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A B S T R A C T  
 

 

ZnO nanoparticles were prepared by direct thermal decomposition of the precursor [contain: 

Zn4(SO4)(OH)6.H2O and ZnO] in air for 1 h at 875°C. The pH of the precursor solution was set at 6 and 

11 by the controlled addition of the NH3·H2O solution. The as-prepared materials were characterized 
by X-ray diffraction (XRD), infrared spectrum (FTIR), scanning electron microscopy (SEM), and 

transmission electron microscopy (TEM). According to the analyses, the ZnO nanoparticles were pure 

with both rod-like and spherical shapes which were synthesized using chloride and sulfate solutions, 
respectively. Moreover, the average diameter of synthesized spherical ZnO at pH=6 was around 85±5 

nm; while, an average diameter of the nanorods was 980 nm and 2.2 μm in length. The average 

nanorods diameter at pH=11 was 760 nm and 3.3 μm in length; while the average particle size of 
spherical shape was around 112±5 nm. The TEM and SEM image showed the morphology of spherical 

and nanorods particles. The reaction temperature of all steps during the synthesis of ZnO nanopowders 

shifted to high temperature, as the pH of the starting solution increased from 6 to 11. Due to the 

simplicity, the present method could be proposed as a convenient approach to produce pure ZnO 

nanoparticles by means of ZnSO4 and ZnCl2 solutions without using any toxic and organic chemicals. 

doi: 10.5829/ije.2021.34.08b.10 
 

 
1. INTRODUCTION1 
 

Zinc oxide (ZnO) is an important material for 

applications in catalytic luminescent and electronic 

(e.g., varistors, semiconductors, and gas sensors) 

devices, pigments, rubber, ceramics, chemical and 

components for the pharmaceutical and cosmetic 

industries [1-4]. Additionally, ZnO nanostructures were 

used as nanoadsorbent to remove heavy metals that the 

removal efficiency depends on the shapes of ZnO 

nanoparticles [5, 6]. Different morphologies of ZnO 

including nanospheres, nanorods, nanoflowers, 

nanotubes, nanoplates and nanotripods have been 

reported [7]. The literature showed that microstructures 

and chemical properties of ZnO depend on the synthesis 

method, synthesis parameters, and also the used starting 
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precursor. Different synthesis methods were used to 

prepare ZnO particles of different size and morphology. 

Table 1 summarized a description of different 

morphologies obtained under various synthesis 

conditions and methods [8-21]. Among these methods, 

precipitation and thermal decomposition are low cost 

techniques which can provide large scale production 

without expensive raw materials and complicated 

equipment. Moreover, different zinc salts such as zinc 

acetate dehydrate (Zn(C2H3O2)2·2H2O)), zinc nitrate 

hexahydrate (Zn(NO3)2·6H2O) zinc sulfate 

(Zn(SO4)2·7H2O) and zinc chloride (ZnCl2) as precursor 

have been used. ZnO nanoparticles prepared using 

Zn(NO3)2·6H2O precursor was mixture of nano-prisms 

and nanorods shape with an average crystallite size of 

18.91 nm [22]. 

Synthesis of ZnO crystalline-structures from ZnSO4 

solution with carbonate solutions such as Na2CO3, 

NH4HCO3, etc. often leads to the occurrence of a  
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TABLE 1. Methods for preparing ZnO nano-structures with different size and morphologies 

Reaction Explanation Reference 

Zn4SO4)OH(6.xH2O→ZnSO4.3Zn)OH)2  xH2O 

2[ZnSO4.3Zn(OH)2→5ZnO+  Zn3O)SO4(2 + 6H2O 

Zn3O)SO4)2→3ZnO+  2SO2 + O2 

Chemical reaction at 70 °C to form the precursor of 

Zn4(SO4)(OH)6·0.5 H2O, then, thermal decomposition for the 

synthesis of ZnO nanoparticles in air for 1 h at 825 °C, with the 92 
nm nanoparticles. 

[8] 

Zn2B6O11+3H2O→Zn2B6O11 + 3H2O (at room temperature) 

Zn2B6O11→(900°C) 2ZnO + 3B2O3 
Decomposing zinc borate nanoplatelets at 900°C, average 

diameters of perfect spherical shape of nanoparticles was 50 nm. 
[9] 

Zn(NH3) 4
2+  + 2OH−→ZnO + 4NH3 + H2O 

Transformation of Zn(NH3)4
2+ complexes as a precursor in the 

presence of sodium oleate and hydrazine at 80 °C, ZnO 
nanoparticles with 30–60 nm 

[10] 

Zn(CH3COO)2 + 2NaOH→Zn(OH)2  +2CH3COONa 

Zn(OH)2→Hydrothermal ZnO + H2O 

Hydrothermal method at 100-200°C for different periods from 5 - 
10 h, nano-particles size of ZnO in the range of 55–110 nm 

[11] 

Zn2+  +2OH−→Zn)OH)2 

Zn(OH)2→ZnO+  H2O 

Zn)OH(2  +2OH−  +TEA→[Zn)OH(4]2—TEA 

 

Aqueous solution of zinc acetate dehydrate (Zn(CH3COO)2·2H2O, 

0.1 M) and 2.0 mL of triethanolamine (TEA) as a surfactant; 1 M 
ammonia (NH4OH) as a reduction agent.  Hydrothermal treatments 

at 95 °C for 2 h. ZnO microcrystals with length of 2.2 μm and 
diameter of 1.8 μm, a single crystal wurtzite structure. 

[12] 

NH3.H2O→NH4
++OH- 

Zn2++2OH-→Zn(OH)2 

Zn(OH)2+2OH-→Zn(OH)4
2- 

Zn(OH)2+4NH3.H2O→[Zn(NH3)4]
2++2OH-+4H2O 

[Zn(NH3)4]
2++4H2O→ZnO+3NH4

++2NH3.H2O 

Zn(OH)4
2-→ZnO+H2O+2OH- 

Hydrothermal process at 180°C for 20 h. uniform pencil-like 

crystals with the average diameter of 300 nm and length of about 

10 m 

[13] 

ZnSO4 +2NH4OH → Zn(OH)2 +(NH4)2SO4 → ZnO (s) 

+4NH3(aq) + 2H2O(l) 

Synthesized through a novel low-temperature aqueous solution 

route (90–95°C) and rapid thermal processing (300-850°C). One-
dimensional (1D) ZnO nanorod arrays and branched two-

dimensional (2D), three-dimensional (3D) – nanoarchitectures. 

[14] 

Zn(CH3COO)2+H2O→ZnO+2CH3COOH 

HOCH2CH2OH↔CH3CHO+H2O 

CH3CHO+2AgNO3+H2O→2Ag+2HNO3+CH3COOH 

Fabrication of the Ag/ZnO microspheres via a ‘‘one-pot’’ process 

in ethylene glycolmedium. heating the solution to 160 °C at the 
rate of 5 °C/min. 

[15] 

C6H12N4+6H2O→6CH2O+4NH3 

NH3+H2O→NH4+ +OH- 

Zn(CH3COO)2+2NH4+ +2OH-→2CH3COONH4+Zn(OH)2 

Zn2+ +2OH- +2H2O→Zn(OH)4
2- +2H+ 

Zn(OH)4 
2- +2H+→ZnOcluster+3H2O 

The chemical growth of ZnO nanorod arrays in the solution on the 

ITO substrates by a two- step chemical bath deposition (CBD) 

method with an average of 1.83 µm in length and 87 nm in 
diameter. The reaction temperature from 25 to 95 °C 

[16] 

Zn5(CO3)2(OH)6→5ZnO+3H2O↑  +2CO2 ↑ 

Precipitation of the precursor using ZnCl2 and Na2CO3 by heating; 
calcinations at 300-400°C. 

Mean sizes of nano-particles, ranging from 8 nm to 80 nm. 

[17] 

CO(NH2)2(s) + 3H2O(l) →CO2(g) + 2NH3.H2O(aq) 

2NH3-H2O(aq) + CO2(g) →2NH4
+(aq) + CO3

2-(aq) 

NH3.H2O(aq) → NH4
+ (aq) + OH-(aq) 

Zn2+(aq) + CO3
2-(aq) + 4OH- (aq) + 3H2O(l) 

→ZnCO3.2Zn(OH)2.H2O(s) 

ZnCO3.2Zn(OH)2.H2O(s) →3ZnO(s) + 3H2O(g) + CO2(g) 

The industrial preparation of ZnO nanoparticles using a stirring 

tank reactor containing the zinc nitrate solution under 95 °C 
conditions, direct precipitation method. 

[18] 

5ZnSO4)aq ( +10NH4HCO3)aq ( → Zn5(CO3)2)OH(6)s)( + 

 5)NH4(2SO4)aq (+  8CO2)g(+  2H2O)l( 

Zn5)CO3(2)OH(6)s(→5ZnO)s( + 2CO2)g( + 3H2O)g ( 

direct precipitation method at room temperature;  precursor dried 

at 100°C, and calcinations at 300, 350, 400, and 500° C. ZnO 
nano-particles with average crystal size of about 9.4 nm 

[19] 

)CH2(6N4 + 6H2O → 6HCHO  + 4NH3 

NH3 + H2O → NH4OH- 

Zn2+ + 2OH-→ZnO + H2O 

Totally 20 cycles for the deposition of ZnO nanorods at 95°C. The 

well-defined hexagonal facet, the side length of about 150 nm, the 
aspect ratio of 2:3. 

[20] 

Zn2+ +4NH3→ Zn(NH3)4
2+ 

Zn(NH3)4
2+ +2OH−→ ZnO + 4NH3 +H2O 

First, reaction of the Zn ions in Zn(NO3)2.6H2O solution with 

ammonia to form amine complexes (Zn(NH3)4
2+), second, reaction 

of the complex with OH- to produce ZnO crystals; hydrothermal 
growth of the ZnO nanorods in an oven at 90◦C for 1–3 h. 

[21] 
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carbonate compound of Zn as precursor 

[Zn5(CO3)(OH)6] [23]. Depending on the concentration 

of the precursor, the nanostructures prepared through 

breakdown and recombination of ionic bonds [24] may 

exhibit itself in composition of ZnO particles. For 

instance, ZnCl2 as precursor results in a mixture of ZnO 

and Zn5(OH)8Cl2.H2O phases [22]. The presence of 

these phases in the final product indicates that the 

conversion of reactants into the desired ZnO product is 

not complete. However, it is established that different 

zinc salts have little or no effects on the crystallite size 

of ZnO nanoparticles [5]. 

Precise control of the size and shape of nanocrystals 

results in desired chemical and physical properties [25]. 

In hydrothermal synthesis, the effect of pH is crucial 

because OH− is strongly related to the series of reactions 

that produced ZnO [26, 27]. The flower-like ZnO 

nanostructures are synthesized by decomposing 

Zn(OH)2 in which the zinc nitrate is used as a precursor. 

The size of the ZnO is altered with pH of the solution 

[7]. In addition, the reaction temperature and the 

concentration of salt precursors play a critical role in the 

crystallite size [28]. There is still considerable 

uncertainty regarding the factors affecting end-product 

properties and the mechanism by which the high purity 

ZnO nanoparticles form within a simple and cost-

effective method. 

Herein, we report an innovative and simple method 

to synthesize ZnO nano-structures through thermal 

decomposition of the precursor [contain: 

Zn4(SO4)(OH)6· H2O and ZnO] which prepared at the 

room temperature from ZnSO4, ZnCl2 and NH4OH. The 

preparation procedure is to be conducted without using 

any organic and toxic solvents. Among many 

parameters affecting the nanostructures' growth, the pH 

of the precursor preparation is to be investigated in 

relation to the morphological changes of the ZnO 

nanostructures. Moreover, changes in dimensions as the 

pH changes are also expected to be observed. 

 

 

2. MATERIALS AND METHOD  
 

All of the reagents used in these experiments including 

zinc sulfate heptahydrate (ZnSO4·7H2O), zinc chloride 

(ZnCl2), ammonium solution (NH4OH), hydrochloric 

acid (HCl) and ethanol (CH3CH2OH) were of analytical 

grade. All these starting chemicals were supplied by 

Merck Chemicals Company (Darmstadt, Germany). 

Distilled water was used as solvent. Precursor powders 

were synthesized using the following methods: 

First, ZnCl2 and ZnSO4·7H2O were dissolved in a 2 

M hydrochloric acid to form a solution with the 

concentration of 2 M for ZnCl2 and 1 M for 

ZnSO4·7H2O. After complete mixing by a magnetic 

stirrer, the NH3·H2O solution (1 M (final pH=6.12) and 

2 M (final pH=11.23)) dropwise added to the solution 

with vigorous mixing at room temperature for 2 h. The 

obtained precursor, the preparation pH of which was 

6.12 will be referred hereafter as “precursor #1”, and 

that was 11.23 will be named as “precursor #2”. The 

obtained ZnO powders after calcinations of them will be 

referred hereafter as “powder #1” (from precursor #1) 

and “powder #2” (from precursor #2). 

The white precipitate precursors (1 and 2) were 

collected by filtration. They were then rinsed four times 

with deionized water and absolute ethanol; then, dried at 

70 °C overnight. In the precipitation process, the ZnO 

powder was formed according to Equation (1): 

 
( ) 

OH

ClNHZnOOHOHSOZn

OHNHHClZnClOHZnSO

2

42644

4224

25.2

325.0.25.0

37.25.0

+

++

→+++

 (1) 

Finally, the precursors were calcinated in a muffle 

furnace at 875 °C for 1 h under atmospheric air 

pressure. The crystalline structure of the nanoparticles 

was characterized by X-Ray diffraction (XRD, 

PHILIPS, X’pert-MPD system) using Cu Kα (λ=1.54 

A°) radiation. The thermal behavior of the precursors 

was studied by thermogravimetry (TG), under air flow. 

35 mg of samples were heated with the heating rate of 

10 °C/min at temperature range of 35–900 °C. Infrared 

(IR) spectra were recorded on a Bruker tensor 27 

Fourier Transform infrared (FTIR) spectrometer with 

RTDLATGS detector, in the range of 400 to 4000 cm-1 

with a spectral resolution of 4 cm-1 in transmittance 

mode. The morphology and average particle size of 

ZnO nanoparticles were also determined with scanning 

electron microscopy (SEM, Tescan Vega-II) and a 

transmission electron microscopy (TEM, 

PHILIPSCM20). 
 

 

3. RESULTS AND DISCUSSIONS 
 

Figure 1 (a and b) shows the TG-DSC analysis for the 

prepared precursors at pH=6.12 and pH=11.23 in the air 

flow, respectively. Three endothermic peaks (75.5 °C 

and 85°C; 175.5°C and 230 °C; 810 °C and 825 °C) 

were found in the heating process. The peaks 

correspond to the crystal water decomposition reaction 

(Equation (2)), dehydroxylation of the basal hydroxide 

layer (Equation (3)), and the decomposition of sulfate 

groups (Equation (4)). Due to the large number of disk-

like Zn4SO4(OH)6 in the precursor at pH=11.23, 

temperature of dehydroxylation of the basal hydroxide 

layer (230 °C) was higher than the precursor at pH=6.12 

(175 °C).  

In the decomposition process, the white powder ZnO 

was formed from the following reactions [Equations 

(2)-(4)]: 
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( )

( ) OHZnOOHSOZn

ZnOOHOHSOZn

2644

2644 C) 85-(75.

++

→++ 

 (2) 

( )

( ) OHSOOZnZnO

CZnOOHSOZn

2243

644

66

)230175(][2

++

→−++ 

 (3) 

( )

22

243

24

)825810(

OSOZnO

CZnOSOOZn

++

→−++ 
 (4) 

The results confirmed the scheme of decomposition 

[8,14,19], including the three sequential stages, which 

led to the formation of ZnO as the final product. 

These reactions were governed by the pH of the 

solution. As observed by increasing the pH, the reaction 

temperature of all steps during the synthesis of ZnO 

nano-powders shifted to the higher temperature.  

Figure 2 shows X-ray diffraction patterns of the 

precursor #1 (a),  precursor #2 (b),  ZnO powder #1, (c), 

and the powder #2 (d). All the diffraction peaks in 

Figures 2a and 2b are consistent with the 

Zn4SO4(OH)6.H2O phase (JCPDS card no. 00-039-

0690) and hexagonal phase ZnO which was reported in 

JCPDS card (No. 00-036-1451). As summarized in 

Table 2, the ZnO nano-rods which was prepared from 

the precursor synthesized at pH=6.12, displayed the 

stronger diffraction peaks than pH=11.23. It revealed 

that the nano-rods pertaining to pH=6.12 possessed 

well-aligned growth and high crystal quality [29-32]. 

Moreover, the crystallinity of ZnO nanostructures was 

improved after annealing. 

 

 
Figure 1. TGA–DSC curves of the ZnO precursors prepared 

at (a) pH=6 and (b) pH=11 from 35 to 900 ˚C 
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Figure 2. X-ray patterns of the precursor #1 (a), precursor #2 

(b), ZnO powder #1 (c), and powder #2 (d) synthesized by 

direct thermal decomposition of the precursors at 875 °C for 1 

h 
 

 

 
TABLE 2. Representative X-ray of Zinc oxide powder diffraction data in the prepared precursor at pH=6.12 and pH=11.23 

h k l 
ZnO crystals in the synthesized precursor at pH= 6.12 ZnO crystals in the synthesized precursor at pH=11.23 

d cal. d meas. Peak height (cts) d cal. d meas. Peak height  (cts) 

1 1 0 2.811 2.814 431 2.810 2.814 261 

0 0 2 2.601 2.603 196 2.599 2.603 90 

1 0 1 2.474 2.476 518 2.472 2.475 292 

1 0 2 1.910 1.911 92 1.907 1.911 39 

1 1 0 1.624 1.625 310 1.624 1.624 194 

1 0 3 1.477 1.477 162 1.476 1.477 77 

2 0 0 1.406 1.407 52 1.406 1.407 29 

1 1 2 1.378 1.378 187 1.378 1.378 92 

2 0 1 1.358 1.358 110 1.358 1.358 66 

0 0 4 1.303 1.301 13 1.305 1.301 3 

2 0 2 1.238 1.238 26 1.239 1.238 22 

1 0 4 1.184 1.181 10 1.186 1.181 9.6 
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Disk and hexagonal shapes of Zn4SO4(OH)6.H2O 

and ZnO, respectively, were detected in the SEM 

images (Figure 3). The stability of zinc hydroxy-sulfate 

decreases in acidic conditions (pH<7) [33], which leads 

to more ZnO precipitating from the solution phase.  As 

shown in Figure 3 (a, b) and (c, d), the amount of 

hexagonal rod shapes of ZnO in the precursor #1 are 

more than the precursor #2, which agrees well with the 

XRD analysis. 

According to the FTIR spectra shown in Figure 

4(A), the absorption peaks at 441, 597.68, 961.74, and 

1125.93 cm-1 are attributed to SO4
2- and 417 cm-1 is 

assigned to ZnO [8,34]. The peak at 769.73 cm-1 is the 

stretching mode of Zn-OH vibrations. The results of IR 

analyses confirmed that the produced precursor was 

Zn4SO4(OH)6.H2O and ZnO, that is in agreement with 

the results of  XRD. When the precursors were heated at 

875 °C for 1 h, they decomposed into ZnO crystallite 

phase (JCPDS card no. 00-036-1451) (Figure 2 c and d). 

In this case, the ZnO nano-crystals were hexagonal with 

the lattice parameters: a = 3.24 Å, b = 3.24 Å, c = 5.20 

Å (space group= P63mc). Representative X-ray ZnO 

powder diffraction data are shown in Table 3. Sharp 

peaks indicated elevated crystallinity of ZnO. Figure 

4(B) shows the FTIR spectrum of the ZnO nano-

powders prepared through thermal decomposition at 

875°C. The absorption band at 430.06 and 507.45 cm-1 

(Figure 4B) are attributed to Zn–O, and the band at 

3428.27 cm-1 is attributed to –OH stretching [34]. The 

band at 1635.99 cm-1 is due to the OH bending of water. 

Finally, the tiny dip in the spectra at 2369.67 cm-1 is due 

to atmospheric CO2 [35-38]. In general, the IR peaks 

intensities at pH=6.12 are higher than those at 

pH=11.23. It could be postulated that the higher IR 

peaks intensity are due to the higher ZnO structures 

particles during the thermal decomposition [39]. The 

average diameter and the length of the nanorods in the 

powder #1 were 980 nm and 2.2 μm, respectively; 

while, in the powder #2, the diameter and length were 

760 nm and 3.3 μm, respectively. Generally, the aspect 

ratio of the ZnO nanorods increased with the enhanced 

concentration of OH-. It is worth noting that an increase 

in concentration of OH- ions could partially suppress the 

growth of as-deposited ZnO nanocrystallines [16]. Thus, 

the diameter of nanorods decreased when the 

concentration of OH- increased from pH 6.12 to 11.23 

(see Figure 5). 

Figures 6 and 7 show TEM images of powder #1 

and powder #2, respectively. Figures 8a and 9a show 

that the spherical ZnO nanoparticles have a wide size 

distribution with the average diameter of 85±5 nm and 

112±5 nm, respectively. The Rosin–Rammler (RR) 

distribution function (Equation (5)) is the most 

commonly used equation for describing the particle size 

distribution (PSD) [40]: 

( ) ( ) ndxxQ 0/exp1 −−=  (5) 

 

 

 

 
Figure 3. SEM images of the (a, b) precursor #1 (prepared at pH=6), and (c, d) precursor #2 (prepared at pH=11) at two different 

magnifications 
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Figure 4. (A) FT-infrared spectra of the precursor #1 (a), 

precursor #2 (b), (B) powder #1 (a), and powder #2 (b) of ZnO 

nanoparticles obtained at 875 °C for 1h 
 

 
TABLE 3. Representative X-ray Zinc oxide powder (#1 and #2) diffraction data 

h k l 
ZnO crystals in  powder #1 ZnO crystals  in powder #2 

d cal. d meas. Peak Height [cts] d cal. d meas. Peak Height [cts] 

1 1 0 2.812 2.814 1569 2.812 2.814 1204 

0 0 2 2.601 2.603 1193 2.600 2.603 2180 

1 0 1 2.474 2.475 2615 2.474 2.476 2096 

1 0 2 1.910 1.911 575 1.910 1.911 599 

1 1 0 1.623 1.624 1284 1.623 1.625 959 

1 0 3 1.476 1.477 956 1.476 1.477 1063 

2 0 0 1.406 1.407 202 1.406 1.407 151 

1 1 2 1.377 1.378 918 1.377 1.378 741 

2 0 1 1.357 1.358 502 1.357 1.358 396 

0 0 4 1.300 1.301 84 1.300 1.301 144 

2 0 2 1.237 1.238 151 1.237 1.238 135 

1 0 4 1.180 1.181 73 1.180 1.181 90 

 

 

 
Figure 5. SEM images of (a, b) powder #1 (prepared at pH=6), and (c, d) powder #2 (prepared at pH=11) at two different 

magnifications 
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Figure 6. TEM images of the ZnO nano-architectures (powder 

#1) 

 

 

 
Figure 7. TEM images of the ZnO nano-architectures (powder 

#2) 

 

 

where, x is the measured particle size, Q(x) is the 

cumulative fraction passing function, d0 is the size 

factor, and n is the spread factor. The size factor, d0, is a 

characteristic of the PSD. In the function, the size factor 

indicates the fineness of powder. So, the smaller d0, the 

finer is the powder. On the other hand, the spread factor, 

n, is a measure of the uniformity. It is larger for 

narrower distribution. That is, the higher the n value the 

more uniform is the distribution. 

The parameters of the PSD of the sphere-like ZnO 

by using the Rosin–Rammler model is illustrated in 

Table 4. The factor of d0 is 74.67 for the spheres of  

powder #1 while it is 106.50 for powder #2. It indicated 

that the average size of the sphere-like particles of the 

ZnO in powder #1 was lower than that of powder #2. It 

established a direct relationship between the reaction 

temperature and particle sizes. Increasing the reaction 

temperature leads to either an increase in the formation 

of nuclei, which would promote smaller particles in the 

end-product, or a faster rate of decomposition of zinc-

hydroxo- complexes to ZnO, which results in the 

growth and coarsening of the end-products [33]. In this 

case, however, the growth of particles seems to 

dominate as the temperature of the reaction is increased 

in this series of reactions by increasing pH value (Figure 

1). According to Figures 8, 9 and Table 4, the lower n 

values in both powders indicate the wider particle-size 

distributions [40]. 

 

 

 
Figure 8. (a) Particle size distribution and (b) fitting of the 

Rosin–Rammler equation into the ZnO nanospheres of  

powder #1 data by using TEM analysis 

 

 

 
Figure 9. (a) Particle size distribution and (b) fitting of the 

Rosin–Rammler equation into the ZnO nanospheres of powder 

#2 data by using TEM analysis 
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TABLE 4. Rosin–Rammler equation parameters for TEM 

data from spherical ZnO nanoparticles 

Powder 
Factor 

Powder #2 Powder #1 

106.50 74.67 d0 

1.329 1.239 n 

 

 

4. CONCLUSIONS 
 
Pure ZnO nanoparticles have been successfully 

produced with a simple thermal decomposition method 

without using organic solvents, expensive raw materials, 

and complicated equipment. Then, the SEM and TEM 

images showed that the ZnO nanoparticles were of rod 

and spherical shapes. The following major conclusions 

were made.  

• The sequential occurrence of ZnO nanoparticles was 

included nanorods and nanosphere. Nanorods were 

obtained in the earliest stage when ZnCl2 was used 

as a zinc ion source, which implied that the source of 

Zn ions affected the morphology of the synthesized 

ZnO nanoparticles. 

• The average particles size of ZnO nanoparticles 

increased with increasing pH of the reaction media. 

• As the pH of the starting solution increased from 6 

to 11, the reaction temperature of all steps during the 

synthesis of ZnO nanopowders including the water 

decomposition, dehydroxylation and decomposition 

of sulfate groups were shifted to the higher amounts. 

• A direct relationship was observed between the 

reaction temperature and particle sizes. As if, raising 

the reaction temperature increased the average 

particle size of ZnO. 

• The diffraction peaks decreased in intensity with the 

increasing pH value. 

Finally, the facile protocol can be proposed for 

synthesis of zinc oxide nano-materials with rod and 

spherical shapes. Again, future programs have been 

designed to control the operational parameters to obtain 

ZnO nano-structures with desired size, shape, and 

alignment.   
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Persian Abstract 

 چکیده 
  گراد یسانت  درجه  875  یدما  درو    ساعت  1  مدت   به  هوا  در   [ ZnOو    O 2.H6)(OH)4(SO4Zn]شامل:    ماده  ش یپ  میمستق   ی حرارت  هیتجز  از طریق فرایند اکسید روی نانوذرات 

  ف ی ط  ،(XRDپرتو ایکس )  پراش   با استفاده از آنالیز   هاهنمونتنظیم شد. مشخصه یابی    11و    6روی دو مقدار    O2.H3NHمحلول از طریق افزودن محلول    pHمقدار  .  ندشد  سنتز

با دو  ،  نانو ذرات خالص اکسید روی  نتایج نشان داد.  انجام شد (TEM) یعبور  ی الکترون  کروسکوپ یم   و   (SEM)یروبش  ی الکترون  کروسکوپ یم  ،  (FT-IR) قرمز  مادون  سنجی

 = pH در  ماده تهیه شده  شیپ   تجزیه حرارتی که از   ZnO یکرو  نانوذرات   قطر   نی انگیم  .سولفاتی تشکیل شدندهای کلریدی و  مورفولوژی کروی و میله ای، به ترتیب در محلول

 یدارا  هالهینانوم   pH = 11در شرایط  .بودند  کرومتر یم  2/2  طول  و  نانومتر   980  قطرمیانگین دارای    طور   به   ZnOیهالهینانوم  که  یحال  در  بود،  نانومتر  85  ±  5  حدود،  شد  سنتز 6

و    SEMتصاویر حاصل از  .  بود  نانومتر  112  ±  5  حدود  یکروبا مورفولوژی    ذرات نانو  متوسط   ذرات   اندازه  که   یحال  در  ،هبود  کرومتریم  3/3  طول  و  نانومتر  760  ن یانگیم  قطر

TEM  ای و کروی را نشان داد. با افزایش  حضور نانو ذرات میلهpH    راحل ساخت نانوذرات  دمای واکش مربوط به تمام م  11به    6محلول ازZnO  به نتایج    افزایش یافت. با توجه

 مواد   هرگونه  از  استفاده  بدونو   2ZnCl و 4ZnSO یهامحلول  از  استفاده  با  خالص   ZnO نانوذرات   دیتول  یبرا  مناسب  و  ارزان  یروش   عنوان  به  تواندیم  حاضر  روش  ،حاصل

 .شود اعمال یآل و یسم ییایمیش

 


