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ABSTRACT

This paper describes the development of nanostredtinin films of Ag-Ti@by the Mw-glycol irradiation of silver
ions on TiQthin films prepared by sol-gel spin-coating (SG®jhads. Where the effect of silver containing,TiO
nanoparticles were tested in photocatalytic apglimas. For increasing the photocatalytic activityasvrelated to
associate effects: the electron transfer from;Ti@Ag, reducing the electron—hole recombinatidnckness of the
film and silver distribution. From the experimentakults without surfactant Ag-TiGilms exhibited much better
photoactivity than the surfactant (PEG-2000) Ag-Ji@ms due to excess of silver composition this heasn
explained in terms of SEM morphology and EDX Arniglys

Keywords: Thin films, Microwave irradiation technique, Pboatalytic activity.

INTRODUCTION

In recent years, titanium dioxide as one oé tmost important photocatalytic material haserb investigated
extensively due to its wide applications in envir@mtal purification [1-3]. As a semiconductor materfio, has
raised a great interest for its photochemical priigethat have led to many industrial applicatiddsdification of
nano-crystalline Ti@ films by metal-doping is increasingly being cons@de to maximize the photocatalytic
efficiency because of increased electron trapsdewteased Ti©band gap [4, 5]The optical absorption of the
modified nanocrystalline films in the UV-visiblegien caused by the surface Plasmon resonance (@Rft)ating
from collective oscillations of free electrof§. However, one of the main challenges to optimizifi@,
nanostructures is the high rate of recombinationthe electron—hole pairs, which reduces signifigartile
photocatalytic efficiency. A reduction in the redammation rate and consequent increase in the efffayi can be
achieved by the incorporation of noble metal irite structure of the semiconductor [7]. There hasenbseveral
reports on metal incorporation to inhibit the retdmation processes [85ang Chul Kim[9] showed that the
incorporation of small amounts of Pt in the Ti€ructure dramatically increases the photocatabtitivity of the
semi-conductor, because the metal centers enhbacehargeThe most common and promising methods of Ag-
TiO, preparation, which make possible approaching tysems are sol-gel [10], PRT [11],Chemical vapor
deposition [12] and photoreduction method, Bin Zhaoet.al preparaed the Ag-Ti©O nanocomposites by
photoreduction method. This method requires 2h Wadiation to in-situ reduce Agons on the surface of TO
leading to Ag-TiQ composite nanoparticles (NPs) [13]. Li, X; Wangaktreported about microwave irradiation
method for the preparation of Ag-Ti@ano particles [14]. Feng Peng et.al reportetbparation of Ag-sensitized
ZnO nanoparticles by microwave reduction method.kbthe best of literature not that much of wodstdone on
the preparation of Ag-Ti@nanocomposite thin films by glycol reduction usimgrowave irradiation method.
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Hence, this paper reports the synthesis of suria@ad without surfactant Tgdilms by simple spin coating
technique and loading of silver ions on nanostmecturiO, thin films by simple glycol reduction using microveav
irradiation method. The effect of Ag doping on #teucture and optical properties of Bifims has been studied
.The photocatalytic activity of the thin films wassassed by degradation of MB in aqueous solutiateubV
illumination. The results presented here may assisthe understanding of the phenomena involvedhia
photocatalytic degradation of pollutants using inbitied materials supported as thin films.

MATERIALS AND METHODS

2.1.Experimental

a) Preparation of without surfactant TiO, thin films: Titanium tetra isopropoxide (sigma Aldrich 99.9%@s
been used as the titania precursor, the matrixvasl prepared by mixing titanium tetra isopropoxi@&IP) with
absolute ethanol (Aldrich 99.9%) and acetyl acet@inmom temperature. Here the absolute ethanobées used
as a solvent. Acetyl acetone and PEG-2000 hasummshto control the pH of the hydrolysis/condesateactions

in the sol-gel solution. The final composition ofetlsolution in molar ratio was TIP: ethanol: acetyl
acetonel:9:0.5.Tipfilms have been spin coated onto well cleaned dioda glass substrates using the above
solution. The sol was put in drops on the substralbéch was rotated at a speed of 3000 rpm for &&slting in the
formation of a thin film. The film was heated at ID®r 10 min and then allowed to cool to room terapgre.
TiO, was again spin coated on the already coated fili® and heated at 100 for 10min and then allowed to cool
to room temperature the spin coating, heating aofirg process was repeated to get desired thiskdse deposit
films of thickness about 100 nm were slowly heatad then films were annealed at ®for 1 h using a heating
rate of 2C/min. Because of lack of heat-resistance of sada blass, the calcination temperature did not edce
500°C. About 120-150 nm thickness of both TFifiims irradiated Ag ions by glycol reduction was measured by
thickness instrument.

b) Preparation of PEG-surfactant TiO, thin films: Followed the above same procedure with the additib
PEG-2000 surfactant. The final composition of thieitsmn in molar ratio was TIP: ethanol: acetyl aret: PEG-
2000 = 1:9:0.5:0.05. and it was heat treatment thighabove procedure to get the desired thickness.

¢) Loading of the TiO,thin Films with silver nanoparticals:

The prepared (1cmxlcm) TiQhin film was kept in 10 mL of ethylene glycol TJ.Baker, 99%) containing
0.1mM of AgNGQG; (Aldrich, 99%). The reaction mixture was irradhtender microwave irradiation frequency of
2.45 GHz, at power output of about 700W (to reactZmin at 218.4 °C) in domestic microwave oven glgtb-
OM 18 MSP. During the microwave irradiation, thengde turned dark-gray due to surface Plasmon abearpf
the deposited Ag nanopatrticals.

The XRD diffraction studies were performed with IRfs (model FW1710) diffractometer by using Cu Kadiation
(K= 0.15406 nm).Degradation of Mb using Philips BW/08 BLB F8T5 Hg lamp, analyzed by UV-vis
spectrophotometer (UV 1400, Shimadzu).

2.2.Measurements of photocatalytic activities:

The photocatalytic activity experiments on pure J#&d Ag-TiQ thin film for the degradation of methylene blue
under radiation of a 6x8W UV-A black light (spettoaitput 311-415 nm peaking at 368 nm; Philips W/88 F8
T5/BLB).The samples were immersed into the celltaiming the MB solution (cell + solution + sample).
Subsequently, the cells were exposed to UV-lighditierent exposure times (0.5, 1, 1.5, 2 and 2.5m)a dark
chamber by using methylene blue solution conceaotraif 2 mg/l. Sample of 5 ml was taken at evety. The MB
residual normalized concentration [MB] was detemdiindirectly from the absorbance spectra. Opttalorption
spectra of MB after UV-light irradiation at diffeteexposure times in the interval of 0—2.5 hoursengerformed in
order to quantify the photocatalytic activity. Tthegradation MB was determined following the Beembart's law
for absorption band with the maximum at 664 nm e tUV-visible spectra of MB, using a UV-visible
spectrophotometer (UV 1400, Shimadzu).

RESULTS AND DISCUSSION
3.1.XRD studies
The X-ray diffraction (XRD) measurements, which eersed to characterize the crystalline phase aystatlite

size of the films, were carried out on an X-rayrdiftometer (model FW1710) using CuwMKadiation at a scan rate
of 0.05 20 s™. The accelerating voltage and applied current Wiér&V and 80mA, respectively. The crystallite
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size of the films was calculated using Scherer tdanfd = 0.9/B cos8, where d\, B andd are crystallite size, Cu
Ko wavelength (0.15418 nm), full width at half maximuntensity (FWHM) of anatase (1 0 1) peak in radiand
Bragg’'s diffraction angle, respectively). From figure 1 shows that both Tidilms exists anatase phase pattern
which is exactly matches with the JCPDS card NCGI821 and a very small peak belonging to Ag whichctly
matches with the JCPDS Card No. 00-004-0783, whiggests that the average crystallite size of ithes fas

given in Tablel
Table.1
catalyst TiQ films Ag-TiO; films
Grain size(nm)| Grain size(nm)
PEG-2000 surfactant 215 9.8
Without surfactant 25 23.75

While from the above table.1 the grain size of Th@, films were decreased and the crystallite sizeciases for
using PEG 2000, where as the seeds are agglomewgitioout using surfactants [16,17 ] thus the grsie of the
films increases. Were as the grain size of the K@, Tilms decreases correspondingly surfactant andhowit

surfactant TiQfilms as shown in Table 1.
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Figure .1.XRD of (a) without surfactant TiO,and Ag-TiO,thin films (b) PEG-2000 surfactant TiQ,and Ag-

TiO, thin films.

3.2.SEM and EDX elemental analysis of Ag—Ti@nano thin films
The sizes and dispersion of Ag-pi@®ano thin films without and with surfactants weopted. It was observed

that without surfactant the particles were agglatesl as shown in fig [2aJwere as PEG-2000 wasl asea
dispersant, the low aggregation could be explamedteric hindrance because the dispersant keptdhparticles
separated in the solution due to polymeric dispgras long chain molecule[18]this as shown in SEHYI[2b].

@)

Scholars Research Library

(b)
Figure 2. SEM of (a) without surfactant Ag-TiO, thin films (b) PEG-2000 surfactant Ag-TiG; thin films.
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The EDX results of Ag-Ti@film are shown in figure 3. The atomic ratios of,Ag, and O are also listed in figure
2. The content of Ag was higher than the nomin&lleanaybe because Ag was mainly on the surfacé@f The
at wt% content of Ag was higher in surfactant A@7film was about 9.05, were as the at wt% contehfAg in
without surfactant film was 1.34% which is essdrftiaphotocatalytic analysis.
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Figure 3. EDX of (a) without surfactant TiO,and Ag-TiO,thin films (b) PEG-2000 surfactant TiG;and Ag-
TiO, thin films.
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Figure 4a. Absorbance spectra of without and witlsurfactant TiO,and Ag-TiO,thin films

3.3. Absorbance spectra and optical band gap deteimation

UV-Vis spectra of TiQand Ag-TiGQ nano film was deposited on a soda lime glass atbstOne of the major
objectives of the incorporation of Aganoparticals into Ti©nanoparticals is to increase the wavelength regpons
range in order to enhance the photo excitatiortieficy of TiQ. But with the experimental result Plasmon peak
moves to lower wavelengths on doping of Tt@in films. This may indicate that the particle esidecreases with
doping of Ag content. Therefore, the optical praoigsrsuch as the band gap of Ag-7i&@hd TiQ nano film were
determined by using the UV-Visible absorbance spesthown in figure 4. From the Tauc’s plot [19]e timdirect
band gap value reported in literature for bulk &iflrd anatase is estimated at 3.20 and 3.39 eV, ctispl. The
larger band gap of the film in comparison to theilkbvalues is presumably due to the lattice defdimmaby an
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axial strain. [20] The evaluated band gap for thdaped TiQ has given in table 2, which is comparable to the
values (3.7eV) cited in the literature for the quam dot anatase TiOthin films [21].correspondingly, the
absorbance edge of Ag-Ti®@ano thin films shifts significantly to the loweravelength, compared to that of TiO
nano thin films this as shown in figure 4a, itrigeresting to note here that while there is noiiggmt absorption in
the undoped Tiofor energies below its band gap, there is considerabsorption in the Ag-doped samples in the
lower energy region (2.1-3.66 eV), increasing alntioearly with the increasing energy. As shownfigure 4b
[22].
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Figure. 4b. band gap of without and with surfactam TiO ,and Ag-TiO,thin films

Films Thickness (nm Band gap(eY)Band gap(eV)
With Without With Without
surfactant surfactant| surfactant surfactant

Ag-TiO, | 148.5 122.5 3.7 3.68

TiO, 130 100 3.6 3.58

3.4.Photocatalytic activities:

Figure 6a,6b shows photo-catalytic activities af 800 C calcinated Ti@films and Ag-TiQ films prepared by
surfactant and without surfactant, which exists tha@ry small percentage of methylene blue decoepas the
absence of Ti@films and Ag-TiQ films. It is seen that about 51% of methylene bkss decomposed after UV
illumination for 2.5 h in the case of without swfant TiG films, whereas 77% methylene blue was decomposed
after 2.5 h for the PEG-2000 Tidilms. Due to the low aggregation could be expddimy steric hindrance because
the dispersant kept the sol particles separatdtersolution due to polymeric dispersant as longjrcimolecule
[18]. Thereby it can be asserted that PEG 2000 wouttidobest surfactant for preparing uniform nanopkesiand
high crystallinity was observed [16] this as shawrSEM and XRD. For The possibility reason forrigsing the
photocatalytic activity due to, Tiions are formed during calcination as a resuthefreduction of T to Ti** by
organic residues such as alcohol and unhydroly#easkide group. Organic residuals draw oxygen atdrom
surrounding Ti@ network. Tt ions on the surface of the Tidllms may trap the photogenerated electrons, which
are transferred from Ti surface states to.(adsorbed on active sites of*'Ti This results in the reduction of
recombination of Photogenerated electrons and hdles formation of a larger amount of*Tions contributes
largely to the enhancement of the photoactivitytied TiO, films [21]. Therefore surfactant PEG-2000 %iO
nanofilms shows good photocatalytic activity theithaut surfactant Ti@ nanofilms due to it exist both *Fiions
and more surface active sites then without sunfadteD, films.

Silver nanoparticals plays important role for thepdsited TiQ surface could act as electron—hole separatiorecent
[22—-24]. The photo-generated electrons were tramsfdrom the Ti@conduction band to metallic silver particles
on the surface of Ti© This process was thermodynamically possible bexdlie Fermi level of TiOwas higher
than that of silver metals [25]. The Schottky barrsivas formed at the Ag—Ty@ontact region, which improved the
charge separation and thus retarded the recomininafithe photo-generated electrons and photo-getholes.
The photo-generated electrons accumulated on tifaceuof Ag had good fluidity and could be trans#drto
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oxygen molecules, which were adsorbed on the surdéAg. As shown in Figure.5 the oxygen molecudesld
easily obtain the electrons to formy®, HO,, and Q [26]. These active species significantly promotee t
photocatalytic oxidation process. Furthermore htbies were accumulated at the valence band. Ther watlecules
adsorbed on the surface of Bi€ould interact with the holes, leading to the maitbn of surface hydroxyl radical
‘OH, which was responsible for the oxidation decositmn of MB. About 74.5% percentage of methylerigeb
decompose in the absence of surfactant Ag-Tilths were as 64 % of methylene blue decomposéet &fV
illumination for 2.5 h by using PEG-2000 surfad¢tag-TiO, films due to the surfactant films are more porand
more active surface area which deposits excess mnmafusilver nanoparticles then without surfactdits,

therefore photocatalytic activity decreases that shrfactant Ag-Ti@ films will also act as a trapping site by
accepting the photo excited electrons from the, M&ence band.
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Figure 5.Photocatalytic mechanism of Ag-TiQfilm
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Figure 6(a) Photocatalytic degradation of methylendlue using without surfactant TiO, and Ag-TiO,thin
films 6(b) PEG-2000 surfactant TiQ and Ag-TiO,thin films

CONCLUSION

In this work, anatase TiQhin films were prepared with surfactant and withsurfactant sol-gel spin coating
method. Both Ag-doped Tilfilms prepared from simple glycol reduction by noiwave irradiation technique. The
deposited silver nano composites were confirmedXBY pattern and % composition were analysed by EDX
spectra’s. For surfactants Ag-Ti®amples demonstrate lower photocatalytic actithign without surfactant films
due to excess of silver content i.e. will also ata trapping site by accepting the photo excitectrens from the
TiO, valence band. Were as in comparison with surfacté@, films photocatalytic activity increases due to
dispersant, low agglomeration and specific actiteson catalyst surface then without surfacta@, Tilms.
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