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1.( Introduction 
Wastewater reuse for agriculture proposes is a practical solution to overcome shortage of water problem, 
especially in arid and semi arid regions [1]. However, Wastewater irrigation creates benefits like that it adds 
valuable nutrients and organic matter to soil and also provides a reliable irrigation water supply [2-6], it also has 
some risks if it applied without being treated adequately as it may represent possible sources of plant and soil 
contamination [2, 6-11]. One of the most dangerous wastewater pollutants is pesticides which have many 
sources like routine agricultural practice, wastewater from agricultural industry,  rinse water and plant residues 
contaminated with pesticides [12], so various strategies have been relayed to produce more clean water sources 
[13]. Nowadays, Heterogeneous photocatalysis has the most of researches concern as it's an effective and 
promising technique for  treatment of water  in comparison to the other traditional methods [14] due to some 
features that it have like (a) it mineralizes the parent compounds and their intermediate without any secondary 
pollutant, (b) ambient operating temperature and pressure and  (c) low cost of operation [10, 13, 15, 16].  
The  most important  feature of any photo catalyst is its surface area. Nanocrystalline photocatalysts allow 
higher adsorption of the target as it offers a large surface to volume ratios [17]. In materials science, ZnO is 
categorized as a semiconductor in group II-VI, whose covalence is on the boundary between ionic and covalent 
semiconductors. It is regarded as an appealing semiconductor  for potential use in electronics, optoelectronics 
and laser technology as it offers a broad energy band (3.37 eV), high bond energy (60 meV) and high thermal 
and mechanical stability at room temperature [18-20].  
ZnO is an attractive material for water treatment as it can be tailored to absorb visible light and is capable of 
ushering in the era of solar photocatalysis. It has an edge over other metal oxides like TiO2 in water purification 
and other environmental remediation processes as it is soluble in water and ends up as metallic zinc in the 
ecosystem [15, 20]. When a photon with an energy of hν matches or exceeds the band gap energy (Eg) of ZnO, 
an electron (ecb

-) from the valence band (VB) is excited and enters to the conduction band (CB) leaving a hole 
(hvb

+) behind [21,22], but those electrons of excited state conduction band and holes of valence band recombine 
rapidly which in turn leads to impede the redox reactions.  
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Modification of ZnO surface with noble metals doping can limit the recombination of electron hole pairs due to 
the formation of Schottky junction and subsequent redox reactions may occur, also can increase the broadness 
of its absorption spectrum [23-25]. Among the noble metals,  silver has attracted much concern as a dopant as it 
is the cheapest one,  possess good physical and chemical properties and high-efficiency metal-ZnO 
photocatalyst [26-33].  
Neonicotinoid insecticides represent the most important chemical class of insecticides introduced to the global 
market since the synthetic pyrethroids [34]. Imidacloprid an example of this class  is the most widely used 
insecticides in the world [35]. In this work undoped ZnO and Ag-doped ZnO NPs were prepared and 
characterized to study the imidacloprid photocatalytic degradation rate and the parameters affecting the 
degradation rate. 
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Imidacloprid chemical structure 

 

2. Material and method 
2.1. Chemicals 
Zinc acetate dihydrate  (Sigma Aldrich), Methanol (Local Market), Sodium hydroxide (AppliChem Panreac), 
Silver nitrate (Cambrian Chemicals), Ethylene glycol (NICE CHEMICALS),  Imidacloprid (Jiangsu Fengshan 
Group Co., LTD – China). 
 
2.2. Synthesis of ZnO NPs 
A Stock solution of zinc acetate dihyderate (0.2 M) was prepared in 50 ml methanol under stirring, then to this 
solution 25 ml of sodium hydroxide (0.4 M) solution was added drop wise under continuous stirring. This 
solution was transferred into 100 ml Teflon lined sealed stainless  steel autoclave and maintained at 60oC for 6 
hours under autogenous  pressure. It was allowed to cool naturally at room temperature after the reaction was 
completed. The resulting milky solution is then centrifuged, washed with double distilled water, then ethanol 
and dried in a laboratory oven at 70oC [36].  
 
2.3. Ag-doped ZnO  NPs synthesis  
0.2 g ZnO was added to 6 ml ethylene glycol containing the desired amount of AgNO3 about 5% (w: w) and 
then was stirred in dark to make a complete adsorption of Ag ions on the surface of ZnO then it is exposed to 
daylight until its color turns into brown then the solution was centrifuged, washed with double distilled water 
and ethanol and dried in an oven at 60oC [37]. ` 
 
2.4. Characterization 
The as prepared ZnO and Ag-doped ZnO nanoparticles (NPs) were characterized by X-ray diffraction (XRD) 
(Shimadzu XRD-6000), Transmission electron microscope (TEM) (JEOL JEM-2100), UV-VIS 
spectrophotometer (Shimadzu UV-2450), Scanning electron microscope (SEM) (JEOL JSM-IT100), SEM/EDX 
and FTIR (JASCO FT/IR-6800). 
 
2.5. Photocatlytic degradation  
Photodegradation of Imidaclporid pesticide using ZnO and Ag-doped ZnO NPs  as catalysts have been 
measured under UV light at 365 nm. The degradation of Imidacloprid was followed by measuring the change in 
the absorption intensity at (λ(max)=270 nm) using Shimadzu UV-VIS  spectrophotometer versus interval times. 
All concentrations were prepared in double distilled water and the degradation rate (R%) was calculated with 
equation (1) as follows 
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Where Ao represents the initial absorbance of the target and A represents the absorbance after degradation for a 
given time (t). 

3. Results & discussion 
3.1. Characterization of materials. 
Figure1 shows XRD patterns of ZnO and Ag-doped ZnO samples with about 5% (w: w) of silver. The intensity 
data were collected over a 2θ range of (10-80) with scan rate 8 min-1. The two patterns peaks match well with 
the standard wurtizite structure of ZnO (JCPDS card no. 36-1451) while there were 3 additional peaks in Ag-
doped ZnO pattern at 2θ of 37.51, 43.92 and 64.11 attributed to metallic Ag FCC phase (JCPDS card no. 04-
0783)  which indicates that crystalline silver clusters are clearly formed as a second phase. No any other crystal 
phase diffraction peaks were detected, indicating the purity of the samples. With Ag doping, the peaks position 
is shifted toward lower values indicating a partial substitution of Ag+ ions at the ZnO lattice and this can be 
attributed to being Ag+ ion (1.22Å) has higher ionic size than a Zn2+ ion (0.74Å) [38].The crystalline size of 
ZnO NPs was determined by using the Debye Scherer equation (2) as follows 

 
Where D is the crystalline size in nanometers, λ =1.54 the X-ray wavelength, k is a constant equal 0.94, β is the 
peak width at half –maximum intensity, and θ is Bragg angle. The crystalline size of ZnO NPs in ZnO and Ag-
doped ZnO samples at 2θ=35.8 is estimated as 29.7 and 31.1 nm  respectively. 

 
Figure 1: XRD pattern of (ZnO) and (Ag-doped ZnO) NPs. 

 
For indicating the shape and size of ZnO and Ag-doped ZnO NPs the TEM images were used. ZnO and Ag-
doped ZnO NPs were dispersed in anhydrous alcohol to prepare dilute suspension. Figure 2 shows the TEM 
images of ZnO and Ag-doped ZnO NPs and reveals that the shape is quasi spherical and the average diameter is 
26.6, 30.55 nm for ZnO and Ag-doped ZnO NPs respectively and doping with Ag makes no difference in the 
shape or size of ZnO NPs. The ZnO and Ag-doped ZnO NPs morphology were studied from SEM pictures in 
Figure 3, where we can notice that the ZnO nanoparticles looks uniform and have a semispherical shape 
(Figure3 (A)) and presence of Ag in Ag-doped ZnO sample doesn't make any change in the morphology in 
compared with ZnO sample which contains mainly pure ZnO as shown in Figure 3 (B).  
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Figure 2 : The TEM images of (A) ZnO and (B) Ag-doped ZnO. 

 

!

Figure 3 : The!SEM!images!of!(a)!ZnO!and!(b)!Ag7doped!ZnO!!NPs.!
 

SEM/EDX spectrum of the two samples is shown in Figure 4 which clearly indicates that ZnO sample is 
composed mainly of Zn and O, while Ag-doped ZnO sample contains Ag beside Zn and O.  
The room temperature absorption spectra of ZnO and Ag-doped ZnO NPs solution in the UV and visible range 
are shown in Figure 5. The ZnO spectrum showed no absorption peaks above its fundamental absorption edge 
(around 400 nm). However the absorption spectra  of Ag-doped ZnO shows an extra absorption peak in the 
visible light region, which is originated from the localized surface plasmon resonance of Ag NPs loaded  on the 
surface of ZnO [29, 39]. 
The formation of ZnO and Ag-doped ZnO NPs  were further confirmed by FT-IR spectral analysis in the range 
of 400 to 4000 cm-1 at room temperature, which is shown in Figure 6. Sharp peak was observed at~460 cm-1, 
which can attributed to Zn-O stretching vibration mode. Peak at ~3400 is attributed to O-H stretching of surface 
adsorbed water molecule. The peaks at ~1560 and 1400 cm-1 are due to the  symmetric and asymmetric bending 
modes of C=O bonds, respectively, while peaks at ~2850 and 2900 cm-1 are attributed to symmetric and 
asymmetric C-H stretching bonds respectively. There is no bands of silver in Ag-doped ZnO FT-IR spectrum, 
only that of ZnO, indicating there is no chemical bonding between silver and ZnO [40].  
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Figure 4 : SEM/EDX!spectrum!of!(A)ZnO!and!(B)!!Ag7doped!ZnO.!

 

 
Figure 5 : UV-visible spectrum (ZnO) and (Ag-doped ZnO) NPs. 

 
Figure 6: FTIR spectrum of (ZnO) and (Ag-doped ZnO) NPs. 
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3.2. Parameters effecting on photocatalytic activity 
3.2.1. Effect of ZnO initial concentration  
Study photocatalyst concentration effect on the photocatalytic degradation process is important for the cost and 
to achieve effective degradation of imidacloprid. To study this effect, solutions of ZnO with varied 
concentrations (25, 50, 100, 150, 200, 250) mg/L were vigorously  stirred to make a homogenous solution, then 
10 ml of each solution was added to 10 ml of imidacloprid solution (7 mg/L). The total solution was stirred in 
the dark for a few minutes to make an  adsorption of imidacloprid on the surface of ZnO, then the solution was 
exposed to UV lamp for intervals time. A plot of % degradation rate of imidacloprid for various catalyst 
concentrations versus time was plotted Figure 7 which shows an increase in the degradation rate with increase in 
the ZnO initial concentration up to 50 mg/L  and this increment can be attributed to increase of the number of 
active sites on the ZnO surface which in turn increase the number of hydroxyl and super oxide radicals [41]. A 
negative effect is observed when the ZnO concentration increase above 50  mg/L  which may be  resulted from 
a) agglomeration of ZnO particles causes a decrement in the specific surface area of adsorbent and b) number of 
photons reaching at the adsorbent active sites decreases due to screening effect by excess catalyst [42]. The 
photodegradation of imidacloprid is reported to follow a pseudo first-order model [43, 44], and the degradation 
rate constant (k) was (0.005, 0.007, 0.006, 0.005, 0.004, 0.003) for (25, 50, 100, 150, 200, 250) mg/L of ZnO 
NPs respectively. 

 
Figure 7 : Effect of ZnO concentration on photocatalytic degradation rate of imidacloprid. 

 
3.2.2. Effect of imidacloprid initial concentration 
The effect of initial concentration of imidacloprid on the overall rate of degradation was studied by varying the 
initial concentration over a wide range keeping all  other  parameters constant. Figure 8 shows that the rate of 
degradation which is related to the formation of OH radicals, that is the critical species in the degradation 
process, increases with increase in imidacloprid concentration up to 5.5 mg/L, but above this optimal 
concentration the rate decreases due to: a) insufficient quantity of OH radicals, as the formation of OH radicals 
is constant for a given amount of the catalyst b) the high concentration of  imidacloprid may decrease the path 
length of photon entering the solution and may absorb significant amount of UV light rather than the catalyst 
[45-50].  
 
3.2.3. Reaction  temperature effect 
The effect of reaction temperature on the imidacloprid degradation rate was studied by varying the temperature 
over a wide range (25, 30, 35, 40, 45 oC) keeping  all other parameters constant. Figure 9 shows that with the 
imidacloprid degradation rate increases as the temperature increases up to 35oC and this can be attributed to that 
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increase in temperature leads to: a) free radical generation resulted from bubble formation in the solution, b) 
helps to overcome the recombination of electro-hole pair and c) could  enhance the imidacloprid  oxidation 
reaction at the interface. A negative effect is observed above 35oC and this may be resulted from that increase in 
temperature may decrease the absorbability of imidacloprid on  ZnO surface which in turn will weaken  the 
direct hole oxidation on the ZnO Photocatalyst surface [51].   

 
Figure 8 : Effect of imidacloprid initial concentration on its photocatalytic degradation  rate. 

 
Figure 9: Effect of reaction temperatureon photocatalytic degradation rate of imidacloprid. 

 
3.2.4. Solution initial  pH effect 
The pH effect, on organic compounds photo-degradation, is related to the acid-base equilibrium stability, which 
governs the catalyst surface chemistry in water. The pH of zero point charge (pHzpc) for zinc oxide is 
approximately 9.0, above this value, the zinc oxide surface is negatively charged, whereas at pH lower than 9.0, 
the surface is positively charged. As shown in Figure10 the imidacloprid degradation rate increases as the pH 
increases and this can be attributed to that increase in pH may enhance a) electrostatic attraction between 
imidacloprid which have the strong electron withdrawing NO2 group that increases the electropholecity of the 
azomethine carbon of nitroguanidine functional group [52] and ZnO NPs surface which is negatively charged 
when the pH of the solution is above its pHpzc and this electrostatic attraction in turn increases the adsorption of 
imidacloprid molecule on the surface of ZnO NPs b) enhance the formation of OH radical and this in turn 
enhance the photoxidation process.  
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Figure 10 : Effect of pH on photocatalytic degradation rate of imidacloprid. 

At very high pH the degradation is decreased this may be due to a) the resulting repulsion between the OH ions 
and the negatively charged surface of ZnO NPs  b) excess adsorption of imidacloprid molecules on ZnO surface 
may impede the formation of OH radicals. 
 
3.2.5. Effect of Ag doping!
Figure11 shows the rate of photocatalytic degradation of imidacloprid catalyzed by both ZnO and Ag-doped 
ZnO NPs and the degradation rate constant (k) was (0.007 and 0.01) for ZnO and Ag-doped ZnO respectively. 
There is an enhancement, but it is somewhat slight. This enhancement is probably attributed to the more 
effective electron-hole separation of the Ag-doped ZnO NPs and this is due to that Ag NPs acting as an electron 
sink, can reduce the recombination of photoinduced electrons and holes and prolonged the lifetime of the 
electron hole pairs [25, 53]. Slightness can be attributed to the too high amount of silver in Ag-doped ZnO 
sample which was dark gray colored [34].   

 
Figure 11: Rate of imidacloprid photocatalytic degradation catalyzed by (ZnO) and (Ag-doped ZnO) NPs. 

 
Conclusion 
According to this study, it can be  concluded that there is an optimum value for each parameter at which ZnO 
NPs have the highest activity on imidacloprid photo degradation. For ZnO load it was 50 mg/L, 5.5 mg/L for 
imidacloprid initial concentration, 35oC for reaction temperature and it is 11 for the pH value. Silver doping on 
the ZnO surface may enhance the imidacloprid photo degradation. 
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