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Abstract : A simple precipitation-decomposition method to synthesized Ag–ZnO nano particles 

successfully. The synthesized photocatalyst was characterized by XRD, SEM,INFRARED 

SPECTROSCOPY and ULTRAVIOLET-VISIBLE spectroscopy.  

The photocatalytic activity of Ag–ZnO  was investigated by photodegradation of methylene blue. Ag–

ZnO photocatalyst is found to be more efficient than bare ZnO, commercial ZnO, and TiO2 nano powers. 

Silver dopants shift the absorbance of ZnO to the visible region (353-361 nm). The influences of 

operational parameters such as initial pH, amount of photocatalyst and dye concentration on photo-

mineralization of MB have been analyzed.  A degradation mechanism is proposed for the degradation of 
MB under LEDs.  

1. Introduction 

Contamination of water and to control that contamination is indispensable need to prevent this universe.  
These Contamination is due to organic matter poses severe threat to life on the earth [1].  Dyes occupies 

primary part in contaminating and polluting the waters. Dyes are coloured substance which have many chemical 

compounds which is poisonous in nature. The unwanted chemicals should be removed from the dye in order to 
purify the water.  The polluted water gives adverse-effect[2]. 

The use of semiconductors has attracted for the photodegradation of organic pollutants[3-6].  

The general scheme for the photocatalytic destruction of organic compounds involves the following 

three steps: (i) when the energy hʋ of a photon is equal to or higher than the band gap (Eg) of the 

semiconductor, an electron is excited to conduction band, with simultaneous generation of a hole in the valance 
band; ii) then the photoexcited electrons and holes can be trapped by the oxygen and surface hydroxyl, 

respectively, and ultimately produce the hydroxyl radicals (•OH), which are known as the primary oxidizing 

species; and (iii) the hydroxyl radicals commonly mineralize the adsorbed organic substances. 

TiO2 is the best photocatalyst for the degradation process[7-9].The photocatalytic degradation is done in 

the presence of natural sunlight or mercury vapor lamp and LED [10-14]. Photo catalyst can remove all the 
toxic chemicals. TiO2 and ZnO are good semiconductors used as photocatalyst. ZnO nanocatalyst is also can be 

used as an alternative for TiO2 [15-17]. 

ZnO is a dilute magnetic semiconductor. ZnO is having a good chemical and thermal stability. ZnO 

based DMS have the band gap energy 3.37ev at room temperature, large excitation binding energy of 

60Mev[18,19]. So ZnO is a very good alternative for other semiconductors. ZnO can produce point defects such 

as oxygen vacancy so as it cannot be used as it is. To improve the optical properties dopants need to be added 
Dopants on ZnO surface can efficiently capture the electrons from the conduction band. These dopants 
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increases the activity of the catalyst. The dopants may be noble gas, metals such as Pt[20-21], Au[21-23], 

Ag[24,25] Pd[26]. The Ag is doped with ZnO and this doping is called as p-doping[27-30]. 

Ag doped ZnO can be prepared by different methods such as sol-gel[31], sonochemical[32]and 
coprecipitation [33] but those methods requires hard conditions and high cost. So In our study a simple 

precipitation -decomposition method is used for the synthesis of the Ag-ZnO photocatalyst.  This prepared 

material shows a higher catalytic activity and stability.  Ag-ZnO shows a very excellent photocatalytic activity 
in the photodegratation of dyes (MB) with LED.  A possible mechanism is proposed in detail. 

2. Experimental 

2.1 Materials And Methods 

 The commercial Metylene Blue (MB), obtained (molecular formula = C16H18ClN3S; molecular mass in 
amu 319.86 and λmax 644 nm), Oxalic acid dihydrate (99 %) and Zinc nitrate hexahydrate (AR), AgNO3 were 

obtained from Sigma-Aldrich and Merck were used as received. The entire reagents used analytical grade 

without further purification Double-distilled water was used to prepare experimental (alkaline KmnO4) 
solutions. The pH of the solutions are adjusted with acids or bases 

2.2 Preparation of Ag–ZnO Catalyst 

 Precipitation decomposition method is used to prepare Ag-ZnO catalyst . Aqueous solutions of 50 mL 

of 0.4 M zinc nitrate hexahydrate (Zn(NO3)2.6H2O) and 50 mL of 0.6 M oxalic acid dihydrate (H2C2O4.2H2O) 

in deionized water were brought to the temperature around 70C separately. 5 mL of 0.1905g of AgNO3 was 
combined with the zinc nitrate solution. To this mixture (AgNO3 + Zn(NO3)2.6H2O) oxalic acid solution was 

added. Ag–zinc oxalate precipitate is occurred and this solution is made for stirring and heating for 1 hr at 70⁰C. 

The solution was brought to room temperature. A fine uniform precipitate of Ag–zinc oxalate was formed. The 
Ag–zinc oxalate precipitate were washed several times with distilled water, air-dried overnight and dried at 100 

⁰C for 4 hr. The sample was calcined in a muffle furnace to reach the decomposition (450⁰C) temperature. After 

5 hr, the furnace was brought to room temperature. The Ag–ZnO  catalyst was collected and used for further 

analysis. This catalyst contained 3 wt% of Ag. Catalysts with 2 wt% of Ag were prepared by using the above 
procedure. The bare ZnO was prepared by same method without addition of AgNO3. 

2.3 Analytical Methods 

Powder X-ray diffraction pattern was obtained using an X’Pert PRO diffractometer equipped with Cu-

Ka radiation (wavelength = 1.5406 A ˚) at 2.2 kW (max.). Peak positions were compared with standard files to 

identify the crystalline phases. The SEM images were taken on a JEOL JSM-6390 model (made in Japan) 
scanning electron microscope. The EDAX spectrum was recorded by OXFORD INCAPENTAx3 model made 

in England. Before FE-SEM measurements, the samples were mounted on a gold platform placed in the 

scanning electron microscope for subsequent analysis at various magnifications, equipped with OXFORD, 
energy dispersive X-ray microanalysis (EDS).  Fourier transform infrared spectrometer. Make: Thermo 

Nicolet Model:6700 . Essential Specification: Wave number range: 4000 to 400 cm -1. UV-VIS 

SPECTROPHOTOMETER   Make: Varian Model: 2450. Wave length Range : 190 nm to 900nm;  

2.4 Dye Degradation Experiments 

Light Emitting Diodes (LED) photocatalytic degradation experiments were carried out under similar 
Conditions. An open borosilicate glass tube of 1000 mL capacity, 100 cm height, and 5cm diameter was used as 

the reaction vessel. 500 mL of MB (10
-5

M) with the appropriate amount Ag-ZnO catalyst were magnetically 

stirred in the dark for 30mins to attain adsorption-desorption equilibrium between the dye and Ag-ZnO catalyst. 
After dark adsorption the sample was taken for analysis and then irradiated with LED lights (strip). At specific 

time intervals, 2–3 mL of the sample was withdrawn and centrifuged to separate the catalyst for the further 

analysis.  
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3. Results and Discussions 

3.1.1 XRD Analysis 

Fig. 1 shows the XRD patterns of synthesized photocatalyst. For the bare ZnO diffraction peaks at 

31.68, 34.36, 36.18 and 56.56, correspond to (100), (002), (101) and (110) planes of wurtzite ZnO. No other 
diffraction peaks are detected in the bare ZnO Nps. For Ag-ZnO Nps, the Ag concentration is very low due to  

this Ag could not be detected by XRD and the presence of Ag is detected by EDAX. The size of the crystalline 

is measured and shown in table1. 

 

Fig1. XRD patterns of bare ZnO and Ag-ZnO Catalyst 

Table I: Geometric parameters of un-doped and Ag-doped ZnO nano catalyst 

 

S.No 

 

Sample Id 

 

(hkl) 

Average crystalline 

size D (nm) 

1 ZnO bare 100 45.62 

2 1%Ag-ZnO 100 28.32 

3 2%  Ag-ZnO 100 24.45 

4 3% Ag-ZnO 100 22.68 

 

3.1.2 SEM Analysis: 

SEM is used to study the surface morphologies of the synthesized catalyst 3%Ag-ZnO by SEM images. 

The SEM images at different magnifications with different locations of 3%Ag-ZnO are given in (Fig. 2). The 

rod shaped structure is clearly shown at higher magnification(500nm) for ZnO . At Lower magnification at 
three different locations (1, 3 & 5 µm) clearly indicates the presence of Ag (indicated by arrow marks). Ag 

particles are highly dispersed on the surface of  ZnO similar observation are observed 3% Ag doped ZnO. 

EDAX helped to show the elements present in the synthesized  catalyst (Ag, Zn and O) (Fig3). 
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Fig2. SEM images at 3% Ag–ZnO Catalyst at different maganification (500nm, 1µm,3µm,5µm) 



Y Jerlin Jose et al /Int.J. TechnoChem Res. 2016,2(3),pp 224-238 228 

 

 

 

Fig3.EDAX images at 3%Ag-ZnO Catalyst. 

3.1.3 UV-Visible SPECTRA 

The UV spectra of bare ZnO, Ag doped ZnO catalyst are shown in Fig.4 , respectively. The presence of 
the dopants shifts the absorbance of the ZnO. The dopants Ag slightly shifts the absorbance of ZnO to the entire 

visible region. We could note that the light absorption of Ag-ZnO in the visible light range (>400nm) was 

higher than pure ZnO catalyst.  

In semiconductor, the absorption coefficient is a function of the incident photon energy. Near the 

absorption edge, the absorption coefficient for direct transition is given by [34]:  

h = A(h-Eg)
n
     

where Eg (eV) is the energy gap, hν (eV) is the energy of incident photon and constant A varies for different 

transitions, and is related to effective mass of carriers, refractive index, oscillator strength and so on. The n is an 
index which equals 1/2 corresponding to allowed direct transitions [35]. The extrapolation method is usually 

used to determine the band gap of semiconductors providing that the transition in the semiconductor at certain 

wavelength scope is direct. In this work, when the index n is 1/2 in above Eq., by using the relationship of 

reflectivity and transmission with wavelength, we calculated the square of the absorption coefficient as a 
function of the incident photon energy (as shown in Fig.5 ). The energy band gap Eg measurement is 3.23 eV. 

The measured band gap is lower than the bare ZnO. The band gap of Ag-ZnO Nps is 3.12ev whereas for bare 

ZnO Nanorods is 3.23ev. 
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3.1.4 Infrared  Spectra 

FT-IR spectra for different concentrations of silver doping in the range of 300-4000 cm−1 were 

recorded and the results can be seen in Fig. 6. The appearance of a sharp band at 508 cm
−1

 in the FT-IR spectra 
confirms the synthesis of ZnO because it is the characteristic absorption band for the Zn– O stretching 

vibration. A wide peak was in the 3433 cm−1 that was related to the presence of hydroxyl ions (OH) in the 

ZnO:Ag system. The symmetric and asymmetric bending modes of C=O bonds were in 1630 and 1390cm−1 
[36]. There were some bands originated from the presence of water moisture and carbon dioxide in the air in the 

process of making pellet. The absorption band at 1020 cm−1 could be attributed to bending vibrational modes 

[37]. According to Fig. 5, a slight shift with doping silver (Ag) is visible. The shift in the position of the band 
toward lower frequencies can be associated with changes in bond length due to the partial substitution of Ag

+
 

ion at the ZnO lattice [38]. 

 

Fig4 UV Spectra of (a) bare ZnO and Ag-ZnO Catalyst. 

 



Y Jerlin Jose et al /Int.J. TechnoChem Res. 2016,2(3),pp 224-238 230 

 

 

 

Fig5. Plot for band-gap energy (Ebg) of Ag-ZnO 
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Fig. 6: FTIR spectra for undoped and silver doped ZnO 

3.2 Photodegradability of MB 

The dye MB is photodegraded with the various photocatalysts under LED irradiation is shown in (Fig. 

7). Complete degradation of the dye takes place at the time of 120 min with 3% Ag–ZnO under LED.  

In the absence of light with only catalyst 3% Ag-ZnO only 10% decrease in dye concentration could be 

observed under the similar conditions. This may be due to adsorption of the dye onto the surface of the catalyst. 

Only 2% degradation was obtained when the reaction was allowed to occur in the presence of LED only.  So we 
can conclude that for the photo degradation both LED light and catalyst are needed. The photocatalysts Ag–

ZnO(3% &2%), with various concentrations, TiO2, bare ZnO, Commercial ZnO, were used under the same 

conditions. In these 98.2, 71.3, 64.2, 58.3, 56.2% degradations occurred, respectively. This shows that 3%Ag-
ZnO catalyst is more efficient than compared to related catalysts in MB degradation. 
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Fig7.Photodegradability of MB; dye concentration = 10
-5

mol L
-1

Catalyst suspension = 0.5 g L
-1

, pH = 11 

with ZnO bare and Ag doped ZnO Catalyst. 

3.2 Influence of Operational Parameters 

pH can play a vital role in photodegradation . The percentage of degradation increased (11.8 to 96.01 

%) when the pH increased linearly from 3 to 11 (fig 8). The percentages of degradation of MB at pH 3, 5, 7, 9 

and 11 were found to be 11.8, 18.72, 35.71, 45.67, 96.01%, respectively after attainment of adsorption 
equilibrium (30 min) in all reactions. The adsorption and degradation is high at pH 11.  

 Experiments performed with different amounts of 3%Ag–ZnO Nps showed that the photodegradation 

efficiency decreased with an increase in the amount 0.5 to 2.5 gL
-1 

(Fig 9). The suitable catalyst loading for this 
photodegradation was found to be 0.5gL

-1
. The decrease in the degradation efficiency of MB for higher amounts 

may be due to tyndal effect by the catalyst. Similar results are obtained for photodegradation of dyes by bare 

ZnO [39]. 

The effect of various initial dye concentrations on the degradation of MB with 3%Ag–ZnO Nps was 

investigated. Increase of dye concentration from 0.5 to 2.5X10
-5

molL
-1 

decreased the percentage of degradation 
from 97.6 to 63 % for 120 min of irradiation (Fig. 10).  As the initial concentration of the dye increases, the 

path length of the photons entering the solution decreases, this also leads to the decrease in photo catalytic 

degradation efficiency [40]. 
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Fig8.Effect of solute ion pH; [MB] = 10
-5

ML
-1

, 3 wt% Ag–ZnO Suspended = 500m g L
-1

, irradiation time 

= 120 min. 
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Fig9.Effect of catalyst loading, [MB]=10
-5

mol L
_1

, catalyst used =3 wt% Ag–ZnO, pH = 11 irradiation 

time = 120 min. 
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Fig10. The effect of initial concentration of MB on irradiation with LED light in the presence 3% Ag–

ZnO; pH = 11catalyst suspension = 0.50 gL
-1

 at different initial concentration. 

3.5 Mechanism of Photo Degradation 

The results of photocatalytic measurements of the Ag-ZnO catalyst are shown in scheme1. Pure ZnO 
nanocatalyst showed a significant photocatalytic activity. Under the irradiation of the LED light the electrons 

are excited to the conduction band from the valence band leaving a hole in the valence band. The electron holes 

are recombined to reduce the photocatalytic property of semiconductors. This is the reason why we are using 

dopants (Ag) with ZnO Nps. These dopants help in increasing the photocatalytic properties. The Ag traps the 
electron in conduction band and reduces the recombination of electron-hole pair. So the electron hole 

recombination suppressed and Photocatalytic acivity is increased by doping Ag which leads to the oxygen 

vacancy defect concentration. In sliver doped catalyst the Zn vacancies were more than the oxygen vacancies 
since sliver is doped in the lattice point of Zinc. So, Zn vacancies accompanied by oxygen vacancies could be 

responsible for the degradation process. In the absence of LED, by dispersing Ag-ZnO nanocatalyst in the MB 

solution adsorption and desorption takes place for 30 minutes, during this adsorption and desorption of the 
catalyst the surface electrons of the Ag nanocatalyst were transferred to the MB. Under LED radiation the 

electrons from the valence band of ZnO is excited to conduction band producing equal number of holes in 

valence band. Because the conduction band energy level of ZnO nanocatalyst is higher than that of the Fermi 

level of Ag-ZnO nanocatalyst, Electrons can flow from ZnO nanocatalyst to Ag nanoparticle. So, oxygen 
vacancy defects and Ag on the surface of ZnO nanocatalyst trap electrons and prevent the recombination of 

e
−−

h
+
 pairs. The MB molecules transfer electrons to the conduction band (CB) of ZnO and the Fermi level of Ag 

when it is radiated with LED lights. Then CB electrons react with dissolved oxygen in the solution to produce 
superoxide radicals(

.
O2

−
  ). During this time the photogenerated  hvb

+
 can transfer the charge to the adsorbed 

water molecule or with surface bound hydroxide species by capturing the catalyst surface to generate active 
•
OH. 
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Scheme 1. Enhanced photocatalytic Activity Mechanism of Ag-ZnO in present of light emitting diodes. 

4. Conclusion 

The Ag-ZnO catalysis is successfully prepared by precipitation decomposition method. The 

characterisation is studied by XRD, SEM, EDS, UV, IR. The dopant shifts the absorption of Zno catalyst. This 
lowered reflectance increases absorption in visible region. IR shows the stretching frequency of the catalyst and 

also study the purity. The role of the dopant Ag trap the photo excited electron by reducing the electron hole 

recombination which increases the photocatalytic properties. 3%Ag-ZnO nano catalyst shows excellent 

photocatalytic activity than 2%Ag-ZnO, 1%Ag-ZnO, Ag-ZnO, bare ZnO Nps for the degradation of Methylene 
Blue dye under LED light. A clear mechanism is proposed where the Ag traps the electron to explain the 

photocatalytic activity of the catalyst.  
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