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Abstract- Present work shows the comparative study of bare 

and metal loaded TiO2 nanoparticles of different phase 

(anatase and rutile) for the photodegradation of methylene 

blue dye under visible light irradiation. Anatase TiO2 

nanoparticles were prepared by sol gel method and rutile 

TiO2 nanoparticles were prepared by calcining P25- TiO2 

at 800 
0
C for 2 hours in a muffle furnace. Different weight 

percent (0.2- 1 wt%) of silver metal were loaded over the 

prepared TiO2 catalyst by wet impregnation-reduction 

method. The Photodegradation of methylene blue dye (20 

mL, 0.01 mM) was carried out by using TiO2 nanoparticles 

(20 mg) and metal loaded TiO2 nanoparticles under visible 

light irradiation. Bare anatase TiO2 was found to be 

inactive for the photodegradation of dye under the visible 

light. However, silver loaded anatase TiO2 nanoparticles 

degraded methylene blue dye under the visible light 

efficiently. 0.5 wt% silver loaded anatase TiO2 degraded 

the dye within 45 minutes. Bare rutile TiO2 also found to 

be almost inactive for methylene blue degradation under 

visible light irradiation. However, 0.5 wt% silver loaded 

rutile TiO2 degraded the dye within 25 minutes. 

Interestingly 0.5 wt% silver loaded rutile degraded the dye 

in just 5 minutes under sunlight irradiation. The results 

show that the silver metal loaded rutile TiO2 nanoparticles 

are more active for the dye degradation under visible light 

irradiation as compared to their anatase counterparts.  

 

Keywords—Metal Loaded Nanoparticles, Dye Degradation, 

Photo-degradation, Photo-oxidation 
 

I. INTRODUCTION 

In the recent year lots of research has been carried out to use 

the semiconductor nanoparticles in the various chemical and 

physical processes, amongst which TiO2 gained much 

attention due to its chemical inertness, low cost, non-toxicity, 

easy availability and it shows excellent photocatalytic activity 

in the field of environmental applications. The mechanism of 

TiO2 involves the generation of electrons (e
-
) in the TiO2 

conduction band and the positive holes (h
+
) the in valence 

band upon photoirradiation with light energy greater than or 

equal to its band gap energy. The photoexcited electrons (e
-
) 

induce reduction and the positive holes (h
+
) can carry out 

oxidation of the chemical substances adsorbed [1-5] on the 

surface of the photocatalyst and convert the photonic energy 

into chemical energy. 

In nature TiO2 exist in three common polymorphs namely 

rutile, anatase and brookite. Anatase is having energy 

difference to that of rutile (~2 to 10 kJ/mol). Rutile polymorph 

is stable and the other two are the metastable forms which can 

be converted to the rutile form at higher temperature [6]. 

Rutile has a body-centred tetragonal unit cell, with unit cell 

parameters a=b=4.584 Å, and c=2.953 Å. The band gap 

energy of rutile is Eg=3.00 eV which play an important role in 

the photocatalytic processes. More over rutile has the highest 

refractive indices, birefringence and dispersion properties 

owing to which it is used in the manufacture of optical 

elements. The third polymorph of TiO2 is brookite whose 

structure is built up of distorted octahedral is of less 

importance for all the processes discussed above because it is 

unstable [7-8] 

Sl.

no 

Properties Rutile  Anatase Brookite 

1 Crystal structure Tetragonal tetragonal orthorhombi

c 

2 Band gap energy 3.00eV 3.13eV 3.21eV 

3 Lattice 

constant(Å)  

a = 4.5936 

c =2.9587 

a = 3.784 

c = 9.515 

a = 9.184 

b = 5.447 

 c = 5.154 

4 Density (g cm–3) 4.13 3.79 3.99 
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5 O–Ti–O bond 

angle 

81.2°-90.0° 77.7° - 

92.6°   

77.0°–105°                  

7 Volume/ molecule 

(Å3) 

31.2160 34.061 32.172 

 

Table 1:Comparison amongst different polymorphs of TiO2 

Among all the three polymorphs of TiO2, anatase structure is 

preferred over other polymorphs for environmental processes 

such as deodorization, water purification, air purification, 

sterilization, solar cell applications and photocatalysis 

reactions because of its higher electron mobility, low dielectric 

constant and lower density. However, recently rutile TiO2 has 

been found to be more selective for photocatalytic oxidation. 

It has been found that rutile titania is more selective for the 

oxidation of benzyl alcohol and 4-methoxy benzyl alcohol into 

corresponding aldehydes [9-12] and the experiment pointed 

the primary influence of crystallinity of rutile titania on the 

selectivity. 

The photocatalytic activity of TiO2 can be further improved by 

metal loading. The role of loaded metal is trapping and 

subsequent transfer of photoexcited electron onto 

photocatalyst surface and decreasing the recombination of 

hole-electron pairs. It is reported that monocrystalline TiO2 

codoped with optimal concentrations of Eu
3+ 

and Fe
3+ 

(1% 

Fe
3+ 

and 0.5% Eu
3+)

 showed significantly enhanced 

photocatalytic activity compared to undoped TiO2. Fe
3+ 

serves 

as a hole trap and Eu
3+ 

as an electron trap, increasing the rates 

of anodic and cathodic processes via improved interfacial 

charge transfer. [13]. (Cu, N)-codoped TiO2 nanoparticles was 

prepared and investigated the influence of the amounts of Cu 

and N codoped into TiO2 on the photocatalytic activity. 

Codoping of TiO2 with N and Cu extended absorption upto 

590 nm and gave higher photocatalytic activity than pure N- 

or Cu-doped TiO2for the photocatalytic degradation of xylenol 

orange, thus revealing a potential application in degrading 

organic pollutants.[14] 

A. DYE DEGRADATION 

The increase of population culminated the development of 

different industries to fulfil the needs of human kind. In many 

ways there is so much of negative environmental impacts by 

different industries amongst which the textile industry 

contributes at large. A total of 15% of the total world 

production of dyes is lost during the dyeing process and is 

released in textile effluents [15]. Textile dyes in wastewater 

are a concern not only because they are displeasing 

aesthetically but are linked to health hazards as well. It is 

therefore our responsibility to come up with different 

techniques to tackle the problem. The dye degradation process 

by TiO2 nanoparticle gained lots of interest because of its low 

cost, low toxicity, and easy availability. 

Amongst different purification processes, oxidative process is 

more promising because of destruction of chromophores 

thereby removing the color which is main undesirable factor 

for the water recycling. Photocatalyst, titania (TiO2) has so far 

been shown to be the most promising material used for both 

fundamental research and practical applications because of its 

high activity, good chemical inertness, safeness, nontoxicity, 

and low cost. However, pure TiO2 is only active under 

ultraviolet (UV) light irradiation (Eg = 3.2 eV), limiting its 

practical application in the visible region. Activation of TiO2 is 

achieved through the absorption of radiation of ultra band gap 

energy, resulting in the promotion of electrons from the 

valence band to the conduction band. This will create holes in 

the valence band. The holes can scavenge H2O and OH 

molecules on the surface of the nanoparticle to form OH• 

radicals. The OH• radicals are highly oxidizing, attacking any 

organic compounds adsorbed onto the particle surface to form 

water and carbon dioxide.Electron hole recombination is 

major competitive deactivation process for this oxidation 

reaction [16]. During the advanced oxidation process the 

generation of OH
.
 radicals are considered to be the main 

oxidative species in UV/TiO2 process:  

Fig. 1. Generation of oxidative OH radical on TiO2 surface. 

TiO2+ hν → TiO2 (hvb
+ 

+ ecb
−

) 

H2O + hvb
+ 

→ HO
• 
+ H

+ 

hvb
+
+HO

−
→ HO

•  

O2+ecb
−

→ O2
•−

 

 O2
•− 

+ 2H
+ ⇔ 2HO2

•
 

The increase in the amount of catalyst increased the number of 

active sites on the photocatalytic surface, which in turn, 
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increased the number of hydroxyl and superoxide radicals, 

enhancing the photocatalytic activity. 

During the dye degradation processes: 

OH
. 
+ Dye = Dyeox 

Dye+ e
-
CB =Dyered 

II. EXPERIMENTAL 

A. MATERIALS 

Titanium tetrachloride (TiCl4), Sodium Borohydride (NaBH4), 

Silver Nitrate (AgNO3), Methylene blue dye (MB) and 

Degussa P-25 were purchased from the Image Chemicals and 

they were used without further purification. The deionized 

water was obtained from the Material Research Lab, Sharda 

University. 

 

       B. PREPARATION OF ANATASE TiO2 

 

The Anatase phase Titanium Dioxide nanoparticle (TiO2) was 

prepared using the sol-gel method [17]. Briefly 14 mL of 

Titanium Tetrachloride (99.9%) was added into the 140 mL 

abolute ethyl alcohol (99.9%). The reaction was carried out 

with the continuous stirring in the fume hood due to the 

generation of Cl2 and HCl gases at room temperature. The 

resulting yellow solution was allowed to rest and cool at room 

temperature as the gases evolved ceased. The obtained 

suspension was then dried at 80 
0
C in the oven for 12 h. Then 

it is crushed into a fine powder using a mortar and pestle and 

the powder.  

 

     C. PREPARATION OF CRYSTALLINE TiO2 

 

Further above prepared TiO2 was calcined at 800 
0
C for two 

hours and named as TiO2cryst. when it is calcined, it yielded the 

Anatase phase TiO2 but with the increased crystallinity.  

 

    D. PREPARATION OF RUTILE TiO2 

 

1 g of commercially available Degussa P-25 was taken in the 

silica crucible and calcined at 800 
0
C in the muffle furnace for 

2 h. After the thermal treatment, the powders were cooled 

down at room temperature and are stored in the moisture free 

containers and named as R-TiO2.    

 

   E. METAL LOADING OVER TiO2, TiO2cryst AND     R-

TiO2  
 

Different weight percentages of metal(Ag) were loaded over 

the TiO2, TiO2cryst and R-TiO2 via wet impregnation-reduction 

methods (Ag/ TiO2, Ag/ TiO2cryst and Ag/ R-TiO2), as there are 

regular dispersion of smaller metal particles and 

agglomeration doesn’t occur unlike photodeposition methods 

[18-19]. For the 1 wt%, 100 mg each of the catalysts were 

taken in the 100 mL beaker. Into the beaker, 5mL deionized 

water was added. Then 935 μL of  0.01 M AgNO3 was added. 

Under the constant stirring condition, 10 μL  of  Sodium 

borohydride (NaBH4) was added until the solution became 

brownish. Then it was constantly stirred for 48 h after which it 

was washed with deionized water for several times. Finally, it 

was rinsed with methanol or acetone and are dried in an oven 

at 50 
0
C until it became completely dry. The metal loaded 

samples displayed different color depending on the weight % 

of the metal loaded (Fig. 1). Then the metal loaded phases 

were obtained and stored in moisture free vials. In the same 

manner 0.2 wt %, 0.5 wt% were loaded on respective samples 

for the comparative studies.  
 

 

Fig. 2. Colors displayed by different catalysts upon metal 

loading.  

       F. CHARACTERIZATION TECHNIQUES 

The absorbance of TiO2, TiO2cryst and R-TiO2 were confirmed 

using UV-Visible Spectrophotometer (UV 1800) by Shimadzu 

Corporation. The wavelength of operation was 200 nm-800 

nm. Infrared Spectrometer (Cary 630 FTIR) by Agilent was 

used to confirm the presence of functional group and nature of 

bonding. The presence of the different phases of TiO2 and the 

particle size were confirmed by the X-Ray Diffractometer 

(Ultima IV) by Rigaku. The K-β filter, radiation operated at 40 

kV, 40 mV  and the scan speed/time  2
0 
per minute.  

 

  G. DEGRADATION OF MB BY METAL LOADED 

TiO2 

The photodegradation of MB was carried out comparatively 

for Bare TiO2, TiO2cryst, R-TiO2 and different wt% metal 

loaded catalysts. For each, 200mg of catalyst and 20 mL of 

0.0lmM MB were taken in the 100 mL beaker. For the first 20 
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mins the dye solution in the presence of catalyst was 

continuously stirred in the dark room to allow the adsorption 

of dyes on the catalyst surface and eventually reach the 

adsorption-desorption equilibrium [20]. Then visible light 

source (LED bulb, 17watt) was switched on to enhance the 

photodegradation processes and the degradation process was 

repeated at different time intervals. It was then centrifuged at 

9000rpm for 3 minutes and the solution was analyzed using 

the UV-Spectrophotometer. The visible reactor for the 

photodegradation process is as shown below; 

 

 
 

Fig. 3. Visible Reactor set up for Photodegradation process 

 

III. RESULTS AND DISCUSSION 

 

A. CHARACTERIZATION OF CATALYST 

 

The UV absorption spectra of TiO2 showed onset at around 

380 nm which corresponds to anatase phase as shown in Fig. 4  

The UV absorption spectra of TiO2 cryst shows a red shift in the 

spectra and its onset comes around 390 nm which is an 

indication of the conversion of some anatase phase into some 

rutile phase. 

 
 

Fig. 4. Absorption spectra of TiO2 and TiO2cryst 

 

FTIR results of the TiO2, TiO2cryst, R-TiO2 and Ag/R-TiO2 

showed an intense peak at around 520 cm
-1 

that corresponds to 

the Ti-O bond (Fig. 5). In the TiO2 sample there was broad and 

intense peak at around 3400 cm
-1

 and 3600 cm
-1

 which is 

attributed to the presence of OH group. The peaks that 

correspond to the OH group gradually disappeared when its 

calcined at 400 
0
C and for the R-TiO2 there was a complete 

absence. It was found that the metal loading over R-TiO2 

showed no effect. 

 

 
Fig. 5. Infrared Spectra of (a) TiO2, (b) TiO2 cryst (c) Ag/R-

TiO2, (d) R-TiO2 

 

XRD pattern of TiO2 showed strong diffraction peaks at 25.2°, 

37.8°, 47.9°, 54.0° and 62.6° (Fig. 6a) that corresponds to the 

standard peaks of Anatase phase TiO2. Further in (Fig. 6b) 

TiO2cryst XRD spectra shows highly intense peaks due to the 

increased crystallinity of TiO2 after calcination at 400 
0
C. 



                
                        International Journal of Engineering Applied Sciences and Technology, 2019    

                                           Vol. 4, Issue 3, ISSN No. 2455-2143, Pages 236-243 
                              Published Online July 2019 in IJEAST (http://www.ijeast.com)                                                                                                                                                                                                                                                                                                                                                                                                                    

 

                                                                                                          240 
 

Also, in addition to the characteristic peak of anatase TiO2 at 

25.2
0
, there is an introduction of rutile phase indicated by a 

small peak present at 27
0
 (Fig. 6d). XRD spectra of 1wt % 

silver loaded TiO2 is as indicated in Fig. 6c. When the silver is 

loaded over the TiO2, Ag2O phase was also found alongside 

the spectrum of the TiO2. 

 
 

Fig. 6. XRD pattern for (a)TiO2 (b)TiO2cryst (c)Ag/TiO2 (d)R-

TiO2. 

 

     B. DEGRADATION OF MB BY SILVER LOADED 

TiO2, TiO2cryst and R-TiO2. 

 

All the catalysts namely TiO2, TiO2cryst and R-TiO2 in their 

bare as well as metal loaded, were found to be inactive in the 

absence of light. This can be seen from the (Fig.7). The reason 

for its inactivity is due to no photo-excitation of electrons 

from the valence band to the conduction band and eventually 

no free radicals are generated. There is only adsorption-

desorption phenomenon and its equilibrium is maintained. 

 

The Photodegradation of MB with bare TiO2, Bare R-TiO2 and 

Bare TiO2cryst was found to be very negligible even if the time 

of degradation was increased up to an hour (Fig. 10). It can be 

accounted due to the large band gap energy (3.2 eV) of the 

TiO2 nanoparticles limiting its activity under the visible light 

but needs to be irradiated by the high energy UV light.  

The reason for loading metal over the titania was to shift the 

absorption edge in the visible region and to decrease the 

electron-hole recombination rate eventually increasing the 

quantum yield [21]. By doping any impurities over the titania 

increases the valence band edge thus lowering the band gap 

without lowering the conduction band [22].  

The photodegradation rate was found increase drastically 

when the different percentages of silver metals were loaded 

upon TiO2, R-TiO2 and TiO2cryst. The increased rate of dye 

degradation may be attributed to the Ag effectively capturing 

the photoinduced electrons. The metal particles act as a sink 

for the photogenerated electrons reducing the rate of their 

combination with the holes [23].  

Before the photodegradation of dyes using TiO2 nanoparticles 

the MB dyes were first allowed to get adsorbed over the 

catalysts. For this purpose, the dye was stirred at 500 rpm in 

the presence of catalyst in the dark. Fig. 8a shows the dark 

adsorption of TiO2cryst. It clearly shows the dyes getting 

adsorbed over the catalyst in within 60 minutes which on 

further stirring the desorption process happens. 

 

 
Fig. 7. Dark absorption of (a) TiO2cryst (b) TiO2 (c) R-TiO2 and 

(d) 1 wt% Ag/R-TiO2. 

 

(Fig. 8) shows the degradation of MB by 1 wt % Ag/TiO2. It 

was found that within 45 minutes of irradiation of visible light, 

the dye almost degraded but not completely yet. Fig. 8b shows 

the degradation of dye by 0.5 wt % Ag/TiO2 which showed 

that even after 60 minutes of the irradiation of visible light 

there is only a negligible amount of dye degraded. Further Fig. 

9c shows the degradation of MB by 0.2 wt % Ag/TiO2 which 

showed even more negligible degradation compared to the 

previous catalyst. Having loaded different percentages of 

silver over TiO2, 1 wt % Ag/TiO2 was found to be the better 

catalysts for the dye degradation compared to the other two. 
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Fig. 8. Dye degradation by (a)1wt % Ag/TiO2, (b) 0.5 wt 

%Ag/TiO2 and (c) 0.2 wt % Ag/TiO2. 

 

Fig. 10a shows the degradation of MB by the 1 wt % 

Ag/TiO2cryst. Within 30 minutes of irradiation under the visible 

light the dye was found to degrade to a large extent but not 

completely. But within 25 minutes of irradiation of visible 

light in the presence of 0.5 wt % Ag/TiO2cryst (Fig. 10b) the 

dye was found to degrade completely. Again when 0.2 wt % 

Ag/TiO2cryst (Fig. 10c) was used as a catalyst, there was only 

negligible degradation at 25 minutes of irradiation.  

Fig. 11a shows the degradation of MB by the 1wt % Ag/R-

TiO2. After the irradiation time of 20 minutes the dye almost 

degraded completely but the same concentration of dye was 

found to be degraded completely around 20 minutes by 0.5 wt 

% Ag/TiO2 (Figure 11b). Further when the rate of degradation 

was compared to that of 0.2 wt % Ag/ R-TiO2, Fig. 11c there 

was only negligible degradation at the same period of time.  

The above observations could be attributed to the dosage level 

as it plays as an important role in the enhancement of the 

effect of the noble metal. Below an optimum level, the loaded 

metal acts as an electron-hole separation centers which 

improve the charge separation and increase the efficiency of 

the modified TiO2 but in contrast when the dosage level 

exceeds the optimum level the loaded metal acts as an electron 

hole recombination centers as well as shades the 

photosensitive surface of TiO2 [24]. 

 
Fig. 9. Dye Degradation by (a)1wt % Ag/TiO2cryst, (b)0.5 wt % 

Ag/TiO2cryst and (c) 0.2 wt % Ag/TiO2cryst. 

 

 
Fig. 10. Dye Degradation by (a)1 wt % Ag/R-TiO2, (b)0.5 wt 

% Ag/R-TiO2 (b) and (c) 0.2 wt % Ag/R-TiO2.  

 

      C. DEGRADATION OF DYE IN SUNLIGHT 

 

The degradation of dye was also carried out not only in the 

Visible light irradiation but also in the sunlight. Surprisingly 

the rate of degradation of dye drastically increased Fig. 11. 

Figure 11a shows the degradation MB by 0.5wt % 

Ag/TiO2cryst. Interestingly, it was found that the complete dye 

degradation happened in just 5- 10 minutes which otherwise 

took around 25 minutes to degrade the same concentration of 

dye in visible light irradiation. Even 1 wt % Ag/TiO2 (Fig. 

14b) took just 25 minutes to completely degrade the dye 

which took more than 45 minutes to degrade the dye under 

visible light irradiation. The improved photocatalytic activity 

could be attributed to the increase of the intensity of light 

under which the photodegradation is carried out. 
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Fig. 10. Dye Degradation by Bare TiO2cryst 

 

 
 

Fig. 11. Degradation of dye by (a) 0.5 wt % Ag/R-TiO2 and 

(b) 0.5 wt % Ag/TiO2 in sunlight.  

 

 
Table 2. Photodegradation of MB by different catalysts. 

 

 
Fig. 12. Photocatalytic efficiency of different silver loaded 

catalysts. 

 

IV. CONCLUSION 

 

Anatase and Rutile phases of titanium dioxide nanoparticles 

namely TiO2, TiO2cryst and R-TiO2 were employed in their bare 

as well and silver loaded TiO2 nanoparticles for the 

degradation of MB. The Bare TiO2 nanoparticles did not the 

degradation of MB while the metal loaded form actively 

degraded the dye which was also dependent upon the 

percentages of metal loaded upon it. Out of the three forms 

taken Ag/R-TiO2 was most photocatalytically active in 

degradation of dye under visible and sunlight irradiation 

which further was dependent on different weight percentages 

of metal loaded over it (0.2 wt %, 0.5 wt %, 1wt %). 0.5wt % 

Ag/R-TiO2 effectively degraded the dye in 25 minutes under 

visible light irradiation. Even 1 wt % Ag/R-TiO2 showed the 

complete removal of MB in just 5 minutes. 
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