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ABSTRACT 
 

This dissertation is about the synthesis and catalytic application of different nanoparticles 

(Sn/ZnO, Si/Fe2O3, Zn/SiO2, Fe/TiO2, Sn/TiO2) by using different methods and the 

relationship between the parameters, structural and physical properties of nanoparticles. 

Various types of transition metals nanoparticles (Sn/ZnO, Si/Fe2O3, Fe/TiO2, Sn/TiO2) 

were prepared by using different methods and metal precursors. All types of transition 

metal nanoparticles (Sn/Zno, Si/Fe2O3, Fe/TiO2, Sn/TiO2) were synthesized in solvent 

controlled manners by using tartaric acid as a stabilizing agent. To study the effect of 

concentration and solvent on the particle size of nanoparticles, all others parameters of 

reactions were kept constant i.e., time, temperature, deposition material. The particle size 

decreases with the increase in concentration of the metal precursors up to critical micelle 

concentration (CMC). Different solvents have magic effect on the particle size of 

nanoparticles. Optimication of the growth parameters for the synthesis of nanoparticles 

were carried out by various methods and by using various solvents such as 2-propanol n-

Hexane Acetonitrile and isoamyl alcohol. It was conclude that n-Hexane has unique 

properties and nanoparticles obtained from this solvent are small in size as compared to 

other solvents. 

Prepared nanoparticles such as (Sn/TiO2, Fe/TiO2) were applied as noncatalyst under UV 

and visible light for the degradation of dye methylene blue (MB), which is environmental 

hazardous material. The rate constant ‘K’ for Sn/TiO2 nanoparticles after 2 hours 

degradation in UV light is 0.091 and % degradation is 25.925 in the same way ‘K’ for 

Fe/TiO2 nanoparticles is 0.093 and % degradation is 26.914. It means Fe/TiO2 

nanoparticles shows good photocatalytic activities as compared to other synthesized 

nanoparticles. In the same way Antimicrobial activity of Sn/ZnO nanoparticles was 

carried out against Eschericchia Coli (E Coli and pasteurellamultocida).  

Antimicrobial and Antifungal studied were carried out by using (Si/Fe2O3, Zn/SiO2) 

nanoparticles against candida parapsilosis and Aspergillus niger, B. subtilis and E. Coli. 

In the same way antioxidant application of Fe/TiO2 nanoparticles synthesized by using 

different solvent were studied. Highest inhibition was shown against grow negative 

bacteria by n-Hexane followed by Acetonitrile. The nanoparticles synthesized in 2-



Propanol showed the lowest inhibition. The prepared nanoparticles were characterized by 

Fourier transmission infrared spectroscopy (FTIR), RAMAN Spectroscopy, Scanning 

Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), X-ray 

Diffraction (XRD), Zeta analyzer, Atomic Force Microscopy (AFM), Photolumensence 

Spectroscopy (PL), Thermogravemeteric Analysis  (TGA), FTIR peaks gives the 

structure elucidation of nanoparticles. SEM, TEM gives the morphology and particle size 

of nanoparticles, XRD also assured the product formation and gives the particle size, 

TGA tells about the weight % loss with the change in temperature.  

  



THE MAIN OBJECTIVE OF THE PRESENT PHD THESIS 

 

As it can be seen from the literature and introduction overview presented, change of 

concentration of the metal precursors, change of various solvent was considered to be 

trivial one. This, in the majority of the research papers, related to the present topic, no 

attentation was given to the solvents which have polar as well as non-polar nature. In the 

present Ph.D thesis transition metal nanoparticles (Sn/ZnO, Si/Fe2O3, Zn/SiO2, Fe/TiO2, 

Sn/TiO2) were synthesized by deposition precipitation, Sol-gel method. So the present 

thesis investigates and elucidates the above mentioned parameters and has the following 

main/supplementary objectives. Key words for the current research are underlined.   

1. Synthesis of transition metals nanoparticles (Sn/ZnO, Si/Fe2O3, Zn/SiO2, Fe/TiO2, 

Sn/TiO2) by were carried out concentration of metal precursor to check the. 

(a) (i) Crystal phase composition and primary particle size.  

(ii) Optical properties of the obtained nanoparticles 

(iii) Crystallite shape.  

(iv) The investigation of the catalysis.  

(b) The photocatalytic activity in the frame of change of metal precursor.  

(i) Activity measurement on separate substrate. 

(ii) The correlation between the catalysts, activity-morpho-structural properties.  

(2) Synthesis of transition metals nanoparticles ((Sn/ZnO, Si/Fe2O3, Zn/SiO2, 

Fe/TiO2, Sn/TiO2) by using the various solvents i.e. 2-propanol, n-Hexane, 

Acetonitrile, Isoamyl alcohol. 

(i) Crystal phase composition and primary particle size.  

(ii) Optical properties of the obtained nanoparticles 

(iii) Crystallite shape.  

(iv) The investigation of the catalysis.  

(3) To study the synthesis of nanoparticles by solvent controlled method.  

(4) To study the Antimicrobial and antioxidant properties of nanoparticles.  

(5) The characterization elucidation of nanoparticles (Sn/ZnO, Si/Fe2O3, Zn/SiO2, 

Fe/TiO2, Sn/TiO2) by SEM, TEM, XRD, PL, FT-IR, RAMAN, Zetasizer, AFM/ 

DLS.   



ORGANIZATION OF THE REPORT 
 

The thesis has been organized in five chapters. The chapter 1 is an Introductory Chapter. 

Chapter 2 contains a pertinent literature review on transition metal doped nanoparticles  

(Sn/ZnO, Si/Fe2O3, Zn/SiO2, Fe/TiO2, Sn/TiO2) which are synthesized by deposition-

precipitation and sol gel method.  

Chapter 3 deals with the synthesis of these transition metals nanoparticles supported on 

ZnO, SiO2, TiO2, Fe2O3. (Sn/ZnO, Si/Fe2O3, Zn/SiO2, Fe/TiO2, Sn/TiO2) using 

deposition-precipitation and sol-gel method.  

Chapter 4 presents the experimental results and discussion on the synthesis of 

nanoparticles in which the structural characterization of samples has been carried out by 

X-rays diffraction (XRD), UV-VIS Spectroscopy, Scanning electron Microscope (SEM), 

Transmission Electron Microscopy (TEM), Photoluminescence Spectroscopy (PL), 

Atomic Force Microscopy (AFM), Influence of Change of metal precursor, solvents, on 

the size, distribution, morphology, and catalytic applications of synthesized  

nanoparticles.  

Chapter 5 contains the conclusions for the experimental research work and suggestions 

for future work.  
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4.81 First order plot of Ln (At-A∞) Vs Time was plotted by using the data 

given in table 4.14, k is 0.078 and %age degradation was 5.946. 
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4.82 First order plot of Ln (At-A∞) Vs Time was plotted by using the data 
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given in table 4.16, k is 0.959 and %age degradation was 15.32. 
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4.84 First order plot of Ln (At-A∞) Vs Time was plotted by using the data 
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INTRODUCTION 

 

1.1 Nanoscience and Nanotechnology 

From last many years, too much interest and research has been given to a single word that 

is “nano” in the field of science and technology, that is called nanoscience and 

nanotechnology. This word has rapidly changed every aspect of science and technology 

particularly if we talk about research in these fields due to which it gives too much 

advancements in our usual routine life and also affect our future [1]. 

 “Nano” means one billionth (10-9) and is denoted as 1nm. It can be said that 1nm may be 

a molecules, clusters of atoms or it can be said particles in the quantum world. Some of 

the properties from which we are familiar like melting point, colour, catalytic or magnetic 

properties [2] will be changed partially or completely in noval properties [3]. It can be 

said that nanoscience gives us a idea to learn the basic and essential concepts of 

nanostructure devices and systems which are in the length of (1 – 100 nm). 

Richard Feynman published an article in 1960 from the name of “there is plenty of rooms 

at the bottom” in which he write about nanomaterials. He said if a small information 

needs 100 atoms, then all written books can be stored in a cube with side of 0.02 inch 

long [4].  

Despite all of this there was no significant advancement in both nanoscience and 

nanotechnology till 1980’s when Scanning Tunnding Microscope (STM) was discovered 

because there were no proper  instruments for measuring nanometer scale materials. 

Research in nanoscience not belongs to a single subject rather it overlap with others like  

Physics, Mechanics, Chemistry, Materials Science, Biology and Medicine. First of all  

heterogenous catalysis was invented in nineteen hundred followed by AgCl nanoparticles 

in photography [5].    

Now-a-days different methods are in use,  some of which are, Self Assembly Technique, 

Nanoscale Crystal Growth, Nanoimprint Lithography are used to make nanomaterial  in 

large amounts, which shows the great importance of nanotechnology.  

Due to having smaller size and large surface to volume ratio nanomaterials show unique 

characteristics  which  are their optical behavior (nonlinear), vibration bonding , specific 



heat capacity and electromagnetic behaviour [6]. Various nanoparticles are prepared with 

different potential applications such as in biotechnology [7] such as sensors [8], catalysis 

[9], medical diagnostics [10], engineering materials, magnetic media, optics and 

conducting adhesives [11-13], in short, nanotechnology is playing an important role in 

every field and very prominently [14, 15].  

1.2 Properties of Nanoparticles  

 Bulk material should have constant physical properties related to its size but in 

nanoparticles size dependent properties are seldom observed. Properties of 

nanomaterials change as their size approaches the nanoscale.  

 Suspensions of nanoparticles are possible because the particle surface have 

interaction with solvent that is enough to overcome density differences, otherwise 

material either sinking or floating in a liquid [16].  

 Surface area play an important role in nanomaterials. If bulk materials have larger 

surface area than one micrometer (or micron), the percentage of atoms at the 

surface is insignificant in relation to the number of atoms. Sometime properties of 

nanoparticles are inverse and unexpected due to large surface area.  

 Solar absorption depend on the particle size of nanoparticles, the absorption of 

solar radiation in photovoltic cell is much higher in materials which are composed 

of nanoparticles than in thin films of continuous sheets. Smaller the particles, 

greater the solar absorption.  

 Nanoparticles of tin possess unexpected optical properties due to small size that is 

enough to confine their electrons and produce quantum effects e.g. gold 

nanoparticles appear deep red to black in solution.  

 Surface area to volume ratio of nanoparticles provide a tremendous driving force 

for diffusion.  

1.3 Advantages of nanoparticles 

The advantages of using nanoparticles include the followings:  

 For achieving passive and active drug targeting after parental administration 

particle size and surface characteristics of nanoparticles can be easily changed.  



 Nanoparticles control and sustain the release of drug during the transportion and 

at the site of localization, change organ distribution of the drug and clearance of 

the drug so as to achieve increase in drug therapeutic efficacy and reduction in 

side effects.  

 Site-specific targeting can be achieved by attaching targeting ligands to the 

surface of particle.  

 Controlled drug release and particle degradation can be readily adulated by the 

choice of matrix constituents. Drug loading is relatively high and drugs can be 

incorporated into system without any type of chemical reaction which shows an 

important factor for preserving the drug activity [17]. 

 Nanoparticles can be used for different routes of administration including nosal, 

oral, parenteral, intra-ocular etc.  

1.4 Disadvantages of nanoparticles  

Nanoparticles have the followings limitations.  

 Due to their small size and large surface area lead to particle aggregation, due to 

which physical handling of nanoparticles make difficult in liquid and dry forms.  

 In addition, due to small particle size and large surface area readily result in 

limited drug loading and burst release.  

1.5 Synthesis Methods of nanoparticles 

Nanoparticles can be synthesize by two main approaches (i) Bottom up, (ii) Top dawn. In 

Bottom up approach small building blocks are produced and assembled into larger 

blocks. Here main controlling parameters are morphology, particle size, crystallinity and 

chemical composition e.g., chemical synthesis, loser trapping, self assembly, colloidal 

aggregation.  

“Top Down” method where large blocks are modified to give smaller features e.g., film 

deposition, nano imprint lithography, mechanical polishing, etching technology.  

Syntheses of nanoparticles are mostly based on three strategies i.e.  

 Liquid – phase synthesis  

 Gas – phase synthesis  

 Vapour phase synthesis  



1.5.1 Liquid – phase synthesis  

This involves the followings: 

 Co-precipitation 

 Sol. Gel processing 

 Hydrothermal synthesis 

 Micro-emulsions   

 Microwave synthesis  

 Sono-chemical synthesis 

 Template synthesis.  

1.5.2 Gas-phase synthesis  

Super saturation matrix achieved by vapourizing material into a background gas, then 

cooling the gas.  

1.5.3 Method using solid precursors  

 Inert gas condensation  

 Pulsed Laser Ablation  

 Spark Discharge  

 Ion Sputtering  

1.5.4 Method using liquid precursors  

 Flame synthesis  

 Chemical vapours synthesis  

 Laser Pyrolysis  

 Thermal plasma synthesis  

 Flame spray pyrolysis  

 Low-temperature synthesis   

1.5.5 Conventional Heating Method  

In this method nanoparticles are produced by heating at various temperature. Precursors 

are added and heated at maximum temperature by continuous stirring to achieve good 

particle size [18, 19].  

  



1.5.6 Precipitation Method  

In this method nanoparticles are allowed to get precipitate in stabilizing solvent. Other 

precursors are also added to get the desired products. Barium sulphate, cerium oxide, 

stanic chloride, titanium isopropoxide and many other nanoparticles are synthesized by 

this method. There are many factors which can causes precipitation e.g. microemultion 

precipitation, surfactant is used to develop microemussions which will later causes 

precipitation. Another technique in precipitation is HGRP (high gravity reactive 

precipitation). In this case gravity is produced artificially [20-22]. 

1.5.7 Microemulsion Method 

This is a method which allows the synthesis of ultrafine metal particles within size of 5 

nm with diameter of 50 nm. The rate of particle nucleation is a function of percolation 

degree of microemulsion droplets in microemulsion method. We mainly discuss the 

effect of stabilizer (emulsifier), types and concentration, reducing agent and additive on 

the particle formation are summarized and evaluated. Many other parameters such as 

temperature, nature of metal, incident high and reaction condition also reviewed. These 

all result indicate that nature of stabilizer emulsifier, the surface activity of additives and 

stability of microemulsion plays an important role on particle size.  

1.5.8 Sono chemical Method 

In this method nanoparticles are produced by irradiating the aqueous or organic 

dispersion of precursor materials by using ultrasonic probe at room temperature. The size 

of particle obtained by the method depends on the solution concentration and time of 

sonication.  

1.5.9 Hydrothermal Synthesis 

Synthesis method of single crystal that depends on the solubility of minerals in hot water 

at high pressure. The crystal growth is carried out in a steel vessel called autoclave in 

which nutrient is applied along with water. A gradient temperature is maintained at the 

opposite end of growth chamber so that hotter ends dissolves the nutrients and cooler 

ends causes the seeds to grow. Vessel volume should not exceed more than 9 mL [23].  

Advantage of using hydrothermal method is that ability to create crystalline phases very 

quickly. In the same way materials which have high vapour pressure near to their melting 

points can also be growth by this method.  



1.6 B-Physical Methods 

1.6.1 Laser ablation  

In laser ablation, high power pulses are used to evaporate matter from a target surface 

such that stichiometery of the material is preserved in the interaction, a supersonic jet of 

particles (plume) is ejected to target surface. The plume, similar to rocket, exhaust, 

expands away with strong velocity. Ablated species condense on the substrate placed 

opposite to target. In case of oxide films, oxygen is most common background gas.  

1.6.2 Sputtering  

This method is used for depositing thin films of a material on substrate surface. In this 

method gaseous plasma is produced then accelerates the ions from plasma into source 

target. The source material (target) is cruded by arriving ions via energy transfer and then 

ejected in the form of neutral particles these neutral particles moves in straight line, until 

they come into contact with something.  

1.6.3 Spray route Pyrolysis  

Nanometer-sized particles (1-100 nm) have great interest in various applications e.g., 

electronics, ceramics, as catalyst, A simple rapid and generalizable aerosol 

decomposition (spray pyrolysis) is used for continuous synthesis of nanoparticles with 

desired sizes, with good stichiometery.  

1.6.4 Inert Gas Condensation  

This method is used to synthesize nano-meter sized particles of metallic ions by 

evaporation and agglomeration. This is the most modern method for the synthesis of 

nanoparticles, although it is costly. It is a controlled method because exact shape and size 

of nanoparticles can be synthesized. In this method as nanoparticles are formed they 

rapidly colloide with inert gas in a low pressure environment end thus smaller and 

controlled nanoparticles are formed.  
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quantum dots, shape control of CeSe nanocrystals are considered a milestone in the 

history of nanoscience [24]. 

Now-a-days, the synthesis, characterization and application of doped transition metals 

nanoparticles show a highly dynamic area in both scientific research and business 

communities. Among various classes of inorganic nanoparticles, transition metals 

nanoparticles are regarded attractive from both scientific and technologies point of view. 

The most important characteristics of transition metals nanoparticles are their optical, 

electrical, photoelectronic, electronic, magnetic or catalystic which describes almost all 

aspects of material science [24]. 

When metal oxides are doped with other metals and are brought into nanometer scale, 

they show noval properties compared to their bulk material. Their fascinating properties 

enable their various applications in nanoscience, such as electroceramics, degradation, 

superconductors, catalysis and in energy conversation etc.  

In my Ph.D work, the synthesis of transition metals nanoparticles supported on ZnO, 

Fe2O3, TiO2, SiO2 and their applications in catalysis are studied. The common feature of 

these doped nanoparticles synthesis is that they were all synthesized via sol-gel and 

deposition-precipitation method Sn/ZnO, Si/Fe2O3, Zn/SiO2, Sn/TiO2 and Fe/TiO2 

nanoparticles are synthesized by two ways: (i) By varying the Molar concentration of 

Metal precursor, (ii) By using various solvents. Synthesis of all nanoparticles are carried 

out by controlled used of solvent and in the same was their catalytic applications are 

studied one by one. 2-propanol is the solvent which is used for the synthesis of these 

doped nanoparticles. Other than this tartaric acid is used in all my research work as a 

stabilizing agent for well defined morphology of these nanoparticles. Various solvent 

were also used for the synthesis of these doped nanoparticles (Sn/ZnO, Si/Fe2O3, 

Zn/SiO2, Sn/TiO2 and Fe/TiO2) like, acetonitrile, n-Hexane and isomyl alcohol and then 

the size of these nanoparticles were studied as compared to 2-propanol. Their fascinating 

properties enable their various application in nanoscience. Such as electro ceramics, 

degradation, superconductors, antimicrobial, catalysis and in energy conversation etc. 

Basic infrastructure for these synthesis methods were available in the labs of Chemistry 

Department of Government College University Lahore. Sol-gel is considered a low 

temperature synthesis method that gives pure and homogenous nanoparticles with good 



size distribution, meanwhile chemical reactions can be tailored at molecular level to have 

better control over the process.  

1.8 Effect of Solvent in the Synthesis of nanoparticles 

During the synthesis of nanoparticles, the most important perspective are control on size, 

shape and on surface properties. Aqueous chemistry using in the synthesis of 

nanoparticles are complex because of high reactivity of metal oxide precursor and water, 

when water is used. Water shows its dual property as a solvent as well as a ligand that 

involve three types of mechanism i.e. hydrolysis, condensation and aggregation. These 

factors could control the size and morphology of nanoparticles. This dual effect of 

solvent cause in the formation of nanoparticles but little change in experimental condition 

could change particle size. The solvent controlled synthesis is simpler and the main 

advantage of solvent is the formation of pure products. In order to control the 

morphology and size of nanoparticles water organic solvent are used. Synthesis and 

nanoparticles also become economical and easy as temperature is lowered i.e. 50 to 

200oC. The role of organic solvent in the synthesis of nanoparticles is complex because 

on one hand. They provide oxygen for the formation of metal oxide and on other hand 

they act as capping agent which binds the particle surface, the result is that they inhibit or 

limit the crystal growth and affect on the particle morphology.  

The solvent range from: 

 Oxygen containing solvent like alcohols, ketones and aldehydes. 

 Oxygen free solvent like amines, acetonitriles or toluene.  

1.9 Synthesis of nanoparticles using alcohol 

Synthesis of nanoparticles using alcohol as a solvent is a simple way of synthesizing 

various types of transition metals doped nanoparticles. This is an economical reaction, 

could be possible even in a beaker in laboratory at low temperature. Various types of 

doped nanoparticles are prepared using different types of alcohol as a solvent. The 

reaction between alcohols like 2-propanol, isoamyl alcohol to produce metal oxide 

nanoparticles even at low temperature. At low temperature if these reactions parameters 

are adjusted, they can yield a specific geometry thus can control the crystallinity. 

Alcohols are not suitable for the metal oxide containing cations which are sensitive 

towards reduction such as copper and lead [25].  



Solvents used for the synthesis of Nanoparticles (Sn/ZnO, Si/Fe2O3, Zn/SiO2, Fe/TiO2, 

Sn/TiO2) during the research work.  

The followings types of solvents were used for the synthesis of nanoparticles (Sn/ZnO, 

Si/Fe2O3, Zn/SiO2, Fe/TiO2, Sn/TiO2) 

1. 2-propanol (isopropyl alcohol ) 

2. n-Hexane  

3. Acetonitrile 

4. Isoamyl alcohol  

Some brief description about their structure and uses are as follow: 

1.10 2-Propanol (isopropyl alcohol 

Isopropyl alcohol is a chemical compound which have the followings types of molecular 

formulas. C3H8O C3H7OH CH3CHOHCH3. 2-propanol is colourless, highly flammable. It 

is the simplest form of secondary alcohol in which alcohol, carbon atom is attached to the 

other carbon atoms.  

(CH3)2CHOH. 

It is also called structural isomers of propanol.  

Properties 

2-propanol has following types of properties. 

1. 2-propanol is easily soluble in water, alcohol, ether, it can easily dissolved ethyl 

cellulose, polyvinyl butyral, alkaloids, resins, gums. [26] 

2. It is insoluble in salt solutions, just like methanol and ethanol, iso propyl alcohol can 

be separated from equesou solution by adding salt of sodium chloride, sodium 

sulfide.  

3. Azeotrope can be form by mixing water with isopropyl alcohol which have the 

boiling point in the range of 80 37oC. 

4. Isopropyl alcohol becomes more viscous by decreasing temperature. At temperature 

below – 70oC, 2-propanol resembles maple like syrup in viscosity.  

5. 2-propanol has maximum absorbance at 205 nm in UV-Visible Spectrum. [27,28] 

  



Physical Properties 

Molecular formula = C3H8O 

Molar Mass  = 60.10g mol-1 

Density   = 0.786 g/cm3. 

M.P.   = 89oC 

B.P.   = 82.6oC 

Dipole moment  = 1.66 D 

Uses Solvent 

1. Isopropyl alcohol solvent dissolve non-polar compounds in large range. That is 

why it is widely used as a solvent e.g., clearing electronic devices, magnetic tapes, 

lasers and optical disc optical fibers, synthesis of nano particles, phonograph 

records.  

2. Intermediate 

When 2-propanol is esterified it gives isopropyl acetate, It react with CS2 and 

NaOH and gives sodium isopropyl xanthate’ “herbicide” [29] and an ore flotation 

reagent [30]. It reacts with TiCl4 and Al metal to give titanium and aluminium iso 

propoxides, which acts as a catalyst [31]. 2-propanol is also used as a solvent is 

medical as anesthetic, [32] as automotive and as a safety [33].  

1.11 n-Hexane 

Hexane is an alkane which have six carbon atoms.  

CH3 – CH2 – CH2 – CH2 – CH2 – CH3. 
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Hexane are significant constituents of gasoline having boiling point between 50 and 

70oC.  

Properties 

Molecular formula = C6H14 

Molar mass  = 86.18g mol-1 

Density  = 0.6548 g mL 



M.P.   = -96 to -94oC 

B.P  . = 68.5 to 69.1oC 

Solubility in water = 9.5 mg L-1 

Vapour pressure = 17.60 kpa.  

Uses 

1. n-hexane is widely used as a solvent in the synthesis of different organic and 

inorganic compounds. It is also used in extraction of oil and grease contaminants 

from water and soil for analysis [34].  

2. In industry hexane is used in the formation of glues, also used for the extraction of 

cooking oils.  

1.12 Acetonitrile 

Acetonitrile is a chemical compound which has the following structural formula.  

H C

H

H

C N

 

It is synthesized mainly as a byproduct of acrylonitrile. It is used as a polar aprotic 

solvent. It is miscible with water and in many organic solvent. It can dissolve wide range 

of ionic and non-polar compounds and is useful as a mobile phase in HPLC and LC-MS. 

Properties 

Molecular formula = C2H3N 

Molar mass  = 41.05 g mol-1 

Density  = 786 mg mL-1 

M.P.   = -46 to -44oC 

B.P.   = 81.3 to 82.1oC 

Vapour pressure = 9.71 kpa. 

UV-Vis (λ-max) = 195 nm.  

Refractive index = 1.344 

  



Uses 

Solvent 

Acetonitrile is widely used as a solvent in the synthesis of organic and inorganic 

compounds as well as synthesis of nanoparticles at medium level is also carried out.  

Toxicity 

1. Acetonitrile can be metabolized to produce hydrogen oxide that is the source 

of toxic effects [35,36,37].  

2. Acetonitrile poisoning in human are rare by inhalation, ingestion and by skin 

absorption [36].  

3. It can be used in the preparation of nail polish remover.  

1.13 Isoamyl Alcohol 

Isoamyl alcohol is also called isopentyl alcohol is a clear, colourless alcohol which has 

following formula: 

(CH3)2CHCH2CH2OH 

 

CH

3 OH

CH

3

 

   3-methyl-1-butanol 

It is one of the isomers of amyl alcohol. It is main ingredient in the formation of banana 

oil, ester found in nature and also produces as a flavouring in industry. It is also 

ingredient of Kovac’s reagent, used for bacterial diagnostic . 

Uses 

1) It is used as a antifoaming agent in chloroform [38].  

2) It is also used in a phenol-chloroform extraction mixed with chloroform to inhibit 

phase activity and prevent solubility of RNAs with long tracts of polyadenine [39].  

3) It is the component of aroma of tuber melanosporum.  

Properties 

Molecular Formula  = C5H12O    

Molar Mass   = 88.148g/mol 

Density   = 0.8104g/cm3 



M.P    = -117.2oC 

B.P.    = 131.1oC 

Solubility   = very soluble in acetone, ethanol 

    = Viscosity = 3.692 mpa. 

1.14 Synthesis Methods used for the Preparation of Doped Transition 

Metals nanoparticles During the Research work 

In my PhD work, synthesis of transition metals nanoparticles supported on ZnO, Fe2O3, 

SiO2 and TiO2 (Sn/ZnO, Si/Fe2O3, Zn/SiO2, Fe/TiO2, Sn/TiO2) were carried out by two 

ways. 

1.14.1   Sol-gel Method 

Sol-gel process is a procedure in which molecular precursors e.g. metal alkoxides, metal 

chlorides react with certain solvent e.g., H2O or organic solvent. That is called 

hydrolysis/solvolysis and condensation reactions. Water is used as a solvent for the 

synthesis of doped nanoparticles. The mechanism of the reaction is shown as, Firstly, the 

metal oxide or metal chloride is hydrolyzed and an M – OH is produced. 

Hydrolysis  

M OR H2O ROH M+ + OH 

M Cl H2O ROH M+ + Cl 

Eq. 1.1

Eq. 1.2

 

In 2nd stage, c the hydroxyl group with each other or other metal alkoxide/chloride and  

M – O – M network in generated (condensation reaction) with the elimination of ROH, 

water or HCl.  

Condensation: 

M OH XO M+ O  Eq. 1.3M M + OH2

M OH Cl M+ O  Eq. 1.4M M + HCl

X

 

(X = H or R) 



The reaction mechanism of aqueous Sol-gel process is rather simple. However resulting 

from high reactivity of precursor towards hydrolysis [40]. This process has several 

disadvantages: 

 Mostly product are amorphous  

 Post thermal treatment is not avoidable 

 Temperature, pH, concentration of anions have to controlled 

  Mixing method have to be carefully controlled.  

Then an alternative to aqueous sol-gel method, non aqueous sol-gel process has become 

more and more popular, instead of water, organic solvents such as alcohols, ketones or 

amines, are used as a liquid phase reactants as compared to aqueous phase, organic 

solvent phase has many advantages i.e. 

 Better control of particle formation 

 High crystallinity of nanoparticles at relatively and moderate temperature  

(100-300oC).  

 Control of over size, shapes and compositions is possible [24].  

1.14.2   Deposition precipitation Method 
The method of deposition precipitation is a modification of deposition method. This 

method involves the conversion of high soluble metal precursor into another substance 

that have low solubility, that specifically precipitates on support, not in solution. This all 

process of conversion of high soluble compound into low is achieved by varying the pH 

of solution [41]. In order to achieve good deposition-precipitation, the slowly addition of 

the precipitating agent is added in order to avoid local rise in concentration above super 

solubility. Due to this method, the deposition of a controlled amount of precursor up to 

high loading and the interaction between metal precursor and support leads to formation 

of highly dispersed active phase after thermal treatment. Various compounds have been 

obtained by this method by changing the synthesis parameters like temperature time of 

stirring, base pH, support and precursor. Here in this work most common one is loading 

of Sn on ZnO, Si on Fe2O3, Fe on TiO2, Sn on TiO2 and Zn on SiO2 by changing 

parameters, we get small size nanoparticles. The loading of any metal is done at  

iso-electric point (IEP) value [42,43]. 



 

Figure 1.2: Different protocoals used for the synthesis of nanoparticles 

1.15 Crystal Structure of ZnO 

Zinc oxide has Wurtzite hexagonal crystal structure. Zinc oxide has two main forms, 

hexagonal Wurtizite and cubic zinc blend. Wurtizite crystal structure has close- packed 

lattice type, with lattice parameters, ao = 0.32495 nm Co = 0.52068 nm, ratio  

Co/ao = 1.602. According to Hartee-Fock linear combination of atomic orbitals, among 

different phases of Zno, Wurtzite is most stable structure [63]. The structure of ZnO, can 

be explained as alternating planes composed of tetrahedrally coordinated O2- and n2+ 

ions. Which are stacked alternatively along the C – axis.  
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Figure 1.3: ZnO unit cell with ionic positions 

The appositely charged ions produces positively charged (0001)-Zn and negatively 

charged (0001) – 0 polar surfaces, result is the production of dipole moment [44, 45]. In 

ionic form, excess zinc exist as Zn2+ interstitials, which are mobile and that occupy 

special interstitial sites with Miller index [46].  

 

 

Figure 1.4: ZnO Wurtzite lattice structure  



Figure 1.5: ZnO Wurtzite lattice structure (tetrahedral coordination)

1.16 Physical properties
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Density  = 
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ZnO powder widely used intermi

lotions for skin treatment owing to its antibacterial properties [47,48]. The catalytic 

activity and antimicrobial properties of nanoparticles can be enhanced by doping the 

nanoparticles with metals. A

organisms was increased by doping of different metals [49]. Doped ZnO nanoparticles 

can potentially be antibacterial agents to treat the diseases caused by bacteria. Zinc oxide 

nanoparticles show semi 

enhanced by doping of metals like iron, silver, cobalt and transitions metalsm 
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least at very low concentration of dopant tin metal, while high concentration of dopant 

Tin metal favours high inhibition growth of both microbial strains. 

In the same way in my research work Sn/ZnO nanoparticles were fabricated a composite 

based on reduced grapheme oxide (RGO) by using Sn/ZnO nanoparticles by 

hydrothermal method the specific capacitance of 252 F/g was calculated using cyclic 

voltammetery for this composite electrode cyclic voltammetery was performed using 

calomel as reference electrode, graphite rode as counter electrode and working electrode 

was prepared using RGO/Sn/ZnO composite film on FTO glass.  

1.17 Structure of silicon dioxide (SiO2) 

Silicon dioxide, which is also known as silica, is a chemical compound, that is oxide of 

silicon. It is most abundantly found in nature as quartz as well as its little amount is also 

found in the living organisms [54]. In silica every silicon atom is attached tetrahedrally to 

four oxygen atom and each oxygen atom has two close silicon neighbours. It is the most 

thermodynamically stable crystalline form of silica. SiO2 is also known as 3 dimensional 

structure that is considered to originate from SiO4. Every silicon atoms are connected 

with each other with an oxygen atom, which produced a diamond type structure.  
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Structure of SiO2 

The bond angle of Si – O – Si, is about 144 degree. These are called polymorph and in 

order are stable, various shapes of SiO2 shows different characteristics and functions, 

commercially SiO2 is very useful in steel, electronic, in industry. SiO2 is also important in 

the sense that it creates very rapid change in temperature and still maintain its shape and 

structure.  
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Physical Properties 

1. Standard Molar entropy (S)  = 42 J mol-1 K-1 

2. Standard enthalpy of formation = ∆Ho
f = -911 KJ mol-1 

In my Ph.D work Zn/SiO2 nanoparticles were applied to investigate the antifungal and 

antimicrobial activities. Antifungal activity of synthesized Zinc-doped silicon oxide 

nanoparticles prepared in three different solvents such as Acetonitrile, n-Hexane and iso 

amyl alcohol. Stock culture of Candia parapsi/osis and Aspergillus niger prepared and 

maintained in Sabouraud Dextrose Agar (SDA).  

1.18 Structure of Fe2O3 

 Iron (III) oxide or ferric oxide, is inorganic compound with chemical formula Fe2O3. 

Iron has three main oxides, it is one of the three main oxides. The other two being iron 

(II) oxide, (FeO), and iron (II, III) oxide (Fe3O4) exist as magnetite.  

Fe2O3 is ferromagnetic, dark red, readily attacked by acids, Fe2O3 is also called rust. 

Fe2O3 can be obtained in various polymorphs  

1.18.1 Alpha Phase α- Fe2O3 

α-Fe2O3 has rhombohedral structure and occurs naturally as hematite which is called 

main ore of iron. It is antiferromagnetic below ~260 K and exhibits weak ferromagnetism 

behavior between 260 K and 950 K [55]. It can be prepared both way, by using thermal 

decomposition method as well as by precipitation method in liquid phase.  

Magnetic properties of Fe2O3 depends on pressure particle size and magnetic field 

intensity.  

  



1.18.2 Gamma phase γ Fe2O3 

γ Fe2O3 having cubic structure. It is called metastable form and converted from alpha 

phase. It occurs naturally as maghemite. Fe2O3 is also called ferromagnetic in behavior 

and has wide applications in recording tapes [56]. γ-Fe2O3 can be prepared by thermal 

dehydration of gamma iron (III) oxide-hydroxide.  

Uses 

(i) Fe2O3 has applications in steel and iron industry e.g. production of iron, steel, 

alloys [57].  

(ii) Powder of Fe2O3 is also used as “polishing known as ‘Jeweler’s rouge’ red 

rouge”. It is used as polish on metallic jeweler and lenses.  

(iii) Fe2O3 is also used as pigment, Hematite is the characteristics component of 

the Swedish paint colour “Falu red” in iron (III) oxide, used as “magnetic 

recording” e.g., including magnetic discs,  magnetic tapes, audio and video 

recording, storage data [58].  

1.18.3  Photocatalyst 

γ-Fe2O3 studied as “photoanode” for water splitting reactions [59].  

In my Ph.D work Si/Fe2O3 nanoparticles were applied to investigate the antifungal and 

antibacterial activities of silica-doped iron oxide nanoparticles, both particles were 

synthesized in three different solvents such as Acetonitrile, n-Hexane and isoamyl 

alcohol. Stock culture of candia parapsilosis and Aspergillus niger prepared and 

maintained in sabouraud Dextrose Agar (SDA).  

1.19 Structure of Titanium Dioxide (TiO2) 

TiO2, also known as titanium (iv) oxide or titania, Generally, it is sourced from ilmenite, 

rutile and anatase. Rutile is the next most abundant and contain about 98% TiO2 in the 

ore: 

Form   Crystal system  Synthesis 

Rutile   Tetragonal   Sol-gel Deposition-Precipitation 

Anatase  Tetragonal   chemical pyrolysis 

Brookite  Orthorhombic   anodization, solvothermal  

Anatase can be converted by hydrothermal synthesis to delaminated inorganic nanotubes 

[60] and titanate nanoribons which are used as a photocatalyst. 



Another method for the synthesis of TiO2 nanotubes is through in anodization in an 

electrolytic solution [61].  

Uses 

1) Pigment 

TiO2 is mostly used as a pigment because of its brightness and due to very high refractive 

index, when TiO2 is deposited as a thin film its refractive index and colour make it an 

excellent reflective optical coating for dielectric mirror.  

 It is also used in paints, coatings, plastics, papers, inks, foods, medicines and in 

toothpaste sunscreen and UV blocking pigment TiO2 is also used in cosmetic and 

in skin care products, also used as thickner. Its strong UV light absorbing 

capabilities and its resistance to discolouration under UV light photocatalyst. TiO2 

is also used as photocatalyst under UV light. It has reported when doped with 

nitrogen ions or doped with metal oxide, acts as photocatalyst [62].  

 TiO2 in solution or suspension can be used to cleave protein that contains the 

amino acid proline [63].  

 TiO2 is also used as semiconductor due to high refractive index [64].  

In my Ph.D work Fe/TiO2 and Sn/TiO2 nanoparticles were synthesized and their catalytic 

application were studied. Antibacterial and antioxidant applications of Fe-doped TiO2 

nanoparticles were carried out by using Escherichi coli and staphylococcus aureous. In 

the same way antioxidant activity of nanoparticles were studied on the basis of the radical 

scavenging effect of the DPPH. Degradation of methylene blue (MB) dye were carried 

out by using Fe/TiO2 nanoparticles. Wavelength was taken at 664 nm and catalytic 

degradation of methylene blue dye of Fe doped TiO2 nanoparticles was studied under UV 

light, in dark and in sunlight. Sn-doped TiO2 nanoparticles was also used to catalyze 

methylene blue dye by using UV-Vis spectrophotometer. Wavelength was taken at 664 

nm and catalytic degradation of methylene blue dye by Sn-doped TiO2 nanoparticles was 

studied under UV light, in dark and in sunlight.    

1.20 Structural Characterization Techniques 

In order to get exact information about the crystal structure of nanoparticles, surface 

morphology of particle. Following characterization techniques are applicable.  

1. XRD (X-Ray Diffraction) 



2. SEM (Scanning Electron Microscopy) 

3. TEM (Transmission Electron Microscopy) 

1.21 Optical Characterization  

As we know nanoparticles have wide range of application in the optoelectronic devices, 

in degradation, in solar cell, followings characterization techniques gives information 

related to optical properties.  

UV-Visible Spectroscopy (UV-Visb) 

FTIR (Fourier Transform Infrared Spectroscopy)  

PL (Photoluminenscence Spectroscopy)  

Raman Spectroscopy  

DLS (Dynamic Light Scattering) Analysis.  

1.22 Thermal Analysis 

DSC and TGA  

1.23 XRD (X-Ray Diffraction) 

1.23.1  Basis of X-Rays 

Short wavelength electromagnetic radiation which are produced by deceleration of high 

energy electrons. The wavelength range of X-rays from 10-4 nm to 10 nm [65]. X-rays 

was first discovered by Wiilhelm Conrad Reontgen. This technique based on the 

measurement of absorption, fluorescence, scattering and diffraction of X-rays that is why 

this is used to investigate the structure of matters. 

X-rays are formed in three ways: 

(i) Bombardment of a metal target with high energy source beam.  

(ii) Exposure of a substance to primary beam of x-rays for the production of 

secondary beam of x-rays fluorescence.  

(iii) By using radioactive source in the result i.e., decay process, result in x-rays 

emissions.  

Scattering and diffraction measurement are usually done in x-rays tube and that is 

available in all the x-rays labs. Due to relatively simple structure and much low cost as 

compared to synchrotron. 



In an X-rays tubes, x-rays are produced when a heated cathode are accelerated towards a 

metal anode (target) by a potential as 100 kv, a part of energy is released in the form of 

electron beam that is converted to X-rays.  

X-rays wavelength is measured in nanometer scale that is why they particularly used to 

investigate the substance in nanometer.  

1.23.2  Bragg Law 

By analogy with diffraction of light by an optical grating, crystals, repeating structures, 

should be capable of diffracting radiation, that has wavelength similar to inter atomic 

separation, ~ 2 – 3 Ao. Crystal distraction studies are done by three types of radiation.  

X-rays, neutrons, electrons but x-rays are most popular and useful [66]. 

Bragg Law is most basic law for the determination of crystal structure. It was stated by 

W.L. Bragg in 1912. According to Bragg law crystals are composed of layers or planes 

such that each acts as a semi-transparent mirror. Some of the x-ray is reflected off a plane 

with the angle of reflection that is equal to angle of incidence.  

Bragg Law derivation is shown in figure (1.7). Two types of x-ray beams 1 and 2 

reflected from adjacent planes, A and B, within crystal and we want to know under what 

conditions these reflected beams 1 and 2 are in same phase. Beam 2,2 has to travel more 

distance xyz, as compared to beam 1, 1 and for 1and 2. This covered distance xyz must 

equal to whole number of wavelengths. The perpendicular distance between pairs of 

adjacent planes, the d spacing edl angle of incidence or Bragg angle,  θ, related to 

distance xy by xy = yz = d Sin θ  

xyz = 2 d Sin θ 

Let 

xyz = nλ 

Therefore 

 2d Sin θ = nλ   Eq = 2.1 

 Eq (2.1) is called Bragg’ Law.  

 

Full width at half maximum (FWHM) of XRD pattern was used along with the Scherrer’s 

equation to estimate the mean particle size: 



� = 	
0.9	�
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Where 

 D = mean diameter of nanoparticles 

 λ = wavelength of x-rays radiation 

 β = angular full width of half maximum 

 θ = Diffraction angle.  

 

 

Figure 1.6: A schematic diagram of Bragg’s law. 

1.24 Scanning Electron Microscope (SEM) 

The scanning electron microscope uses a high energy beams of electrons that produces 

the signals at the surface of specimens that is used for analysis. These signals shows 

various types of information regarding the sample such as chemical composition, 

crystalline structure, orientation and external morphology (texture).  

SEM analysis is usually considered non-destructive technique because the x-rays 

generated donot lead the loss of the volume of sample, due to this property of this 

instrument. It is possible to analyze the same sample again and again. This microscope 

takes the image of the sample by scanning it using high energy electrons. These electrons 

then interact with the atoms, produces signals, that provide information about the sample 

structure, about surface topography, conductivity etc.  

Different types of signals are produced by SEM include back –scattered electrons (BSE), 

characteristics x-rays. Secondary electrons, specimen current, cathode luminescence, 



transmitted electrons. Back-scattered electrons (BSE) are those electrons which are 

highly reflected by the elastic scattering from the sample which is to be analyzed. 

Because the intensity of BSE signals is almost nearly related to the atomic number of the 

specimen. That is why BSE images can provide the information about the various 

elements which are present in a sample. X-rays are released when there is removal of an 

electron from the inner shell of sample. That causes the high energy electron to occupy 

the inner shell and releases energy in the form of x-rays. X-rays which are released 

during that process are used to find out the composition of the material, as well as 

presence of elements and also level of impurities in the sample. Magnification range of 

SEM is about 6 orders of magnitude from 10 to 500,000 times.  

 The SEM is also widely used to identify the phases that base on qualitative 

analysis  

 SEM can accurately measure the size of that objects which are down to 50 nm in 

size.  

Some of the compositional characterization was carried out by energy dispersive X-ray 

Spectroscopy (EDX) attached with SEM.  

(FE SEM) 

Field emission scanning electron microscope (FESEM) is very useful to study materials 

from both qualitative and quantitative analysis aspects. The low accelerating voltage is 

generated by high electron current that is actually because of emission of very bright 

electrons from field gun (FEG) when it hits, the interaction of electron beam and sample 

result in the form of signals.  



 

Figure 1.7: Scanning Electron Microscope 

1.25 Transmission electron microscope (TEM) 

In TEM, the beams of electrons are generated by a pin-shaped cathode which is heated by 

current. The electrons are vacuumed up by a high voltage at the anode. The voltage range 

is in between 50 and 150 Kv. As the voltage is higher, the shorter are electron waves and 

higher is the power of resolution. The power of resolution is usually restrained by the 

quality of lens-system. Modern gadgets which are used in TEM analysis is usually have 

powers of resolution in the range of 2-3 A.  

Electron Microscope are the scientific instrument that use highly energetic electrons to 

examine objects on very small scale. By using this technique we can get information like 

morphology, topography, composition as well as crystalline structure of nanoparticles. 

The main use of this technique is to study the specimen structure, composition or 

properties of particles in submicroscopic level. In TEM there is no change in refractive 

index of the medium when illumination beam is deflected. The vacuum in the lens is 

almost same as in column. Deflection arises due to electromagnetic properties of the lens 

which are defined by electromagnetic plates. Since all electrons carry a negative charge. 

Those electron that pass through the sample, form the image, while those are deflected by 

dense atoms in specimen are subtracted from image. Due to this process, a clear white 

and black image is formed. Remaining other electrons which passes close to heavy atom 



and slightly deflected make their way down the column and contribute to the image 

microscopic column is operated at very high vacuum due to three reasons. One of the 

reason, is to avoid collisions between the beams of electrons and stray molecules. Due to 

this collisions there may be spreading or diffusing of beams or volatization. This 

volatization can contaminate the microscopic column. The Schematic diagram of TEM is 

shown in Figure. 

Figure 1.8

1.26 UV-Visible Spectroscopy 

As the beam of electromagnetic radiations strike on object it can be absorbed 

reflected, transmitted or it can fluorescence. This process of spectroscopy involve only 
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Visible Spectroscopy  
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As the beam of electromagnetic radiations strike on object it can be absorbed scattered, 

reflected, transmitted or it can fluorescence. This process of spectroscopy involve only 

transmission and absorption optical spectrometer records the wavelength at which 

absorption occur together with degree of absorption at every wavelength. Quantitative 

analysis of sample is done with the help of UV and Visible Spectroscopy. It follows the 



Beer-Lambert Law which state that concentration of the sample is directly proportional to 

absorbance A. “Io” is incident radiation “I” intensity of transmitt

Absorbance A =  Constant x concentration x Cell length 

This law also state that Physical and chemical state of the substance does not change with 

concentration for monochromatic light. The intensity of radiation depends upon the 

thickness (L) and concentration (C) when radiation passes through homogenous sample. 

Io/I” known as transmittance and Y transmittance is referred as:

  A = log10 (Io/I) =

  L = Length of analyte

  C = Concentration of absorbing molecules

  K = 

Figure 1.9:

UV-Vis spectroscopy could be performed on nanoparticles dispersed in solvent or 

attached in insulator, in such cases, absorption of incident radiation take place due to 

surface plasma resonance (SPR) of metal nanoparticles. Surface plasma 1 the light waves

that are trapped on the surface because they have interaction with the free electrons 

[67,68].  
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Vis Spectrometer 

Vis spectroscopy could be performed on nanoparticles dispersed in solvent or 

attached in insulator, in such cases, absorption of incident radiation take place due to 

surface plasma resonance (SPR) of metal nanoparticles. Surface plasma 1 the light waves 

that are trapped on the surface because they have interaction with the free electrons 



Base line correction was done with blank sodium glass slide used as substrate on which 

nanoparticles was placed. The samples were tighted on the sample holder chips of 

equipment and scan was done and data was recorded.  

1.27 Fourier Transform Infrared Spectroscopy (FTIR) 

Fourier transmission infrared spectroscopy is the technique which is used to detect the 

functional group in the sample. In this method, by absorbing IR rays atoms forming the 

bonds show different types of vibrations. Different types of vibrations in molecules have 

its own frequency range which may be in between 400 – 4000 cm-1. From literature the 

values of peak for every functional group can be obtained and then matched with these 

peaks. It is done by making pallet of sample with KBr in 1:7 ratio in addition the size of 

peak in spectrum also tells about the amount of material [79,70].  

1.28 Dynamic Light Scattering DLS 

The size, aggregation and mobility of nanoparticles can easily be determined by the use 

of DLS. Mobility of nanoparticles depends on their size and this is known as 

hydrodynamic diameter. Brownian movement of nanoparticles, suspended in liquid is 

measured by DLS. On the other hand for electrokinetics properties (e.g. surface change) 

determination, laser Doppler Velocimetery is used that is useful to determine the speed 

and direction of nanoparticles DLS is mostly considered suitable technique for the 

measurement of nanoparticles size and agglomeration in solution.  

 

Figure 1.10: Digital photograph of Zetasizer 



1.29 Atomic Force Microscope (AFM) 

Three dimensional surface morphology of nanoparticle is measured with high resolution 

atomic force microscopy. It is applied in air and liquid media and Vander Waals forces 

between the tip of AFM and nanoparticles. The atomic force microscope (AFM) scans 

samples by using a sharp tip located at the end of cantilever. During scanning process, 

cantilever bends or deflects because of sample-tip interaction according to sample 

topography. A laser beam deflects off the cantilever and illuminates 2.00 4segments of 

photo diode and records cantilever deformations. Function of photodiode is to detect 

angle of laser beam reflection that is modified according to cantilever deflection. It is 

recorded and reconstructed on computer to give topography of sample on screen. Sample 

nature plays an important role in instruments resolution. Low resolution is required for 

soft and rough samples while high resolution is suitable for hard and flat samples. In ideal 

solution, resolution is < 1 Ao. AFM have different mode function however friction or 

trapping modes, force volume are frequently used. 

In the case of trapping mode, sample and cantilever interact systematically because 

cantilever is oscillated above it. Cantilever sample amplitude that is dependent on tip 

sample distance is used to determine surface topography. Main advantage of this mode is 

high resolution that is result of reduced exerted forces by tip on sample.  

 

Figure 1.11: Atomic force microscope 

  



REVIEW OF LITERATURE 

 

2.1 Tin-doped Zinc oxide Nanoparticles 

Shishiyanu et al (2004) studied the characteristics of NO2 gas sensor, developed by 

doping tin with zinc oxide film. Thin film of these synthesized nanoparticles was 

deposited onto corning glass substrate “successive ionic layer adsorption and reaction” 

(SILAR). Different ratios of ZnSO4, Na2SnO3 and NaOH were mixed to make the 

aqueous solution. Followed by making different dilutions as per requirement of 

optimization design and addition of Na2SnO3 in the prepared solution, till securing the 

required thickness, coating process was continued. Drying of films was carried out at 

150oC for 5 minutes. During this work it was observed that by using rapid photothermal 

processing (RPP), higher sensitivity to NO2 gas was observed. [71] 

Tsay et al (2008) prepared thin films of ZnO by doping with tin, which are coated with 

glass substrates and then evaluated the effects of doping ZnO films with Sn on optical 

characteristics of films as well as on structures of crystal Thin films of ZnO have already 

been prepared by doping with Sn by number of researchers and their effects are 

monitored on different properties of films including structures during vibration, sizes of 

grains and optical response. [72] 

Shalaka et al (2008) investigated the photoluminescence and gas sensing properties in  

Sn-doped ZnO nanoparticles. The mixture of zinc and tin powders was mixed in 18:20 

and kept in the center of furnace to initiate the reaction. The organ flow rate is 100 + 5 

cm3/min. Heating of the mixture was carried out @  4oC/minute upto 950oC for 2 hours. 

Limited quantity of oxygen was also introduced in the systems. The exceptional behavior 

for acetone vapors was investigated for pure ZnO which show as concentration of Sn 

increase, response decrease that may be attributed to the availability of free electrons, 

which are contained in doped thin film and have exposure to reducing gas, which may not 

appreciably affect resistivity. Emission of ultraviolet radiation in pure ZnO has been 

demonstrated by PL studies, which has resulted in bathochromic shift in film after 

doping. [73] 

Yu et al (2008) employed mixture of zinc chloride and glucose to prepare a hollow circle 

of zinc oxide, and noticed appreciable preventive behavior of glucose towards 



crystallization of zinc oxide in presence of other metallic species, which may be scattered 

in spheres of carbonin non-crystalline form before undergoing calcinations process. [74] 

Pouretedal et al (YEAR) used the precipitation method for the preparation of ZnS 

nanoparticles by doping the substrate with copper as well as without doping. All 

precursors like 0.01M of ZnCl2 and CuCl2 are mixed in mercaptoethanol solution (50 ml, 

0.01M). After stirring, solution of sodium sulfide was incremented dropwise under inert 

atmosphere then product was centrifuged and dried for about 10 hours at 80oC. 

Photocatalytic effect of prepared nanoparticles was studied for photodegradation of HMX 

(octahydro-1, 3, 5, 7-tetranitro-1,3,5,7 tetrazocine) as nitramine explosive under UV-

irradiation. Characteristics of nanoparticles were studied by employing number of 

techniques like XRD, UV-Visible, and TEM. [75] 

Sun et al (2010) investigated the enhanced Sunlight photocatalytic degradation of 

methylene blue of Sn-doped ZnO nanoparticles. Nanostructures of ZnO and Sn-doped 

ZnO nanoparticles were prepared by decomposing glucose and ZnC4H6O4.. Significant 

changes were noted in properties of ZnO after doping with Sn. As the concentration of Sn 

increases, photocatalytic activity of ZnO to MB also increases. In comparison to pure 

ZnO, nanoparticles after doping exhibited improved rate of decolorization, greater 

elimination of COD, as well as TOC. Furthermore, Sn-doped ZnO nanoparticles can be 

excited effectively due to their peculiar optical behavior. Microstructure, morphology and 

optical properties were employing techniques like X-ray diffraction, scanning electron 

microscopy; PL, UV-Vis spectrum, N2 adsorption and UV-Vis diffuse reflectance spectra 

(DRS) photocatalytic degradation of MB in sunlight irradiation. [76] 

Yazid et al (2010) prepared nanoparticles of gold by employing deposition-precipitation 

method. These were supported on ZnO nanoparticles at different pH and effect of pH was 

studied at iso-electric point (IEP) in addition to below and above IEP of Zinc oxide. 

When support was mixed, then there slight change in pH occurred. The pH was noted 

before and after incorporation of support. Gold nanoparticles with diameter of less than 

5nm were obtained. The result revealed out that pH has profound significance in 

synthesis of nanoparticles, not only in synthesis but also on particle size, particle size 

distribution. Nanoparticles were characterized by XRD, SEM, TEM, atomic absorption 

spectroscopy (AAS) and UV-Visible spectroscopy. [77] 



Mahmoud et al (2011) synthesized Sn-doped ZnO nanonails by using vapor-solid method 

in the absence of any catalyst or any buffer layers. Zn and SnCl2 were used as starting 

materials. Zn (0.5g) and SnCl2 (0.05 g) were mixed together, and then inserted the 

powder into quartz tube, as a source of vapor, that is critical for the preparation of 

nanonails. Argon was mixed with 5% O2to use as carrier gas, and temperature was risen 

to 650oC with ramping rate of 50oC/min. The structure of nanonails was characterized by 

XRD, SEM, TEM, and electron dispersive x-ray spectroscopy. It showed that use of 

SnCl2 is critical for the synthesized nanonails. UV peaks of doped and undoped ZnO are 

located at 379.5 and 385.4nm. These slight reds shift of 6nm shows the decrease of ZnO 

band gap, which is accomplished due to doping with tin. [78] 

Sun et al (2011) fabricated Sn-doped ZnO phtocatalysts with high sunlight, phtocatalytic 

activity with microwave heating after calcinations. The result showed that at 973K, 

photocatalytic activity is higher and Sn dopant greatly enhances the photocatalytic 

potential of zinc oxide. [79] 

Zhao et al (2012) studied the low infrared emissivity of zinc oxide nanoparticles doped 

with tin. SnCl4.5H2O and Zn(NO3).6H2O were dissolved in de-ionized water with mild 

stirring and pH values was adjusted between 7 and 8 by adding ammonia. The result 

showed that zinc oxide nanoparticles doped with tinare ellipsoid shape, their crystalline 

shape change with thermal temperature, optimal process temperature and  

Sn-doped proportion are 100oC and 15% minimum emissivity values are 0.42, 0.28, 0.46, 

0.48 with infrared wavelength range is 0-2, 3-5, 8-4, 14-26 nm this result show that  

Sn-doped ZnO nanoparticles have the application of low infrared emissivity. From this 

work it can be prove that infrared emissivity of Sn-doped ZnO nanoparticles initially 

decreases and then increases with the increase of temperature and optimal process 

temperature is 1000oC characterization of nanoparticles were carried out through XRD, 

SEM, TEM. [80] 

Viswanatha et al (2013) synthesized tin-doped ZnO nanoparticles by precipitation 

method. Using zinc sulphate, tin chloride, sodium hydroxide and cetyltrimethyl 

ammonium bromide (CTABr) as surfactant, He investigated that when zinc oxide 

nanoparticles doped with tin were prepared by different amounts, sizes of nanoparticles 

vary over wide different range. As the Sn concentration increases, the agglomeration 



between the particles take place and absorption edge slightly moves towards the longer 

wavelength region due to which decrease in band gap take place. In the same way Sn-

doped nanoparticles changed the optical properties effectively. Characterization was 

carried out by using XRD, SEM, EDAX, UV-Vis and PL Spectroscopic method. [81] 

2.2 Si-doped iron oxide nanoparticles 

Kawaguchi et al (1990) prepared silica nanoparticles by using TEOS and H2O with 

HNO3 as a starting material in which H2O/TEOS molar ratio was less than 2. In 

emulsion, water was dispersed as droplets in TEOS by stirring, hydrolyzed by nitric acid 

water. The hydrolysis and polycondensation reaction TEOS were carried out inside the 

droplets and when the ratio of water to dissolved TEOS reached at the limit of 4.5, dense 

spherical particles was formed. [82] 

Gautame et al (1997) synthesized silica microspheres from TEOS and nitric acid as 

starting materials in pH range 1.35 – 2.35 with the limit of water / TEOS which varied 

from (1-15) for strong acid and 1.5 – 4.0 for weak acid. [83] 

Stober et al (1968) prepared silica nanoparticles by chemical method from TEOS, ethanol 

and water in the presence of ammonia as catalyst. [84] 

Lee et al (2006) synthesized silica nanoparticles by hydrolytic polycondensation using 

tetraethylortho silicate (TEOS) with large amount of nitric acid as catalyst. The ratio of 

materials was as TEOS: H2O: HNO3 = 1:10 = X as the amount of nitric acid increased. 

The particles had higher specific surface area and higher pore volume as drying 

temperature increased from 45oC to 60oC but it is better to increase the drying 

temperature as compared to increase the amount of nitric acid to obtain the increase size 

of particles. [85] 

Linua Hua et al (2011) have synthesized α-Fe2O3 hydrosols with FeCl3.6H2O as a starting 

material and prepared thin film by dip coating method. The result showed that α-Fe2O3 

monolayer and multilayer could be obtained having pseudo-cubic shaped with mean 

particle size of nanocubic meter with certain dip-coating speed. [86] 

Swadeshmukul et al (2000) microemulsion method applied for the synthesis of silica-

coated iron oxide nanoparticles. Three different non-ionic surfactants used for 

microemulsion and their effect on particle size was studied. A strong base, NaOH and a 



mild base NH4OH used to observe the basicity during particle formation. All above 

synthesized nanoparticles show magnetic behavior. [87] 

Patra et al (1999) studied the submicron size sphere of silica were coated sonochemically 

by nanoparticles of Eu2O3 and Tb2O3 by using same concentration of ions. The highest 

luminescence intensities were observed for Eu and Tb doped nanoparticles of alumina of 

20-3- nm. [88] 

Christy et al (2003) developed a method for coating silica on COFe2O4 and MnFe2O4 

nanoparticles by using reverse micelle microemulsion method.It was observed that 

saturation and remnant magnetizations decrease upon silica coating the coercivity of 

silica-coated COFe2O4 nanoparticles do not show any change after coating, which 

coercivity of MnFe2O4 nanoparticles decrease by 10% after they have been coated with 

silica. [89] 

2.3 Fe/TiO2, Sn/TiO2 nanoparticles 

Matsunaga et al (1985) studied the antimicrobial effect of TiO2 photocatalytic reactions 

this work was intensively performed on microorganism and cancer cells. [90] 

K Tanaka et al (1997) investigated photocatalytically degradation in aqueous TiO2 of 

mononitrophenol compounds having nitro group in any of three position 2,3 and 4 and 

2,4-dinitrophenol and 2,4,6-trinitrophenol. The degradation rate of 4-nitrophenol and  

2-nitrophenol were higher than the 3-nitrophenol, as the number of nitro group increased, 

rate of degradation decreased, many aromatic compounds were identified during 

degradation which state that degradation started by substation of H and NO2 by hydroxyl 

radical (OH-). [91]  

Huang et al (2000) studied antibacterial activity of TiO2 against Escherichia Coli. 

Anatase TiO2 nanoparticles of 20 nm, spherical in shape have been studied, the oxidative 

damage which start from bacterial cell has destroyed the cytoplasmic membrane. 

Photocatalytic action slowly increased the cell permeability, allowed the free efflux of 

intracellular contents that lead to cell death. TiO2 nanoparticles gain access into 

membrane damaged cells, leads to direct attack on cystoplasmic membrane. [92] 

Uekawa et al (2002) have investigated that the size of particles, specific surface area 

lattice strain, and photocatalytic activity of titania nanoparticles could be controlled by 

heating time of Ti-Peroxy gel at 348K. Characterization was done by XRD, SEM,  



FTIR and DTA. It was observed that with increase of heating time from 6 to 48 hours, 

particle size also increased from 9 to 15 nm. Photocatalytic activity of different metals 

doped titania, nanoparticles has been related to variation in ionic radii. [93] 

Li et al (2002) observed doped and undoped titania nanoparticles of average size 22nm 

by using metallorganic chemical vapours deposition process (MOCVD) on substrate. 

Many metals ions such as Pd+2, Pt4+, Fe3+, Nd3+ have been added into titania 

nanoparticles to improve the photocatalytic activity. This dopand effect was investigated 

by the degradation of 2-chlorophenol titania nanoparticles doped with Sn4+ show good 

photocatalytic activity as compared to undoped particles. [94]  

Beydoun et al (2002) synthesized Fe2O3-TiO2 monocomposite to investigate their 

phtoocatalytic and magnetic properties. They observed that titania become crystallized 

after 20 minutes of calcinations. As time interval become short of calcinations, highest 

photocatalytic was achieved. [95] 

Ksibi et al (2003) studied the photocatalytic degradation of phenol in water, under UV 

irradiation of titania. Order of degradation of nitro- and hydroxy phenols was found to be 

first order. Photodegradability was found to be more sensitive towards pH, which 

indicates that this reaction rate increases in acidic solution. [96] 

Barakat et al (2005) studied the effect of metal ion doping on the transformation of 

anatase to rutile phase cobalt-doped titania oxide nanoparticles of size from 22-27 nm 

was prepared by sol-gel method. Mass fraction of rutile phase increased with the 

increased cobalt-doping concentration and temperature. Photocatalytic and magnetic 

properties of cobalt-doping TiO2 was also studied. [97] 

Priya et al (2005) used titania nanoparticles as catalysts and evaluated photocatalytic 

degradation of nitrobenzene and their chlorinated substituent’s under UV irradiation. 

Order of this degradation reaction was found to be first order. During this experiment it 

was observed that mono-substituted nitrobenzene fastly degrade as compared to 

disubstituted nitrobenzene. [98] 

Verran et al (2007) studied the process parameters involved in the antibacterial activity of 

photoactivated of TiO2 nanoparticles against Escherichia Coli. As the concentration of 

TiO2 increased, less antimicrobial effect recorded in liquid medium because less light 

pass through the medium as larger aggregates of particles sediments in liquid system. 



Pure size of TiO2 nanoparticles has no bearing on antimicrobial effect as chemical 

pollutant can easily diffuse into the pores. It was ensure that initial concentration of 

bacterial inoculum remained constant but cells will remains in same physiological states. 

Stirring of cells and TiO2 nanoparticles increased the antibacterial effect because it 

improved the contact between nanoparticles and cells nanoparticles which are calcined at 

higher temperature were found were active but they have few structural defects, defects 

act as a recombination centers for the holes and electrons. [99] 

Rajesh et al (2008) investigated many minerals acid in hydrolysis process of TiCl4. Very 

high agglomeration tendency was investigated in crystalline nanoparticles. Hydrofluoric 

acid (HF) can be used in Sol-Gel method in the preparation of titania nanoparticles. 

Mostly fluorine doping is reported with fluoride ions by adding crystalline TiO2 into a 

fluoride containing solution. [100] 

Xu et al (2008) nitrogen –doped TiO2 microtubes were synthesized for photocatalytic 

purposes by using acetic acid as a starting material in hydrolysis process. It react with 

ammonia to form ammonium acetate (CH3COONH4) that becomes a buffer, During this 

process TiO2 nanoparticles formed and tend to aggregate with each other. 

Photodegradation experiments were carried out by UV/Visible light with phenol as a 

model pollutant. [101] 

Wang et al (2008) investigated the synthesis of Fe-doped TiO2 nanoparticles. He reported 

that Fe3+may unite with OH- on the surface of TiO2 nanoparticles leading to formation of 

complex as (OH) Fe3+ that is the good way for the electron transfer. In the same way 

others ions such as “Cu2+” ion can also combine with TiO2 and promote the electron 

transfer and way of reacting of multielectrons is suggested. Upon comparison with Q-

particles, a decrease is observed in surface area of large sized particles and it facilitates 

entry of Fe3+into bulk of titaniabesides surface. Literature reports reveal that amount of 

iron doping is dependent on particle size. Upon  increase in particle size, optimal 

concentration of Fe decreases, that is due to entry of more Fe ionsinto bulk for larger 

particles leading to improved chances of recombination of electrons and holes. [102] 

Zhang et al (2008) synthesized photocatalysts of titania doped with Fe by coating on 

supported carbon by “Metal organic chemical vapour deposition” and its photocatalytic 

properties was observed by the degradation of Methyl orange. Another significant 



method was also used for the preparation of Fe-doped TiO2nanoparticles, this was done 

by mixing the precursor with dopant material. Characterization of the nanoparticles were 

carried out by using SEM-EDX, XRD, TEM, PL-RAMAN, and UV/Visible 

Spectroscopy. [103] 

Chang et al (2009) studied that acetic acid influence on the morphology and crystal phase 

composition of the nanoparticles. They observed that without acetic acid, crystal obtained 

of TiO2 is rod shaped. In the presence of acetic acid then rutile formation will occur and 

nanoparticles became rice-shaped. [104] 

Coa et al (2009) synthesized the nanoparticles of titania by doping with tin employing 

sol-gel method. Calcination of doped nanoparticles was carried out over multiple 

temperatures and observed their pure size and pure volume at different temperature. They 

showed that Sn4+ ions can easily doped into TiO2 crystal lattice in substitutional mode 

and that is why exist in the formed SnCl4 or Tin oxide which shows that it depend on the 

anneling temperature. Sn-doped TiO2 nanoparticles were characterized with XRD, SEM, 

TEM, BET and UV/Visible Spectroscopy. [105] 

Dai et al (2009) reported the synthesis of Sn-doped TiO2 nanoparticles and observed the 

optical properties and conduction bands. They observed that droping with tin results in 

hypsochromic shift of the optical absorption of anatase TiO2. The UV/Visible results 

demonstrate that the band gap of Sn-doped TiO2 nanoparticles increases, as the 

concentration of Sn increases in the lattices of TiO2. In the result showed that with the 

enhancement of band gap of TiO2by doping with tin may reduce the charge transfer via 

coating process. It was observed that in a TiO2 system doped with zinc, many states of tin 

are shifted at the lower edge of conduction band and get easily diffused with 3d states of 

titanium. [106] 

Zhang et al (2009) synthesized Fe-doped TiO2 mesoporous thin film by spray pyrolysis 

method. It was proposed that the doping with iron may lead to formation of ferric ions, 

which may pronounce its significance as e- or h+ traps, resulting inreducing e-/h+ pair 

recombination rate. [107] 

Wang et al (2009) proposed band gap of Fe doped TiO2. It was investigatedthat  

Fe-doped TiO2 thin film band gap decreased from 3.29 + 02.83 ev upon changing the 

content of iron from zero to 25 (%W). Reduction in unit volume reflected replacement of 



Ti4+by Fe3+in the lattice, resulting in formation of solidified solution. In some experiment, 

it was observed that doping of TiO2with iron may squeeze the band gap of TiO2 by 

enhancing the efficacy of photocatalysis process over wavelength range of 400-800 nm. 

[108] 

Dai et al (2010) reported the effect of HCl on hydrothermal treatment of crystalline 

titania (TiOSO4) as precursor which was templated by hexadecyl-trimethyl-ammonium 

bromide. It was observed as the concentration of HCl increases from 0M to 8M anatase 

particle size goes to maximum. [109] 

Yalcin et al (2010) studied electronic and structural characteristics of Fe-doped TiO2 

nanoparticles. For these calculations Density Function Theory (DFT) was performed to 

determine the effect of doping with ferric ions on structural attributes of titania. After 

these performances it was proved that visible light activity in Fe3+-doped TiO2 is 

attributed to incorporation of further electronic stages between the band gaps. [110] 

Rahimi et al (2012) prepared TiO2 nanoparticles doped in N and S using sol-gel method. 

Characterization of nanoparticles were carried out by XRD, SEM, UV-Visible, FT-IR. 

Photocatalytic degradation of nanoparticles was observed by 4-nitrophenol. UV 

Photocatalytic activity of nanoparticles was studied by dispersing them in solution of  

4-hydroxynitrobenzene. Stirring of the solution was carried out in dark upto half an hour 

to ensure the establishment of equilibrium among adsorption and desorption processes. 

To study the degradation, aliquots of mixture were drawn at different intervals. [111] 

 

 

  



EXPERIMENTAL WORK 

 

3.1 Experiment No. 1 

Synthesis of Sn-doped ZnO nanoparticles were carried out by variating the concentration 

of metal precursor and by using deposition precipitation method. The chemicals and 

instruments used for the experimental work are following: 

3.1.1 Chemicals 

1. Tin chloride (SnCl4.5H2O) (Unichem) 

2. Tartaric acid (Panreac) 

3. 2-Propanol (Fisher) 

4. Ammonia (NH3) (Biom) 

5. Sodium Hydroxide (NaOH) (Merck) 

6. Methanol (Merck) 

All the chemicals were analytical grade reagents and were used without further 

purification.  

3.1.2 Analytical Instruments 

1. Analytical Balance (Shimadzu) 

2. UV/Vis Spectrophotometer UV-1700 (Shimadzu) 

3. FTIR  (Shimadzu) 

4. XRD  Philips X’ Pert  

5. FESEM JEOL 7600 

6. TEM  Philips CM12 

7. TGA/SDT G600 V8.3 Build 101 

8. Furnace Vulcan D 550 

9. Oven  Ev108 AC-Kapa. 

10. pH meter Chemcadet 5986-62 

11. PL-Spectra  Hitachi F-7000 

12. Centrifuge machine Sigma 1-14 

13. AFM  Shimadzu WET-SPM 9600 

14. DLS 



15. RAMAN Spectrometer Lab. Ram HR HORIBA 

3.1.3 Synthesis Procedure 

3.1.3.1 Preparation of Tin-doped zin oxide nano-particles  

0.35 g SnCl4.5H2O and 0.15 g Tartaric acid were added in 10 mL 2-propanol and stirred 

for 20 min to make homogenous mixture and volume was made up to 40 mL by adding 

distilled water. Zinc oxide was added in this mixture as support material. 2 mL ammonia 

solution was added in this mixture drop by drop and pH was adjusted at 6.2. The 

suspension was stirred for 3 h at 70°C and then centrifuged at 3000 rpm for 0.5 min. The 

precipitates were separated was hed several times with water and methanol and dried 

overnight at 70°C. Finally the product was calcined at 700°C for 4 h. Sn/ZnO 

nanoparticles with molar ratios 0.025/0.3, 0.1/0.3 and 0.05/0.3 M were prepared with 

same procedure 



Table 3.1: Reaction Parameters for Experiment No. 1. 

 

 

 

No of 

Exp. 

SnCl7.5H2O 

(M) 

Tartaric 

acid 

Dil. 

HNO3 
ZnO 

Precipitating 
agent 

NH3:H2O 

Method pH 
Temp. 

(oC) 

Calcinations 

(oC) 
Stirring Centrifugation Solvent 

I1 
0.1M 

0.35g/10mol 

0.1M 

0.15g/10m

ol 

Few 

Drops 

0.5g 

ZnO 

0.2+0.2+0.2+ 

0.2+0.2 

Controlled 

Feed rate 

D
ep

os
it

io
n-

P
re

ci
pi

ta
ti

on
 

6 70oC 700oC 3 Hours 3000 Rpm 2- Propanol 

I2 

0.01M 

0.035g/10mo

l 

0.01M 

0.015g/10

mol 

Few 

Drops 

0.5g 

ZnO 

0.2+0.2+0.2+ 

0.2+0.2 

Controlled 

Feed rate 

6 70oC 700oC 3 Hours 3000 Rpm 2- Propanol 

I3 
0.2M 

0.7g/10mol 

0.2M 

0.30g/10m

ol 

Few 

Drops 

0.5g 

ZnO 

0.2+0.2+0.2+ 

0.2+0.2 

Controlled 

Feed rate 

6 70oC 700oC 3 Hours 3000 Rpm 2- Propanol 



B Synthesis of Sn-doped ZnO nanoparticles were carried out by changing the 

solvent with same concentration and by using the deposition precipitation method 

the chemicals and instruments used for experimental work are as follows: 

3.1.4 Chemicals 

1. Tin chloride pentahydrate (Sigma Aldrich) 

2. Tartaric acid (Panreac) 

3. 2-Propanol (Fisher),  

4. 25% Ammonia (Biom) 

5. Sodium Hydroxide (Merck) 

6. Isoamyl alcohol (Panreac) 

7. Acetonitrile (Merck) 

8. n-hexane (Fischer)  

9. HCl (Merck).  

All chemicals were of analytical grade and used without further purification. 

3.1.5 Analytical Instruments 

1. Analytical Balance (Shimadzu) 

2. UV/Vis Spectrophotometer UV-1700 (Shimadzu) 

3. FTIR (Shimadzu) 

4. XRD  Philips X’ Pert  

5. FESEM JEOL 7600 

6. TEM  Philips CM12 

7. TGA/SDT G600 V8.3 Build 101 

8. Furnace VULCAN D-550 

9. Oven   Ev 108AC-Kapa. 

10. pH meter Chemcadet 5986-62 

11. PL-Spectra  Hitachi F-7000 

12. Centrifuge machine Sigma 1-14 

13. AFM  SHIMADZU WET-SPM 9600 

14. DLS 

15. RAMAN Spectrometer Lab. Ram HR HORIBA 



3.1.6 Synthesis Procedure 

3.1.6.1 Preparation of Tin-doped zinc oxide nanoparticles  

The mixture containing 0.1 M SnCl4.5HO2 and 0.1 M tartaric acid (1:1 ratio) were 

dissolved separately in 20 mL isoamyl alcohol and then 20 mL distilled water was added 

in it. The reaction mixture was transferred in the condenser and magnetically stirred for 

20 minutes at 70oC. 1.00 g ZnO was dispersed into reaction mixture as a support and then 

2 mL ammonia (25%) was added drop wise. pH was adjusted by adding drop wise 0.5M 

NaOH or 0.5M HCL. (PH=6.2). Reaction mixture was magnetically stirred for 3 hours at 

70oC and then centrifuged at 3000 rpm for 40 minutes. Precipitates were washed two 

times with distilled water, dried in oven at 80oC and calcination was done at 700oC for 4 

hours. Same procedure repeated with different solvents (acetonitrile, n-hexane and  

2-propanol) for the synthesis of Sn-doped ZnO nanoparticles. 



Table 3.2: Reaction Parameter for Experiment No. 1 (Set-B) 

 

 

No of 

Exp. 

SnCl7.5

H2O 

Tartaric 

acid 

Dil. 

HNO3 
Zno 

Precipitating 
agent 

NH3:H2O 

Method pH 
Temp. 

(oC) 

Calcinations 

(oC) 
Stirring Centrifugation Solvent 

I4 

0.1M 

0.35g/10

mol 

0.1M 

0.15g/10

mol 

Few 

Drops 

0.5g 

ZnO 

0.2+0.2+0.2+ 

0.2+0.2 

Controlled 

Feed rate 

D
ep

os
it

io
n-

P
re

ci
pi

ta
ti

on
 

6.2 80oC 600oC 3 Hours 3000 Rpm Acetonitrile 

I5 

0.01M 

0.035g/1

0mol 

0.01M 

0.015g/1

0mol 

Few 

Drops 

0.5g 

ZnO 

0.2+0.2+0.2+ 

0.2+0.2 

Controlled 

Feed rate 

6.2 80oC 600oC 3 Hours 3000 Rpm n-Hexane 

I6 

0.2M 

0.7g/10m

ol 

0.2M 

0.30g/10

mol 

Few 

Drops 

0.5g 

ZnO 

0.2+0.2+0.2+ 

0.2+0.2 

Controlled 

Feed rate 

6.2 80oC 600oC 3 Hours 3000 Rpm 
Isoamyl 

alcohol 



3.2 Experiment No. 2 

Synthesis of Si-doped Fe2O3 nanoparticles were carried out by sol gel method by varing 

the concentration of metal precursors. The chemicals and instruments used for the 

experimental work are as follows: 

3.2.1 Chemicals 

1. 2-propanol 

2. Conc. HNO3 (Merck) 

3. Ethyl alcohol C2H5OH (Biom) 

4. Tetraethylorthosilicate (TEOS) (Aldrich 98%) 

5. Tartaric acid  (Panreac) 

3.2.2 Analytical Instruments 

1. Analytical Balance (Shimadzu) 

2. UV/Vis Spectrophotometer UV-1700 (Shimadzu) 

3. FTIR (Shimadzu) 

4. XRD  Philips X’ Pert  

5. FESEM JEOL 7600 

6. TEM  Philips CM12 

7. TGA/SDT G600 V8.3 Build 101 

8. Furnace VULCAN D-550 

9. Oven  EV 108 Ac-Kapa 

10. pH meter Chemcadet 5986-62 

11. Centrifuge machine Sigma 1-14 

12. DLS 

3.2.3 Syntheses is Procedure 

3.2.3.1 Preparation of silica doped iron oxide nanoparticles 

4.75g (0.7M) tetraethylorthosilicate (TEOS) and 0.15g of tartaric acid were added in 

10ml of propanol and stirred for 20 minutes to make the homogenous mixture. Now add 

20ml of NH3 : H2O mixture and volume made up to 40 ml (pH = 9). 0.5g of Fe2O3 was 

added in 10ml of 2-propanol in a separate beaker and heated it for 3 hours by continue 

stirring at 60oC on hot plate with condenser. Now mixed this mixture to the above 

prepared mixture 2ml of Ammonia Solution was added in the mixture drop by drop and 



pH was adjusted at 8.5. The suspension was stirred for 3 hours at 60oC and then 

centrifuged at 3000 rpm for 40 minutes. The precipitates were separated washed several 

times with deionized water and ethanol and dried overnight at 70oC. Finally the product 

was calcined at 500oC for 3 hours. Same procedure is repeated for first set of samples 

with different molar concentration of metal precursors for the synthesis of Si/Fe2O3 by 

using same solvent. 



Table 3.3: Reaction parameters for experiment No. 2 (Set A) 

 

No of 
Exp. 

TEOS Fe2O3 
Precipitating 

agent 
NH3:H2O 

Method pH 
Temp. 

(oC) 
Calcinations 

(oC) 
Stirring Centrifugation Solvent 

R1 
4.75ml 

(0.7M) 
0.5g 3:1 

S
ol

-g
el

 M
et

ho
d 

8.0 60ºC 500ºC 6 Hours 3000 rpm 2-Propanol 

R2 
3.39ml 

(0.5M) 
0.5g 3:1 8.0 60ºC 500ºC 6 Hours 3000 rpm 2-Propanol 

R3 
2.03ml 

(0.3M) 
0.5g 3:1 8.0 60ºC 500ºC 6 Hours 3000 rpm 2-Propanol 



3.2.4 Synthesis of Silica-doped iron oxide nanoparticles by using different solvents 

B Chemicals  

1. NaOH   Merck 

2. HCl   Merck 

3. 2-propanol  Fisher 

4. Acetonitrile   Merck 

5. n-Hexane  Fisher 

6. Isoamyl alcohol Panreac 

7. Conc. HNO3   Merck 

8. EtOH   Biom 

9. Tetraethylorthosilicate (TEOS) Aldrich 

10. Tartaric acid   Panreac 

3.2.5 Analytical Instruments 

1. Analytical Balance (Shimadzu) 

2. UV/Vis Spectrophotometer UV-1700 (Shimadzu) 

3. FTIR   Shimadzu 

4. XRD  Philips X’ Pert  

5. FESEM JEOL 7600 

6. TEM  Philips CM12 

7. TGA/SDT G600 V8.3 Build 101 

8. Furnace VULCAN D-550 

9. Oven  EV 108A Kapa 

10. pH meter Chemcadet 5986-62 

11. Centrifuge machine Sigma 1-14 

12. DLS 

Same procedure is repeated for the synthesis of Silica-doped iron oxide nanoparticles for 

second set of samples by using different solvents but having same concentration of metal 

precursors.  



Table 3.4: Reaction parameters for experiment No. 2 (Set-B) 

 

 

No of 

Exp. 
TEOS Fe2O3 

Precipitating 
agent 

NH3:H2O 

Method pH 
Temp. 

(oC) 

Calcinations 

(oC) 
Stirring Centrifugation Solvent 

R4 
0.5M 

(3.39ml) 
0.5g 3:1 

P
re

ci
pi

ta
ti

on
 M

et
ho

d 8.0 60ºC 500ºC 6 Hours 3000 rpm Acetonitrile 

R5 
0.5M 

(3.39ml) 
0.5g 3:1 8.0 60ºC 500ºC 6 Hours 3000 rpm n-Hexane 

R6 
0.5M 

(3.39ml) 
0.5g 3:1 8.0 60ºC 500ºC 6 Hours 3000 rpm 

Isoamyl 

alcohol 



3.3 Experiment No. 3 

Synthesis of zinc-doped silica oxide nanoparticles were carried out by deposition 

precipitation method by varing the concentration of metal precursors. The chemical and 

analytical instruments used for experimental work are as follow:  

3.3.1 Chemicals 

1. Zinc Nitrate Zn(NO3)2.6H2O  Merck 

2. Tartaric acid    Panreac 

3. 2-propanol    Fisher 

4. Ammonia NH3    Biom 

5. Ethanol (C2H5OH)   Biom 

3.3.2 Analytical Instruments 

1. Analytical Balance (Shimadzu) 

2. UV/Vis Spectrophotometer UV-1700 (Shimadzu) 

3. FTIR   Shimadzu 

4. XRD  Philips X’ Pert  

5. FESEM JEOL 7600 

6. TEM  JEOL JEM 1010 

7. TGA/SDT G600 V8.3 Build 101 

8. Furnace VULCAN D-550 

9. Oven  EV 108 Ac -Kapa 

10. pH meter Chemcadet 5986-62 

11. Centrifuge machine Sigma 1-14 

12. AFM  SHIMADZU VUET-SPM 9600 

13. DLS 

3.3.3 Synthesis Procedure 

3.3.3.1 Preparation of zinc doped silica oxide nanoparticles  

Zinc-doped silica oxide are synthesized nanoparticles by using equimolar concentration 

of zinc nitrate Zn(NO3)2.6H2O (0.2M) and tartaric acid (0.2M) dissolved separately in 

10ml of 2-propanol each. After mixing both solutions, stirred the solution for 20 minutes 

(pH = 2) at an elevated temperature 80oC. Now added 0.5g of SiO2 in the 20 ml of  

2-propanol in a separate beaker and stirred for 20 minutes (pH = 7.2). Adjust the pH by 



dropwise addition of NH3 : H2O in the mixture (pH = 9.3). Now mixed the both solution. 

The suspension was stirred continuously 6 hours at 80oC on hot plate with condenser and 

then centrifuged at 2500 rpm for 30 minutes. The precipitate was separated and washed 

several time with water and ethanol and dried at 100oC in the furnace. The dried 

precipitate is annealed at 700oC for 3 Hours.  

Some procedure is repeated with first set of experiment with different molar 

concentration of metal precursors having same solvent.  



Table 3.5:  Reaction parameters for experiment No. 3 (Set-B) 

No of 

Exp. 

Zn(NO3).

6H2O 
SiO2 

Precipitating 
agent 

NH3:H2O 

Method pH 
Temp. 

(oC) 

Calcinations 

(oC) 
Stirring Centrifugation Solvent 

A1 
0.594 ml 

0.2M 
0.5g 3:1 

P
re

ci
pi

ta
ti

on
 M

et
ho

d 9.2 80ºC 700ºC 6 Hours 2500 rpm 2- Propanol 

A2 
0.892 g 

0.3 M 
0.5g 3:1 9.2 80ºC 700ºC 6 Hours 2500 rpm 2- Propanol 

A3 
1.487 g 

0.5M 
0.5g 3:1 9.2 80ºC 700ºC 6 Hours 2500 rpm 2- Propanol 



B Same procedure is repeated for the synthesis of zinc-doped silica oxide 

nanoparticles for second set of samples by using different solvents but having the 

same molar concentration.  

3.3.4 Chemicals 

1. 2-propanol   Fisher 

2. Acetonitrile   Merck 

3. N-Hexane   Fisher 

4. Isoamyl alcohol  Panreac 

5. SiO2    as synthesized 

6. Ammonia NH3  Biom 

7. Ethanol C2H5OH  Biom 

8. Zinc Nitrate Zn(NO3)2.6H2O Merck 

9. Tartaric acid   Panreac   

3.3.5 Analytical Instruments 

1. Analytical Balance (Shimadzu) 

2. UV/Vis Spectrophotometer UV-1700 (Shimadzu) 

3. FTIR   Shimadzu 

4. XRD  Philips X’ Pert  

5. FESEM JEOL 7600 

6. TEM  JEOL JEM 1010 

7. TGA/SDT G600 V8.3 Build 101 

8. Furnace  VULCAN D-550 

9. Oven  EV 108 Ac-Kapa 

10. pH meter Chemcadet 5986-62 

11. Centrifuge machine Sigma 

12. AFM  CHIMADZU WET-SPM 9600 

13. DLS 



Table 3.6: Reaction parameters for experiment-3 (Set-B) 

 

 

No of 

Exp. 

Zn(NO3)2.

6H2O 
SiO2 

Precipitating 
agent 

NH3:H2O 

Method pH 
Temp. 

(oC) 

Calcinations 

(oC) 
Stirring Centrifugation Solvent 

A4 
0.5M 

(3.39ml) 
0.5g 3:1 

P
re

ci
pi

ta
ti

on
 M

et
ho

d 9.2 80ºC 700ºC 6 Hours 2500 rpm Acetonitrile 

A5 
0.5M 

(3.39ml) 
0.5g 3:1 9.2 80ºC 700ºC 6 Hours 2500 rpm n-Hexane 

A6 
0.5M 

(3.39ml) 
0.5g 3:1 9.2 80ºC 700ºC 6 Hours 2500 rpm 

Isoamyl 

alcohol 



3.4 Experiment No.4 

Synthesis of iron-doped titanium oxide nanoparticles were carried out by sol-gel method 

by varing the concentration of metal precursors. The chemicals and analytical instruments 

used for experimental work are as follows:  

3.4.1 Chemicals 

1. Tartaric acid    Panreac 

2. FeCl3.6H2O   Riedel-dehaen 

3. 2 – propanol   Fisher 

4. TiO2    as synthesized 

5. HNO3     Fluka     

6. Ammonia NH3   BioM 

7. Titanium isopropoxide  Aldrich 

Deionized water was used throughout this experiment. All chemicals were used without 

further purification. 

3.4.2 Analytical Instruments 

1. Analytical Balance (Shimadzu) 

2. UV/Vis Spectrophotometer UV-1700 (Shimadzu) 

3. FTIR   shimadzu 

4. XRD  Philips X’ Pert  

5. FESEM JEOL 7600 

6. TEM  JEOL JEM 1010 

7. TGA/SDT G600 V8.3 Build  

8. Furnace Vulcan D 550 

9. Oven  EV 108 Ac-Kapa 

10. DLS 

11. PL-Spectra  Hitachi F-7000 

12. Centrifuge machine Sigma 1-14 

3.4.3 Synthesis Procedure  

3.4.3.1 Preparation of Fe doped TiO2 nanoparticles  

Fe-doped TiO2 nanoparticles were prepared by Sol-gel method. First of all 20 ml of 

isopropyl alcohol and 10 ml of titanium isopropoxide (TTIP) were mixed as Precursor for 



the formation of TiO2. The solution was stirred for twenty minutes at room temperature. 

The Process was exothermic (pH = 2). Now added (0.540g) (0.1M) FeCl3.6H2O in 20 ml 

of isopropyl alcohol and added this solution in the above prepared solution by mixing 

both solution (pH = 3). Now added concentrated HNO3 drop wise to form the acidic 

media as hydrolysis catalyst. At this time mixture was transparent. Now added 4 ml  

NH3: H2O drop wise into the solution until  the pH was about 6.2. The solution was 

stirred for 4 hours on Hot Plate with condenser at temperature 75oC then centrifuged at 

2500 rpm for 30 minutes. The precipitates was separated and washed several times with 

water and ethanol and dried at 80oC for 3 hours and calcined at 700oC for 3 hours. 

Same procedure is repeated for first set of experiment with different molar concentration 

of metal precursors but having the same solvent.  
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Figure 3.1 Schematic diagram for the synthesis of Fe-doped tiO2 nanoparticles  



Table 3.7 Reaction parameters for experiment No. 4 (Set-A) 

 

No of 

Exp. 

FeCl3.6H

2O 
TTiP 

Precipitating 
agent 

NH3:H2O 

Method pH 
Temp. 

(oC) 

Calcinations 

(oC) 
Stirring Centrifugation Solvent 

M1 
0.540g  

0.1 M 
10 ml 3:1 

S
ol

-g
el

 M
et

ho
d 

6.2 80oC 700oC 3 Hours 3000 rpm 2-Propanol 

M2 
1.621g 

0.3M 
10 ml 3:1 6.2 80ºC 700ºC 3 Hours 3000 rpm 2-Propanol 

M3 
0.054g 

0.01M 
10ml 3:1 6.2 80ºC 700ºC 3 Hours 3000 rpm 2-Propanol 



Same procedure is repeated for the synthesis of Fe/TiO2 nanoparticles for second set of 

samples by using different solvent with same molar concentration.  



Table 3.8 Reaction parameters for experiment No. 4 (Set B) 

 

No 

of 

Exp. 

FeCl3.6H2O TTiP 
Precipitating 

agent 
NH3:H2O 

Method pH 
Temp. 

(oC) 

Calcinations 

(oC) 
Stirring Centrifugation Solvent 

M4 
0/540 g 

0.1M 
10 ml 3:1 

S
ol

.g
el

 M
et

ho
d 

6.2 80ºC 700oC 3 Hours 3000 rpm Acetonitrile 

M5 
0.540 g 

0.1M 
10 ml 3:1 6.2 80ºC 700oC 3 Hours 3000 rpm n-Hexane 

M6 
0.540g 

0.1M 
10 ml 3:1 6.2 80ºC 700oC 3 Hours 3000 rpm 

Isoamyl 

alcohol 



3.5 Experiment No. 5 

3.5.1 Synthesis of Sn-doped TiO2 nanoparticles 

Synthesis of Sn-doped TiO2 nanoparticles were carried out by sol-gel method using 

different concentration of metal precursors. The chemical and analytical instruments used 

for experimental work are as follows: 

3.5.2 Chemical 

1. Tartaric acid  Panreac  

2. Tin chloride SnCl4.5H2O  Unichem  

3. 2 – propanol.  Fisher 

4. TiO2    as synthesized 

5. HNO3    fluka 

6. Acetonitrile  Merck 

7. n-Hexane   Fisher 

8. Isoamyl alcohol  Pancreac 

9. Ammonia NH3 BioM   

Deionized water was used throughout this experiment. All chemicals were used without 

further purification. 

3.5.3 Analytical Instruments 

1. Analytical Balance (Shimadzu) 

2. UV/Vis Spectrophotometer UV-1700 (Shimadzu) 

3. FTIR  Shimadzu 

4. XRD  Philips X’ Pert  

5. FESEM JEOL 7600 

6. TEM  JEOL JEM 1010 

7. TGA/SDT G600 V8.3 Build 101 

8. Furnace VULCAN D-550   

9. Oven  Ev108 AC-Kapa 

10. PL spectra  Hitachi F-7000 

11. Centrifuge machine Sigma 1-14 

12. DLS 



3.5.4 Synthesis Procedure 

3.5.4.1 Preparation of Tin-doped titanium oxide nanoparticles 

0.35 g (0.1M) SnCl4.5H2O and 0.15g (0.1M) tartaric acid (1:1 ratio) were added in 

separately in 10ml of 2-propanol and stirred both for 20 minutes to make the 

Homogenous mixture (pH = 2.7) and make volume 40 ml by adding distilled water. Now 

take 0.5g TiO2 nanoparticles and dissolved in 20 ml of 2-propanol and stirred the solution 

for 20 minutes. Now mixed the solution in the above prepared solution (pH = 6.1). Now 

added 0.5M NaOH solution drop wise to adjust the pH of the mixture (pH = 7.2). The 

suspension was stirred for 3 hours at 70oC and then centrifuged at 3000 rpm for 40 

minutes. The precipitates was separated, washed with distill water and ethanol and dried 

overnight at 70oC in the furnace. Finally the product was calcined at 700oC for 4 hours. 

Sn/TiO2 nanoparticles were prepared with the same procedure having same molar 

concentration of metal precursors but with different solvents.  

 



Table 3.9 Reaction parameters for experiment No. 5 

 

 

 

 

 

No of 

Exp. 
SnCl4.5H2O TiO2 

Precipitating 
agent 

NH3:H2O 

Method pH 
Temp. 

(oC) 

Calcinations 

(oC) 
Stirring Centrifugation Solvent 

S2 
0.35 g 

0.1M 
0.5g 3:1 

P
re

ci
pi

ta
ti

on
 M

et
ho

d 7.2 80ºC 700ºC 3 Hours 3000 rpm 2-Propanol 

S3 
0.35ml 

0. 1M 
0.5g 3:1 7.2 80ºC 700ºC 3 Hours 3000 rpm Acetonitrile 

S4 
0.35g  

0.1M 
0.5g 3:1 7.2 80ºC 700ºC 3 Hours 3000 rpm n-Hexane 



RESULTS AND DISCUSSIONS 

 

4.1 Characterization of Sn-doped ZnO Nanoparticles 

4.1.1 Fourier transform Infrared (FTIR) Analysis 

Figure (4.1) shows the FTIR spectrum of the ZnO nanoparticles which was prepared by 

sol-gel method. The IR spectra showed the characteristics peaks of the functional groups 

which could be present in the sample. The band between the 450-500 cm-1 represent the 

metal oxide bond (ZnO). The result showed that peaks at 3427-3448  

cm-1 comes from stretching mode vibrations of OH. The absorbed band at 1626 cm-1 is 

due to OH- bending vibrations. The peak at 1319 cm-1 and 1530 cm-1 corresponds to C = 

O and O – H bending vibrations.  

 

 

Figure 4.1 FTIR Spectra of ZnO nanoparticles  

Figure 4.2 shows the FTIR spectrum of Sn/ZnO nanoparticles at different tin metal 

concentrations. The peaks present in 450-500 cm-1 region are correlated to Zn-O bond and peaks 

650-700 cm-1 region can be attributed to the bonding of tin with zinc oxide  



surface [112-116]. From the spectrum it can be seen that as the concentration of tin increases, the 

spectrum becomes broader The peaks in the range of 3431 cm-1 represent the O-H stretching 

vibrations and the peaks at 2345 cm-1  represent the CO2 adsorbed on the surface of 

nanoparticles. The peaks in the range of 1400-1600 cm-1 correspond to the C=O bonds. The 

adsorbed bands at 1633 cm-1 assigned O-H bonding vibration which is becoming broad as the 

concentration is increasing [117]. 

 

 

Figure  4.2 FTIR spectra for (a) 0.025/0.3, (b) 0.1/0.3 and (c) 0.05/0.3Sn  ZnO 

Nanoparticles 

4.1.2 X-ray diffraction (XRD) Analysis 

Figure 4.3 shows the x-ray diffraction pattern of pure ZnO nanoparticles. In XRD, 

the beam diffracted with 2θ angle which is used for the determination of crystal 

orientation and phase present in it. Study of standard data PDF # 01-089-0 510 

confirmed that the synthesized material are hexagonal ZnO (Wurtzite structure). The 

XRD spectra showed the peaks i.e. 20= 31.81o, 34.46o, 36.22o, 47.9o, 56.41o, 62.83o, 

66.34o, 67.89o with the following reflection planes 100, 001, 101, 012, 110, 013, 200 

and 112 respectively.  



Figure 4.3
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Figure 4.3 XRD spectra of ZnO Nanoparticles 
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 (b) 0. 1M Sn-doped ZnO nanoparticles 
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 (c) 0.2M Sn-doped ZnO nanoparticles 

Figure 4.4 XRD Spectra of (0.01M, 0.1M, 0.2M) Sn-doped ZnO Nanoparticles 



The lattice parameters of Tin doped zinc oxide nanoparticles are well agreed with the 

ICCD PDF data base. The essential peaks of  zinc oxide nanoparticles are present at  2

31.81° (100), 34.46° (002), 36

66.34°(200), 67.89° (112) which are all well indexed with the PDF #01

results show a typical hexagonal Wurtize structure of zinc oxide. In addition to zinc 

oxide peaks, few weak peaks of tin ox

and 51.6°(211) also have been observed. XRD peaks showed that upon increasing tin 

metal dopant concentration, the intensity of the corresponding peak towards the planes 

(002) is found to decrease and intens

increases. 

According to modified Scherrer's equation:

D 

D is the average crystallite size, 

intensity in radians. λ wavelength of incident radiations in nm, k is the grain shape 

dependant constant(k = 0.89) and 

Sn/ZnO nanoparticles with molar ratios 0.025/0.3, 0.1/ 0.3 and 0.05/0.3 were 9.95, 8.7, 

2.54 nm, respectively. 

Figure 4.5 XRD Spectra for (a) 0.025/0.3 M, (b) 0.1/0.3 M and (c) 0.05/0.3 

MSn/ZnO nanoparticles

 

The lattice parameters of Tin doped zinc oxide nanoparticles are well agreed with the 

ICCD PDF data base. The essential peaks of  zinc oxide nanoparticles are present at  2

31.81° (100), 34.46° (002), 36.22°(101), 47.9°(012), 56.41°(110), 62.83°(013), 

66.34°(200), 67.89° (112) which are all well indexed with the PDF #01

results show a typical hexagonal Wurtize structure of zinc oxide. In addition to zinc 

oxide peaks, few weak peaks of tin oxide with tetragonal structure at 2

and 51.6°(211) also have been observed. XRD peaks showed that upon increasing tin 

metal dopant concentration, the intensity of the corresponding peak towards the planes 

(002) is found to decrease and intensity of peaks towards the planes (100) and (101) 

According to modified Scherrer's equation: 

 = 
��

�(���	�)
 = [1.1] 

D is the average crystallite size, β is the broadening of peak at half the maximum 

wavelength of incident radiations in nm, k is the grain shape 

dependant constant(k = 0.89) and θ is diffraction angle. Average crystallite size for 

Sn/ZnO nanoparticles with molar ratios 0.025/0.3, 0.1/ 0.3 and 0.05/0.3 were 9.95, 8.7, 

 

XRD Spectra for (a) 0.025/0.3 M, (b) 0.1/0.3 M and (c) 0.05/0.3 

MSn/ZnO nanoparticles 

The lattice parameters of Tin doped zinc oxide nanoparticles are well agreed with the 

ICCD PDF data base. The essential peaks of  zinc oxide nanoparticles are present at  2θ = 

.22°(101), 47.9°(012), 56.41°(110), 62.83°(013), 

66.34°(200), 67.89° (112) which are all well indexed with the PDF #01-089-0510. The 

results show a typical hexagonal Wurtize structure of zinc oxide. In addition to zinc 

ide with tetragonal structure at 2θ = 26.5° (110) 

and 51.6°(211) also have been observed. XRD peaks showed that upon increasing tin 

metal dopant concentration, the intensity of the corresponding peak towards the planes 

ity of peaks towards the planes (100) and (101) 

is the broadening of peak at half the maximum 

wavelength of incident radiations in nm, k is the grain shape 

is diffraction angle. Average crystallite size for 

Sn/ZnO nanoparticles with molar ratios 0.025/0.3, 0.1/ 0.3 and 0.05/0.3 were 9.95, 8.7, 

 

XRD Spectra for (a) 0.025/0.3 M, (b) 0.1/0.3 M and (c) 0.05/0.3 



4.1.3 FESEM (Field Emission Scanning Electron Microscope) Analysis

FESEM images of Sn/ZnO nanoparticles are shown in Figure 4.6. The shape of 0.025/0.3

SnO2 nanoparticles looks like rice. As molar concentration of SnO

morphology of nano-sized particle is changing from rice like to diamond like structure. 

When the concentration of tin metal is low, particles are more easily agglomerate

each other. As concentration is in

(a) 0.025/0.3M

Figure 4.6 FESEM images for (a) 0.025/0.3, (b) 0.1/0.3 and (c) 0.05/0.3Sn/ ZnO 

Nanoparticles

 

4.1.4 TEM (Transmission Electron 

Figure 4.7 shows the TEM image of Sn/ZnO nanoparticles exhibits aggregated 

nanoparticles which form a spindle shaped morphology in which there are some black 

spots which indicate the presence of SnO

 

 

FESEM (Field Emission Scanning Electron Microscope) Analysis

FESEM images of Sn/ZnO nanoparticles are shown in Figure 4.6. The shape of 0.025/0.3

nanoparticles looks like rice. As molar concentration of SnO2 is increasing, the 

sized particle is changing from rice like to diamond like structure. 

When the concentration of tin metal is low, particles are more easily agglomerate

each other. As concentration is in- creasing; the structure of particles is changing.

 

0.025/0.3M (b) 0.1/0.3M

 

(c) 0.05/0.3M 

FESEM images for (a) 0.025/0.3, (b) 0.1/0.3 and (c) 0.05/0.3Sn/ ZnO 

Nanoparticles 

TEM (Transmission Electron Microscope) Analysis 

Figure 4.7 shows the TEM image of Sn/ZnO nanoparticles exhibits aggregated 

nanoparticles which form a spindle shaped morphology in which there are some black 

spots which indicate the presence of SnO2 with an average diameter of about 7

FESEM (Field Emission Scanning Electron Microscope) Analysis 

FESEM images of Sn/ZnO nanoparticles are shown in Figure 4.6. The shape of 0.025/0.3 

is increasing, the 

sized particle is changing from rice like to diamond like structure. 

When the concentration of tin metal is low, particles are more easily agglomerate with 

creasing; the structure of particles is changing. 

 

0.1/0.3M 

FESEM images for (a) 0.025/0.3, (b) 0.1/0.3 and (c) 0.05/0.3Sn/ ZnO 

Figure 4.7 shows the TEM image of Sn/ZnO nanoparticles exhibits aggregated 

nanoparticles which form a spindle shaped morphology in which there are some black 

with an average diameter of about 7.57 nm. 



Figure 4.7

4.1.5 Photoluminescence spectroscopy of Sn/ZnO Nanoparticles

Physical properties of oxides nanoparticles are significantly affected by densities of defects 

and oxygen vacancies. This relation between structure and property was studied by PL

spectra. Figure 4.8 shows the Pl

green region. The shoulder peak at 373 nm and the major peak at 

~ 400 nm correspond to UV emission while stronger at 412 nm with shoulder peak at 470 

nm correspond to blue green

 

Figure 4.7 TEM image of Sn/ZnO nanoparticles 

Photoluminescence spectroscopy of Sn/ZnO Nanoparticles

Physical properties of oxides nanoparticles are significantly affected by densities of defects 

and oxygen vacancies. This relation between structure and property was studied by PL

spectra. Figure 4.8 shows the Pl-spectra of pure UV region and another broad

green region. The shoulder peak at 373 nm and the major peak at 

~ 400 nm correspond to UV emission while stronger at 412 nm with shoulder peak at 470 

nm correspond to blue green-emission. 

 

Photoluminescence spectroscopy of Sn/ZnO Nanoparticles 

Physical properties of oxides nanoparticles are significantly affected by densities of defects 

and oxygen vacancies. This relation between structure and property was studied by PL-

spectra of pure UV region and another broad in visible 

green region. The shoulder peak at 373 nm and the major peak at  

~ 400 nm correspond to UV emission while stronger at 412 nm with shoulder peak at 470 

 



Figure 4.8

 

Figure 4.8 PL-spectra of ZnO Nanoparticles 

(a) 0.01 M Sn/ZnO nanoparticles 

(b) 0. 1 M Sn/ZnO nanoparticles 

 

 



Figure 4.9 PL-spectra of (0.01M, 0.1M, and 0.2M) Sn/ZnO nanoparticles

 

Figure 4.10 shows the photoluminescence spectra of Sn/ ZnO nanoparticles at different 

molar ratios (0.025/0.3, 0.10.3 and 0.05/0.3). All the Samples show two distinct emission 

peaks sharp, one in UV region and other broad in visible green region. Zinc oxide give 

peak at 420 and 480 nm and a broad peak around 450 nm can be attributed to the tin oxide 

[118-119]. With the increase in concentration of dopant tin oxide, the intensity of its 

corresponding peaks increases. Blue shift is observed, which may be due to modulation of 

band gap caused by dopant tin oxide. Blue green emission band result from the 

recombination of singly ionized oxygen vacancy of zin oxide and photo

[120].  

(c) 0.2 M Sn/ZnO nanoparticles 

spectra of (0.01M, 0.1M, and 0.2M) Sn/ZnO nanoparticles

Figure 4.10 shows the photoluminescence spectra of Sn/ ZnO nanoparticles at different 

(0.025/0.3, 0.10.3 and 0.05/0.3). All the Samples show two distinct emission 

peaks sharp, one in UV region and other broad in visible green region. Zinc oxide give 

peak at 420 and 480 nm and a broad peak around 450 nm can be attributed to the tin oxide 

]. With the increase in concentration of dopant tin oxide, the intensity of its 

corresponding peaks increases. Blue shift is observed, which may be due to modulation of 

band gap caused by dopant tin oxide. Blue green emission band result from the 

mbination of singly ionized oxygen vacancy of zin oxide and photo

 

spectra of (0.01M, 0.1M, and 0.2M) Sn/ZnO nanoparticles 

Figure 4.10 shows the photoluminescence spectra of Sn/ ZnO nanoparticles at different 

(0.025/0.3, 0.10.3 and 0.05/0.3). All the Samples show two distinct emission 

peaks sharp, one in UV region and other broad in visible green region. Zinc oxide give 

peak at 420 and 480 nm and a broad peak around 450 nm can be attributed to the tin oxide 

]. With the increase in concentration of dopant tin oxide, the intensity of its 

corresponding peaks increases. Blue shift is observed, which may be due to modulation of 

band gap caused by dopant tin oxide. Blue green emission band result from the 

mbination of singly ionized oxygen vacancy of zin oxide and photo-generated hole 



Figure 4.10 Combined PL

nanoparticles 

4.1.6 Thermogravimetric analysis

Figure 4.11 shows that first weight lost 

the loss of water and organic residue present in it. Second weight loss is due to formation 

of Sn/ZnO from Sn(OH)2/ ZnO with the weight loss of 22 % from 170 to 290°C.

 

Figure 4.11 TGA (solid line)/DSC (d

 Nanoparticles 

4.1.7 AFM Analysis 

The surface morphology of Sn

Sn-concentration was investigated by using atomic force Microscopy. The AFM images 

Combined PL-Spectra of (0.01M, 0.1M and 0.2M) Sn

nanoparticles  

Thermogravimetric analysis 

Figure 4.11 shows that first weight lost occurred from 50 to 200 °C which is attributed to 

the loss of water and organic residue present in it. Second weight loss is due to formation 

of Sn/ZnO from Sn(OH)2/ ZnO with the weight loss of 22 % from 170 to 290°C.

TGA (solid line)/DSC (dotted line) plots of uncalcined sample Sn/ZnO 

 

The surface morphology of Sn-doped ZnO nanoparticles for different values of 

concentration was investigated by using atomic force Microscopy. The AFM images 

 

Spectra of (0.01M, 0.1M and 0.2M) Sn-doped ZnO 

occurred from 50 to 200 °C which is attributed to 

the loss of water and organic residue present in it. Second weight loss is due to formation 

of Sn/ZnO from Sn(OH)2/ ZnO with the weight loss of 22 % from 170 to 290°C. 

 

otted line) plots of uncalcined sample Sn/ZnO  

doped ZnO nanoparticles for different values of  

concentration was investigated by using atomic force Microscopy. The AFM images 



show that surface morphologies of the nanoparticles strongly dependent on the dopant 

concentration. Figure reveals that there is decrease in grain size with increase in Sn 

concentration this is a good agreement with the decrease in crystallite obtained from 

XRD measurement Sn-doped ZnO prepared by deposition-precipitation method yields 

about 100-150 nm wide and about 50 nm in height so that morphology can be assumed 

somewhat spherical. Furthermore the particles prepared by above mentioned method 

show good particle size distribution as depicted in histogram.  

 

 

 

 

 



Figure 4.12

4.2 Characterization of Sn

 different solvents 

4.2.1 FTIR Characterization

Figure 4.13 show the IR spectra of Sn doped ZnO nanoparticles by using different 

solvents. Figure 4.13 shows that IR spectra of Sn

Acetonitrile is broad. Thus the infrared absorption occurs in triple bond region betwe

2280-2200 cm-1. The decrease in wave number is due to the alkyl group attached to the 

 

Figure 4.12 3D-images of Sn ZnO nanoparticles  

Characterization of Sn-doped ZnO Nanoparticles by using 

different solvents  

FTIR Characterization 

Figure 4.13 show the IR spectra of Sn doped ZnO nanoparticles by using different 

solvents. Figure 4.13 shows that IR spectra of Sn-doped ZnO nanoparticles synthesized in 

Acetonitrile is broad. Thus the infrared absorption occurs in triple bond region betwe

1. The decrease in wave number is due to the alkyl group attached to the 

 

doped ZnO Nanoparticles by using 

Figure 4.13 show the IR spectra of Sn doped ZnO nanoparticles by using different 

doped ZnO nanoparticles synthesized in 

Acetonitrile is broad. Thus the infrared absorption occurs in triple bond region between 

1. The decrease in wave number is due to the alkyl group attached to the 



C ≡ N group. Figure 4.14 show the IR spectra of Sn doped ZnO nanoparticles in n-

hexane which is more dense as compared to figure 4.13 at O – H bending vibration. 

Various C – H bending vibration appear in n-hexane in the region of 1485 – 1340 cm-1, a 

doublet appears at about 1380 cm-1. An absorption band in the range of 1395 – 1385 cm-

1 is due to the – C(CH3)2 group. Figure 4.15 show the IR spectra of Sn-doped ZnO 

nanoparticles synthesized in isoamyl alcohol which have broad peak at 3400 – 3200 cm-1 

for O – H stretching vibration.  

 

 

Figure 4.13 FTIR Spectra of Sn/ZnO nanoparticles prepared in Acetonitrile 

 



 

Figure 4.14 FTIR Spectra of Sn/ZnO nanoparticles prepared in n-Hexane 

 

 

 

Figure 4.15 FTIR spectra of Sn/ZnO nanoparticles prepared in Isoamyl Alcohol 



4.2.2 XRD Analysis 

Figure 4.19 shows the XRD Patterns of Sn-duped ZnO nanoparticles synthesized in 

various solvents. A Series of Characteristics peaks at 2θ =  31.79o(101), 34.45o (002), 

36.27o (101), 47.56o (012), 52.14o (311), 56.60o (110), 62.88o (013), 66.39o (200), 69.39o 

(201) which are all well indexed with PDF# 01-089-0510, shows a typical hexagonal 

wurtize Structure of ZnO in Sn-doped ZnO, in addition to ZnO peaks, few characteristics 

peaks of Sn (tetragonal) PDF# 01-089-2565 have been observed. From the figure 4.19 it 

can be seen that XRD Spectra of 2-Propanal which is highly polar and show strong 

hydrogen bonding is very sharp and intense. In the same way acetonitrile which is less 

polar as compared to 2-propanal also show very sharp and intense peaks. Whereas n-

hexane and isoamyl alcohol shows almost same spectra with little bit change in isoamyl 

alcohol n-hexane is highly non-polar and show no hydrogen bonding, spectra is broad 

and weak showing small crystalline size of nanoparticles. Spectra of n-hexane is unique 

because of highly non-polar solvent. The result shows that interstitial zinc plays an 

important role in controlling the particle size, as well as solvent also play an important 

role in controlling the particle size of Sn-doped ZnO nanoparticles. The crystallite size 

diameter (D) of Sn-doped ZnO nanoparticles was estimated by Scherrer’s Equation as 

explained in equation 1.1. The mean particle size was about 19.75 nm (Acetonitrile), 

15.78 nm (n-Hexane) 32.84 nm (isoamyl alcohol) which are close to the DLS 

measurements. 



20 25 30 35 40 45 50 55 60 65 70 75 80

0

100

200

300

400

500

600

700

 

 

In
te

n
si

ty
 (

a.
u

.)

Position (2 Theta)

 I7

- ZnO
- Sn


(112)


(200)

(013)
(110)



(311)


(012)


(002)

(100)


(101)



(111)



 

Figure 4.16 XRD Spectra of Sn/ZnO Nanoparticles prepared in Acetonitrile 
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Figure 4.17 XRD Spectra of Sn/ZnO nanoparticles prepared in n-Hexane 
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 Figure 4.18 XRD Spectra of Sn/ZnO Nanoparticles 

Figure 4.19 Combined XRD spectra of Sn
acetonitrile (c) n

4.2.3 SEM 

The FE SEM images of Sn

figure 4.20. 
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XRD Spectra of Sn/ZnO Nanoparticles prepared in Isoamyl Alcohol

Combined XRD spectra of Sn-doped ZnO nanoparticles (a) 2
trile (c) n-hexane (d) isoamyl alcohol 

The FE SEM images of Sn-doped ZnO nanoparticles with various solvents are shown in 
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a)  0.1M Sn-doped ZnO Nanoparticles                b) 0.1M Sn

  c) 0.1M Sn-doped ZnO Nanoparticles              d) 0.1M Sn

Figure 4.20 FESEM Images of a) 2
alcohol 

The Figure 4.20 a shows a Diamond like structure in which the part

agglomerate with each other, which could result in the decreasing light utilization rate 

Figure 4.20b shows Sn-ZnO spindle shape with average size of 350 + 50 nm is comprised 

of small aggregated nanoparticles. Figure 4.20 c and d Show

were seldom observed in these Sn

4.2.4 TEM 

Sn-doped ZnO nanoparticles were investigated by TEM analysis figure 4.21 shows the 

TEM image of Sn-doped ZnO it exhibits that aggregated ZnO nanoparticles form a 

spindle shaped morphology in which there are some black spots which indicate the 

presence of Sn ions With an average diameter of about 4.20 nm.
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of small aggregated nanoparticles. Figure 4.20 c and d Shows irregular honeycomb, pores 
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shaped morphology in which there are some black spots which indicate the 

presence of Sn ions With an average diameter of about 4.20 nm. 
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Figure 4.21

4.2.5 Raman Analysis

Figure 4.22 Raman Spectra for (a)
Methyl-1-butanol
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Figure 4.21 TEM Images of Sn-doped ZnO nanoparticles

Raman Analysis 

Raman Spectra for (a) 2-proponal (b)Acetonitrile (c) n-Hexane d) 3
butanol 

Figure 4.22 shows the Raman spectrum of Sn-doped ZnO nanoparticles for different 

solvent. From the spectrum if can be seen that for 2-propanol a strong Raman Peak at 

440nm along with one weak peaks at 331nm are observed that can be assigned to high 

intensity branch of E2 (high) mode of ZnO [121]. The former peak relates to E2 mode of 

ZnO crystal that is well matched with Raman peak of buck ZnO crystal, these peaks 

confirm the main characteristics of ZnO quartzite hexagonal Structure which is 

agreement with XRD result. In the same way acetonitrile, n-Hexane and isoamyl
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shows a strong Raman peak at 439.5nm but with decreased intensity (a.u). It can be seen 

from the figure other than 2-propanol all the solvent shows a little Raman Shift (cm-1). 

The Peak at 331nm are assigned to second order vibration mode, the vibration at 532nm 

assigned local Vibration related to donar defects bound on Sn Sites, Such as oxygen 

vacancies or zinc interstitials [122, 123]. It is known that high intensity of Raman active 

mode is usually considered better optical and crystalline properties of materials [124].  

4.2.6 Photo Luminescence Analysis 

Figure 4.23 show PL spectra of Sn-doped ZnO nanoparticles by using various polar and 

non-polar solvent, all the samples show two distinct emission peaks. Sharp one in UV 

region and others breads in visible region. From the spectra it can be seen that  

–OH group shows medium intensity with sharp peaks lies in range 242.50nm. While 

broad luminescence band of different solvent covered from 260nm to 469nm in blue 

green region but PL intensity were different in all the samples which varies due to 

different solvents. It is clear from the spectra that n-Hexane have broad peaks with 

maximum intensity having wavelength about 330.53nm and then decreases rapidly,  

2-propanol also have sharp peak at about 460nm. It is reported that blue green emission is 

cased due to recombination of electrons in single occupied oxygen vacancies [125] since 

PL emission is due to the recombination of excited electrons, low intensity of Sn-doped 

ZnO nanoparticles represent a lower excited rate of electrons [126]. 
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Figure 4.23(c)  PL-spectra of Sn/ZnO nanoparticles
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4.2.7 TGA Analysis 

Figure 4.24 TGA (solid line) plots of uncalcined sample Sn

 Nanoparticles 

TGA analysis was utilized in order to 

during the thermal treatment of Sn

TGA analysis, two mass loss steps can be identified in TGA curve. First weight loss 

occurred from 50oC to 200

organic residuals is progressively desorbed from the surface, second weight loss is due to 

the formation of Sn/ZnO from Sn(OH)

29oC. 

4.2.8 AFM Analysis 

The surface morphology of Sn

investigated by using atomic force microscopy, the AFM images show that morphologies 

of the nanoparticles change, as the solvent change, but inspite of surface morphology 

strongly dependent on the dopant concentration. Figure reveals that there is decrease in 

grain size as the nature of solvent change. This is a good agreement with the decrease in 

crystallite size obtained from XRD measurement. 

Sn-doped ZnO nanoparticles prepared by deposi

100-150 nm wide and about 50 nm in height. So that morphology can be assumed 

somewhat spherical furthermore the particles prepared by above mentioned method show 

good particle size distribution as depicted by histogra
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Figure 4.25

4.2.9 Dynamic Light Scattering (DLS) Analysis

DLS was used to determine the hydrodynamic diameter of the synthesized nanoparticles. 

Hydrodynamic diameter of the nanoparticles usually larger than their size due to the 

presence of stabilizer at their surface. Figure 4.26 showed number distribution of Sn

nanoparticles synthesized by deposition precipitation method. Table 4.1 showed the 

effect and various solvent on the size and Sn/ZnO nanoparticles. 

4.2.9.1 Effect of Solvent on the size of Sn/ZnO nanoparticles 

 

Figure 4.25 3D images of Sn-ZnO nanoparticles 
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DLS was used to determine the hydrodynamic diameter of the synthesized nanoparticles. 

Hydrodynamic diameter of the nanoparticles usually larger than their size due to the 

presence of stabilizer at their surface. Figure 4.26 showed number distribution of Sn

nanoparticles synthesized by deposition precipitation method. Table 4.1 showed the 

effect and various solvent on the size and Sn/ZnO nanoparticles.  
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Hydrodynamic diameter of the nanoparticles usually larger than their size due to the 

presence of stabilizer at their surface. Figure 4.26 showed number distribution of Sn/ZnO 

nanoparticles synthesized by deposition precipitation method. Table 4.1 showed the 



The effect of solvent on the size of Sn/ZnO nanoparticles illustrated in table 4.1. The 

result clearly showed that size of nanoparticles gradually increases from 19.77 to 28.1. 

Table 4.1 DLS Parameters of Sn/ZnO nanoparticles 
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80oC 600oC 3 hours Acetonitrile 19.77 712 

8 80oC 600oC 3 hours n-Hexane 27.1 1106 

9 80oC 600oC 3 hours 
Isoamyl 

alcohol 
2823 1281 

 

 

 

 

(a) 0.1 M Sn-doped ZnO nanoparticles (Acetonitrile) 
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(b) 0.1 M Sn-doped ZnO nanoparticles (n-Hexane) 

 

(c) 0.1 M Sn-doped ZnO nanoparticles (Isoamyl alcohol) 

Figure 4.26 Zeta analyzer of Sn/ZnO nanoparticles (a) Acetonitrile (b)  

n-Hexane (c) Isoamyl alcohol 
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Conclusion 

Sn-doped ZnO nanoparticles have been successfully synthesized by deposition 

precipitation method by using various polar and non-polar solvent which causes the 

different sizes of the final products, it has been observed that size and doping content of 

the samples changed by using different solvents Sn-doped ZnO nanoparticles obtained in 

n-hexane have larger crystal numbers and smaller particle size than  

2-proponol and 3-methyl-l-butanol (isoamyl alcohol). 

The reason of smaller particle size of n-Hexane is that polar solvent (OH) is solubility. 

Polar solvents have high solubility in water than non-polar solvent. Low solubility could 

cause an increase in the number of nucleation sites. 2nd reason is that, the Zn+2 in ZnO 

bond with oxygen of–OH group in alcohol (2-propanol, 3-methyl-1-butanol) layer to stop 

the growth of ZnO crystals. 3rd reason is that n-Hexane is a good disperser and a thicker 

solvent. So, the addition of it could not only increase the number of nucleation sites but 

also reduces the rate of grain Growth. 

 

 

  



4.3 Characterization of Si

4.3.1 FTIR Characterization

Fourier transmission infrared spectroscopy analysis on silica doped iron oxide 

nanoparticles samples synthesized at various experimental condition by varying the metal 

precursors concentration shown in Figure 4.27b. Iron oxide 

(Figure 4.27a) shows the characteristics absorption bands at 3448.84cm

to Fe–OH and one is the deformation vibration of hydroxyl (OH

Iron (III) oxide nanoparticles spectrum shows the characteristic absorption bands of Fe

at 643, 563 and 441 cm-1 

IR analysis because these bonding appears about 640.39 and 563.23 cm

overlap with Fe – O vibration of iron (III) oxide nanoparticles. 

Figure 4.27b showed characteristics peaks at 1143.79 and 1032.92cm

Si–OH and Si–O–Si groups

780 cm-1 are due to stretching of Si

of iron oxide nanoparticles. These results indicate the doping of silica on the surface of 

iron (III) oxide nanoparticles [1

Figure 4.27a

Characterization of Si-doped Fe2O3 nanoparticles  

FTIR Characterization 

Fourier transmission infrared spectroscopy analysis on silica doped iron oxide 

nanoparticles samples synthesized at various experimental condition by varying the metal 

precursors concentration shown in Figure 4.27b. Iron oxide nanoparticles 

e 4.27a) shows the characteristics absorption bands at 3448.84cm-

OH and one is the deformation vibration of hydroxyl (OH-) bond at 1635.65 cm

Iron (III) oxide nanoparticles spectrum shows the characteristic absorption bands of Fe

 [148]. The presence of Fe–O–Si bonding cannot seen in the FT

IR analysis because these bonding appears about 640.39 and 563.23 cm

O vibration of iron (III) oxide nanoparticles.  

characteristics peaks at 1143.79 and 1032.92cm

Si groups. [127] The absorption bands that appears at 890.4 cm

1 are due to stretching of Si–OH and vibrations of hydroxyl (OH

articles. These results indicate the doping of silica on the surface of 

iron (III) oxide nanoparticles [128].  

Figure 4.27a FT-IR Spectra of Fe2O3 Nanoparticles  

Fourier transmission infrared spectroscopy analysis on silica doped iron oxide 

nanoparticles samples synthesized at various experimental condition by varying the metal 

nanoparticles spectrum 

-1, which are due 

) bond at 1635.65 cm-1. 

Iron (III) oxide nanoparticles spectrum shows the characteristic absorption bands of Fe-o 

Si bonding cannot seen in the FT-

IR analysis because these bonding appears about 640.39 and 563.23 cm-1 and that 

characteristics peaks at 1143.79 and 1032.92cm-1 that represent  

The absorption bands that appears at 890.4 cm-1 and 

OH and vibrations of hydroxyl (OH-) in the surface 

articles. These results indicate the doping of silica on the surface of 

 

 



 

Figure 4.27b FTIR Spectra of 0.1M Si/Fe2O3 nanoparticles 

Figure 4.27 FT-IR spectra of (a) Fe2O3 nanoparticles (b) 0.1M Si/Fe2O3 nanoparticles  

4.3.2 XRD Characterization 

Figure 4.28 shows the X-ray diffraction patterns of the Fe2O3 nanoparticles. Figure 4.28 

shows that standard Fe2O3 crystal with spinel structure has six diffraction peaks with 2-

values at 35.30o, 44.2o, 53.82o, 62.02o, and 71.58o corresponding to their indices (110), 

(202), (116), 214), (300) and (100) were observed and was confirmed by reference cod 

(00-033-0664). The peaks lies in the range of 30o - 72o. XRD data were used to estimate 

mean particles of size iron oxide nanoparticles by using the Scherer equation as explained 

in Equation 1.1 

It was observed that estimated Fe2O3 nanoparticles size is 39 nm.   

Figure 4.29 shows the XRD patterns of silica doped iron oxide nanoparticles which are 

prepared, annealed by varying the molar concentration of silica. The diffraction peaks 

observed in the samples as shown in figure 4.29 became intense and their full width at 

half maximum (FWHM) turned gradually narrow. The lattice parameters of silica-doped 

iron oxide nanoparticles are well agreed with the ICCD PDF data base. The essential 

peaks of silica-doped iron oxide nanoparticles are present at 2θ = 33.31o, 35.67o, 40.94o, 



49.43o, 55.14o, 62.5o and 64.13

(214) and (300) respectively.   Which are all well indexed with PDF # 00

the characteristics peaks of Si

revealed the successful inclusion of Si in Fe

 

Figure

 

and 64.13o and were inflexed as (104), (110), (113), (024), (116), 

(214) and (300) respectively.   Which are all well indexed with PDF # 00

the characteristics peaks of Si-doped Fe2O3 appeared in the range of 10o

revealed the successful inclusion of Si in Fe2O3 membrane.  

Figure 4.28 XRD spectra Fe2O3 nanoparticles 

), (113), (024), (116), 

(214) and (300) respectively.   Which are all well indexed with PDF # 00-033-0664. All 

o-80o. These data 
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Figure 4.29 (a) 0.01 M Si-doped Fe2O3 nanoparticles  

10 20 30 40 50 60 70 80

150

200

250

300

350

400

Si/Fe2O3 - 00-033-0664
 R2

SiO2

10
4

1
10

1
13

02
4

11
6 21

4
3

00

Position (2 Theta)

In
te

n
si

ty
 (

a
.u

.)

Fe2O3

 

Figure 4.29 (b) 0.1 M Si-doped Fe2O3 nanoparticles  
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Figure 4.29 (c) 0.02 M Si-doped Fe2O3 nanoparticles  

X-ray powder diffraction peaks showed in figure 4.29c that upon increasing the silica 

metal concentration, the intensity of the corresponding peaks towards planes (024) is 

found to be decreased and intensity of peaks towards the planes (104), (110) and 214) 

increases.  

XRD data were used to estimate mean particle size of silica-doped iron oxide 

nanoparticles by using the Scheorer equation as explained in equation 1.1. Average 

crystallite size for Si/Fe2O3 nanoparticles with molar ratio 0.01M, 0.1M and 0.2M were 

40.1 nm, 39.2nm and 36.1 nm which are close to the TEM and DLS analysis.  
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Figure 4.30 Combined XRD spectra of (0.01M), (0.1M) and (0.2M) Si-doped Fe2O3 

nanoparticles 

4.3.3 SEM Analysis 

Figure 4.31 show SEM Micrograph of Si-doped Fe2O3 nanoparticles synthesized by sol-

gel method and calcined at 500oC. Figure show that morphology of nanoparticles is just 

like glomerouls type particle which are located at the surface of sponge like structure 

which have small pores. 

 

Figure 4.31 SEM image of 0.1M Si/Fe2O3 nanoparticles 



4.3.4 TEM Analysis 

Figure 4.32 shows a TEM micrograph of Si-doped Fe2O3 nanoparticles prepared and 

calcined at 700oC for 3 hours. The Si/Fe2O3 nanoparticles seems to aggregate into large 

clusters. The reason of large clusters is strong dipole-dipole attractions between the 

nanoparticles. 

TEM image shown in Figure 4.32 confirms the presence of weel dispersed, nano-sized 

spherical shape particles of Si – Fe2O3 with diameter range from 35-37 nm.  

 

 

Figure 4.32 TEM image of Si-doped Fe2O3 nanoparticles 

4.3.5 TGA Analysis 

TGA curve showed the major weight loss into two distinct steps. In the first step, weight 

loss occurred from 50oC to 110oC, which may be attributed to loss or volatilization of 

small molecules, such as H2O, and absorbed NH3:H2O. In this range weight loss is 3%. In 

the second step weight loss is from 230oC to 480oC is due to decomposition of organic 

acids. Tartaric acid is present in the reaction mixture which causes the weight loss in the 

range of 230oC to 480oC, which is about 13%.  



Figure 4.33 TGA plots of Si-doped Fe2O3 nanoparticles 

4.3.6 DLS Analysis 

DLS was used to determine the hydrodynamic diameter of the synthesized nanoparticles. 

Hydrodynamic diameter of the nanoparticles usually larger than their size due to presence 

of stabilizer at their surface. Figure 4.34 shows the number distribution of Si/Fe2O3 

nanoparticles synthesized by Sol-gel method.  

  Zeta Average Size                   Peak-1 

  36.65      36.65 

 

Figure 4.34 Zeta analyzer of Si-doped Fe2O3 nanoparticles 
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4.4 Characterization of Si

4.4.1 FTIR Characterization

Figure 4.35(a) show the IR

Acetonitrile is broad and dense. Reason is that infra

region between 3410-3369 cm

the alkyl group attached t

doped Fe2O3 nanoparticles in n

due to Fe – OH a doublet appear in 1377 cm

1070-1230 cm-1 is due to 

doped Fe2O3 nanoparticles synthesized in isoamyl alcohol which have broad peak as 

compared to n-hexane, more dense, at 3419 cm

 

 

Figure 4.35 (a)    

Characterization of Si-doped Fe2O3 by using different solvent 

FTIR Characterization 

show the IR spectra of Si-doped Fe2O3 nanoparticles synthesized in 

Acetonitrile is broad and dense. Reason is that infra-red absorption occurs in triple bond 

3369 cm-1 due to Fe–O–H. The decrease in wave number is due to 

the alkyl group attached to the C ≡ N group. Figure 4.35 (b) shows the IR spectra of Si

nanoparticles in n-Hexane which is sharp and less dense 3259

OH a doublet appear in 1377 cm-1 region. An absorption band in the range of 

o –C (CH3)2 group. Figure 4.35 (c) show the IR spectra of Si

nanoparticles synthesized in isoamyl alcohol which have broad peak as 

hexane, more dense, at 3419 cm-1 to Fe–O–H stretching vibration.

(a)    FTIR spectra of Si/Fe2O3 prepared in Acetonitrile

by using different solvent  

nanoparticles synthesized in 

red absorption occurs in triple bond 

H. The decrease in wave number is due to 

≡ N group. Figure 4.35 (b) shows the IR spectra of Si-

Hexane which is sharp and less dense 3259-3417 cm-1 

region. An absorption band in the range of 

group. Figure 4.35 (c) show the IR spectra of Si-

nanoparticles synthesized in isoamyl alcohol which have broad peak as 

H stretching vibration. 

 

Acetonitrile 



Figure 4.35 (b) 

Figure 4.35 (c)  

Figure 4.35

 

4.4.2 XRD Characterization

(b)  FTIR spectra of Si/Fe2O3 prepared in n-Hexane

 

 FTIR spectra of Si/Fe2O3 prepared in Isoamyl Alcohol

Figure 4.35 FT-IR spectra of Si/Fe2O3 nanoparticles 

Characterization 

 

Hexane 

 

Isoamyl Alcohol 

 



Figure show the XRD pattern of Si-doped Fe2O3 nanoparticles synthesized in various 

solvents. A series of characteristics peaks at 2θ = 33.31o (104), 35.67o (110), 40.94o 

(113), 49.43o (024), 55.14o (116), 62.5o (214) and 64.13o (300) respectively which are all 

well indexed with PDF # 00-033-0664. All the characteristics peaks appear in the 10o – 

80o range. These data revealed the successful inclusion of Si in Fe2O3 nanoparticles. 

From the figure it can be seen that XRD spectra of 2-propanol which is highly polar and 

show strong hydrogen bonding is very sharp and intense. In the same way acetonitrile 

which is less polar as compared to 2-propanol also show very sharp and intense peak. 

Whereas n-hexane and isoamyl alcohol shows almost some spectra with little bit change 

in isoamyl alcohol. n-hexane is highly non-polar and show no hydrogen bonding, spectra 

is broad and weak showing small crystalline size of nanoparticles. Spectra of n-hexane is 

unique because of highly non-polar solvent the result shows that silica play an important 

role in controlling the particles size in the same way solvent also play an important role in 

controlling the particle size in  

Si-doped Fe2O3 nanoparticles. The crystallite size diameter (D) of Si-doped Fe2O3 

nanoparticles was estimated by Scherer’s Equation as explained in equation 1.1. Average 

particles size for Si/Fe2O3 nanoparticles were 5.89 nm (Acetonitrile), 19.89 nm (n-

Hexane) and 16.34 nm (Isoamyl alcohol)  
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Figure 4.36(a)  0.1M Si-doped Fe2O3 nanoparticles prepared in Acetonitrile 
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Figure 4.36(b)  0. 1M Si-doped Fe2O3 nanoparticles prepared in n-Hexane 
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Figure 4.36(c)   0.1M Si-doped Fe2O3 nanoparticles prepared in Isoamyl alcohol 

 



Figure 4.36 XRD spectras of 0.1M Si/Fe2O3 nanoparticles in (a) Acetonitrile (b)  

n-Hexane (c) Isoamyl alcohol. 

 

 

Figure 4.37 Combined XRD Spectra of (a) 2-propanol (b) Acetonitrile  

(c) n-Hexane (d) isoamyl alcohol Si/Fe2O3 nanoparticles 

4.4.3 SEM Analysis 

Figure 4.38 (a) show the SEM Micrograph of Si-doped Fe2O3 nanoparticles prepared by 

sol-gel method by using Acetonitrile as a solvent and calcined at 500oC. It can be seen 

that the particle are perfect spherical in shape, which are dispersed in the honey comb 

having small pores.  

Figure 4.38 (b) show the SEM Micrograph of Si-doped Fe2O3 nanoparticles prepared by 

sol-gel method by using n-hexane as a solvent and calcined at 500oC. It can be seen from 

micrograph that small spherical ball are deposited on rock like structure. These spherical 

balls are irregularly dispersed and have needle like corner. Figure 4.38 (c) show SEM 

image of Si-Fe2O3 nanoparticles synthesized by sol-gel method and calcined at 500oC 

prepared in isoamyl alcohol. From the SEM image it can be seen that the nanoparticles 

are near spherical in shape and have ellipsoidal morphology. Moreover some of the 

particles are aggregated.  
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Figure 4.38 (a)  SEM image of Si/Fe2O3 nanoparticles prepared in Acetonitrile 

 

Figure 4.38 (b)  SEM image of Si/Fe2O3 nanoparticles prepared in n-Hexane 

 



 

Figure 4.38 (c)  SEM image of Si/Fe2O3 nanoparticles prepared in Isoamyl alcohol 

Figure 4.38    SEM image of 0.1M Si/Fe2O3 nanoparticles (a) Acetonitrile  

(b) n-Hexane (c) Isoamyl alcohol 

4.4.4 TEM Analysis 

Figure 4.39 (a,b) show the TEM images of Si-doped Fe2O3 nanoparticles prepared in 

Acetonitrile and n-Hexane respectively. The images show that silica has fused on the 

surface of the iron oxide nanoparticle which seems just like bunch of graphs, having 

spherical in shape. Figure (a,b) have average particle size approximately 36 nm and 51 

nm respectively.  

 



 

Figure 4.39 (a)   TEM image of Si-Fe2O3 nanoparticles in Acetonitrile 

 

Figure 4.39 (b)  TEM image of Si-Fe2O3 nanoparticles in n-Hexane 

 

 



 

Figure 4.39 (c)  TEM image of Si-doped Fe2O3 nanoparticles in isoamyl alcohol 

4.4.5 TGA Analysis 

TGA curve showed the weight loss at two steps. In first step weight loss occur at 

temperature about from 70oC to 190oC which may be due to loss of extra water and NH3. 

Weight loss in this step is about 9%. In second step weight loss is in temperature range 

about 190oC to 510oC that may be due to presence of organic residue. The weight loss in 

this step is about 11%. 



 

Figure 4.40 TGA/DSC curves of Si/Fe2O3 nanoparticles 

 

  



4.4.6 DLS Analysis 

DLS was used to determine the hydrodynamic diameter of the synthesized nanoparticles. 

Hydrodynamic diameter of the nanoparticles are usually larger than their size due to the 

presence of stabilizer at their surface. Figure 4.41 shows the number distribution of 

Si/Fe2O3 nanoparticles synthesized by Sol-gel method by Suign different solvent. Table 

4.2 show the effect of various solvents on the size of Si/Fe2O3 nanoparticles. 

4.4.6.1 Effect of solvent on the size Si/Fe2O3 nanoparticles 

The effect of solvent on the size of Si/Fe2O3 nanoparticles is illustrated in table 4.2 the 

result clearly showed that the size of nanoparticles gradually decrease from 12.71 to 

11.03. 

Table 4.2 DLS parameters of Si/Fe2O3 nanoparticles 

No. 
of 

OBS 
Method Temperature 

Calcinating 
Time 

Stirring 
Time 

Solvent Z-Size Peak-I 

R4 

S
ol

-g
el

 

M
et

ho
d

 

60oC 500oC 3 hours Acetonitrile 12.71 824 

R5 60oC 500oC 3 hours n-Hexane 12.53 190 

R6 60oC 500oC 3 hours Isoamyl 

alcohol 

11.03 341 

 

 

 

(a) DLS spectra of 0.1M Si-doped Fe2O3 nanoparticles prepared in 2-propanol  
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(b) DLS spectra of 0.1M Si-doped Fe2O3 nanoparticles 

 

 

(c) DLS spectra of 0.1M Si-doped Fe2O3 nanoparticles 

 

Figure 4.41 Zeta analyzer of (a) 0.1M Si-doped Fe2O3 nanoparticles  

(a) Acetonitrile (b) n-Hexane (c) Isoamyl alcohol 
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4.5 Characterization of Zn doped SiO

4.5.1 FTIR Characterization

Figure 4.42 shows the IR spectra of Zn

showed the characteristics peaks of the functional groups which could be present in the 

sample. The band between 3300 cm

– H bond. The peaks in the range of 2913 cm

H group. The peaks at 1675 cm

1635 cm-1 band due to vibration of number of water decreases. While intensity of 

absorption bond at 1695 cm

is due to Si – O – Si absorbation bands. The stretching vibration of 689.23 cm

the metal oxide bond (SiO

 

Figure 4.42 

4.5.2 XRD Analysis 

The phase composition and the crystallite size of the SiO

ray diffraction analysis. Figure 4.43 show the XRD patterns for SiO

that particles were Quartz in structure having followings cell constant parameters: 

a (Ao)  = 4.903

b (Ao)  = 4.903

c (Ao)  = 5.39

Alpha (o) = 90o

Characterization of Zn doped SiO2 nanoparticles  

FTIR Characterization 

Figure 4.42 shows the IR spectra of Zn-doped SiO2 nanoparticles.  The IR spectra 

showed the characteristics peaks of the functional groups which could be present in the 

sample. The band between 3300 cm-1 to 3600 cm-1 is due to the stretching vibration of O 

H bond. The peaks in the range of 2913 cm-1, 2976 cm-1 is due to vibration bands of C 

H group. The peaks at 1675 cm-1 is due to the vibration of water molecule. Intensity of 

band due to vibration of number of water decreases. While intensity of 

absorption bond at 1695 cm-1 increases? The stretching vibration frequency at 1040 cm

Si absorbation bands. The stretching vibration of 689.23 cm

the metal oxide bond (SiO2).  

 FT-IR spectra of 0.1M Zn-doped SiO2 nanoparticles

 

phase composition and the crystallite size of the SiO2 sample were evaluated by X

ray diffraction analysis. Figure 4.43 show the XRD patterns for SiO2. The result showed 

that particles were Quartz in structure having followings cell constant parameters: 

4.903 

4.903 

5.39 

o 

nanoparticles.  The IR spectra 

showed the characteristics peaks of the functional groups which could be present in the 

is due to the stretching vibration of O 

is due to vibration bands of C – 

is due to the vibration of water molecule. Intensity of 

band due to vibration of number of water decreases. While intensity of 

tretching vibration frequency at 1040 cm-1 

Si absorbation bands. The stretching vibration of 689.23 cm-1 represent 

 

nanoparticles 

sample were evaluated by X-

. The result showed 

that particles were Quartz in structure having followings cell constant parameters:  



Beta (o) = 90o 

Gamma (o) = 120o 

Α = β  = 90o 

γ  = 120o 

The lattice parameters of SiO2 are well agreed with 1 CCD PDF database. The essential 

peaks of pure SiO2 nanoparticles are present at 2θ = 20.885, 26.587, 39.615, 42.612, 

46.035, 50.079, 55.115, 60.026, 55.296, 73.751, 75.374, 77.549, 79.870 with diffraction 

planes (100), (101), (101), 012), (200), (201), (112), (202), (211), (103), (112), (014), 

(302), (220) and (213) respectively. This diffraction data is well indexed with PDF # 00-

001-0649 and PDF# 01-083-2446. Average particle size of SiO2 was calculated by using 

the Scherrer’s equation as explained in equation 1.1 was 10.0 nm.  
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Figure 4.43 XRD Spectra of SiO2 nanoparticles  

Figure 4.44 (a) show the XD pattern of 0.1M Zn-doped SiO2 nanoparticles synthesized 

by deposition-precipitation  method in 2-propanol. The analysis was carried out in 2θ 

range 20o – 80o. It can be seen from the figure (SiO2), all the proposed sample have 

shown the Quartz structure [ PDF # 00-001-0649] without impurity. After Zn-doped, the 

typical spectra changed to broad angle. From the spectra it can be seen as the 



concentration of zinc is increased, the XRD peaks shifted to lower angle, the phenomena 

could be caused by Zn-doping SiO2. Zn-doped SiO2 nanoparticles synthesized in 2-

ppropanol shows the characteristics peaks of SiO2 at 2θ = 20.472o, 26.76o, 39.52o, 42.46o, 

45.6o, 50.16o, 54.87o, 59.94o, 73.43o, 75.57o, 77.28o, 79.70o with diffraction planes (100), 

(101), (012), (200), (201), (112), (202), (211), (014), (302), (220) and (213) which are 

well indexed with [PDF # 00-001-0649] and [PDF # 01-083-2466] with Quartz structure. 

The Zn-doped SiO2 in addition to above diffraction peaks, some characteristics peaks of 

zinc is also shown which are all well indexed with [PDF # 01-079-0207] with hexagonal 

structure at 2θ =  31.74, 34.31, 36.31, 56.58 with (100), (002), (101) and (110) planes. 

XRD pattern were analyzed to determine the peak intensity, position and width. Full-

width at half maximum (FWHM) data was used with Scherrer’s formula as explained in 

equation 1.1. The mean size of nanoparticles estimated was about 9.78 nm. 
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Figure 4.44 (a) XRD Spectra of 0.1M Zn-doped SiO2 nanoparticles prepared in  

2-propanol 
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Figure 4.44 XRD combine of Spectra of Zn-doped SiO2 nanoparticles  

A1 (0.01M), A2 (0.1M) A3 (0.2M)  

Figure 4.44 (b) show the XD pattern of 0.1M Zn-doped SiO2 nanoparticles synthesized 

by deposition-precipitation  method in 2-Acetonitrile. The analysis was carried out in 2θ 

range of 20o – 80o. It can be seen from the figure (SiO2), all the proposed sample have 

shown the Quartz structure [ PDF # 01-083-2466] without impurity. After Zn-doped, the 

typical spectra changed to broad angle. Zn-doped SiO2 nanoparticles synthesized in 2-

Acetonitrile shows the characteristics peaks of SiO2 at 2θ = 20.934o, 26.789o, 39.489o, 

42.30o, 45.59o, 50.20o, 54.77o, 59.69o, 73.90o, 75.36o, 77.52o, 79.73o with diffraction 

planes (100), (101), (012), (200), (201), (112), (202), (211), (014), (302), (220) and (213) 

which are well indexed with [PDF # 00-001-0649] and [PDF # 01-083-2466] with Quartz 

structure. The Zn-doped SiO2 in addition to above diffraction peaks, some characteristics 

peaks of zinc is also shown which are all well indexed with [PDF # 01-079-0207] with 

hexagonal structure at 2θ =  31.74, 34.31, 36.31, 56.58 with (100), (002), (101) and (110) 

planes. XRD pattern were analyzed to determine the peak intensity, position and width. 

Full-width at half maximum (FWHM) data was used with Scherrer’s formula as 

explained in equation 1.1. The mean size of nanoparticles estimated was about 7.93 nm. 

 



Figure 4.44 (b)   XRD Spectra of 0.02 M Zn

    Acetonitrile

Figure 4.44 (c) show the XD pattern of 0.1M Zn

by deposition-precipitation method in n

of 20o – 80o. It can be seen from the figure (SiO

the Quartz structure [ PDF # 00

spectra changed to broad angle. Zn

shows the characteristics peaks of SiO

2θ = 20.65o, 26.43o, 39.03

79.63o with diffraction planes (100), (101), (012), (200), (201), (112), (202), (211), (014), 

(302), (220) and (213) which are well indexed with [PDF # 01

083-2187] with Quartz structure. The Zn

peaks, some characteristics peaks of zinc is also shown which are all well indexed with 

[PDF # 01-079-0207] with hexagonal structure at 2θ = 31.74, 34.31, 36.31, 56.58 with 

(100), (002), (101) and (110) planes. XRD pattern were analyzed to determin

intensity, position and width. Full

Scherrer’s formula as explained in equation 1.1. The mean size of nanoparticles estimated 

was about 10.02 nm. 

Position (2 Theta) 

(b)   XRD Spectra of 0.02 M Zn-doped SiO2 nanoparticles prepared in 

Acetonitrile 

Figure 4.44 (c) show the XD pattern of 0.1M Zn-doped SiO2 nanoparticles synthesized 

precipitation method in n-Hexane. The analysis was carried out in 2θ range 

. It can be seen from the figure (SiO2), all the proposed sample have shown 

the Quartz structure [ PDF # 00-001-0649] without impurity. After Zn-doped, the typical 

spectra changed to broad angle. Zn-doped SiO2 nanoparticles synthesized in n

shows the characteristics peaks of SiO

, 39.03o, 41.96o, 45.38o, 50.20o, 54.58o, 59.68o, 72.77

with diffraction planes (100), (101), (012), (200), (201), (112), (202), (211), (014), 

(302), (220) and (213) which are well indexed with [PDF # 01-083-2187] and [PDF # 01

2187] with Quartz structure. The Zn-doped SiO2 in addition to above diff

peaks, some characteristics peaks of zinc is also shown which are all well indexed with 

0207] with hexagonal structure at 2θ = 31.74, 34.31, 36.31, 56.58 with 

(100), (002), (101) and (110) planes. XRD pattern were analyzed to determin

intensity, position and width. Full-width at half maximum (FWHM) data was used with 

Scherrer’s formula as explained in equation 1.1. The mean size of nanoparticles estimated 

 

prepared in  

nanoparticles synthesized 

Hexane. The analysis was carried out in 2θ range 

), all the proposed sample have shown 

doped, the typical 

nanoparticles synthesized in n-Hexane 

shows the characteristics peaks of SiO2 at  

, 72.77o, 75.36o, 77.14o, 

with diffraction planes (100), (101), (012), (200), (201), (112), (202), (211), (014), 

2187] and [PDF # 01-

in addition to above diffraction 

peaks, some characteristics peaks of zinc is also shown which are all well indexed with 

0207] with hexagonal structure at 2θ = 31.74, 34.31, 36.31, 56.58 with 

(100), (002), (101) and (110) planes. XRD pattern were analyzed to determine the peak 

width at half maximum (FWHM) data was used with 

Scherrer’s formula as explained in equation 1.1. The mean size of nanoparticles estimated 
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Figure 4.44 (c) XRD spectra of 0.1M Zn-doped SiO2 nanoparticles prepared in n-

Hexane 

Figure 4.44 (d) show the XD pattern of 0.1M Zn-doped SiO2 nanoparticles synthesized 

by deposition-precipitation  method in isoamyl alcohol. The analysis was carried out in 

2θ range of 20o – 80o. It can be seen from the figure (SiO2), all the proposed sample have 

shown the Quartz structure [PDF # 00-001-0649] without impurity. After Zn-doped, the 

typical spectra changed to broad angle. Zn-doped SiO2 nanoparticles synthesized in 

isoamyl alcohol shows the characteristics peaks of SiO2 at 2θ = 20.56o, 26.31o, 39.80o, 

42.28o, 45.14o, 50.57o, 54.78o, 59.91o, 73.27o, 75.31o, 77.17o, 79.81o with diffraction 

planes (100), (101), (012), (200), (201), (112), (202), (211), (014), (302), (220) and (213) 

which are well indexed with [PDF # 00-001-0649] and [PDF # 01-089-8491] with Quartz 

structure the Zn-doped SiO2 in addition to above diffraction peaks, some characteristics 

peaks of zinc is also shown which are all well indexed with [PDF # 01-079-0207] with 

hexagonal structure at 2θ =  31.74, 34.31, 36.31, 56.58 with (100), (002), (101) and (110) 

planes. XRD pattern were analyzed to determine the peak intensity, position and width. 



Full-width at half maximum (FWHM) data was used with Scherrer’s formula as 

explained in equation 1.1. The mean size of nanoparticles estimated was about 16.06 nm 

 

 

Figure 4.44 (d) XRD spectra of 0.1M Zn-doped SiO2 nanoparticles  

prepared in Isoamyl Alcohol 

 



 

Figure 4.45 Combined XRD spectra of 0.1M Zn-doped SiO2 nanoparticles synthesized 

in A4 (Acetonitrile) A5 (n-Hexane) A6 (Isoamyl alcohol) 

  



4.5.3 SEM Analysis 

 

Figure 4.46 (a) SEM image of Zn/SiO2 nanoparticles prepared in 2-propanol 

 

Figure 4.46 (b) SEM image of Zn/SiO2 nanoparticles prepared in Acetonitrile 

 



 

Figure 4.46 (c) SEM image of Zn/SiO2 nanoparticles prepared in n-Hexane 

 

Figure 4.46 (d) SEM image of Zn/SiO2 nanoparticles prepared in Isoamyl alcohol 

 

Figure 4.46 SEM images of 0.1M Zn/SiO2 nanoparticles synthesized (a)  

2-propanol (b) Acetonitrile (c) n-Hexane (d) Isoamyl alcohol. 

 



 

 

 

Figure 4.46 show the SEM analysis of Zn-doped SiO2 nanoparticles synthesized in 

various solvents. Figure (4.46) show the SEM Micrographs of Zn-doped SiO2 annealed at 

700oC are mostly matched with reported morphology of Zinc silicate prepared using 

solid-state reaction. The micrograph show coalesced flake-like mass. From the figure it 

can be deduced that as the concentration of zinc increased, the dimensions of Zn/SiO2 

gets smaller and the structure becomes more detained. These show that the larger 

particles mostly consist of silicon and oxygen and the flakes are mostly made up of Zinc 

and oxygen.  

Figure (4.46b) show the morphologies of Zn-doped SiO2 nanoparticles in Acetonitrile. It 

shows the spherical morphology with highly porous, structure.  

Figure (4.46c) show the Zn-doped SiO2 nanoparticles in n-hexane. It exhibits that 

aggregated SiO2 nanoparticles show irregular, honey comb, pores were seldom observed 

in these Zn-doped SiO2 particles.  

Figure (4.46d) show the Zn-doped SiO2 nanoparticles in isoamyl alcohol. From the figure 

it can be seen that honey comb pore size, nanoparticles.  

4.5.4 TEM Analysis 

To determine the size of Si Zn/SiO2 nanoparticles TEM image was taken with JEOL JEM 

1010. The image show that zinc has fused on the surface of SiO2 uniformly. Figure (4.47) 

generates some amorphicity and agglomeration. These clusters create effect on both the 

porosity and on surface area of silica oxide size of image was calculated by the following 

formula.  

Size of image = object size x Magnification Figure (4.47) have average particle size 

approximately 6.2 nm.  



 

Figure 4.47 TEM image of Zn/SiO2 nanoparticles 

4.5.5 TGA Analysis 

TGA curve showed major weight loss into two steps. In the first step weight loss at 

temperature range from 140oC to 250oC is due to removal of moisture, water of 

crystallization, interlayer water etc. In this range weight loss is about 25%. In the second 

step weight loss occurred in the temperature range from 350oC to 470oC is due to 

decomposition of organic acids like tartaric acid is present in reaction mixture which 

causes the weight loss in temperature range 350oC to 470oC which is about 22%. There is 

also weight loss due to nitrate and oxides of carbon. Catalyst showed stability at 

temperature 685oC. 



Figure 4.48 TGA/DSC curve of Zn-doped SiO2 nanoparticles  

4.5.6 AFM Analysis 

The surface morphology of the Zn-doped SiO2 nanoparticles was investigated by using 

atomic force microscopy. The AFM images show that morphologies of the nanoparticles 

are uniform-having small size of particle. Figure reveals that there is decrease in grain 

size. Surface morphology strongly dependent on the dopant concentration. There is a 

decrease in the crystallite size of the nanoparticles which is a good agreement with XRD 

measurement. Zn-doped SiO2 nanoparticles obtained by precipitation method yields 

about 100-160 nm in width and 40 nm in height. Furthermore, the particles prepared by 

above mentioned method show good particle size distribution as depicted by histogram.  



 

 

 

 



 

Figure 4.49

 

 

Figure 4.49 3D-image of Zn-SiO2 nanoparticles 

  

 

 



4.5.7 DLS Analysis 

DLS analysis is used to determine the hydrodynamic diameter of synthesized 

nanoparticles. Hydrodynamic diameter of the nanoparticles is always larger than their 

size due to presence of stabilizer at their surface. Figure 4.50 show the number 

distribution of Zn/SiO2 nanoparticles synthesized by precipitation method by using 

different solvents. Table 4.3 show the effect of various solvents on the size of Zn/SiO2 

nanoparticles. 

4.5.7.1 Effect Solvent on the Size of Zn/SiO2 nanoparticles 

The effect of various solvents on the size of Zn/SiO2 nanoparticles is illustrated in table 

(4.3). The result clearly show that size of nanoparticles gradually decrease from 24.86 to 

13.24 nm.  

Table 4.3 DLS parameters of Zn/SiO2 nanoparticles 

Solvents Method Temperature 

(oC) 

Calcination 

Time (oC) 

Stirring 

Time 

Z-Sizer 

(nm) 

Peak-I 

2-propanol 

P
re

ci
pi

ta
ti

on
 

M
et

ho
d 

80oC 700oC 6 Hours 24.86 1108 

Acetonitrile 80oC 700oC 6 Hours 19.661 955 

n-Hexane 80oC 700oC 6 Hours 23.90 1106 

Isoamyl 

alcohol 
80oC 700oC 6 Hours 13.24 824 

  



 

Figure 4.50 (a)  DLS spectra of 0.1M Zn-SiO2 nanoparticles prepared in 2-propanol 

 

Figure 4.50 (b)  DLS spectra of 0.1M Zn-SiO2 nanoparticles prepared in Acetonitrile 

0

5

10

15

20

25

30

1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04

%

size (nm)

Number Distribution Data (%)

0

5

10

15

20

25

1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04

%

size (nm)

Number Distribution Data (%)



 

Figure 4.50 (c)  DLS spectra of 0.1M Zn-SiO2 nanoparticles prepared in n-Hexane 

 

Figure 4.50 (d)  DLS spectra of 0.1M Zn-SiO2 nanoparticles prepared in Isoamyl   

                           alcohol 

 

Figure 4.50 DLS Spectra of Zn-doped SiO2 Nanoparticles in various solvents (a)  

2-propanol (b) Acetonitrile (c) n-Hexane (d) Isoamyl alcohol  
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4.6 Characterization of Fe doped TiO

4.6.1 FTIR Characterization

The FT-IR spectra of TiO

absorption bands appears in the spectra that belongs to the organic groups such as OH 

and alkane. The broad band at around 3400 cm

vibration of the hydroxyl group (OH

1631 cm-1 is related to the bending vibration of absorbed water [1

around 2900-3000 cm-1 are due to organic residues originating from the sample as a result 

of preparation procedure 

and titanium carboxilate disappeared, only peaks between 800 to 450 cm

which shows the formation of TiO

Figure 4.51

Figure 4.52 shows the FT

of Fe[0.01M, 0.1M, 0.2M]. Spectra shows that increase in intensity of the peak, the broad 

bands at 2350 – 3500 cm

form Ti-OH [130]. It shows that the hydroxyl content increases with respect to increase 

in concentration of Fe into solution [1

Characterization of Fe doped TiO2 nanoparticles  

FTIR Characterization 

IR spectra of TiO2 nanoparticles were analyzed and given in figure 4.51. Many 

absorption bands appears in the spectra that belongs to the organic groups such as OH 

and alkane. The broad band at around 3400 cm-1 to 3500 cm-1 belongs to the stretching 

l group (OH-) representing the water as moisture. The peak at ~ 

is related to the bending vibration of absorbed water [129

are due to organic residues originating from the sample as a result 

 After calcinations of TiO2 sample, almost all peaks of hydroxyl 

and titanium carboxilate disappeared, only peaks between 800 to 450 cm

which shows the formation of TiO2 nanoparticles. 

Figure 4.51 FTIR Spectra of TiO2 nanoparticles 

re 4.52 shows the FT-IR spectra of the TiO2 doped with various molar concentration 

of Fe[0.01M, 0.1M, 0.2M]. Spectra shows that increase in intensity of the peak, the broad 

3500 cm-1 that are assigned to O – H for absorbed water molecul

]. It shows that the hydroxyl content increases with respect to increase 

in concentration of Fe into solution [131-132].  

nanoparticles were analyzed and given in figure 4.51. Many 

absorption bands appears in the spectra that belongs to the organic groups such as OH 

belongs to the stretching 

) representing the water as moisture. The peak at ~ 

29]. The bonds at 

are due to organic residues originating from the sample as a result 

sample, almost all peaks of hydroxyl 

and titanium carboxilate disappeared, only peaks between 800 to 450 cm-1 remained, 

 

doped with various molar concentration 

of Fe[0.01M, 0.1M, 0.2M]. Spectra shows that increase in intensity of the peak, the broad 

H for absorbed water molecules and 

]. It shows that the hydroxyl content increases with respect to increase 



Figure 4.52 

 

4.6.2 XRD Analysis 

The phase composition and the 

X-ray diffraction analysis. Figure shows the XRD patterns for pure TiO

that particles were mostly comprised of Rutile structure with tetragonal shape. The lattice 

parameters of TiO2 are well agreed with the ICCD PDF database. The essentials peaks of 

pure TiO2 nanoparticles are present at 2θ = 27.46

62.72o, 64.03o and 69.76

(310)o and (112) respectively. Which are all well indexed with PDS # 00

results show a typical tetragonal Rutile structure of TiO

calculated by using the Scherrer’s equation as explained in equation 1.1 was L 10.91 nm. 

 

 FTIR Spectra of 0.1M Fe-doped TiO2 nanoparticles 

 

The phase composition and the crystallite size of the TiO2 sample were evaluated by 

ray diffraction analysis. Figure shows the XRD patterns for pure TiO

that particles were mostly comprised of Rutile structure with tetragonal shape. The lattice 

well agreed with the ICCD PDF database. The essentials peaks of 

nanoparticles are present at 2θ = 27.46o, 36.05o, 41.22o, 44.05

and 69.76o with planes of (110), (101), (111), (210), (211), (220), (002), 

d (112) respectively. Which are all well indexed with PDS # 00

results show a typical tetragonal Rutile structure of TiO2. Average particle size of TiO

calculated by using the Scherrer’s equation as explained in equation 1.1 was L 10.91 nm. 

 

nanoparticles  

sample were evaluated by  

ray diffraction analysis. Figure shows the XRD patterns for pure TiO2. Results shows 

that particles were mostly comprised of Rutile structure with tetragonal shape. The lattice 

well agreed with the ICCD PDF database. The essentials peaks of 

, 44.05o, 54.33o, 56.63o, 

with planes of (110), (101), (111), (210), (211), (220), (002), 

d (112) respectively. Which are all well indexed with PDS # 00-004-0551. The 

. Average particle size of TiO2 

calculated by using the Scherrer’s equation as explained in equation 1.1 was L 10.91 nm.  



 

Position (2Theta) 

Figure 4.53 XRD spectra of TiO2 nanoparticles 

Figure 4.54 show the XRD pattern of 0.1M Fe-doped TiO2 nanoparticles synthesized in 

2-propanol by sol-gel method the analysis was carried out in 2θ range of 20o – 80o. It can 

be seen from the figure (TiO2), all the prepared samples have shown the rutile TiO2 

diffraction peaks (PDF # 00-004-0551) without any impurity phase. After Fe doping, the 

typical position of (101) shift a little to a larger angle. This shows that doped Fe ions just 

replaced Ti ions positions in TiO2, but no any type of crystal change occur in the sample 

Fe-doped TiO2 nanoparticles synthesized in 2-propanol show the characteristics peaks at  

2θ = 32.5o, 33.2o, 35.96o, 41.01o, 43.67o, 49.26o, 54.35o, 56.61o, 62.78o, 63.96o and 69.37o 

with diffraction planes (101), (104), (110), (021), (202), (024), (116), (018), (027), (300), 

and (208) respectively. XRD patterns were analyzed to determine peak intensity, position 

and with Full-width at half-maximum (FWHM) data was used with Scherrer’s Formula 

as explained in equation [1.1]. The mean size of nanoparticles estimated was about 6.39 

nm. 

 



 

Position (2Theta) 

Figure 4.54 XRD spectra of 0.1M Fe-doped TiO2 nanoparticles (2-propanol) 

Figure 4.55 show the XRD pattern of 0.1M Fe-doped TiO2 nanoparticles synthesized in 

Acetonitrile by sol-gel method. The analysis was carried out in 2θ range of  

20o-80o. It can be seen from the figure (TiO2), all the prepared samples have shown the 

rutile TiO2 diffraction peaks (PDF # 00-004-0551) without any impurity phase. After Fe 

doping, the typical position of (101) shift a little to a larger angle. This shows that doped 

Fe ions just replaced Ti ions positions in TiO2, but no any type of crystal change occur in 

the sample Fe-doped TiO2 nanoparticles synthesized in Acetonitrile show the 

characteristics peaks at  2θ = 27.78o, 35.96o, 41.01o, 43.61o, 49.26o, 54.42o, 56.24o, 

62.30o, 64.06o and 69.37o with diffraction planes (101), (104), (110), (021), (202), (024), 

(116), (018), (027), (300) and (208) respectively. XRD patterns were analyzed to 

determine peak intensity, position and with Full-width at half-maximum (FWHM) data 

was used with Scherrer’s Formula as explained in equation [1.1]. The mean size of 

nanoparticles estimated was about 5.10 nm. 



 

Position (2Theta) 

Figure 4.55 XRD Spectra of 0.1M FE-doped TiO2 nanoparticles prepared in 

2-propanol 

Figure 4.56 show the XRD pattern of 0.1M Fe-doped TiO2 nanoparticles synthesized in 

n-Hexane by sol-gel method. The analysis was carried out in 20 range of 20o – 80o. It can 

be seen from the figure (TiO2), all the prepared samples have shown the rutile TiO2 

diffraction peaks (PDF # 00-004-0551) without any impurity phase. After Fe doping, the 

typical position of (101) shift a little to a larger angle. This shows that doped Fe ions just 

replaced Ti ions positions in TiO2, but no any type of crystal change occur in the sample 

Fe-doped TiO2 nanoparticles synthesized in n-Hexane show the characteristics peaks at  

2θ = 27.58o, 35.62o, 36.46o, 39.67o, 41.67o, 54.70o, 56.91o, 63.10o, 64.06o and 69.37o with 

diffraction planes (101), (104), (110), (021), (202), (024), (116), (018), (027), (300), and 

(208) respectively. XRD patterns were analyzed to determine peak intensity, position and 

with Full-width at half-maximum (FWHM) data was used with Scherrer’s Formula as 

explained in equation [1.1]. The mean size of nanoparticles estimated was about 16.06 

nm. 

 

 



 

Position (2Theta) 

Figure 4.56 XRD spectra of 0.1M Fe-doped TiO2 nanoparticles prepared in  

n-Hexane 
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Figure 4.57 Combined XRD spectra of 0.1M Fe/TiO2 nanoparticles M3  

(2-propanol) M4 (Acetonitrile) M5 (n-Hexane) 



4.6.3 SEM Analysis 

Figure 4.58 show the SEM analysis of nanoparticles synthesized by 0.1M Fe-doped TiO2 

by sol-gel method using different solvents. Figure (a,b) show that all particles are inter-

connected, spherical that form open, porous, network. Figure (c, d) show heterogenous, 

porous surface morphology of Fe-doped TiO2 nanoparticles synthesized in n-Hexane and 

isoamyl alcohol.  

 

Figure 4.58 (a)  SEM image of Fe-TiO2 nanoparticles prepared in 2-propanol 

 

Figure 4.58 (b)   SEM image of Fe-TiO2 nanoparticles prepared in Acetonitrile 



 

Figure 4.58 (c)  SEM image of Fe-TiO2 nanoparticles prepared in n-Hexane 

 

Figure 4.58 (d)  SEM image of Fe-TiO2 nanoparticles prepared in Isoamyl alcohol 

 

  



4.6.4 TEM Analysis 

TEM size of Fe/TiO2 nanoparticles was determined with the help of TEOL JEM 1010. 

The starting rutile powder display mono crystalline particles [155] with a  

bi-model distribution of sizes. They exhibit the same shape, some roughness appears on 

the faceted surfaces. In figure (4.59 (b,c) particles are most strongly agglomerated and 

their shapes are slightly modified, figure 4.59 (a-d) shows that Fe-doped TiO2 

nanoparticles agglomerated and size of nanoparticles increases from 21-34 nm and then 

34-56 nm. Size of the image was calculated by the following formula.  

Size of image = Object size x magnification 

 

Figure 4.59 (a)  TEM image of Fe/TiO2 nanoparticles prepared in 2-propanol 



 

Figure 4.59 (b)  TEM image of Fe/TiO2 nanoparticles prepared in Acetonitrile 

 

Figure 4.59 (c)  TEM image of Fe/TiO2 nanoparticles prepared in n-Hexane 

 



 

Figure 4.59 (d)  TEM image of Fe/TiO2 nanoparticles prepared in Isoamyl Alcohol 

Figure 4.59  TEM image of Fe/TiO2 nanoparticles in various solvents 

4.6.5 TGA Analysis 

Figure 4.60 show the TGA-DSC curves of Fe-doped TiO2 nanoparticles calcined at 

700oC. It shows the mass losses in steps and thermal events corresponding to these losses 

which may be due to any physical phenomena. The TGA show that the mass loss is about 

12% upto 490oC. This loss is due to presence of H2O, OH or may be due to the iron as 

doping in the TiO2 nanoparticles which also caused the lowering of degradation 

temperature. A small endothermic peak at 75oC in DSC curve is due to water loss and 

exothermic peak at 230oC is attributed to the thermal decomposition of the organic matter 

and sintering between the TiO2 nanoparticles [133-134].  
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Figure 4.60 (a)  TGA/DSC curve of Fe/TiO
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Figure 4.60 (b)   TGA/DSC curve of Fe/TiO

 

Figure 4.60 (c)   TGA/DSC curve of Fe/TiO

    alcohol 

Figure 4.60

TGA/DSC curve of Fe/TiO2 nanoparticles prepared in 
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Figure 4.60  GA/DSC curve of Fe/TiO2 nanoparticles 

 

prepared in n-Hexane 

 

Isoamyl  
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4.6.6 DLS Analysis 

Figure 4.61 show the DLS analysis of Fe-doped TiO2 nanoparticles DLS analysis is used 

to determine the hydrodynamic diameter of the synthesized nanoparticles by  

sol-gel method-hydrodynamic diameter of nanoparticles are usually larger than their size 

due to presence of stabilizer at the dopant surface. Figure 4.61 show the number 

distribution of Fe/ TiO2 nanoparticles synthesized by sol-gel method by using different 

solvents. Table 4.4 shows the effect of various solvents upon the size of  

Fe/ TiO2 nanoparticles.  

4.6.6.1   Effect of Solvent on the Size of Fe/ TiO2 nanoparticles 

The effect of solvent on the size of Fe/ TiO2 nanoparticles is illustrated in table 4.4. The 

result clearly showed that the size of nanoparticles gradually decreases.  

Table 4.4 DLS parameters of Fe/TiO2 nanoparticles  

Solvent 

No. 

Method Temperature Calcination 

Time 

Stirring 

Time 

Solvent Zeta-

size 

Peak-I 

M1 

S
ol

-g
el

 m
et

h
od

 80oC 700o 3 hours 2-propanol 9.27 824.91 

M3 80oC 700o 3 hours Acetonitrile 8.45 824.91 

M4 80oC 700o 3 hours n-Hexane 10.94 458.66 

M5 
80oC 700o 

3 hours Isoamyl 

alcohol 

9.87 955.40 
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Figure 4.61 (a)  DLS Spectra of 0.1M Fe/TiO2 nanoparticles prepared in 2-propanol 

 

 

Figure 4.61 (b)   DLS Spectra of 0.1M Fe/TiO2 nanoparticles prepared in Acetonitrile 

 

 

Figure 4.61 (c)   DLS Spectra of 0.1M Fe/TiO2 nanoparticles prepared in n-Hexane 
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Figure 4.61 (d) DLS Spectra of 0.1M Fe/TiO2 nanoparticles prepared in Isoamyl 

alcohol 

Figure 4.61 DLS Spectra of 0.1M Fe/TiO2 nanoparticles in various solvents 

4.6.7 Photoluminescence Analysis 

Figure 4.62 show the photoluminescence spectra of pure TiO2 nanoparticles. All the 

spectra show two distinct emission peaks, sharp one in UV region and other in broad 

invisible green region. TiO2 gives the spectral bands at 355-450 nm which should be 

ascribed to self-trapped excitons and oxygen vacancies [135] respectively.  

 

Figure 4.62 PL Spectra of TiO2 nanoparticles 
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Figure 4.63 (a) show the PL-spectra of Fe-doped TiO2 nanoparticles synthesized in 0.1M 

Acetonitrile. The electrons and holes trapped on the surface of TiO2 contribute to the PL 

bands from 355-450 nm. From the spectra it can be seen that – OH group shows medium 

intensity with sharp peaks lies in the range of 355 nm to -370 nm. While broad 

luminescence band lies in 370-450nm. In blue green region but  

PL-intensity were different in all the samples which varies due to different solvents.  

 

Figure 4.63 (a)  PL-Spectra of 0.1M Fe/TiO2 Nanoparticles in Acetonitrile 

Figure 4.63 (b) show the PL-spectra of Fe-doped TiO2 nanoparticles synthesized in 0.1M 

n-Hexane. Pl-spectra of n-Hexane is broad and lies in range of 300 – 400 nm which is 

sharp and other 400 nm – 450 nm in broad region. Blue shift is observed which may be 

due to the modulation of band gap caused by dopant iron. Blue green emission band 

result from the recombination of singly ionized oxygen vacancy of TiO2 and photo-

generated hole [136-137].  
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Figure 4.63 (b)  PL-Spectra of 0.1M Fe/TiO2 nanoparticles in n-Hexane 

Figure 4.63 (c) show the PL-spectra of Fe-doped TiO2 nanoparticles synthesized in 

isoamyl alcohol. The electrons and holes trapped on the surface of TiO2 contribute to the 

PL-bands from 355-450 nm. From the spectra it can be seen that – OH groups shows 

medium intensity with sharp peaks lies in the range of 355-370 nm. While broad 

luminescence band lies in 370 – 450 nm in blue green region [138].  

 

Figure 4.63 (c) PL-Spectra of 0.1M Fe/TiO2 nanoparticles in Isoamyl Alcohol 

Figure 4.63 PL spectra of 0.1M Fe/TiO2 nanoparticles in various solvents. 
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It is clear from the above spectra of Fe

n-Hexane have broad peaks with maximum intensity having wavelength from 

300 – 460 nm and these decreases rapidly in 2

about 450 nm. It is reported that blue green emission is caused 

electrons in single occupied oxygen va

4.7 Characterization of Sn

4.7.1 FTIR Analysis 

The FT-IR spectra of TiO

absorption bands appears in the spectra that belongs to the organic groups such as OH

and alkane. The broad band at around 3400 cm

vibration of the hydroxyl group (OH

1631 cm-1 is related to the bending 

the 800 cm-1 to 450 cm-1

of TiO2 sample, almost all peaks of hydroxyl and titanium carboxilate disappeared, only 

peaks between 800 to 450 cm

nanoparticles. 

Figure 4.64 (a)

It is clear from the above spectra of Fe-doped TiO2 nanoparticles that Pl

Hexane have broad peaks with maximum intensity having wavelength from 

460 nm and these decreases rapidly in 2-propanol that also have sharp peak at 

about 450 nm. It is reported that blue green emission is caused due to recombination of 

electrons in single occupied oxygen vacancies. 

Characterization of Sn-doped TiO2 Nanoparticles 

 

IR spectra of TiO2 nanoparticles were analyzed and given in figure 4.64. Many 

absorption bands appears in the spectra that belongs to the organic groups such as OH

and alkane. The broad band at around 3400 cm-1 to 3500 cm-1 belongs to the stretching 

yl group (OH-) representing the water as moisture. The peak at ~ 

is related to the bending vibration of absorbed water. The peak which lies in 

1 range belongs to Ti – O – Stretching bands. After calcinations 

almost all peaks of hydroxyl and titanium carboxilate disappeared, only 

peaks between 800 to 450 cm-1 remained, which shows the formation of TiO

Figure 4.64 (a)  FTIR Spectra of TiO2 nanoparticles 

nanoparticles that Pl-spectra of  

Hexane have broad peaks with maximum intensity having wavelength from  

propanol that also have sharp peak at 

due to recombination of 

nanoparticles were analyzed and given in figure 4.64. Many 

absorption bands appears in the spectra that belongs to the organic groups such as OH- 

belongs to the stretching 

) representing the water as moisture. The peak at ~ 

. The peak which lies in 

Stretching bands. After calcinations 

almost all peaks of hydroxyl and titanium carboxilate disappeared, only 

remained, which shows the formation of TiO2 

 



Figure 4.64 (b) show the IR spectra of 

concentration of Sn (0.1M) synthesized in various solvent by precipitation method in the 

range of 450-400 cm-1. The peaks appearing at around 3300 

fundamental stretching vibration

at around 1600 cm-1 are due to the bending vibrations of the coordinated H

Ti–OH. The peaks at 562 cm

and O – O. Stretching mode for Ti 

is much shorter than Sn –

may lead to shift of wave number of Ti 

Figure 4.64 (b)

4.7.2 XRD Analysis 

The phase composition and the crystallite size of the TiO

X-ray diffraction analysis. Figure shows the XRD patterns for pure TiO

that particles were mostly comprised of Rutile 

parameters of TiO2 are well agreed with the ICCD PDF database. The essentials peaks of 

pure TiO2 nanoparticles are present at 2θ = 27.46

62.72o, 64.03o and 69.76

(310)o and (112) respectively. Which are all well indexed with PDS # 00

Figure 4.64 (b) show the IR spectra of Sn-doped TiO2 nanoparticles with same 

concentration of Sn (0.1M) synthesized in various solvent by precipitation method in the 

. The peaks appearing at around 3300 – 3450 cm-

fundamental stretching vibrations of O – H hydroxyl group [139]. The absorption bands 

are due to the bending vibrations of the coordinated H

OH. The peaks at 562 cm-1 in the IR spectra are likely due to vibration of Ti 

O. Stretching mode for Ti – O – OH on the surface [140]. Since the Ti 

– O bond [141]. Therefore the doping of Sn in TiO

may lead to shift of wave number of Ti – O lattice vibration.  

(b) FT-IR spectra of 0.1M Sn/TiO2 nanoparticles

 

The phase composition and the crystallite size of the TiO2 sample were evaluated by 

ray diffraction analysis. Figure shows the XRD patterns for pure TiO

that particles were mostly comprised of Rutile structure with tetragonal shape. The lattice 

are well agreed with the ICCD PDF database. The essentials peaks of 

nanoparticles are present at 2θ = 27.46o, 36.05o, 41.22o, 44.05

and 69.76o with planes of (110), (101), (111), (210), (211), (220), (002), 

and (112) respectively. Which are all well indexed with PDS # 00

nanoparticles with same 

concentration of Sn (0.1M) synthesized in various solvent by precipitation method in the 

-1 are assigned to 

]. The absorption bands 

are due to the bending vibrations of the coordinated H2O as well as 

in the IR spectra are likely due to vibration of Ti – O bond 

]. Since the Ti – O bond 

]. Therefore the doping of Sn in TiO2 nanoparticles 

 

particles 

sample were evaluated by  

ray diffraction analysis. Figure shows the XRD patterns for pure TiO2. Results shows 

structure with tetragonal shape. The lattice 

are well agreed with the ICCD PDF database. The essentials peaks of 

, 44.05o, 54.33o, 56.63o, 

lanes of (110), (101), (111), (210), (211), (220), (002), 

and (112) respectively. Which are all well indexed with PDS # 00-004-0551. The 



results show a typical tetragonal Rutile structure of TiO2. Average particle size of TiO2 

was 40.91 nm calculated by using the Scherrer’s equation as explained in equation [1.1]. 

 

 

Position (2Theta) 

Figure 4.65 (a) show the XRD pattern of 0.1M Sn-doped TiO2 nanoparticles synthesized 

in Acetonitrile by precipitation method. The analysis was carried out in the 2θ range of 

20o – 80o. It can be seen from the figure (TiO2), all the prepared sample have shown the 

rutile TiO2 diffraction peaks (PDF # 00-004-0551) without any impurity. After Sn-

doping, the typical position of spectra changed to a broad angle. From the spectra it can 

be seen that as the concentration of Sn-increases, the XRD peaks shifted to lower angle. 

This phenomena could be caused by Sn-doping of TiO2. When Sn4+ cation replaced Ti4+ 

lattice site, all the lattice parameters increases, because the radius of Sn4+, is larger than 

Ti4+, interplanner distance increased, XRD peaks shifted to lower angle. Sn-doped TiO2 

nanoparticles synthesized in 2-propanol shows the characteristics peaks at 2θ = 27.46, 

36.05o, 41.22o, 44.05o, 54.33o, 56.63o, 62.72o, 69.76o with diffraction planes (110), (111), 

(220), (211), (220), (002), (112) and one characteristics peak at 51.76o with diffraction 

planes (211) appear which show the presence of Tin. These data related to Sn-doped TiO2 

is well indexed with PDF # (00-004-0551) and (01-077-0448) respectively. XRD pattern 

were analyzed to determine peak intensity position and width. Full width at half 



maximum (FWHM) data used with Scherrer’s formula as explained in Equation [1.1]. 

The mean size of nanoparticles estimated was about 4.80 nm. 

 

Position (2Theta) 

Figure 4.65 (a) XRD Spectra of 0.1M Sn/TiO2 nanoparticles prepared in 

Acetonitrile 

Figure 4.65 (a) show the XRD pattern of 0.1M Sn-doped TiO2 nanoparticles synthesized 

in n-Hexane by precipitation method. The analysis was carried out in the 2θ range of 20o 

– 80o. It can be seen from the figure (TiO2), all the prepared sample have shown the rutile 

TiO2 diffraction peaks (PDF # 00-004-0551) without any impurity. After Sn-doping, the 

typical position of spectra changed to a broad angle. From the spectra it can be seen that 

as the concentration of Sn-increases, the XRD peaks shifted to lower angle. This 

phenomena could be caused by Sn-doping of TiO2. When Sn4+ cation replaced Ti4+ lattice 

site, all the lattice parameters increases, because the radius of Sn4+, is larger than Ti4+, 

interplanner distance increased, XRD peaks shifted to lower angle.  

Sn-doped TiO2 nanoparticles synthesized in 2-propanol shows the characteristics peaks at 

2θ = 27.19o, 35.69o, 40.80o, 43.63o, 53.76o, 56.08o, 61.98o, 68.94o with diffraction planes 

(110), (101), (111), (210), (211), (220), (002), (112) and one characteristics peak at 

51.76o with diffraction planes (211) appear which show the presence of Tin these data 

related to Sn-doped TiO2 is well indexed with PDF # (01-076-0322) respectively. XRD 

pattern were analyzed to determine peak intensity position and width. Full width at half 



maximum (FWHM) data used with Scherrer’s formula as explained in Equation [1.1]. 

The mean size of nanoparticles estimated was about 6.84 nm. 

 

Position (2Theta) 

Figure 4.65 (b) XRD Spectra of 0.1M Sn/TiO2 nanoparticles prepared  

n-Hexane 

Figure 4.65 (c) show the XRD pattern of 0.1M Sn-doped TiO2 nanoparticles synthesized 

in Isoamyl alcohol by precipitation method. The analysis was carried out in the 2θ range 

of 20o – 80o. It can be seen from the figure (TiO2), all the prepared sample have shown 

the rutile TiO2 diffraction peaks (PDF # 00-004-0551) without any impurity. After Sn-

doping, the typical position of spectra changed to a broad angle. From the spectra it can 

be seen that as the concentration of Sn-increases, the XRD peaks shifted to lower angle. 

This phenomena could be caused by Sn-doping of TiO2. When Sn4+ cation replaced Ti4+ 

lattice site, all the lattice parameters increases, because the radius of Sn4+, is larger than 

Ti4+, interplanner distance increased, XRD peaks shifted to lower angle. Sn-doped TiO2 

nanoparticles synthesized in 2-propanol shows the characteristics peaks at 2θ = 27.24o, 

35.76o, 40.89o, 43.72o, 56.20o, 62.12o, 68.42o with diffraction planes (110), (101), (111), 

(210), (211), (220), (002), (112) and one characteristics peak at 51.76o with diffraction 

planes (211) appear which show the presence of Tin these data related to Sn-doped TiO2 

is well indexed with PDF # (01-0771-0445) respectively. XRD pattern were analyzed to 

determine peak intensity position and width. Full width at half maximum (FWHM) data 



used with Scherrer’s formula as explained in Equation [1.1]. The mean size of 

nanoparticles estimated was about 5.46 nm. 

 

Position (2Theta) 

Figure 4.65 (c) XRD Spectra of 0.1M Sn/TiO2 nanoparticles prepared in Isoamyl 

alcohol 

Figure 4.65 XRD spectra of 0.1M Sn/TiO2 nanoparticles in various solvents (a) 

Acetonitrile (b) n-Hexane (c) Isoamyl alcohol 

4.7.3 SEM Analysis 



 

Figure 4.66 (a) SEM image of 0.1M Sn/TiO2 nanoparticles prepared in 

Acetonitrile 

 

Figure 4.66 (b)  SEM image of 0.1M Sn/TiO2 nanoparticles in n-Hexane 

 



 

Figure 4.66 (c)  SEM image of 0.1M Sn/TiO2 nanoparticles in Isoamyl alcohol 

Figure 4.66  SEM image of 0.1M Sn/TiO2 nanoparticles 

 

Figure 4.66 (a) show the typical scanning electron microscopic graph of Sn-doped TiO2 

nanoparticles calcined at 700oC for 3 hours. Indicating that the particles of  

Sn-doped TiO2 are relatively uniform and small. It is evident that the growth of particle is 

restrained by Tin doping, which is of significant importance not only for the structure 

properties and surface area, but also for the Tuning of electronic structure.  

Figure 4.66 (b) show the SEM morphology of Sn-doped TiO2 nanoparticles derived from 

n-hexane and calcined at 700oC for 3 hours. It shows a spherical morphology with flower 

type bunch. It is due to the solvent n-hexane, that its function is just like spacer to 

modulate distance between metal ions preventing metal oxide particles from aggregation 

during earlier stages of organics removal.  

Figure 4.66 (c) show the SEM morphology of Sn-doped TiO2 nanoparticles prepared in 

isoamyl alcohol and calcined at 700oC for 3 hours. It shows that Sn-doped TiO2 

nanoparticles are spherical and ellipsoidal in shape. Moreover some of the particles were 

aggregated.  



4.7.4 TEM Analysis 

To determine the morphology and size distribution of Sn-doped TiO2, the powder sample 

calcined at 700oC was suspended in acetone under sonication for one hour. Figure (4.67 

a-c) shows the TEM of Sn-doped TiO2 nanoparticles in various solvents. It can be seen 

that the shape of nanoparticles is random (Spherical and cubic [142]. The figure (b,c) 

shows that nanoparticles are well agglomerated spherical in shape, whereas, figure (c) 

show the complex like structure. The histograms show that the mean particle size of Sn-

doped TiO2 nanoparticles are about 28 + 7 and 24 + 4 nm respectively.  

 

Figure 4.67 (a)   TEM image of 0.1 Sn/TiO2 nanoparticles in Acetonitrile 

 



 

Figure 4.67 (b)   TEM image of 0.1 Sn/TiO2 nanoparticles in n-Hexane 

 

Figure 4.67 (c)   TEM image of 0.1 Sn/TiO2 nanoparticles in Isoamyl alcohol 

Figure 4.67 TEM images of 0.1M Sn/TiO2 nanoparticles in various solvents (a) 

Acetonitrile (b) n-Hexane (c) Isoamyl alcohol 



4.7.5 TGA Analysis 

Figure 4.68 show the TGA curve for Sn

using 2-propanol as a solvent the curve show weight loss occurred in two steps. In first 

step weight loss occur from temperature from 25

extra water and NH3. Weight loss in this step is about 7%. In the 

occurred from temperature 250

residues and some nitrate weight loss doing this range is about 12%. 

Figure 4.68 TGA/DSC curve of 01 M Sn

4.7.6 DLS Analysis 

Figure 4.69 show the DLS analysis of Sn

to determine the hydrodynamic diameter of the synthesized nanoparticles by precipitation 

method. Hydrodynamic diameter of nanoparticles is always larger th

presence of the stabilizer at the dopant surface. Figure 4.68 the number distribution of Sn/ 

TiO2 nanoparticles synthesized by precipitation method by using different solvents table 

4.5 show the effect of various solvents upon the size

 

 

Figure 4.68 show the TGA curve for Sn-doped TiO2 nanoparticles calcined a

propanol as a solvent the curve show weight loss occurred in two steps. In first 

step weight loss occur from temperature from 25oC to 250oC which may be due to loss of 

. Weight loss in this step is about 7%. In the second step weight loss 

occurred from temperature 250oC to 690oC neat may be due to presence of organic 

residues and some nitrate weight loss doing this range is about 12%.  

TGA/DSC curve of 01 M Sn-doped TiO2 nanoparticles in 2

Figure 4.69 show the DLS analysis of Sn-doped TiO2 nanoparticles. DLS analysis is used 

to determine the hydrodynamic diameter of the synthesized nanoparticles by precipitation 

method. Hydrodynamic diameter of nanoparticles is always larger than their size due to 

presence of the stabilizer at the dopant surface. Figure 4.68 the number distribution of Sn/ 

nanoparticles synthesized by precipitation method by using different solvents table 

4.5 show the effect of various solvents upon the size of Sn/ TiO2 nanoparticles. 

  

nanoparticles calcined at 700oC by 

propanol as a solvent the curve show weight loss occurred in two steps. In first 

C which may be due to loss of 

second step weight loss 

C neat may be due to presence of organic 

nanoparticles in 2-propanol 

nanoparticles. DLS analysis is used 

to determine the hydrodynamic diameter of the synthesized nanoparticles by precipitation 

an their size due to 

presence of the stabilizer at the dopant surface. Figure 4.68 the number distribution of Sn/ 

nanoparticles synthesized by precipitation method by using different solvents table 

nanoparticles.  



4.7.6.1   Effect Solvent on the Size of Sn/ TiO2 nanoparticles 

The effect of solvents on the size of Sn/ TiO2 nanoparticles is illustrated in table 4.5. The 

result clearly showed that size of nanoparticles gradually decreases.  

Table 4.5 DLS parameters of Sn-doped TiO2 nanoparticles  

No. Method Temperature Calcinatiopn 

Time 

Stirring 

Time 

Solvent Zeta-

size 

Peak-I 

S2 

P
re

ci
p

it
at

io
n

 
M

et
h

od
 

80oC 700oC 3 hours Acetonitrile 21.304 1281 

S3 80oC 700oC 3 hours n-Hexane 11.570 712 

S4 80oC 700oC 3 hours Isoamyl 

alcohol 

10.202 396 

 

 

 

Figure 4.69 (a)  DLS spectra of 0.1M Sn/TiO2 nanoparticles in Acetonitrile 
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Figure 4.69 (b)  DLS spectra of 0.1M Sn/TiO2 nanoparticles in n-Hexane 

 

 

Figure 4.69 (c)   DLS spectra of 0.1M Sn/TiO2 nanoparticles in Isoamyl alcohol 
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4.7.7 Photoluminescence Analysis 

 Figure 4.70 show the photoluminescence spectra of pure TiO2 nanoparticles. All the 

spectra show two distinct peaks. Sharp one in UV-region and other in broad in visible 

green region. TiO2 gives the spectral bands at 355-450 nm which should be ascribed to 

self-trapped excitations and oxygen vacancies respectively.  

 

Figure 4.70 (a)   PL Spectra of Sn/TiO2 nanoparticles in Acetonitrile  

Figure 4.70 (a) show the PL-spectra of Sn-doped TiO2 nanoparticles synthesized by 

precipitation method in Acetonitrile. The electron and holes trapped on the surface of 

TiO2 contribute to the PL bands from 355-450 nm. From the spectra it can be seen that –

OH group shows medium intensity with sharp peaks lies in the range of 355-450 nm. 

While broad luminescence band lies in 370 – 450 nm in blue green region [143].  

PL-spectra of Sn-doped TiO2 is more broad as compared to the Fe-doped TiO2.  

Figure 4.70 (b) show the PL-spectra of Sn-doped TiO2 nanoparticles synthesized by 

precipitation method in n-Hexane. PL-Spectra of n-hexane is sharp as compared to  

Acetonitrile and isoamyl alcohol and show two clearly distinct shoulder. One is larger 

one and other is smaller one lies in 300 – 400 nm and other 400 – 460 nm. Blue shift is 

observed which may be due to modulation of bond gap caused by dopant Tin ion. Blue 

green emission band result from the recombination of singly ionized oxygen vacancy of 

TiO2 and photogenerated hole [144-145].  
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Figure 4.70 (b)   PL-Spectra of Sn/TiO2 nanoparticles in n-Hexane 

Figure 4.70 (c) show the PL-specta of Sn-doped TiO2 nanoparticles synthesized in 

isoamyl alcohol by precipitation method. PL-spectra of Sn-doped TiO2 is broad in which 

the electrons and holes trapped on the surface of TiO2. All the particles show two distinct 

emission peaks, sharp one in UV-region and other broad in visible green region. From the 

spectra it can be seen that – OH group show medium intensity with shoulder peak lies in 

the range of 355 – 370 nm. While broad peak with maximum intensity lies in 370-450 nm 

in blue green region.  
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Figure 4.70 (c)   PL-Spectra of 0.1M Sn/TiO2 nanoparticles in Isoamyl alcohol  

Figure 4.70 PL-Spectra of 0.1M Sn/TiO2 nanoparticles in various solvents (a) 

Acetonitrile (b) n-Hexane (c) Isoamyl alcohol 

4.8 Catalytic Applications  

4.8.1 Sn-Doped ZnO Nanoparticles 

4.8.1.1 Antibacterial activity 

Antibacterial activity of Sn/ ZnO nanoparticles were studied against two bacterial strains 

Escherichia coli and Pasteurellamultocida.  

4.8.2 Preparation of fresh bacterial culture  

Nutrient broth (Oxoid, UK) 100 mL was prepared in Erlenmeyer flask contained glass 

beads. pH was adjusted to 7.4 by addition of buffer solution and autoclaved at 121°C for 

15 min. Mixture was allowed to cool in laminar air flow. Broth was inoculated with 100 

uL bacteria form stored bacterial culture. Growth medium was incubated in shaker at 

37°C for 24 h to get 5 × 109 cells per mL [146]. 

4.8.3 Plate assay/disc diffusion method  

Nutrient agar was prepared by mixing agar medium in distilled water. Agar medium and 

10 mm discs of wicks paper were sterilized in auto- clave and allowed to cool in laminar 

air flow. Cool agar medium was inoculated with 50 µL fresh bacterial culture. Sterilized 
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discs were poured with synthesized nanoparticles and spread in petri plates with positive 

control in the Centre. Incubate the petri dishes at 37°C for 24 h. Zones were measured 

with zone reader. Experiment was performed with both bacterial strains [166]. 

  

  

 

Figure 4.71 Antimicrobial discs of Sn/ZnO nanoparticles 

4.8.4 Spectrophotometric assay  

Minimum inhibitory concentrations (MICs) were obtained by spectrophotometric assay. 

Nutrient broth of about 7.4 pH was prepared and autoclaved. MICs were established in 

round bottom 96 well micro plates. Wells of row one from A-F of plate was poured with 

100 µL synthesized nanoparticles while G and H rows of 1st column were poured with 

water (as negative control) and standard amoxicillin (as positive control), respectively. 

All wells except 1st row were poured with 50 µL broth medium. Dilute each row by 

shifting 50 µL from 1st to 12th well and discard 50 100 µL from last well. Pour 10 µL of 



bacterial solution in all wells. 101 Incubate for 24 h at 37°C. Pour

each 102 well and absorbance was measured at 620 nm in ELIZA 103 microplate reader. 

MIC of all samples were evaluated by fol

Inhibition (%) = (1-Ab.1/Ab.2)

Ab.1 = Absorbance of sample or standard (Positiv

Ab.2 = Absorbance of negative control 

Results of antimicrobial activity

Antimicrobial activities of nanoparticles are given in the Fig. 7 has shown maxi

inhibition against both tested strains followed by 0.05 Sn/0.3ZnO nanoparticles with 

while minimum inhibition was shown by 0.025 Sn/0.3 ZnO nanoparticles.

Figure 4.72

4.8.5 Minimum inhibitory concentration

Minimum inhibitory concentrations of samples are given in the table. Sn/ZnO 

nanoparticles with molar ratio 0.05/0.3 have been found to inhibit the 

and P. asteurellamultocida

respectively. While highest concentrations of Sn/ZnO with molar ratio 0.025/0.3 

nanoparticles required for inhibition of both mi

respectively (Table 4.6). 

bacterial solution in all wells. 101 Incubate for 24 h at 37°C. Poured resazurin solution in 

each 102 well and absorbance was measured at 620 nm in ELIZA 103 microplate reader. 

MIC of all samples were evaluated by fol-104 lowing formula [147].  

Ab.1/Ab.2) 

Ab.1 = Absorbance of sample or standard (Positive control)  

Ab.2 = Absorbance of negative control  

Results of antimicrobial activity 

Antimicrobial activities of nanoparticles are given in the Fig. 7 has shown maxi

inhibition against both tested strains followed by 0.05 Sn/0.3ZnO nanoparticles with 

while minimum inhibition was shown by 0.025 Sn/0.3 ZnO nanoparticles.

 

SnO2/ZnO Nanoparticles  

Figure 4.72 Antimicrobial activity of Sn/ZnO nanoparticles 

Minimum inhibitory concentration 

Minimum inhibitory concentrations of samples are given in the table. Sn/ZnO 

nanoparticles with molar ratio 0.05/0.3 have been found to inhibit the 

asteurellamultocida at very low concentrations, 0.025 and 0.019 mg/mL, 

While highest concentrations of Sn/ZnO with molar ratio 0.025/0.3 

uired for inhibition of both microbes, 0.15 and 0.312 mg/mL, 

 

ed resazurin solution in 

each 102 well and absorbance was measured at 620 nm in ELIZA 103 microplate reader. 

Antimicrobial activities of nanoparticles are given in the Fig. 7 has shown maxi-mum 

inhibition against both tested strains followed by 0.05 Sn/0.3ZnO nanoparticles with 

while minimum inhibition was shown by 0.025 Sn/0.3 ZnO nanoparticles. 

 

Antimicrobial activity of Sn/ZnO nanoparticles  

Minimum inhibitory concentrations of samples are given in the table. Sn/ZnO 

nanoparticles with molar ratio 0.05/0.3 have been found to inhibit the Escherichia coli 

at very low concentrations, 0.025 and 0.019 mg/mL, 

While highest concentrations of Sn/ZnO with molar ratio 0.025/0.3 

0.15 and 0.312 mg/mL, 



Table 4.6 Minimum Inhibitory concentration of Sn/ZnO Nanoparticles against 

Escherichia Coli and P. asteurellamultocida 

Sample Escherichia coli (mg/mL) P.asteurellamultocida (mg/mL) 

0.02 Sn/0.3 ZnO 0.150 0.312 

0.10 Sn/0.3 ZnO 0.780 1.250 

0.05 Sn/0.3ZnO 0.025 0.019 

Standard (Amoxicillin) 0.004 0.004 

4.8.6 Conclusion 

Sn/ZnO nanoparticles were synthesized using deposition-precipitation method with 

various concentration of tin metal ion. It was observed that the activities of Nanoparticles 

against bacterial strains are directly related with the concentration of tin metal ion doped 

on zinc oxide nanoparticles. 

Sn/ZnO nanoparticles with 0.05/0.3 molar ratio showed maximum activity against the 

bacterial strains followed by 0.1/0.3 and 0.025/0.3 molar ratios. It was observed that 

growth inhibition of the P. asteurellamultocida was less at very low concentration of 

dopant tin metal, while high concentration of dopant tin favours high inhibition growth of 

both microbial strains. The zone of inhibition developed by 0.05/0.3 Sn/ ZnO 

nanoparticles against Escherichia coli is 0.025 mg/mL followed by 0.025/0.3 and 0.1/0.3 

molar ratios of Sn/ZnO nanoparticles which is 0.15 and 0.78 mg/mL, respectively.  

In the same way zone of inhibition developed by 0.05/0.3 Sn/ ZnO nanoparticles against 

P. asteurellamultocidais 0.019 mg/mL which is less than 0.1/0.3 and 0.025/0.3 Sn/ZnO 

nanoparticles (1.25 and 0.312 mg/mL, respectively). It was observed that 0.05/0.3 

Sn/ZnO nanoparticles with smallest particle size exhibit high antimicrobial potential by 

both the assays, while 0.1/0.3 and 0.05/0.3 Sn/ZnO nanoparticles have minimum 

inhibitory potential determined by both the assays. 

4.9 Si-doped Fe2O3 nanoparticles Silica-doped Fe2O3 Nanoparticles  

4.9.1 Antifungal activity of Silicon doped iron oxide nanoparticles  

The antifungal activity of Silicon doped iron oxide nanoparticles which were synthesized 

in three different solvents such as acetonitrile, n-hexane and isoamyl alcohol were 

performed. The obtained results showed that the Silicon doped iron oxide inhibited some 

of the tested Candida parapsilosis and Aspergilus niger. The One way Analysis of 



Variance test was used for the statistical analysis which showed the significant result 

(P<0.005) regarding the inhibition against both fungus. The significance of results was 

presented in table 4.7 and 4.8. 

The lowest MIC of Silicon doped iron oxide particles synthesized in various solvents 

showed the significant inhibition at the concentration of 0.21 mg/L; 0.15 mg/L, 0. 19 

mg/L; 0.14 mg/L respectively was obtained against Candida parapsilosis and Aspergilus 

niger yeast while ferric oxide synthesized in acetonitrile and isoamyl alcohol showed 

0.87 mg/L; 0.46 mg/L, 0.98mg/L;0.0.277 mg/L and 0.54mg/L;0.65 mg/L respectively 

percentage inhibition against both yeast.  Figure 4.73 and 4.74 showed the ranked wise 

representation of particles’ activity by using HSD Tukey comparison test. 

Table 4.7 Completely Randomized ANOVA for Aspergilus niger 

Source D. F S.S M.S F P 

Solvents 2 50.209 0.105 73.5** 0.0001 

Error 6 0.008 0.0014   

Total 8 0.218    

Grand Mean 0.4633    CV 8.14 

Table 4.8  Completely Randomized ANOVA for Candida parapsilosis 

Source D. F S.S M.S F P 

Solvents 2 0.315 0.157 105*** 0.0000 

Error 6 0.009 0.0015   

Total 8 0.324    

Grand Mean 0.8000    CV 4.84 



                             Acetonitrile

Figure 4.73 Antifungal activity of Si/Fe

 

                                       Acetonitrile 

Figure 4.74 Antifungal activity of Si/Fe

4.10 B. Antibacterial activity of 

The disc diffusion method for antibacterial activity showed significant reduction in 

bacterial growth in terms of zone inhibition around the disc. The 

doped iron oxide showed activity against only one bacterial strain (showed no acti

against E.coli) while n-hexane showed a minute inhibition activity against both strains of 

bacteria. Isoamyl alcohol 

activity against E. coli. The results are given in table

Acetonitrile            n-Hexane          Isoamyl alcohol

Solvents 

Antifungal activity of Si/Fe2O3 against Aspergilus

Acetonitrile                            n-Hexane                           Isoamyl alcohol

Solvents 

Antifungal activity of Si/Fe2O3against Candida parapsilosis

B. Antibacterial activity of Silica doped iron oxide nanoparticles

The disc diffusion method for antibacterial activity showed significant reduction in 

bacterial growth in terms of zone inhibition around the disc. The Acetonitrile 

showed activity against only one bacterial strain (showed no acti

hexane showed a minute inhibition activity against both strains of 

Isoamyl alcohol showed maximum zone of 13.5 mm against B. subtilis

. The results are given in table 4.9. 

 

Isoamyl alcohol 

Aspergilus niger 

 

Isoamyl alcohol 

Candida parapsilosis 

Silica doped iron oxide nanoparticles 

The disc diffusion method for antibacterial activity showed significant reduction in 

Acetonitrile of silica 

showed activity against only one bacterial strain (showed no activity 

hexane showed a minute inhibition activity against both strains of 

B. subtilis and little 



Table 4.9  

Inhibitory zone 
Bacteria 

B. subtilis E. coli Positive control 

Acetonitrile 8 mm 0.00  

n-Hexane 3.5mm 7mm  

Isoamyl alcohol 13.5mm 5mm  

 

Figure 4.75 Antimicrobial disc with B-subtilis 



 

Figure: 4.76 Antibacterial disc with E. coli. 

  



4.11 Zn-doped SiO2 Nanoparticles 

4.11.1 Antifungal activity of Zinc doped silicon dioxide  

The particles were synthesized in three different solvents such as acetonitrile,  

n-Hexane and isoamyl alcohol were performed with an average diameter of 25 nm 

against the tested yeasts was determined with the Zinc doped silicon dioxide being 

diluted in Mueller Hinton Broth to the final concentrations of silicon dioxide. The 

obtained results showed that the Zinc doped silicon dioxide inhibited some of the tested 

Candida parapsilosis and Aspergilus niger. The statistically analysis by using One way 

ANOVA showed significant results (P<0.005) and was represented in table 4.10 and 4.11 

At very low concentrations the inhibition was dependent on the yeast species tested. The 

lowest MIC of Zinc doped silicon dioxide showed the antifungal activity at the 

concentration of 0.207 mg/L; 0.17 mg/L, 0. 338 mg/L; 0.427 mg/L and 0. 27 mg/L; 0.19 

mg/L respectively. Figure 4.76 and Fig 4.77 showed the comparison of antifungal activity 

shown by various solvents by HSD Tukey comparison test. 

Table 4.10  Completely Randomized ANOVA for Aspergilus niger 

Source D. F S.S M.S F P 

Solvents 2 0.119 0.05934 56.2** 0.0001 

Error 6 0.006 0.001   

Total 8 0.125    

Grand Mean 0.2644    CV 12.29 

Table 4.11  Completely Randomized ANOVA for Candida parapsilosis 

Source D. F S.S M.S F P 

Solvents 2 0.0257 0.0129 20.92* 0.0020 

Error 6 0.0037 0.0006   

Total 8 0.0295    

Grand Mean 0.2714    CV 9.15 

 



 

                                    Acetonitrile                             n-Hexane                              Isoamyl alcohol 

Solvents 

Figure 4.77 Antifungal activity of Zn/Sio2 nanoparticles against Candida parapsilosis 

 

                                   Acetonitrile                             n-Hexane                            Isoamyl alcohol 

Solvents 

Figure 4.78  Antifungal activity of Zn/Sio2 nanoparticles against Aspergilus niger 

4.11.2 Antimicrobial activity of Zinc doped silica dioxide nanoparticles 

Antimicrobial activities of Zinc doped silica dioxide synthesized in three different solvent 

which are acetonitrile, n-Hexane and  isoamyl alcohol were examined by disc diffusion 

method: against two bacterial strains. The results are represented by mathematical signs. 

Results indicate that the particle synthesized in acetonitrile showed both broad spectrum 

of activity by relatively small zones of inhibition at very poor activity against these 

strains. Negative result shown by n-hexane and isoamyl alcohol solvents indicate that had 



no active compound or if present it had either very low concentration or it might have lost 

its activity. The results are presented below: 

 

Inhibitory zone 
Bacteria 

B. subtilis E. coli 

Acetonitrile 6 mm 4.5mm 

n-hexane 2mm 1mm 

Amyl alcohol 3mm 2.5mm 

 

Grading of antimicrobial activity in symbolic and digitalized form along with 

interpretation for the activity 

Mathematical Sign Zone size (mm) Interpretation 

- 0 No or poor activity 

+ 1-5 Activity present 

++ 6-10 Strong activity 

+++ 11-15 Very strong activity 

 

Grading of antimicrobial activity in symbolic and digitalized form along with 

interpretation for the activities 

4.11.3 Catalysis of iron doped TiO2 

Iron doped Tio2 was used to catalyze methylene blue dye by using UV-Vis 

Spectrophotometer.50 ml of 10 ppm MB solution was taken and stirred at different 

conditions to study the degradation of organic dye by the addition of Fe doped TiO2 

nanoparticles. Wavelength was taken at 664nm and catalytic degradation of methylene 

blue dye by Fe doped TiO2 nanoparticles was studied under Uv light, in dark and in 

sunlight. 

4.11.4 Catalysis of Fe doped TiO2 in Dark 

4.11.4.1  Catalysis after 1 hour stirring in dark  

Iron doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in dark and absorption was 

measured at 664nm after every two minutes. First order plot of  



(Ln At-A∞) was plotted a

are given in table below. 

 

Table 4.12 Photocatalytic activity of Fe doped TiO

Time in Min.  At         InA  
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Photocatalytic activity of Fe doped TiO2 in dark after 1 hour stirring
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Figure 4.79 First order plot of Ln (At-A∞) Vs Time was plotted by using the data 

given in table 4.12, k is 0.076 and %age degradation was 4.954. 
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Fe doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 2hour in dark and absorption was 

measured at 664nm after every two minutes. First order plot of (Ln At-A∞) was plotted 

and value of first order rate constant ‘k’ was determined. Results are given in table 4.13. 

Table 4.13 Photocatalytic activity of Fe doped TiO2 in dark after 2 hour stirring 

Time in Min.  At         InA            At-A∞    In At-A∞  At/Ao       1-At/Ao     [1(At/Ao)]x100 
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Figure 4.80 First order plot of Ln (At-A∞) Vs Time was plotted by using the data given 

in table 4.13, k is 0.091 and %age degradation was 7.577. 
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4.12 Catalysis of Fe doped TiO

4.12.1 Catalysis after 1 hour stirring in sunlight 

Fe doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in sunlight and absorption was 

measured at 664nm after every two minutes. First order plot of (Ln A

and value of first order rate constant ‘k’ was determined. 

Results are given in table 

Table.4.14 Photocatalytic activity of Fe doped TiO

Time in Min.    At         InA  

 

Fe doped TiO2 in Sunlight 

Catalysis after 1 hour stirring in sunlight  

Fe doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in sunlight and absorption was 

at 664nm after every two minutes. First order plot of (Ln At-

and value of first order rate constant ‘k’ was determined.  

Results are given in table 4.14. 

Photocatalytic activity of Fe doped TiO2 in sunlight after 1 hour stirring
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Fe doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in sunlight and absorption was 
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in sunlight after 1 hour stirring 
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Figure 4.81 First order plot of Ln (At-A∞) Vs Time was plotted by using the 

data given in table 4.14, k is 0.078 and %age degradation was 

5.946. 
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4.12.2 Catalysis after 2 hour stirring in sunlight  

Fe doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in sunlight and absorption was 

measured at 664nm after every two minutes. First order plot of (Ln At-A∞) was plotted 

and value of first order rate constant ‘k’ was determined.  

Results are given in table 4.15. 

Table.4.15 Photocatalytic activity of Fe doped TiO2 in sunlight after 2 hour stirring 

Time in Min.    At          InA          At-A∞      In At-A∞   At/Ao      1-At/Ao   1(At/Ao)]x100 
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Figure 4.82 First order plot of Ln (At-A∞) Vs Time was plotted by using the 

data given in table 4.15, k is 0.0989 and %age degradation was 

11.616. 
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4.12.3 Catalysis of Fe doped TiO2 in UV light 

4.12.3.1  Catalysis after 1 hour stirring in UV light  

Fe doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in UV light and absorption was 

measured at 664nm after every two minutes. First order plot of (Ln At-A∞) was plotted 

and value of first order rate constant ‘k’ was determined.  

Results are given in table 4.16. 

Table.4.16  Photocatalytic activity of Fe doped TiO2 in UV light after 1 hour stirring 

Time in Min.    At          InA           At-A∞      In At-A∞   At/Ao       1-At/Ao   1(At/Ao)]x100 
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Figure 4.83 First order plot of Ln (At-A∞) Vs Time was plotted by using the 
data given in table 4.16, k is 0.959 and %age degradation was 
15.32.  
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4.12.4 Catalysis after 2 hour stirring in UV light  

Fe doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 2 hour in UV light and absorption was 

measured at 664nm after every two minutes. First order plot of (Ln At-A∞) was plotted 

and value of first order rate constant ‘k’ was determined.  

Results are given in table 4.17. 

Table.4.17  Photocatalytic activity of Fe doped TiO2 in UV light after 2 hour stirring 

Time in Min.    At          InA           At-A∞      In At-A∞   At/Ao       1-At/Ao   1(At/Ao)]x100 

 

 

 



A
t/

A
o

 

 

Time 

In
 A

t-
A

∞
 

 

Time 

%
 d

eg
ra

d
at

io
n

 

 

Time 

Figure 4.84 First order plot of Ln (At-A∞) Vs Time was plotted by using the 

data given in table 4.17, k is 0.093 and %age degradation was 

26.914. 
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4.13 Antimicrobial activity of Fe-doped TiO2 nanoparticles  

4.13.1 Evaluation of antibacterial activity of crude extract and its polar fractions 

4.13.1.1  Bacterial strains 

1. Escherichia coli 

2. Staphylococcus aureous 

4.13.2 Bacterial growth medium, cultures and inoculums preparation 

Pure cultures were maintained on nutrient agar medium in the petri plates. For the 

inoculums preparation 13g/L of nutrient broth (Oxoid) was suspended in distilled water, 

mixed well and distributed homogenously. The medium was autoclaved at 121˚C for 15 

min. Loop full of pure culture of a bacterial strain was mixed in the medium and placed 

in shaker for 24 hours at 37˚C. The inoculums were stored at 4˚C. The inoculums with 

1×108 spores/mL were used for further analysis. 

4.13.3 Antibacterial assay by disc diffusion method 

Nutrient agar (Oxoid) 28 g/L was suspended in distilled water, mixed well and distributed 

homogeneously. The medium was sterilized by autoclaving at 121˚C for 15 min. Before 

the medium was transferred to sterilized Petri plates; inoculation (100 µL/100 mL) was 

added to the medium and poured in sterilized petri plates. After this, small filter paper 

discs were laid flat on growth medium containing 100µL of different forms () of 

nanoparticles. 

The petri plates were then incubated at 37˚C for 24 hours, for the growth of bacteria. The 

different forms of nanoparticles having antibacterial activity inhibited the bacterial 

growth and clear zones were formed. The zones of inhibition were measured in 

millimeters using zone reader [148]. 

4.13.4 Determination of antioxidant activity by DDPH free radical scavenging assay 

Antioxidant activity of nanoparticles and the standard were assessed on the basis of the 

radical scavenging effect of the stable 1,1- DiPhenyl-2-Picryl Hydrazyl (DPPH) free 

radical activity by modified method [149]  

The diluted solutions of different fractionations were prepared in methanol. The stock 

solutions of 250 ppm of different forms (M3, M4, M5) of nanoparticles 250 mg/mL) 

were prepared by dissolving weighted amount of each forms in methanol of HPLC grade. 

The dilution samples from different forms (M3, M4, M5) of nanoparticles stock solution 



(10, 20, 40, 50, 100, 250 ppm) were prepared. Ascorbic acid was used as a standard with 

these concentrations (1, 10, 20, 40, 50, 100, 250, 500 ppm). DPPH (0.002%) was 

prepared in methanol and 2 mL of this solution was mixed with 2 mL of sample solution 

of each dilution and the same with standard solution (ascorbic acid) separately. These 

solution mixtures were kept in dark for 30 minutes and the absorbance was observed at λ 

max517 nm. Methanol with DPPH solution (2 ml: 0.002% /mL) was used as blank. 

Methanol (4 mL) was used as control. The absorbance was recorded and %age of 

inhibition was calculated using the formula given as the following 

I % = (Ablank- Asample/Ablank) ×100 

Where Ablank is the absorbance of the control (containing all reagents except the test 

compound) and Asample is the absorbance of the test compound.  

4.13.5 Antibacterial activity of Fe doped titanium oxides nanoparticles 

synthesized in different solvents 

The antibacterial activity of Fe doped titanium oxides nanoparticles which were 

synthesized in different solvents such as 2-propanol, acetonitrile and n- hexane was 

investigated against a panel of food-born and pathogenic microorganism. The results are 

present in a Table 4.18 antibacterial activity exhibited activity against all strains as gram 

positive bacteria (Staphylococcus aureus) and gram negative bacteria (E. coli) and the 

standard Rifmpacin tested. The results from disc diffusion method showed that the 

nanoparticles synthesized in acetonitrile shown the highest inhibition 10 microgram/dics 

against the gram positive bacteria S. aureus followed by 9 microgram/dics  inhibition 

nanoparticles synthesized in 2-propanol. While the lowest inhibition 8.5 microgram/dics 

was shown by the nanoparticles synthesized in  

n-hexane solvents. Whereas the standard antimicrobial agents Rifmpacin was also 

investigated against the inhibition of gram positive bacteria S. aureus which showed the 

24 microgram/dics inhibition. The activity of these particles and was also performed 

against the inhibition of gram negative bacteria E. Coli which result the significant 

inhibition. The highest inhibition 9 microgram/dics was shown by the particles 

synthesized in n-hexane solvent followed 8.5 microgram/dics  by acetonitrile solvents. 

The particles synthesized in 2-propanol showed the lowest inhibition against the gram 

negative bacteria while the standard sowed the highest 27 microgram/dics inhibition 



which is greater than the all particles. The results revealed that the overall inhibition 

against both gram positive and negative bacteria showed less than the standard used. 

Table 4.18 Antibacterial activity of Fe doped titanium dioxide nanoparticles in 

different solvents 

Antimicrobial activity of particles 

Sr. No Sample 
Staphylococcus aureus 

(35 microgram/dics) 

E. coli (35 

microgram/dics) 

1 M3 (2-propanol) 9 8.5 

2 M4 (Acetonitrile) 10 9 

3 M5 (n-Hexane) 8.5 10 

4 
Standard =Rifmpacin (35 

microgram/dics) 
24 27 

 

 

  

Figure 4.85 Antibacterial disk with E. coli 

  



4.14 DPPH radical scavenging activity of nanoparticles synthesized in 
2-propanol 

Result of DPPH radical scavenging activities was collected and analyzed statistically at 

5% probability level. The analysis of variance (ANOVA) showed highly significant 

results (table 1). DPPH radical scavenging activities means were compared by using 

Tuckey HSD comparison and results were presented in rank wise order. There are 3 

groups (A, B, C) in which the means are not significantly different from one another. 

Results showed that the higher DPPH radical scavenging activity 20.69% was shown by 

the 10 ppm concentration followed by the 18.08 % DPPH radical scavenging activity by 

20 ppm concentration. While 40 and 50 ppm concentrations show significant results 

(12.08% and 11.82%) without any significance difference and hence were ranked similar. 

The remaining higher DPPH radical scavenging activities were 10.25% and 7.65% were 

shown by 100 ppm and 250 ppm with significantly similar results as higher concentration 

show least antioxidant activity. Figure showed the inverse relationship between 

concentration and percentage DPPH radical scavenging activities. 

Table 4.19  Completely Randomized ANOVA for DPPH radical scavenging activity 
of nanoparticles synthesized in 2-butanol 

Source DF SS MS F P 

Concentration 5 366.88 73.38 10.2* 0.0005 

Error 12 86.57 7.21   

Total 17 453.46    

Grand Mean 13.430    CV 20.00 

Table 4.20 Tuckey HSD All-Pairwise Comparisons Test of DPPH radical scavenging 
activity of nanoparticles synthesized in 2-butanol by Concentration 

Concentration Mean 
Homogeneous 

Groups 

10 20.69 A 

20 18.08 AB 

40 12.08 BC 

50 11.82 BC 

100 10.25 C 

250 7.65 C 

 



 

Figure 4.86 %age DPPH radical scavenging activity of nanoparticles synthesized in 2-

propanol 

4.14.1 DPPH radical scavenging activity of nanoparticles synthesized in 

 acetonitrile solvent 

Collected data regarding DPPH radical scavenging activity was subjected to statistical 

analysis. The one way analysis of variance (ANOVA) showed highly significant results 

for DPPH radical scavenging activities at 5% probability level (table 4.21).Means of 

DPPH radical scavenging activities were compared by Tukey HSD comparison test and 

results are presented in table 4.22. The highest 24.06%, 21.13% and 20.66% DPPH 

scavenging activity was shown by 10 ppm, 20 ppm and 40 ppm concentration without 

any significant difference and were ranked same. These are followed 16.54% and 12.55% 

higher DPPH scavenging activity by 50 ppm and 100 ppm concentration with similar 

significant and were ranked same. While 250 ppm concentration lowest significance 

results (12.13) were also showed significantly similar result and were ranked same. Fig. 2 

illustrated that percentage DPPH activity increases with the increase in concentration. 
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Table 4.21 Completely Randomized ANOVA for DPPH radical scavenging  

activity of nanoparticles synthesized in acetonitrile solvent 

Source DF SS MS F P 

Concentration 5 359.06 71.81 32.7** 0.000 

Error 12 26.33 2.19   

Total 17 385.39    

Grand Mean 17.847    CV 8.30 

Table 4.22 Tukey HSD All-Pairwise Comparisons Test of DPPH radical scavenging 

activity of nanoparticles synthesized in acetonitrile solvent by 

concentration 

Concentration Mean Homogeneous 
Groups 

10 24.06 A 

20 21.13 A 

40 20.66 A 

50 16.54 B 

100 12.55 BC 

250 12.13 C 

 

 

 

Figure 4.87 %age DPPH radical scavenging activity of nanoparticles synthesized in 

acetonitrile solvent 

0

5

10

15

20

25

30

250 100 50 40 20 10

%
ag

 D
P

P
H

 a
ct

iv
it

y

Concentration (ppm)



4.14.2 DPPH radical scavenging activity of nanoparticles synthesized in n-

Hexane solvent 

Statistical one way analysis of variance (ANOVA) showed highly significant results at 

5% probability level and presented in table 4.23. Means of percentage DPPH radical 

scavenging activities were compared by using Tukey HSD comparison test and results 

were presented in table 4.24. Results showed highest DPPH scavenging activity of 21.94 

% and 17 by the 10 ppm and 20 ppm concentration with similar significant activity and 

were ranked same. These were followed by the 13.83% and 13.23% DPPH scavenging 

activities at 40 and 50 ppm concentration without any significantly difference and were 

ranked same at second position. While lowest DPPH scavenging activities 12.00 % and 

9.70 % were shown by 100 ppm and 250ppm respectively. Figure 4.88 showed the 

reverse relationship between concentration and percentage DPPH radical scavenging 

activities. 

Table 4.23 Completely Randomized ANOVA for DPPH radical scavenging activity 

of nanoparticles synthesized in n-Hexane solvent 

Source DF SS MS F P 

Concentration 5 293.11 58.62 17.3* 0.000 

Error 12 40.59 3.38   

Total 17 33.70    

Grand Mean 14.795    CV 12.43 

Table 4.24 Tuckey HSD All-Pairwise Comparisons Test of DPPH radical scavenging 

activity of nanoparticles synthesized in n-Hexane solvent by 

Concentration 

Concentration Mean Homogeneous Groups 

10 21.94 A 

20 17.97 AB 

40 13.86 BC 

50 13.23 BC 

100 12.00 C 

250 9.76 C 

 



 

Figure 4.88 %age DPPH radical scavenging activity of nanoparticles synthesized in  

n-Hexane solvent 

4.14.3  DPPH radical scavenging activity of standard reference Ascorbic   
acid 

One way analysis of variance (ANOVA) for DPPH radical scavenging activity of 

ascorbic acid showed highly significant results at 5% probability level (table 4.25). Mean 

of DPPH radical scavenging activities were compared by using Tukey HSD comparison 

test which was presented in rank wise order in table 4.26. The highest DPPH radical 

scavenging activity of 73.86 % was shown by 10 ppm concentration followed by the 

73.63% and 72.26% DPPH radical scavenging activities showed by 20 ppm and 40 ppm 

respectively with no significantly difference. Therefore these three concentrations were 

ranked first. The remaining significant activities were 68.48 % and 63.16 % shown by 50 

ppm and 100 ppm concentration respectively. The lowest DPPH radical scavenging 

activity 33.96 % was shown by 250 ppm concentration. Graphical representation (Figure 

4.89) showed that the activity increases with the increase in concentration from 10 ppm 

to 250 ppm. 

Table4.25 One way ANOVA for ascorbic acid 

Source DF SS MS F P 

Concentration 5 3543.71 708.74 800** 0.0000 

Error 12 10.63 0.88   

Total 17 3554.34    

Grand Mean 64.22, CV 1.47 

0

5

10

15

20

25

250 100 50 40 20 10

%
ag

 D
P

P
H

 a
ct

iv
it

y

Concentration (ppm)



Table 4.26 Tuckey HSD All-Pairwise Comparisons Test of ascarbic acid by 

Concentration 

Concentration Mean 
Homogeneous 

Groups 

250 73.86 A 

100 73.63 A 

50 72.26 A 

40 68.48 B 

20 63.16 C 

10 33.96 D 

 

 

Figure 4.89 %age DPPH radical scavenging activity of standard reference Ascorbic 

acid 

The nanoparticles synthesized in different solvents such as 2-propanol, acetonitirile and 

n-Hexane showed significant antioxidant activity by DPPH assay. The Fe doped titanium 

oxides nanoparticle synthesized in acetonitrile showed highest antioxidant activity 

followed by synthesized in n-hexane solvent while partials synthesized in acetonitrile 
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showed lowest antioxidant activity at their elevated concentration. The results indicate 

the inverse relationship between the concentration of nanoparticle and the antioxidant. 

  



4.15 Catalysis of Sn doped TiO2 

Tin doped TiO2 was used to catalyze methylene blue dye by using UV-Vis 

Spectrophotometer. Wavelength was taken at 664nm and catalytic degradation of 

methylene blue dye by Sn-doped TiO2 nanoparticles was studied under UV light, in dark 

and in sunlight. 

Catalysis of Sn doped TiO2 in Dark 

Catalysis after 1 hour stirring in dark  

Tin doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 50 

ml dye was taken and continuously stirred for 1hour in dark and absorption was measured 

at 664nm after every two minutes. First order plot of  

(Ln At-A∞) was plotted and value of first order rate constant ‘k’ was determined. Results 

are given in table below. 

  



Table.4.27 Photocatalytic activity of Sn-doped TiO2 in dark after 1 hour stirring 

time in min At lnA At-A∞ ln At-A∞ At/Ao 1-At/Ao [1-(At/Ao)]x100

2 1.067 0.064851 0.057 -2.864704 1 0 0

4 1.06 0.058269 0.05 -2.9957323 0.99344 0.00656 0.656044986

6 1.054 0.052592 0.044 -3.1235656 0.987816 0.012184 1.21836926

8 1.049 0.047837 0.039 -3.2441936 0.98313 0.01687 1.686972821

10 1.043 0.042101 0.033 -3.4112477 0.977507 0.022493 2.249297095

12 1.039 0.038259 0.029 -3.5404594 0.973758 0.026242 2.624179944

14 1.035 0.034401 0.025 -3.6888795 0.970009 0.029991 2.999062793

16 1.031 0.030529 0.021 -3.8632328 0.966261 0.033739 3.373945642

18 1.029 0.028587 0.019 -3.9633163 0.964386 0.035614 3.561387067

20 1.026 0.025668 0.016 -4.1351666 0.961575 0.038425 3.842549203

22 1.023 0.022739 0.013 -4.3428059 0.958763 0.041237 4.12371134

24 1.021 0.020783 0.011 -4.50986 0.956888 0.043112 4.311152765

26 1.02 0.019803 0.01 -4.6051702 0.955951 0.044049 4.404873477

28 1.019 0.018822 0.009 -4.7105307 0.955014 0.044986 4.498594189

30 1.018 0.01784 0.008 -4.8283137 0.954077 0.045923 4.592314902

32 1.017 0.016857 0.007 -4.9618451 0.95314 0.04686 4.686035614

34 1.016 0.015873 0.006 -5.1159958 0.952202 0.047798 4.779756326

36 1.015 0.014889 0.005 -5.2983174 0.951265 0.048735 4.873477038

38 1.014 0.013903 0.004 -5.5214609 0.950328 0.049672 4.967197751

40 1.014 0.013903 0.004 -5.5214609 0.950328 0.049672 4.967197751

42 1.013 0.012916 0.003 -5.809143 0.949391 0.050609 5.060918463

44 1.013 0.012916 0.003 -5.809143 0.949391 0.050609 5.060918463

46 1.012 0.011929 0.002 -6.2146081 0.948454 0.051546 5.154639175

48 1.012 0.011929 0.002 -6.2146081 0.948454 0.051546 5.154639175

50 1.012 0.011929 0.002 -6.2146081 0.948454 0.051546 5.154639175

52 1.011 0.01094 0.001 -6.9077553 0.947516 0.052484 5.248359888

54 1.011 0.01094 0.001 -6.9077553 0.947516 0.052484 5.248359888

56 1.011 0.01094 0.001 -6.9077553 0.947516 0.052484 5.248359888

58 1.01 0.00995 0 0.946579 0.053421 5.3420806

60 1.01 0.00995 0 0.946579 0.053421 5.3420806
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Figure 4.90 First order plot of Ln (At-A∞) Vs Time was plotted by using the 

data given in table 4.27, k is 0.075 and %age degradation was 

5.342. 

 

4.15.1 Catalysis after 2 hour stirring in dark 

Tin doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 50 

ml dye was taken and continuously stirred for 2hour in dark and absorption was measured 

at 664nm after every two minutes. First order plot of  

(Ln At-A∞) was plotted and value of first order rate constant ‘k’ was determined. Results 

are given in table 4.28. 
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Table.4.28  Photocatalytic activity of Sn doped TiO2 in dark after 2 hour stirring 

time in min At lnA At-A∞ ln At-A∞ At/Ao 1-At/Ao [1-(At/Ao)]x100

2 1.021 0.020783 0.066 -2.7181 1 0 0

4 1.013 0.012916 0.058 -2.84731 0.992165 0.007835 0.783545544

6 1.006 0.005982 0.051 -2.97593 0.985309 0.014691 1.469147894

8 0.999 -0.001 0.044 -3.12357 0.978452 0.021548 2.154750245

10 0.995 -0.00501 0.04 -3.21888 0.974535 0.025465 2.546523017

12 0.99 -0.01005 0.035 -3.35241 0.969638 0.030362 3.036238981

14 0.986 -0.0141 0.031 -3.47377 0.96572 0.03428 3.428011753

16 0.982 -0.01816 0.027 -3.61192 0.961802 0.038198 3.819784525

18 0.978 -0.02225 0.023 -3.77226 0.957884 0.042116 4.211557297

20 0.974 -0.02634 0.019 -3.96332 0.953967 0.046033 4.603330069

22 0.97 -0.03046 0.015 -4.19971 0.950049 0.049951 4.99510284

24 0.967 -0.03356 0.012 -4.42285 0.947111 0.052889 5.288932419

26 0.965 -0.03563 0.01 -4.60517 0.945152 0.054848 5.484818805

28 0.963 -0.0377 0.008 -4.82831 0.943193 0.056807 5.680705191

30 0.962 -0.03874 0.007 -4.96185 0.942214 0.057786 5.778648384

32 0.961 -0.03978 0.006 -5.116 0.941234 0.058766 5.876591577

34 0.96 -0.04082 0.005 -5.29832 0.940255 0.059745 5.97453477

36 0.959 -0.04186 0.004 -5.52146 0.939275 0.060725 6.072477963

38 0.959 -0.04186 0.004 -5.52146 0.939275 0.060725 6.072477963

40 0.958 -0.04291 0.003 -5.80914 0.938296 0.061704 6.170421156

42 0.958 -0.04291 0.003 -5.80914 0.938296 0.061704 6.170421156

44 0.957 -0.04395 0.002 -6.21461 0.937316 0.062684 6.268364349

46 0.957 -0.04395 0.002 -6.21461 0.937316 0.062684 6.268364349

48 0.956 -0.045 0.001 -6.90776 0.936337 0.063663 6.366307542

50 0.956 -0.045 0.001 -6.90776 0.936337 0.063663 6.366307542

52 0.956 -0.045 0.001 -6.90776 0.936337 0.063663 6.366307542

54 0.955 -0.04604 0 0.935357 0.064643 6.464250735

56 0.955 -0.04604 0 0.935357 0.064643 6.464250735

58 0.955 -0.04604 0 0.935357 0.064643 6.464250735

60 0.955 -0.04604 0 0.935357 0.064643 6.464250735  
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Figure 4.91 First order plot of Ln (At-A∞) Vs Time was plotted by using the 

data given in table 4.28, k is 0.087 and %age degradation was 

6.464. 
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4.15.2 Catalysis of Sn doped TiO2 in Sunlight 

4.15.2.1  Catalysis after 1 hour stirring in sunlight  

Tin doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in sunlight and absorption was 

measured at 664nm after every two minutes. First order plot of  

(Ln At-A∞) was plotted and value of first order rate constant ‘k’ was determined.  

Results are given in table 4.29. 

Table 4.29 Photocatalytic activity of Sn doped TiO2 in sunlight after 1 hour stirring 

time in min At lnA At-A∞ ln At-A∞ At/Ao 1-At/Ao [1-(At/Ao)]x100

2 0.975 -0.02532 0.058 -2.84731 1 0 0

4 0.969 -0.03149 0.052 -2.95651 0.993846 0.006154 0.615384615

6 0.964 -0.03666 0.047 -3.05761 0.988718 0.011282 1.128205128

8 0.96 -0.04082 0.043 -3.14656 0.984615 0.015385 1.538461538

10 0.956 -0.045 0.039 -3.24419 0.980513 0.019487 1.948717949

12 0.954 -0.04709 0.037 -3.29684 0.978462 0.021538 2.153846154

14 0.951 -0.05024 0.034 -3.38139 0.975385 0.024615 2.461538462

16 0.948 -0.0534 0.031 -3.47377 0.972308 0.027692 2.769230769

18 0.945 -0.05657 0.028 -3.57555 0.969231 0.030769 3.076923077

20 0.942 -0.05975 0.025 -3.68888 0.966154 0.033846 3.384615385

22 0.939 -0.06294 0.022 -3.81671 0.963077 0.036923 3.692307692

24 0.937 -0.06507 0.02 -3.91202 0.961026 0.038974 3.897435897

26 0.935 -0.06721 0.018 -4.01738 0.958974 0.041026 4.102564103

28 0.933 -0.06935 0.016 -4.13517 0.956923 0.043077 4.307692308

30 0.931 -0.0715 0.014 -4.2687 0.954872 0.045128 4.512820513

32 0.929 -0.07365 0.012 -4.42285 0.952821 0.047179 4.717948718

34 0.927 -0.0758 0.01 -4.60517 0.950769 0.049231 4.923076923

36 0.925 -0.07796 0.008 -4.82831 0.948718 0.051282 5.128205128

38 0.924 -0.07904 0.007 -4.96185 0.947692 0.052308 5.230769231

40 0.923 -0.08013 0.006 -5.116 0.946667 0.053333 5.333333333

42 0.922 -0.08121 0.005 -5.29832 0.945641 0.054359 5.435897436

44 0.921 -0.0823 0.004 -5.52146 0.944615 0.055385 5.538461538

46 0.92 -0.08338 0.003 -5.80914 0.94359 0.05641 5.641025641

48 0.919 -0.08447 0.002 -6.21461 0.942564 0.057436 5.743589744

50 0.919 -0.08447 0.002 -6.21461 0.942564 0.057436 5.743589744

52 0.918 -0.08556 0.001 -6.90776 0.941538 0.058462 5.846153846

54 0.918 -0.08556 0.001 -6.90776 0.941538 0.058462 5.846153846

56 0.917 -0.08665 0 0.940513 0.059487 5.948717949

58 0.917 -0.08665 0 0.940513 0.059487 5.948717949

60 0.917 -0.08665 0 0.940513 0.059487 5.948717949  
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Figure 4.92 First order plot of Ln (At-A∞) Vs Time was plotted by using the 

data given in table 4.29, k is 0.074 and %age degradation was 

5.948. 

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

1.01

0 20 40 60 80
A

t/
A

o

y = -0.074x - 2.337
R² = 0.949

-8

-7

-6

-5

-4

-3

-2

-1

0

0 20 40 60

Ln
 A

t-
A

∞

0

1

2

3

4

5

6

7

0 20 40 60 80

%
d

eg
ra

d
at

io
n



4.15.3 Catalysis after 2 hour stirring in sunlight  

Tin doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in sunlight and absorption was 

measured at 664nm after every two minutes. First order plot of  

(Ln At-A∞) was plotted and value of first order rate constant ‘k’ was determined.  

Results are given in table 4.30. 

Table 4.30 Photocatalytic activity of Sn doped TiO2 in sunlight after 2 hour stirring 

time in min At lnA At-A∞ ln At-A∞ At/Ao 1-At/Ao [1-(At/Ao)]x100

2 0.732 -0.31197 0.076 -2.57702 1 0 0

4 0.721 -0.32712 0.065 -2.73337 0.984973 0.015027 1.50273224

6 0.714 -0.33687 0.058 -2.84731 0.97541 0.02459 2.459016393

8 0.709 -0.3439 0.053 -2.93746 0.968579 0.031421 3.142076503

10 0.702 -0.35382 0.046 -3.07911 0.959016 0.040984 4.098360656

12 0.697 -0.36097 0.041 -3.19418 0.952186 0.047814 4.781420765

14 0.691 -0.36962 0.035 -3.35241 0.943989 0.056011 5.601092896

16 0.687 -0.37542 0.031 -3.47377 0.938525 0.061475 6.147540984

18 0.684 -0.3798 0.028 -3.57555 0.934426 0.065574 6.557377049

20 0.681 -0.38419 0.025 -3.68888 0.930328 0.069672 6.967213115

22 0.678 -0.38861 0.022 -3.81671 0.92623 0.07377 7.37704918

24 0.675 -0.39304 0.019 -3.96332 0.922131 0.077869 7.786885246

26 0.673 -0.39601 0.017 -4.07454 0.919399 0.080601 8.06010929

28 0.671 -0.39899 0.015 -4.19971 0.916667 0.083333 8.333333333

30 0.669 -0.40197 0.013 -4.34281 0.913934 0.086066 8.606557377

32 0.667 -0.40497 0.011 -4.50986 0.911202 0.088798 8.879781421

34 0.665 -0.40797 0.009 -4.71053 0.90847 0.09153 9.153005464

36 0.664 -0.40947 0.008 -4.82831 0.907104 0.092896 9.289617486

38 0.663 -0.41098 0.007 -4.96185 0.905738 0.094262 9.426229508

40 0.662 -0.41249 0.006 -5.116 0.904372 0.095628 9.56284153

42 0.661 -0.414 0.005 -5.29832 0.903005 0.096995 9.699453552

44 0.66 -0.41552 0.004 -5.52146 0.901639 0.098361 9.836065574

46 0.659 -0.41703 0.003 -5.80914 0.900273 0.099727 9.972677596

48 0.659 -0.41703 0.003 -5.80914 0.900273 0.099727 9.972677596

50 0.658 -0.41855 0.002 -6.21461 0.898907 0.101093 10.10928962

52 0.658 -0.41855 0.002 -6.21461 0.898907 0.101093 10.10928962

54 0.657 -0.42007 0.001 -6.90776 0.897541 0.102459 10.24590164

56 0.657 -0.42007 0.001 -6.90776 0.897541 0.102459 10.24590164

58 0.656 -0.42159 0 0.896175 0.103825 10.38251366

60 0.656 -0.42159 0 0.896175 0.103825 10.38251366
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Figure 4.93 First order plot of Ln (At-A∞) Vs Time was plotted by using the data given 

in table 4.30, k is 0.076 and %age degradation was 10.382. 
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4.15.4 Catalysis of Sn doped TiO2 in UV light 

4.15.4.1  Catalysis after 1 hour stirring in UV light  

Tin doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 1hour in UV light and absorption was 

measured at 664nm after every two minutes. First order plot of  

(Ln At-A∞) was plotted and value of first order rate constant ‘k’ was determined.  

Results are given in table 4.31 

Table 4.31 Photocatalytic activity of Sn doped TiO2 in UV light after 1 hour stirring 

time in min At lnA At-A∞ ln At-A∞ At/Ao 1-At/Ao [1-(At/Ao)]x100

2 0.504 -0.68518 0.073 -2.6173 1 0 0

4 0.495 -0.7032 0.064 -2.74887 0.982143 0.017857143 1.785714286

6 0.489 -0.71539 0.058 -2.84731 0.970238 0.029761905 2.976190476

8 0.484 -0.72567 0.053 -2.93746 0.960317 0.03968254 3.968253968

10 0.48 -0.73397 0.049 -3.01593 0.952381 0.047619048 4.761904762

12 0.476 -0.74234 0.045 -3.10109 0.944444 0.055555556 5.555555556

14 0.472 -0.75078 0.041 -3.19418 0.936508 0.063492063 6.349206349

16 0.468 -0.75929 0.037 -3.29684 0.928571 0.071428571 7.142857143

18 0.464 -0.76787 0.033 -3.41125 0.920635 0.079365079 7.936507937

20 0.461 -0.77436 0.03 -3.50656 0.914683 0.08531746 8.531746032

22 0.458 -0.78089 0.027 -3.61192 0.90873 0.091269841 9.126984127

24 0.455 -0.78746 0.024 -3.7297 0.902778 0.097222222 9.722222222

26 0.452 -0.79407 0.021 -3.86323 0.896825 0.103174603 10.31746032

28 0.449 -0.80073 0.018 -4.01738 0.890873 0.109126984 10.91269841

30 0.447 -0.8052 0.016 -4.13517 0.886905 0.113095238 11.30952381

32 0.445 -0.80968 0.014 -4.2687 0.882937 0.117063492 11.70634921

34 0.443 -0.81419 0.012 -4.42285 0.878968 0.121031746 12.1031746

36 0.441 -0.81871 0.01 -4.60517 0.875 0.125 12.5

38 0.439 -0.82326 0.008 -4.82831 0.871032 0.128968254 12.8968254

40 0.438 -0.82554 0.007 -4.96185 0.869048 0.130952381 13.0952381

42 0.437 -0.82782 0.006 -5.116 0.867063 0.132936508 13.29365079

44 0.436 -0.83011 0.005 -5.29832 0.865079 0.134920635 13.49206349

46 0.435 -0.83241 0.004 -5.52146 0.863095 0.136904762 13.69047619

48 0.434 -0.83471 0.003 -5.80914 0.861111 0.138888889 13.88888889

50 0.433 -0.83702 0.002 -6.21461 0.859127 0.140873016 14.08730159

52 0.433 -0.83702 0.002 -6.21461 0.859127 0.140873016 14.08730159

54 0.432 -0.83933 0.001 -6.90776 0.857143 0.142857143 14.28571429

56 0.432 -0.83933 0.001 -6.90776 0.857143 0.142857143 14.28571429

58 0.431 -0.84165 0 #NUM! 0.855159 0.14484127 14.48412698

60 0.431 -0.84165 0 #NUM! 0.855159 0.14484127 14.48412698  
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Figure 4.94 First order plot of Ln (At-A∞) Vs Time was plotted by using the data given 

in table 4.31, k is 0.076 and %age degradation was 14.48. 
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4.15.5 Catalysis after 2 hour stirring in UV light  

Tin doped titanium oxide nanoparticles were used to catalyze methylene blue solution. 

50ml dye was taken and continuously stirred for 2hour in UV light and absorption was 

measured at 664nm after every two minutes. First order plot of  

(Ln At-A∞) was plotted and value of first order rate constant ‘k’ was determined.  

Results are given in table 4.31. 

Table 4.32 Photocatalytic activity of Sn doped TiO2 in UV light after 2 hour stirring 

time in minutes At lnA At-A∞ ln At-A∞ At/Ao 1-At/Ao [1-(At/Ao)]x100

2 0.432 -0.83933 0.112 -2.18926 1 0 0

4 0.421 -0.86512 0.101 -2.29263 0.974537 0.025463 2.546296296

6 0.413 -0.88431 0.093 -2.37516 0.956019 0.043981 4.398148148

8 0.405 -0.90387 0.085 -2.4651 0.9375 0.0625 6.25

10 0.397 -0.92382 0.077 -2.56395 0.918981 0.081019 8.101851852

12 0.389 -0.94418 0.069 -2.67365 0.900463 0.099537 9.953703704

14 0.381 -0.96496 0.061 -2.79688 0.881944 0.118056 11.80555556

16 0.373 -0.98618 0.053 -2.93746 0.863426 0.136574 13.65740741

18 0.366 -1.00512 0.046 -3.07911 0.847222 0.152778 15.27777778

20 0.361 -1.01888 0.041 -3.19418 0.835648 0.164352 16.43518519

22 0.355 -1.03564 0.035 -3.35241 0.821759 0.178241 17.82407407

24 0.35 -1.04982 0.03 -3.50656 0.810185 0.189815 18.98148148

26 0.346 -1.06132 0.026 -3.64966 0.800926 0.199074 19.90740741

28 0.342 -1.07294 0.022 -3.81671 0.791667 0.208333 20.83333333

30 0.338 -1.08471 0.018 -4.01738 0.782407 0.217593 21.75925926

32 0.334 -1.09661 0.014 -4.2687 0.773148 0.226852 22.68518519

34 0.331 -1.10564 0.011 -4.50986 0.766204 0.233796 23.37962963

36 0.329 -1.1117 0.009 -4.71053 0.761574 0.238426 23.84259259

38 0.327 -1.1178 0.007 -4.96185 0.756944 0.243056 24.30555556

40 0.326 -1.12086 0.006 -5.116 0.75463 0.24537 24.53703704

42 0.325 -1.12393 0.005 -5.29832 0.752315 0.247685 24.76851852

44 0.324 -1.12701 0.004 -5.52146 0.75 0.25 25

46 0.323 -1.1301 0.003 -5.80914 0.747685 0.252315 25.23148148

48 0.322 -1.1332 0.002 -6.21461 0.74537 0.25463 25.46296296

50 0.322 -1.1332 0.002 -6.21461 0.74537 0.25463 25.46296296

52 0.321 -1.13631 0.001 -6.90776 0.743056 0.256944 25.69444444

54 0.321 -1.13631 0.001 -6.90776 0.743056 0.256944 25.69444444

56 0.32 -1.13943 0 0.740741 0.259259 25.92592593

58 0.32 -1.13943 0 0.740741 0.259259 25.92592593

60 0.32 -1.13943 0 0.740741 0.259259 25.92592593
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Figure 4.95 First order plot of Ln (At-A∞) Vs Time was plotted by using the data given 

in table 4.32, k is 0.091 and %age degradation was 25.925.  
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CONCLUSIONS 

 

The main objective of the academic research work presented here was to conduct an  

in-depth study on the synthesis of transition metals nanoparticles supported on ZnO, 

Fe2O3, TiO2, SiO2 and their application in catalysis. Elucidation of the structure, 

optimization of the process parameters to tailor size and properties of the nanoparticles 

by deposition-precipitation method and sol-gel has been carried out.  

It has been observed that not only metal precursors, solvent play an important role in 

controlling the size of nanoparticles as well as synthesis parameters (temperature, pH, 

anneling, environment, duration) significantly effect the growth of nanoparticles.  

Antimicrobial activity of the Sn/ZnO, Si/Fe2O3, Zn/SiO2 and Fe/TiO2 nanoparticles were 

carried out against Escherichia coli, Pasteruellamultocida, B. Subtilis and Staphylococcus 

aureous.  

Sn/ZnO nanoparticles were synthesized using deposition-precipitation method with 

various concentration of Tin metal ion. It was observed that the activities of the 

nanoparticles against bacterial strains are directly related with the concentration of Tin 

metal ion doped on Zinc oxide nanoparticles. Sn/ZnO nanoparticles with 0.05/0.3 molar 

ratio showed maximum activity against the bacterial strains. It was observed that growth 

inhibition of pasteruellamultocida was less at very low concentration of dopant tin metal. 

While high concentration of dopant tin favours high inhibition growth of both microbial 

strains.  

Antibacterial activity of Si/Fe2O3 nanoparticles in various solvents were carried out by 

disc diffusion method. Acetonitrile showed activity against only one bacterial strain 

(showed no activity against E. coli) while n-Hexane showed minute inhibition against 

both strains. Isoamyl alcohol showed maximum zone of inhibition against both strains.  

Antimicrobial activity of Zn/SiO2 nanoparticles were carried out by B. subtilis and  

E. coli. Nanoparticles synthesized in Acetonitrile showed both broad spectrum of activity, 

negative result shown by n-Hexane and isoamyl alcohol showed no active response.  

The antibacterial activity of Fe/TiO2 nanoparticles was investigated against 

staphylococcus (gram positive bacteria) and E. coli (gram negative bacteria). It was 

conclude that Acetonitrile shown the highest inhabitation against gram positive bacteria, 



followed by 2-propanol, while lowest inhibition was shown by nanoparticles synthesized 

in n-Hexane solvent. 

In the same way, it was conclude that highest inhibition was shown against gram negative 

bacteria by n-Hexane followed by Acetonitrile. The nanoparticles synthesized in 2-

propanol showed the lowest inhibition.  

Antioxidant application of Fe/TiO2 nanoparticles were also carried out by DPPH 

(ascorbic acid). It was observed that nanoparticles synthesized in 2-propanol,  

n-Hexane and Acetonitrile showed significant antioxidant activity by DPPH assay. It was 

conclude that Acetonitrile showed highest antioxidant activity, followed by  

n-Hexane, while lowest antioxidant activity was shown by 2-propanol nanoparticles. The 

result also indicated that inverse relationship between the concentration of nanoparticles 

and the antioxidant.  

Photocatalytic experiments for Sn/TiO2 and Fe/TiO2 were carried out for methylene blue 

(MB) degradation in an aqueous solution. Wavelength was taken at 664 nm and catalytic 

degradation of methylene blue dye was studied under UV light, in dark and in sunlight. 

Photocatalytic activity of the samples were carried out over a period of 1 to 2 hours under 

UV light in dark and in sunlight respectively. Under UV light irradiation the degration of 

MB occurred very quickly and was complete almost after 30 minutes of reaction time. 

Second reason in UV irradiation fast reaction is that the absorption edge of all samples is 

near UV and UV irradiation can produce large amount of electron holes-pairs, leading to 

very good photocatalytic activity. The photocatalytic activity of Fe-doped TiO2 

nanoparticles is better as compared to Sn/TiO2 nanoparticles. Pure TiO2 nanoparticles 

show more efficient activity as compared to Sn/TiO2 and Fe/TiO2 nanoparticles. 

Reason for showing good activity by pure TiO2 nanoparticles is that the oxygen defects 

caused by the pure metal ion doping reduced the photocatalytic efficiency. If we compare 

this activity in visible region, the pure TiO2 has low photocatalytic activity.  

The photocatalytic activity under visible light irradiation is in the order of the  

Fe-doped TiO2 > Sn-doped TiO2 > pure rutile TiO2. For Fe or Sn doped TiO2 system, the 

doped Fe ion has +3 valence state lower than Ti4+ ion and thus it acts as acceptor in the 

system, while the doped Sn ion has +4 valence state that is almost Ti4+ and acts as donor 

in any ways in system. Thus it can be said, the doping creates partially occupied impurity 



bands of acceptor or donor and usually produces the oxygen anion vacancies due to 

balance of positive and negative ionic charges. This is the reason Fe/TiO2 nanoparticles 

show good photocatalytic activity as compared to Sn/TiO2 nanoparticles. For both type of 

nanoparticles first order plot of (Ln At - A∞) was plotted and value of first order rate 

constant ‘k’ was determined. The higher the rate constant value, the faster the 

degradation of MB and thus better the photocatalytic activity of the samples. Sn/TiO2 

nanoparticles after 2 hours degradation have rate constant ‘k’ in UV light 0.091 and % 

degradation at this rate 25.925 in the same way in sunlight after 2 hours degradation have 

rate constant ‘k’ 0.076 and % degradation at this rate was 10.382. Fe/TiO2 nanoparticles 

after 2 hours, rate constant in UV light 0.093 and % degradation at this rate was 26.914. 

In the same way rate constant in sunlight ‘k’ 0.0989 and % degradation at this rate was 

11.616. From these results it was proved that the addition of Fe or Sn dopant has reduced 

the photocatalytic activity of the samples due to the fact that there was decrease in band 

gap energy or it can be said that there are extension of their absorption edge to longer 

wavelength region.  

Optimization of the growth parameters for the synthesis of nanoparticles were carried out 

by deposition-precipitation and sol-gel method. Nanoparticles were synthesized by using 

various solvents such as 2-propanol, Acetonitrile, n-Hexane and isoamyl alcohol. From 

all observations and experiments it was conclude that n-Hexane has unique properties and 

the nanoparticles obtained from this solvent has small range in size.  

The structural characterization of these nanoparticles were carried out by FT-IR, XRD, 

RAMAN, DLS, AFM, PL, TGA/DSC, SEM and TEM analysis. These all types of 

nanoparticles were seen agglomerated, dispersed, honey like comb, as formation of the 

nanoparticles was believed to form because clean nanoparticles, surfaces facilitate the 

growth. It was concluded that concentration of the metal precursor and solvent play an 

important role in controlling particle size during the synthesis of nanoparticles. Among 

all the solvents which were used during the experimental work Acetonitrile and n-Hexane 

have fascinating affect on the particle size. N-Hexane have large crystal numbers and 

smaller particle size. The reason of smaller particle size of n-Hexane is low solubility in 

water. Low solubility could cause an increase in the number of nucleation sites. Second 

reason is that n-Hexane is a good disperser and a thicker solvent, so the addition of it 



could not only increase the number of nucleation sites but also reduces the rate of grain 

growth.  
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