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Abstract. Zinc oxide ZnO nanoparticles were successfully produced via a simple low cost 
hydrothermal method using different metal precursors. Zinc acetate Zn(CH3COO)2, Zinc nitrate  
(Zn(NO3)2) and Zinc chloride (ZnCl2) were the source materials. The obtained nanoparticles were 
investigated by means: X-ray diffraction (XRD), Scanning Electron Microscopy (SEM) and  
Differential Reflectance spectroscopy (DRS). The XRD exhibited the high crystallinity of the pure 
ZnO phase with hexagonal wurtzite crystalline structure for all simples excepted for ZnO 
synthetized from ZnCl2 precursor. The crystallite sizes were estimated in the range of 20-37 nm. 
The precursor type does not affect the Eg of the nanoparticles. The bandgaps energies were between 
3.21-3.22eV. The type of precursor affect the particles morphology. SEM images reveal different 
morphologies. The photocatalytic activity of the synthetized ZnO (zinc oxide) ( NPs, in comparison 
with that of commercial powder for the methylene blue (MB) degradation under Ultra-Violet (UV) 
irradiation, showed the appropriate activity of nanostructures obtained by Zn(NO3)2 and 
Zn(CH3COO)2 precursors. The first-order kinetic constant over ZnO from Zn(NO3)2 was 1.9, 3.7 
and 1.5 times of ZnO commercial powder, ZnO from ZnCl2 and Zn(CH3COO)2, respectively. The 
ZnO NPs from Zn(NO3)2 and Zn(CH3COO)2 precursors have the best photocatalytic degradation 
performance with a degradation rate of 99.3% and 96.4%, respectively. It is found that the higher 
photocatalytic performance was probably due to the larger crystallinity, purity phase and specific 
morphologies than smaller particle size effect. A decrement in the crystallite size yields in a larger 
surface areas and enhances the adsorption of reactants and that paves the way to an enhancement in 
the photocatalytic performance. Thus, the synthetized ZnO is nanoparticles by the soft hydrothermal 
process which is a promising candidate for the photocatalytic purposes of dyes from waters. 

1. Introduction  

The organic pollutants are widely found in various industries, such as textile, paper, plastics, 
cosmetic, pharmaceutical and others. These pollutants seriously generate water pollution problem 
that may have harmful effects on the microorganisms living in several ecosystems. Because, in part, 
they prevent the sunlight penetration into water and reduce photosynthetic activity [1-3]. Most of 
the organic dyes are resistant to biodegradation under light. The direct photolysis of these colorant 
dyes in the naturel aquatic environment is thus hard [4]. The metal oxide semiconductors mediated 
photocatalysis reaction using the UV or visible light, under ambient conditions. It can harvest the 
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light energy and significantly enhance the rate of the dyes degradation [1, 5-7]. The photocatalysis 
is an eco-friendly method for environmental treatments to removal dyes in the wastewater that does 
not cause toxic by-products [6]. The organic pollutant molecules are break-down via an oxidative 
processes. There are several semiconductor materials that have shown great potential to, 
photocatalytically, degrade several molecules in water, such as TiO2, ZnO, ZnS, SnO2, WO3 and 
CdS. [8-10]. TiO2 is the most used effective photocatalyst, but it has been found that ZnO is an 
alternative photocatalyst material due to its photochemical stability, high efficiency, lower exciton 
recombination rate, greater surface area, high electronic mobility, non-toxic and abundant nature 
and low cost synthesis processes [6, 9]. It has been reported by Baruah et al. that ZnO has emerged 
as a more efficient photocatalyst than TiO2 due to its high surface reactivity owing to its large 
number of active surface defect states [11]. Its high reaction and mineralization rates are due to its 
more efficient generation of hydroxyl ions.  

Zinc oxide is a well known functional semiconductor, with unique physical and chemical 
properties. ZnO is a wide band gap of 3.37 eV and has large exciton binding energy (60 meV) at 
room temperature [12].  This compound is biosafe and biodegradable for the environment 
protection. The photocatalytic efficiency of ZnO can be improved through a number of ways; 
doping with metal and nonmetal elements, coupling with narrow bandgap materials, creating 
surface defects and specific morphologies, higher ratio of exposed ZnO polar facets or promotion 
the separation and transportation of the photo-excited charge carriers. [8, 9, 13-15]. Kumbhakar et 
al. have inspected the tuning of high defects states on ZnO nanostructures by a simple thermal 
annealing for the complete photo-degradation of MB dyes [9]. MacLaren et al. have demonstrated 
that the shape factor seems to be of overriding importance on the photocatalytic rate, reaching 5 
times higher activity for some controlled morphology; Zn nanocrystals [16]. From the according to 
literature, the morphology and crystallites size of ZnO nanostructures can be tuned by controllable 
synthesis parameters and thermal heating conditions (precursor, solvent type, surfactants, reaction 
temperature and temperature calcination) in a particular synthesis technique [17, 18]. There is a 
reciprocity relationship between the cristanility size and the performance, namely the higher the size 
of cristanility is, the better the photocatalytic performance.   Several reports have focused on the 
influence of different zinc salts type on the microstructure and the shape of ZnO nanostructures [17-
23]. Shaba et al. reported that Zn precursors have little effect on the crystallite size of produced 
ZnO nanostructures but exerted greater influence on the morphology [18]. Depending on each 
parameters of the synthesis methods and their effects on the ZnO nanosystems crystallinity or 
morphology, there are still divergent views. The mechanisms of the ZnO nanostructures growth 
synthesis in correlation with the microstructural and morphological characteristics are not fully 
understood [18, 20]. Especially, the  effect of precursors on the ZnO morphology for hydrothermal 
synthesis [20]. Consequently, the photocatalytic properties of ZnO oxide for the colorants 
degradation from water do not achieve maximum effectiveness. More investigations are still need to 
deploy for the optimization of all the synthesis parameters [18].  

In this work, an investigation on the ZnO nanoparticles synthesis by varying the initial type 
salts (i.e., zinc acetate Zn(CH3COO)2, zinc nitrate Zn(NO3)2 and zinc chloride ZnCl2) for the 
purpose of application of the final products as photocatalysts for methylene blue degradation as a 
model dye under UV irradiation. For a comparison of the photocatalytic behaviour of the prepared 
NPs, a nitrate commercial ZnO powder was taken. Mainly, the paper is so a contribution to the 
simple strategy synthesis of the functional zinc oxide catalyst as well as the investigation of the 
microstructural and morphological aspects.  

2. Materials and Methods 
Zn(NO3)2, Zn(CH3 CO2)2 and ZnCl2 were used as zinc precursors to prepare ZnO 

nanoparticles through simple hydrothermal method. Hydrothermal synthesis method is attractive for 
several reasons: low cost, less hazardous and relatively low temperature operating [24]. Adequate 
quantities of slats, separately, were dissolved in 50 mL of distilled water and commercially NaOH 
for each solution with a magnetic stirring then transported into an autoclave. The powders were 
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washed several times to remove all the impurities and air-dried at room temperature. A heat 
treatment of the ZnO products was carried out at the temperature of 500°C for 12 hours.  

The crystallinity of powders was investigated using X-ray diffraction (XRD) technique by 
PAN alytical X’pert Pro powder diffractometer with Cu-Kα  radiation, (λCu = 1.5418 Å). The 
morphology analysis was carried out in a Philips. XL 30 scanning electron microscope with a 
voltage of 30 kV. The optical characteristics of nanoparticles were studied using the diffuse 
reflectance spectroscopy on a Varian Cary 100 UV-Vis spectrophotometer with DRA-CA-30I.  

The photocatalysis experiments were carried out using homemade photochemical reactor. 
The photocatalytic reactor consists of a Pyrex beaker settled on a magnetic agitator, which contains 
50 ml of the colored aqueous solution. The MB pollutant concentration solution was 10 ppm, 250 
mg/L of ZnO nanoparticles was added in a volume of 50 mL of the MB solution. A magnetic 
stirring in the dark for 5 minutes was sufficient to achieve the adsorption-desorption equilibrium. 
The used consisted irradiation system of an UVC lamp non-immersing; a Philips germicide 
(G15T8/15W) type, which mainly emits at 254 nm. The distance between the lamp and the beaker 
was fixed at 10 cm. The concentration was determined by measuring the absorbance (optical 
density) at λ = 664 nm of the MB solution for well-determined time intervals. After each 20 min, 3 
ml of MB solution was analyzed by an UV-Visible spectrophotometer after centrifugation at 3000 
rpm for 10 min, to follow the evolution of the absorbance spectra and the photocolorization of the 
BM. The solution was continuously stirred to ensure the uniform dispersion and de-agglomeration 
of the ZnO photocatalysts. 

3. Results and Discussion  
XRD analysis is an accurate asset to determine the crystal structure and crystallite size of a 

specimen. The XRD patterns of the ceramic powders are depicted in (Fig. 1). The diffraction 
patterns show sharp and well-defined diffraction peaks. The peak positions are found well matching 
with those of the standard pattern of ZnO hexagonal phase with a wurtzite structure phase according 
to (JCPDS card No. 36-1451). No impurity and other pics were observed reflecting the high purity 
of the synthesized ZnO NPs by using Zn(CH3COO)2 and Zn(NO3)2 precursors, except for the final 
product obtained with ZnCl2 source material. According to (JCPDS card No. 07-0155) attributed to 
simonkolleite material, the incomplete reaction leads to the appearance of diffraction peaks relative 
to (Zn5(OH)8Cl2H2O) phase. The ZnO diffraction peaks on (Fig. 1) are narrow and exhibit an 
important intensity, which suggests that the nanoparticles zinc oxide have a good crystalline quality. 
The highest peaks are observed at 2𝜃𝜃 = 36.39°, 36.37° and 36.42° for ZnO-acetate, ZnO-nitrate and 
Commercial ZnO are the characteristic crystalline peak of pure ZnO crystals that follow (101) plane 
reflection.  
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Fig. 1. XRD patterns of ZnO nanoparticles synthesized with zinc acetate, zinc nitrate, zinc chloride 

precursors and commercial powder. 
 

In the ZnO hexagonal structure, the lattice constants ‘a’ and ‘c’ were calculated by using the 
equations (1) and (2) [25]: 

   (1) 

                                     𝑛𝑛𝑛𝑛 = 2𝑑𝑑ℎ𝑘𝑘𝑘𝑘 sin𝜃𝜃ℎ𝑘𝑘𝑘𝑘                                                 (2) 

Where dhkl is the spacing between lattice planes of Miller indices (h, k and l) and n is the order of 
diffraction (usually n is equal to 1). 
With the first-order approximation, n = 1; 

sin2 𝜃𝜃 = 𝜆𝜆2
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The lattice constants a for (100) plane according to the Bragg equation is calculated by the Eq. 4 
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𝑎𝑎 =
𝜆𝜆

√3sin𝜃𝜃
                                                                               (4) 

The lattice constant c for the plane (002) is given by the Eq. 5 [26, 27]: 
 

𝑐𝑐 =
𝜆𝜆

sin 𝜃𝜃
                                                                                           (5) 

Information on the crystallites size (D) for the sample was obtained from the full width at half 
maximum of the diffraction peaks using the Scherrer formula (6) [28, 29]:  

                                            (6) 

where 𝜆𝜆, 𝜃𝜃(ℎ𝑘𝑘𝑘𝑘), and 𝛽𝛽(ℎ𝑘𝑘𝑘𝑘) are the X-ray wavelength (0.15418 nm), Bragg diffraction angle, and 
the full width in radians at half maximum intensity line, respectively. 

From X-ray diffraction data, the crystallite sizes estimated using Scherrer equation (6) with the 
width of the most intense peak (101) plane for ZnO NPs fabricated using zinc acetate and zinc 
nitrate precursors are found to be 37 and 36 nm, respectively (see Table 1). The crystallite size 
calculated for ZnO nanoparticles synthesized from major diffraction plane (002) of zinc chloride 
precursor is 20 nm. The lattice constants of the ZnO structures are calculated and are in agreement 
with the reported values which are a = b = 3.249 Å and c = 5.207 Å according to the JCPDS data 
reflecting the high crystallinity of namely Zn(CH3COO)2 and Zn(NO3)2 precursors produced ZnO 
NPs.  By varying zinc salts, the nano-size of ZnO particles do not greatly change, mainly with the 
use of Zn(CH3COO)2 and Zn(NO3)2 precursors via the same hydrothermal synthesis process. Shaba 
et al. have reported a conclusion [18], which is consistent with the obtained observations in this 
paper. 

Table 1. The XRD data of the different precursors ZnO synthesized nanoparticles. 
Salt precursor Pos. 

[°2Th.] 
FWHM 
[°2Th.] 

Identified planes (h k l) D, [nm] A, [Å] 
C, [Å] 

Zinc Acetate 36.387  0.234 101          ZnO 37.284 3.233 

5.191 
Zinc Nitrate 36.372 0.241 101          ZnO 36.264  3.233 

5.188 
Zinc Chloride 34.119 0.4337 002          ZnO 20.029 3.033 

4.948 
Zinc Commercial 36.419 0.2793 101          ZnO 31.293 3.230 

5.177 
 
The scanning electron micrographs of the synthesized samples with different magnifications are 
shown in (Fig. 2, 3).  

)()( cos
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Fig. 2. SEM images of ZnO NPs obtained with (a-b) zinc acetate, (c-d) zinc nitrate  
 

It is observed that the prepared ZnO-Acetate and ZnO-Nitrate in addition with Commercial-
Nitrate powder form hexagonal rod-like structures. The shape of particles using ZnO-Chloride is 
spherical. The ZnO particles show massive nano- to micron-size aggregation [30]. Kaenphakdee et 
al. explain this extensive aggregation due to the particle requirements to reduce the surface energy 
and increase stability [30]. The particles of the ZnO-Acetate powder (Fig. 2a) have the uniform 
morphology-distribution and the high density than ZnO-Nitrate (Fig. 2b) and Commercial-Nitrate 
powder (Fig. 3d). The rods from commercial powder are irregular in form and randomly in 
distribution, the agglomerated particles exhibited pores resulting from escape of volatile substances 
or gases formed during calcination (Fig. 3c and Fig. 3d). However, the particles like branch-rod 
from using ZnO-Nitrate are smaller in dimension (Fig. 2c and Fig. 2d), there are some elongated 
structures in the form of rods with lengths in the order of 2 µm [31]. A large size of ZnO-Acetate 
rod approximately 5 µm in diameter and 6 µm length is expected (Fig. 2b). Interestingly, (Fig. 2a) 
shows formation of hexagonally prismatic structures [32, 33], these discs are observed to be stacked 
symmetrically in pairs in length. The pairs together apparently resemble layered hexagonal rods 
[33]. Natrchalayuth et al have found that the ZnO morphology of hexagonal prism crystals obtained 
from hydrothermal method using Zn acetate. 

 

 

 (a)  (b) 

 (c)  (d) 
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Fig. 3. SEM images of ZnO NPs obtained with (a-b) zinc chloride precursors and (c-d) commercial 
powder.   

precursor was uniformly transformed to small spherical and rod like particles when pH solution was 
increased [32]. This can be described by the dissolution/re-precipitation mechanism under 
hydrothermal reaction [32]. With the increase of zinc acetate to Trizma (TB) mole ratio through 
hydrothermal process; Boppella and co-researchers established that the synthetized ZnO changed 
from irregular hexagonal prismatic structures to uniform hexagonal twin discs and finally into 
truncated hexagonal cones (3D trapezoids) [33]. Effect of using different precursors on the ZnO 
particles morphologies is observed [34, 35].  

To inspect the optical absorption properties and bandgap energies of samples, UV-Vis 
diffuse reflectance spectra were measured. DRS is a more convenient technique for analyzing 
unsupported materials as UV-Vis absorption spectroscopy, because it takes advantage of the 
enhanced scattering phenomenon in powder materials and not require a powder sample to be 
dispersed in any liquid medium preventing its contamination [36]. The UV-Vis total reflectance of 
ZnO powders is presented in (Fig. 4a). It is observed that in the UV and visible regions, low and 
high reflectance were noted for all ZnO samples. As it is known, low reflectance corresponds to 
high absorbance. Thereby, all ZnO structures demonstrate barely reflection in the UV region due to 
their excellent absorption properties as it is reported by several researchers [30, 37, 38]. The 
relevant increase in the reflectance is related to the direct band gap of ZnO structure due to the 
transition of an electron from the valence band to the conduction band �𝑂𝑂2𝑝𝑝 → 𝑍𝑍𝑍𝑍3𝑑𝑑� [38]. The 
enhancing of the UV photons absorption and the excitation of electrons, can contribute to the 
improvement of the photocatalytic potential of materials. ZnO structures obtained from the use of 
zinc acetate and zinc nitrate displayed the lowest reflection in the visible range indicating their high 

 (a)  (b) 

 (c)  (d) 
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absorption also of the visible light. Thus, their suitable use as photocatalysts under UV and visible 
irradiations. The absorption edges of the different powders are very closely. A very slight blue shift 
is observed in the absorption edge for the synthetized ZnO nanostructures from zinc acetate and 
zinc nitrate as compared to those of zinc chloride precursors. This shift can be due to the 
enhancement of the crystallinity of zinc acetate and zinc nitrate based ZnO structures [39]. Other 
factors lead to the red or blue shift of ZnO nanocrystals like, changes in the morphologies, defect 
creation, band edge bending, crystallites size and surface microstructures [6, 37- 39]. Diffuse 
reflectance spectra of ZnO structures are shown in (Fig. 4b). 
 
 
 

 
 
 

 
 
 

 
 
 

 
Fig. 4. (a) Total reflectance spectra of ZnO nanoparticles are prepared from different precursors and 

commercial ZnO powder and (b) [F(R)E]2 against photon energy of ZnO nanostructures.  
 

The Kubelka-Munk (K-M) function 𝐹𝐹(𝑅𝑅)  was used to convert reflectance measurements into 
equivalent absorption spectra. Diffuse reflectance data were transformed according to the K-M 
model by the following relation [40, 41]: 
 

𝐹𝐹(𝑅𝑅) =
(1 − 𝑅𝑅∞)2

2𝑅𝑅∞
=
𝐾𝐾
𝑆𝑆

                                                                    (7) 
 

where, 𝑅𝑅∞ = 𝑅𝑅
100�  is the diffuse reflectance of the material and 𝑅𝑅 is the reflectance; 𝐹𝐹(𝑅𝑅) is the 

Kubelka-Munk function, which corresponds to the absorbance and it was directly proportional to 
the absorption coefficient 𝐾𝐾 , and inversely proportional to the scattering coefficient 𝑆𝑆.  The 
absorption coefficient of a direct band gap semiconductor is related to Tauc’s equation [42]: 
 

𝛼𝛼ℎ𝜐𝜐 = 𝐴𝐴�ℎ𝜐𝜐 − 𝐸𝐸𝑔𝑔�
2

                                                    (8) 
 
where 𝛼𝛼 is the linear absorption coefficient of the semiconductor,  ℎ𝜐𝜐 is the photon energy, A is a 
constant. The 𝐸𝐸𝑔𝑔  (the bandgap energies) values were thus estimated by extrapolation the linear 
portion of the function curve with the energy axis. The bandgap energies using K-M transformed 
reflectance spectra of the commercial ZnO and the synthetized powders from Zn(NO3)2,  ZnCl2 and 
Zn(CH3 CO2)2 were 3.21eV (Fig. 5d), 3.21eV (Fig. 5a), 3.21eV (Fig. 5c), and 3.22eV (Fig. 5b), 
respectively, which is consistent with the observed slight shift in the band-edge absorption and with 
the energies reported in the literature [36, 39]. The precursor material according to synthesis 
process, does not significantly affect the bandgap of the synthetized nanoparticles; Sheikhi et al. 
have found the same result for ZnO nanoparticles via the sol-gel method [43]. Thus, the present 
hydrothermal method produces ZnO nanostructures, which are in the blue region compared to the 
bulk ZnO (3.34 eV) [37].  
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Fig. 5. Diffuse reflectance spectra (DRS) using Kubelka-Munk function of the ZnO commercial 

powder (d) and the synthetized ZnO NPs from Zn(NO3)2 (a),  ZnCl2  (c) and Zn(CH3 CO2)2 salts (b). 
 

The photocatalytic activity of the synthetized ZnO nanoparticles from different precursors in 
comparison with commercial ZnO powder was evaluated by using (250 mg/L) catalyst for the 
degradation of MB (15ppm, 50 mL) under UV light source at ambient temperature and pH ∼ 6.8-7.1 
(Fig. 6A and Fig. 6D) show UV-visible spectral absorbance changes following the degradation of 
BM textile dye as a function of UV irradiations time using different synthetized and commercial 
ZnO nanoparticles catalysts. It is observed that the intensity of the principal characteristic 
absorption peak around (𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 = 664 𝑛𝑛𝑛𝑛) of the MB decreases with the increase in the time of 
irradiation under UV light. This indicates a break in the chromophore structure of the contaminant 
[31]. As seen from (Fig. 6A and Fig. 6D), the UV-visible spectra of MB under light irradiation have 
confirmed two absorption peaks at 664 𝑛𝑛𝑛𝑛 and 612 𝑛𝑛𝑛𝑛 which have been related to the monomer 
and dimer of MB [41]. All the two MB peaks were decreased in intensity reflecting the 
decolorization of the dye. Initially, there is a difference in their intensities, the absorption peak 
at  𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 =  664 𝑛𝑛𝑛𝑛 is more higher than the one at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 = 612 𝑛𝑛𝑛𝑛. In the presence of catalysts 
after 200 minutes, this difference was attenuated indicating that the rate of monomers degradation is 
much important than that of the dimers one. Thus, the most intense peak (𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 = 664 𝑛𝑛𝑛𝑛) was 
taken to follow the evolution of the MB degradation process and the calculations that will follow. 
From (Fig. 6D and Fig. 6C), it was noticed that MB dye was not completely degraded in 200 
minutes by ZnO commercial powder and produced ZnO structures from ZnCl2 source material 
under UV irradiations excitation. On the other hand, during the same interval time of 0 to 200 
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minutes, more MB degradation efficient with ZnO NPs generated by Zn(NO3)2 and Zn(CH3 CO2)2 
precursors was noted, (see Fig. 6A and Fig. 6B).  
 
 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 

 
 

 
Fig. 6. UV-visible spectra evolution of the MB dye solution as a function of the UV irradiations 

times with the commercial powder and the different as-synthetized ZnO structures from: (A) 
Zn(NO3)2,  (B) Zn(CH3 CO2)2, (C) commercial powder and (D) ZnCl2 source material. Reaction 

condition: Dye concentration (10 ppm, 50 mL) with 250 mg/L of photocatalyst. 
 

 The degradation rate towards MB dye, after a time t of reaction, was calculated according to the 
following formula [44]: 
 

Degradation (%) =
𝐶𝐶0 −  C
𝐶𝐶0

× 100                                                            (9) 

Where 𝐶𝐶0 is the initial concentration of the MB dye in the solution and C is the concentration after 
an irradiation time (t). 
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Fig. 7. Plot of the photocatalytic degradation efficiencies vs. times of methylene blue dye by 
synthetized and commercial ZnO photocatalysts.  

 
To evaluate the efficiency of photocatalysts, the degradation rate was calculated. The 

variation of the degradation rates as function of the time of the irradiation of the different ZnO 
photocatalysts is illustrated in (Fig. 7). 

As far as (Fig. 8), it reflects that the decolorization of MB was nearly completely degraded 
with the use of produced ZnO nanoparticles from Zn(NO3)2 and Zn(CH3 CO2)2 precursors and also 
ZnO commercial nanomaterial. The percentage of removal of MB dye, after 200 minutes, was about 
99.31% and 96.38% for ZnO nanostructures synthetized by Zn(NO3)2 and Zn(CH3 CO2)2, 
respectively and 94.07% for commercial ZnO powder. While, the use of ZnCl2 as zinc source 
material for the removal of MB pollutant is less efficient reaching the rate of 79.66% after the same 
time of reaction. These results display faster and higher MB decolorization under the UV irradiation 
through ZnO photocatalysts synthetized using Zn(NO3)2 and Zn(CH3 CO2)2 precursors. To 
understand the kinetics and estimate the pseudo-first-order constant of the MB photodegradation by 
ZnO nanoparticles, the plot of 𝑙𝑙𝑙𝑙 𝐶𝐶0

𝐶𝐶
  as function of time reaction was explored, (Fig. 8). The 

following law may express Langmuir-Hinshelwood model, valid for pollutants concentrations in the 
millimolar range [39, 45, 46]: 

 

𝑙𝑙𝑙𝑙
𝐶𝐶0
𝐶𝐶𝑡𝑡

= 𝑘𝑘𝑘𝑘                                                                                     (10) 

where 𝑘𝑘 is the constant rate of the photodegradation process which was estimated through the above 
the reaction equation (10). 

 

 

 

 

 

Journal of Nano Research Vol. 77 97



 
 

0 20 40 60 80 100 120 140 160 180 200
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5
(A)  Nitrate Zn

      ZnO 

k = 0.0238 ± 0.0025

ln
(C

0/C
t)

Irradiation Time (minute)

0 20 40 60 80 100 120 140 160 180 2000,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5
(C)

 Commercial Zn
      ZnO 

k = 0.0126 ± 0.0007

ln
(C

0/C
t)

Irradiation Time (minute)

            

Fig. 8. Kinetic fits as function of the reaction times under the UV irradiation for the ZnO 
commercial nanoparticles  and the different produced ZnO nanostructures using: (A) Zn(NO3)2,  (B) 

Zn(CH3 CO2)2, (C) commercial powder and (D) ZnCl2 as source material. 
 

The curves of 𝑙𝑙𝑙𝑙(𝐶𝐶0/𝐶𝐶𝑡𝑡) against reaction time (t) were nearly straight lines. The estimated 𝑘𝑘  
parameter values of the different samples; (slope of the plots), were 0.0238 min-1, 0.0157 min-1, 
0.0126 min-1 and 0.0064 min-1 for ZnO_from Zn(NO3)2 salt, ZnO_from Zn(CH3 CO2)2 salt, 
commercial ZnO and ZnO_from ZnCl2 salt, respectively. ZnO photocatalyst synthetized from 
Zn(NO3)2 salt has therefor exhibit the highest photodegradation 𝑘𝑘  constant, followed by ZnO 
nanomaterial synthetized from Zn(CH3 CO2)2 precursor, commercial ZnO powder and the less 
efficient photocatalyst was ZnO nanoparticles synthetized from ZnCl2 salt. 
It is known that the photocatalytic activity efficiency of ZnO catalysts is influenced by their high 
specific surface area and small particle size, surface and bulk defects (oxygen vacancies), band gap 
energy, crystallinity and crystal facets, morphology-dependent charge transfer effects, specific 
porous morphologies and shapes, modification by sensitization through coupling with a narrow 
band gap material or by doping [39, 47-49]. Even though, the small crystallites which means high 
surface area can generate more active sites, fast mass transportation of the reactant and prolong light 
absorption edge [47], in this work small crystallites size (∼ 20 nm of ZnO catalysts from ZnCl2 
precursor) do not govern the photocatalytic response since the nanoparticles exhibit poor 
photodegradation compared to the other samples. The poor photocatalytic activity of these catalysts 
may be due to the impurity ZnO phase and the presence of an amount of residual zinc oxide 
hydroxide hydrate phase. Jansanthea et al. report that the proportion and phase purity that inhibits 
the recombination of electron-hole pairs and the highest crystallinity are the most influential factors 
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enhancing the photocatalytic activity [45]. Ferreira et al. also observed that the porous ZnO 
nanostructures calcined at 700°C have the highest photocatalytic activity in spite of being the 
nanosystem with the lowest specific surface area due to the high crystallinity of these ZnO 
nanoparticles which is the most critical factor influencing the photocatalytic activity [39]. The 
authors explained that does crystallinity reflects a decrease in the relative concentration of bulk to 
surface defects which not only act as adsorption sites but also as charge carrier traps inhibiting the 
recombination of e-/h+ pairs [39]. According to Srinivasan et al., the spherical ZnO nanostructures 
possessed the highest specific surface area but exhibited the lowest photocatalytic activity among 
the other oriented nanorods, bicons and square bipyramids structures [50]. The researchers proposed 
that high crystallinity and mesoporous architecture are essential to the high photocatalytic activity 
[47, 50]. In this work, both produced ZnO nanostructures from Zn(NO3)2 and Zn(CH3 CO2)2 
precursors as well as commercial ZnO powder exhibited excellent crystallinity which intervenes in 
part in a good photocatalytic response, namely for the two ZnO synthetized nanostructures 
(especially since they are characterized by practically similar sizes of crystallites 36 and 37 nm, 
respectively). Others factors affect the photocatalytic response of the samples. According to 
Shidpour et al. the photocatalytic activity of ZnO nanocrystals is not only sensitive to crystal size 
but also to morphology [51]. Imran Din et al. reported that the photocatalytic activity efficiency of 
the ZnO catalysts is also dependent on the structural and morphological aspects [52]. Generally, 
porous ZnO nanostructures can lead to high photocatalytic activity [47]. This is due to; they have 
strong adsorption capability, an efficient electron-hole separation and promoted the diffusion and 
mass transportation of dye molecules [47]. According to the MEB observations (Fig. 2, 3) and MB 
photo-degradation results (Fig. 7), the produced ZnO nanoparticles by zinc acetate salt have a more 
are faster than kinetics in the half time reaction de-colorization than the ZnO nanoparticles 
produced against zinc nitrate salt, but this status was reversed in the second half time. This may be 
due to the higher density of the ZnO nanostructures from Zn(CH3 CO2)2 which limits the dye 
penetration and adsorption, the saturation of the active sites adsorption is attained. It is observed 
that the commercial ZnO powder is also porous but there is a non-ordered porosity and the grains 
distribution is not homogenous, so the photo-response was limited, comparatively to the ZnO 
catalysts generated from Zn(NO3)2 and Zn(CH3 CO2)2 precursors. By correlating the different 
observations together, a conclusive evidence that the crystallites size was not only the factor that 
affects the organic dye photo-degradation response as reported in the literature [33, 53]. 
Additionally, In [54], researcher conducted a research on a multistage hydrothermal technique 
which was established to synthesize hierarchical zinc oxide with a high surface to volume ratios 
paving the way to producing  a low cost, large scale and low temperature of ZnO. In [55], the 
authors studied the different preparation methods of ZnO–graphene composites, they elaborately 
analyzed the fundamentals and usefulness of characterization techniques, then they have 
experimentally carried out  the influence of ZnO’s morphology in photocatalytic behavior of the 
composites.  
The crystallinity, (i.e. crystal state, phase purity and composition) and the morphology aspects such 
as particles shape and pores size and distribution affect the photocatalytic activity efficiency of the 
ZnO nanoparticles catalysts under UV irradiations with the MB as pollutant dye model. It is 
noteworthy to say the morphology, size and chemical properties of nanoparticles are classified 
based on the physical and chemical characteristics’, some of the well-known classes of NPs are 
given in [56].  In [57], Zinc oxide (ZnO) nanoparticles (NPs) were synthesized  by applying the 
Rosmarimus officinalis leaf extract at 80°C (ZnO-80) and 180°C (ZnO-180), they found that the 
size of NPs of ZnO-80 was remarkably smaller than that of ZnO-180 which forms flakier 
agglomerated spherical-like structures. Noticeably, the temperature in this work is constant 
comparatively to  [57], in which the temperature was taken with different values.  
Furthermore, the extremely small size of nonaparticles and their large surface area render them 
appropriate candidate for a wide range of applications. 
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4. Conclusion  
In this paper, a reliable method called hydrothermal synthesis process has been performed 

using different zinc materials for the sake of producing ZnO functional nanoparticles as well as 
studying its effect on structural and morphological, optic, and mythelene blue photocatalytic. The 
verification process of NPs was experimentally carried out based on XRD, SEM, UV-Vis, and 
DRS. To emphasize, the estimated crystallites size was in the range of 20-37 nm.  Nanoparticles 
based on Zn(NO3)2 and Zn(CH3 CO2)2 perfectly synthesized by an excellent crystanility in addition 
to the commercial ZnO powder P25. The produced nanosystem using ZnCl2 metal salt was a fog-
like (mist) of zinc oxide and zinc chloride hydroxide hydrate phases. The band gap energies of the 
nanoparticles are analytically calculated using the reflectance spectra by means of the Kubelka-
Munk function. Additionally, the optical band gap energies energies were approximately 3.21, 3.21, 
3.21 and 3.22 eV for the commercial ZnO and the synthetized powders from Zn(NO3)2,  ZnCl2 and 
Zn(CH3 CO2)2, respectively. Interestingly, the precursor type does not affect the Eg when it comes 
to the identical conditions of the present hydrothermal synthesis method. From a structural point of 
view, different morphologies of the produced ZnO nanostructures were obtained with the variation 
of the zinc precursor. Using Zn(CH3COO)2 and Zn(NO3)2 precursors. The shape of ZnO and ZnCl2 
was rod-like and spherical-like morphologies, respectively.  

The photocatalytic activity of the prepared ZnO NPs compared to  the nitrate commercial 
powder; it is noticed a degradation in the level of methylene blue (MB) dye under the UV 
illumination. Furthermore, the synthetized pure ZnO NPs using soft hydrothermal method, zinc 
nitrate and zinc acetate precursors yield the best photocatalytic activities for MB degradation under 
UV light irradiation. The first-order kinetic constant over ZnO NPs from Zn(NO3)2 (0.02376 min-1) 
was 1.9, 3.7 and 1.5 times of ZnO commercial powder (0.01255 min-1), ZnO NPs from ZnCl2 
(0.0064 min-1) and ZnO NPs from Zn(CH3COO)2 (0.01568 min-1), respectively. Noticeably, ZnO 
NPs from Zn(NO3)2 and Zn(CH3COO)2 precursors provide with the best photocatalytic degradation 
performance with a decrease rate of 99.3% and 96.4% after 200 min of reaction, respectively. The 
higher photocatalytic response was probably due to larger crystallinity and purity phase and also 
their specific morphologies than smaller particle size effect. 
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