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Fabrication of TiO2/Ag,S nano-composites via a new method for
photocatalytic degradation of p-xylene & chloropheaol
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Dept of Chemistry, Islamic Azad University , East Tehran Branch , Tehran ,Iran

ABSTRACT

TiO2/Ag,S nano-composites were successfully prepared in different temperature for p-xylene
and chlorophenol Photodegradation. Transmission electron microscope (TEM), powder X-ray
diffraction (XRD) were used to characterize the microstructure and morphology of the products
obtained at various temperatures. The results of the photocatalytic degradation of p-xylene and
chlorophenol aqueous solution by TiO2/Ag,S nano-composites is considerably faster when
compared with the use of TiO2. The p-xylene & chlorophenol degradation increased as the size
of Ag2S nanoparticles decreased.
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INTRODUCTION

Among various oxide semiconductor photocatalyst€)2Tis one of the most promising
photocatalysts because of its non-toxicity, chetstability, relatively low price, and capability
of photooxidative destruction of most organic ptahits[1].

So far,a variety of methods such as sol-gel [2lsqulilaser deposition(PLD) [3], metal organic
chemical vapor deposition (MOCVD) [4] and reactimeagnetron sputtering [5] have been
developed to prepare TiO2 materidiswever, its wideband gap (3.2 eV) allows it to absorb

only the UV light (_ < 388 nmyvhich account for merely 4-5% of the solar enetbgreby
hamperingts wide applicatiof®6 ].
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To lower the threshold energy for photoexcitatiamgreat deal of research has focused on doping
TiO2 with transition metals or non-metal ions. lashbeen reported earlier that many
investigators could improve the visible light aljgan of TiO2 nanocrystals by incorporation of
substitutional atoms into the lattice, includinghbaon-metal and metal atorf.

Some efforts have been made on the sensitizatidrO# photoelectrodes with narrow band gap
semiconductor§d]. Semiconductors such as CdS, CdSe, CdTe, PbS3B28nS2, and so on,
which absorb light in the visible, can serve assimers because they are able to transfer
electrons to large band gap semiconductors sugiC#sor ZnO [9-12].

In the present work, TiO2/A§ nanoparticles were synthesized in different piapa
temperatures and The catalytic activity of the pred nanocomposites were evaluated by
photocatalytic degradation of p-xylene & chloropbk.

EXPERIMENTAL SECTION

2.1. Materials
The chemical materials all were of analytical gradegents and were used as the starting
ingredients without any purification.

2.2. Materials synthesis.

silver thiobenzoate (Ag(SCOPh)) precursor crystadse found to decompose in amine at room
temperature to give Ag2S nanoparticles The nanpogite particles were prepared by adding
drop-wise a solution of the precursor dissolvedrioctylphosphine (TOP) under nitrogen to a
warm mixture of hexadecylamine (HDA) and 0.@fghe TiO2 (anatase ) particles at 60,80,
100 and 12%C and stirred for 2 h . The suspension formed Wwaa tefluxed with stirring. The
grey solids were collected for distinct reactiomds and isolated by centrifugation and finally
washed thoroughly with acetone. and then driedl0&fC overnight.

2.3. Characterization

The morphology and structure of the Ag2S nano-spedders were further investigated by
transmission electron microscope (TEM), TEM (PlsilpM208) were operated at 100 kV. The
Powder X-ray diffraction (XRD) pattern was recorded a Seisert Argon 3003 PTC using
nickel-filtered XD-3a Culg radiations ¥=0.1542 nm). The average primary particle size was
also estimated from the XRD pattern using the X broadening analysis.

2.4. Photocatalytic activity

Photodegradation experiments were performed wphaocatalytic reactor system surrounded
by a circulation water jacket to control the tengbere during reaction. This bench-scale system
consisted of a cylindrical Pyrex-glass cell witR-dm inside diameter and 15 cm height. A 100-
W mercury lamp was placed in a 5 cm diameter quaitte with one end tightly sealed by a
Teflon stopper. The lamp and the tube were thenarsad in the photoreactor cell with a light
path of 3.5 cm.

Suspensions have been prepared by adding 50mg oftiocomposite powder into a 100mL of
0.2mM p-xylene aqueous solution. Prior to the presotion, the colloid solution/powder
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suspension was magnetically stirred in the darklfsmin to establish adsorption/ desorption
equilibrium. During the photoreaction, the coll@dlution or suspension was irradiated by UV-
visible light for 90 minutes with air blowing andagmnetically stirring. At the given time
intervals, the samples were taken from the colfmlilition or suspension and stored in the dark
before analysis. the suspensions were filtered amalyzed for the residual concentrations of p-
xylene and chlorophenol by Gas chromatography.

RESULTS AND DISCUSSION

Fig. 1shows the XRD patterns of powders that were crystal by using different temperatures
from 60 to 126C . The XRD peaks ate®= 25.28 (1 0 1) and @=27.4 (1 1 0) are often taken
as the characteristic peaks of anatase and rutat phase, respectively. According to the
XRD patterns, five distinctive TiO2 peaks at 25,387.98, 48.08, 54.68 and 62.88
corresponding to anatase (1 0 1), (0 0 4), (2 @10p 5) and (2 0 4) crystal planes (JCPDS 21-
1272) shows that the pure TiO2 sample constituted pnatase phase. Silver sulfide is known to
exist in two main polymorphic modifications, the meelinic a-Ag2S (achantite) and the body
centred cubiB-Ag2S (argentite). The distinction of these two s#s by powder XRD is not
straightforward though the XRD patternsHig. 1are consistent with the presence of essentially
a -Ag2S. Asthe synthesize temperatutacreased, the size of thAg2S nanoparticles were

decreased too.
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Figure 1. X-ray diffraction patterns of : a) TiO2 and TiO2/ Ag2S samples with different preparing

temperature ; b) 60°C; c) 80°C; d) 100°C ; e) 120 °C

Intensity

The average grain sizeB () of the products prepared in different tmperasuare shown in
Table 1 which is calculated from the width of the linesthe XRD spectrum with the aid of the
Scherrer formula D = K\ / (Bco®®), wherel is the wavelength of X-ray used (Cu Kadiation

A = 0.1541 nm)P the width of the line at the half maximum intepsiind Ka constant, 0.89.
From Table 1 it can be seen that the average particle sizeedse with increasing preparing
temperature, which is in a good agreement witlrésalt of TEM analysis.

720



H. Mossalayiet al J. Chem. Pharm. Res., 2011, 3(5):718-724

Table 1: The average grain size of products obtaimkin different temperatures

Preparing temperatureQ) Preparing time (h) D (nm)
60 2 26.35
80 2 22.72
100 2 16.43
120 2 13.65

Fig. 2a-d shows the TEM images of the Bi@g2S photocatalyst. Silver sulfide is preserdsd
nanoparticles dispersed in the Titania networkieBisulfide nanoparticles were surrounded by
Titania which paved the way for the photocatalgsthave a large specific surface area. The
resistance to mass transfer of photocatalytic i@act low and the reactant easily gets in contact
with the catalytic active site.

Figure 2. TEM micrographs of samples ofliO,/ Ag2S prepared in different temperatures :a) 60°C, b)
80°C, c¢) 100°C and d) 120°C

3.1. photocatalytic activity

Figs.3&4 show effect of TiQ) Ag2S preparing temperature on p-xylene & chitwenol
degredation. Samples of pure TiO2, and Ji8g2S ratios were studied. The p-xylene &
chlorophenol degradation increased with decreasiagsize of Ag2S nanoparticles because of
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increasing the surface area.for all the used sampl®2 showed the lowest degradation
efficiency.
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Fig. 3. Photocatalyzed degradation of p-xylene ithe presence of a) pure Ti@andb-e) a series of TiQf Ag2S
under UV-vis illumination.

The degradation increased with decreasing Ag2S patioles size reaching a maximum
efficiency value of 94% for p-xylene. This can belained as follows; TiO2 is well known
established as an effective photocatalyst thatymiog electrons and positive holes with UV-
irradiation. The concept of the photocatalytic mex is that TiO2 semiconductor acts as a
photocatalytic oxidation agent and a reductant a photocatalytic process, electron—hole pairs
are generated which must be trapped in order tmagoombination.

Under UV-vis illumination, electrons can be excittedm the valence band (VB) to the
conduction band (CB) of the anatase when a phoitmhigher energy is absorbed, creating a
charge vacancy in the VB. In the absence of the&SAmost of these charges quickly recombine
without any valuable utilization. It has been rdpdrthat the CB position of anatase is about-
4.21 eV using vacuum level (AVS) as a referencé#) wiband gap of about 3.2 eV
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Fig. 4. Photocatalyzed degradation of chlorophenah the presence of a) pure Ti@andb-e) a series of TiQ/
Ag2S under UV-vis illumination

when AgS nanoparticles are attached to the surface oTi®2 the relative position of the
Ag,S nanoparticles CB edge permits the transfer eftedns from the TiO2 surface allowing
charge separation, stabilization, and hinderedmédaoation. At the same time, A§ can also
absorb photons with lower energy and excite phettedn from VB to CB. And the electrons
from last two means can be shuttled freely alorggdhented TiO2 leading to enhance photo
chemical performances of the composite3grio2.

Based on the presented results, it can be conclind¢dhe proposed fabrication of TICAG2S
nanocomposite ,can be a successful and generiegtreo develop highly active photocatalysts
under visible light.

CONCLUSION

Ag2S nanoparticles synthesized in this work areantact with the surface of bulky TiOThe
effect of heat treatment of Ag2S has been dismisshe formation of Ti@d Ag2S
nanocomposite photocatalyst is more effective egnathan single Ti@photocatalyst to acquire
an active photocatalyst . The photocatalytic agtiincreased when the Ag2S nanoparticles
decreased gradually.

The photocatalytic activity of synthesized TI@g2S is tested by decomposition of p-xylene &
chlorophenol. The results demonstrate that the Ag@®particles are successfully incorporated
into the frameworkof TiO2 The highest photoatyiwf TiO,/ Ag2S is obtained when the size

of Ag2S nanopatrticles are about 14 nm.
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