morphologies of the 
synthesized material. The morphology for both materials has been recorded throughout the sample 
implying homogenous nature of the zinc oxide. 

 

 
 

Fig. 3(a) SEM micrograph of ZnO                
powder at 2.5kX magnification                      

 
 

 
 

Fig. 3(b) SEM micrograph of ZnO powder at 5kX magnification 
 

 
 

Fig. 4(a) SEM micrograph of ZnO2  powder at 2.5 kX magnification          
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powder at 2.5kX magnification                  
 
 

 
 

Fig. 4(b) SEM micrograph of ZnO2 powder at 5kX magnification 
 

 
 
4. Conclusions 
 
We have described the synthesis mechanism of crystalline zinc oxide and zinc peroxide 

nanoparticles by the reaction of zinc acetate via zinc hydroxide with sodium perborate and 
hydrogen peroxide respectively in 30% methanol at temperature of 50 0C ± 5oC. The process gives 
information on how zinc oxide and zinc peroxide are formed by the reaction of zinc hydroxide 
with sodium perborate containing hydrogen peroxide and hydrogen peroxide alone. The method 
also suggests the role of controlled oxygen in the formation of zinc oxide and zinc peroxide. The 
method is very simple, eco friendly to the environment and the method does not release any toxic 
gases in the environment.  
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