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CHAPTER 1 

INTRODUCTION 

1.1 Nanotechnology 

‘‘The nanotechnology is the design, characterization, production, and application of 

structures, devices, and systems by controlled manipulation of size and shape at the nanometer 

scale (atomic, molecular, and macromolecular scale) that produces structures, devices, and 

systems with at least one novel/superior characteristic or property’’. Roco et al., (1999) 

 Nanotechnology deals with the manufacture and treatment of functional structures fabricated at 

atomic or molecular scale with no less than one characteristic dimension considered in 

nanometer. Their tiny size allows them to demonstrate novel and considerably improved 

chemical, physical, and biological properties, and processes owing to their size. Farokhzad et 

al., (2009). When distinguishing structural characteristics are transitional between bulk materials 

and isolated atoms in the array of about one to 100 nanometers, the objects frequently exhibit 

physical attributes considerably diverse from those displayed with either atoms or bulk materials. 

Xia et al., (2003) 

 Nanotechnology can endow with incomparable understanding regarding materials and 

devices as well as likely to impact many fields. By using materials at nanometer scale we can 

significantly develop the range of performance of on hand materials. Configuration of linear 

molecules in a controlled array at a substrate surface can act as a new cohort of biological and 

chemical sensors. Popa et al., (2013) 

Exclusively new biological sensors smooth the progress of early diagnostics and as a 

result disease prevention of cancers. Nanostructured metals and ceramics have significantly 

improved the mechanical properties, equally in ductility along with strength. Balaz et al., (2008) 

Nanotechnology could influence the production of nearly every human-made entity, from 

electronics and automobiles to advanced diagnostics, advanced medicines, surgery, bone and 

tissue replacements. Sargent et al., (2006) 
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To fabricate electronic devices by means of atom-by-atom engineering, for instance, we 

have to be aware of the interaction among atoms and molecules, how to direct them, how to 

maintain them stable, how to converse signals between them, and how to cope with them with 

real world. This objective requires new acquaintance, new tools, new familiarities and new 

approaches.  

 

1.2 Nanoparticles 

‘Nanoparticles are small clusters of atoms about 1 to 100 nanometers long’. 

Nanoparticles may contain crystalline or amorphous form and their surfaces act as carriers for 

gases or liquid droplets. To some extent, nanoparticles  should be considered as discrete state of 

matter in addition to the gaseous,  liquid, solid, and plasma states, due to their distinctive 

properties e.g. quantum size effects and large surface area. Klabunde et al., (2013) 

 

 

Figure: 1.1 Human hair fragment and a network of single-walled carbon nanotubes (Image: Jirka 

Cech) 

 

  Materials in the form of crystalline nanoparticles are carbon nanotubes, and fullerenes, 

while their traditional crystalline solid states are diamond and graphite. Many researchers limit 

the size of nanoparticulate matter  to 50 nm or 100 nm , the selection of this upper limit is 

vindicated by the reality that some properties of nanoparticles come close to those of bulk when 



3 
 

their dimensions reach these values. On the other hand, this size threshold may vary with 

material nature and cannot be the foundation for such categorization. Gogotsi et al., (2006) 

 

1.3  Metal oxide Nanoparticles 

Metal Oxide nanomaterials can express exceptional physical, structural, electronic and 

chemical properties owing to their small size and an elevated density of corner or edge surface 

sites. Reduced size of Nanoparticles has associated with high surface/volume ratios that rise 

when the nanoparticle size decreases.  As the nanoparticle size decreases to a little extent, huge 

number of constituting atoms can be found just about the surface of the particles, that make the 

particles tremendously reactive with outstanding physical properties.  

Metal oxide nanoparticles can be used in the fabrication of sensors, microelectronic circuits, fuel 

cells, piezoelectric devices, layering for the passivation of surfaces against corrosion, and as 

catalysts. Fernández‐García et al., (2011) 

 

1.4  Zinc oxide 

Zinc oxide (ZnO) is n-type non-toxic semiconductor compound with a direct band gap of 

3.37 eV with large excitation binding energy of 60meV. Jia et al., (2009) and Ghouri et al., 

(2014) 

In materials science ZnO is mostly called II-VI Semiconductor because of the presence of zinc 

and oxygen in 2nd and 6th groups in the periodic table. 

ZnO semiconductor has many distinctive properties such as high electron mobility, good 

transparency, strong room temperature luminescence, and wide band gap. Due to exceptional 

properties of ZnO it has wide range of applications. Sabir et al., (2014) 
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1.4.1 Physical Properties of ZnO 

ZnO possesses the following physical properties. Behera et al., (2009) 

Molecular Weight :   81.37 

Color :  white in pure crystalline form. Single crystal is colorless. On 

heating turns lemon yellow and changes to white on cooling. 

Relative Density :   5.607 

Melting Point :   At atmospheric pressure over 1200
o
C.  

Under high pressure 1975
o
C has been estimated. 

V. P (1500
o
C ):   12 mmof Hg. 

Refractive Index   (w) 2.004, e = 2.020 

Heat Capacity(Cp)  9.62 cal/deg/mole at 25
o
C  

Coefficient of    4 x 10(-6)/
o
C 

thermal Expansion   

  

1.4.2 Crystal structure of ZnO 

At ambient conditions Zinc Oxide has a wurtzite B4 type crystalline structure. The 

wurtzite structure of ZnO has a hexagonal unit cell along with two lattice parameters, ‘a’ and ‘c’, 

belonging to the space group P63mc (lattice parameters a = 0.3296 and c = 0.52065 nm). ZnO 

crystal structure can be simply described as a number of alternating planes arranged by 

tetrahedrally coordinated O
2-

 and Zn
2+

 ions, layer by layer stacked along the c-axis. This 

tetrahedral coordination of Zinc Oxide develops non-centrosymmetric structure. In wurtzite 

hexagonal Zinc Oxide, each O
2-

  is surrounded by four Zn
2+

 at the corners of tetrahedron, which 

expresses the tetrahedral coordination and presents the sp
3
covalent-bonding. ZnO has also cubic 
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zincblende and rock salt (NaCl) structures but most stable form is wurtzite crystalline form. 

Diebold et al., (2004) 

 

 

 

Figure 1.2 Wurtzite structure of ZnO 

 

1.4.3 Electrical and Optical properties of ZnO 

ZnO has wide band gap of 3.3eV which give higher breakdown voltages value, high 

power operations, high temperature and large electric fields. In the absence of doping ZnO has n-

type behavior due to zinc interstitials and oxygen vacancies. Electronic applications of ZnO 

nanomaterials can be enhanced by doping with p-type material by making light emitting diodes 

and p-n junction diodes. Behera  et al., (2008). In visible region Zinc oxide appears white and 

strongly absorbs UV-light below 3655 A
o
. Zinc oxide became a contender for new generation 

devices due to its optical and semiconductor properties. The increased interest in ZnO is due to 

its prospects in optoelectronic applications; because of its direct wide band gap of 3.37 eV, large 

exciton energy of 60 meV and efficient radiative recombination. The exciton binding energy of 

ZnO is much larger than exciton energy of GaN (25 meV), and at room temperature the thermal 

energy (25 meV) can ensure an efficient exciton emission under low excitation energy. As a 

result, ZnO is considered as a promising photonic material in the blue (UV) region and potential 

building blocks of integrated optoelectronic circuits . Yang et al., (2009) 
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1.4.4 Photocatalytic properties of ZnO 

Zinc oxide is highly economical nanocatalyst and can be used at small scale as well as at 

industrial level. High catalytic activity of ZnO nanoparticles is credited to high surface area 

available for absorption of large amount of reactants at the surface. It also observed that reaction 

time considerably reduced in presence of ZnO nanoparticles. Safaei et al., (2013). 

 

1.5 Titanium oxide 

Titanium dioxide (TiO2) is a semi conductor with band gap 3.26 eV and highly versatile 

material having a variety of applications in paint and food industries as white pigment, 

catalysis/catalyst support, orthopedic and dental implants, photo-splitting of water, photo-

catalysis, gas-sensing and dye-sensitized solar cell applications. Regonini et al., (2012) 

 

1.5.1 Physical properties Of TiO2 

Density      4 g/cm
3
 

Thermal expansion     9x10
-6

K
-1

 

Thermal conductivity     11.7 w m
-1

 k
-1

 

Melting Point      1843
o
C 

Boiling Point      2927
o
C 

Band gap energy     3.05 to 3.26 eV 

Toxicity      Low 

Solubility in water     Insoluble 

Appearance      white powder or crystals 

Refractive index     2.488 (anatase)  
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1.5.2 Crystal structure of TiO2 

Titanium oxide exists in three crystalline phase i.e. Rutile, brookite and anatase phases. 

Rutile phase is highly stable while other two are metastable polymorph phases which transforms 

to rutile when heated above 700
o
C Lin et al., (2008). Rutile phase has tetragonal geometry. In 

rutile phase each Ti occupies the central position and surrounded by 6 Oxygen atoms placed at 

the corners of a quasi-regular octahedron. Regonini et al., (2012) The lattice parameters show 

lattice ratio (c/a) of 0.6442 with a=b= 4.5933 A
o
 and c= 9593A

o
.  

 

Figure 1.3 Three crystalline forms of TiO2 

 

Anatase structure also shows tetragonal geometry, but two TiO2 formula units (six atoms) 

in one primitive cell. Lattice ratio is 2.5134 with lattice parameters a = b = 3.7710 A° whereas c 

= 9.430 A°. Barrett et al., (1980) 

Brookite phase is least stable with large cell volume. Lower density and lower symmetry 

with orthorhombic geometry and contains eight Titanium atoms in one formula units arranged by 

edge sharing TiO2 octahedron. Suda et al., (2004) 

 

1.5.3 Photocatalytic properties of TiO2 

TiO2 has wide range of applications as photo catalyst. The photocatalytic properties of 

TiO2 were discovered by Akira Fujishima in 1967
 
and the phenomenon on the surface of the 

http://en.wikipedia.org/wiki/Akira_Fujishima
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TiO2 is called as Honda-Fujishima effect.  It can degrade various organic pollutants and dyes 

under UV irradiations. Titanium oxide can also used for hydrolysis i.e. it can split water into 

hydrogen and oxygen and hydrogen obtained after splitting of water molecules can be used in 

fuel cells for cheaper fuel. Fujishima et al., (2005) 

 

1.5.4 Electrical and optical properties of TiO2 

TiO2 is a semiconductor, with a wide band gap and its electrical conductivity can be 

enhanced by heat treatment in the presence of carbon or hydrogen above 1000
o
C Hayfield et al., 

(2002) or by doping with some transition metals or rare earth metals. Doping of titanium with 

other metals results in decrease in band gap and transitions takes place in visible region. The 

heating above 1000
o
C results to the formation of sub-stichiometric oxides with crystallographic 

shear planes and extended planner defects that accommodates Oxygen loss. Regonini et al., 

(2012), Köhler et al., (2013). 

 

1.6 Silicon Oxide 

Silica is a metal oxide, occupying group IV of periodic table having molar mass of 

60.0843 g/mol with oxidation states ‘4’, energy gap of about 9 eV at 300K. Silica is one of the 

most abundant compounds in the earth’s crust. Silica is water insoluble and resists towards all 

acids except HF that readily acts on silica. Gorji et al., (2012) 

In its pure form, silica is colorless but sand is yellowish or brownish due to the impurities of 

ferric oxide. Silica, as sand, is a main ingredient of glass, the most inexpensive material with 

excellent optical, thermal, electrical insulator and mechanical, properties. Rahman et al., (2012) 

 

1.6.1 Physical Properties of SiO2 

Density      2.648 g·cm
−3

 

Relative Dielectric Constant     3.9 
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Thermal conductivity     .014 W/cm
-K

   

 Melting Point      1,600°C  

Boiling Point      2,230°C 

Band gap energy     9 eV      

Toxicity      safe 

Solubility in water     128 mg/liter at 25
o
C 

Appearance      Transparent crystals 

Refractive index     1.4585  

 

1.6.2 Crystalline structure of SiO2 

In SiO2, Si atom exhibits tetrahedral coordination, in which Si atom is surrounded by 4 

oxygen atoms. In a thermodynamically stable SiO2 structure all of the 4 vertices of the 

SiO4 tetrahedron are shared with other Si atoms, the central tetrahedron bound all 4 of its corner 

Oxygen atoms while the 2 face centered tetrahedra bound 2 of the corner Oxygen atoms, and the 

four edge centered tetrahedra share only one of the Oxygen atom with the other SiO4 tetrahedral. 

This results an average of twelve out of twenty four total vertices for the portion of the seven 

SiO4 tetrahedral with molecular formula SiO2. 

 

 

 

          Figure 1.4 (a) Amorphous structure (b) crystalline structure  
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All crystalline forms of silica have tetrahedral structure except stishovite and fibrous silica. 

Fibrous silica has rutile structure whereas stishovite has structure similar to SiS2. Lager et al., 

(1982) 

 

1.6.3 Optical  and Electrical properties 

Silicon oxide is the most significant material because of its electronic applications, due to 

its low cost, high availability and, as well as its unambiguous material and electronic properties, 

which allow the manufacturing of planar ultra large scale incorporated electronic devices. For 

optoelectronic applications; silicon has extensively been used in photovoltaic cells or photo 

detectors, high-reflection coatings, dielectric mirrors, antireflection coatings, beam-dividers, 

polarizer and band-pass filters. However its use in light emitting devices is not considered to be 

attractive due to the indirect band gap which require the participation of phonons for optical 

recombination progression, this problem is solved by the advent of nano silicon oxide. Which 

show different optical properties as compared to bulk silicon, in addition to this doping of silica 

nanoparticles with other metals also change the electronic and optical properties of silicon oxide. 

Meier et al., (2007), Yi-Qin et al., (2014) 

 

1.6.4 Photocatalytic properties of SiO2 

Silica is basically inert for many reactions, it shows some perceptible catalytic activities. 

Pure silica is proven photocatalyticaly reactive under UV irradiation, e.g. oxidation of CO, 

photo-metathesis of propene, photodegardation of Methyl red  and photo-epoxidation of propene. 

(Badr et al., 2008) 

 

1.7 Doping of nanoparticles 

 The lanthanide elements contain an exceptional series of metals in the periodic table. 

Lanthanides (4f valence orbitals) have a narrow radial extension. As a consequence orbital 

factors do not influence the chemistry to a great extent as in transition metals. This results in 
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substrates approach to the metal center in a diversity of orientations. The lanthanides are fairly 

electropositive and have a high affinity for oxygen therefore have utilization in fuel cells and 

catalytic converters of automobiles. The inadequate radial extension of the f orbitals reduce the 

vibronic expansion of optical transitions and leads to sharp 4f-4f absorption and emission 

spectra. This leads to very particular and efficient optical processes. Benelli et al., (2002)  

Efficiency of metal oxide nanoparticles can be enhanced by doping, particularly with 

lanthanide metals. Lanthanide doped metal oxide nanoparticles have found many fascinating 

applications in semiconductor photocatalysis, solar cells and nanodevices.  Some Impurity 

energy levels are formed in the band structure of host atom by doping of semiconductor 

nanoparticles with rare earth ions. After doping energy transfer channels are formed between the 

host metal band structure and the impurity energy level due to dopant atom, as a result excited 

valence band holes or conduction band electrons are relaxed to impurity energy levels of 

dopants. Bryan et al., (2005) 

 

1.8  Photocatalysis 

Dyes mostly  used in dying textile, leather, paper, ceramic, cosmetics, food processing 

and ink are azo-dyes, which are analyzed by the presence of one or more azo group (–N N–) in 

their chemical structure. 15% of the dyes created world-wide are shattered during synthesis and 

handing out with wastewater Sökmen et al., (2001); these dyes may be hazardous to  the 

environment and human health due to the toxicity of these dyes. Methylene blue dye has been 

used in textile dying and paper printing and it may cause eye, skin and digestive tract irritation. 

Mahmoud et al., (2009) 

Metal oxide nanoparticles and rare earth doped metal oxide nanoparticles such as Zinc oxide and 

Titanium oxide nanoparticles acts as catalyst in the presence of UV light for the 

photodegradation of persistent organic pollutant and degenerate them in less toxic and 

biologically more degradable substances.   Muhd Julkapli et al., (2014) 

The organic pollutants are oxidized in the presence of an energetic light source and 

semiconductor photocatalyst such as titanium oxide and zinc oxide. An excitation of valence 
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band electrons takes place by the photons of energies greater than band gap energy and these 

excitations cause possible chemical reaction. Photons having energies higher or less than 

excitation energy evolved in the form of heat. Lukehart et al., (2013)  

The elucidation of the photocatalytic surface with adequate energy resulted to the formation of 

an electron (e
-
) in the conduction band and a positive hole (hv

+
) in the valence band. These 

positive holes oxidize either organic pollutant directly or water molecule to produce OH
-
 

radicals. Shahid et al., (2014) As a result the electrons in the conduction band reduce the oxygen 

atom adsorbed on the surface of metal oxide nanoparticles or photocatalyst. Pelaez et al., (2012) 

 

1.8.1 Chemical reaction for photocatalysis. 

Following chemical reaction takes place during photodegradation of organic pollutants. 

Hoffman et al., (1994), Emilio et al., (2006) 

MO + hν → e
- 
+ h

+
 

   e
- 
+ O2 → O2

-
 

• Oxidation Reaction. 

   h
+ 

+ Organic pollutant  → degradation compounds.  

   h
+ 

+ H2O   → OH
-
 + H

+
 

• Reduction reaction 

   ·OH + Organic pollutant  →  degradation compounds 

 

1.9 Surfactants 

Surfactants are surface active agents with a tendency to adsorb at the interfaces and 

surfaces. Surfactants are mostly organic molecules with amphiphilic properties, meaning that 

they have one part with hydrophilic properties and other part with hydrophobic properties. 
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Imtiaz et al., (2013) This is the reason that surfactants are soluble both in water and organic 

solvents. Surfactants adsorb at the interface and resulted in the reduction of free energy at phase 

boundary Salager et al., (2002). 

 

 

 

Figure 1.5 Surfactant system with polar head and non polar tail 

 

1.9.1 CMC of Surfactant 

The surfactant molecules after reaching the saturation state form clusters in water called 

micelles; the point of first micelle formation in solution is called Critical Micelle Concentration 

(CMC). In water micelles are formed when hydrophilic head contact with water after forming a 

shell and hiding of hydrophobic tail part as core. Reverse micelles are formed in organic solvents 

when hydrophobic tail is in outer shell of micelle and hydrophilic head group is in core 

Holmberg et al., (2002). 

CMC is a highly important value of surfactants and based on chemical structure of a 

compound, for example, longer the hydrophobic tail, lower will be the CMC value, because the 

larger carbon chains on trying to get together, exerts a lower energy  on the system and as a 

result, system will be more stable. Moroi et al., (1974) 
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1.9.2 Surfactants and Micellization 

The surfactant systems have special importance and they are thermodynamically 

interesting. The surfactant systems can be explained as intermediate stage between an ordered as 

well as disordered state of matter Floriano et al., (1999),  For example, micelles form ordered 

structures and free surfactant molecules in the solution are disordered phase of matter. Solubility 

of surfactant molecules is due to its amphiphilic property which makes it distinct from non 

amphiphilic molecules. By increasing surfactant concentration, the surface tension on water 

molecules decreases linearly and at a specific point, increase in the surfactant concentration has 

no effect on the surface tension Silva et al., (2013). In addition to the surface tension, surfactants 

also affect other physical parameters such as osmotic pressure, turbidity, conductivity etc and it 

is due to the formation of micelles in the solution by aggregation of surfactant molecules. Farn 

et al., (2008) 

 

Figure 1.6 Micellization 

 

In the solution when the hydrophilic portion of the surfactant molecule solvated by H2O 

molecule, the hydrophobic part of the surfactant destroy the hydrogen bonding network in water 

and make the solubilization of hydrophobic surfactant part energetically unfavorable. Jódar-

Reyes et al., (2002) at that condition aggregation of surfactant molecule not favorable 

entropically. When surfactant concentration reached a specific point (CMC) energetic 

contribution of molecules overcomes the entropy and the surfactant molecules start to form 

aggregates called as micelles and the process is called Micellization. Farrukh et al., (2010) 
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1.9.3 Types of surfactants  

On the basis of charge on the polar head, the surfactants can be classified into four 

classes. Morsy et al., (2014) 

i.  Anionic surfactants:   

Anionic surfactants consist of polar head groups with negative charges.  The non-polar 

tail group is a large alkyl chain with carbon atoms ranging from C12 - C18. The anionic 

surfactants mostly contain polar groups such as carboxylates, sulfonates, sulphates, and 

phosphates.  

 

 

Figure 1.7 Surfactant classification according to the composition of their head: nonionic, anionic, cationic, 

and amphoteric. 

 

ii. Cationic Surfactants:  

Cationic surfactant have a polar head group with positive charge and a large non polar 

alkyl chain form tail.. This family of surfactant is based on nitrogen atom. Quaternary 

ammonium-based products and Amine are major examples of head group. 

iii. Non-ionics Surfactants:   

This group has a polyhydroxyl or polyether unit as a polar group.  Poly (ethylene oxide) 

is the most common polar group and poly (propylene oxide) is most common non-polar group. 

Farrukh et al., (2012)  
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iv. Zwitterionics surfactants:  

They have two charges with opposite signs on their head group with overall neutral 

charge. The common positively charged group is ammonium and common source of negative 

charge is carboxylates.   

 

1.9.4 SDS 

In this research work, sodium dodecyl (SDS) sulfate also named as sodium laurilsulfate 

or sodium lauryl sulfate, belongs to anionic group of surfactant was used. 

 

 

Figure 1.8 Structure of SDS 

 

The major application of SDS is in the area of cleaning and hygiene. The structure of 

SDS gives it amphiphilic characteristic due to the reason that the molecule consists of a tail 

which contain 12 C-atoms attached to the sulfate head group. The presence of hydrophobic and 

hydrophilic parts make sodium dodecyl sulfate a surfactant molecule and results in the formation 

of micelles in the solution. De Aguiar et al., (2011) 

1.10 Synthesis of nanoparticles 

 Fabrication of nanomaterials is considered as highly active field in nanotechnology. The 

major challenge in fabrication of nanoparticles is controlling the material structure at an elevated 

production level for industrial applications. There are several methods for fabrication of 

nanomaterials with various characteristics.  
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1.10.1 Hydrothermal method 

The hydrothermal process is one of the best methods to fabricate metal oxide nano 

powders due to its efficiency, controlled morphology, monodispersity, simplicity, and eco 

friendliness. Muneer et al., (2015) 

In hydrothermal method crystals are grown in aqueous medium either homogenous or 

heterogeneous at high pressure and elevated temperature. Temperature less than 300
o
C and 

pressure below 500 atm are used in most of the experiments. However due to low yield and 

possible side reactions this method is not favorable commercially. Kanade et al., (2008) 

1.10.2 Sol-gel method 

Sol-gel method is simple, cost effective, less time consuming with high yield. In sol-gel 

method stable sol- solution is formed and then gelation takes place by polyesterification or 

polycondensation reactions. Gel is dried to remove liquid phase and then dehydrated at high 

temperature to remove –OH for stabilization of gel by a collapse in gel network and also to 

remove organic impurities. Corriu et al., (1996), Anwar et al., (2015)  

1.10.3 Sonochemical method 

Sonochemical method is useful method for fabrication of novel nanomaterials with 

highly interesting properties. Its principle based on acoustics cavitations as a result of formation, 

growth and continuous collapse of liquid bubbles in ultrasonic apparatus. Ultrasonic radiations 

have the ability to enhance the alteration rates of metal precursors to nano sized metal oxide 

particles without using surfactants and applying high temperature. Askarinejad et al., (2011) 

1.10.4 Laser ablation method 

Laser ablation is a powerful and attractive technique to fabricate metal oxide 

nanoparticles in liquid such as DI water due to its chemical pureness, technical simplicity and 

controlled synthesis. Metaloxide nanoparticles can be formed simply by a high voltage pulsed 

laser beam impinged on the target without using any additional chemicals. Cho et al., (2009) 
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1.10.5 Microemulsion technique 

Microemulsion is an important technique to synthesize metal oxide nanoparticles. 

Microemulsion is transparent, stable, isotropic liquids containing an aqueous layer, and other oil 

layer. Microemulsion forms instinctively in appropriate conditions. The nanoparticle growth 

takes place by exchange of precursor between the microemulsion drops and the medium and 

finally the aggregation of the nuclei. The microemulsion drops behave like a micro reactor. Li et 

al., (2009) 

1.10.6 Controlled precipitation method 

Controlled precipitation method is highly used technique for the synthesis of metal oxide 

nano particles. In controlled precipitation method spontaneous reduction of metal salt takes place 

by using a reducing agent resulted in limited size particle synthesis with specified dimensions. 

Precipitates were formed which undergo thermal treatment and finally milling to remove 

impurities and high degree of agglomerization. Kołodziejczak-Radzimska et al., (2012), Wang 

et al., (2010)   

1.10.7 Other fabrication methods 

There are also exist various methods for fabrication of metal oxide nanoparticles such as 

deposition-precipitation method Yazid et al., (2010) anodization method Huey-Shya et al., 

(2011) spray pyrolysis method Ghaffarian et al., (2011) Micelle assisted synthesis Imtiaz et al., 

(2013) Thermal Vapor Deposition method Saron  et al., (2013) Aminolytic Method Zhang et 

al., (2006) 

1.11 Characterization techniques 

Characterization of nanoparticles is a challenging task due to such a small size. Different 

techniques can be used to determine the size, morphology, chemical composition, thermal 

properties and reactivity of nanoparticles such as transmission electron microscopy (TEM), 

scanning electron microscopy (SEM), X- ray diffraction (XRD), Energy dispersive x-ray (EDX), 
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Differential scanning calorimetry (DSC), Thermo gravimetry (TG), FTIR, Uv- Vis spectrometry 

and Atomic force microscopy (AFM). 

1.11.1 TEM 

Transmission electron microscopy is used to determine the size of nanoparticle. A ray of 

electrons is transmitted through a very thin specimen and then interacts with the sample on 

passing through it. An image is produced when electrons beam transmitted through the 

specimen, magnified, focused by lens and appeared on screen. Zewail et al (2010), Kalantar-

zadeh et al., (2008) 

1.11.2 SEM 

SEM is used to determine the morphology of material. It also images the sample surface 

by using a high energy beam of electrons instead of series of glass lenses as in conventional 

microscope. Joshi et al., (2008) 

1.11.3 EDX 

Energy dispersive X-ray (EDX) describes about the proportions of elements in the sample 

by giving information about overall chemical composition of sample. Bell et al., (2003) 

1.11.4 Ultraviolet-Visible (UV-VIS) Spectroscopy. 

UV-VIS spectroscopy is used to determine maximum absorption by the material and 

spectrophotometer consists of a significant light source, sample beam, reference beam, 

monochromator and detector. Clark et al., (1993) 

1.11.5 XRD 

Powder XRD is used for structural analysis of nanoparticles using Cu-Kα as source of 

radiations. Crystalline structure, lattice planes and identity of the sample can be determined using 

XRD. Crystallite size can also be calculated using Scherer’s equation. Klug et al., (1954) 
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1.11.5 FTIR 

 Fourier transform infrared spectroscopy is used to find out the reactive sites and nature of 

the chemical surface of species. It is used to determine what atoms subsist in the material and 

what bonds exist in the material. Rossnagel et al., (2001) 

1.11.6 TGA – DSC 

Thermo gravimetric analysis used to determined organic or inorganic substances in the 

sample by analyzing the weight loss/gain with increasing temperature. Every weight loss or gain 

is due to some physical or chemical processes in the material. DSC along with TGA used to 

determine heat capacity changes because of phase – transitions. Seo et al., (2010) 
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Chapter 2 
Literature review 

 
 

Ghouri et al., (2014) synthesized ZnO and Gd
+3

 doped ZnO nanoparticles by sol-gel method 

using ethanol as solvent having calcination temperature 300
o
C for 1hour. Sample was 

characterized by XRD, SEM, FTIR and dc electrical measurement. They reported hexagonal 

wurzite phase of ZnO with particle size varies from 8.83 nm to 21.85 nm and observed no 

significance change by Gd
+3

 incorporation. It was found that the rate of degradation of MB 

over Gd-doped ZnO increased with Gd
+3

 loading up to 2% and then decreased. They 

observed dc electrical measurements showed the increase in current and decrease in 

resistivity with Gd loading. 

Bagabas et al., (2013) developed a Cost effective, room temperature wet chemical method 

for fabrication of ZnO nanoparticles in Ethanolic and aqueous media based on cyclohexyl 

amine. They obtained spherical and chunky particles with water and polyhedral particles in 

ethanol. Ethanolic particles showed cyanide ion photo degradation efficiency enhanced by a 

factor of 1.5 and photocatalytic efficiency increased from 85% to 100% for increase in 

concentration from 0.01 to 0.09 after 180 minutes and doubled the first order rate constant 

(k). 

Kumar et al., (2013) fabricated ZnO nanoparticles using zinc sulfate as precursor and used 

simple precipitation method at different calcination temperatures for 2hours.  The samples 

were analyzed by XRD, SEM, EDS, and PIXE techniques. The average crystallite size was 

calculated by Scherer’s equation using the full width at half maximum of XRD peaks that 

were in nanorange. EDS showed that above method produced highly pure zinc oxide 

nanoparticles. Trace elemental analysis of zinc oxide was observed by PIXE and optical band 

gap was measured by UV-Vis diffuse reflectance spectroscopy.  

Malevu et al., (2014) developed Zinc air cell system to synthesized ZnO nanoparticles using 

zinc plate as anode and air cathode that was composed of steel wool. Electrodes were 

separated by a porous wide paper in the presence of dilute NaOH as electrolyte and electron 

transferring media. They monitored open-circuit voltage, Voc, as a function of electrolyte 
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concentration. They used electrolyte concentrations of 0.4M, 0.5M, 0.6M, 1.0M and 2. 0M 

and observed highest VoC value for 0.5M concentration. They also analyzed that orientation 

and growth of ZnO nanoneedles highly dependent on concentration of electrolyte. 

Composition and particle size of the material also confirmed with XRD and SEM.  

Mayekar et al., (2014) synthesized ZnO nanoparticles with wurzite crystalline structure 

using Zinc chloride as precursor and Characterized samples by XRD, SEM and UV-Vis 

diffuse reflectance spectroscopy. They observed that concentration of base, salt precursor and 

temperature play an important role to define particle size and morphology of nanoparticles, 

as by increasing temperature from 80
o
C to 100

o
C the particle size increased from 30nm to 

500nm. Same result observed for change in base concentration from 2M to 10M. 

Oprea et al., (2012) fabricated Gd
+3

 doped ZnO nanoparticles using starch and aqueous 

Zn(NO3)3.9H2O as precursor by sol- gel method and calcined  the obtained powder at 400
o
C. 

they analyzed the optical and catalytic properties of nanoparticles and observed  that Gd
+3

 

doping on ZnO leads to introduce new unoccupied 4f electrons and as a result decrease in 

near band gap took place and this property enhanced by enhancing Gd
+3

 concentrations.  

Montazeri  et al., (2012) prepared anatase powder of TiO2 by hydrothermal method acetic 

acid and tetra isopropyl orthotitanate as the precursors with 1:1molar ratio. The reaction 

mixture was treated at various temperature and pressure conditions and verified by XRD and 

FE-SEM. They observed that particle size changed by a change in temperature, pressure and 

amount of HNO3 used for peptization. They obtained their best result of 9nm particle size 

with more amount of HNO3 at 160
o
C and heating time 12hours. 

Wang et al., (2010) synthesized TiO2 nanoparticles  of high anatase purity by stagnation 

swirl flame (SSF) using two flame modes such as substrate-stabilized SSF and burner for 

different inert dilution ratios butt same equivalence ratio. They collected the particles of 5-

10nm diameter. Nanoparticles in the flow field are observed to be non-agglomerated. They 

analyzed that SSF can accommodate more precursor loading fluxes as compared to others 

using laminar premixed stagnation flat flames.  

Ba-Abbad et al., (2012) synthesized TiO2 nanocatalyst using sol-gel method and observed 

the effect of calcination temperature on photocatalytic activity, crystalline phase and surface 
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area. Photocatalytic activity of TiO2nanoparticles was analyzed by the photodegardation of 

chlorophenols named as  2,4,6-trichlorophenol (2,4,6T-CP),  2, 4-dichlorophenol (2,4-DCP),  

2-chlorophenol (2-CP) within range from 50 to 150 mg per liter initial concentrations,  under 

solar radiation. They obtained results 99% for 2-CP, 98% for 2, 4-DCP and 92 % 2, 4, 6-TCP 

for 50 mg/L at pH 6 and 90 min irradiation time. Photodegardation was also tested by COD 

removal. The kinetic studies showed that reaction was first order. 

Vijayalakshmi et al., (2012) compared the two methods for synthesis of TiO2 nanoparticles 

i.e. sol-gel method and hydrothermal method. They observed that under same conditions of 

temperature, pressure, precursor, solvent and molar ratio etc; sol-gel method give better 

results than hydrothermal method. They found that particle size with sol-gel method was 7nm 

and 17 nm for hydrothermal method, similarly band gap values were 3.54eV and 3.43eV 

respectively. 

Chen et al., (2012) proposed a new direct non solvolytic method for synthesis of titanium 

oxide nanoparticles. They were investigated the effect of ligand and mode of reactant feeding 

on different parameters of nanoparticles by XRD, TEM, PL and UV-VIS spectroscopy and 

was observed that these variables have effect on shape, size and dispersivity of nanopowder. 

They were used the real-time UV-Vis and PL to dynamically evaluate the formation and 

growth of nanoparticles in solution and obtained the result that nucleation started after one 

hour and then a particle growth occurred and maximum growth took place after 2 hours and 

reaction was completed after 4 hours. 

Thangavelu et al., (2013) prepared the TiO2 nanoparticles by hydrolysis of titanium tetra 

isopropoxide using ethanol and water. The samples were characterized by FTIR, XRD and 

SEM-EDX. They were observed the nanoparticles with spherical shape, anatase structure, 

6nm crystalline size at 400
o
C annealing temperature and FTIR peaks at 460-560cm

-1
 that 

were due to the stretching and bending vibration of hydroxyl group. 

Gao et al., (2012) synthesized TiO2, Y-doped TiO2, La-doped TiO2 and La, Y doped TiO2 by 

ultrasonic assisted sol-gel method with particle size 14nm to 21nm using titanium 

isopropoxide as precursor and characterized the samples using XRD,SEM, XPS and UV-Vis 

diffuse reflectance spectroscopy. The photocatalytic activity was evaluated by 
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photodegardation of Methyl orange and obtained that photocatalytic activity for doped 

samples was higher than undoped TiO2, maximum photocatalytic activity was obtained for 

LYT. XPS results were indicated that optical absorption edge shifted to visible region due to 

doping of YT, LT, and LYT.  

Xu et al., (2008) fabricated Gadolinium doped titanium oxide nanoparticles by modified sol-

gel process and characterized the samples by XRD, TEM, DRS and PL analysis. They were 

evaluated the photocatalytic activity by photodegradation of dyes such as Rhodamine B and 

Reactive Brilliant Red X-3B under UV and Visible light. Observations showed that Gd 

doping cause the shift of absorption towards longer wavelength and an increase in 

photocatalytic activity of catalyst. Maximum catalytic activity was obtained when TiO2 

doped with 0.5% Gadolinium. 

 Saif et al., (2006) synthesized the mesoporous Tb/TiO2, Sm/TiO2 and Eu/TiO2 by sol-gel 

method and characterized the samples by SEM, XRD, FT-IR and Raman spectra. Results 

showed that prepared nanoparticles have anatase phase, increased photoresponce as 

compared to undoped TiO2 and increased surface area due to doping. Photo activity was 

checked on Remazol Red RB-133 which proved the significant enhancement in 

photocatalytic activity due to lanthanide doping. Eu/TiO2 and Sm/TiO2 also exhibited 

increase in orange or pure red light emission as a result of energy transfer from TiO2 to Eu 

(III) and Sm (III). 

Shi et al., (2008) fabricated Holmium doped TiO2 nanoparticles by Sol-gel method and used 

TEM, XRD, surface area measurement and UV-Vis diffuse reflectance spectroscopy. They 

were observed that surface area of TiO2 was icreased due to Holmium doping, further more 

transformation of crystals from anatase to rutile. The photocatalytic activity was checked on 

methyl orange and observed an increase due to holmium doping on TiO2. According to 

results 0.3 mol % at 500
o
C  was optimum doped amount and 600

o
C with 0.5 mol % was 

optimum calcined temperature for maximum photocatalytic activity. 

Stanley et al., (2014) synthesized the SiO2 by the hydrolysis of tetraethyl orthosilicate and 

checked the effect of different surfactants such as CTAB, SDS and PVP on the particle size 

of SiO2. The prepared samples were characterized by different experimental results as 
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morphology of nanoparticles was observed by SEM, amorphous nature by XRD, chemical 

composition by EDAX, absorption band by UV-Vis, stretching and bending vibrations by 

FT-IR and particle size by TEM analysis. They were observed that lowest particle size was 

confirmed with SDS as surfactant.   

Ibrahim et al., (2010) studied the effect of concentration of tetraethyl orthosilicate and 

ammonia on the particle size of silica. They observed that particle size is directly 

proportional to concentration of TEOS and NH3.  It resulted in an   increase in rate of 

hydrolysis as well as condensation with increased concentrations which affect the super 

saturation required for the nucleation process due to solubility of intermediates. They were 

also used the hexamethyldisilazane to obtain better dispersion of silica nanoparticles and to 

avoid particle aggregation. 

Le et al., (2013) synthesized the silica nanoparticles from rice husk ash by sol-gel method by 

heating Vietnamese rice husk at 600
o
C for 4 hours. NaOH was used to extract silica from 

RHA in the form of sodium silicate and further treated with sulfuric acid at pH-4 using water/ 

butanol as solvent and a cationic surfactant to precipitate pure silica nanoparticles.  The 

effect of aging temperature, surfactant and aging time was also studied. Different 

characterization results showed that silica nanoparticles were amorphous having particle 

diameter 3nm with highest surface area 340m
2
/g.  

Gaffor et al., (2011) synthesized TiO2 nanoparticles in anatase phase by hydrothermal 

method at low temperature. They analyzed the results by XRD, TGA-DSC, SEM, TEM and 

energy dispersive spectroscopy. Surface area was calculated by BET method and dielectric 

properties at 300K using frequency range 42 Hz to 5 MHz for 0.2 mol % and 0.5 mol % of 

dopant. It was observed that high dielectric constant produced by low frequency was reduced 

by doping of TiO2 with samarium ions. It was also observed that conductivity of 

nanoparticles also reduced with decreased particle size and increased Sm
+3

 dopant level. 

Chawla et al., (2013) synthesized Sm doped ZnO by Co-precipitation method near room 

temperature using alkaline medium and observed that Sm doping cause change in lattice 

parameters. It made ZnO bright white light emitter under Ultra violet excitation at 300nm to 

380nm. Sm doping resulted in spin ordering and ferromagnetism coupling for long range in 
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ZnO nanoparticles due to unpaired spin of samarium ion at zinc substitutional sites. This 

magnetic, white light emitter ZnO: Sm may have potential as Spin LED semiconductor and 

LED phosphor. 

Stengl et al., (2009) synthesized light sensitive Titania nanoparticles doped with lanthanide 

rare earth metals by one pot, one step synthesis. The method was low cost, environment 

friendly and Applicable for industrial synthesis. They characterized the samples by X-ray 

diffraction, scanning electron microscopy, BET and porosity, UV/Vis spectra, and high 

resolution transmission electron microscopy. They measured photocatalytic activity by 

photocatalytic degradation of Orange II dye at wave length 254nm, 365nm and 400nm. The 

titania was doped by La, Ce, Eu, Gd, Sm, Pr, Dy, Nd. Titania doped by Nd
+3

 showed 

maximum activity having k-value 0.0272/min for UV and 0.0143/min for visible light. 

 

Cao et al., (2013) synthesized Sm doped TiO2 nanoparticles at different annealing 

temperatures with different crystalline phases (anatase monophase, anatase–rutile multiphase, 

and rutile monophase) by sol-gel method. They characterized the nanoparticles by XRD, 

SEM, UV-Vis diffuse reflectance spectroscopy and X-ray photoelectron spectrophotometery. 

The results showed that Sm+3 emissions were originated from  
4
G5/2→

6
HJ where =(J= 5/2, 

7/2, 9/2, and 11/2) 4f-intra transitions of Sm
3+

 which were due to indirect excitations of 

samarium ions as a result of energy transfer process of electron- whole pair produced in TiO2 

host. Different crystalline phases showed distinct differences. 

  

Varughese et al.,(2014) fabricated La
+3 

doped ZnO nanoparticles by chemical route having 

average particle size of 15-23 nm.XRD was used to determine the crystal size, EDS to 

determined the percentage of doping, band gap was determined by Uv-Vis spectrometry 

which was 2.94eV. They found that Lanthanum doping resulted in decrease of band gap.  

 

 

Sridevi et al., (2010) used hydrothermal method to synthesized Lanthanum doped ZnO 

nanoparticles. The nanoparticles were analyzed by Transmission Electron Microscopy, X-

Ray powder Diffraction and Scanning Electron Microscopy. They also studied optical 
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properties of the nanoparticles. It observed that photoluminescence property was enhanced 

for La
+3

 doped ZnO nanoparticles.  

 

Sin et al.,  (2013) synthesized Sm/ZnO hierarchical micro/nanospheres by a surfactant-free 

and facile chemical solution route. The nanomaterials were characterized by transmission 

electron microscopy, field-emission scanning electron microscopy, energy dispersive X-ray, 

X-ray diffraction, UV-Vis DRS, photoluminescence spectroscopy and EDX. Photocatalytic 

analysis showed that the Sm/ZnO showed higher photocatalytic activity for degradation of 

phenol as compared to pure ZnO. The increase in photocatalytic activity of Sm/ZnO was due 

to improved optical absorption activity and improved lifetime for charge carriers. 

 

Scepanovic  et al., (2009) prepared lanthanum doped titanium oxide nanoparticles by sol gel 

method having lanthanum concentration 0.65, 1, 2, 3 and 4 wt. % of TiO2. The samples were 

analyzed by Raman spectroscopy. Highly intensive mode in Raman spectra was assigned to 

anatase phase and additional low intensity modes were considered due to little amount of 

brookite phase of TiO2 nanoparticles. They also studied the effect of both anatase and 

brookite phases on doping conditions and used phonon confinement model to determine 

variation of crystallite size with shift, asymmetrical broadening of anatase phase and dopant 

content. The results were compared with XRD results. 

Nair et al., (2013) fabricated samarium doped and simple ZnO by precipitation method with 

varying concentrations. Peak broadening observed by optical absorption spectra due to 

increase in concentration of samarium. They analyzed that Nonlinear absorption coefficient 

was inversely proportional to Sm
+3

 concentration. The open aperture Z-Scan using 7ns at 

wavelength 532 nm showed optical limiting behavior, that theoretically fitted to a absorption 

process with two photon types. 

  

Varughese et al., (2014) synthesized ZnO nanoparticles with particle size 15-27 nm using 

hydrothermal method and zinc acetate as precusor and Gadolinium doped ZnO by 

precipitation method. UV absorption spectrum was given spectra below 370nm showed the 

smaller particle size of ZnO. Band gap was 2.94 eV for Gadolinium doped ZnO. It was 

observed that band gap decreases by doping of Gd
+3 

ions. 
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Jose et al., (2012) synthesized coral shaped ZnO and La
+3

 doped ZnO nanoparticles by facile 

combustion process. Glycine was used as fuel and zinc nitrate as reactant at approximately 

185
o
C.they obtained wurtzite structure of both ZnO and La: ZnO having pore size 10nm - 

50nm, coral- shaped and grain size 15nm. UV-Vis results showed that dopant had effect on 

optical properties of zinc oxide.  

 

Korake et al., (2014) synthesized La- doped Zinc oxide nanorods by microwave assisted 

method. The samples were characterized by UV-Vis, SEM, TEM, EDS and XRD. XRD 

results showed the crystallite size 30nm and hexagonal structure. They checked the 

photocatalytic activity by photodegradation of metasystox and  found that maximum 

photocatalytic activity was obtained  with 0.5 mol% of lanthanum doping as compared to 

pure Zinc Oxide at pH 8 and static conditions, moreover photocatalytic activity decreases 

when the doping ratio increased from 0.5 mol % of La
+3

.They observed reduction in COD of 

metasystox after 150 minutes. Cytotoxicological results described that photo degraded 

components of metasystox are less toxic than pure metasystox.  

 

Liu et al., (2011)  synthesize Gd
+3

 doped silica nanoparticles using a novel approach to 

incorporate Gd
+3

 in porous silica networks. They use [gadolinium (Z)-octadec-9-enoate (Gd 

Oleate)] as a source to incorporate Gd
+3

 ions into silica network and also as template to 

produce porous silica. They characterized the material and obtained result that silica was 

successfully doped by Gd
+3

 in mesoporous form. They observed that Gd/SiO2 had lower 

longitudinal relaxivity and transverse relaxivity higher than commercial sample and 

suggested that prepared material had potential as contrast agent for MRI. 

 

Prabhavathy et al., (2015) synthesized La doped ZnO nanoparticles using Zinc Acetate 

dihydrate and ethanol by solution method at various calcination temperatures. They studied 

the effect of lanthanum doping and annealing temp on ZnO nanoparticles. Morphology of 

nanoparticles was analyzed by SEM and AFM, structural studies were done with XRD and 

optical surface-related properties were done with Raman spectra.  
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Gupta et al., (2012) synthesized silica nanoparticles encapsulating Gd2O3 and HRP in 

aqueous core of (sodium bis-(2-ethylhexyl) sulfosuccinate (AOT)–hexane–water) reverse 

micelle having particle size 25 nm with spherical shape. It was observed that HRP showed 

entrapment efficiency about 95% and zero leachability for 90 days. They also found that 

silica entrapped HRP had given higher stability for pH and temperature value than free 

enzyme. NMR analysis confirmed the paramagnetic nature of Gd
+3

 nanoparticles. They 

observed that entrapped HRP had been sued to transform a benign prodrug (indole-3-acetic 

acid (IAA)) to a toxic product and toxicity had been checked on cancerous cell lines by MTT 

assay. it was also observed that enzyme encapsulated in silica retained its activity and IAA 

had no toxic effect in absence of HRP. 

 

Noel et al., (2014) prepared simple and Gd
+3

 doped  ZnO by sol- gel method and checked its 

optical, structural and gas sensing properties. XRD confirmed the wurtzite, hexagonal 

structure of ZnO and structural changes in lattice due to doping. Optical spectrum showed 

decrease in band gap and peak broadening due to Gd
+3

 doping. They observed from SEM 

result that particle size was increased from nanometer to micrometer by Gd
+3

 doping. Clad 

modified ethanol fiber-optic sensor analysis of ethanol sensing manifested best sensitivity 

with 3% Gd doped ZnO nanostructure and the sensitivity decreased in case of increased 

percentage of Gd
+3

 doped ZnO sample.  

 

Avramova et al., (2010) prepared Sm
+3

 doped silica xerogels using sol-gel method with 

different compositions of Sm
+3

 up to 0.5% by acid hydrolysis of tetraetyhylorthosilicate and 

analyzed the samples  by X-ray diffraction, SEM, , TG/FTIR, DSC and thermogravimetry. 

Thermal analysis was showed that Sm content had strongly effect on thermal properties of 

doped silica xerogels. Sharpe endothermic curve is observed at approximately 80
o
C which 

transforms to higher temperature on lowering of heating rate. Two wide isotherms also 

observed expressed two activation energies related to higher and lower temperature effects: 

Ea= 210 kJ/mol and Ea= 38 kJ/mol respectively. They were also observed the chemical 

decomposition and dehydration of samarium nitrate hexahydrate. 
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Chiad et al., (2011) prepared silica monoliths having 0.5% samarium by sol-gel method 

using acid catalyzed hydrolysis. Silica monoliths were characterized by pycnometer 

measurements, FTIR and optical spectroscopy and calculated the oscillator strength of Sm+3 

in silica monoliths. They observed Sm
3+

 clusters in porous silica monoliths with higher Sm
3+

 

concentration. 

 

Sharma et al., (2012) synthesize indocyanine green dye encapsulating silica nanoparticles 

by novel reverse micro emulsion technique having diameter 25 nm. The indocyanine green 

was encapsulated by columbic attractions of bivalent ions and aminated silanes, carried out 

silica preparation using mildly basic pH, salt-catalyzed conditions. The paramagnetic 

behavior was created by chelating of paramagnetic Gadolinium ions in to the indocyanine 

green dye doped silica nanoparticles. Aqueous dye-doped silica nanoparticles showed an 

increase in photo stability and decrease in photo bleaching effect as compared to the 

indocyanine green dye alone. 

 

Encai et al., (2012) synthesized a series of mesoporous silica nanoparticles doped by La
+3

 

ions by FTIR, XRD and N2 adsorption-desorption. They were observed that phosphate 

removal capacity of doped silica nanoparticles increase with the increased La
+3

 doping 

concentration and it reached nearly 100% with Si: La molar ratio ≥10 after time 3hour and 

for 10 Si: La molar ratio 75% phosphate was removed. They also observed that initial 

concentration of phosphorous, Si: La molar ratio and amount of La
+3

 doped silica had minor 

effect on residual concentration of La
+3

, further pH had inverse effect on residual 

concentration of La
+3

. 

 

Danchova et al., (2013) prepared samarium doped silica nanoparticles by sol-gel method and 

studied its optical spectra at 220nm to 900nm range. It was observed that the 

O
2−

 → Sm
3+

 charge transfer transition at wavelength 285 nm was depended at gelatin 

conditions and due to Sm
+3

 related defects in silica structure. The densification rate for Sm
+3

 

nanoparticles at room temperature was studied from increased intensity of samarium f-f 

absorption transitions with time. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Chemicals and reagents 

 

Following chemicals and reagents were used in research work to synthesize the ZnO, 

TiO2 and SiO2 nananoparticles and rare earth doping of synthesized nanoparticles. 

 

Sr.No Chemicals/ Reagents Made 

1 Zinc acetate Merck 

2 Sodium hydroxide Merck 

3 Oxalic acid Merck 

4 Deionized water Sigma Aldrich 

5 Sodium Dodecyle sulphate Merck 

6 Titanium tetraisopropoxide Merck 

7 Propanol Merck 

8 Nitric acid Merck 

9 Ammonium hydroxide Sigma Aldrich 

10 Rice husk - 

11 Sulfuric acid Sigma Aldrich 

12 Methylene blue Sigma Aldrich 

13 Ethyl alcohol Sigma Aldrich 

14 Gadolinium chloride hexahydrate Sigma Aldrich 

15 Samarium chloride hexahydrate Sigma Aldrich 

16 Lanthanum chloride hexahydrate Sigma Aldrich 

 

Table: 3.1 Chemicals and reagents used in fabrication of nanoparticles 
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3.2 Glass wares 

 

Sr.No Glass ware Sr.No Glass ware 

1 Beakers 11 Pippet filler 

2 Micro Pippets 12 Test tubes 

3 Measuring flasks 13 Crucibles 

4 Titration flasks 14 Buckle funnel 

5 Petri dishes 15 Quartz cell 

6 Round bottom flasks 16 Watch glass 

7 Glass stirrer 17 Petri dishes 

8 Centrifuge tubes 18 Magnetic stirrer 

9 Funnel 19 Filter paper 

10 pH paper 20 Pippets 

Table 3.2 Glass ware and apparatus used in fabrication of nanoparticles 

3.3 Instruments (make and model) 

 

Sr.No Instruments Make 

1 TEM  (Phillip CM12 microscope). 

2 SEM/EDS (SEM-Hitachi S-3400) 

3 XRD (X’pert PRO, PANAnalytical) 

4 Furnace - 

5 Electric oven - 

6 Centrifuge machine - 

7 TGA/DSC (TGA-DSC, Q600 TGA DSC) 

8 FTIR Bruker alpha platinum ATR 

9 UV/VIS UV-1700, Shimadzu 

10 Hot plate - 

11 Measuring balance AY220/ Shimadzu 

13 SPS  Genesys UV-Vis, Thrmoscientific. 

Table: 3.3 instrument used in fabrication and characterization of nanoparticles 



33 
 

3.4 Synthesis of Nanoparticles 

 

Currently researchers are synthesizing nanoparticles of different transition metals such as 

Iron, Copper, Tin, Zinc, silver, Gold and rare earth metals such as Cerium, Samarium, 

Holmium, and lanthanum. In this research work ZnO, TiO2 and SiO2 nanoparticles were 

fabricated and each of these three metal oxide nanocatalyst was doped with Gadolinium, 

Samarium and Lanthanum. Summary of Fabricated nanoparticles is given in the table 3.5. 

 

Sr. 

No 

Base 

material 
Nanoparticles Fabricated 

Sample 

code 
Medium used 

1 

Zinc Oxide  

Zinc Oxide  NZ-1 Surfactant free 

2 Zinc Oxide NZ-2 Surfactant 

3 Gadolinium/ Zinc Oxide NZ-3 Surfactant free 

4 Samarium/ Zinc Oxide NZ-4 Surfactant 

5 Lanthanum/ Zinc Oxide NZ-5 Surfactant free 

6 Gadolinium/ Zinc Oxide NZ-6 Surfactant 

7 Samarium/ Zinc Oxide NZ-7 Surfactant free 

8 Lanthanum/ Zinc Oxide NZ-8 Surfactant 

9 

Titanium 

Oxide 

Titanium oxide NT-1 Surfactant free 

10 Titanium oxide  NT-2 Surfactant 

11 Gadolinium/ Titanium oxide NT-3 Surfactant free 

12 Gadolinium/ Titanium oxide NT-4 Surfactant 

13 Samarium/ Titanium oxide NT-5 Surfactant free 

14 Samarium/ Titanium oxide  NT-6 Surfactant 

15 Lanthanum/ Titanium oxide NT-7 Surfactant free 

16 Lanthanum/ Titanium oxide NT-8 Surfactant 

17 

Silicon Oxide 

Silicon oxide  NS-1 Surfactant free 

18 Silicon oxide NS-2 Surfactant 

19 Gadolinium/ Silicon oxide NS-3 Surfactant free 

20 Gadolinium/ Silicon oxide NS-4 Surfactant 
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21 Samarium/ Silicon oxide NS-5 Surfactant free 

22 Samarium/ Silicon oxide NS-6 Surfactant 

23 Lanthanum/ Silicon oxide NS-7 Surfactant free 

24 Lanthanum/ Silicon oxide NS-8 Surfactant 

Table: 3.4 summary of nanoparticles fabricated along with sample code. 

 

 

3.5 Synthesis of ZnO and Lanthanide (Ln= Gd, Sm, La) doped ZnO nanoparticles 

ZnO nanoparticles were synthesized by sol-gel method using Zinc acetate dihydrate as 

precursor. pH was maintained using NaOH and oxalic acid. Nanoparticles were synthesized both 

in aqueous media and using surfactant. All chemicals and reagents were of analytical grade and 

solutions were made using double distilled water. 

3.5.1 Preparation of solution. 

i.  Zinc acetate dihydrate (0.01M) 

Zinc acetate dihydrate was used as precursor for the synthesis of ZnO nanoparticles. 

0.01M zinc acetate dihydrate solution was prepared by dissolving 96.2 mg precursor salt 

into 50 ml of double distilled water. 

ii. Sodium hydroxide. (0.02M) 

40 mg of solid dehydrated sodium hydroxide was added into 50ml of double distilled 

water to make 0.02 M solution of sodium hydroxide. 

iii. Oxalic acid (0.01M) 

0.01 M oxalic acid was synthesized by taking 63mg of oxalic acid and mixing it in 50 ml 

water. 

iv. Sodium Dodecyle sulphate.(0.008 M) 

Sodium Dodecyle sulphate was used as surfactant for fabrication of ZnO nanoparticles. 

0.008M solution of SDS was taken which is below the CMC value of SDS. 2309.8mg of 

SDS was dissolved in 1 liter of water. 
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3.5.2 Fabrication procedure 

Nano zinc oxide was fabricated using 0.01 M zinc acetate dihydrate as precursor. 50 ml 

of 0.01M zinc acetate dihydrate solution was taken in a round bottom flask and solution was 

stirred at 80
o
C using a hot plate stirrer. 0.02M NaOH was added continuously to maintain pH at 

feed rate 0.5ml per minute and pH was maintained at 8.5. Similarly 0.01M oxalic acid was used 

at feed rate 0.5 ml per minute to attain pH 4.5. Reaction mixture was stirred at 80
o
C for 2 hours; 

precipitates were formed and centrifuged at 10000 rpm for 10 minutes. Centrifuged precipitates 

were dried at 100
o
C to remove moisture and calcined at 450

o
C for 2 hours to convert metal 

hydroxide in to metal oxide and also to remove any other organic as well as inorganic impurities. 

Similar procedure was applied for fabrication of zinc oxide nanoparticles in the presence of 

surfactant with the addition of 50 ml of 0.008 M SDS as surfactant before maintaining the pH.  

 

3.5.3 Synthesis of Lanthanide doped ZnO nanoparticles 

ZnO nanoparticles were doped with lanthanide doped metals to enhance the efficiency of 

nanoparticles. Gadolinium, Samarium and lanthanum were used for doping of ZnO 

nanoparticles.  

 

i. Doping of ZnO with Gadolinium 

 

 0.001M Gadolinium chloride hexahydrate solution was prepared by adding 

37.209 mg of GdCl3.6H2O in 100ml distilled water. 10 ml of solution was taken in a 

beaker and ZnO base was added in it. Reaction mixture was stirred for 60 minutes 

and pH was maintained by adding Sodium hydroxide and oxalic acid at feed rate 

0.5ml /minute. Precipitates were centrifuged at 10000 rpm and dried at 100
o
C. After 

drying as prepared Gd
+3

 doped ZnO nanoparticles were calcined for 2hours at 450
o
C. 

Fabrication of Gd
+3

 doped nanoparticles was confirmed by different characterization 

techniques. 
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ii. Doping of ZnO with Samarium 

 

 0.001M Samarium chloride hexahydrate solution was prepared by adding 36.481 

mg of Sm Cl3.6H2O in 100ml distilled water. 10 ml of solution was taken in a beaker 

and ZnO base was added in it. Reaction mixture was stirred for 60 minutes and pH 

was maintained by adding Sodium hydroxide and oxalic acid at feed rate 0.5ml 

/minute. Precipitates were centrifuged at 10000 rpm and dried at 100
o
C. After drying 

as prepared Sm
+3

 doped ZnO nanoparticles were calcined for 2 hours at 450
o
C. 

Fabrication of Sm
+3

 doped nanoparticles was confirmed by different characterization 

techniques. 

 

iii. Doping of ZnO with Lanthanum 

 

 0.001M Lanthanum chloride hexahydrate solution was prepared by adding 37.137 

mg of LaCl3.6H2O in 100ml distilled water. 10 ml of solution was taken in a beaker 

and ZnO base was added in it. Reaction mixture was stirred for 60 minutes and pH 

was maintained by adding Sodium hydroxide and oxalic acid at feed rate 0.5ml 

/minute. Precipitates were centrifuged at 10000 rpm and dried at 100
o
C. After drying 

as prepared La
+3

 doped ZnO nanoparticles were calcined for 2 hours at 450
o
C. 

Fabrication of La
+3

 doped nanoparticles was confirmed by different characterization 

techniques. 

 

3.6  Synthesis of TiO2 and Lanthanide (Ln = Gd, Sm, La) doped TiO2 nanoparticles 

        

  TiO2 was prepared by Sol-gel method using titanium isopropoxide as precursor. 

Titanium tetra isopropoxide is highly reactive compound and spontaneously hydrolyze in the 

presence of air or moisture therefore solution should be preserved in air tight bottle in dark. 
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3.6.1 Preparation of solutions 

 

i. Titanium tetra isopropoxide 

Titanium tetra isopropoxide solution was prepared by mixing it in isopropanol in 1:3. 5ml 

of titanium isopropoxide was taken and dissolved in 15 ml of isopropanol. Water is not 

used as  titanium isopropoxide readily hydrolyzed in presence of water. 

 

ii. Nitric acid solution  

 

357.14 ml pure nitric acid was taken and dilute it up to 1 liter, this is 5M nitric acid 

solution. This solution was used as stock solution. 1 molar, 0.5 molar and 0.1 molar 

solutions were made from this stock solution using dilution formula. 

  

iii. SDS solution 

Sodium Dodecyle sulphate was used as surfactant for fabrication of ZnO nanoparticles. 

0.008M solution of SDS was taken which is below the CMC value of SDS. 2309.8mg 

SDS was taken and made 1 liter solution. 

 

3.6.2 Fabrication procedure 

 

i. TiO2 nanoparticles (Surfactant free) 

 

 Titanium tetraisopropoxide was dissolved in isopropanol in 1:3. Acidified distilled water 

was added to hydrolyze the titanium tetraisopropoxide solution. Nitric acid was added to 

maintain the pH at 2.5 and NH4OH as used for basic pH (8.5) using feed rate 0.5ml/minute. 

Reaction mixture was stirred for 2 hours at 60
o
C to form sol. After formation of sol mixture was 

aged for 24 hours at ambient temperature to transform into gel. Gel was centrifuged at 12000 
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rpm for 20 minutes and then dried at 100
o
C for 2 hours to remove moisture. The dried powder 

was calcined at 450
o
C to convert it into nano TiO2 powder. 

 

ii. TiO2 nanoparticles (Surfactant based) 

To synthesize titanium oxide in the presence of surfactant 0.008M SDS was used. Same 

procedure was used to synthesize TiO2 in presence of surfactant as used in surfactant free TiO2 

nanoparticles with the difference that 50 ml of 0.008M SDS was added in mixture of titanium 

isopropoxide and isopropanol and then pH was adjusted by adding acid or base at feed rate 0.5ml 

per minute. 

 

3.6.3 Synthesis of Lanthanide doped TiO2 nanoparticles 

 

Titanium oxide nanoparticles were doped with rare earth metals to enhance their efficiency. 

Gadolinium, Samarium and lanthanum were used for doping of TiO2 nanoparticles. 

 

i. Doping of TiO2 with Gadolinium 

0.001M Gadolinium chloride hexahydrate solution was prepared by adding 37.209 mg of 

GdCl3.6H2O in 100ml distilled water. 10 ml of solution was taken in a beaker and TiO2 base was 

added in it. Reaction mixture was stirred for 60 minutes and pH was maintained by adding Nitric 

acid and Ammonium hydroxide at feed rate 0.5ml /minute. Precipitates were centrifuged at 

12000 rpm 20 minutes and dried at 100
o
C. After drying Gd

+3
 doped TiO2 nanoparticles were 

calcined for 2hours at 450
o
C. Fabrication of Gd

+3
 doped Titanium oxide nanoparticles was 

confirmed by different characterization techniques. 
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ii. Doping of TiO2 with Samarium 

0.001 M Samarium chloride hexahydrate solution was prepared by adding 36.481 mg of 

GdCl3.6H2O in 100ml distilled water. 10 ml of solution was taken in a beaker and TiO2 base was 

added in it. Reaction mixture was stirred for 60 minutes and pH was maintained by adding Nitric 

acid and Ammonium hydroxide at feed rate 0.5ml /minute. Precipitates were centrifuged at 

12000 rpm 20 minutes and dried at 100
o
C. After drying Sm

+3
 doped TiO2 nanoparticles were 

calcined for 2hours at 450
o
C. Fabrication of Sm 

+3
 doped Titanium oxide nanoparticles was 

confirmed by different characterization techniques. 

 

iii. Doping of TiO2 with Lanthanum 

 

0.001M Lanthanum chloride hexahydrate solution was prepared by adding 37.137 mg of 

LaCl3.6H2O in 100ml distilled water. 10 ml of solution was taken in a beaker and TiO2 base was 

added in it. Reaction mixture was stirred for 60 minutes and pH was maintained by adding Nitric 

acid and Ammonium hydroxide at feed rate 0.5ml /minute. Precipitates were centrifuged at 

12000 rpm 20 minutes and dried at 100
o
C. After drying La

+3
 doped TiO2 nanoparticles were 

calcined for 2 hours at 450
o
C. Fabrication of La

+3
 doped Titanium oxide nanoparticles was 

confirmed by different characterization techniques. 

 

3.7 Synthesis of SiO2 and Lanthanide (Ln = Gd, Sm, La) doped SiO2 nanoparticles 

 

 Silicon oxide nanoparticles were synthesized by using rice husk ash. Rice husk 

ash is a big source of silica and we can obtain nanosized silicon oxide at cheaper rate. 

However different chemicals and reagents were used to obtain pure silica nanoparticles 

from rice husk ash. 
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3.7.1 Preparation of chemicals 

Following chemicals and reagents were used for the synthesis of SiO2 

nanoparticles. 

i. HCl (10%) 

ii. H2SO4 (30%) 

iii. H2SO4 (0.5M) 

iv. NaOH (3.5 M) 

 

3.7.2 Fabrication procedure 

SiO2 nanoparticles were synthesized both in aqueous media without surfactant as 

well as in presence of surfactant. 

i. SiO2 nanoparticles (surfactant free) 

To fabricate SiO2 nanoparticles 10 grams of rice husk as taken in three necked 

round bottom flask and washed with distilled water to remove dust and debris and then 

pretreated with 10% HCl and 30% H2SO4 to remove any impurities. After acid treatment: 

rick husk was burned in furnace at 650
o
C for 4 hours. Rice husk was converted to rice 

husk ash which contains almost 90 – 98% silica and some impurities of carbon related 

compounds. Rice husk ash was further purified by acid leaching with 10% HCl and 30% 

H2SO4 in round bottom flask connected with reflex condenser. Slurry was washed and 

Sodium hydroxide? solution was added to form sodium silicate. 0.5 M H2SO4 was added 

in sodium silicate to hydrolyze the solution. At this stage sodium silicate was converted 

to Si(OH)4. The pH was adjusted at 4.0. Precipitates were centrifuged and dried at 100
o
C. 

After drying precipitates were calcined at 550
o
C for 2 hours. High purity SiO2 

nanoparticles were obtained by this method. 
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ii. SiO2 nanoparticles (surfactant) 

 To synthesize surfactant based SiO2 nanoparticles, 50 ml of 0.008 M SDS was 

added in sodium silicate slurry and then 0.5 M H2SO4 was added to hydrolyze the sodium 

silicate by keeping the pH 4.0. Further procedure was similar to as used for the synthesis 

of surfactant free SiO2 nanoparticles. 

 

4.7.3 Synthesis of rare earth doped SiO2 nanoparticles 

Silicon oxide nanoparticles were doped with rare earth metals to enhance their 

efficiency and reactivity. Gadolinium, Samarium and lanthanum were used for doping of 

SiO2 nanoparticles. 

i. Doping of SiO2 with Gadolinium 

0.001 M Gadolinium chloride hexahydrate solution was prepared by adding 37.209 mg of 

GdCl3.6H2O in 100 ml distilled water. 10 ml of solution was taken in a beaker and SiO2 base 

was added in it. Reaction mixture was stirred for 60 minutes and pH was maintained by 

adding sulphuric acid and sodium hydroxide at feed rate 0.5ml /minute. Precipitates were 

centrifuged at 10000 rpm 10 minutes and dried at 100
o
C. After drying Gd

+3
 doped SiO2 

nanoparticles were calcined for 2hours at 450
o
C. Fabrication of Gd 

+3
 doped silicon oxide 

nanoparticles was confirmed by different characterization techniques. 

ii. Doping of SiO2 with Samarium 

0.001 M Samarium chloride hexahydrate solution was prepared by adding 364.81 mg of 

GdCl3.6H2O in 100ml distilled water. 10 ml of solution was taken in a beaker and SiO2 base 

was added in it. Reaction mixture was stirred for 60 minutes and pH was maintained by 

adding Sulphuric acid and Sodium hydroxide at feed rate 0.5 ml /minute. Precipitates were 

centrifuged at 10000 rpm 10 minutes and dried at 100
o
C. After drying Sm

+3
 doped SiO2 

nanoparticles were calcined for 2hours at 450
o
C. Fabrication of Sm

+3
 doped Silicon oxide 

nanoparticles was confirmed by different characterization techniques. 
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iii. Doping of SiO2 with Lanthanum 

 

  0.001M Lanthanum chloride hexahydrate solution was prepared by adding 37.137 

mg of LaCl3.6H2O in 100 ml distilled water. 10 ml of solution was taken in a beaker and 

SiO2 base was added in it. Reaction mixture was stirred for 60 minutes and pH was 

maintained by adding Sulphuric acid and Sodium hydroxide at feed rate 0.5ml /minute. 

Precipitates were centrifuged at 12000 rpm 20 minutes and dried at 100
o
C. After drying 

La
+3

 doped SiO2 nanoparticles were calcined for 2hours at 450
o
C. Fabrication of La

+3
 

doped Silicon oxide nanoparticles was confirmed by different characterization techniques. 

  

3.8  Characterization 

 

 Synthesis of Zinc oxide, titanium oxide and silicon oxide nanoparticles and 

Lanthanide doped metal oxide nanoparticles were confirmed by different characterization 

techniques. Size of nanoparticles was analyzed by transmission electron microscope. 

Morphology of nanoparticles was confirmed by scanning electron microscope. Crystalline 

structure, lattice planes and identity of the sample can be determined by using XRD. 

Crystallite size can also be calculated using Scherer’s equation. Chemical nature of the 

nanoparticles and presence of any functional group was determined by FTIR. Phase 

transition and thermodynamical study of nanoparticles was done by TGA/DSC. Solid phase 

UV/ Vis spectroscopy was used to study band gap of nanoparticles. 

 

3.9  Applications 

 

 Nanoparticles have a wide range of physical, electrical, optical, catalytic and 

biological applications. However in this research work the main focus was catalytic and 

optical applications of nanoparticles. 
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3.9.1 Photocatalytic applications  

Nanoparticles play an important role in catalysis of various organic dyes and pollutants 

which are harmful for the environment. Nanoparticles convert these toxic and harmful chemical 

species into neutral or less toxic, environmental friendly substances by photodegradation. In this 

research work methylene blue was taken as a model of environment pollutant. Methylene Blue is 

a heterocyclic basic organic dye having molecular formula C16H18N3SCl with molecular weight 

319.86 g/mol and widely used in textile industry. Methylene blue is potential carcinogenic and 

releases aromatic amines such as methylene and benzidine. Metal oxide nanoparticles can 

degrade methylene blue and other organic pollutants in less toxic and easily degradable 

compounds. 

 

3.9.2 Photocatalysis Procedure 

Photocatalytic activity of undoped metal oxide nanoparticles and Lanthanide doped metal 

oxide nanoparticles can be determined by photodegradation of methylene blue dye. 10ppm 

solution of methylene blue was prepared by dissolving 10 mg methylene blue in one liter of 

distilled water and the solution of dye was stirred in dark continuously for 30 minutes to set up 

absorption/desorption equilibrium. 50 ml of 10 ppm MB solution was taken in a beaker and 

10mg fabricated nanocatalyst was added in the solution.  The activity of nanocatalyst was 

observed at different conditions such as in the presence of ultraviolet radiations, in sunlight and 

in dark. Calibration was done at wavelength of maximum absorption (λmax 665 nm) on the basis of 

Beer-Lambert law. 5ml of sample was taken after 30, 60 and 120 minutes of reaction and 

degradation of dye was studied in kinetic mode using UV-Vis spectrophotometer by measuring 

change in absorbance due to  catalytic degradation of MB dye. Plots were drawn between ln (A−A∞) 

vs time by using first-order rate equation (ln(A−A∞) = −kt+ln[Ao]). Following tables represent the brief 

description of nanocatalyst used, reaction time and condition for catalysis. 
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Sr. No Nanocatalyst Reaction condition Reaction time  

1 

 

ZnO (surfactant free) UV radiations 

 

30, 60, 120 (minutes) 

 Gd/ZnO (surfactant free) 

Sm/ZnO (surfactant free) 

La/ZnO (surfactant free) 

ZnO (surfactant) 

Gd/ZnO (surfactant) 

Sm/ZnO (surfactant) 

La/ZnO (surfactant) 

2 ZnO (surfactant free) Sunlight 30,60,120 (minutes) 

Gd/ZnO (surfactant free) 

Sm/ZnO (surfactant free) 

La/ZnO (surfactant free) 

ZnO (surfactant) 

Gd/ZnO (surfactant) 

Sm/ZnO (surfactant) 

La/ZnO (surfactant) 

3 ZnO (surfactant free) Dark 30,60,120 (minutes) 

Gd/ZnO (surfactant free) 

Sm/ZnO (surfactant free) 

La/ZnO (surfactant free) 

ZnO (surfactant) 

Gd/ZnO (surfactant) 

Sm/ZnO (surfactant) 

La/ZnO (surfactant) 

 

Table: 3.5 catalytic summary for ZnO and Lanthanide doped ZnO nanoparticles 
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Sr. No Nanocatalyst Reaction condition Reaction time  

1 

 

TiO2 (surfactant free) UV radiations 

 

30, 60, 120 (minutes) 

 Gd/ TiO2 (surfactant free) 

Sm/ TiO2 (surfactant free) 

La/ TiO2 (surfactant free) 

TiO2 (surfactant) 

Gd/ TiO2 (surfactant) 

Sm/ TiO2 (surfactant) 

La/ TiO2 (surfactant) 

2 TiO2 (surfactant free) Sunlight 30,60,120 (minutes) 

Gd/ TiO2 (surfactant free) 

Sm/ TiO2 (surfactant free) 

La/ TiO2 (surfactant free) 

TiO2 (surfactant) 

Gd/ TiO2 (surfactant) 

Sm/ TiO2 (surfactant) 

La/ TiO2 (surfactant) 

3 TiO2 (surfactant free) Dark 30,60,120 (minutes) 

Gd/ TiO2 (surfactant free) 

Sm/ TiO2 (surfactant free) 

La/ TiO2 (surfactant free) 

TiO2 (surfactant) 

Gd/ TiO2 (surfactant) 

Sm/ TiO2 (surfactant) 

La/ TiO2 (surfactant) 

 

Table: 3.6 catalytic summary for TiO2 and rare earth doped TiO2 nanoparticles 
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Sr. No Nanocatalyst Reaction condition Reaction time  

1 

 

SiO2 (surfactant free) UV radiations 

 

30, 60, 120 (minutes) 

 Gd/ SiO2 (surfactant free) 

Sm/ SiO2 (surfactant free) 

La/ SiO2 (surfactant free) 

SiO2 (surfactant) 

Gd/ SiO2 (surfactant) 

Sm/ SiO2 (surfactant) 

La/ SiO2 (surfactant) 

2 SiO2 (surfactant free) Sunlight 30,60,120 (minutes) 

Gd/ SiO2 (surfactant free) 

Sm/ SiO2 (surfactant free) 

La/ SiO2 (surfactant free) 

SiO2 (surfactant) 

Gd/ SiO2 (surfactant) 

Sm/ SiO2 (surfactant) 

La/ SiO2 (surfactant) 

3 SiO2 (surfactant free) Dark 30,60,120 (minutes) 

Gd/ SiO2 (surfactant free) 

Sm/ SiO2 (surfactant free) 

La/ SiO2 (surfactant free) 

SiO2 (surfactant) 

Gd/ SiO2 (surfactant) 

Sm/ SiO2 (surfactant) 

La/ SiO2 (surfactant) 

 

Table: 3.7 catalytic summary for SiO2 and rare earth doped SiO2 nanoparticles 
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3.9.2 Optical activity 

 

Optical behavior of prepared nanoparticle samples was determined by solid phase 

spectroscopy by measuring absorption spectra. 10 mg of sample was taken and added it into 

5ml deionized water. Sample was sonicated for 30 minutes to form homogenous suspension 

and thin layer was prepared on glass slide to observe the absorbance of sample. Sample was 

kept in sample compartment and absorbance was measured. Band gap was calculated by 

wood and tauc equation.  

 

αhv = B (hv- Eg)
1/n

. 

 

Direct band gap energy can be obtained by plotting (αhv)
2
 vs (hv) while Eg value was 

obtained by extrapolation of straight line.  Optical band gap of ZnO, Gd/ZnO, Sm/ZnO, 

La/ZnO, TiO2, Gd/TiO2, Sm/TiO2, La/TiO2, SiO2, Gd/SiO2, Sm/SiO2, La/ SiO2 was 

calculated in this way. 
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Chapter 4 

Results and discussion 

 

 

Synthesis of nanoparticles was confirmed by different characterization techniques such as,  

 Transmission electron microscopy (TEM) 

Transmission electron microscopy is a special structural technique and has the ability to 

directly image the atoms in the sample approximately up to resolution of 0.1 nm which is lesser 

than interatomic distance. As well as an electron ray can be focused to a breadth lesser than ~ 0.3 

nm, resulting quantitative chemical examination from a single nanocrystal. This sort of analysis 

is exceptionally significant for characterizing nanomaterial samples having diameter from atoms 

to hundreds of nanometers. TEM is helpful to analyze nanomaterials to get information regarding 

particle size, crystallinity, shape, and interparticle interaction. Nikoobakht et al., (2000) 

 Scanning electron microscopy (SEM) 

Scanning electron microscopy (SEM) is a highly powerful technique used to image the 

surface of just about every material with a resolution of approximately 1 nm showing their 

morphology. The image resolution in SEM depends on the nature of the electron probe, as well 

as on the interaction of the specimen with the electron probe. Incident electron beam Interacts 

with the specimen to generate secondary electrons, having energies characteristically lesser than 

50 eV, the emission efficiency of these secondary electrons highly depends on surface chemical 

characteristics, surface geometry and bulk chemical composition. Goldstein et al., (2012) 

 X-ray Diffraction  (XRD) 

X-ray diffraction (XRD) is a common and influential technique to determine structure of 

crystalline materials. Diffraction patterns on wide-angles represent atomic structure of 

nanomaterial, whereas the diffraction pattern at the region of small-angle provides information 

regarding the controlled assembly of nanomaterials, e.g. super lattices. Crystalline phase of 

nanomaterial can be examined by diffraction patterns. The width of diffraction pattern is closely 

interconnected to the size, defects, size distribution, and strain in nanomaterial. A decrease in 
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nanocrystal size, results in line broadening because of loss of long range array as compared to 

the bulk material.  The XRD line width provides the information about the crystallite size by 

using the Debye-Scherer formula. Conversely, this line broadening is not suitable for analysis of 

particles lesser than ~ 1 nm due to structural inaccuracies. Murray et al., (1995) 

 Fourier transform infrared spectroscopy (FTIR) 

Fourier transform infrared spectroscopy (FTIR) associated with the interaction of photons 

with atoms in the sample which are responsible for energy transfer through vibrational 

excitations or de-excitations. The vibrational frequencies endow with the knowledge of chemical 

bonds in the sample to be characterized. FTIR spectroscopy is generally studied in (MIR) middle 

infrared region, where the major vibrational transitions takes place and corresponds to 

wavelength range between 400 and 4000 cm
-1

. FTIR is used to identify the bonds between atoms 

and functional groups present in the sample. Potassium bromide pellets were made to analyze the 

nanoparticle sample by mixing its small amount in KBr.  

 Thermo gravimetric analysis/Differential scanning calorimetry (TGA/DSC) 

Thermal stability of sample is analyzed by using TGA. Phase change by Gain or loss of 

weight of nanoparticle sample as a function of temperature is studied. The steps for 

decomposition of sample are observed by plot of weight variation vs temperature. Sample 

surface loading can also be studied by TGA. DSC tells us either reaction is exothermic or 

endothermic. Meng et al., (2007) 
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4.1 Characterization of Zinc oxide and Lanthanide doped ZnO 

4.1.1 Transmission electron microscopy of ZnO and rare earth doped ZnO 

 TEM pictures of ZnO and rare earth doped ZnO are given below. From TEM images 

grain size can be calculated. Particle morphology and degree of agglomerization can also be 

studied to some extent. 

 

  

(a) (b) 

 

  

 (c)      (d)  
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 (e)      (f) 

 

   

 (g)      (h) 

         Figure: 4.1TEM image of (a) NZ-1, (b) NZ-2, (c) NZ-3, (d) NZ-4, (e) NZ-5, (f) NZ-6, (g) NZ-7, (h) NZ-8 

Figure 4.1 is showing the TEM analysis of as synthesized ZnO and Lanthanide doped 

ZnO. Particle size for nanometal oxide was calculated from TEM image. It was studied from the 

figure that average particle size was 27 nm for NZ-1 fig4.1(a), 23 nm for NZ-2 fig4.1(b), 22 nm 

for NZ-3 fig4.1(c), 22 nm for NZ-4 fig4.1(d), 18 nm for NZ-5 fig4.1(e), 11nm for NZ-6 fig4.1(f), 

17 nm for NZ-7 fig4.1(g), and 16 nm for NZ-8 fig4.1(h). It was represented from data that ZnO 

nanoparticles sample fabricated in aqueous media in the absence of surfactant have maximum 

particle size among all ZnO nanoparticle samples. Minimum particle size was shown by NZ-6 

which was Samarium doped Zinc oxide nano sample. It was cleared that the samples, which 

were fabricated by using surfactant have smaller particle size as compared to nanoparticle 

samples fabricated in aqueous media. It was also analyzed that doped samples have smaller 
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particle size as compared to undoped metal oxide showing that doping effect the growth of 

particle size during the fabrication of nanomaterial and reduced the particle size to some extent.   

 

4.1.2 Scanning electron microscopy of ZnO and rare earth doped ZnO 

 SEM pictures of ZnO and rare earth doped ZnO are given below. From SEM images 

morphology of nanoparticles is determined. SEM images of as synthesized ZnO and rare earth 

doped ZnO is given below. 

 

  

(a)      (b) 

 

  

(c)      (d) 
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(e)      (f) 

 

  

(g)      (h) 

        Figure: 4.2 SEM image of (a) NZ-1, (b) NZ-2, (c) NZ-3, (d) NZ-4, (e) NZ-5, (f) NZ-6, (g) NZ-7, (h) NZ-8 

 

Figure 4.2 is showing the SEM images of ZnO and rare earth doped ZnO nanoparticles. 

Particle morphology for nanometal oxides was determined by SEM images. It was studied from 

the figure that particle shape was irregular, slightly spherical for NZ-1 fig4.2(a), rounded and 

spongy  for NZ-2 fig4.2(b), irregular shape with doping was shown for NZ-3 fig4.2(c), and NZ-4 

fig4.2(d), Squishy in texture, rounded to irregular with prominent doping at some points for NZ-

5 fig4.2(e), NZ-6 fig4.2(f), NZ-7 fig4.2(g), and NZ-8 fig4.2(h). High degree coagulation was 

also analyzed in SEM images of all the samples. 
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4.1.3 XRD Analysis of ZnO and rare earth doped ZnO 

XRD Analysis of ZnO and rare earth doped ZnO is given below. From XRD analysis 

phase of nanoparticles along with crystallite size was determined.  
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      (c) 

 

      (d) 

 

(e) 
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     (f) 

 

      (g) 

 

     (h) 

Figure: 4.3 XRD image of (a) NZ-1, (b) NZ-2, (c) NZ-3, (d) NZ-4, (e) NZ-5, (f) NZ-6, (g) NZ-7, (h) NZ-8 
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XRD was done by (X’pert PRO, PANAnalytical) X-ray diffractometer.  XRD was used 

to study the crystalline phase of nanoparticles and crystallite size (size of single crystal) can also 

be calculated. Nanometer size of particles was represented by Peak broadening. Crystallite size 

was calculated using Scherer equation  

 

D = 0.89·λ/β·cosӨ 

 

Where 

 0.89 is constant representing shape of particle. 

 λ is 1.5406 for Cu K-α radiations. 

 β is obtained from peak and represented full width at half maximum. 

 Ө is position of peak. 

Figure 4.3 is showing XRD pattern for ZnO and lanthanide doped ZnO nanoparticles. 

Peaks were labeled with hkl planes. Peak’s position was mentioned in diagram showing 2Ө 

position at 36-37 degrees with hexagonal geometry in all samples. This was confirmed from 

literature that ZnO main peak appeared in this area. Crystallite size was calculated for 101 

crystallographic planes Bovo (2011) and given in table 4.1.  
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Sr.No Nanoparticle 

sample 

Crystallite 

size (nm) 

2 Ө 

(degree) 

FWHM d-Spacing 

(A
o
) 

Lattice 

strain 

1 NZ-1 27.74 36.300 0.3149 2.474 0.0042 

2 NZ-2 27.29 36.011 0.3198 2.494 0.0043 

3 NZ-3 15.85 36.292 0.5510 2.475 0.0073 

4 NZ-4 15.87 36.582 0.5510 2.475 0.0073 

5 NZ-5 17.50 36.151 0.4988 2.486 0.0027 

6 NZ-6 8.879 36.271 0.9840 2.476 0.0131 

7 NZ-7 15.93 36.154 0.5412 2.846 0.0084 

8 NZ-8 15.78 36.644 0.5542 2.452 0.0073 

  

Table 4.1: Different parameters and crystallite size of crystallographic plane (101) of ZnO nanoparticles  

 

From data given in table it was analysed that lowest grain size obtained for NZ-6 which 

was Sm/ZnO and also analyzed that Lanthanide doped nanoparticles give smaller crystallite size 

than undoped nanoparticles as well as samples fabricated in surfactant give smaller grain size as 

compared to the samples fabricated in aqueous media. Surfactants play an important role in 

growth and designing of nanoparticle by reducing the rate of coagulation. Ali et al., (2013). 

 

4.1.4 FTIR of ZnO and rare earth doped ZnO 

 FTIR of ZnO and Gd doped ZnO is given in the figure 4.4. Zinc Oxide and Gadolinium 

Doped Zinc Oxide nanoparticles were analyzed by FTIR. The peaks appeared at 3,419 and 3,418 

cm
−1

 was due to stretching vibration of -OH Anwar et al., (2015). The peaks appeared at 2,358 

and 1,043 cm
−1

 are mainly due to C-O, which indicates the adsorption atmospheric CO2 on 

highly reactive surface area of nanoparticles. The main peak of Zn-O  is present at 1551 cm
−1 

as 
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shown in Fig. 4.4 (a) 1551, 1540 cm
-1

. The presence of Gd in doped sample is confirmed by peak 

at 1396 and 669 cm
-1

 as shown in Fig. 4.4 (b). Ali et al., (2013) 

 

 

    Figure 4.4 FTIR of (a)  NZ-4, (b) NZ-2 

 

4.1.5 TGA/DSC of ZnO and rare earth doped ZnO 

Thermo gravimetric analysis was performed at 450
°
C. TGA curve of uncalcined samples 

represent major mass loss in two steps. In the first step from temperature range 75-160
°
C weight 

loss is due to removal of surface adsorbed water. This is shown from the figure. In second step 

mass loss takes place at temperature range 360-420
 °

C, there is very sharp curve at this 

temperature range which represents major weight loss due to formation of metal oxide from 

hydroxide  (shown in Fig. 4.5 (a) and (b)). In first step mass loss is from 98.5 – 70 % and in 

second step mass loss is up to 39 %. DSC curve shows formation of ZnO and Gd doped ZnO in 

two endothermic reactions at 160 and 390 
°
C. Ali et al., (2013) 
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(a)        (b) 

Figure 4.5. TGA/ DSC curve for (a) NZ-2 (b) NZ-4 
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4.2 Characterization of TiO2 and Lanthanide doped TiO2 

  Characterization results of TiO2 and lanthanide doped TiO2 is given as: 

 

4.2.1 TEM of TiO2 and rare earth doped TiO2 

 

  

(a) (b) 

 

    

  

(c)      (d) 
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(e)      (f) 

 

  

(g)      (h) 

         Figure: 4.6 TEM image of (a) NT-1, (b) NT-2, (c) NT-3, (d) NT-4, (e) NT-5, (f) NT-6, (g) NT-7, (h) NT-8 

 

 Figure 4.6 is showing the TEM analysis of as synthesized TiO2 and doped TiO2. Particle 

size for nanometal oxides was calculated from TEM image. It was studied from the figure that 

average particle size was 27 nm for NT-1 fig4.6(a), 21 nm for NT-2 fig4.6(b), 23 nm for NT-3 

fig4.6(c), 16 nm for NT-4 fig4.6(d), 18 nm for NT-5 fig4.6(e), 13nm for NT-6 fig4.6(f), 09 nm 

for NT-7 fig4.6(g), and 07 nm for NT-8 fig4.6(h). From TEM images it was analyzed that 

particle size of TiO2 doped with Lanthanum showed smaller grain size as compared to other 

nanoparticle samples. Similarly surfactant based nanoparticles have smaller particle size than the 

nanoparticles fabricated in aqueous media. 

  



63 
 

4.2.2 SEM of TiO2 and rare earth doped TiO2  

SEM image of TiO2 and rare earth doped TiO2 is given below. 

 

  

(a) (b) 

 

 

 

  

(b) (d) 
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(e)      (f) 

 

  

(g)      (h) 

 Figure: 4.7 SEM image of (a) NT-1, (b) NT-2, (c) NT-3, (d) NT-4, (e) NT-5, (f) NT-6, (g) NT-7, (h) NT-8 

 

 

 Figure 4.7(a) was showing spherical and oval shape particles with squishy structure while 4.7(b) 

was showing irregular shape particles and pebble like structure. Other nanoparticle samples 

4.7(c) to 4.7(h) were showing spherical to oval shape nanoparticles with honey comb like texture 

and coagulation of particles appeared. Doping was also shown on nanoparticles samples. 
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4.2.3 XRD of TiO2 and rare earth doped TiO2 

  XRD pattern for TiO2 samples was given below in figure 4.8. 
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(c) 
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      (e) 
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       (g) 

 

 

 (h) 

Figure: 4.8 XRD image of (a) NT-1, (b) NT-2, (c) NT-3, (d) NT-4, (e) NT-5, (f) NT-6, (g) NT-7, (h) NT-8 

 

Figure 4.8 is showing XRD pattern for TiO2 and lanthanide doped TiO2 nanoparticles. 

Peaks were labeled with hkl crystallographic planes. Peak’s position was mentioned in diagram 

showing 2Ө position from 24-25 degrees with tetragonal geometry and anatase crystalline form 

in all samples. This was confirmed from literature that TiO2 main peak appeared at this 2Ө 

position Holmberg (2012). Crystallite size was calculated for 101 crystallographic planes and 

given in table 4.2.  
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Sr.No Nanoparticle 

sample 

Crystallite 

size (nm) 

2 Ө 

(degree) 

FWHM d-Spacing 

(A
o
) 

Lattice 

strain 

1 NT-1 31.97 25.46 0.2662 3.497 0.0051 

2 NT-2 12.0 25.14 0.7085 3.541 0.0139 

3 NT-3 25.43 25.24 0.3345 3.527 0.0065 

4 NT-4 10.8 24.95 0.7872 3.567 0.0155 

5 NT-5 19.25 24.58 0.4413 3.621 0.0088 

6 NT-6 12.66 25.35 0.6720 3.509 0.0130 

7 NT-7 4.83 25.17 1.7593 3.583 0.0344 

8 NT-8 4.46 25.17 1.9086 3.538 0.0373 

 Table 4.2: Different parameters and crystallite size of crystallographic plane (101) of  TiO2 nanoparticles 

 

From data given in table it was analysed that lowest grain size obtained for NT-8 which 

was La/TiO2 and it was also analyzed that doped nanoparticles give smaller crystallite size than 

undoped nanoparticles as well as samples fabricated in surfactant give smaller grain size as 

compared to the samples fabricated in aqueous media. Surfactants play an important role in 

growth and designing of nanoparticle by reducing the rate of coagulation. From study of FWHM 

values it was analyzed that crystallite size is inversely proportional to FWHM. By increasing the 

value of full width at half maxima the crystallite size decreased, with FWHM value 1.9086 the 

crystallite size was 4.46 nm whereas with FWHM 0.2662 crystallite size was 31.97. It was also 

verified from literature that both values are inverse to each other . 
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4.3 Characterization of SiO2 nanoparticles 

 

4.3.1 TEM of SiO2 and rare earth doped SiO2 

 

  

(a)      (b) 

  

(c)      (d) 

  

(e)      (f) 
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(g)      (h) 

Figure: 4.9 TEM image of (a) NS-1, (b) NS-2, (c) NS-3, (d) NS-4, (e) NS-5, (f) NS-6, (g) NS-7, (h) NS-8 

 

Figure 4.9 is showing the TEM analysis of as synthesized SiO2 and doped SiO2. Particle 

size for nanometal oxide was calculated from TEM image. It was studied from the figure that 

average particle size was 18 nm for NS-1 fig4.9(a), 19 nm for NS-2 fig4.9(b), 17 nm for NS-3 

fig4.9(c), 13 nm for NS-4 fig4.9(d), 16 nm for NS-5 fig4.9(e), 11 nm for NS-6 fig4.9 (f), 17 nm 

for NS-7 fig4.9(g), and 08 nm for NS-8 fig4.9(h). Smallest particle size was obtained for NS-8 

(La/SiO2). Agglomerization also present in nanoparticles.  

 

4.3.2 SEM of SiO2 and rare earth doped SiO2  

 

  

(a)      (b) 
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(c)      (d) 

  

(e)      (f) 

 

  

(g)      (h) 

Figure: 4.10 SEM image of (a) NS-1, (b) NS-2, (c) NS-3, (d) NS-4, (e) NS-5, (f) NS-6, (g) NS-7, (h) NS-8 

 

Figure 4.10(a), 4.10(b), and 4.10(h) were showing spherical and oval shape particles with 

squishy structure while 4.10(c) and 4.10 (d) was showing rounded particles with grain like 

structure sticking with each other. Other nanoparticle samples 4.10(e), 4.10(f), and 4.10 (g) were 
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showing rounded particles with stones like appearance. Doping and coagulation was also shown 

on nanoparticles samples. 

 

4.3.3 XRD of SiO2 and rare earth doped SiO2 
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(c) 
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      (f) 

 

      (g) 

 

     (h) 

Figure: 4.11 XRD image of (a) NS-1, (b) NS-2, (c) NS-3, (d) NS-4, (e) NS-5, (f) NS-6, (g) NS-7, (h) NS-8 
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Figure 4.11 showed XRD pattern for SiO2 and lanthanide doped SiO2 nanoparticles. 

Peaks were labeled with hkl crystallographic planes. Peak’s position was mentioned in diagram 

representing 2Ө position from 23 degrees. This was confirmed from literature that SiO2 main 

peak appeared at this 2Ө position (Stanley et al., (2014), Koao et al., (2009). Crystallite size 

was calculated and given in table 4.3.  

Sr.No Nanoparticle 

sample 

Crystallite 

size (nm) 

2 Ө 

(degree) 

FWHM d-Spacing 

(A
o
) 

Lattice 

strain 

1 NS-1 15.31 23.33 0.5510 3.812 0.0116 

2 NS-2 15.78 23.39 0.5392 3.801 0.0114 

3 NS-3 13.45 23.33 0.6298 3.811 0.0133 

4 NS-4 12.64 22.97 0.6701 3.871 0.0144 

5 NS-5 15.38 23.31 0.5510 3.816 0.0117 

6 NS-6 09.09 23.07 0.9323 3.855 0.0199 

7 NS-7 19.44 23.23 0.4360 3.829 0.0093 

8 NS-8 7.10 23.05 1.193 3.858 0.0255 

 

Table 4.3: Different parameters and crystallite size of crystallographic plane (101) of  SiO2 nanoparticles 

 

From data given in table it was analysed that lowest grain size obtained for NS-8 which 

was La/SiO2 and it was also analyzed that doped nanoparticles give smaller crystallite size than 

undoped nanoparticles as well as samples fabricated in surfactant give smaller grain size as 

compared to the samples fabricated in aqueous media. Surfactants play an important role in 

growth and designing of nanoparticle by reducing the rate of coagulation. From study of FWHM 

values it was analyzed that crystallite size is inversely proportional to FWHM. By increasing the 

value of full width at half maxima the crystallite size decreased, with FWHM value 1.193 the 

crystallite size was 7.10nm whereas with FWHM 0.4360 crystallite size was 19.44. It was also 

verified from literature that both values are inverse to each other. 
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4.4 PHOTOCATALYSIS 

 

4.4.1 Photocatalysis for ZnO and Lanthanide doped ZnO 

 

To analyze the photocatalytic activity of as synthesized nanoparticles 10ppm solution 

of methylene blue dye was prepared by dissolving 10 mg methylene blue in one liter of 

distilled water and the solution of dye was stirred in dark continuously for 30 minutes to 

setup absorption/desorption equilibrium. 50 ml of 10 ppm M.B solution was taken in 100 ml 

beakers separately for each fabricated nanoparticle sample.10mg of fabricated nanocatalyst 

named NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7, and NZ-8 was added in the M.B 

solution. The beakers were marked according to the nanocatalyst powder added.  The activity 

of nanocatalyst was observed at different conditions such as in the presence of ultraviolet 

radiations, in sunlight and in dark. Calibration was done at wavelength of maximum 

absorption (λmax 665 nm) on the basis of Beer-Lambert law. 5ml of sample was taken after 

30, 60 and 120 minutes of reaction and degradation of dye was studied in kinetic mode using 

UV-Vis spectrophotometer by measuring change in absorbance due to  catalytic degradation 

of MB dye. Plot was drawn between ln (At−A∞) vs time by using first-order rate equation (ln 

(At−A∞) = −kt+ln [Ao]).  

 

4.4.1.1 Photocatalysis for 30 min in dark 

50 ml of M.B dye was taken in 8-beakers separately and 10 mg of each sample of 

NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7, and NZ-8 was added in M.B solution and the 

solution of dye was stirred for 30 minutes in dark. The absorbance was measured using UV- 

Visible spectrophotometer at 665 nm at kinetic mode and first order rate constant was 

calculated using first order rate equation (ln(At−A∞) = −kt+ln[Ao]). From the result it is 

obtained that at this condition: reaction was incredibly slow and extremely small amount of 

dye was degraded. The first order rate constant (k) value obtained for NZ-1 is 0.0653, where 

as 0.0667 for NZ-2, 0.0710 for NZ-3, 0.0723 for NZ-4, 0.0733 for NZ-5, 0.0845 for NZ-6, 
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0.0729 for NZ-7 and 0.0792 for NZ-8 is obtained which is mentioned in fig 4.12. The 

percentage degradation value for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7, and NZ-8 is 

1.812, 2.137, 2.816, 2.859, 4.133, 5.778, 3.725, and 4.297 respectively. fig 4.13 is 

representing plot of %age degradation vs time. Result showed that after 30 minute stirring in 

dark, maximum degradation was carried out using nanocatalyst sample NZ-6 which is 5.778. 

It shows that use of surfactant and doping of metaloxide nanoparticle give better results as 

compared to undoped metal oxide nanocatalyst fabricated in aqueous solution. 

 

 

 

Fig:4.12  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 30 min in dark. 
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Fig:4.13 Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 30 min in dark. 

 

 

4.4.1.2 Photocatalysis for 60 min in dark 

 

50 ml of M.B dye was taken in beaker for each nanocatalyst sample. 10 mg sample 

was added and solution was stirred for 60 minutes in dark and the absorbance was measured 

at 665nm in kinetic mode. Graph was plotted b/w ln (At-A∞) vs time (fig 4.14). From the 

graph first order rate constant (k) value was calculated for nanocatalyst which is 0.0625 for 

NZ-1, 0.0645 for NZ-2, 0.0655 for NZ-3, 0.0721 for NZ-4, .0742 for NZ-5, 0.0803 for NZ-6, 

0.0757 for NZ-7, and 0.0766 for NZ-8. %age degradation value was calculated using 

absorbance. %age degradation was 2.019, 2.479, 4.143, 4.197, 5.157, 7.764, 5.760, and 5.893 

for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively fig 4.15. After 60 

min reaction of dye with nanocatalyst again highest photocatalytic activity was obtained for 

NZ-6 . 
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Fig:4.14  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 60 min in dark. 

 

 

Fig:4.15  Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 60 min in dark. 
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4.4.1.3 Photocatalysis for 120 min in dark 

 

  

  50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 120 minutes in dark and absorbance was measured at 665nm in 

kinetic mode using Uv-visible spectrophotometer. Absorbance was decreased with the 

passage of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time fig 

4.16 and slope was drawn to obtain the value of first order rate constant (k). The first order 

rate constant (k) value was 0.0672, 0.0794, 0.0802, 0.0829, 0.0833, 0.0893, 0.0845 and 

0.0866 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively. Whereas 

%age degradation value calculated from absorbance was 2.533, 3.448, 6.383, 7.481, 7.785, 

9.506, 7.457, and 8.112 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 

respectively (fig 4.17). Maximum degradation was obtained for NZ-6.  

 

 

 

Fig:4.16  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 120 min in dark. 
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Fig:4.17  Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 120 min in dark. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0 10 20 30 40 50 60 

%
ag

e
 d

e
gr

ad
at

io
n

  

Time (min) 



83 
 

Sr. 

No 

Nano 

catalyst 
30 min In dark 60 min in dark 120 min in dark 

  
k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NZ-1 0.0653 1.812 0.0625 2.019 0.0672 2.533 

2 NZ-2 
0.0667 

 
2.137 0.0645 2.479 0.0794 3.448 

3 NZ-3 0.0710 2.816 0.0655 4.143 0.0802 6.383 

4 NZ-4 0.0723 2.859 0.0721 4.197 0.0829 7.481 

5 NZ-5 0.0733 4.133 0.0742 5.157 0.0833 7.785 

6 NZ-6 0.0845 5.778 0.0803 7.764 0.0893 9.506 

7 NZ-7 
0.0729 

 
3.725 0.0757 5.760 0.0845 7.457 

8 NZ-8 0.0792 4.297 0.0766 5.893 0.0866 8.112 

 

Table:4.4  Summary of first order rate constant k-value and %age degradation in dark for different reaction 

times. 
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 4.4.1.4 Photocatalysis for 30 min in sunlight. 

 

50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 30 minutes in sunlight and absorbance was measured at 665nm in 

kinetic mode using UV-visible spectrophotometer. Change in absorption value was 

observed for 60 minutes and found that absorbance was decreased with the passage of 

time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time (fig 4.18). 

A slope was drawn to obtain the value of first order rate constant (k). The first order rate 

constant (k) value was 0.0738, 0.0800, 0.0811, 0.0816, 0.0850, 0.0830, 0.0846 and 

0.0876 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively. Whereas 

%age degradation value calculated from absorbance was 3.346, 4.810, 6.476, 12.264, 

13.514, 12.826, 13.636, and 15.789 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and 

NZ-8 respectively (fig 4.19). Maximum degradation was obtained for NZ-8.  

 

 

 

Fig:4.18  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 30 min in sunlight. 
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Fig:4.19  Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 30 min in sunlight. 

 

 

4.4.1.5 Photocatalysis for 60 min in sunlight. 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 60 min 

in sunlight 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. 

The solution was stirred for 60 minutes in sunlight and absorbance was measured at 

665nm in kinetic mode using Uv-visible spectrophotometer. Change in absorption value 

was observed for 60 minutes and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time (fig 

4.20). A slope was drawn to obtain the value of first order rate constant (k). The first 

order rate constant (k) value was observed 0.0770, 0.0788, 0.0792, 0.0864, 0.0852, 

0.0883, 0.0803, and 0.0943 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 

respectively. Whereas %age degradation value calculated from absorbance was 4.812, 

6.075, 8.144, 16.901, 16.156, 17.164, 14.468, and 18.817 for NZ-1, NZ-2, NZ-3, NZ-4, 

NZ-5, NZ-6, NZ-7 and NZ-8 respectively (fig 4.21). Maximum degradation was obtained 
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for NZ-8. It was observed that maximum activity was shown by NZ-8 at 60 min in 

sunlight and also observed that doping of metal oxide nanoparticles with rare earth metals 

resulted in enhancement of photocatalytic activity. 

 

 

 

 

Fig:4.20  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 60 min in sunlight 
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Fig:4.21  Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 60 min in sunlight. 

 

 

4.4.1.6 Photocatalysis for 120 min in sunlight. 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 120 

min in sunlight 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was 

added. The solution was stirred for 120 minutes in sunlight and absorbance was measured 

at 665nm in kinetic mode using UV-Visible spectrophotometer. Change in absorption 

value was observed for 60 minutes and found that absorbance was decreased with the 

passage of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time 

(fig 4.22). A slope was drawn to obtain the value of first order rate constant (k). The first 

order rate constant (k) value was observed 0.0831, 0.0843, 0.0854, 0.0961, 0.0958, 

0.0927, 0.0949, and 0.0970 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 

respectively. Whereas %age degradation value calculated from absorbance was 5.823, 

6.186, 10.059, 20.236, 18.449, 17.219, 17.949, and 21.765 for NZ-1, NZ-2, NZ-3, NZ-4, 

NZ-5, NZ-6, NZ-7 and NZ-8 respectively (fig 4.23). Maximum degradation was obtained 
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for NZ-8. It was observed that maximum activity was shown by NZ-8 which is 

lanthanum doped ZnO in surfactant at 120 min in sunlight and also observed that doping 

of metal oxide nanoparticles with rare earth metals resulted in enhancement of 

photocatalytic activity. 

 

 

 

Fig:4.22  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 120 min in sunlight 
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Fig:4.23  Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 120 min in sunlight. 
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Sr. 

No 

Nano 

catalyst 
30 min In sunlight 60 min in sunlight 120 min in sunlight 

  
K- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NZ-1 0.0738 3.346 0.0770 4.812 0.0831 5.823 

2 NZ-2 0.0800 4.810 0.0788 6.075 0.0843 6.186 

3 NZ-3 0.0811 6.476 0.0792 8.144 0.0854 10.059 

4 NZ-4 0.0816 12.264 0.0864 16.901 0.0961 20.236 

5 NZ-5 0.0850 13.514 0.0852 16.156 0.0958 18.449 

6 NZ-6 0.0830 12.826 0.0883 17.164 0.0927 17.219 

7 NZ-7 0.0846 13.636 0.0803 14.468 0.0949 17.949 

8 NZ-8 0.0876 15.789 0.0943 18.817 0.0970 21.765 

 

Table 4.5  Summary of first order rate constant k-value and %age degradation in sunlight for different 

reaction times. 

 

 

4.4.1.7 Photocatalysis for 30 min in UV-Light.  

 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min 

in sunlight 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. 

The solution was irradiated with UV-radiations for 30 minutes using a UV-lamp as 

radiation source and absorbance was measured at 665nm in kinetic mode using Uv-

visible spectrophotometer. Change in absorption value was observed for 60 minutes and 

found that absorbance was decreased with the passage of time due to the degradation of 

dye. Graph was plotted b/w ln (At-A∞) vs time (fig 4.24). A slope was drawn to obtain the 
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value of first order rate constant (k). The first order rate constant (k) value was observed 

0.0774, 0.0794, 0.0911, 0.101, 0.0964, 0.1012, 0.0951, and 0.0964 for NZ-1, NZ-2, NZ-

3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively. Whereas %age degradation value 

calculated from absorbance was 3.936, 5.723, 10.797, 19.565, 15.205, 20.305, 14.183, 

and 16.129 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively. It 

was observed that maximum activity was shown by NZ-6 which is Samarium doped ZnO 

in surfactant and also observed that doping of metal oxide nanoparticles with rare earth 

metals resulted in enhancement of photocatalytic activity. 

 

 

 

Fig:4.24  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 30 min in UV-light. 
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Fig:4.25  Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 30 min in UV-light. 

 

 

4.4.1.8 Photocatalysis for 60 min in UV-Light.  

 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min 

in sunlight 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. 

The solution was irradiated with UV-radiations for 60 minutes using a UV-lamp as 

radiation source and absorbance was measured at 665nm in kinetic mode using Uv-

visible spectrophotometer. Change in absorption value was observed for 60 minutes and 

found that absorbance was decreased with the passage of time due to the degradation of 

dye. Graph was plotted b/w ln (At-A∞) vs time (fig 4.26). A slope was drawn to obtain the 

value of first order rate constant (k). The first order rate constant (k) value was observed 

0.0829, 0.0847, 0.0897, 0.1012, 0.0940, 0.1031, 0.0982, and 0.1006 for NZ-1, NZ-2, NZ-

3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively. Whereas %age degradation value 

calculated from absorbance was 5.437, 6.478, 13.636, 22.963, 17.752, 23.175, 18.135, 
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and 20.970 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively. It 

was observed that maximum activity was shown by NZ-6 which is Samarium doped ZnO 

in surfactant and also observed that doping of metal oxide nanoparticles with rare earth 

metals resulted in enhancement of photocatalytic activity. 

 

 

 

Fig:4.26  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 60 min in UV-light. 
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Fig:4.27  Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 60 min in UV-light. 

 

4.4.1.9 Photocatalysis for 120 minutes in UV-Light.  

 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min 

in sunlight 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. 

The solution was irradiated with UV-radiations for 120 minutes using a UV-lamp as 

radiation source and absorbance was measured at 665 nm in kinetic mode using Uv-

visible spectrophotometer. Change in absorption value was observed for 60 minutes and 

found that absorbance was decreased with the passage of time due to the degradation of 

dye. Graph was plotted b/w ln (At-A∞) vs time (fig 4.28). A slope was drawn to obtain the 

value of first order rate constant (k). The first order rate constant (k) value was observed 

0.0749, 0.0809, 0.897, 0.1033, 0.0900, 0.1027, 0.0898, and 0.1022 for NZ-1, NZ-2, NZ-

3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively. Whereas %age degradation value 

calculated from absorbance was 6.086, 7.326, 16.471, 26.146, 20.202, 26.047, 17.995 and 

23.404 for NZ-1, NZ-2, NZ-3, NZ-4, NZ-5, NZ-6, NZ-7 and NZ-8 respectively. It was 
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observed that maximum activity was shown by NZ-4 which is Gadolinium doped ZnO in 

surfactant and also observed that there is slight difference in catalytic activity of NZ-4 

and NZ-6. Doping of metal oxide nanoparticles with rare earth metals resulted in 

enhancement of photocatalytic activity. 

 

 

 

Fig:4.28  Plot of ln (At-A∞) Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 120 min in UV-light. 
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Fig:4.29  Plot of %age degradation Vs Time of ◆NZ-1, ▄ NZ-2, ▲ NZ-3, ×NZ-4, ✻NZ-5, ● NZ-6,  

+ NZ-7, ▬ NZ-8 for 120 min in UV-light. 
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Sr. 

No 

Nano 

catalyst 
30 min In UV-light 60 min in UV- light 120 min in UV- light 

  
K- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NZ-1 0.0774 3.936 0.0829 5.437 0.0749 6.086 

2 NZ-2 0.0794 5.723 0.0847 6.478 0.0809 7.326 

3 NZ-3 0.0911 10.797 0.0897 13.636 0.0897 16.471 

4 NZ-4 0.1010 19.565 0.1012 22.963 0.1033 26.146 

5 NZ-5 0.0964 15.205 0.0940 17.752 0.0900 20.202 

6 NZ-6 0.1012 20.305 0.1031 23.175 0.1027 26.047 

7 NZ-7 0.0951 14.183 0.0982 18.135 0.0971 17.995 

8 NZ-8 0.0969 16.129 0.1006 20.970 0.1022 23.404 

 

Table 4.6  Summary of first order rate constant k-value and %age degradation in UV-light for different 

reaction times. 

 

 

4.4.2 Photocatalysis using TiO2 and Lanthanide doped TiO2 

 To analyze the photocatalytic activity of nanoparticles 10 ppm solution of 

methylene blue dye was prepared by dissolving 10 mg methylene blue in one liter of 

distilled water and the solution of dye was stirred in dark continuously for 30 minutes to 

setup absorption/desorption equilibrium. 50 ml of 10 ppm M.B solution was taken in 100 

ml beakers separately for each fabricated nanoparticle sample.10 mg of fabricated 

nanocatalyst named NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7, and NT-8 was added in 
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the M.B solution. The beakers were marked according to the nanocatalyst powder added.  

The activity of nanocatalyst was observed at different conditions such as in the presence of 

ultraviolet radiations, in sunlight and in dark. Calibration was done at wavelength of 

maximum absorption (λmax 665 nm) on the basis of Beer-Lambert law. 5ml of sample was 

taken after 30, 60 and 120 minutes of reaction and degradation of dye was studied in 

kinetic mode using UV-Vis spectrophotometer by measuring change in absorbance due to  

catalytic degradation of MB dye. Plots were drawn between ln (At−A∞) vs time by using 

first-order rate equation (ln (At−A∞) = −kt+ln [Ao]).  

 

4.4.2.1 Photocatalysis for 30 minutes in dark 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min in dark 

50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The solution was 

stirred for 30 minutes in dark. 5 ml sample was drawn and absorbance was measured at 665nm in 

kinetic mode using Uv-visible spectrophotometer. Change in absorption value was observed and 

found that absorbance was decreased with the passage of time due to the degradation of dye. 

Graph was plotted b/w ln (At-A∞) vs time (fig 4.30). A slope was drawn to obtain the value of 

first order rate constant (k). The first order rate constant (k) value was observed 0.0560, 0.0728, 

0.0772, 0.0762, 0.0739, 0.0744, 0.0611, and 0.0614 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, 

NT-7 and NT-8 respectively. Whereas %age degradation value calculated from absorbance was 

2.166, 3.474, 4.004, 3.940, 3.552, 3.635, 2.505, and 2.833 for NT-1, NT-2, NT-3, NT-4, NT-5, 

NT-6, NT-7 and NT-8 respectively. fig 4.31 is showing plot of %age degradation vs Time. It was 

observed that maximum activity was shown by NT-3 for 30 minutes photocatalytic reaction. 
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Fig:4.30  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 30 min in dark. 

 

 

Fig:4.31  Plot of %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 30 min in dark. 
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4.4.2.2 Photocatalysis for 60 minutes in dark 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 60 min 

in dark 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 60 minutes in dark. 5 ml sample was drawn and absorbance was 

measured at 665 nm in kinetic mode using Uv-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time (fig 4.32). 

A slope was drawn to obtain the value of first order rate constant (k). The first order rate 

constant (k) value was observed 0.0699, 0.0757, 0.0798, 0.0826, 0.0811, 0.0834, 0.0767, 

0.0777 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. %age 

degradation value calculated from absorbance was 3.436, 4.465, 5.093, 6.162, 5.428, 6.987, 

4.637 and 4.965 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. 

fig 4.33 is showing plot of %age degradation vs Time. It was observed that maximum 

activity was shown by NT-6 for 60 minutes photocatalytic reaction in dark. 

 

Fig:4.32  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 60 min in dark 
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Fig:4.33  Plot of %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 60 min in dark. 

4.4.2.3 Photocatalysis for 120 minutes in dark 

For study the photocatalytic activity of fabricated nanoparticle samples for 120 min 

in dark 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 120 minutes in dark. 5 ml sample was drawn and absorbance was 

measured at 665nm in kinetic mode using Uv-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time (fig 4.34). 

A slope was drawn to obtain the value of first order rate constant (k). The first order rate 

constant (k) value was observed 0.0704, 0.0784, 0.0819, 0.0867, 0.0839, 0.0887, 0.0800, 

and 0.0844 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. 

Whereas %age degradation value calculated from absorbance was 4.289, 5.201, 7.151, 

7.843, 7.218, 8.299, 6.821, and 7.332 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and 

NT-8 respectively. fig 4.35 is showing plot of %age degradation vs Time. It was observed 

that maximum activity was shown by NT-6 for 120 minutes photocatalytic reaction in dark. 
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Fig:4.34  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 120 min in dark 

 

 

Fig:4.35  Plot of %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 120 min in dark. 
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Sr. 

No 

Nano 

catalyst 
30 min In dark 60 min in dark 120 min in dark 

  
K- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NT-1 0.0560 2.166 0.0699 3.436 0.0704 4.289 

2 NT-2 0.0728 3.474 0.0757 4.465 0.0784 5.201 

3 NT-3 0.0772 4.004 0.0798 5.093 0.0819 7.151 

4 NT-4 0.0762 3.940 0.0826 6.162 0.0867 7.843 

5 NT-5 0.0739 3.552 0.0811 5.428 0.0839 7.218 

6 NT-6 0.0744 3.635 0.0834 6.987 0.0887 8.299 

7 NT-7 0.0611 2.505 0.0767 4.637 0.0800 6.821 

8 NT-8 0.0614 2.833 0.0777 4.965 0.0844 7.332 

 

Table 4.7  Summary of first order rate constant k-value and %age degradation in Dark for different reaction 

times. 

 

4.4.2.4 Photocatalysis for 30 min in sunlight 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min 

in sunlight 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 30 min in sunlight. 5 ml sample was drawn and absorbance was 

measured at 665nm in kinetic mode using Uv-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time fig4.36. A 
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slope was drawn to obtain the value of first order rate constant (k). The first order rate 

constant (k) value was observed 0.0747, 0.0777, 0.0896, 0.0922, 0.0871, 0.0928, 0.0893, 

and 0.0913 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. 

Whereas %age degradation value calculated from absorbance was 4.538, 5.239, 10.600, 

12.745, 9.029 , 14.286, 10.502, and 12.621 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, 

NT-7 and NT-8 respectively. fig 4.37 is showing plot of %age degradation vs Time. It was 

observed that maximum activity was shown by NT-6 for 30 minutes photocatalytic reaction 

in sunlight. 

 

 

Fig:4.36  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 30 min in sunlight. 
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Fig:4.37  Plot of %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 30 min in Sunlight. 

 

 

4.4.2.5  Photocatalysis for 60 min in sunlight 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 60 min 

in sunlight 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 60 min in sunlight. 5 ml sample was drawn and absorbance was 

measured at 665nm in kinetic mode using Uv-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time fig 4.38. A 

slope was drawn to obtain the value of first order rate constant (k). The first order rate 

constant (k) value was observed 0.0779, 0.0804, 0.0871, 0.0920, 0.0850, 0.0947, 0.0858, 

and 0.0908 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. 

Whereas %age degradation value calculated from absorbance was 5.548, 6.860, 12.857, 

16.711, 11.696, 18.333, 12.426, and 15.584 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, 

NT-7 and NT-8 respectively. fig 4.39 is showing plot of %age degradation vs Time. It was 
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observed that maximum activity was shown by NT-6 for 60 minutes photocatalytic reaction 

in sunlight. 

 

 

Fig:4.38  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 60 min in sunlight. 
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Fig:4.39  Plot of %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 60 min in Sunlight. 

4.4.2.6  Photocatalysis for 120 min in sunlight 

For study the photocatalytic activity of fabricated nanoparticle samples for 120 min 

in sunlight 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 120 min in sunlight. 5 ml sample was drawn and absorbance was 

measured at 665nm in kinetic mode using Uv-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time (fig 4.40). 

A slope was drawn to obtain the value of first order rate constant (k). The first order rate 

constant (k) value was observed 0.0826, 0.0831, 0.0917, 0.949, 0.0906, 0.0961, 0.0923, 

and 0.0947 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. 

Whereas %age degradation value calculated from absorbance was 6.328, 7.957, 15.591, 

19.335, 15.449, 21.900, 15.190, and 19.266 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, 

NT-7 and NT-8 respectively. fig 4.41 is showing plot of %age degradation vs Time. It was 

observed that maximum activity was shown by NT-6 for 120 minutes photocatalytic 

reaction in sunlight. 
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Fig:4.40  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 120 min in sunlight. 

 

 

Fig:4.41  Plot of %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 120 min in Sunlight. 
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Sr. 

No 

Nano 

catalyst 
30 min In sunlight 60 min in sunlight 120 min in sunlight 

  
K- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NT-1 0.0747 4.538 0.0779 5.548 0.0826 6.328 

2 NT-2 0.0777 5.239 0.0804 6.860 0.0831 7.957 

3 NT-3 0.0896 10.600 0.0871 12.857 0.0917 15.591 

4 NT-4 0.0922 12.745 0.0920 16.711 0.949 19.335 

5 NT-5 0.0871 9.029 0.0850 11.696 0.0906 15.449 

6 NT-6 0.0928 14.286 0.0947 18.333 0.0961 21.900 

7 NT-7 0.0893 10.502 0.0858 12.426 0.0923 15.190 

8 NT-8 0.0913 12.621 0.0908 15.584 0.0947 19.266 

 

Table  4.8  Summary of first order rate constant k-value and %age degradation in sunlight for different 

reaction times. 

 

 

4.4.2.7  Photocatalysis for 30 min in UV-light 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min 

in UV-light 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was irradiated for 30 min in UV-light using UV-lamp as source of radiations. 5 ml 

sample was drawn and absorbance was measured at 665nm in kinetic mode using Uv-

visible spectrophotometer. Change in absorption value was observed and found that 

absorbance was decreased with the passage of time due to the degradation of dye. Graph 

was plotted b/w ln (At-A∞) vs time from table 4.24, fig 4.42. A slope was drawn to obtain 
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the value of first order rate constant (k). The first order rate constant (k) value was 

observed 0.0782, 0.0785, 0.0876, 0.0916, 0.0889, 0.0957, 0.0877, and 0.0894 for NT-1, 

NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. Whereas %age degradation 

value calculated from absorbance was 5.498, 5.962, 11.069, 15.808, 12.632, 18.677, 

11.502, and 13.278 for NT-1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 

respectively. fig 4.43 is showing plot of %age degradation vs Time. It was observed that 

maximum activity was shown by NT-6 for 30 minutes photocatalytic reaction in UV-light. 

 

 

 

Fig:4.42  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 30 min in UV-light. 
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Fig:4.43  Plot of %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 30 min in UV-light. 

 

4.4.2.5  Photocatalysis for 60 min in UV-light 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 60 min 

in UV-light 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was irradiated for 60 min in UV-light using UV-lamp as source of radiations. 5 ml 

sample was drawn and absorbance was measured at 665nm in kinetic mode using Uv-

visible spectrophotometer. Change in absorption value was observed and found that 

absorbance was decreased with the passage of time due to the degradation of dye. Graph 

was plotted b/w ln (At-A∞) vs time (fig 4.44). A slope was drawn to obtain the value of first 

order rate constant (k). The first order rate constant (k) value was observed 0.0747, 0.0796, 

0.0844, 0.0965, 0.0884, 0.1002, 0.0812, and 0.0986 for NT-1, NT-2, NT-3, NT-4, NT-5, 

NT-6, NT-7 and NT-8 respectively. Whereas %age degradation value calculated from 

absorbance was 7.015, 7.612, 15.771, 19.146, 16.522, 22.449, 14.033, and 20.368 for NT-

1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. fig 4.45 is showing plot of 
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%age degradation vs Time. It was observed that maximum activity was shown by NT-6 for 

60 minutes photocatalytic reaction in UV-light. 

 

 

 

Fig:4.44  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 60 min in UV-light. 
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Fig:4.45  Plot of %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 60 min in UV-light. 

 

 

4.4.2.6  Photocatalysis for 120 min in UV-light 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 120 min 

in UV-light 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was irradiated for 120 min in UV-light using UV-lamp as source of radiations. 5 

ml sample was drawn and absorbance was measured at 665nm in kinetic mode using UV-

visible spectrophotometer. Change in absorption value was observed and found that 

absorbance was decreased with the passage of time due to the degradation of dye. Graph 

was plotted b/w ln (At-A∞) vs time. A slope was drawn to obtain the value of first order rate 

constant (k), fig 4.46. The first order rate constant (k) value was observed 0.0827, 0.0840, 

0.0902, 0.1001, 0.0910, 0.1020, 0.0896, and 0.1014 for NT-1, NT-2, NT-3, NT-4, NT-5, 

NT-6, NT-7 and NT-8 respectively. Whereas %age degradation value calculated from 

absorbance was 7.221, 9.061, 17.296, 22.543, 18.006, 25.651, 16.477, and 22.735 for NT-
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1, NT-2, NT-3, NT-4, NT-5, NT-6, NT-7 and NT-8 respectively. fig 4.47 is showing plot of 

%age degradation vs Time. It was observed that maximum activity was shown by NT-6 for 

120 minutes photocatalytic reaction in UV-light. 

 

 

 

Fig:4.46  Plot of ln (At-A∞) Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 120 min in UV-light. 
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Fig:4.47  Plot of  %age degradation Vs Time of ◆NT-1, ▄ NT-2, ▲ NT-3, ×NT-4, ✻NT-5, ● NT-6,  

+ NT-7, ▬ NT-8 for 120 min in UV-light. 
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Sr. 

No 

Nano 

catalyst 
30 min In UV light 60 min in UV light 120 min in UV light 

  
K- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NT-1 0.0782 5.498 0.0747 7.015 0.0827 7.221 

2 NT-2 0.0785 5.962 0.0796 7.612 0.0840 9.061 

3 NT-3 0.0876 11.069 0.0844 15.771 0.0902 17.296 

4 NT-4 0.0916 15.808 0.965 19.146 0.1001 22.543 

5 NT-5 0.0889 12.632 0.0884 16.522 0.0910 18.006 

6 NT-6 0.0957 18.677 0.1002 22.449 0.1020 25.651 

7 NT-7 0.0877 11.502 0.0812 14.033 0.0896 16.477 

8 NT-8 0.0894 13.278 0.0986 20.368 0.1014 22.735 

 

Table 4.9 Summary of first order rate constant k-value and %age degradation in UVlight for different 

reaction times. 

 

4.4.3 Photocatalysis for SiO2 and Lanthanide doped Silicon Oxide 

 

 To measure Photocatalytic activity of SiO2 and rare earth doped silicon oxide 

nanoparticles, 10ppm solution of methylene blue dye was prepared by dissolving 10 mg 

methylene blue in one liter of distilled water and the solution of dye was stirred in dark 

continuously for 30 minutes to setup absorption/desorption equilibrium. 50 ml of 10 ppm 

M.B solution was taken in 100 ml beakers separately for each fabricated nanoparticle 

sample of SiO2 and doped SiO2.10mg of fabricated nanocatalyst named NS-1, NS-2, NS-3, 

NS-4, NS-5, NS-6, NS-7, and NS-8 was added in the M.B solution. The beakers were 
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marked according to the nanocatalyst powder added. The activity of nanocatalyst was 

observed at different conditions such as in the presence of ultraviolet radiations, in sunlight 

and in dark. Calibration was done at wavelength of maximum absorption (λmax 665 nm) on 

the basis of Beer-Lambert law. 5ml of sample was taken after 30, 60 and 120 minutes of 

reaction and degradation of dye was studied in kinetic mode using UV-Vis 

spectrophotometer by measuring change in absorbance due to  photocatalytic degradation of 

MB dye. Plot was drawn between ln (At−A∞) vs time by using first-order rate equation.  

 

4.4.3.1 Photocatalysis for 30 min in dark 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min in 

dark, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The solution 

was stirred for 30 min in dark. 5 ml of sample was drawn and absorbance was measured at 

665nm in kinetic mode using UV-visible spectrophotometer. Change in absorption value was 

observed and found that absorbance was decreased with the passage of time due to the 

degradation of dye. Graph was plotted b/w ln (At-A∞) vs time. A slope was drawn to obtain the 

value of first order rate constant (k), fig 4.48. The first order rate constant (k) value was observed 

0.0589, 0.0598, 0.0633, 0.0648, 0.0636, 0.0653, 0.0612, and 0.0646 for NS-1, NS-2, NS-3, NS-

4, NS-5, NS-6, NS-7 and NS-8 respectively. Whereas %age degradation value calculated from 

absorbance was 1.797, 1.838, 2.016, 2.881, 2.171, 3.467, 1.973, and 2.454 for NS-1, NS-2, NS-3, 

NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. fig 4.49 is showing plot of %age degradation vs 

Time. It was observed that maximum activity was shown by NS-6 for 30 minutes photocatalytic 

reaction in dark. 
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Fig:4.48  Plot of ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 30 min in dark. 

 

 

Fig4.49 : Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 30 min in dark. 
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4.4.3.2 Photocatalysis for 60 min in dark 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 60 min in 

dark, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 60 min in dark. 5 ml of sample was drawn and absorbance was 

measured at 665nm in kinetic mode using UV-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage of 

time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time. A slope was 

drawn to obtain the value of first order rate constant (k), fig 4.50. The first order rate 

constant (k) value was observed 0.0596, 0.0632, 0.0656, 0.0689, 0.0667, 0.0746, 0.0654, 

and 0.0709 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. Whereas 

%age degradation value calculated from absorbance was 2.300, 2.368, 3.338, 3.856, 3.512, 

5.178, 3.161, and 4.302 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and NS-8 

respectively. fig 4.51 is showing plot of %age degradation vs Time. It was observed that 

maximum activity was shown by NS-6 for 60 minutes photocatalytic reaction in dark. 

 

Fig:4.50  Plot of ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 60 min in dark. 
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Fig:4.51  Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 60 min in dark. 

 

4.4.3.3 Photocatalysis for 120 min in dark 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 120 min 

in dark, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 120 min in dark. 5 ml of sample was drawn and absorbance was 

measured at 665nm in kinetic mode using UV-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time. A slope 

was drawn to obtain the value of first order rate constant (k), fig 4.52. The first order rate 

constant (k) value was observed 0.0660, 0.0692, 0.0704, 0.0822, 0.0798, 0.0828, 0.0788, 
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NS-8 respectively. fig 4.53 is showing plot of %age degradation vs Time. It was observed 

that maximum activity was shown by NS-6 for 120 minutes photocatalytic reaction in dark. 

 

 

 

Fig:4.52  Plot of ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 120 min in dark. 
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Fig:4.53  Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 120 min in dark. 
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Sr. 

No 

Nano 

catalyst 
30 min In dark 60 min in dark 120 min in dark 

  
K- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NS-1 0.0589 1.797 0.0596 2.300 0.0660 2.525 

2 NS-2 0.0598 1.838 0.0632 2.367 0.0692 3.060 

3 NS-3 0.0633 2.016 0.0656 3.337 0.0704 3.976 

4 NS-4 0.0648 2.881 0.0689 3.856 0.0822 5.739 

5 NS-5 0.0636 2.171 0.0667 3.511 0.0798 4.865 

6 NS-6 0.0653 3.467 0.0746 5.177 0.0828 6.092 

7 NS-7 0.0612 1.973 0.0654 3.160 0.0788 4.637 

8 NS-8 0.0646 2.454 0.0709 4.302 0.0808 5.544 

 

Table 4.10  Summery of first order rate constant k-value and %age degradation in Dark for different reaction 

times. 

 

4.4.3.4  Photocatalysis for 30 min in sunlight 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min 

in sunlight, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 30 min in sunlight. 5 ml of sample was drawn and absorbance was 

measured at 665nm in kinetic mode using UV-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time. A slope 
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was drawn to obtain the value of first order rate constant (k), fig 4.54. The first order rate 

constant (k) value was observed 0.0705, 0.0707, 0.0809, 0.0876, 0.0943, 0.0946, 0.0799, 

and 0.0869 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. 

Whereas %age degradation value calculated from absorbance was 2.882, 2.936, 5.173, 

6.517, 7.321, 7.483, 4.694, and 6.367 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and 

NS-8 respectively. fig 4.55 is showing plot of %age degradation vs Time. It was observed 

that maximum activity was shown by NS-6 for 30 minutes photocatalytic reaction in 

sunlight.  

 

 

Fig:4.54  Plot of ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 30 min in sunlight. 
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Fig:4.55  Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 30 min in sunlight. 

4.4.3.4 Photocatalysis for 60 min in sunlight 

For study the photocatalytic activity of fabricated nanoparticle samples for 60 min 

in sunlight, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was stirred for 60 min in sunlight. 5 ml of sample was drawn and absorbance was 

measured at 665nm in kinetic mode using UV-visible spectrophotometer. Change in 

absorption value was observed and found that absorbance was decreased with the passage 

of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs time. A slope 

was drawn to obtain the value of first order rate constant (k), fig 4.56. The first order rate 

constant (k) value was observed 0.0719, 0.0730, 0.0833, 0.0885, 0.0875, 0.0907, 0.0811 

and 0.0883 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. 

Whereas %age degradation value calculated from absorbance was 3.823, 4.047, 8.130, 

9.477, 8.897, 10.616, 7.013, and 8.931 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and 

NS-8 respectively. and fig 4.57 is showing plot of %age degradation vs Time. It was 

observed that maximum activity was shown by NS-6 for 60 minutes photocatalytic reaction 

in sunlight.  
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Fig:4.56  Plot of ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 60 min in sunlight. 

 

 

Fig:4.57  Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 60 min in sunlight. 
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4.4.3.6 Photocatalysis for 120 min in sunlight 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 120 

min in sunlight, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. 

The solution was stirred for 120 min in sunlight. 5 ml of sample was drawn and 

absorbance was measured at 665nm in kinetic mode using UV-visible spectrophotometer. 

Change in absorption value was observed and found that absorbance was decreased with 

the passage of time due to the degradation of dye. Graph was plotted b/w ln (At-A∞) vs 

time. A slope was drawn to obtain the value of first order rate constant (k), fig 4.58. The 

first order rate constant (k) value was observed 0.0758, 0.0775, 0.0806, 0.0847, 0.0800, 

0.0896, 0.0815, and 0.0819 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and NS-8 

respectively. Whereas %age degradation value calculated from absorbance was 4.439, 

5.741, 9.358, 12.237, 12.442, 12.910, 10.032, and 11.672 for NS-1, NS-2, NS-3, NS-4, 

NS-5, NS-6, NS-7 and NS-8 respectively. fig 4.59 is showing plot of %age degradation vs 

Time. It was observed that maximum activity was shown by NS-6 for 120 minutes 

photocatalytic reaction in sunlight.  

 

Fig:4.58  Plot of Ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 120 min in sunlight. 
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Fig:4.59  Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 120 min in sunlight. 
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Sr. 

No 

Nano 

catalyst 
30 min In sunlight 60 min in sunlight 120 min in sunlight 

  
K- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NS-1 0.0705 2.882 0.0719 3.823 0.0758 4.439 

2 NS-2 0.0707 2.936 0.0730 4.047 0.0775 5.741 

3 NS-3 0.0809 5.173 0.0833 8.130 0.0806 9.358 

4 NS-4 0.0876 6.517 0.0885 9.477 0.0847 12.237 

5 NS-5 0.0943 7.321 0.0875 8.897 0.0800 12.442 

6 NS-6 0.0946 7.483 0.0907 10.616 0.0896 12.911 

7 NS-7 0.0799 4.694 0.0811 7.013 0.0815 10.032 

8 NS-8 0.0869 6.367 0.0883 8.931 0.0819 11.672 

 

Table 4.11  Summary of first order rate constant k-value and %age degradation in sunlight for different reaction 

times. 

 

4.4.3.7 Photocatalysis for 30 min in UV-light 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 30 min 

in UV-light, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. 

The solution was irradiated with UV radiations for 30 min using UV lamp as source of 

radiations. 5 ml of sample was drawn and absorbance was measured at 665nm in kinetic 

mode using UV-visible spectrophotometer. Change in absorption value was observed and 

found that absorbance was decreased with the passage of time due to the degradation of 

dye. Graph was plotted b/w ln (At-A∞) vs time. A slope was drawn to obtain the value of 
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first order rate constant (k), fig 4.60. The first order rate constant (k) value was observed 

0.0716, 0.0759, 0.0839, 0.0858, 0.0876, 0.0894, 0.0847, and 0.0870 for NS-1, NS-2, NS-

3, NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. Whereas %age degradation value 

calculated from absorbance was 3.257, 3.461, 6.813, 7.692, 8.752, 9.967, 7.567, and 8.147 

for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. fig 4.61 is 

showing plot of %age degradation vs Time. It was observed that maximum activity was 

shown by NS-6 for 30 minutes photocatalytic reaction in Uv-light.  

 

 

 

Fig:4.60  Plot of ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 30 min in UV-light. 
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Fig:4.61  Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 30 min in UV-light. 

 

4.4.3.8 Photocatalysis for 60 min in UV-light 

 

For study the photocatalytic activity of fabricated nanoparticle samples for 60 min 

in UV-light, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was added. The 

solution was irradiated with UV radiations for 60 min using UV lamp as source of 

radiations. 5 ml of sample was drawn and absorbance was measured at 665nm in kinetic 

mode using UV-visible spectrophotometer. Change in absorption value was observed and 

found that absorbance was decreased with the passage of time due to the degradation of 

dye. Graph was plotted b/w ln (At-A∞) vs time. A slope was drawn to obtain the value of 

first order rate constant (k), fig 4.62. The first order rate constant (k) value was observed 

0.0738, 0.0753, 0.0809, 0.865, 0.0833, 0.0902, 0.0871, and 0.0884 for NS-1, NS-2, NS-3, 

NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. Whereas %age degradation value 

calculated from absorbance was 3.650, 5.167, 8.772, 10.357, 10.223, 14.706, 10.750, and 

11.028 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. fig 4.63 is 
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showing plot of %age degradation vs Time. It was observed that maximum activity was 

shown by NS-6 for 60 minutes photocatalytic reaction in Uv-light.  

 

 

Fig:4.62  Plot of ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 60 min in UV-light. 
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Fig:4.63  Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 60 min in UV-light. 

 

4.4.3.9 Photocatalysis for 120 min in UV-light 

 

 For study the photocatalytic activity of fabricated nanoparticle samples for 120 

min in UV-light, 50 ml of M.B dye was taken in beaker and 10 mg nanocatalyst was 

added. The solution was irradiated with UV radiations for 120 min using UV lamp as 

source of radiations. 5 ml of sample was drawn and absorbance was measured at 665nm in 

kinetic mode using UV-visible spectrophotometer. Change in absorption value was 

observed and found that absorbance was decreased with the passage of time due to the 

degradation of dye. Graph was plotted b/w ln (At-A∞) vs time from table 4.38. A slope 

was drawn to obtain the value of first order rate constant (k), fig 4.65. The first order rate 

constant (k) value was observed 0.0759, 0.0834, 0.0840, 0.0882, 0.0856, 0.0958, 0.0845, 

and 0.0897 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, NS-7 and NS-8 respectively. 

Whereas %age degradation value calculated from absorbance was 4.360, 6.068, 11.120, 

14.679, 14.583, 17.672, 13.594, and 15.528 for NS-1, NS-2, NS-3, NS-4, NS-5, NS-6, 

NS-7 and NS-8 respectively. fig 4.65 is showing plot of %age degradation vs Time. It was 
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observed that maximum activity was shown by NS-6 for 120 minutes photocatalytic 

reaction in Uv-light.  

 

 

 

Fig:4.64  Plot of ln (At-A∞) Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 120 min in UV-light. 
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Fig:4.65  Plot of %age degradation Vs Time of ◆NS-1, ▄ NS-2, ▲ NS-3, ×NS-4, ✻NS-5, ● NS-6,  

+ NS-7, ▬ NS-8 for 120 min in UV-light. 
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Sr. 

No 

Nano 

catalyst 
30 min In UV light 60 min in UV light 120 min in UV light 

  
K- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

k- value 

(Sec
-1

) 

%age 

degradation 

1 NS-1 0.0716 3.257 0.0738 3.650 0.0759 4.360 

2 NS-2 0.0759 3.461 0.0753 5.167 0.0834 6.068 

3 NS-3 0.0839 6.813 0.0809 8.772 0.0840 11.120 

4 NS-4 0.0858 7.692 0.865 10.357 0.0882 14.679 

5 NS-5 0.0876 8.752 0.0833 10.223 0.0856 14.583 

6 NS-6 0.0894 9.967 0.0902 14.706 0.0958 17.672 

7 NS-7 0.0847 7.567 0.0871 10.750 0.0845 13.594 

8 NT-8 0.0870 8.147 0.0884 11.028 0.0897 15.528 

 

Table 4.12   Summary of first order rate constant k-value and %age degradation in UVlight for different 

reaction times. 
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4.5  Optical Properties of nanomaterials 

 

                 Optical behavior of prepared nanoparticle samples was determined by solid 

phase spectroscopy by measuring absorption spectra. To determine the optical activity and 

optical band gap of as synthesized nanocatalyst samples, 10 mg of powder sample was taken 

and added it into 5 ml deionized water. Sample was sonicated for 30 minutes to form 

homogenous suspension. A thin layer was prepared on glass slide to observe the absorbance 

of sample. Glass slide bearing nanocatalyst sample was kept in sample compartment of 

spectrophotometer and absorbance was measured. Band gap was calculated by wood and 

tauc equation.  

αhv = B (hv- Eg)
 1/n

. 

 

Where  B = constant 

  α =  A/ t ‘t’ is thickness of thin layer 

  hv = photon energy 

  1/n = nature of transition takes place. It is ½ for direct transitions. 

  E = hc/λ  

  Eg =  represents direct band gap and obtained by extrapolation of curve. 

 

Direct band gap energy can be obtained by plotting (αhv)
 2

 vs (hv); Eg value was obtained 

by extrapolation of straight line. The point at which straight line meet the horizontal axis: is 

the band gap of nanomaterial. hv can be obtained on dividing wavelength by 1239.7. 

Nandanwar et al., (2014) 

4.5.1 Band gap for ZnO and Lanthanide doped ZnO nanomaterial. 

 Band gap of ZnO, Gd/ZnO, Sm/ZnO and La/ZnO was studied by SPS analysis of 

powdered nanoparticles samples. 10 mg powdered sample was taken and well dispersed in 5ml 

water by Sonication for 30 minutes. Thin layer was prepared by spreading the sonicated sample 

on glass slide. Absorbance was measured and band gap was calculated by plotting (αhv)
2
 vs (hv) 

and extrapolation of straight line on the curve. Absorbance and calculated values are given in 

table 4.13, 4.14, 4.15, 4.16. 
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Sr.No nm A  hv α=A/t αhv (αhv)
2
 

1 200 0.216 6.200 0.216 1.341 1.798 

2 225 0.210 5.511 0.210 1.157 1.338 

3 250 0.209 4.960 0.209 1.036 1.073 

4 275 0.208 4.509 0.208 0.938 0.880 

5 300 0.207 4.133 0.207 0.855 0.731 

6 325 0.195 3.815 0.195 0.745 0.555 

7 350 0.172 3.543 0.172 0.611 0.373 

8 375 0.158 3.307 0.158 0.522 0.272 

9 400 0.125 3.100 0.125 0.386 0.149 

10 425 0.114 2.918 0.114 0.333 0.111 

11 450 0.106 2.756 0.106 0.292 0.085 

12 475 0.102 2.611 0.102 0.266 0.071 

13 500 0.099 2.480 0.099 0.245 0.060 

14 525 0.096 2.362 0.096 0.227 0.052 

15 550 0.094 2.255 0.094 0.213 0.045 

16 575 0.092 2.157 0.092 0.199 0.040 

17 600 0.091 2.067 0.091 0.188 0.036 

18 625 0.090 1.984 0.090 0.179 0.032 

19 650 0.088 1.908 0.088 0.168 0.028 

20 675 0.087 1.837 0.087 0.160 0.026 

21 700 0.086 1.771 0.086 0.152 0.023 

22 725 0.085 1.710 0.085 0.146 0.021 

23 750 0.085 1.653 0.085 0.140 0.020 

24 775 0.083 1.600 0.083 0.133 0.018 

25 800 0.083 1.550 0.083 0.128 0.017 

26 825 0.082 1.503 0.082 0.124 0.015 

27 850 0.082 1.459 0.082 0.119 0.014 

28 875 0.081 1.417 0.081 0.115 0.013 

29 900 0.081 1.378 0.081 0.112 0.012 

30 925 0.081 1.341 0.081 0.108 0.012 

31 950 0.079 1.305 0.079 0.102 0.010 

32 975 0.078 1.272 0.078 0.099 0.010 

33 1000 0.077 1.240 0.077 0.096 0.009 

34 1025 0.077 1.210 0.077 0.093 0.009 

35 1050 0.077 1.181 0.077 0.091 0.008 

36 1075 0.078 1.153 0.078 0.090 0.008 

37 1100 0.080 1.127 0.080 0.090 0.008 
   

   Table 4.13: absorbance, (αhv)
 2
, (hv), and α value for NZ-2.  
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Figure4.66 plot of absorbance vs wavelength  Figure4.67 plot of (αhv)
 2
 vs (hv) for NZ-2 

 

Figure 4.66 is representing relation between absorbance and wavelength of NZ-2.band 

gap of NZ-2 can be obtained from Fig 4.67. ZnO is N-type semiconductor with band gap 3.37eV 

for bulk material. Band gap calculated from SPS analysis was ‘3.62’ eV which is higher than 

band gap of bulk material. Reason is that band gap and particle size is reciprocal to each other, 

by decreasing the particle size: band gap of the material is increased. In bulk material, bulk 

defects persuade a delocalization of conduction band edge and resulted in the formation of deep 

traps herein electronic energy and causing a red shift. Red shift resulted in decrease of band gap. 

The increase in band gap energy for nanoparticle as compared to bulk material is in agreement 

with literature. Tan et al., (2005), Srikant et al., (1998) 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.295 6.200 0.295 1.828 3.341 

2 225 0.288 5.511 0.288 1.588 2.521 

3 250 0.283 4.960 0.283 1.404 1.972 

4 275 0.281 4.509 0.281 1.265 1.601 

5 300 0.278 4.133 0.278 1.149 1.321 

6 325 0.278 3.815 0.278 1.059 1.122 

7 350 0.277 3.543 0.277 0.980 0.961 

8 375 0.275 3.307 0.275 0.908 0.824 

9 400 0.269 3.100 0.269 0.835 0.697 

10 425 0.267 2.918 0.267 0.779 0.607 

11 450 0.266 2.756 0.266 0.734 0.539 

12 475 0.263 2.611 0.263 0.686 0.471 

13 500 0.261 2.480 0.261 0.648 0.420 

14 525 0.261 2.362 0.261 0.617 0.381 

15 550 0.259 2.255 0.259 0.583 0.340 

16 575 0.258 2.157 0.258 0.556 0.309 

17 600 0.256 2.067 0.256 0.529 0.280 

18 625 0.255 1.984 0.255 0.507 0.257 

19 650 0.253 1.908 0.253 0.483 0.234 

20 675 0.250 1.837 0.250 0.460 0.211 

21 700 0.249 1.771 0.249 0.440 0.194 

22 725 0.248 1.710 0.248 0.425 0.180 

23 750 0.246 1.653 0.246 0.407 0.166 

24 775 0.247 1.600 0.247 0.395 0.156 

25 800 0.245 1.550 0.245 0.380 0.144 

26 825 0.237 1.503 0.237 0.356 0.127 

27 850 0.241 1.459 0.241 0.352 0.124 

28 875 0.239 1.417 0.239 0.338 0.114 

29 900 0.236 1.378 0.236 0.325 0.105 

30 925 0.235 1.341 0.235 0.315 0.099 

31 950 0.233 1.305 0.233 0.304 0.093 

32 975 0.232 1.272 0.232 0.295 0.087 

33 1000 0.232 1.240 0.232 0.288 0.083 

34 1025 0.230 1.210 0.230 0.279 0.078 

35 1050 0.233 1.181 0.233 0.275 0.076 

36 1075 0.233 1.153 0.233 0.269 0.072 

37 1100 0.223 1.127 0.223 0.252 0.063 
   

Table 4.14: absorbance, (αhv)
 2
, (hv), and α value for NZ-4. 
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Figure4.68  plot of absorbance vs wavelength  Figure4.69 plot of (αhv)
 2
 vs (hv) for NZ-4 

  

 Figure 4.68 is representing plot of absorbance vs wavelength. Absorbance was measured 

for the range 190nm - 1100nm. Band gap was calculated from tauc plot representing in figure 

4.69. Eg value obtained from tauc plot was ‘3.42’ eV for NZ-4, which is less than the band gap of 

NZ-2. Although with decrease in particle size band gap is increased but the decrease in band gap 

for NZ-4 was due to doping of nano zinc oxide sample with gadolinium. Doping cause a 

decrease in band gap due to the addition of extra energy levels on Fermi level energy in the 

nanomaterial especially in powder samples and excitation from ground state to conduction state 

became easier due to shifting of absorbance from UV to visible region. 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.270 6.200 0.270 1.673 2.800 

2 225 0.264 5.511 0.264 1.457 2.122 

3 250 0.252 4.960 0.252 1.250 1.564 

4 275 0.251 4.509 0.251 1.133 1.283 

5 300 0.240 4.133 0.240 0.992 0.985 

6 325 0.230 3.815 0.230 0.877 0.769 

7 350 0.217 3.543 0.217 0.768 0.589 

8 375 0.208 3.307 0.208 0.687 0.473 

9 400 0.205 3.100 0.205 0.634 0.402 

10 425 0.203 2.918 0.203 0.593 0.351 

11 450 0.202 2.756 0.202 0.556 0.310 

12 475 0.201 2.611 0.201 0.524 0.275 

13 500 0.199 2.480 0.199 0.493 0.243 

14 525 0.197 2.362 0.197 0.466 0.217 

15 550 0.195 2.255 0.195 0.439 0.192 

16 575 0.194 2.157 0.194 0.418 0.175 

17 600 0.193 2.067 0.193 0.400 0.160 

18 625 0.194 1.984 0.194 0.384 0.147 

19 650 0.193 1.908 0.193 0.367 0.135 

20 675 0.192 1.837 0.192 0.352 0.124 

21 700 0.192 1.771 0.192 0.340 0.115 

22 725 0.191 1.710 0.191 0.327 0.107 

23 750 0.191 1.653 0.191 0.316 0.100 

24 775 0.190 1.600 0.190 0.305 0.093 

25 800 0.189 1.550 0.189 0.293 0.086 

26 825 0.188 1.503 0.188 0.283 0.080 

27 850 0.188 1.459 0.188 0.274 0.075 

28 875 0.188 1.417 0.188 0.266 0.071 

29 900 0.187 1.378 0.187 0.258 0.067 

30 925 0.188 1.341 0.188 0.252 0.064 

31 950 0.188 1.305 0.188 0.245 0.060 

32 975 0.187 1.272 0.187 0.238 0.057 

33 1000 0.187 1.240 0.187 0.232 0.054 

34 1025 0.187 1.210 0.187 0.226 0.051 

35 1050 0.187 1.181 0.187 0.221 0.049 

36 1075 0.187 1.153 0.187 0.215 0.046 

37 1100 0.186 1.127 0.186 0.210 0.044 
   

Table4.15: absorbance, (αhv)
 2
, (hv), and α value for NZ-6. 
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Figure4.70plot of absorbance vs wavelength   Figure4.71plot of (αhv)
 2
 vs (hv) for NZ-6 

 

 Figure 4.70 is representing plot of absorbance vs wavelength. Absorbance was measured 

for the range 190nm - 1100nm. Band gap was calculated from tauc plot representing in figure 

4.71. Eg value obtained from tauc plot was ‘3.47’ eV for NZ-6. This Eg value is also less than 

ZnO nanoparticle sample (NZ-2). Reason is same as for NZ-4, doping cause additional energy 

levels in the oxide nanoparticles and cause decrease in energy gap. However band gap of NZ-6 

(Sm/ZnO) is greater than NZ-4 (Gd/ZnO) by 0.01eV which may be due to difference in particle 

size of both samples and also due to the electronic configuration of Sm and Gd.  
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.086 6.200 0.086 0.531 0.282 

2 225 0.082 5.511 0.082 0.451 0.203 

3 250 0.078 4.960 0.078 0.386 0.149 

4 275 0.070 4.509 0.070 0.317 0.100 

5 300 0.064 4.133 0.064 0.264 0.070 

6 325 0.057 3.815 0.057 0.217 0.047 

7 350 0.049 3.543 0.049 0.174 0.030 

8 375 0.044 3.307 0.044 0.144 0.021 

9 400 0.039 3.100 0.039 0.122 0.015 

10 425 0.037 2.918 0.037 0.107 0.011 

11 450 0.035 2.756 0.035 0.095 0.009 

12 475 0.033 2.611 0.033 0.086 0.007 

13 500 0.031 2.480 0.031 0.077 0.006 

14 525 0.030 2.362 0.030 0.071 0.005 

15 550 0.029 2.255 0.029 0.065 0.004 

16 575 0.028 2.157 0.028 0.060 0.004 

17 600 0.027 2.067 0.027 0.056 0.003 

18 625 0.027 1.984 0.027 0.053 0.003 

19 650 0.026 1.908 0.026 0.050 0.002 

20 675 0.024 1.837 0.024 0.045 0.002 

21 700 0.024 1.771 0.024 0.042 0.002 

22 725 0.024 1.710 0.024 0.042 0.002 

23 750 0.024 1.653 0.024 0.039 0.002 

24 775 0.024 1.600 0.024 0.038 0.001 

25 800 0.023 1.550 0.023 0.036 0.001 

26 825 0.021 1.503 0.021 0.031 0.001 

27 850 0.023 1.459 0.023 0.034 0.001 

28 875 0.021 1.417 0.021 0.030 0.001 

29 900 0.021 1.378 0.021 0.029 0.001 

30 925 0.022 1.341 0.022 0.029 0.001 

31 950 0.020 1.305 0.020 0.027 0.001 

32 975 0.021 1.272 0.021 0.026 0.001 

33 1000 0.021 1.240 0.021 0.025 0.001 

34 1025 0.019 1.210 0.019 0.023 0.001 

35 1050 0.027 1.181 0.027 0.032 0.001 

36 1075 0.023 1.153 0.023 0.027 0.001 

37 1100 0.021 1.127 0.021 0.024 0.001 
   

Table4.16: absorbance, (αhv)
 2
, (hv), and α value for NZ-8. 
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Figure4.72  plot of absorbance vs wavelength  Figure4.73 plot of (αhv)
 2
 vs (hv) for NZ-8 

 

Figure 4.72 is representing plot of absorbance vs wavelength. Absorbance was measured 

for the range 190 nm - 1100nm. Band gap was calculated from tauc plot representing in figure 

4.73. Eg value obtained from tauc plot was ‘3.58’ eV for NZ-8. The band gap value of NZ-8 

(La/ZnO) is less than band gap value of NZ-2 (ZnO) due to the effect of doping. However value 

for NZ-8 is greater than the band gap value of other doped ZnO samples by a value of 0.12eV for 

NZ-4 and 0.11eV for NZ-6 which was due to difference in particle size and electr0nic 

configuration of valence shell of lanthanide series. 

 

4.5.2 Band gap for TiO2 and Lanthanide doped TiO2 nanomaterial. 

 

 Band gap of TiO2, Gd/TiO2, Sm/ TiO2 and La/ TiO2 was studied by SPS analysis of 

powdered nanoparticles samples. 10 mg powdered sample was taken and well dispersed in 5ml 

water by Sonication for 30 minutes. Thin layer was prepared by spreading the sonicated sample 

on glass slide. Absorbance was measured and band gap was calculated by plotting (αhv)
 2

 vs (hv) 

and extrapolation of straight line on the curve. Absorbance and calculated values are given in 

table 4.17, 4.18, 4.19, 4.20. 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.161 6.200 0.161 0.996 0.993 

2 225 0.154 5.511 0.154 0.849 0.720 

3 250 0.148 4.960 0.148 0.735 0.540 

4 275 0.144 4.509 0.144 0.649 0.421 

5 300 0.141 4.133 0.141 0.582 0.339 

6 325 0.135 3.815 0.135 0.516 0.266 

7 350 0.134 3.543 0.134 0.475 0.226 

8 375 0.134 3.307 0.134 0.441 0.195 

9 400 0.132 3.100 0.132 0.408 0.166 

10 425 0.129 2.918 0.129 0.376 0.141 

11 450 0.126 2.756 0.126 0.348 0.121 

12 475 0.124 2.611 0.124 0.325 0.105 

13 500 0.123 2.480 0.123 0.305 0.093 

14 525 0.121 2.362 0.121 0.286 0.082 

15 550 0.119 2.255 0.119 0.269 0.072 

16 575 0.119 2.157 0.119 0.256 0.065 

17 600 0.118 2.067 0.118 0.243 0.059 

18 625 0.117 1.984 0.117 0.233 0.054 

19 650 0.116 1.908 0.116 0.221 0.049 

20 675 0.113 1.837 0.113 0.208 0.043 

21 700 0.112 1.771 0.112 0.198 0.039 

22 725 0.113 1.710 0.113 0.193 0.037 

23 750 0.111 1.653 0.111 0.184 0.034 

24 775 0.112 1.600 0.112 0.179 0.032 

25 800 0.111 1.550 0.111 0.171 0.029 

26 825 0.108 1.503 0.108 0.162 0.026 

27 850 0.111 1.459 0.111 0.162 0.026 

28 875 0.109 1.417 0.109 0.155 0.024 

29 900 0.108 1.378 0.108 0.149 0.022 

30 925 0.109 1.341 0.109 0.146 0.021 

31 950 0.108 1.305 0.108 0.141 0.020 

32 975 0.107 1.272 0.107 0.136 0.019 

33 1000 0.109 1.240 0.109 0.135 0.018 

34 1025 0.107 1.210 0.107 0.129 0.017 

35 1050 0.110 1.181 0.110 0.130 0.017 

36 1075 0.109 1.153 0.109 0.126 0.016 

37 1100 0.122 1.127 0.122 0.137 0.019 
   

Table4.17: absorbance, (αhv)
 2
, (hv), and α value for NT-2. 
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Figure4.74. plot of absorbance vs wavelength  Figure4.75. plot of (αhv)
 2
 vs (hv) for NT-2 

 

Figure  4.74 is representing plot of absorbance vs wavelength. Absorbance was measured for the 

range 190nm - 1100nm. Band gap was calculated from tauc plot representing in figure 4.75. Eg 

value obtained from tauc plot was ‘3.69’ eV for NT-2. The band gap value for bulk TiO2 is 3.26 

eV which less than the band gap of nano titanium oxide sample. It is evident from literature that 

band gap is increased by decreasing the particle size. Nano titanium oxide is highly reactive as 

compared to simple titanium oxide and shows different electrical and optical properties. 

Nagaveni et al., (2004), Khan et al., (2002) 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.242 6.200 0.242 1.501 2.253 

2 225 0.236 5.511 0.236 1.302 1.696 

3 250 0.231 4.960 0.231 1.147 1.316 

4 275 0.227 4.509 0.227 1.022 1.045 

5 300 0.221 4.133 0.221 0.913 0.834 

6 325 0.215 3.815 0.215 0.820 0.672 

7 350 0.212 3.543 0.212 0.750 0.562 

8 375 0.206 3.307 0.206 0.681 0.463 

9 400 0.202 3.100 0.202 0.625 0.390 

10 425 0.199 2.918 0.199 0.582 0.338 

11 450 0.197 2.756 0.197 0.544 0.296 

12 475 0.195 2.611 0.195 0.509 0.259 

13 500 0.194 2.480 0.194 0.480 0.231 

14 525 0.192 2.362 0.192 0.452 0.205 

15 550 0.191 2.255 0.191 0.431 0.185 

16 575 0.190 2.157 0.190 0.410 0.168 

17 600 0.189 2.067 0.189 0.390 0.152 

18 625 0.188 1.984 0.188 0.374 0.140 

19 650 0.187 1.908 0.187 0.357 0.128 

20 675 0.185 1.837 0.185 0.340 0.116 

21 700 0.185 1.771 0.185 0.328 0.107 

22 725 0.185 1.710 0.185 0.317 0.101 

23 750 0.184 1.653 0.184 0.305 0.093 

24 775 0.185 1.600 0.185 0.295 0.087 

25 800 0.184 1.550 0.184 0.285 0.081 

26 825 0.182 1.503 0.182 0.273 0.075 

27 850 0.183 1.459 0.183 0.267 0.071 

28 875 0.181 1.417 0.181 0.257 0.066 

29 900 0.181 1.378 0.181 0.249 0.062 

30 925 0.182 1.341 0.182 0.243 0.059 

31 950 0.180 1.305 0.180 0.235 0.055 

32 975 0.180 1.272 0.180 0.229 0.053 

33 1000 0.182 1.240 0.182 0.225 0.051 

34 1025 0.180 1.210 0.180 0.218 0.047 

35 1050 0.186 1.181 0.186 0.219 0.048 

36 1075 0.185 1.153 0.185 0.214 0.046 

37 1100 0.180 1.127 0.180 0.203 0.041 
 

 Table4.18: absorbance, (αhv)
 2
, (hv), and α value for NT-4. 
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Figure4.76. plot of absorbance vs wavelength  Figure4.77. plot of (αhv)
 2
 vs (hv) for NT-4 

 

Figure 4.76 is representing plot of absorbance vs wavelength. Absorbance was measured 

for the range 190nm - 1100nm. Band gap was calculated from tauc plot representing in figure 

4.77. Eg value obtained from tauc plot was ‘3.60’ eV for NT-4. Although with decrease in 

particle size band gap is increased but the decrease in band gap for NT-4 was due to doping of 

nano titanium oxide sample with gadolinium. Doping cause a decrease in band gap due to the 

addition of extra energy levels on Fermi level energy in the nanomaterial especially in powder 

samples and excitation from ground state to conduction state became easier due to shifting of 

absorbance from UV to visible region. Nagaveni et al., (2004), Khan et al., (2002) 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.098 6.200 0.098 0.608 0.370 

2 225 0.094 5.511 0.094 0.520 0.270 

3 250 0.091 4.960 0.091 0.451 0.203 

4 275 0.086 4.509 0.086 0.388 0.151 

5 300 0.083 4.133 0.083 0.342 0.117 

6 325 0.076 3.815 0.076 0.289 0.084 

7 350 0.071 3.543 0.071 0.252 0.063 

8 375 0.068 3.307 0.068 0.226 0.051 

9 400 0.068 3.100 0.068 0.211 0.045 

10 425 0.068 2.918 0.068 0.198 0.039 

11 450 0.068 2.756 0.068 0.186 0.035 

12 475 0.067 2.611 0.067 0.175 0.031 

13 500 0.067 2.480 0.067 0.165 0.027 

14 525 0.066 2.362 0.066 0.155 0.024 

15 550 0.066 2.255 0.066 0.149 0.022 

16 575 0.065 2.157 0.065 0.141 0.020 

17 600 0.065 2.067 0.065 0.135 0.018 

18 625 0.065 1.984 0.065 0.129 0.017 

19 650 0.065 1.908 0.065 0.124 0.015 

20 675 0.064 1.837 0.064 0.117 0.014 

21 700 0.064 1.771 0.064 0.113 0.013 

22 725 0.064 1.710 0.064 0.110 0.012 

23 750 0.065 1.653 0.065 0.107 0.011 

24 775 0.065 1.600 0.065 0.104 0.011 

25 800 0.065 1.550 0.065 0.100 0.010 

26 825 0.060 1.503 0.060 0.090 0.008 

27 850 0.065 1.459 0.065 0.094 0.009 

28 875 0.062 1.417 0.062 0.088 0.008 

29 900 0.062 1.378 0.062 0.085 0.007 

30 925 0.064 1.341 0.064 0.085 0.007 

31 950 0.061 1.305 0.061 0.079 0.006 

32 975 0.062 1.272 0.062 0.079 0.006 

33 1000 0.062 1.240 0.062 0.077 0.006 

34 1025 0.062 1.210 0.062 0.075 0.006 

35 1050 0.065 1.181 0.065 0.077 0.006 

36 1075 0.061 1.153 0.061 0.071 0.005 

37 1100 0.060 1.127 0.060 0.068 0.005 
 

Table4.19: absorbance, (αhv)
 2
, (hv), and α value for NT-6. 
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Figure4.78.  plot of absorbance vs wavelength Figure4.79. plot of (αhv)

 2
 vs (hv) for NT-6 

 

Figure 4.78 is representing plot of absorbance vs wavelength. Absorbance was measured 

for the range 190nm - 1100nm. Band gap was calculated from tauc plot representing in figure 

4.79. Eg value obtained from tauc plot was ‘3.51’ eV for NT-6. Band gap energy for NT-6 is 

lower than the Eg value of NT-4 and NT-2. Lowering of band gap as compared to NT- 2 is in 

agreement with literature; however difference of Eg value from NT-4 is due to particle size, 

%age of doping also effect the band gap value of sample. Nagaveni et al., (2004), Khan et al., 

(2002) 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.141 6.200 0.141 0.876 0.767 

2 225 0.135 5.511 0.135 0.742 0.551 

3 250 0.129 4.960 0.129 0.640 0.410 

4 275 0.123 4.509 0.123 0.554 0.307 

5 300 0.118 4.133 0.118 0.486 0.236 

6 325 0.113 3.815 0.113 0.433 0.187 

7 350 0.112 3.543 0.112 0.398 0.158 

8 375 0.111 3.307 0.111 0.367 0.135 

9 400 0.111 3.100 0.111 0.343 0.118 

10 425 0.112 2.918 0.112 0.326 0.106 

11 450 0.111 2.756 0.111 0.306 0.094 

12 475 0.111 2.611 0.111 0.290 0.084 

13 500 0.111 2.480 0.111 0.276 0.076 

14 525 0.113 2.362 0.113 0.268 0.072 

15 550 0.114 2.255 0.114 0.256 0.065 

16 575 0.114 2.157 0.114 0.246 0.061 

17 600 0.114 2.067 0.114 0.235 0.055 

18 625 0.115 1.984 0.115 0.228 0.052 

19 650 0.116 1.908 0.116 0.220 0.049 

20 675 0.116 1.837 0.116 0.213 0.045 

21 700 0.116 1.771 0.116 0.205 0.042 

22 725 0.117 1.710 0.117 0.200 0.040 

23 750 0.117 1.653 0.117 0.193 0.037 

24 775 0.119 1.600 0.119 0.190 0.036 

25 800 0.120 1.550 0.120 0.185 0.034 

26 825 0.115 1.503 0.115 0.172 0.030 

27 850 0.123 1.459 0.123 0.179 0.032 

28 875 0.122 1.417 0.122 0.173 0.030 

29 900 0.123 1.378 0.123 0.169 0.028 

30 925 0.125 1.341 0.125 0.167 0.028 

31 950 0.125 1.305 0.125 0.164 0.027 

32 975 0.125 1.272 0.125 0.159 0.025 

33 1000 0.118 1.240 0.118 0.147 0.022 

34 1025 0.117 1.210 0.117 0.142 0.020 

35 1050 0.116 1.181 0.116 0.137 0.019 

36 1075 0.116 1.153 0.116 0.134 0.018 

37 1100 0.116 1.127 0.116 0.131 0.017 
 

Table4.20: absorbance, (αhv)
 2
, (hv), and α value for NT-8. 
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Figure4.80. plot of absorbance vs wavelength Figure4.81. plot of (αhv)

 2
 vs (hv) for NT-8 

 

Figure 4.80 is representing plot of absorbance vs wavelength. Absorbance was measured 

for the range 190nm - 1100nm. Band gap was calculated from tauc plot representing in figure 

4.81. Eg value obtained from tauc plot was ‘3.51’ eV for NT-8. Band gap energy for NT-8 is 

lower than the Eg value of NT-4 and NT-2 but similar to Eg value of NT-6. Lowering of band 

gap as compared to NT- 2 is in agreement with literature; however difference of Eg value from 

NT-4 is due to particle size, %age of doping also effect the band gap value of sample. (Nagaveni 

et., al 2004, Khan et al., 2002) 

 

Band gap for SiO2 and Lanthanide doped SiO2 nanomaterial. 

 Band gap of SiO2, Gd/SiO2, Sm/SiO2 and La/SiO2 was studied by SPS analysis of 

powdered nanoparticles samples. 10 mg powdered sample was taken and well dispersed in 5ml 

water by Sonication for 30 minutes. Thin layer was prepared by spreading the sonicated sample 

on glass slide. Absorbance was measured and band gap was calculated by plotting (αhv)
 2

 vs (hv) 

and extrapolation of straight line on the curve. Absorbance and calculated values are given in 

tables 4.21, 4.22, 4.23, 4.24. Notomi et al., (2000) 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.201 6.200 0.201 1.245 1.550 

2 225 0.196 5.511 0.196 1.082 1.170 

3 250 0.187 4.960 0.187 0.926 0.858 

4 275 0.168 4.509 0.168 0.759 0.576 

5 300 0.167 4.133 0.167 0.688 0.474 

6 325 0.165 3.815 0.165 0.630 0.397 

7 350 0.166 3.543 0.166 0.588 0.346 

8 375 0.165 3.307 0.165 0.546 0.298 

9 400 0.164 3.100 0.164 0.509 0.259 

10 425 0.164 2.918 0.164 0.478 0.228 

11 450 0.162 2.756 0.162 0.447 0.200 

12 475 0.161 2.611 0.161 0.421 0.177 

13 500 0.160 2.480 0.160 0.397 0.158 

14 525 0.161 2.362 0.161 0.379 0.144 

15 550 0.160 2.255 0.160 0.360 0.129 

16 575 0.159 2.157 0.159 0.343 0.118 

17 600 0.159 2.067 0.159 0.328 0.108 

18 625 0.159 1.984 0.159 0.316 0.100 

19 650 0.159 1.908 0.159 0.303 0.092 

20 675 0.157 1.837 0.157 0.289 0.083 

21 700 0.157 1.771 0.157 0.278 0.077 

22 725 0.159 1.710 0.159 0.271 0.074 

23 750 0.158 1.653 0.158 0.260 0.068 

24 775 0.159 1.600 0.159 0.255 0.065 

25 800 0.159 1.550 0.159 0.246 0.061 

26 825 0.153 1.503 0.153 0.231 0.053 

27 850 0.159 1.459 0.159 0.232 0.054 

28 875 0.158 1.417 0.158 0.223 0.050 

29 900 0.157 1.378 0.157 0.217 0.047 

30 925 0.159 1.341 0.159 0.213 0.045 

31 950 0.158 1.305 0.158 0.206 0.043 

32 975 0.159 1.272 0.159 0.202 0.041 

33 1000 0.160 1.240 0.160 0.198 0.039 

34 1025 0.160 1.210 0.160 0.193 0.037 

35 1050 0.167 1.181 0.167 0.197 0.039 

36 1075 0.169 1.153 0.169 0.195 0.038 

37 1100 0.169 1.127 0.169 0.190 0.036 
 

Table4.21: absorbance, (αhv)
 2
, (hv), and α value for NS-2. 
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Figure4.82. plot of absorbance vs wavelength Figure4.83. plot of (αhv)

 2
 vs (hv) for NS-2 

 

Figure 4.82 is representing plot of absorbance vs wavelength. Absorbance was 

measured for the range 190nm- 1100nm. Band gap was calculated from tauc plot 

representing in figure 4.83. Eg value obtained from tauc plot was ‘3.58’ eV for NS-2 

(SiO2). Band gap of simple nano silicon oxide was also compared with band gap of doped 

SiO2 nanoparticles. It was obtained that all SiO2 samples have band gap in same pattern.  
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.125 6.200 0.125 0.773 0.598 

2 225 0.114 5.511 0.114 0.627 0.393 

3 250 0.108 4.960 0.108 0.535 0.286 

4 275 0.104 4.509 0.104 0.467 0.218 

5 300 0.100 4.133 0.100 0.415 0.172 

6 325 0.099 3.815 0.099 0.378 0.143 

7 350 0.098 3.543 0.098 0.348 0.121 

8 375 0.097 3.307 0.097 0.319 0.102 

9 400 0.095 3.100 0.095 0.294 0.086 

10 425 0.093 2.918 0.093 0.271 0.073 

11 450 0.091 2.756 0.091 0.250 0.062 

12 475 0.089 2.611 0.089 0.232 0.054 

13 500 0.087 2.480 0.087 0.217 0.047 

14 525 0.086 2.362 0.086 0.202 0.041 

15 550 0.085 2.255 0.085 0.191 0.037 

16 575 0.083 2.157 0.083 0.180 0.032 

17 600 0.082 2.067 0.082 0.169 0.029 

18 625 0.081 1.984 0.081 0.161 0.026 

19 650 0.081 1.908 0.081 0.154 0.024 

20 675 0.078 1.837 0.078 0.143 0.021 

21 700 0.077 1.771 0.077 0.137 0.019 

22 725 0.078 1.710 0.078 0.133 0.018 

23 750 0.076 1.653 0.076 0.126 0.016 

24 775 0.077 1.600 0.077 0.123 0.015 

25 800 0.075 1.550 0.075 0.116 0.013 

26 825 0.073 1.503 0.073 0.110 0.012 

27 850 0.074 1.459 0.074 0.108 0.012 

28 875 0.072 1.417 0.072 0.102 0.010 

29 900 0.071 1.378 0.071 0.098 0.010 

30 925 0.071 1.341 0.071 0.096 0.009 

31 950 0.070 1.305 0.070 0.092 0.008 

32 975 0.070 1.272 0.070 0.089 0.008 

33 1000 0.071 1.240 0.071 0.088 0.008 

34 1025 0.070 1.210 0.070 0.085 0.007 

35 1050 0.074 1.181 0.074 0.087 0.008 

36 1075 0.076 1.153 0.076 0.087 0.008 

37 1100 0.078 1.127 0.078 0.087 0.008 
 

Table4.22: absorbance, (αhv)
 2
, (hv), and α value for NS-4. 
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Figure4.84.  plot of absorbance vs wavelength Figure4.85. plot of (αhv)

 2
 vs (hv) for NS-4 

 

Figure 4.84 is representing plot of absorbance vs wavelength. Absorbance was measured for the 

range 190nm - 1100nm. Band gap was calculated from tauc plot representing in figure4.85. Eg 

value obtained from tauc plot was ‘3.45’ eV for NS-4 (Gd/SiO2). A blue shift is observed in band 

gap of NS-4 which is due to the doping of nanosilicon oxide with Gadolinium. Notomi et al., 

(2000) 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.053 6.200 0.053 0.327 0.107 

2 225 0.050 5.511 0.050 0.277 0.077 

3 250 0.047 4.960 0.047 0.234 0.055 

4 275 0.046 4.509 0.046 0.206 0.042 

5 300 0.043 4.133 0.043 0.176 0.031 

6 325 0.042 3.815 0.042 0.159 0.025 

7 350 0.042 3.543 0.042 0.148 0.022 

8 400 0.043 3.100 0.043 0.132 0.017 

9 425 0.043 2.918 0.043 0.124 0.015 

10 450 0.042 2.756 0.042 0.117 0.014 

11 475 0.042 2.611 0.042 0.110 0.012 

12 500 0.042 2.480 0.042 0.104 0.011 

13 525 0.042 2.362 0.042 0.099 0.010 

14 550 0.042 2.255 0.042 0.095 0.009 

15 575 0.042 2.157 0.042 0.090 0.008 

16 600 0.042 2.067 0.042 0.087 0.008 

17 625 0.043 1.984 0.043 0.084 0.007 

18 650 0.042 1.908 0.042 0.081 0.007 

19 675 0.041 1.837 0.041 0.075 0.006 

20 700 0.041 1.771 0.041 0.073 0.005 

21 725 0.042 1.710 0.042 0.072 0.005 

22 750 0.043 1.653 0.043 0.070 0.005 

23 775 0.043 1.600 0.043 0.068 0.005 

24 800 0.043 1.550 0.043 0.066 0.004 

25 825 0.040 1.503 0.040 0.060 0.004 

26 850 0.042 1.459 0.042 0.062 0.004 

27 875 0.041 1.417 0.041 0.059 0.003 

28 900 0.041 1.378 0.041 0.056 0.003 

29 925 0.042 1.341 0.042 0.056 0.003 

30 950 0.041 1.305 0.041 0.054 0.003 

31 975 0.041 1.272 0.041 0.052 0.003 

32 1000 0.042 1.240 0.042 0.052 0.003 

33 1025 0.042 1.210 0.042 0.051 0.003 

34 1050 0.046 1.181 0.046 0.055 0.003 

35 1075 0.050 1.153 0.050 0.058 0.003 

36 1100 0.042 1.127 0.042 0.048 0.002 
 

Table4.23: absorbance, (αhv)
 2
, (hv), and α value for NS-6. 



159 
 

 
Figure4.86.  plot of absorbance vs wavelength Figure4.87. plot of (αhv)

 2
 vs (hv) for NS-6 

 

Figure 4.86 is representing plot of absorbance vs wavelength. Absorbance was measured for the 

range 190nm - 1100nm. Band gap was calculated from tauc plot representing in figure4.87. Eg 

value obtained from tauc plot was ‘3.43’ eV for NS-6 (Sm/SiO2). A blue shift is observed in 

band gap of NS-6 which is due to the doping of nanosilicon oxide with Samarium. Notomi et al., 

(2000) 
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Sr.No λ (nm) A  hv α=A/t αhv αhv
2
 

1 200 0.135 6.200 0.135 0.838 0.702 

2 225 0.129 5.511 0.129 0.713 0.508 

3 250 0.127 4.960 0.127 0.628 0.394 

4 275 0.124 4.509 0.124 0.558 0.311 

5 300 0.101 4.133 0.101 0.416 0.173 

6 325 0.090 3.815 0.090 0.342 0.117 

7 350 0.087 3.543 0.087 0.307 0.094 

8 375 0.083 3.307 0.083 0.273 0.075 

9 400 0.081 3.100 0.081 0.250 0.063 

10 425 0.079 2.918 0.079 0.232 0.054 

11 450 0.077 2.756 0.077 0.212 0.045 

12 475 0.076 2.611 0.076 0.197 0.039 

13 500 0.075 2.480 0.075 0.186 0.035 

14 525 0.075 2.362 0.075 0.176 0.031 

15 550 0.074 2.255 0.074 0.166 0.028 

16 575 0.073 2.157 0.073 0.158 0.025 

17 600 0.073 2.067 0.073 0.151 0.023 

18 625 0.073 1.984 0.073 0.144 0.021 

19 650 0.072 1.908 0.072 0.138 0.019 

20 675 0.072 1.837 0.072 0.132 0.017 

21 700 0.071 1.771 0.071 0.126 0.016 

22 725 0.071 1.710 0.071 0.121 0.015 

23 750 0.070 1.653 0.070 0.116 0.014 

24 775 0.071 1.600 0.071 0.113 0.013 

25 800 0.070 1.550 0.070 0.109 0.012 

26 825 0.071 1.503 0.071 0.107 0.011 

27 850 0.071 1.459 0.071 0.103 0.011 

28 875 0.070 1.417 0.070 0.099 0.010 

29 900 0.071 1.378 0.071 0.098 0.010 

30 925 0.072 1.341 0.072 0.096 0.009 

31 950 0.072 1.305 0.072 0.094 0.009 

32 975 0.071 1.272 0.071 0.091 0.008 

33 1000 0.071 1.240 0.071 0.089 0.008 

34 1025 0.072 1.210 0.072 0.087 0.008 

35 1050 0.070 1.181 0.070 0.083 0.007 

36 1075 0.070 1.153 0.070 0.080 0.006 

37 1100 0.070 1.127 0.070 0.078 0.006 
 

Table4.24: absorbance, (αhv)
 2
, (hv), and α value for NS-8. 
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Figure4.88. plot of absorbance vs wavelength Figure4.89. plot of (αhv)

 2
 vs (hv) for NS-8 

 

Figure 4.88 is representing plot of absorbance vs wavelength. Absorbance was measured 

for the range 190nm- 1100nm. Band gap was calculated from tauc plot representing in figure 

4.89. Eg value obtained from tauc plot was ‘3.48’ eV for NS-8 (La/SiO2). A blue shift is observed 

in band gap of NS-8 which is due to the doping of nanosilicon oxide with Lanthanum. Slight 

difference in Eg value of NS-4, NS-6 and NS-8 is due to grain size, electronic structure, and 

%age of doping for Gd, Sm, and La.  
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Conclusion 

 

 In this research work Transition metal oxides, (ZnO, TiO2, And SiO2) were fabricated by 

sol- gel method using cheapest and easily available precursor salts. Silica was fabricated from 

rice husk ash which was big source of silica and abundant in nature. Each transition metal oxide 

nanoparticle sample fabricated, was doped with lanthanide metals such as Gadolinium, 

Samarium and Lanthanum to modify the properties of metal oxides, resulting in the formation of 

three sets of nanoparticles which are (ZnO, Gd/ZnO, Sm/ZnO, La/ZnO), (TiO2, Gd/TiO2, Sm/ 

TiO2, La/TiO2) and (SiO2, Gd/SiO2, Sm/SiO2, La/SiO2) . The formation of fabricated nanoparticles 

was confirmed by different characterization techniques such as TEM, SEM, XRD, FTIR and 

TGA/DSC.   

 TEM results confirmed the fabricated grain size in nano-range. The average particle size 

calculated by TEM was in the range of 5nm – 30 nm, and no particle was above 30nm which was 

in accordance with the definition of nanoparticles. The morphology of nanomaterial was 

analyzed by SEM and it was observed that the nanoparticles have rounded, spherical, oval, and 

irregular shape with somewhat spongy, stone like, honey comb like and pebble like texture. High 

degree of agglomerization was analyzed from SEM results. This problem was overcome to some 

extent by using surfactant SDS, as surfactants play an important role in controlling the 

morphology by hindering the coagulation in nanoparticles. However agglomerization in presence 

of surfactant was may be due to the presence of NaOH in the reaction mixture during 

nanofabrication, as NaOH suddenly raise the temperature and may cause coagulation of 

nanoparticles.  

 XRD was used to analyze the crystalline phase and crystal structure. Lattice strain was 

also calculated from XRD data. 2Ө position was analyzed from XRD and crystallite size was 

calculated from Scherer equation. It was analyzed that all undoped and lanthanide doped ZnO 

nanoparticles have hexagonal geometry with main peak at 36
o
 with a very slight difference of 2Ө 

position among samples for ZnO, Gd/ZnO, Sm/ZnO and La/ZnO. Which was mainly due to 

slightly different properties of Gd, Sm, and La. The crystallite size range from 8 nm to 27 nm for 

ZnO and Lanthanide doped  ZnO, as calculated by using Scherer equation with minimum value 
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for NZ-6 which was 8.879. Similarly for TiO2 nanoparticles tetragonal geometry with anatase 

crystalline form was obtained having 2Ө value in the range 24
o
 to 25

o
 with minimum crystallite 

size for NT-8 with size 4.46 nm. SiO2 nanoparticles however represented very few peaks with 

2Ө at 23
o
 due to the reason that SiO2 have amorphous structure with some crystallinity. Peak 

broadening in XRD represents the nanometer size of particles.  The particle size calculated by 

TEM and Crystallite size obtained from XRD data by using Scherer equation was in agreement 

with each other with a minor difference. The reason for difference in particle size was due to the 

fact that XRD give  size for a single particle whereas by TEM we obtain particle size of two or 

more particles coagulate with each other. Presence of ZnO and Gd in nanopowder sample was 

also confirmed by FTIR analysis. Weight loss was observed by TGA/DSC and observed that no 

weight loss occurred above 450
o
C for ZnO which was the calcination temperature of ZnO.  

 Catalytic activity of all three sets of fabricated nanoparticles was analyzed by 

photodegradation of Methylene blue dye using different conditions and different reaction time 

values. Catalysis was done by using UVlight, Sunlight and Dark with reaction time 30 minutes, 

60 minutes and 120 minutes. It was observed that minimum degradation of dye took place by 

reacting dye with nanocatalyst in dark and maximum degradation took place in UV-light. Reason 

is that UV radiations also have ability to enhance the catalytic reactions by excitation of 

electrons. It was analyzed that among first set of nanoparticles (ZnO, Gd/ZnO, Sm/ZnO, 

La/ZnO), maximum degradation value of M.B dye was obtained by Gadolinium doped Zinc 

Oxide (Gd/ZnO) after stirring for 120 minutes in UV-light with percentage decomposition 

26.246 % and first order rate constant k-value 0.1031 Sec
-1

. The photocatalytic activity of 

Samarium doped ZnO (Sm/ZnO) after 120 minute stirring in UV-light is nearly close to the 

catalytic activity of Gd/ZnO with the %age degradation value 26.047 % with a difference of 

0.199 %, the first order rate constant k-value for Sm/ZnO was 0.1027 Sec
-1

. Similarly La/ZnO 

nanoparticles after 120min stirring in UV- light have %age degradation value 23.404 % with k-

value 0.1022 Sec
-1

. %age degradation value by using undoped ZnO was only 7.326 % with k- 

value 0.0809 Sec
-1

 having value 27.912 % less than doped ZnO under same conditions showing 

that doping with lanthanides greatly enhance the catalytic activity of ZnO nanoparticles.  Doping 

was resulted in enhancement of catalytic activity of nanoparticles due to the reason that doping 

introduce new electronic levels inside the metal oxides band gap resulting in higher catalytic 

activity of lanthanide dope nanoparticles. It was also observed that catalytic activity of ZnO  and 
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lanthanide doped ZnO was lowest when catalysis took place in the dark and it increased when 

catalysis carried out in sunlight and maximum value was observed by catalysis in UV-light 

keeping reaction time, and other conditions constant. In dark after stirring dye with nanocatalyst 

for 120 minutes the %age degradation value for M.B dye was 7.481 % with k-value 0.0829 Sec
-1 

showing a decrease of 28.503 % from catalysis in UV-light (Table 4.4) . Reaction time also play 

an important role on catalytic activity of ZnO and Lanthanide doped ZnO nanoparticles. by 

increasing reaction time from 30 minutes to 120 minutes catalytic activity also increased.  From 

catalysis result following order of catalytic activity was observed by catalysis conditions, NPs 

synthesis conditions, catalysis time and doping of samples. 1. (ZnO, Gd/ZnO, Sm/ZnO, 

La/ZnO)UV-light > (ZnO, Gd/ZnO, Sm/ZnO, La/ZnO)Sunlight > (ZnO, Gd/ZnO, Sm/ZnO, 

La/ZnO)dark,  2. (ZnO, Gd/ZnO, Sm/ZnO, La/ZnO)surfactant > (ZnO, Gd/ZnO, Sm/ZnO, 

La/ZnO)surfactant free 3. (ZnO, Gd/ZnO, Sm/ZnO, La/ZnO)120min > (ZnO, Gd/ZnO, Sm/ZnO, 

La/ZnO)60min > (ZnO, Gd/ZnO, Sm/ZnO, La/ZnO)30min. 4. ZnOdoped  > ZnOundoped. Furthermore it 

was observed that among three lanthanide metals (Gd, Sm, and La) there is not clear distinction 

of catalytic degradation activity due to the fact that all transition metals have almost same 

properties. (Table 4.5,4.6). For 2
nd

 set of nanocatalysts (TiO2, Gd/ TiO2, Sm/ TiO2, La/ TiO2)  

highest photodegradation took place 25.651 % for NT-6 (Sm/TiO2) with first order rate constant 

k-value 0.1020 Sec
-1 

after 120 min reaction in UV light, for 60 min reaction in UV- light 

photodegradation was 22.449 % and for 30 minute reaction in UV-light %age degradation was 

18.677 % showing that by an increase in catalytic reaction time degradation %age also 

increased. The %age degradation by using Titanium Oxide  nanocatalyst sample without doping 

with Lanthanides was 9.061% with k-value 0.0840 Sec
-1

. Similarly for reaction in dark 

maximum degradation value was 8.299% with a difference of 32.353 % from reaction in UV-

light for NT-6 (Sm/TiO2) after 120 minute reaction time. after 30 minute stirring in dark undoped 

TiO2 have degraded only 2.166 % M.B dye. Which justified that doping of nanocatalysts and 

UV-light clearly enhanced the catalytic activity of nanoparticle samples. After analyzing (TiO2, 

Gd/ TiO2, Sm/ TiO2, La/ TiO2). It was observed that under all conditions NT-6 have maximum 

degradation activity with the exception that for 30 minute reaction in dark maximum degradation 

(4.004 %) took place by NT-3 (Gd/TiO2 surfactant free). Order of reactivity for TiO2 and 

Lanthanide doped TiO2 was same as in ZnO. 1. (TiO2, Gd/ TiO2, Sm/ TiO2, La/ TiO2)UV-light > 

(TiO2, Gd/ TiO2, Sm/ TiO2, La/ TiO2)Sunlight > (TiO2, Gd/ TiO2, Sm/ TiO2, La/ TiO2)dark,  2. 
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(TiO2, Gd/ TiO2, Sm/ TiO2, La/ TiO2)surfactant > (TiO2, Gd/ TiO2, Sm/ TiO2, La/ TiO2)surfactant free 3. 

(TiO2, Gd/ TiO2, Sm/ TiO2, La/ TiO2)120min > (TiO2, Gd/ TiO2, Sm/ TiO2, La/ TiO2)60min > (TiO2, 

Gd/ TiO2, Sm/ TiO2, La/ TiO2)30min. 4. TiO2doped  > TiO2undoped. ( Table 4.7, 4.8, 4.9). For 3
rd

 set of 

nanocatalysts (SiO2, Gd/SiO2, Sm/SiO2, La/SiO2)  maximum photocatalytic activity was 

observed by NS-6 (Sm/SiO2) by %age degradation value of 17.672 % and k-value 0.0958 Sec
-1

 

whereas minimum degradation was 1.797 % for NS-1 (SiO2-surfactant free). After 60 minute 

reaction under UV-light 14.706 % dye was degraded with k-value 0.0902 Sec
-1

. For 120 minute 

reaction in sunlight 12.911 % dye was degraded with k-value 0.0896 Sec
-1

. In dark after 120 

minutes reaction 6.092 % dye was degrade. (Table 4.10, 4.11, 4.12). 

By considering all four reaction conditions such as reaction time, reaction environment, doping 

and use of surfactant (SiO2, Gd/SiO2, Sm/SiO2, La/SiO2) represented same order of reactivity as 

shown by (ZnO, Gd/ZnO, Sm/ZnO, La/ZnO) and (TiO2, Gd/TiO2, Sm/ TiO2, La/TiO2). 

It was observed after overall analysis of catalytic results that SiO2 and lanthanide doped SiO2 

nanoparticles have least photocatalytic activity among three sets of nanocatalysts. The 

photocatalytic activity of (ZnO and lanthanide doped ZnO) and (TiO2 and Lanthanide doped 

ZnO) was approximately equal to each other with a minor difference. The least activity of SiO2 

and lanthanide doped SiO2 may be attributed to its wide band gap, insulating properties and 

amorphous structure, however ZnO and Titanium Oxide both have semiconductor properties and 

transition between valence band and conduction band is easier as compared to SiO2. From results 

it was observed that Sm doping enhance the activity of nanocatalyst to greater extent as 

compared to Gd and La doping. Reason attributed towards the electronic structure of samarium. 

The order of reactivity of three sets of catalysts can be give as. 

(ZnO, Gd/ZnO, Sm/ZnO, La/ZnO) ≥ (TiO2, Gd/TiO2, Sm/ TiO2, La/TiO2) > (SiO2, Gd/SiO2, 

Sm/ SiO2, La/SiO2) 

 Optical activity of nanoparticles was also measured and band gap was calculated. Band 

gap study is helpful in fabrication of solar cell using these materials. Band gap was calculated by 

Tauc plot. From data analysis it was observed that two factors affect the band gap of a substance. 

First band gap and particle size are inverse to each other. Band gap was increased by decrease in 

particle size due to the reason that bulk defects induce delocalization of the conduction band 
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edge and create the shallow, deep traps in electronic energy levels causing a red shift. Second 

doping cause a decrease in band gap of metal oxide nanoparticles by addition of new energy 

levels in the nanoparticle samples and absorbance shifted from UV to visible region. Band gap 

for bulk ZnO according to literature is 3.37 eV but the band gap calculated from SPS data using 

tauc equation was 3.62 eV for Nano ZnO(NZ-2), the band gap value increased from 3.37 eV to 

3.62 eV which justify that on decreasing particle size, band gap was increased. However this 

value decreased by doping of ZnO with Lanthanide metals which justify that doping cause 

decrease in band gap of metal oxide. Band gap of Gd/ZnO (NZ-4) was observed 3.42 eV, for 

Sm/ZnO (NZ-6) band gap was 3.47 eV, and for La/ZnO (NZ-8) band gap calculated was 3.58 

eV. Band gap values of ZnO and lanthanide doped ZnO were shown that ZnO have maximum 

band gap value which justified the principle that band gap is inversely proportional to particle 

size. Same happened with band gap of TiO2. The band gap value for nano titanium oxide (NT-2) 

was calculated 3.69 eV which is higher than bulk TiO2 band gap. Similarly band gap values of 

Gd/TiO2 (NT-4) was observed 3.61 eV, for both Sm/TiO2 (NT-6) and La/TiO2 (NT-8) band gap 

value was 3.51 eV representing that doping cause decrease in band gap of doped metal oxide 

nanoparticles and nanometer size resulted increase in band gap. Similarly band gap value for 

nano silicon oxide (NS-2) was observed 3.58 eV. the band gap value for Gd/SiO2 was 3.45 eV, 

for Sm/SiO2 3.43 eV and for La/SiO2 band gap value was 3.48 eV. 

For all three sets of nanoparticles the band gap value of undoped samples were greater than the 

band gap values of lanthanide doped samples which was attributed to the addition of new energy 

levels in the molecule. However difference of band gap values among lanthanide (Gd, Sm, La) 

doped nanoparticles was attributed to the particle size and electronic structure of these metals. 

Nanomaterials are flattering vital due to their catalytic, optical and electrical application in whole 

world now a days. However Pakistan is a country that is not faring that well in the field of 

nanotechnology. Now a days major problem of Pakistan is energy crises and environmental 

pollution, both these problems can overcome by the advanced applications  of  nanomaterials 

these fields. In present research work we utilized available resources for synthesis and 

applications of nanoparticles and the results can be applied to meet the upcoming environmental 

and energy challenges,  to gain economic benefits and in improving our daily lives and 

advancing our world. 
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