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Photocatalytic Performances of DiP-coateD ag DoPeD tio2 thin films

in this study, dip coating technique is used to deposit titanium dioxide (tio2) and silver (Ag)–doped–tio2 nanocomposite 
thin films on glass substrates. the obtained films are typified using different characterization techniques such as X-ray diffraction 
(XrD), and uV–Vis-nir spectroscopy. films are also tested for environmental applications related to color degradation (methylene 
blue). the XrD analysis confirms that the prepared nanostructures are the anatase phase of titania. the crystal sizes of annealed 
Ag–tio2 as well as tio2 thin films have been summarized across the XrD pattern and are approximately 29±1 and 23±1 nm, 
respectively. Additionally, the energy bandgaps of the photocatalysts (Pure–tio2 and Ag–tio2) are found to be around 3.3 and 
3.02 eV, respectively. the photocatalytic activity of tio2 and Ag-doped tio2 nanocomposite thin films is tested in the same initial 
concentrations of methylene blue in water (3×10−5 M). the photodegradation behavior of Ag–tio2 (3% by weight) shows a good 
improvement against pure tio2 for the concentrations of methylene blue in the pseudo-first order langmuir-hinshelwood (lh) 
model of the kinetics reaction. the global pseudo-first order reaction constant, k, for these concentrations goes from less than 
1.4×10−3 min−1 for tio2 films to 5.4×10−3 min−1 for Ag–tio2 films. this improvement is due to the incorporation of Ag, which 
increases the lifetime of the electrons and the separated holes, that decreases the rate of recombination (electron-hole) and which also 
generates reactive oxygen species. these features open the route to future applications for photocatalytic wastewater treatment and 
environmental remediation under solar irradiation.
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1. introduction

in the last years, the contamination of water and air by 
chemical pollutants has been growing rapidly. several studies 
are carried out to use semiconductor photocatalysis to remove 
these pollutants [1-10]. Photocatalysis can be divided into two 
categories; non-photochemical and photochemical [11-15]. the 
photocatalysis process can produce potent chemical oxidants 
known as reactive oxygen species (ros) [16], subsequently 
speeding up the oxidation of pollutants. the photocatalysis 
process that uses various solid semiconductors is a heteroge-
neous process that has many good advantages as a low-cost, 
high efficiency, low energy consumption and environmentally 
friendly [17,18]. Generally, semiconductors included tio2, 
Wo3, Cds, Ceo2, Zno, fe2o3, sno2, Moo3, Zro2, and Zns are 

chosen as photocatalysts as a result of their narrow band gap and 
distinguished electronic configuration [19-35]. 

tio2 has a significant importance between all metal oxides 
which is developed for photocatalysis applications as it has 
received great attention due to its chemical stability and high 
reactivity under uV light rays (λ < 390 nm) [20,25,29]. recently, 
studies have shown that tio2 nanostructures are more effective 
such as nanoparticles, thin films [20,25,29,36], and nanofibers 
[37]. unfortunately, due to the wide gap of tio2 (3.2 eV), it can 
only be applied in the ultraviolet region of the solar spectrum 
which accounts for 5% of solar energy while visible light con-
stitutes 45% of solar energy [20,25,38-39]. the efficiency of 
tio2 can be enhanced by alteration of surface, as there are many 
ways to modify the surface of titanium dioxide among which 
dye sensitization [40], coupled semiconductor systems [41], 
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inclusion of nonmetal ions, as well as impurity doping of tio2 
with transition metal ions and noble metal ion [42]. 

the efficiency of photocatalysis can be enhanced by 
depositing some noble metals such as Ag, Pt, Au, Pd on the 
tio2 surface in various ways including trapping electrons thus 
preventing the formation of e/h pairs and enhancing the elec-
tron hole [43-47]. Ag has many characteristics that distinguish 
it from other noble elements such as high efficiency and low 
price compared to other noble metals in addition to antimicrobial 
properties [48], and high oxygen adsorption reactivity [49]. for 
these reasons a considerable interest is given to Ag metal doping 
of tio2 thin films. 

in this work, silver was selected to modify the tio2 surface 
as a photocatalyst in thin film form and select Methylene blue 
as pollutant in aqueous solutions. there are several advantages 
for the use of silver modified tio2 as a photocatalyst [50,51], 
but some disadvantages are also pointed out [52]. there are 
many researches are performed on photocatalytic activity of 
tio2 and some on the removing of methylene blue [53], but 
there are a limited number of researches on the combination of 
silver modified tio2 and Methylene blue. Methylene blue is well 
known to be a widely used as an organic toxic dye in a range 
of different fields, which can cause environmental contamina-
tions to harm environment and human health [35]. therefore, 
any novel developments in the methods of degrading Methylene 
blue are very important. 

in the recent years, many methods have been developed for 
processing tio2 thin films among them electron beam evapora-
tion [54], chemical vapor deposition [55], spin coating technique 
[56-59], atmospheric pressure chemical vapor deposition [60] 
and sol-gel method [21-24,61,62]. the sol-gel dip-coating pro-
cess is particularly suitable for the preparation of vitreous or 
polycrystalline films that need excellent homogeneity, purity, 
and uniformity on any substrate types [58,59]. in this research, 
pure tio2 and Ag−doped TiO2 transparent thin films supported 
on a glass substrate are prepared using the dip coating method. 
the activity properties of the photocatalyst before and after 
surface modification with metallic Ag for the degradation of 
methylene blue are examined. titanium dioxide is presented as 
a thin film, and its efficiency as a uV photocatalytic is tested. 
titania efficiency as a photocatalytic is studied and the efficiency 
results of the samples are compared.

2. methods

2.1. materials and devices

for this work, all the employed chemicals are of analyti-
cal reagent grade and used without further purification. the dip 
coating method is used for the preparation of tio2−based sol-gel 
solutions. the list of different chemical materials utilized for this 
method with their properties are listed in tAblE 1.

tAblE 1

the chemical materials and solvents utilized  
for synthesis of pure−TiO2

chemicals formula molecular 
Weight (g/mol)

Density 
(kg/m3)

titanium isopropoxide C12h28o4ti 284.22 960
isopropanol C3h8o 60.10 790
acetic acid C2h4o2 60.05 1049
methanol Ch4o 32.04 792

silver nitrate Agno3 169.87 4350
Deionised water h2o 18.015 1000
methylene blue C16h18Cln3s 319.85 1757

for the sample preparation, hitter stirrer (sh2), a controlled 
temperature, Dip coater (ni–lo–Dip cotter), a controlled speed 
(speed up and speed down at 99.99 mm/min max), ultrasonic 
(Digital ultrasonic cleaner), and an infrared light lamp (300 W) 
with voltage 220 V were used.

2.2. Preparation of Pure and ag doped tio2 solution

the materials (beakers- graduated cylinder- graduated 
pipette) were successively immersed into ultrasonic of acetone 
(100 ml), isopropanol (100 ml), methanol (100 ml) and deionised 
water (100 ml) for cleaning, and each for 20 min. the method 
utilized in this study follows the one utilized in the reference 76. 
the solution of pure tio2 was prepared according to following 
steps [61]:
– 3.2 ml titanium isopropoxide was poured into beaker.
– 9.3 ml isopropanol was added drop by drop to titanium 

isopropoxide by graduated pipette.
– the solution was left under closed agitation under heating 

at 62°C for 10 min.
– 10.3 ml acetic acid was poured to the solution by gradu-

ated pipette under closed agitation under heating at 62°C 
for 15 min. We note the solution was changed to gel with 
white color after 13 munities through this step.

– 24 ml methanol was added to the solution by graduated 
pipette under closed agitation under heating at 62°C for 
15 min. We note that the solution color was changed to 
white color after methanol was added to the solution.

– the solution was left under closed agitation for 2 h.
– the solution was left under closed under room temperature 

for 24 h.
two solutions were prepared for the preparation of the 

solution Ag-doped tio2. the first included 1 mol of titanium 
isopropoxide, 2 mol of glacial acetic acid and 2 mol of isopro-
panol under heating at 62°C for 15 min under closed agitation. 
the second has consisted of silver nitrate (3% from its molecular 
weight) was dissolved it in a 1 mol of methanol, 2 mol of glacial 
acetic acid and 2 mol of isopropanol. the second solution was 
added to the first solution by graduated pipette under closed 
agitation. the solution was left under closed agitation for 2 h 
then was left it under closed under room temperature for 24 h.
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2.3. Preparation of samples for Photocatalysis

Glass plate’s substrates with dimensions of (20×100 mm) 
were used to prepare samples for photocatalysis process. the 
glass plate substrates are cleaned by ultrasonic baths. firstly, 
the substrates were successively immersed into ultrasonic baths 
of (acetone, isopropanol, methanol, and Deionized water) for 
20 min each, after that they were dried by nitrogen gas for 1 min 
and finally, they were also dried by infrared lamp for 10 min. the 
tio2 films are deposited on the glass substrates using the dip-
coating technique. the glass substrate was immersed in the tio2 
sol-gel, and then left in the solution for 5 s to end the substratum 
long contact time with the coating solution for full wetting. the 
substrate was then withdrawn vertically at a constant speed of 
2 mm/s (fig. 1). infrared light lamp (300 W with voltage 220 V) 
dried the coated sample for 2 min. to get the required thickness, 
the above steps were repeated several times. the coated surface 
area was 2×2 cm. the coated samples with pure tio2 and Ag-
doped tio2 solution and deposited on glass substrates underwent 
annealing process at 400°C for 60 min in the air. the annealing 
cycles were chosen to obtain the dominant photo-catalytic films 
needed for the anatase process. the temperature was ramped up 
5°C/min, then held constant at 400°C for an hour, and finally 
ramped down 5°C/min. typical heating and cooling cycles are 
done by a furnace (nEytECh Qex). such samples were placed 
in a clean, cool, and dry container and used in aqueous solution 
as photocatalysts for photodegradation of Methylene blue (Mb).

2.4. Photocatalytic Degradation of methylene Blue (mB)

the photocatalytic reactor system consists of a glass reactor 
beaker with an effective volume of 200 ml. Photo-irradiation 
was performed using a uV lamp pattern (uVGl–58 MinEr 
AliGht lamp) mounted outside the core reactor vessel. the 
hand lamp contains 6 watt tubes that provide high intensity, 
long wave or short wave ultraviolet light. typical intensities 
for shortwave are 1300 µW/cm² at 7.62 cm; for long waves: 
350 µW/cm² at 15.24 cm. the unit has an on/off push button 

switch for each tube and a sturdy, convenient handle. the case is 
made from sturdy plastic. the lamp can be used with the 19-1943 
stand or the 17-1725 Chromato-Vue cabinet. the dimensions are 
(37.46×8.89×6.66) cm for operation on 115 volts, 60 hz, AC. 
the gap from thin films to the light source was 12 cm. the sys-
tem also consists of oxygen gas which pumped at a slow flow 
rate in the bottom of the reactor to obtain oxygen uniformly 
distribution into the solution. thin films of titanium were placed 
vertically inside the solution so that they face the light source 
to obtain high illuminated area of the photocatalyst surface. 
solution of methylene blue with a concentration of 10 ppm 
were obtained by following way: 0.002 g from methylene blue 
powder was obtained by digital weighing balance, then it was 
mixed with 100 ml of distilled water and then 20 ml from solu-
tion of methylene blue were obtained and mixed with 200 ml of 
distilled water. finally, the concentration of methylene blue was 
3×10−5 M in the solution.3ml of the solution was obtained before 
irradiation to measure optical absorption which was recorded as 
a 0-s absorption (initial concentration). the solution is irradi-
ated under ultraviolet for three hours. the degradation reaction 
is closely monitored by calculating uV absorption spectra for 
pure tio2 thin film every hour and for Ag-doped tio2 every 
30 min. the mechanism of photocatalysis for the disintegration 
of Mb using Ag/tio2 nanocomposites was described through 
the following equations:

 Ag – tio2 + hv → Ag – TiO2(CBe–) +
 + Ag – tio2(VBh+) (1)

 ti3+ → Ti4+ + e– (2)

 h+ + h2O → OH• (3)

 e– + Ag → Ag– (4)

 Ag– + o2 → •o2
– (5)

 •o2
– + e– + 2h+ → H2o2 (6)

 •h2o2 + e– → OH• + –oh (7)

 MB /MB• + oh• → Dgradation products (8)

fig. 1. tio2 thin film deposition process (a) and obtained thin film on glass substrates (b)
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the free radical trapping experiments indicate that the 
photogenerated h+ and •o2

– are the two main active substances 
for photocatalytic degradation. it is concluded that the most 
important radicals to degrade Mb solution are ranked as follows: 

 h+ > •o2
– > e− > oh•.

2.5. characterization technique

synthesized samples were characterized by X-ray diffrac-
tion (XrD), the optical absorption was examined with a uV-Vis 
spectrometer (uV-Vis, jasco j-815).

3. results and discussion

3.1. XrD characterization of Pure  
and ag-doped tio2 thin films

XrD spectra were used to examine the fabricated tio2 
phase configuration and Ag doped tio2 photocatalyst. fig. 2a, 
b displays the XrD spectra for the produced tio2 thin film with 
Ag−TiO2 photocatalysts and after deposited onto glass slides 
by Dip Coating system – (ni – lo – Dip coater) and annealed 
at 400°C in air atmosphere. As shown in fig. 2a, b, the anatase 
phase appears in the pure tio2 and the doped one appears in 
thin film form. observing clearly, the anatase crystalline phases 
having almost similar peaks which are marked on the XrD pat-
tern. Anatase (jCPDs Card no. 21-1272) peaks are depicted with 
2θ angles of 25.2°, 36.1°, 48.1°, 54.2°, and 62.4° which are re-
lated to the Miller indices of (101), (004), (200), and (211), (204) 
on the crystal planes accordingly [63-65]. it indicates that the 

Ag incorporation hardly alter the Ag−TiO2 photocatalyst crystal 
structure. the Ag peaks cannot be distinguished clearly from the 
tio2 peaks. reasons can be better ascribed to a well and proper 
spreading of the Ag particles in the thin film matrix of tio2, it is 
likely that the metal oxide atoms are not well dispersed in the 
top layer. The crystalline sizes of annealed  Ag−TiO2, as well as 
the tio2 thin films, are summed up through the XrD pattern by 
applying scherer equation [49] which are 29±1 and 23±1 nm 
respectively and these values are obtained from the peak (101).

3.2. UV-Vis Absorption Spectra in Pure−TiO2,  
and Ag−TiO2 films

to monitor the effect of Ag incorporating onto the tio2 thin 
films photocatalysts, fig. 3 shows uV-vis absorption spectra in 
pure−TiO2, and Ag−TiO2 films supported on slides glass around 
the bounds of 300 to 600 nm as the active substance. the  uV-vis 
absorption spectra reveal that the Ag−TiO2 photocatalyst absorp-
tion edges are properly expanded to the visible region. Also, 
Ag−TiO2 films absorbance is moderately moved to the visible 
region when compared to the pure−TiO2 photocatalyst. the vis-
ible region absorption movement is adduced to the surface plas-
mon reaction of Ag nanoparticles over the pure−TiO2 thin films.

the following equation was used to determine the band 
gaps of the composite films [44,46,66-69]:

 (αhv)2 = A(hv – Eg) (9)

where α, h, Eg, A, and ν, are the absorption coefficient, Planck 
constant, proportionality constant, bandgap, and incident light 
frequency, respectively. the plot of (αhν)2 vs photon energy (hν) 
observed in fig. 4b is used to analyze the energy band gaps of the 

fig. 2. X-ray diffraction patterns for (a) pure tio2 thin film, (b) Ag−TiO2 photocatalysts annealed up 400°C within 1h in air atmosphere, (c) 
combined and indexed graphs and (d) nanocrystallite size
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Pure-tio2, and Ag–tio2 photocatalysts. the pristine tio2 pho-
tocatalyst has a band gap of around 3.3 eV, while the band gap 
of Ag−TiO2 photocatalyst is 3.02 eV. Furthermore, the pure−TiO2 
and Ag−TiO2 photocatalysts valence band (VB) and conduction 
band (CB) are assessed using the following equation [70, 71]:

 ECB = χ – 0.5Eg, EVB = ECB + Eg (10)

While χ represents the semiconductor’s absolute electronegati-
vity, with the χ value of tio2 being 5.9 eV [72]. Ee is the free 
electrons energy using the hydrogen scale (about 4.5 eV). the 
ECB and EVB for tio2 and Ag−TiO2 were measured as –0.25, 
+3.05, –0.11, and 2.91 eV, consecutively.

3.3. analysis of mB solution UV-vis absorption Using  
the Pure tio2 and ag-Doped tio2 thin film

fig. 4 shows the methylene blue (Mb) solution optical 
absorption spectra, photo degradation by pure−TiO2 thin film, 
which was annealed at 400°C, a key factor of time irradiation. 
Clearly, the absorption spectra revealed a dual-peak characteristic 
at 664 and 615 nm, corresponding to monomers and dimers, con-
secutively [44,46,73]. During irradiation, owing to hypochromic 
effect [71,74] at 664 nm the peak developed a progressively blue 
shift into shorter wavelength (fig. 5) which indicates the photo 
degradation of Mb. nonetheless, the concentration of Mb solu-
tion quite does not change for all measurement in the presence 
of tio2 film at dark conditions. As shown, dye concentration 
progressively reduces with the photo-reaction time. Despite after 
120 min of reaction time, there is no observation of the photo-
catalysts deactivation. tAblE 2 shows the Mb degradation. the 
apex degradation of Mb solution is observed at 83.4% after 8 h 
which has some amount of the pure−TiO2 film annealed at 400°C. 
fig. 5 shows the methylene blue (Mb) solution optical absorption 
spectra, photo degradation by the Ag−TiO2 thin film which was 
annealed at 400°C for 1 h as a key factor of the uV irradiation 
time. the reaction rate for Ag–tio2 films has been observed to 
significantly increase. A clear decrease in the absorbance from 
the concentration of 3×10−5 M at zero time to 1.6×10−5 M after 
two hours. tAblE 3 shows the Mb degradation. the apex deg-
radation of Mb solution is observed at 86.9% after 4 h which has 
some amount Ag−TiO2 thin film annealed at 400°C.

fig. 4. the optical absorption of Methylene blue (Mb) after the pho-
tocatalysis process for different exposure times by use tio2 thin films

tAblE 2

the degradation Mb showing first-order rate constants (k) and the Ct 
concentration of methylene blue (Mb) at t time for tio2 thin films

no. time (t ) 
(min) Ct (m) Kapp 

(min–1) D (%) Ct /C0 ln(Ct /C0)

1 0 3×10−5 — 0% 1.0 0
2 60 2.9×10−5 6.3×10−4 7% 0.97 –0.03
3 120 2.6×10−5 1×10−3 16% 0.87 –0.14
4 180 2.33×10−5 1.2×10−3 25.3% 0.77 –0.26
5 240 2×10−5 1.5×10−3 34.3% 0.67 –0.40
6 300 1.66×10−5 1.8×10−3 53.2% 0.55 –0.60
7 360 1.36×10−5 1.9×10−3 56.4% 0.45 –0.80
8 420 9.6×10−6 2.5×10−3 69.3% 0.32 –1.14
9 480 5.2×10−6 3.3×10−3 83.4% 0.17 –1.80

fig. 5. the optical absorption of Methylene blue (Mb) after the photo-
catalysis process for different exposure times by use Ag−TiO2 thin films

Fig. 3. uV-vis absorption and Tauc plots of (a) pristine Pure−TiO2, and (b) Ag−TiO2 photocatalysts composite films
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tAblE 3
the degradation Mb showing first-order rate constants (K)  
and the Ct concentration of methylene blue (Mb) at t time  

for Ag−TiO2 thin films

no. time 
(min) Ct (m) Kapp 

(min–1) D (%) Ct /C0 ln(Ct /C0)

1 0 3×10−5 — 0 1 0.00
2 30 2.64×10−5 5.6×10−3 15.5% 0.88 –0.13
3 60 2.3×10−5 5.1×10−3 26.5% 0.76 –0.27
4 90 2×10−5 5×10−3 36% 0.67 –0.40
5 120 1.63×10−5 5.6×10−3 48.8% 0.53 –0.64
6 150 1.34×10−5 5.6×10−3 57% 0.45 –0.80
7 180 9.3×10−6 6.7×10−3 70.2% 0.31 –1.20
8 210 7.4×10−6 6.9×10−3 76.3% 0.25 –1.40
9 240 4.1×10−6 8.5×10−3 86.9% 0.13 –2.04

fig. 6 shows the Ct /C0 (methylene blue) as a function of 
time under uV irradiation, with the inclusion of pure−TiO2 and 
Ag−TiO2 thin films within 30-480 min. similar profile to the 
characteristics was seen in fig. 6 for different dyes photocatalytic 
degradation; earlier literatures showed that the degradation rates 
of photocatalyst of textile dyes in heterogeneous photocata-
lytic oxidation systems under uV light illumination followed 
langmuir-hinshelwood (l-h); the langmuir-hinshelwood 
expression which analyzes the kinetics of heterogeneous catalytic 
systems is depicted by [75,76]:

 

 
 1

tk K CdCr
dt K C

  


 (11)

Where r is the mineralization of dye rate, kt is the rate constant, 
C is the concentration of methylene blue, and K is the coefficient 
of adsorption. the equation (1) can be solved succinctly for (t ) 
via making some changes in [Mb] at the initial concentration 
to a zero benchmark point as follows:

 t
dC k K
dt

   (12)

integration of (1):

    0 appk tC C e  (13)
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Where (t) represents time in minutes, kapp (kt K) is the apparent 
reaction rate constant (min−1), and Ct is the Mb of concentra-
tion at each time. (l-h) kinetics equation which commonly is 
applied in explaining the kinetic processes of the heterogeneous 
catalyst; a pseudo-first-order kinetic model presumption was in 
several literatures used in explaining the outcomes of the various 
condition of the experiment [77]. fig. 6 depicts a little decrease 
in the concentration of Mb (about 16%), when subjected to uV 
radiation for 2 h using tio2 pure thin films. these are anticipated 
results because tio2 thin films are highly active photo-catalyst 
using this type of radiation. A typical behavior is visible for tio2 
owing to its wide band gap [78].

Fig. 7 displays how Ag−TiO2 thin films exhibit a vital rise 
in the photocatalytic activity, where the concentration of Mb is 
decreased (about 49%), when it was subjected to uV radiation 
for 2 h. these results can be attributed to silver aggregates that 
can accumulate charges on the surface of tio2 as well as to ac-
cepting of electrons within the semiconductor.

While electrons accumulation can decrease the carrier’s 
recombination, and expanding the generation of reactive oxygen 
types and apart from the possibility of changes on the Ag doped 
on tio2 and a combined oscillation can be produced, termed 
as (sPr) localized surface Plasmon resonance [79]. other 
studies have shown that the oscillation of the electrons in the 
conduction band of silver particles is collective, and this suggests 
the possibility of the increase in photocatalytic activity due to 
the relationship between the semiconductor and the metal [80]. 
Pseudo-first-order model is used in the data kinetics of fig. 7. 

it is important to note that the slope is obtained from of the 
linear fitting of ln Ct /C0 vs (t) values for each test. Ag−TiO2 thin 
films have a kapp value of 5.4×10−3 min−1; this value is 4 times 
greater than the kapp value 1.4×10−3 min−1 of tio2 thin films. 
from the kapp values obtained it is concluded that the photo 
reduction method is productive which demonstrated that this 
process could be applied as a substitute in enhancing the photo-
catalytic activity of tio2 using uV light irradiation. tAblE 4 

fig. 6. a) (Ct /C0) vs (t ) using uV light irradiation, as (Ct ) depicts the concentration time in Mb and (C0) is the initial concentration and b) the 
degradation of Mb using tio2 thin film
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shows the advantages of this work over other works and gives 
a comparison of the degradation efficiency of some types of 
catalysts [81] as a function of photocatalytic activity [82] under 
different light sources [83,84]. based on the above experimental 
results, we have highlighted the thin film type of catalyst as a 
clean and controllable synthesis process that cannot dissolve in 
the used waters.

4. conclusion

Pure tio2 and Ag−doped TiO2 thin film photocatalysts 
are successfully manufactured by dip coating method and films 
were deposited on glass substrates and annealed at calcination 
temperature of 400°C. XrD analysis shows that the prepared 
nanostructures are crystallize and they have the anatase-like 
structure. The crystal sizes of the annealed Ag−TiO2 and the 
tio2 thin films are summarized through the XrD pattern 
as 29±1 and 23±1 nm for tio2 and Ag−TiO2, respectively. 
this grain size leads to a large active surface area for organic 
molecules which render more adsorption sites, and therefore 
maximized photodegradation. Ag-doped tio2 sol-gel films 
showed improved photodegradation activities at low concen-
trations of methylene blue (3×10–5 M) in aqueous solutions 
compared to pure tio2 sol-gel films. the reaction kinetics 

followed a first order and half order langmuir-hinshelwood 
model for methylene blue (Mb) concentrations of (3×10−5 M). 
for these concentrations, the global pseudo-first order reaction 
constant kapp goes from less than 1.4×10−3 min−1 for tio2 films 
to 5.4×10−3 min−1 for those of Ag−TiO2. this means that the 
Ag−TiO2 thin films had a kapp value which is 4 times higher 
than that of the tio2 thin films. the increased activity is due to 
the role of the incorporation of Ag in the formation of reactive 
oxygen species. the energy bandgap of the pure tio2 photo-
catalyst is about 3.3 eV, while that of the Ag−TiO2 photocatalyst  
is 3.02 eV.
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