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Synthesis of silver nanoparticles by photochemical reduction of silver nitrate was carried

out in water as an environmentally safe solvent

using Preyssler acid, H [NaP W O ], as

the reaction promoter.

Poly (N-vinyl-2-pyrolidone) (PVP)

and 14 5 30 110 formaldehyde were used as stabilizer and reductant agent, respectively. Our results have shown that

UV irradiation increased the rate of reaction and decreased the size of synthesized silver nanoparticles. Metal

nanoparticles were characterized by ultraviolet–visible (UV-Vis) spectroscopy, x-ray

diffraction (XRD) and transmission electron microscopy (TEM).

The catalytic performance of silver nanoparticles for photodegradation of methyl orange

(MeO)
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as an azo dye model,

has been investigated in aqueous solution. UV-Vis studies showed that Ag nanoparticles

catalyzed photodegradation of this azo dye and the reaction rate

was increased by the amount of catalyst. * ahmadpour.um.ac.ir 16

Ali Ayati et al. / Journal of

Nanostructure in Chemistry 2 (1) (2011)

1. Introduction Silver nanoparticles have been extensively inves- tigated in the

recent years due to their unique physical, electrical and chemical properties,

due to their vast applications in chemical medicine, industry, electronics, etc. Several

chemical and physical methods have been used to prepare these nanoparticles

[1].

Among them, the chemical reduction of silver ions in the presence of a protecting agent is the

most widespread way

–[2]. .

In general, in the chemical reduction methods, common reductants used are elemental

hydrogen, citrate, ascorbate, and borohydride [3-5]. In recent years, organic and inorganic

bases are used as the reaction promoter –[3, 5, 2]. Based on the green chemistry principles, the

green synthesis of silver nanoparticles involves selection of an ecofriendly solvent and
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environmentally benign reducing agent

[1]. According to this basis, most of the applied reductants are opposing the green chemistry rules. Polyoxometalates

(POMs) can

be introduced as promising candidates for green

materials. They are

harmless to the environment with respect to corrosiveness, safety, quantity of waste, and

separability. Other key green aspects of solid POMs are related to their synthesis in an

aqueous process and achievements of successful practical applications.

Moreover, the unique properties of POMs such as

strong Bronsted acidity, high hydrolytic stability (pH = 0–12), high thermal stability,

operating in pure water without any additive, and non-corrosiveness [6], motivate us to exploit them as suitable reagents

for the preparation of silver nanoparticles in a chemical reduction

method.

A literature survey shows that there are several reports for the synthesis of metal

nanoparticles using

POMs [7-10].
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Although the Keggin-type and mixed-valance POMs have been used in the synthesis of Ag

NPs –[11], the role of Preyssler structure in this silver derivative has been largely

overlooked.

In recent years, we have studied a series of Preyssler catalyzed reactions

[12-16] and their excellent catalytic and photocatalytic activities have been shown.

Recently, we have focused on developing the applications of Preyssler in

nano- technology area [17-20].

We have found that in the most synthesis methods, Ag NPs have been synthesized in the

presence of bases, such as sodium hydroxide, sodium carbonate, pyridine, and triethylamine, but

the role of acids has been ignored. Therefore, in the line of green chemistry and its promotion, it

is of great interest to know what occurs if these bases are replaced by Preyssler as a green and solid

superacid. In

our previous work, for the first time we have synthesized Ag NPs using

Preyssler acid as the reaction promoter in the

ambient temperature [18]. In the preparation process, formaldehyde and PVP was used as reductant and protective

agents, respectively. The objective of the present study was to investigate the effect of UV irradiation in the silver NPs

synthesis reaction and also in the

performance of these NPs for the photodecolorization of methyl orange (MeO).
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2. Experimental 2.1. Chemicals and

instruments Silver nitrate (AgNO ), Poly (N-vinyl-2-pyrolidone) 3 (PVP) and formaldehyde were purchased

from Merck company and used as received. Preyssler acid

(H [NaP W O ]) was prepared according to 14 5 30 110 our earlier works [21, 22]. . Ali Ayati et al. / Journal of

Nanostructure in Chemistry 2 (1) (2011) 17 To indicate preparation of Ag NPs and show methyl orange degradation,

UV-Vis spectrophotometer (Agilent 8453, Hewlett–Packard, USA)

was used. The synthesized Ag NPs were characterized mainly based on their

particle size distribution (PSD), using a laser particle size analyzer (ZetaSizer Nano ZS,

Malvern Instruments Ltd.). This instrument allows to measure particle size taking

advantage of optoelectronic systems

and particle size is

measured by the non-invasive backscattering (NIBS)

technique. Also, nanoparticles were characterized

using Transmission Electron Microscopy (PHILIPS CM-120).

Samples for TEM analysis were prepared by drop-coating films of the Ag solution on

https://app.ithenticate.com/report/8468690/similarity?source=34438639&dsc=1&id=874&node=37&dn=e2408a63115df02b2c572a061d89f05508fb3c72746afc57b9365af792f21fb4d3296c70579fd6785dec7e366836b00f209e80f2f4795214f399951faac582ef
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carbon- coated copper TEM grids, allowing the grid to stand for a few times following which the

extra solution was removed using a blotting paper.

2.2. Preparation of Ag NPs

PVP was first dissolved in water and then silver -3 -2 nitrate (2.5×10 mole) and

formaldehyde

(5.6×10 mole) were added, respectively. The mixture was stirred for a few minutes and then preyssler acid -5 (10 mole)

was added.

The mixture solution was irradiated by UV light (125W high pressure mercury vapor

lamp) under continuous stirring

in temperature of 20±1 °C. Changing

the color of the mixture to black, indicate the

formation of silver nanoparticles. The nano- particles

were separated by high speed centrifugation and washed twice with acetone/water and

then dried in a vacuum oven. 2.3. Typical Procedure for Photocatalytic Degradation

The photoreactor was designed in our laboratory. In a typical reaction, in a quartz glass

reactor . equipped with a magnetic stirrer, 30 ml of azo dye solution (30 µM),

0.5 ml of hydrogen peroxide, and different amounts of Ag NPs

https://app.ithenticate.com/report/8468690/similarity?source=5138145&dsc=1&id=4550&node=37&dn=86b44c542349d11b98994c1b4c2c6d77b16d21b36781c51dec0d1c755be11133d165713cdf82a02ead5ee71db04ab8bb1aac21b2fe4660d23159827f045f9cbd
https://app.ithenticate.com/report/8468690/similarity?source=25908524&dsc=1&id=1270&node=37&dn=366a8ef82778196025f476c026d0bde16bf9ce8b6936f7f45f58ad87080daa231b38e9702e9d18e50a57855a5d76bffc40f31524b84644928613eb1448f6465a
https://app.ithenticate.com/report/8468690/similarity?source=34438639&dsc=1&id=910&node=37&dn=0a52cd492a0cb0febdb624df31ba29023d9a758a9f1070f352212895e11f2e746f9bf9cc1997737377c06d1138162a2c9a6eaff30b6934560bbd186204c32559
https://app.ithenticate.com/report/8468690/similarity?source=25908524&dsc=1&id=1276&node=37&dn=eb117038638ff751fd37eed3566abc5ec938c0e271906d22fa3d8d26beb0b435b57f38385d4e02a0db4a6aff9f8f85aee1eef6e59c1a9827cc1c15f6f76d83f0
https://app.ithenticate.com/report/8468690/similarity?source=25908524&dsc=1&id=1279&node=37&dn=eb1d0b44d09b0fb336df492c32a6b161a630d0e155431cdb0180d938f3b472f5eb52971c4476d05967975fa644cbe15505874e91983f4e9d16ae14a4af59b692
https://app.ithenticate.com/report/8468690/similarity?source=25908524&dsc=1&id=1285&node=37&dn=a54e2115f57a1f6c7e44e9cc113fe151d171fe93fd99531546c6889d58de5d2d0013e97acbfad44fe3c8a5fbbf47a4552950a2de1eede124e7e1d588559ca276


1

1

2

15

6

6

were mixed. The mixture was purged with nitrogen for 15 min and

stirred in a dark place for 30 min.

Then, it was irradiated under the high pressure mercury lamp (125 W) as a UV light source.

The temperature in the glass reactor was kept 20±1 °C by circulating water. At a given

irradiation time intervals, liquid samples were taken from the mixture, and absorbance of the azo dye

solution were measured with a UV-Vis spectrophotometer. The degree of azo dye decolorization

was calculated according to the following equation: C = (A − A)/A × 100 (1) 0 0 where C is

decolorization degree (%) , A initial 0 absorbance of MeO solution, and A absorbance of

MeO solution after photocatalysis. The catalyst can be easily separated by filtration and can be

recycled in the reaction.

3. Results and Discussions 3.1. Formation of Ag NPs and effect of UV irradiation

Figure 1 shows UV-Vis absorption spectra of solutions after

0, 30 and 150 min of initiation of Ag NPs photoreaction synthesis. Before irradiation, there is a peak at about 300 nm

due to the presence of silver ions.

After UV irradiation, it was observed

that the color of the solution was changed.

This phenomenon is obviously shown in the figure as a change in UV–vis spectrum.

The absorption peak at 300 nm was decreased and a new peak was appeared at 426 nm.
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This peak was appeared by silver

nanoparticles – [23]. Peak alteration is the indication of concentration reduction of silver ions 18 Ali Ayati et al. / Journal

of Nanostructure in Chemistry 2 (1) (2011) and generation of silver nanoparticles. Figure 3. XRD pattern of the

synthesized Ag NPs.

Figure 1. UV-Vis spectra of the irradiated solution

at different times. A blank experiment as

a control (in the absence of

Preyssler acid) has

shown that the formation of nanoparticles is very slow.

Moreover, in our previous work, it had been shown that in absence of UV irradiation and using Preyssler acid, formation

of silver nanoparticles took place in more than 6 hours. UV irradiation decreased this time to about one half. It also

affected the size of synthesized

silver nano- particles. Particle size distribution of Ag NPs in

the absence and presence of UV irradiation was

quantitatively displayed in a histogram shown in

Figures 2a and 2b, respectively. These figures indicate that UV irradiation decreased the size of silver nanoparticles

https://app.ithenticate.com/report/8468690/similarity?source=8410520&dsc=1&id=4528&node=37&dn=53cba4e966517d6f33597e89bb17b19bb6d3f3119e2e4b33380a3ba5f1751aaf63cc2753ba43210a7859b9d2139d7b81c4f493a86bb67ee7a34d571a41f5aa8e
https://app.ithenticate.com/report/8468690/similarity?source=12111849&dsc=1&id=4163&node=37&dn=da4902fdcfd36157731e0874ea7aadee550843d7ff7809f09573d4fdc27de32e98deb4fc0c36ed84bb6d7b410f9591303641b92c851104de0acb785e090ec47b
https://app.ithenticate.com/report/8468690/similarity?source=25908524&dsc=1&id=1237&node=37&dn=d90d6f758e3137c683d34f98eb88cddc0e3a97b5349812b43dabc7f62eecc9316a336d004dc04f24ac57c00456effd07293971907dff46a81cf4c084759f0f00
https://app.ithenticate.com/report/8468690/similarity?source=25908524&dsc=1&id=1249&node=37&dn=16ad6eff8b16ef410d3a2a19b1092eca6afbfdc6caaa43047a77ef2a6423976e91ad185e13477995d20854ef287ccbe97bc39de15bf3f292e28833ce817b93fa
https://app.ithenticate.com/report/8468690/similarity?source=2887495&dsc=1&id=3181&node=37&dn=1eb105f706e233d4cdd34b85c37f3dd277e1f9079b03d072ecbe2bd3bf981caf77f2efa485af9dc3487b27708d6abd713ef0e5fb9f519173162a4f389aa601ef
https://app.ithenticate.com/report/8468690/similarity?source=34438639&dsc=1&id=981&node=37&dn=d6a0f556548391a4cc4f5b1f7fccc3cf60b81acd69443928b7f0761b58fa1ce8f550f1f5a04d3d549631ec5e36adaff4735cc71eee27aa389bc23a125135e5a5


2

1

2

2

2

3

from about 11 nm to 6 nm. Photocatalytic activity of

Preyssler acid under UV irradiation increases the rate of reaction, leading smaller and more uniform nanoparticles. As it

shown in Figure 2, by using UV irradiation, more than 75% of nanoparticles are ranged between 5.5 to 8.5 nm.

X-ray diffraction (XRD) pattern of Ag NPs is shown in Figure 3. The reflection peaks

indicate that silver nanoparticles are well crystallized. Moreover, The

transmission electron microscopy (TEM) image of Figure 2.

Particle size distribution of the synthesized Ag NPs, (a)

in the absence of UV irradiation,

(b) under UV

irradiation. Ali Ayati et al. / Journal of

Nanostructure in Chemistry 2 (1) (2011) 19 these nanoparticles is shown in Figure 4. The representative TEM image

shows that the Ag NPs have nearly spherical structure. Also, particle size distribution of the synthesized nanoparticles

indicates uniformity of synthesized NPs (Figure 2b).

be degraded under UV light in the presence of

Ag NPs as a catalyst. After 30 min,
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the total absorption of methyl orange was decreased and 98% decolo- rization was

obtained.

The pseudo-first order rate constant were calculated from the plot of ln(A /A ) versus time

(Figure 6). t 0 The first-order decolorization constants, obtained from three experiments by

using different amounts of silver nanoparticles, are listed in Table 1. It can be

found from this study that speeding the

photo- degradation rate by increasing the catalyst amount, is

obviously due to the higher number of photocatalytic active sites.

There are several other factors that can also affect the photocatalytic activity. Literature

in photocatalysis research reveals that

photocatalytic activity can be strongly dependent on the crystallo- graphic structure,

morphology, and size of the particles

[24, 25]. . Figure 4.

TEM images of synthesized Ag NPs after 150 min UV irradiation
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Table 1. The rate constants for photodegradation of MeO in different amounts of the nano

catalyst.

3.2. Photocatalytic activity of synthesized NPs in photodegeradation of MeO The photodegradation of MeO as an azo

dye model was performed in our photo-reactor

as a test reaction to estimate the photocatalytic activity of these silver nanoparticles. We

have

checked the intensity changes of UV band in

MeO solution. The degree of MeO decolorization was used as a indication for photo- catalytic activity measurement.

The photodegradation of 30µM MeO solution with various amounts of nano catalyst were

analyzed.

The absorbance of the solution was monitored at specific time interval. The UV results of

a sample -3 with 3×10 g silver nanoparticles

are shown in Figure 5. This figure shows that MeO solution can

. -3 -3 -3 Ag NPs (gr) 10 2×10 3×10 -1 k (s ) 0.065 0.083 0.103 Figure 5.

Catalytic photodegradation of MeO in the presence of Ag NPs
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