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Abstract

I this work, we report a heterogeneous Ag/ZnO Photocatalysis absorption in the visible range can be
improved by surface modification by adding noble metals such as Ag, Pd, and Au and their alloys. Our
work demonstrates the application the synthesis of supported nanoparticle Photocatalyst catalysts for
different applications such as water and anti-microbial treatment. Here, we report two step synthesis
method of Ag/ZnO Nanoparticle Photocatalyst. The method is based on the synthesis of
monodispersed ZnO nanoparticle through chemical reduction and microwave irradiation followed by
the deposition of 1 wt. % Ag nanoparticles onto the surface of ZnO nanoparticles through deposition-
precipitation method followed by microwave irradiation. The nanostructures of the prepared Ag/ZnO
particles have been confirmed using UV-VIS absorbance, XRD, and SEM analysis. Ag/ZnO
nanoparticles have been tested as a Photocatalyst for the degradation of Methylene Blue (MB) in
water. The Photocatalyst is tested first for discoloration of MB in water under visible solar radiation
and then using UV/Ag/ZnO system.  Our results indicate that Ag/ZnO nanoparticles remove the color
of Methylene Blue (MB) from water.  Also, UV/Ag/ZnO system confirms the removal of MB from
aqueous solutions containing 5 mg/L MB using small amount of Ag/ZnO Photocatalyst completely.
Our kinetic study indicates that the Photocatalytic degradation of MB using UV/ZnO/Ag system
follows pseudo-first order kinetics. The increase of Photocatalyst dose enhances both the rate and
efficiency of MB degradation. We attributed the photocatalytic activity of the Ag/ZnO Photocatalyst to
Plasmon surface effect of Ag nanoparticles and interaction of Ag with ZnO. Ag nanoparticles act as
an electron sink, promoting interfacial charge transfer reducing charge recombination.

1. INTRODUCTION

Environmental and water contamination becomes a major issue in recent years due to the discharged
of colored and toxic dyes into the water supply system. These dyes are emitted by major industries
such as paper, plastic, and pharmaceutical30, 31. The presence of dyes such methalyn blue, and other
Phenols and phenolic dyes show sever effects on humans, animals, and plants. It was found that the
presence of these dyes can affect the nature of water and inhibit the sunlight penetration and reduce
photosynthetic reaction32. Also, Wastewater contains high levels of pathogenic microorganisms;

30 P.A. Pekakis, N.P. Xekoukoulotakis, D. Mantzavinos, Treatment of textile
    dyehouse wastewater by TiO2 photocatalysis, Water. Res. 40 (2006) 1276-1286.
31 M.  A.  Rauf,  I.  Shehadeh,  A.  Ahmed,  and  A.  Al-Zamly, Removal of Methylene Blue from Aqueous Solution by Using
Gypsum as a Low Cost Adsorbent, vol. 55, World Academy of Science: Engineering and Technology, 2009.
32 M. Constapel, M. Schellentrager, J.M. Marzinkowski, S. Ga¨b, Degradation of
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therefore, water disinfection represents a very an important factor in Environmental and water
treatment. Various conventional technologies employed different methods for the waste water
treatment. These methods are usually inefficient, costly, and did not lead to complete degradation of
the dyes and instead transfer it to other phase33.  Therefore, it is important to develop a new effective
method to disinfect and remove dyes from the wastewater.

Recent studies shown that the use of semiconductor photocatalysts offer relatively efficient, simple,
and low cost alternative to the conventional methods in removing dyes from waste water34.
Conventional Metal oxides Semiconductor such as TiO2, ZnO have drawn much attention during the
last few years because of their novel photocatalytic activity, availability, stability, strong oxidative
capacity, and low cost35 ,36 .

Nanomaterials gain much attention in the field of catalysis in recent years due its unique physical and
chemical characteristics, Nanomaterials offered cost-effective solutions for many environmental
problems such as waste water treatment, pollution, and anti-bacterial treatment. Nanoparticle catalysts
are characterized by large surface area, high dispersion and strong interaction with other materials37 38

,39 40. It is therefore, expected that nanoparticles photocatalyst, with controlled particle size and high
surface area could potentially provide significantly improved photocatalytic performance over bulk
photocatalyst.

ZnO show excellent photocatalytic activity to reduce contaminants in the environment.  However, due
its wide band gap (about 3.2 eV at room temperature) and high excitation binding energy (about 60
meV), it is only allows absorption the UV region of solar spectrum. Li-Yun Yang et.al report a novel
synthesis of dumbbell-shaped ZnO photocatalyst using microwave heating with extremely high
photocatalytic activity toward Methylene Blue degradation41. Photocatalytic activity of ZnO
nanoparticle photocatalyst can be enhanced to allow absorption in the visible range of solar spectrum.
Several studies report improvement of visible-light photocatalytic activity of metal oxide by cationic
or anionic doping or adding metals or none-metals42, 43 44. It has been reported that doping ZnO with

reactive dyes in wastewater from the textile industry by ozone: Analysis of the
products by accurate masses, Water. Res. 43 (2009) 733-743.
33 F. Harrelkas, A. Azizi, A. Yaacoubi, A. Benhammou, M.N. Pons, Treatment of
textile dye effluents using coagulation–flocculation coupled with membrane
 processes or adsorption on powdered activated carbon, Desalination 235 (2009)
 330-339.
34 A. Sobczyn´ ski and A. Dobosz, “Water purification by photocatalysis
on semiconductors,” Polish Journal of Environmental Studies, vol. 10, no. 4, pp. 195–205, 2001.
35 Hoffmann, M. R.; Martin, S. T.; Choi, W.; Bahnemann, D. W. Chem. Rev. 1995, 95,69
36 Periyat, P.; Pillai, S. C.; McCormack, D. E; Colreavy, J., Hinder, S. J. J. Phys. Chem. C 2008, 112, 44.
37 Environmental Protection Agency, US Environmental Protection Agency Report EPA 100/B-07/001, EPAWashington DC
2007.
38 Moser, W.R. and Editor, Advanced Catalysts and Nanostructured Materials: Modern Synthetic Methods. 1996. 592 pp.

39 Valden, M., X. Lai, and D.W. Goodman, Onset of catalytic activity of gold clusters on titania with the appearance of
nonmetallic properties. Science (Washington, D. C.), 1998. 281(5383): p. 1647-1650.

40 Jiu Jinting, Li Chunxia, Wang Caifeng etc. (2002). The Dispersibility and Application of Nanometer Zinc Oxide in Water
[J]. Dyeing and Finishing, (1):1-2.
41 Li-Yun Yang, Shu-Ying Dong, Jian-Hui Sun, Jing-Lan Feng, Qiu-Hua Wua4,
    Sheng-Peng Sun, Microwave-assisted preparation, characterization  and photocatalytic
properties of a dumbbell-shaped ZnO photocatalyst, Journal of Hazardous Materials
(2008),doi:10.1016/j.jhazmat.2010.03.023
42 Padmanabhan, S. C.; Pillai, S. C.; Colreavy, J.; Balakrishnan, S.; McCormack, D. E.; Perova, T. S.;
Gun'ko ,Y.; Hinder, S. J.; Kelly, J. M. Chem. Mater. 2007, 19 , 4474.
43 Kamat, P.V. J. Phys. Chem. B 2002, 106, 7729.
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noble metals such as Ag or Au enhanced the photocatalytic activity, improve charge separation, and
prevent the electro-hole recombination in ZnO due to its electron storage properties45. The creation of
a local electric field and the optical vibration of surface Plasmon in silver induce enhancement in this
electric field and hence enhance the photocatalytic activity46. Numerous studies report the synthesis of
Ag/ZnO using various synthetic routes for waste water treatment and disinfection47 48 49 50 51 52 53 54 55.
In this paper, we report the synthesis and characterization of a heterogeneous Ag/ZnO visible light
photocatalyst for different applications such as water and anti-microbial treatment. Ag/ZnO
nanostructure was prepared using Microwave Assisted Deposition- Precipitation method. The
photocatalytic activities of Ag/ZnO system were investigated and compared to ZnO nanoparticles. The
morphology, optical properties of the Ag/ZnO photocatalyst was characterized using X-ray diffraction
(XRD), scanning electron microscopy (SEM) and UV-Vis absorption spectrum (UV-Vis) methods.
We attribute the enhanced photocatalytic activity of Ag/ZnO nanoparticles to the synergetic effect,
improved charge-transfer, and the prevention of the electro-hole recombination in ZnO.

2. EXPERIMENTAL
All the chemicals were used as received without any further purification. Zinc nitrate (Zn-(NO3)2;
Alfa Aesar), Silver nitrates (AgNO3;Sigma-Aldrich), 10 N NaOH (Alfa Aesar), and Glucose
(C6H12O6; Natura). Distilled water was used in all the preparation.

2.1 Synthesis of ZnO Nanoparticles

In a typical synthesis, the precursor solutions of zinc is prepared by dissolving 5 g of Zn-(NO3)2 100
mL of ethanol in 250 ml reaction flask. The solution is kept under stirring, while 10 N NaOH was
added to the solution drop wise until the pH of the resulting solution reaches 10. The Obtained
solutions then placed into a domestic microwave oven were the microwave power was adjusted to 1/3
of full 650 W power setting. The solution placed in the microwave and irradiated for approximately
10-15 minutes and is removed from the microwave before reaching the boiling point.   The resulting

44 Hermann, J. M.; Tahiri, H.; Ait-Ichou, Y.; Lossaletta, G.; Gonzalez-Elipe, A. R.; Fernandez, A. Appl. Catal., B 1997, 13,
219.

45 G. Merga, L.C. Cass, D.M. Chipman, D. Meisel, J. Am. Chem. Soc. 130 (2008) 7067–7076.
46 Stathatos, E.; Petrova, T.; Lianos, P. Langmuir 2001,17 ,5025.
47 Carlos A. K. Gouv^eaa, Fernando Wypycha, Sandra G. Moraesb, Nelson Dur_anb, Patricio Peralta-Zamoraa,*
Semiconductor-assisted photodegradation of lignin, dye, and

kraft e.uent by Ag-doped ZnO, Chemosphere 40 (2000) 427-432.
48 Reenamole Georgekutty, Michael K. Seery, and Suresh C. Pillai. A Highly Efficient Ag-ZnO Photocatalyst: Synthesis,
Properties, and Mechanism , J. Phys. Chem. C 2008, 112, 13563–13570
49 Xingtian Yin,Wenxiu Que, Duan Fei, Fengyu Shen, Qiushi Guo. Ag nanoparticle/ZnO nanorods nanocomposites derived
by a seed-mediated method and their photocatalytic properties. Journal of Alloys and Compounds 524 (2012) 13– 21
50 Wang, X.M. Fan, K. Tian, Z.W. Zhou, Y. Wang, Appl. Surf. Sci. 257 (2011) 7763–7770.
51 Y.H. Zheng, L.R. Zheng, Y.Y. Zhan, X.Y. Lin, Q. Zheng, K.M. Wei, Inorg. Chem. 46 (2007) 6980–6986.
52 D.D. Lin, H. Wu, R. Zhang, W. Pan, Chem. Mater. 21 (2009) 3479–3484.
53 D.H. Zhang, X.H. Liu, X. Wang, J. Alloys Compd. 509 (2011) 4972–4977.
54 H.B. Hu, Z.H. Wang, S.F. Wang, F.W. Zhang, S.P. Zhao, S.Y. Zhu, J. Alloys Compd. 509 (2010) 2016–2020.
55 M.E. Aguirre, H.B. Rodríguez, E.S. Rom, A. Feldhoff, M.A. Grela, J. Phys. Chem. C 115 (2011) 24967–24974.
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solution was left to cool down naturally. Finally, the particles were collected and filtered and then
washed thoroughly several times by distilled water and ethanol.

2.2 Synthesis of Ag/ZnO nanoparticles

Ag/ZnO was synthesized using Deposition Precipitation method (DP) by dissolving 4 g of as prepared
ZnO nanoparticles in 100 ml solution of 2 wt. % of reducing agent (glucose) dissolved in distilled
water and kept under vigorous stirring for 10 minutes while 1 wt. % Ag nanoparticles onto the surface
of ZnO nanoparticles through precipitation of Ag on the surface of ZnO nanoparticles. Were Ag
(NO3)2  is  reduced  using  Glucose  as  a  reducing  agent.  The  silver  nitrates  AgNO3 was  added  to  the
solution drop wise until the pH of the solution reaches 7. The resulting solution contains 1wt% of
silver precipitated on the surface of the ZnO nanoparticles.  Finally, the solution placed in the
microwave oven and irradiated for 10 minutes and removed before the solution reaches the boiling
point.  After that, the resulting particles were left to cool down naturally and collected by filter and
washed thoroughly several times by distilled water.

Ag/ZnO nanoparticles have been confirmed using UV-VIS absorbance, XRD, and SEM analysis.

2.3. Characterization

The crystalline structure of obtained ZnO and Ag/ZnO photocatalysts were characterized by X-ray
diffraction (XRD) technique  operating at 40 kV and 30 mA in the diffraction angle range 2  ) 1-70°
and step 0.16°.

The morphology of the products was imaged by scanning electron microscope (SEM) with beam
acceleration of 10 kV voltages.

The optical properties, the absorbance spectra of samples were measured using a UV-Vis Perkin-
Elmer spectrophotometer.

The XRD diffraction patterns of ZnO and Ag/ZnO photocatalysts are shown in Figure 1. The XRD
pattern  of  and  Ag/ZnO  samples  show  peaks  similar  to  the  peaks  reported  by  Pillai  et  al.  [48].  The
intensity of silver peaks is consistent with 1w% concentration of Ag. Furthermore, the XRD patterns
confirm the formation of the metallic silver and at least Ag (111) peak is evident. There is no shift in
the peak location was observed in for Ag/ZnO sample which indicates the positioning of Ag particles
on the surfaces of ZnO nanoparticles than going into the lattice of ZnO or substitute Zn site as
observed by Blinks et al.56. The other Ag peaks was not observed in the XRD patterns. This is
probably due to the presence of small and highly dispersed Ag particles.

56 Blinks, D. J.; Grimes, R. W. J. Am. Ceram. Soc. 1993, 76, 2370
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Figure 1.  XRD patterns of ZnO and Ag/ ZnO photocatalysts.

SEM microphotographs are shown in Figure 2a and 2b. There were no significant differences in
particle  shapes  and  sizes  of  both  samples.  The  structure  is  consistent  with  structures  obtained  by
Microwave synthesis as reported by many groups57 or dumbbell-shaped reported by [41]. However,
the high electron reflectance of our samples prevents further magnification.

Figure 2.  (a) ZnO, (b) Ag/ZnO nanoparticles

57 Michal MACHOVSKÝ, Pavel BAŽANT, Zuzana KOŽÁKOVÁ, Miroslav PASTOREK Petr ŽLEBEK , Ivo KU ITKA,
OPEN VESSEL MICROWAVE-ASSISTED SYNTHESIS OF Ag/ZnO HYBRID FILLERS WITH ANTIBACTERIAL
ACTIVITY. 21. – 23. 9. 2011, Brno, Czech Republic, EU
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UV-Vis absorption spectra of ZnO and Ag/ZnO photocatalysts are shown in Figure 3. The UV-Vis
results indicated that the presence of Ag nanoparticles significantly increases the ZnO nanoparticles
absorption in the visible light range of solar spectrum when compared with the Ag/ZnO synthesized
by microwave58. These results are attributed to Plasmon surface effect of Ag nanoparticles.

Figure 3. UV-visible absorption spectra of (a) ZnO, (b) Ag/ZnO using microwave synthesis, and (c)
Ag/ZnO Deposition-Precipitation (DP) and microwave synthesis (MW).

2.4 Photocatalytic Activity

The MB degradation under UV light irradiation using Ag/ZnO nanoparticles as photo-catalyst at room
temperature was investigated. Figure 4 presents the influence of photo-catalyst dose on the changes of
MB concentration with time during photocatalytic degradation of MB by UV/Ag/ZnO (ZnO
nanoparticles doped with Ag). It is obvious that MB degradation is enhanced by the addition of
Ag/ZnO compared to UV irradiation alone. The increase of Ag/ZnO dose enhances MB removal from
and increases the rate of MB degradation. UV/Ag/ZnO photocatalytic process leads to complete
removal of MB for doses of the photo-catalyst higher than 0.5 g/L within less than 60 min. However,
for lower doses of Ag/ZnO nanomaterial than 0.5 g/L, even high MB removals can be reached within
120 min; significant amounts of MB remain in solution higher than maximum contaminant levels
regulated by environmental agencies.

58 Lukas MUNSTER, Jiri KLOFAC, Jakub SEDLAK, Pavel BAZANT, Michal MACHOVSKY, Ivo KURITKA,
MICROWAVE ASSISTED MODIFICATION OF BIO-TEMPLATE BY Ag-ZnO SUB-MICROPARTICLES, NANOCON
212, 23. - 25. 10. 2012, Brno, Czech Republic, EU
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Figure 4.  Influence of Photocatalyst dose on the kinetics of MB removal during photocatalytic
degradation of MB by UV/Ag/ZnO (ZnO nanoparticles doped with Ag). Experimental conditions:
UV-L (254 nm): 15 W, 5 mg/L MB, natural pH 5.8, room temperature (23-25 C).

The plots of MB concentration vs. time indicate in a first approach, that degradation of MB can be
described by a pseudo-first-order kinetics as given by the following equation (Eq(1)):

[ ]
= ×                                                      (1)

where [MB] is the concentration of MB at instant t, kapp is the apparent MB degradation rate constant,
and t is the time. According to this assumption, the rate equation can be integrated (Eq. (2)) with the
boundary conditions [MB] = [MB]0 for t=0 and [MB] = [MB]t for t = t, leading to Eq. (3):

[ ][ ]

[ ]
= ×                                          (2)

[ ]
[ ]

= ×                                                        (3)

The plots of [ ]
[ ]

vs. time (t) at different Ag/ZnO doses are presented in Figure 5. The plots are
straight lines pass by the original point with correlation coefficients (R2) higher than 0.99. The
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linearity of [ ]
[ ]

 = f(t) curves confirms that MB degradation rate is a pseudo-first-order reaction.
In accordance with Eq. (3), each line has a slope equal to kapp which is the apparent MB degradation
rate constant. All kapp values were calculated for a same initial concentration of MB (5 mg/L) and at
various Ag/ZnO doses. Figure 3 represents the variation of kapp with Ag/ZnO dose. The profile of kapp
values vs. Ag/ZnO dose suggests that MB degradation rate by UV/Ag/ZnO process increases linearly
with the increase of Ag/ZnO dose. L.-Y. Yang et al. reported photocatalytic degradation kinetics of
MB fitted the pseudo-first-order kinetics and the Langmuir–Hinshelwood model [41].

MB photocatalytic degradation experiments proved that synthesized samples of Ag/ZnO nanoparticles
have excellent activity on decomposition of MB under UV irradiation. Furthermore another set of
experiments was performed under sunlight irradiation using Ag/ZnO nanomaterial as photo-catalyst
and showed that more than 90 % of MB can be removed by Sunlight/Ag/ZnO system with 4 hours.
This work is still underway and the results will be published later.

Figure 5.  Pseudo-first order fitting of the kinetics of MB removal during photocatalytic degradation of
MB by UV/Ag/ZnO (ZnO nanoparticles doped with Ag) using different doses of Photocatalyst.

Experimental conditions: UV-L (254 nm): 15 W, 5 mg/L MB, natural pH 5.8, room temperature (23-
25 C).

CONCLUSION
These results showed that Ag/ZnO nanoparticles have high photocatalytic activity compared to
conventional photocatalysts for color removal of MB. The high photocatalytic activity of the Ag/ZnO
photocatalyst is attributed to the presence of surface Plasmon effect of Ag nanoparticles and the
interaction of Ag with ZnO were Ag nanoparticles act as an electron sink, promoting interfacial charge
transfer reducing charge recombination. Future direction is to explore the photocatalytic activities of
different metals such as Au, Pd and their Alloys on ZnO will be tested for deactivating pathogenic
microorganisms in water.  Our results indicate that Ag/ZnO nanoparticles have excellent activity on



Journal of International Scientific Publications:  
Materials, Methods & Technologies, Volume 7, Part 1 

ISSN 1313-2539, Published at: http://www.scientific-publications.net 

423 Published by Info Invest, Bulgaria, www.sciencebg.net 

decomposition of MB under UV and under sunlight irradiation.  Ag/ZnO nanomaterial showed that
more than 90 % of MB can be removed by Sunlight/Ag/ZnO system with 4 hours.


