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Abstract 

 

Photocatalytic Degradation of Methylene Blue by Tin and Indium doped Sol-Gel 

Reflux Synthesized Titania 

 

Titania has been most widely used for photocatalytic  degradtion study of organic 

pollutants due to its cost effectiveness, inert nature and photo-stability. Titanium dioxide 

(TiO2) powder was synthesized via sol-gel refluxing using titanium tetraisopropoxide 

(TTIP) as precursor. TiO2 powder was doped with varying concentrations of tin and 

indium. Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM) 

analysis revealed the particle size between 12-22nm. X-ray diffraction (XRD) and 

Raman confirmed the formation of phase pure nanocrystalline anatase. Fourier transform 

infrared spectroscopy (FTIR) confirmed the presence of Ti-O-Ti bonding. Surface area 

analysis was done via Brunauer Emett Teller (BET) analysis. Finally UV-Vis 

spectroscopy was used for optical characterizations. Photocatalytic decomposition of 

methylene blue was investigated under ultraviolet irradiation for 8 hours. The higher 

photocatalytic decomposition of methylene blue solution was achieved with Tin doped 

titania than indium doped or pure titania. 
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Chapter-1 

Introduction 

1.1 Background of study 

Due to increase in organic and inorganic pollutants in air and wastewater streams, the 

laws for environment have been becoming stricter [1,2]. There is therefore urgency for 

establishment of eco-friendly systems to counter these pollutants.  

Both atmospheric organic and aquatic contaminants have been effectively treated 

by heterogeneous photocatalysis [3]. Heterogeneous photocatalysis is acceleration via 

photoreaction when some semiconductor photocatalyst is available. Photocatalytic 

oxidation (PCO) is one of the major applications of hetrogeneos catalysis for effective 

partial or complete mineralization of contaminants [4]. Degradation starts with a partial 

degradation, the term ‘photocatalytic degradation’ however refers to complete 

photocatalytic oxidation, essentially to CO2, H2O, NO3
−, PO4 

3− and halide ions [5]. 

Titania photocatalysis or “Honda–Fujishima effect” was the fruit of research by 

Fujishima and Honda [6]. They found out the probability of splitting water by 

photoelectrochemical cell provided with an inert cathode and rutile titania anode. As a 

result, titania photocatalysis found its excess to environmental frontiers.  

Heterogeneous photocatalysis has been a field of constant focus since its discovery 

and various books and research have been done on it [5,7]. Although there are many 

applications of photocatalysis but the basic photophysical principle and physical 

chemistry usually remains the same. Photocatalytic degradation has wide range of 

destruction for both organic and inorganic contaminants. The detailed principle of 

photocatalytic degradation is discussed in the following. 

 

1.2 Literature Review 

Vast research has been done in the past about 40 odd years for the growth of 

heterogeneous photocatalytic technology to remove organic and inorganic pollutants [8-

15]. Semiconductors with suitable band gap have been usually used as the 

photocatalysts, such as TiO2, ZnO, Fe2O3, CdS, ZnS, and ZrO2. 
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1.2.1 TiO2 and its applications 

Owing to its incredible potential to be used as photocatalyst because of its properties like 

suitable flat band potential, chemically stable, non-toxic and high Photocatalytic activity 

titania (TiO2) have been the most commonly used semiconductor [11,16-21]. TiO2 is 

been widely used in our daily lives like in cosmetics, paints and food color etc. TiO2 is 

based on light-induced catalysis oxidizing and reducing reactions on semiconductor 

surface owing to its photo catalytic properties. It was initially not fully understood and 

‘chalking’, the photo-activity of TiO2 was seen as a considerable problem that affected 

the durability of TiO2-based paints. That is, like a chalk on a blackboard the organic 

components of TiO2-containing paints are partially decomposed and white powdery 

TiO2 is exposed on the surface when exposed to strong sunlight [22,23]. Since the 

discovery of photocatalytic splitting of water moelcules by Fujishima and Honda [22-

24], various photo catalytic properties of TiO2 [25,26], applications as water conversion 

to hydrogen and oxygen [24, 27], CO2 conversion to hydrocarbons [28,29], disinfection 

of water and air [30-32], self-cleaning surfaces [33], and antimicrobial biomedical 

materials [34] have been under focus. 

 

1.2.2 Basic Principle of Photocatalysis 

Heterogeneous photocatalysis include many reactions as water splitting, organic 

synthesis, hydrogen transfer, photo-reduction, and disinfection. [5,35]. However  titania 

assisted heterogeneous photocatalytic oxidation has been used for years as method for 

purification of air and water streams. 

Basic photophysical and photochemical principles of photocatalysis have already 

been reported in literatures [36,37]. It has been reported that the molecules that are in 

direct contact with the catalyst surface undergo photocatalytic degradation [38]. 

In photocatalysis reaction, a photon carrying energy hʋ higher than the bandgap 

of semiconductor cause the excitation of electron from the filled valence band to the 

conduction band and thus creating hole in valence band while electron availability in 

conduction band. In this way electron-hole pair is created. Following reactions explain it 

more;  

Photo-excitation : TiO2/SC + hʋ→ e− + h+   (1) 
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Oxygen ionosorption : (O2)ads + e− →  O2
•−   (2) 

Ionization of water : H2O → OH− + H+   (3) 

Protonation of superoxides : O2
•− + H+→ HOO•  (4)   [38] 

The hydroperoxyl radical formed in (4) also has scavenging property as O2 thus doubly 

prolonging the lifetime of photohole: 

HOO• + e− → HO2
− (5) 

HOO− + H+ → H2O2 (6) 

Photooxidation and photoreduction can both take place at surface of the photo excited 

semiconductor photocatalyst (Fig. 1.1). Electron and hole recombine unless oxygen 

takes the electrons to form superoxides (O2
•−), its protonated form the hydroperoxyl 

radical (HO2
•) and subsequently H2O2. 

 

 

 

Fig.1.1. Photophysical and photochemical processes when photon activates semiconductor cluster (p) 

electron/hole pair generation, (q) recombination on surface, (r) bulk recombination, (s) acceptor and 

reduction diffusion on SC surface, and (t) donor oxidation on SC particle surface. [38] 

 

1.2.3 Mechanism of TiO2 Photocatalysis 

Mechanism of TiO2 photo catalysis is based on electron-hole pair generation in a 

crystalline form of TiO2. Three of the many TiO2 crystalline forms are:  

 anatase, 

 brookite and,  
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 rutile 

Anatase has band gap of 3.2 eV. As explained earlier in previous section when light of 

equal or greater energy (i.e. a wavelength less than approximately 385nm) irradiates it, 

free electrons (e−
CB) and positively charged holes (h+

VB), having strong reducing and 

oxidizing potentials, are created (Equation 7). 

TiO2 + hv  e−
CB + h+

VB   (7) 

Recombination of electron-hole may occur at this point, however, catalyst surface 

adsorbed oxygen or water results in various oxidation or reduction reactions provided 

that electrons and/or holes move to the surface of the crystal [39]. Hydroxyl radicals 

(•OH) are formed by water molecules trapped in the holes (Equations 8 and 9). 

H2O + h+
VB  •OH + H+  (8) 

OH− + h+
VB  •OH    (9) 

TiIV sites on TiO2 surface may trap the conduction band electrons which reduce them to 

TiIII sites. Oxygen on surface then react with TiIII sites and generate superoxide radicals 

(O2
•−) (Equations 10 and 11) [40]. 

TiIV + e−
CB  TiIII   (10) 

TiIII + O2  TiIV + O2
•−  (11) 

Formation of hydrogen peroxide (H2O2) or hydroperoxyl radicals (•OOH) is lead by 

following reactions (Equations 12-15) [41].  

2 O2
•− + 2 H+

 H2O2 + O2   (12) 

•OH + •OH  H2O2    (13) 

O2
•− + H2O2  •OH + OH− + O2  (14) 

O2•− + H+
 •OOH    (15) 

•OH, O2
•−, and H2O2 are considered as the key reactive oxygen species (ROS) in photo 

catalytic reaction, according to the literature [42] 

 

1.2.4 Titania and the various existing photocatalysts 

Photocatalytic oxidation is characterized ideal when it has following attributes [5]: 

(1) Photo-stability. 

(2) Chemical and biological inertness 

(3) Availability 



5 
 

(4) Low Cost 

Many chalcogenide semiconductors like TiO2, ZnO, ZrO2, CdS, MoS2, Fe2O3 and WO3 

have been reserached as photocatalysts for the degrading organic contaminants [43]. 

Photo generation of charge carriers over TiO2 semiconductor (anatase form) is occurred 

when the minimum band gap energy of photon is 3.2 eV (388nm) [44]. Photo activation 

for titania takes place in the range of 300–388 nm. Band-edge position of the 

semiconductor and the redox potentials of the adsorbates is the key for inducing 

electrons transfer [45]. For the research over two decades in a search for an ideal 

photocatalyst, anatase titania is still dealt as a standard for comparison to new entrants 

[46]. Anatase has been reported as phase of titania to have better photostability and 

Photocatalytic activity [4]. Almost all the studies have been done with crystalline form 

of anatase phase titania while a very few with amorphous having a significant amount of 

Photocatalytic activity [47]. Band positions for numerous  semiconductors have been 

shown in Fig. 1.2. 

 

 

Fig.1.2. Conduction and valence band positions of various metal oxide semiconductors. Left hand scale is 

for the internal energies with respect to vacuum level while the right hand scale is for normal hydrogen 

electrode which allows oxidation & reduction based predictions.  
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1.2.5 Titania as photocatalyst and existing challenges  

Titania as photocatalyst can be utilized in various forms as an independent free standing 

particulate, as a coating or as in most experiments it is used as powder particles 

suspended in contaminated water providing large surface area for photocatalytic activity 

[48]. Larger particulates may be useful but are commercially unavailable and costly [4]. 

Coated catalyst configurations though eliminate the need for catalyst filtration and 

centrifugation but results in reduction of system efficiency. A reduction upto 60-70% in 

performance is reported for aqueous systems of immobilized TiO2 than to unsupported 

catalyst [49]. 

TiO2 photocatalyst supports like soda lime glass, aluminium, ceramic tiles and 

coated glass have been reported [50-53].  Actual active surface area of photoreactor 

available compared to the overall volume is low as coatings are very thin. Even after all 

these mentioned drawbacks, coated photocatalysts and immobilisation techniques are 

still being investigated [54]. 

Titania has been used as photocatalyst for past decades owing to its potential for 

countering environmental pollution [55-57]. But titania is sensitive to only UV light as it 

has large band gap of 3.2eV, so that low efficiency is attained by solar light [58,59].  

 

1.2.6 Drawbacks and Attempts to improve photocatalytic activity of TiO2 

Even after all drawbacks of using TiO2 as photocatalyst many organic compounds 

/contaminants e.g endocrine disrupting compounds (EDCs) etc have been studied just 

with a point of view of water and air purification [60]. The basic exploration is to find a 

way to suppress electron-hole pair recombination and thus enhance the titania 

photosensitivity to apply it in applications [61]. 

 

1.2.6.1 Modification and novel titania photocatalyst preparations  

Various attempts have been made to make titania a visible light sensitive by techniques 

like surface modification[62,63], metal or nonmetal ion doping [64-68], generating 

oxygen vacancy [69,70], combination with other semiconductors [71,72] etc. Doping 

with metals is categorized as second generation photocatalyst [57]. Doping titania with 

Fe3+, Mo5+, Ru3+, Os3+, Re5+, V4+, and Rh3+ at the 0.1-0.5% level enhanced 
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photocatalytic activity significantly, while Co3+ and Al3+ doping decreased 

photocatalytic activity [55,73]. According to Nagaveni work metal ion substituted titania 

has better Photocatalytic activity than commercial titania (Degussa P25) for 

photodegrading 4-nitrophenol [74]. 

To ensure effective photo activation there has been a constant growing need to 

go beyond 388nm the threshold wavelength corresponding to the titania band gap. For 

this the main focus was on following activities [75,76]; 

• incorporating energy levels into band gap of  titania, 

• changing life time of the charge carriers, 

• substituting Ti4+ with cations having same size and 

• enabling photoexcitation at lower energies by shifting conduction or valence band, 

which depends on method of preparation. 

Above mentioned features have been tried to acquire via modification of the 

catalyst by doping, surface sensitization, coating with metal, enhancing surface area or 

by designing secondary titania photocatalyst. Recently increase in photocatalytic 

degradation of organic gaseous contaminants such as acetaldehyde and phenol over 

fluorinated titania surface have been observed. Reaction condition and the substrate kind 

effects the surface fluorination in a positive or negative manner [77]. 

 

 

Fig.1.3. Metal doped titania photocatalyst modification 

 

Since 1980s titania is modified mainly by metal to improve Photocatalytic activity [78-

80]. Doping with transition metals to enhance its photocatalytic efficiency have also 

been reported (Fig. 1.3). Pt [81], N [82] and Fe [83,84] doping for titania and Zr have 

also been investigated. Though photophysical mechanism is not fully understood yet but 
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p-type metal ion dopants (with valencies < Ti4+) are believed to act as acceptor centres 

opposite to the p-type [5]. Large shift of absorption band towards visible region is 

observed by metal ion implantation of TiO2 e.g by Cr, Mn, V and Ni [5]. However there 

is no red shift in case of Ar and Ti implantation [85] of titania, indicating that 

bathocromic shift is not due to implantation itself. 

Titania unlike other photocatalysts can absorb UV-A light in sun or room light 

form to improve its absorption bewond 388nm. Emphasis on visible light utilization for 

photoinduces process by Nozik is as old as photocatalysis itself. Abundant research have 

been devoted to the investigation of titania Photocatalytic oxidation [86,87], resulting in 

various visible responding metal or  non-metal doped photocatalysts. 

In this work, titania have been metal doped with Sn and In to see the effect of 

metal doping on bandgap of titania and its consequent effect on photocatalysis 

degradation of methylene blue. 

 

1.2.7 Effects of synthesis route for photocatalyst 

Procedure for photocatalyst synthesis has great effect on its catalytic activity especially 

for hybrid photocatalyst e.g TiO2–SiO2 [88,89], they have potential for removing VOCs 

[90]. While for TiO2–ZrO2 and TiO2–SiO2 hybrid oxides Photocatalytic activity is 

affected by crystalline structure, as recombination of electron-hole pair increase by 

crystallite defects [91]. Photocatalytic performance in 2-chlorophenol degradation with 

suspension of CdS and TiO2 has been attained as reported by Doong et al. [92]. Inter-

particle electron transfer (IPET) occur as shown by following processes (Fig. 1.4). IPET 

has been used widely to explain promotional effects in same kind of photocatalysis [93]. 

 

CdS+h+→ CdS (h+ +e−)  (17)  

TiO2 +h_→ TiO2 (h
+ +e−)  (18) 

CdS (h+ +e−) + TiO2→ CdS (h+) TiO2 (e
−)  (19) 

CdS(h+ +e−) + TiO2(h
+ +e−) → CdS(h+ +h+) + TiO2(e

− +e−) (20) 

 

Electrons which are in excess on titania are taken by chemisorbed O2 [94]. 
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Fig1.4 Band diagram for transferring charge carrier in coupled semiconductor. 

 

1.2.8 Methods for titania photocatalyst synthesis  

Titania have been used for many commercial environmental applications like self- 

cleaning, anti – microbial activities and waste water purification [95]. Keeping ease of 

production and productivity in perspective TiO2 have been synthesized by various 

techniques like flame synthesis, chemical vapor deposition and precipitation [96-98]. 

Sol-gel however is the most utilized technique for synthesizing titania photocatalyst. 

 

1.2.8.1 Sol-gel method 

Sol-gel processes [99] surpass other techniques for either growing titania films [100] or 

using it as powder [101].  

 

1.2.8.2 Advantages of sol-gel synthesis 

Pure and low cost products are resulted in by sol-gel due to simple processing route and 

high purity products availability. High crystal quality is achieved for titania during the 

sol-gel processing. Sol-gel is an attractive method for titania production as it allows 

tailoring structural properties like grain size, compositional homogeneity, porosity and 

particle morphology in solution phase, as it is carried out in solution [102]. High 
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reliability is ensured by optimal grain size growth and micro structure, by having 

uniform particle distribution [103,104].  

 

1.2.8.3 What is Sol-gel process ? 

In materials science, the sol-gel process is a method for producing solid materials from 

small molecules. The method is used for the fabrication of metal oxides, especially the 

oxides of silicon and titanium. The process involves conversion of monomers into a 

colloidal solution (sol) that acts as the precursor for an integrated network (or gel) of 

either discrete particles or network polymers. Typical sol-gel comprise of two steps; 

hydrolysis and condensation of precursors. Precursors are either metal alkoxides or 

inorganic and organic salts [99-101]. 

 

Hydrolysis:  

 M (OEt)4 + xH2O ↔ M (OEt)4-x (OH)x + xEtOH  

Condensation: 

M(OEt)4-x(OH)x+M(OEt)4-x (OH)x  ↔ (OEt)4-x (OH)x-1 MOM(OEt)4-x(OH)x-1 +H2O 

 

1.2.8.4 Challenges and Solutions 

In alkoxide sol-gel process alkoxide has tendency of taking up water molecules thus 

denting full outcome of sol-gel process. Use of modifiers like acetic acid and acetylene 

acetone ensure full outcome of sol-gel by altering ligand structure and thus avoiding 

water take up by alkoxide [105,106]. They control the hydrolysis and polycondenstaion 

reactions of sol-gel processing. 

 

1.3 Objectives  

The ultimate objective of this project was to synthesize the low cost and reproducible 

quality products for treating organic and inorganic pollutants. Studies were mostly done 

within the facilities of NUST.  

The main objectives of this thesis work were; 

https://en.wikipedia.org/wiki/Materials_science
https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Metal_oxide
https://en.wikipedia.org/wiki/Polymer
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 Synthesis of metal doped nanocrystalline titania powder via low cost solution 

based routes 

 Morphological, phase, surface area, optical & functional group analysis for 

photocatalytical degradation studies 

 To extend absorption range of titania towards visible wavelength and to reduce 

the bangap of titania 

 Finally, to find out trends of Photocatalytic activity of doped and un-doped 

titania powders for photocatalysis degradation of methylene blue 
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Chapter-2 

Material Selection & Procurement 

2.1 Materials and Methods 

The present piece of research was done with a desire to move towards synthesizing the 

low cost, reproducible and highly efficient metal doped nanocrystalline photocatalyst to 

eliminate organic and inorganic contaminants. Following are the main aspects over 

which experimentation was done. 

 Synthesis of doped and un-doped titania sol-gel  

 Utilizing methylene blue as model pollutant for degradation studies 

 Finding Photocatalytic activities and its trends for doped and undoped samples 

2.2 Chemicals Required 

In experimentation for this project following chemicals have been employed as 

mentioned in Table 2.  TTIP was utilized as precursor, acetic acid as modifier, HNO3 

was used to facilitate peptization. Tin (II) chloride dehydrate and Indium (III) nitrate 

hydrate were the two salts used to have Sn and In doping respectively. 

Table. 2.1. Chemicals used and their respective roles 
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2.3 Experimentation  

 Analytical grade chemicals were utilized  

 The chemicals put to work as obtained with no more purification 

 

2.3.1 Safety Precautions  

Following precautions were ensured (Fig.2.9); 

 Washed and dried all equipment properly 

 Labeled every beaker, heating plate, round bottom flask, vials and petri-dish 

 Used gloves and mask while handling the chemicals 

 Switched off appliances when not being used 

 Kept safe distance to avoid any inhaling of fumes 

 Kept proper safety while working with UV-lamp for photocatalysis studies 

 

2.3.2 Calculations 

Actual moles (na) of titania in TTIP 

 

11.4g of TTIP 

No. of moles (n) = mass (m) / molar mass (mm) 

n          =   11.4g / 284.215g 

n          =    0.04 moles of TTIP 

mass of Titania (m) = 0.04 moles * 80g 

m = 3.2g of TiO2 

 

% yield   = actual yield / theoretical yield 

12.5%  = actual / 3.2g 

actual  = 0.4g of TiO2 

 

moles of TiO2     = 0.005 moles  [ ` 0.4/80 ] 
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             Table.2.2. Calculations for dopant wt% 

Dopant Type wt% No.of dopant moles 

(no. of Titania mol * 

% of dopant) 

Mass 

(molar mass of 

dopant * no. of 

dopant moles) 

SnCl2.2H2O  0.25 1.25*10-5 moles 0.002g 

0.50 2.50*10-5  moles 0.005g 

0.75 3.75*10-5  moles 0.008g 

In(NO3)3.xH2O  0.25 1.25*10-5  moles 0.003g 

0.50 2.50*10-5  moles 0.007g 

0.75 3.75*10-5  moles 0.011g 

 

• Molar mass of SnCl2.2H2O       =  225.63g/mol 

• Molar mass of In(NO3)3. xH2O =  300.83g/mol 

2.3.3 Synthesis of Titania Nanoparticles 

Method 

2.3.3.1 Sol-gel synthesis 

Following sol-gel route and refluxing was adopted from previous word done by Dr. 

Sofia Javed [101]. The novelty was the introduction of metal dopants Sn and In to know 

their effects on photocatalytic activities of titania. 2.4g of glacial acetic acid (Sigma-

Aldrich) was added as modifier to 11.4g of the precursor, titanium (IV) 

tetraisopropoxide (TTIP) (97% Aldrich) and put to stirring at room temperature for 10 

minutes (Fig.2.11). Then 58ml of distilled water was added quickly with vigorous 

stirring which resulted in instant formation of precipitation of white color (Fig.2.12). It 

was left for 1 hour of stirring at room temperature to ensure complete hydrolysis. After 

that, 0.8ml of concentrated nitric acid (HNO3) was added to the mixture and it was 
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heated to 80oC from RT within about 30 minutes time and then peptized for 75 minutes. 

Total volume was kept 75ml by adding distilled water [101].  

  

2.3.3.2 Refluxing 

 After that the sol was refluxed for 24 hours at 100oC, after adding different weight 

percentages of Sn and In doping as given in Table 2.2 (Fig. 2.13.)  

 

2.3.3.3 Drying 

The resulted sol was then subjected to drying at 80oC in order to remove water. The 

dried titania powder resulted. 

 

Table.2.3. Various sol-gel samples with varying type and amount of doping 

Sr. No. Samples Doping  

1 TiO2 Un-doped titania 

2 A1 0.25 wt% Sn 

3 A2 0.50 wt% Sn 

4 A3 0.75 wt% Sn 

5 B1 0.25 wt% In 

6 B2 0.50 wt% In 

7 B3 0.75 wt% In 

 

2.3.3.4 Pestle and Mortar 

After drying, dried powder samples were properly grinded with pestle and mortar to 

ensure fine powder of doped and un-doped titania samples (Fig.2.14.) 
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2.3.3.5 Annealing 

Annealing of the dried and grounded samples were done at 450oC for 40 minutes in 

Nabertherm Gmbh N17/ HR – 400V Muffle furnace at heating rate of 1.8 oC/minute 

(Fig. 2.10) 

 

Fig.2.1. Flow sheet for titania nanoparticles synthesis 
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Fig. 2.2. Mixing of precursor and chelating 

agent 

 

 

 

 

Fig.2.3. Formation of white precipitation upon 

adding water (hydrolysis) 

Fig.2.4. Sol-gel after refluxing 

 

 

 

 

 

 

 

Fig.2.5. Titania nano powder formed after 

drying, grinding and annealing
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Chapter-3 

Characterization 

3.1 XRD Analysis 

X-ray diffraction (XRD) technique was primarily used to identify and characterize 

material depending on their diffraction pattern. XRD is based on dual nature of x-ray 

wave to extract structural information of crystalline materials. 

In our work, gel was dried at 80oC and grinded to make fine powder which was exposed 

to X-rays in Stoe D-64295 Darmstadt X ray Diffractrometer for inspecting the material 

(Fig.3.1), its phase and average crystallite size. The powder was annealed at 450oC for 

40 minutes and analyzed for phase and crystallite size.  

 

 

Fig.3.1. XRD available in SCME,NUST 
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3.2 Scanning Electron Microscopy 

SEM technique is utilized to know the surface morphology and microstructure of the 

specimen at a higher resolution. Firstly, a specimen is made conductive by employing 

conducting layers like gold, platinum or carbon etc. to avoid charging during 

examination from their surface. 

An electron beam is targeted onto the specimen. Formation of X-rays backscattered and 

secondary electrons result due to attack of electron beam on the sample.   

In our work, powder sample was diluted with distilled water and put to sonication for an 

hour and half. Samples were then gold sputtered using copper stub. And then it was 

observed in JEOL JSM 6490A SEM. Dispersion in dispersants like distil water were 

made for observing the morphology of the particles. (Fig.3.2) 

 

Fig.3.2. SEM instrumentation 
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3.3 Fourier Transform Infrared Spectroscopy 

Fourier transform infra-red spectrometer (FTIR) is employed for revealing functional 

groups in organic and inorganic compounds. Technique is not very complex. A 

monochromatic beam of infrared-radiation when incident on the specimen is transmitted 

and then collected by the detector. The spectrum as extracted from TIR depicts 

absorption and transmission from molecules. This technique is very fruitful as no two 

different molecules possess same kind of spectrum.   

In our work, powder samples were mixed with IR grade of KBr in 1:100 to form billets 

in hydraulic press (Fig.3.3).  

 

Fig.3.3 Hydraulic Press for making Billets for FTIR 

Then these billets were inspected under Perkin Elmer Spectrum 100 series FTIR 

instrumentation (Fig 3.4). FTIR analysis was done to find out the functional groups 

present in the doped and un-doped sol-gel reflux synthesized titania nanocrystallines. 



21 
 

 

Fig.3.4. FTIR instrumentation  

3.4 UV-Vis Spectroscopy 

UV-Visible spectroscopy refers to the absorption spectroscopy in UV-Visible range of 

200-1100nm spectra. This electromagnetic region of spectrum results in electronic 

transitions of atoms and molecules. 

In our case, 2mg powder samples were mixed with 5ml of distilled water and 

sonication was done for 15 minutes. After that, samples were placed in cuvettes and 

were observed for UV-Vis absorbance and transmittance in T-60U PG Instruments UK 

having wavelength range of 190-1100nm (Fig.3.5). UV-Visible spectroscopy was done 

for quantitative optical analysis of doped and un-doped titania powder samples. 

 

Fig.3.5. UV-Vis instrumentation available in IESE,NUST 
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3.5 Atomic Force Microscopy 

Atomic force microscopy (AFM) is the scanning method employed to find out the 

particle size or surface roughness of the material.  

In our research, powder samples in amount of 2mg were dispersed in 10ml distilled 

water and were put to sonication for an hour to get complete dispersion.  After 

sonication, drops were dropped on glass slides and dried under lamp. Glass slides were 

later introduced in JSPM 5200 AFM instrumentation (Fig.3.6). AFM was done not for 

finding out surface roughness in our case as the samples were in powder form, but for 

particle size analysis. 

 

Fig.3.6. AFM instrumentation 

 

3.6 BET Surface Area Analyzer 

Brunauer–Emmett–Teller (BET) surface analysis theory is used to find out the surface 

area of the material based on the physical adsorption of the gas molecules on the solid 

surface. 
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In this work, around 0.5g of dried and annealed powder samples were degassed for 

about 3 hours and with temperature of 300oC and p/po range of 0.05 to 0.3 samples were 

introduced in ‘micromeritics –Gemini VII 2390t’ for surface area analysis (Fig.3.7). 

 

Fig.3.7. BET surface area analyzer 

3.7 Raman Spectroscopy 

Molecules are identified in Raman spectroscopy by their characteristic structural 

fingerprints. Vibrational, rotational and other low-frequencies modes in a system are 

observed by Raman spectroscopy to find out these structural fingerprints (Fig.3.8) 

In our work, dried and annealed samples were placed in Raman spectroscopy available 

in COMSATS Institute of Information Technology, Islamabad. From structural 

fingerprints, the characteristic vibrational modes phase of the powder was analyzed. 

 

Fig.3.8. Raman Spectroscopy Instrumentation 
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3.8 Photocatalytic Degradation 

Photocatalytical degradation studies were done on methylene blue dye. Stock solution of 

methylene blue was prepared by adding 1mg of methylene blue in 100ml of RO water. 

Samples for photocatalytical degradation studies were done prepared by adding 3mg of 

doped and un-doped titania nano powder in 5ml of methylene blue (MB) solution. 

Samples were immediately covered to avoid exposure to light. After 15 min of 

sonication, samples were placed in UV-lamp chamber (Fig.3.9 & Fig.3.10) having 

wavelength range of 200nm to 280nm for an hour. After one hour samples were checked 

for photocatalysis degradation by absorbance in UV-Vis spectrometer at 664nm 

(Methylene Blue Peak Value). Samples were inspected for 8 hours.  

 

Fig.3.9 Photo Catalysis Chamber Facility in IESE,NUST 

 

Fig.3.10. UV lamp chamber 
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Chapter-4 

Results & Discussion 

4.1 Synthesis of Titania Nanoparticles 

Alkoxide sol-gel was employed to prepare titania nanoparticles utilizing titanium 

tetraisopropoide (TTIP) as precursor which is modified with acetic acid. Sol-gel is 

carried out in solution form offering advantages as low processing temperature and 

molecular level homogeneity. It is specifically used for synthesis of metal complex 

oxides like TiO2 [107]. Reflux condensation was used instead of autoclaving in this 

research work. 

4.1.1 Mechanism of Sol gel Synthesis 

Typically in sol gel method, hydrolysis of a metal alkoxide is followed by subsequent 

condensation (gelation) resulting in the bridging of metal and oxygen O-Ti-O i.e the 

production of oxide product [107]. Since hydrolysis rates of TTIP are quite high so it 

was modified using acetic acid before hydrolysis and condensation. 

4.1.1.1 Acetic acid modification of TTIP 

TTIP and acetic acid were used in the  molar ratio of 1:1 and by their ligand exchange 

we achieve substitution of one of the isopropoxide ligand obtaining titanium acetyl tris 

iso isopropoxide (TATIP). 

Ti(OC3H7)4 + CH3COOH  (CH3COO)Ti(OC3H7)3 

The acetic acid not only modifies the precursor but also catalyze the hydrolysis step 

[111]. Acetate group is less hydrolysable than isopropoxide group giving better control 

over reaction kinetics. The solution is clear after this step [108-111]. 

Upon adding water, hydrolysis of TATIP occurs in unimolecular nucleophilic 

substitution reaction. Ti metal are attacked by oxygen carrying water molecules creating 

a transition state resulting in hydrolysed products as shown below. 
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For TATIP adding water with vigorous stirring the mixture at once became white due to 

precipitation of hydrolysed product. After addition of conc. Nitric acid and peptization 

titania sol is obtained which had a blue tinge. Sn and In doping in wt% of 0.25, 0.50 and 

0.75 was done after peptization (Table.4.1). The sol was refluxed at about 100oC for 24 

hours to grow and stabilize the nanoparticles. 

-- Ti—OH + HO—Ti--  --Ti—O—Ti-- + H2O 

Table.4.1. Description of samples 

No. Alkoxide Modified 

Precursor 

Refluxing 

duration 

(hrs) 

Doping Sample Title 

1  

 

 

TTIP 

 

 

 

TATIP 
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Un-doped TiO2 

2 0.25% Sn A1 

3 0.50% Sn A2 

4 0.75% Sn A3 

5 0.25% In B1 

6 0.50% In B2 

7 0.75% In B3 

 

Further insight is obtained via following characterization. 

4.2 Scanning Electron Microscopy  

Scanning Electron Microscopy (SEM) of the doped and un-doped titania samples were 

done by JEOL JSM-6490A SEM in SCME NUST. Powder samples weighing 2mg were 

put into vials containing 10ml of distilled water. The vials were subjected to sonication 

for about an hour. After preparing SEM samples the following images were obtained. 

(Fig 4.1 to Fig 4.7).   
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Fig. 4.1. SEM image for Pure TiO2 Sample 

 

Fig. 4.2. SEM image for 0.25% Sn doped TiO2 

Sample

Fig. 4.3. SEM image for 0.50% Sn doped TiO2 

Sample 
Fig. 4.4. SEM image for 0.75% Sn doped TiO2 

Sample 

Fig. 4.5. SEM image for 0.25% In doped TiO2 

Sample 
Fig. 4.6. SEM image for 0.50% In doped TiO2 

Sample 
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Fig. 4.7. SEM image for 0.75% In doped TiO2 Sample 

As can be seen from above figures, all the samples have particle size of around 20nm 

approximately. Our SEM images overall shows absolute perfect particle size i.e 12-

20nm. Pure titania sample have particle size of 16-20nm (Fig 4.1). Doping with tin and 

indium haven’t changed particle size so much having the particle size range from 12-

22nm (Fig 4.2 to Fig 4.7). The mean of particle size ranges revealed in samples is as 

such depicted in following Table.4.2 

Table.4.2. Particle Sizes as revealed by SEM 

Sample Particle size 

(nm) 

Un-doped TiO2 22 

0.25% Sn 20 

0.50% Sn 20 

0.75% Sn 19 

0.25% In 18 

0.50% In 16 

0.75% In 12 

In both the doped and un-doped sol-gel reflux synthesized titania nanoparticles the 

morphology revealed by SEM images is of spherical particles having sizes as given in 

above Table. The reason for forming spherical shaped structure is due to the 
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restructuring of the material by the thermal energy provided during refluxing. 

Condensation can also be the reason behind this spherical shaped morphology. Also it is 

noted that there is a uniformity of morphology throughout the structure of both doped 

and un-doped samples. The monodispersed particles indicate that they are stabilized and 

their spherical morphology indicates minimum surface area and thus minimum surface 

energy. Refluxing has probably resulted in complete condensation of the acetates and 

hydroxyl groups from the hydrolysed product and spherical titania particles are obtained.  

By comparison, it can be concluded that un-doped titania nanoparticles haven’t changed 

much in particle size. The only thing that may have changed is particle size range. 

As we know particle size smaller than several tens of nanometers are useable for 

developing new materials as they have good properties like low melting points, high 

catalytic activity as compared to bulk material counterparts and special optical 

properties. Therefore, as in our case nanoparticles in the range of 12-22nm were quite 

desired and are thus useful. 

4.3 BET surface area analysis  

BET surface area analysis was done using ‘micrometritics – Gemini VII 2390t’ in 

SCME, NUST. The purpose was to analyze the surface areas of doped and un-doped 

prepared samples. The samples were in powder form. The mass obtained for analysis 

was between 0.2g – 0.8g. After putting the samples in the cuvettes degassing was done 

for the time period of 3 hours and temperature was 300oC. P/Po range was given between 

0.05 – 0.3. The surface area values for the doped and un-doped annealed titania 

nanopowders are listed in Table.4.3. The SEM results can be used to analyze these 

values. 

Table.4.3. BET Surface Area Values for Titania Doped and Un-doped Sol-Gel 

Sample Code. Sample Name Sample mass  

(g) 

BET Surface Area 

(m2/g) 

TiO2 TiO2 0.2300 100.4830 

A-1 0.25%   Sn doped 0.4800 101.1358 

A-2 0.50%   Sn doped 0.4300 105.9401 

A-3 0.75%   Sn doped 0.4700 116.9930 
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B-1 0.25%   In doped 0.5321 102.9982 

B-2 0.50%   In doped 0.8823 104.5035 

B-3 0.75%   In doped 0.7165 109.8041 

The maximum surface area value is for the samples having smallest particle range as 

revealed by SEM images. The surface area value for un-doped titania is 100 m2/g 

corresponding to particle size of 22nm. Sample A1 the 0.25wt% Sn doped titania has 

increment in surface area value as their size is reduced to 20nm as by SEM images. 

Similar increasing surface area trend with decreasing particle sizes is observed for 

A2,A3 and for In doped titania nanopowders.  

With increased surface area there will be more available surface for secondary 

catalytic reactions or interaction between pollutants and photocatalyst and thus low 

electron-hole recombination which ultimately is useful for higher photocatalytic activity.  

4.4 Atomic Force Microscopy 

Atomic force microscopy (AFM) was done in SCME, NUST. AFM was done to find out 

the roughness of nanoparticles and particle size. (Fig 4.8 to  Fig 4.14) (Table 4.4). The 

particle sizes as revealed by AFM were found in agreement with results obtained by 

SEM and BET surface area analysis for both doped and un-doped titania powders. The 

dispersions of titania powders were made in distilled water. Sonication was done for 

about and hour, dropped on glass slides and dried before inspecting under AFM. 

Fig. 4.8. Topography for sol-gel reflux 

synthesized pure titania  
Fig. 4.9. Topography for 0.25% Sn doped sol-

gel reflux synthesized titania  
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Fig. 4.10. Topography for 0.50% Sn doped sol-

gel reflux synthesized titania  

 

Fig. 4.11. Topography for 0.75% Sn doped sol-

gel reflux synthesized titania  

 

 

 

Fig. 4.12. Topography for 0.25% ln doped sol-

gel reflux synthesized titania  

 

Fig. 4.13. Topography for 0.50% ln doped sol-

gel reflux synthesized titania  
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Fig. 4.14. Topography for 0.75% ln doped sol-gel reflux synthesized titania  

 

Table 4.4. Particle size for doped and un-doped sol-gel reflux synthesized titania 

Sample Code. Sample Name Z1-Z2 

(nm) 

TiO2 TiO2 21 

A-1 0.25%   Sn doped 21 

A-2 0.50%   Sn doped 21 

A-3 0.75%   Sn doped 20 

B-1 0.25%   In doped 19 

B-2 0.50%   In doped 17 

B-3 0.75%   In doped 17 

 

As can be seen in above AFM images and table that particle size is reduced with 

increasing dopant percentage, which are exactly the results obtained by SEM and BET 

surface area analysis. Usually AFM is done for surface roughness measurements. But, as 

in our case samples were dried titania powders we used AFM as an additional option for 

particle size measurements. Decreasing particle sizes with increasing doping percentage 

is good indication for better photocatalytic activities as surface area will be increased.  
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4.5 X-Ray Diffraction  

X-ray diffraction (XRD) analysis of the doped and un-doped sol-gel reflux synthesized 

titania was done in SCME, NUST. XRD was done to find out the phase of prepared 

titania sol-gels and crystallite sizes. (Fig. 4.15) (Table.4.5.) 

 

Fig. 4.15. XRD plot for doped and un-doped sol-gel reflux synthesized titania  

The XRD results indicate that the material is titania with all the peaks matching with 

those of anastase phase. All the Sn and In doped and un-doped titania samples show the 

peaks at 2θ of 25.28o,38.08o, 47.92o, 53.32o and 62.66o which are assigned to (101), 

(004), (200), (211) and (204) lattice planes of anatase phase titania.  

The increase in peak intensity indicates the presence of crystalline structures. As 

samples were annealed there were no peaks other than for that of anatase phase. Heat 

treatment i.e annealing has burnout all the organic content as it is the inherent nature of 
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sol-gel method. The major peaks found are in accordance to anatase phase of titania as 

found by X’Pert High Score Software (i.e # 01-075-1537).  

Scherer equation: t = 0.94 λ/Bcosθ; where, t = crystallite size, B = peak width at half 

maximum, θ = diffraction angle, was used to crystallite size. It was found to be less than 

20nm approximately for all doped and un-doped titania values.   (Table 4.5) 

Table 4.5. Crystallite size of doped and un-doped sol-gel reflux synthesized titania 

Sample Code. Sample Name Crystallite Size 

(nm) 

TiO2 TiO2 19.5 

A-1 0.25%   Sn doped 18.1 

A-2 0.50%   Sn doped 16.1 

A-3 0.75%   Sn doped 14.1 

B-1 0.25%   In doped 12.6 

B-2 0.50%   In doped 11.5 

B-3 0.75%   In doped 10.9 

 

Thus the values of crystallite size as found by XRD show nano crystallinity. Crystallite 

sizes as obtained here are in agreement to the surface area values using BET analyzer 

and particle sizes as revealed by SEM and AFM. 

 

4.6 Raman Spectroscopy 

Raman spectroscopy was done at COMSATS Institute of Information Technology 

(CIIT), Islamabad. The phase of titania was analyzed by Raman Spectroscopy. From the 

results obtained characteristics peaks E1g, B1g (non-symmetric vibration mode), A1g 

(symmetric vibration mode) and E3g at 115,371,494 and 619cm-1 are peaks for anatase 

phase of titania. There are however change in the intensity of the peaks which is 
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attributed to the change in effect extracted by samples of heat treatment, roughness of 

starting material, particle size variations and distributions. (Fig. 4.16).  

 

Fig 4.16. Raman shifts for doped and un-doped sol-gel reflux synthesized titania  

The phase as revealed by the Raman spectroscopy is in accordance with the phase 

identified from the XRD results of both doped and un-doped titania nanopowders. 

 

4.7 UV-Vis Spectroscopy  

UV- Vis spectroscopy of the doped and un-doped samples were done in IESE,NUST. 

Following absorption and transmittance spectrums were obtained (Fig. 4.17 and Fig. 

4.18). 
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Fig. 4.17. UV-Vis absorption spectrum for doped and un-doped sol-gel reflux synthesized titania 

 

Fig. 4.18. UV-Vis Transmittance spectrum for doped and un-doped sol-gel reflux synthesized titania 
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UV-visible absorption and transmittance spectrum for Sn doped and un-doped titania 

(Fig.4.17 and Fig.4.18.) reveal that pure TiO2 shows has a strong peak at 350nm,due to 

the electronic transition from the valence band (VB) to the conduction band (CB) of 

TiO2 [112]. The band threshold at 400nm corresponds to the band gap of 3.31eV as can 

be seen from Tauc’s plot for pure titania in Fig.4.19. For 0.25% Sn & In doped TiO2 

sample absorption peak at 350nm correspond to the band gap of 3.19 & 3.07 eV 

respectively (Fig.4.20 & Fig.4.23.). This peak is attributed to the band-band transition of 

TiO2, which have slight shift compared with pure titania. A broad range absorption from 

400nm-800nm is observed in 0.25% Sn & In doped titania samples. Almost same is the 

case with 0.50% and 0.75% Sn & In doped titania samples having absorptions peaks at 

350nm and band gaps of 3.11eV,3.04eV and 3.09eV,2.97eV respectively (Fig.4.21, 2.22 

& Fig.4.24 ,4.25). Visible region absorption increases with the increment in Sn & In ions 

doped in TiO2. It is therefore stated that extraordinary absorption at 400nm-800nm is 

related to the Sn & In doping into titania. Note that there is approximately 10% loss in 

transmittance at all wavelengths, which is attributed to all materials transmittance done 

under UV-visible spectroscopy (Fig.4.18).  

The band gap energy values as determined from Tauc plots (Fig.4.19-4.25) are 

listed in Table.4.6. Decrease in the band gap values with increasing dopant amount 

indicates that less energy will be required by photons to create photo-excited electron-

hole pair for photocatalytic activity. 

 

 

Fig. 4.19. Tauc’s plot for sol-gel reflux synthesized pure titania  
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Fig. 4.20. Tauc’s plot for 0.25% Sn doped sol-

gel reflux synthesized doped titania  

 

    Fig. 4.21. Tauc’s plot for 0.50% Sn doped 

sol-gel reflux synthesized doped titania  

 

Fig. 4.22. Tauc’s plot for 0.75% Sn doped sol-

gel reflux synthesized doped titania  

 

Fig. 4.23. Tauc’s plot for 0.25% ln doped sol-gel 

reflux synthesized doped titania  

 

Fig. 4.24. Tauc’s plot for 0.50% ln doped sol-gel 

reflux synthesized doped titania  

 

Fig. 4.25. Tauc’s plot for 0.75% ln doped sol-gel 

reflux synthesized doped titania  
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Table.4.6. Band gap values by Tauc’s plot for doped and un-doped titania samples 

Sample Bandgap 

(eV) 

Un-doped TiO2 3.31 

0.25% Sn 3.19 

0.50% Sn 3.11 

0.75% Sn 3.09 

0.25% In 3.07 

0.50% In 3.04 

0.75% In 2.97 

Mean + SD 3.11 + 0.11 

 

4.8 Fourier Transform Infrared Spectroscopy 

Fourier transform infrared spectroscopy (FTIR) of doped and un-doped sol-gel reflux 

synthesized samples was done in SCME, NUST. FTIR was done to find out the 

functional group and bonding in the samples (Fig. 4.26).  (Table. 4.7) showing the 

frequency ranges of the functional groups present 

As revealed by the FTIR results, we have C-H stretching peak at 2900cm-1 which is due 

to the precursor or alkoxide i.e TTIP. The peak at 163cm-1 is for carbonyl group (COO) 

which is due to the modifier i.e acetic acid. Anatase phase was revealed due to its 

frequency values at 669cm-1 showing Ti-O vibrations. Peak at 3437cm-1 is of hydroxyl 

group due to the molecular water and O-H group present. Ti-O-Ti peak was indicated 

having peak at 1400cm-1. Thus, the results as revealed by FTIR shows the formation of 

bonding Ti-O-Ti i.e TiO2 and also the phase anatase due to Ti-O bond vibrations.   
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Table 4.7. Wavenumbers of FTIR peaks in doped and un-doped sol-gel reflux synthesized titania 

Functional Group Wavenumber 

(cm-1) 

C-H stretch 2900 

Ti-O-Ti 1400 

COO 1630 

Anatase phase 669 

Hydroxyl Group 3437 

 

 

 

Fig. 4.26. FTIR plot for doped and un-doped sol-gel reflux synthesized titania  
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4.9 Photocatalytic Degradation 

Doped and un-doped titania samples were used to evaluate photocatalytic degradation of 

methylene blue under UV-lamp. Stock solution of methylene blue was prepared by 

adding 1mg of methylene blue in 100ml of RO water. Samples for photocatalytic 

degradation studies were done prepared by adding 3mg of doped and un-doped titania 

nano powder in 5ml of methylene blue (MB) solution. Samples were immediately 

covered to avoid exposure to light. After 15 min of sonication, samples were placed in 

UV-lamp chamber having wavelength range of 200nm to 280nm for an hour. After one 

hour samples were checked for photocatalytic degradation by absorbance in UV-Vis 

spectrometer at 664nm (λmax). Samples were inspected for 8 hours. 

Following results and trends were observed in Sn (Fig.4.27.) and In (Fig.4.28.) doped 

samples for photocatalytic degradation of methylene blue.   

 

          Fig. 4.27 Photocatalysis Degradation of Methylene Blue by Tin doped titania  

As can be seen from the above graph, that Sn doped titania samples have reduced the 

methylene blue concentration with increasing weight percentage of Sn doping 
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(Fig.4.29), indicating the increase in photocatalytic degradation of dye. There is a proper 

trend in Sn doped titania samples. 0.25% Sn doped have relatively less photocatalytic 

activity than 0.50% and similarly 0.5% less than 0.75%. Thus this can be concluded that 

with increasing Sn doping there is continuous increase in photocatalytic degradation of 

methylene blue.  

 

Fig. 4.28. Photocatalytic Degradation of Methylene Blue by Indium doped titania 

 

Fig.4.29. Change in Color & Concentration of MB with time 
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When talking about photocatalytic activities of In doped titania powders, there is also 

increasing trend of photocatalytic degradation but 0.25% has better photocatalytic 

activity than 0.75%.. As can be seen (Fig.4.29.) increasing trend of photocatalytic 

degradation can be deduced in relation to increased percentage of In doping. 0.75% In 

doped titania samples have less photocatalytic degradation for methylene blue than 

0.25% In doped sample though.    

Concluding, both Sn and In doped samples have better photocatalytic degradation of dye 

than un-doped titania samples. However, both doping have different kind of trends in 

photocatalytic activities (PA) with respect to wt%. Sn samples have decreasing dye 

concentration with increasing doping percentage. While for In doping, 0.25% have 

better PA than 0.75% In doped sample. 
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Chapter-5 

5.1 Conclusions 

 Doped and un-doped titania nanocrystalline powders resulted via sol-gel reflux 

synthesis. 

 SEM results showed the particle size range of 12-22nm for both doped and un-

doped titania powders. 

 There was an increase of nucleation sites with the introduction of dopants thus 

particles sizes were in nano range 

 BET surface area analysis thus showed the increase in surface area for doped 

samples as compared to un-doped titania sample. 

 AFM revealed the same particle sizes as in agreement to the results obtained 

from SEM and BET surface area analysis. 

 Nano crystalline powder was revealed as by XRD. 

 Anatase phase was confirmed by XRD and Raman Spectroscopy with no other 

phase present. 

 Functional group analysis as done by FTIR showed the formation of Ti-O-Ti 

bond. 

 There was an increase of absorbance wavelength range with increasing doping 

for titania as shown by UV-Vis spectra.  

 Photocatalytic degradation studies for both Sn and In doped samples were done 

and results were compared to un-doped titania sample. Following trends were 

observed; 

o Sn doped titania samples showed good results as with the increase in time 

and weight percentage doping of Sn, concentration of methylene blue was 

decreasing i.e enhanced photocatalytic degradation. 

o Similarly, In doped samples showed decrease in concentration of dye 

however, 0.25wt% has better photocatalytic activity than 0.75wt%. 

 Finally we can conclude by stating that, both Sn and In doped 

(0.25%,0.50%,0.75% ) sol-gel reflux synthesized nanocrystalline anatase 
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samples have enhanced photocatalytic degradation of organic pollutants as it has 

diluted the concentration of model pollutant i.e methylene blue the dye. 

 

5.2 Future Recommendation  

 Sn and In doped sol-gel reflux synthesized titania nanocrystalline powders have 

the potential to be used for other applications as self-cleaning, solar cells and 

super capacitors. 

 Photocatalytic activity of Sn & In doped titania nano particles can be explored 

for further studies by varying parameters for example doping %, increasing time 

for photocatalytic degradation. 

 We can use more safer light energy or gas discharge source as Ultraviolet-Light 

Emitting Diodes (UV-LED’s) than hazardous UV-lamps.  

 Though some work has been done before on In doped titania , but as Sn doped 

titania is still almost novel so much can be explored with varying doping weight 

percentage to find more better and optimum results. 

 Studies can be done by varying other parameters like refluxing time, different 

modifiers e.g acetylene acetone etc 
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