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ABSTRACT 

 

ZnO nanoparticles were prepared synthesized by using wet chemical route directly 

from an aqueous solution of zinc acetate dehydrate and in the presence of sodium dodecyl 

sulfate (SDS) and sodium hydroxide. ZnO is an interesting semiconductor material due to its 

application on solar cells, gas sensors, ceramics, catalysts, cosmetics. The as-synthesized 

Zn(OH)2powders were calcined at various temperatures of 500C, 650C, 800oC and 1000C. 

The materials prepared were characterized by DSC-TGA, X-ray diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR), and UV-visible spectroscopy. From the thermal 

studies the mass loss was found to be only 19%. Results show that the calcinations 

temperature significantly affected the crystalline nature, and optical properties of the 

processed ZnO nanoparticles. The XRD spectra indicate that the ZnO crystal has a hexagonal 

wurtzite structure. Zinc oxide showed excellent UV absorption and transparency in the 

visible region.  
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CHAPTER 1 

INTRODUCTION 

Zinc oxide (ZnO) occurs naturally but most zinc oxide is produced synthetically. This 

semiconductor has several good properties such as good transparency, high electron mobility, 

wide band group, and strong room temperature luminescence, etc. ZnO has wide range of 

applications like transparent conducting electrode in flat panel displays and window layers in 

thin film hetero junction solar cells [1-6], due to its unique properties such as piezoelectric 

and transparent conducting properties, and optical transmittance in the visible region. ZnO 

has a wide band gap (3.37 eV) and a large excitation binding energy (60 meV). These 

properties are used in emerging applications for transparent electrodes in liquid crystal 

displays, in energy-saving or heat-protecting windows, and in electronics as thin-

film transistors and light-emitting diodes. A method for economical mass production and 

determination of conditions favorable for the synthesis of ZnO nanostructures would be very 

useful. That is why the study of synthesis and understanding of ZnO nanostructures is of 

great interest and technological important [1-7]. 

 1.1. Crystal Structures of ZnO 

ZnO is present in earth crust as a mineral zincite; however, most ZnO used 

commercially is synthesized synthetically. Zinc oxide mainly crystallizes in three forms: (i) 

hexagonal wurtize, (ii) cubic zincblende, and the rarely observed (ii) cubic rocksalt. The most 

common structure is wurtzite, which is stable at ambient conditions. The zinc blende form 

can be stabilized by the growth of ZnO on substrates with cubic lattice structure. The zinc 

and oxide centers are tetrahedral in nature in both the cases. The rocksalt (NaCl-type) 

structure is observed only at relatively high pressure about 10 GPa. 

There is no inversion symmetry in hexagonal and zinc blende polymorphs (reflection 

of a crystal relatively any given point does not transform it into itself). Wurtize structure of 

ZnO is the most stable state, which has a hexagonal unit cell with lattice parameters a = 

0.329, and c = 0.520 nm. This wurtzite structure has an ABAB hexagonal close packing 

(HCP) structure. The Zn cations and oxygen anions form a tetrahedral unit. The central 

symmetry lacks in the entire structure. The structure of ZnO can be described as a number of 

alternating planes composed of tetrahedral coordinated O2- and Zn2+ ions, stacked 

alternatively along the c-axis.  
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1.2. Synthesis of Zinc Oxide 

Recently, a great research interest has been given on synthesis of technologically 

important ZnO nanostructures [2-6]. ZnO is a direct band gap semiconductor with enormous 

potential applications in areas such as laser diode, optoelectronic devices and devices for 

solar energy conversion [8], ultraviolet optoelectronics, transparent electronics and powder 

generation etc. As the shape and size of the ZnO particles depends on the reaction conditions 

during their formation, different physical or chemical methods have been used to synthesize 

ZnO nanoparticles. For example, sol-gel, hydrothermal, thermal decomposition, thermolysis, 

spray pyrolysis, precipitation and co-precipitation. Among all these different methods the 

precipitation is one of the most important methods to prepare nanopowder. ZnO crystals and 

nanocrystals may also be prepared by methods including the use of templates, chemical 

vapour deposition (CVD), electrodeposition, pulsed laser ablation and solution based 

processes. Now a day, various wet chemical methods have been consolidated and are now 

fashionable for synthesizing ZnO nanoparticles because they provide a simple and electronic 

route as well as requiring low temperature. Indeed, a lot of efforts have been paid regarding 

the synthesis of ZnO nanoparticles using organometallic precursor as well as inorganic metal 

precursors of zinc. So, development of ZnO nanostructure in different morphologies through 

a simple and economical route would be very useful.  

1.3.   OBJECTIVE OF PRESENT WORK 

• Preparation of the ZnO nanoparticles by precipitation method using inorganic 

precursor of zinc acetate dihydrate and sodium dodecyl sulfate as a surfactant.  

• Effect of reaction conditions and calcination temperatures on crystal structure of ZnO 

nanomaterials. 

• Structural characterization using TG-DSC, XRD, UV, IR analysis. 

• Applications of synthesized materials for removal of toxic Cr(VI) from aqueous 

solution. 
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CHAPTER-2 

EXPERIMENTAL PROCEDURES  

2.1. Synthesis of ZnO nanostructure by precipitation Route 

In this experiment all the chemicals used are of analytical grade and used without 

further purification. Nanostructure ZnO particles were synthesized through hydrolysis of zinc 

acetate dihydrate [Zn(C2H3O2)2.2H2O] in the presence of sodium dodecyl sulfate 

[(CH3(CH2)11OSO3Na)] acting as anionic surfactant in aqueous solution. In this procedure 

[Zn(C2H3O2)2.2H2O] was dissolved in distilled water with continuous stirring. Then SDS was 

added to it. Finally, NaOH was added dropwise to the SDS modified [Zn(C2H3O2)22H2O] 

solution until desired pH was achieved. Then the precipitate was heated to certain 

temperature, washed with distilled water and ethanol several times and then collected and 

dried. After drying, these precipitates were finally grounded to powder. The powder was 

calcined at different temperatures and studied using different characterization techniques. For 

comparison the samples were also synthesized without surfactant. 

                                                            CHAPTER-3 

                                RESULT & DISCUSSION           

3.1 Differential Scanning Calorimetry (TG-DSC):                           

              Figure 3.1 shows the thermal behavior of as-prepared powder heated up to 950C. 

The first two weight losses between 100 to 145C and 145 to 225C regions are around 1.3% 

and 11.7 % respectively, and are ascribed due to the desorption of physisorbed and 

chemisorbed water from the hydroxide precursor. The third weight loss of 3 % between 225 

to 750C is due to the elimination of surfactant and decomposition of hydroxide precursor. 

So, it indicates that the major amount of the surfactant, which was added during the synthesis, 

was eliminated by simple washing. This was supported by the presence of one exothermic 

peak at 355C in the DSC curve. The total mass loss was found to be 19%. Another 

exothermic peak at 505C corresponds to the crystallization of ZnO nanoparticles. 
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Fig. 3.1. DSC-TGA curves of as prepared powder using NaOH as precipitating agent. 

 

3.2. X-Ray diffraction (XRD) Analysis: 

X-ray diffraction (XRD) patterns were recorded on a Rigaku D/max – 2500 

diffractometer with CuKα radiation (λ = 1.5418 Å). Figure 3.2 shows the X-ray 

diffractograms of calcined ZnO nanopowders prepared with and without SDS by using 

Zn(CH3COO)22H2O precursor and NaOH as precipitating agent. The XRD patterns of the 

powders calcined at 650C are in good agreement with the hexagonal ZnO structure (JCPDS 

36-1451). This figure shows well defined diffraction peaks at 2θ values of 31.95, 34.6, 36.45, 

47.7, 56.6, 62.6, 68.16, and 69.11 degrees corresponding to the reflections from the (100), 

(002), (101), (102), (110), (103), (112), and (201) planes are characteristics of  single phase 

according to the (JCPDS file no: 36-1451). No impurity phase other than ZnO was observed 

in the XRD patterns of the powder calcined at 650C for 2 h. It was also found that with 

increase in calcinations temperature to 1000C, the peaks (in Fig. 3.3) become sharper due to 

increase in crystallite size. The diffraction peak intensities of the ZnO phase are also 

increased with the increasing calcinations temperatures. 
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Fig. 3.2. X-ray diffractograms of ZnO nanopowders synthesized (a) with and (b) without 

surfactant and then calcined at 650C for 2 h. 
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Fig. 3.3. X-ray diffractograms of ZnO nanopowders synthesized (a) with and (b) without 

surfactant and then calcined at 1000C for 2 h. 
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Fig. 3.4. X-ray diffractograms in (101) plane of ZnO nanopowders synthesized (a) with and 

(b) without surfactant and then calcined at 650C for 2 h. 

 

As can be seen from the Fig. 3.4, the peak width at half maxima is decreased in the 

sample synthesized with surfactant as compared to that of the sample synthesized without 

surfactant. So, it indicates that the surfactant plays important role in controlling the crystallite 

size in smaller dimension. 

3.3. Fourier transforms Infrared Spectroscopy (FT-IR)               

Figure 3.5 shows the IR spectrum of as prepared precursor synthesized using NaOH 

and SDS. From the graph the band at around 1235 cm-1 is assigned to an S=O stretching 

vibration of –SO4 from the SDS molecule. The peaks at around 2925, 2865, 1235, and 1075 

cm-1 are due to C-H stretching and bending which are absent in the calcined sample. A 

broadening peak at around 3504 cm-1 is proposed to be due to -OH stretching. The peaks 

below 800 nm are characteristics peaks of Zn-O vibrations. Figure 3.6 shows the IR spectra 

of the samples calcined at 650C synthesized with and without surfactant SDS. The ZnO 

samples calcined at 650C does not contain any impurity from surfactant implies that the 

samples are surfactant free. 
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Fig. 3.5. FTIR spectrum of as prepared precursor synthesized using surfactant. 

 

4000 3500 3000 2500 2000 1500 1000 500

%
 T

Wavenumber (cm
-1
)

(a)

(b)

 
Fig. 3.6. FTIR spectra of ZnO nanopowders synthesized (a) without and (b) with 

surfactant and then calcined at 650C for 2 h. 

3.4. UV – Spectroscopy 

Figure 3.7 shows the optical absorbance properties of as-prepared precursor and ZnO 

nanopowders calcined at 650 and 1000C for 2 h prepared using SDS. The absorbance 

spectra the all the samples show high transparency or in other words no absorbance in a 

visible region above a 400 nm and high UV-shielding property below 400 nm. Therefore, it 

might be concluded that synthesized zinc-oxide synthesized using SDS and calcined at 650C 

has very good UV-shielding property. 
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Fig. 3.7. DRS spectra of ZnO (a) as prepared and then calcined at (b) 650C and (c) 1000C.  

 

APPLICATION 

3.5. Removal of Cr (VI) from aqueous solution 

Cr (VI) is one of the most toxic pollutants generated by the electroplating, metal 

finishing, leather tanning, photography, and dye and textile industries [9-12]. Cr exists both 

in trivalent Cr (III) and hexavalent Cr (VI) forms. Trivalent chromium is considered as a 

micronutrient for human, plant and animal metabolism. It is less toxic than hexavalent 

chromium which is extremely mobile in the environment and very toxic to living organism. 

The world Health organization (WHO) recommends the maximum allowable limit for the 

discharge of Cr (VI) in surface water is 0.1 mg/L, and in drinking water is 0.05 mg/L. So, Cr 

(VI) should be removed from aqueous solution to avoid the deleterious impact of the Cr(VI) 

on the human health. 

 

Fig. 3.8. Photographs of (a) pure Cr(VI) solution (yellow) with initial Cr(VI) concentration 298 

mgL-1 and solutions after (b) 1, (c) 2, (d) 3, and (e) 4 h (from left to right) of adsorption by ZnO.  
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All the adsorption experiments were carried out at room temperature. The Cr (VI) 

solutions with appropriate concentrations were prepared by diluting the stock solution (0.149 

g/ 500ml). Typically, 0.6 g of sample (calcined at 650o C) was taken in a beaker with 60 ml 

stock solutions. The adsorption process was maintained on a shaker for 4h to realize 

adsorption equilibrium.  

Contact time is one of the most important parameters in adsorption process. It can be 

visualized from Fig. 3.8 that a rapid uptake of Cr (VI) ions takes place. Equilibrium was 

reached within 4 h of contact time. During initial stage of adsorption, there is a rapid uptake 

of metal ions which slowed down after 2 h of contact time. Initially a large number of vacant 

surface sites are available for adsorption which gets saturated gradually thereby increasing 

competition between adsorbate molecules for vacant surface sites. The adsorption efficiency 

depends on surface area of adsorbent.  

The adsorption amount was calculated according to the equation: 

% Removal = (Ao – At)/Ao *100 

Where Ao = Initial concentration of Cr (VI), At = solution concentration at different time 

interval. 

Table 3.1. Amount of Cr(VI) removal with different contact time. 

Time % Removal 

 

0 0 

1h 56.25 
 

2h 75.62 

3h 78.12 

4h 85.62 

Table 3.1 shows that the with increasing the contact time from 1 h to 4 h, the percentage 

removal of chromium (VI) from water is increased nearly from 56 % to  86 %. 
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SUMMARY AND CONCLUSION 

 ZnO nanopowders were synthesized by precipitation technique using inorganic salts 

of zinc acetate and NaOH as a precipitating agent sand SDS as a surfactant. 

 Characterization study was carried out using various techniques. 

 FTIR results show that ZnO nanopowder heated at 650C is free from surfactant. 

 The crystal structure of synthesized ZnO was wurtzite type. 

 All the samples show high UV-shielding property below 400 nm. 

 The synthesized materials may have great potential application in heavy metal ion 

removal from aqueous solution. 
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