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ABSTRACT 

The present project work has mainly focused on optical properties of undoped and tin doped 

indium oxide (In2O3) Nan-particleS. In this project, the band gap, crystallite size and index of 

refraction of ITO nano-particle were calculated from UV-Vis spectra using Brus model, Deby 

Scherer‟s and mos‟s relation. As the tin concentration increased from 5% to 50%, the calculated 

energy band gap decreased from 3.726 eV to 3.709 eV and the crystallite size is increased from 

18.40 nm to 25.68 nm. The band gap energy of undoped and Sn doped indium oxide (In2O3) 

nano-particle is inversely proportional to the index of refraction calculated by Moss relation 

formula. So, the calculated refractive index of ITO is increased due to the decrease of band gap 

energy as the tin concentration increases.   

KEY WORDS: Nano-materials, In2O3, ITO, Optical properties, Semiconductor, XRD, UV-Vis 

Spectroscopy, Crystallite structure, . 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background of the Study 

Over the past decades, nanostructure metal oxide semiconductors (MOSs) have drawn 

tremendous attention of researchers due to their vast applications in various fields[1-3]. MOS 

Nano-materials having a Nano size (1–100 nm) exhibit novel features including high surface 

area, excellent physical and chemical stability and lower material density compared to their bulk 

counterpart. Among various MOS nano-materials, indium oxide (In2O3) has been investigated 

widely due to its wide band gap, high electrical conductivity, stability and excellent 

optoelectronic properties[4]. These features of the nano-materials help the researchers to design 

and fabricate various functional nano-materials (devices) for practical use.  

 

Beginning from the last decade, MOS IO based nano-materials has been studied extensively. 

Around 54 years ago,o.Bierulagen,et,al., [5] demonstrated that a small fraction of tin (Sn) doping 

into IO can significantly increase the electrical conductivity and infrared reflectivity without 

losing optical transparency in visible region. Based on this experimental observation, the tin (Sn) 

doped indium oxide (In2O3) (ITO) becomes an active area of research. Different nanostructure 

IO based bulk nano-materials such as Nano sheets, nano-wires, nano-particles, quantum dots, 

single crystals are suitable for potential applications[6-8]. Among these applications, 

photovoltaic devices, liquid crystal displays, transparent conductive electrode in electronic 

devices, solar cells and flat panel displays, photo detectors, gas sensors, heat reflecting windows 

are some of the applications of IO based MOS nano-materials[9-11] 

 

Recently, the rapid increase in production of various electronic/ optoelectronic devices with ITO 

results a sharp increase in price of indium. In order to minimize the cost without losing its 

functional properties, studying the optical properties of indium oxide based nano-particle in 

detail will make the fabrication of the nano-materials easy [12]. As a result, this project will be 

concerning on the study of optical properties of undoped and tin doped indium oxide (ITO) 

nano-particle will be helpful as a reading materials for those researchers focusing on ITO nano-

particles. 
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1.2. Statement of the Problem 

In a few last decades, Nano-structure Metal Oxide Semiconductors (MOSs) have drawn the 

attention of many researchers due to their vast applications in various fields. Among these, 

indium oxide (In2O3) is one of the MOSs that has been investigated widely due to its wide band 

gap, high electrical conductivity, stability and excellent optoelectronic properties. A small 

amount of tin (Sn) doping into IO can significantly enhance the electrical conductivity and 

infrared reflectivity without losing its optical transparency in visible region. These optically 

transparent electrical conducting nano-materials are useful in a variety of applications. Due to its 

vast technological importance; this project is focused on the study of the optical properties of 

undoped and tin doped indium oxide nano-particles.  

1.3. Significance of the Study 

During this time, different types of nano-materials have broadly been used to improve the 

materials properties including thermal, electrical, mechanical, optoelectronics, corrosion 

resistant, self-cleaning, and sensing. Nano-materials having a size (1–100 nm) attracted 

researchers‟ attention due to their novel features of high surface area, excellent physical and 

chemical stability, and lower material density compared to their bulk counterpart. These features 

of the nano-materials help the researchers to design and fabricate various functional devices for 

practical use. These materials have technological applications in liquid crystal displays, 

transparent electrodes for solar cells, gas sensors, photo detectors and laser damage resistant 

coatings in high power laser technology and so on. As a result, this study will help the pupils and 

the researchers to know more about the optical properties of undoped and tin doped indium oxide 

nano-particle. 

1.4. Objectives of the Study 

1.4.1. General Objective 

 To review the optical properties of undoped and tin doped indium oxide (In2O3) nano-

particle. 

1.4.2. Specific Objectives 

 To calculate the crystallite size and band gap energies of the nano-particle of 

undopedandtin doped indium oxide (In2O3).  
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 To determine the refractive index of undoped and tin doped indium oxide (ITO) nano-

particle. 

1.5. Scope of the Study 

This project will focus on assessing different optical properties of undoped and tin doped Indium 

Oxide nano-particles. The project incorporates some mathematical calculations of the optical 

properties (such as band gap, crystallite size and index of refraction) of pure and tin doped 

indium oxide (In2O3) nano-particle.  
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CHAPTER TWO 

2. REVIEW LITERATURE 

2.1. Semiconductor Materials 

Generally, materials are classified in to three groups based on their property of electrical 

conductivity. The first groups of materials are conductors that can transfer electric current well. 

Conductors are made from metallic elements. The second groups of materials are insulators 

which do not conduct electric current totally. Insulators are made from non metal elements.  

 

Semiconductor materials are the third groups of materials for which the electrical conductivity 

capacity is between conductors and insulators. They are mostly made from group four elements 

having four valance electrons. Their electrical conductivity increases if their temperature 

increases. This property is opposite for metallic materials. The conductivity of a semiconductor 

materials are also affected by impurity elements in addition to temperature.  Impurity elements 

are out of group four elements which are added in to semiconductor material. The electrical and 

optical properties of semiconductor materials are highly affected by impurities which are added 

in a precise controlled amount. The process of adding impurities in to pure semi conductor 

materials is known as doping. Semiconductor materials can be, classified in to two major groups, 

intrinsic and extrinsic.  

 

Intrinsic semiconductors exhibit a high degree of chemical impurity. Their conductivity is poor 

and largely temperature dependent. Single crystals of silicon, germanium and gallium arsenide 

are some common intrinsic semiconductors.  Gallium arsenide (GaAs) crystal is a compound 

semiconductor where as silicon and germanium crystals are pure element semiconductor 

materials. 

 

Extrinsic semiconductors are technologically more important. They are produced by addition of 

a small amounts of impurities (atoms of a different element), usually to a concentration of one 

part in a million in an intrinsic semiconductor. Group three and group five elements are the most 

common known impurities. Extrinsic semiconductors can be n-type and p- type. If the added 

impurity to the crystal is donating a free electron to the crystal, the type of extrinsic 
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semiconductor material is n-type. If the impurity traps electron from the crystal and produces a 

hole in the crystal, it is called p-type.   

2.2. Band Gap of Semiconductor Materials 

In semiconductor physics, the band gap of a semiconductor can be two types, a direct band gap 

or an indirect band gap. The minimum energy state in the conduction band and the maximum 

energy state in the valence band are each characterized by a certain crystal momentum (k-vector) 

in the Brillion zone. If the k-vectors are different, the material has an "indirect gap". If the crystal 

momentum (k-vector) of electrons and holes is the same in both of the conduction band and the 

valence band, the material has a “direct band gap”. In the direct band gap an electron can directly 

emit a photon. In an "indirect" gap, a photon cannot be emitted because the electron must pass 

through an intermediate state and transfer momentum to the crystal lattice. 

 

Examples of direct band gap materials include amorphous silicon and some III-V materials such 

as InAs and GaAs. Indirect band gap materials include crystalline silicon and Ge. Some III-V 

materials are indirect band gap as well, for example AlSb. 

m 

Figure 2.1: (A) direct band gap semiconductor and (B) indirect band gap in momentum 

space[13]. 

Interactions among electrons, holes, phonons, photons, and other particles are required to satisfy 

conservation of energy and crystal momentum (i.e., conservation of total k-vector). A photon 



6 

 

with energy near a semiconductor band gap has almost zero momentum. One important process 

is called radiative recombination, where an electron in the conduction band annihilates a hole in 

the valence band, releasing the excess energy as a photon. This is possible in a direct band gap 

semiconductor if the electron has a k vector near the conduction band minimum (the hole will 

share the same k-vector), but not possible in an indirect band gap semiconductor, as photons 

cannot carry crystal momentum, and thus conservation of crystal momentum would be violated. 

For radiative recombination to occur in an indirect band gap material, the process must also 

involve the absorption or emission of a phonon, where the phonon momentum equals the 

difference between the electron and hole momentum. It can also, instead, involve a 

crystallographic defect, which performs essentially the same role. The involvement of the 

phonon makes this process much less likely to occur in a given span of time, which is why 

radiativerecombination is far slower in indirect band gap materials than direct band gap ones. 

This is why light-emitting and laser diodes are almost always made of direct band gap materials, 

and not indirect band gap ones like silicon. 

 

The fact that radiative recombination is slow in indirect band gap materials also means that, 

under most circumstances, radiative recombination will be a small proportion of total 

recombination, with most recombination being non-radiative, taking place at point defects or at 

grain boundaries. However, if the excited electrons are prevented from reaching these 

recombination places, they have no choice but to eventually fall back into the valence band by 

radiative recombination. This can be done by creating a dislocation loop in the material. At the 

edge of the loop, the planes above and beneath the “dislocation disk” is pulled apart, creating a 

negative pressure, which raises the energy of the conduction band substantially, with the result 

that the electrons cannot pass this edge. Provided that the area directly above the dislocation loop 

is defect-free (no non-radiative recombination possible), the electrons will fall back into the 

valence shell by radiative recombination, thus emitting light. This is the principle on which 

"DELEDs" (Dislocation Engineered  LEDs) are based. 

The exact reverse of radiative recombination is light absorption. For the same reason as above, 

light with a photon energy close to the band gap can penetrate much farther before being 

absorbed in an indirect band gap material than a direct band gap one (at least in so far as the light 

absorption is due to exciting electrons across the band gap). This fact is very important for 



7 

 

photovoltaic (solar cells). Crystalline silicon is the most common solar-cell substrate material, 

despite the fact that it is indirect-gap and therefore does not absorb light very well. As such, they 

are typically hundreds of microns thick; thinner wafers would allow much of the light 

(particularly in longer wavelengths) to simply pass through.. 

The absorption spectrum of an indirect band gap material usually depends more on temperature 

than that of a direct material, because at low temperatures there are fewer phonons, and therefore 

it is less likely that a photon and phonon can be simultaneously absorbed to create an indirect 

transition. For example, silicon is opaque to visible light at room temperature, but transparent to 

red light at liquid helium temperatures, because red photons can only be absorbed in an indirect 

transition. 

2.3. Structure and Optical Properties of Indium Oxide (In2O3) Nano-particle 

2.3.1. Structural study of Indium Oxide (In2O3) Nano-particle 

Indium (III) oxide (In2O3) is a chemical compound which is an amphoteric oxide of indium. 

Amorphous indium oxide is insoluble in water but soluble in acids, whereas crystalline indium 

oxide is insoluble in both water and acids. The crystalline form exists in two phases, the cubic 

(bixbyite type) [14] and rhombohedral (corundum type). Both phases have a band gap of about 3 

eV[15,16]. 

 

The rhombohedral phase is produced at high temperatures and pressures or when using non-

equilibrium growth methods[17]. It has a space group R3c No. 167, Pearson symbol hR30, a = 

0.5487 nm, b = 0.5487 nm, c = 1.4510 nm, Z = 6 and calculated density 7.31 g/cm
3
[18].  

Indium oxide can serve as a semiconductor material, forming hetero junctions with p-InP, n-

GaAs, n-Si, and other materials. A layer of indium oxide on a silicon substrate can be deposited 

from an indium tri chloride solution, a method useful for manufacture of solar cells[19]. Indium 

oxide is used in some types of batteries, thin films infrared reflectors transparent for visible light 

(hot mirrors), some optical coatings, and some antistatic coatings. In combination with tin 

dioxide, indium oxide forms indium tin oxide (also called tin doped indium oxide or ITO), a 

material used for transparent conductive coatings. In semiconductors, indium oxide can be used 

as an n-type semiconductor used as a resistive element in integrated circuits. 
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The structure of the In2O3sample was studied by XRD. The XRD patterns of the In2O3 samples 

are shown in Figure 2.2 All of the detectable peaks can be indexed as the In2O3 cubic structure in 

the standard data (JCPDS: 71-2195).  

 

Figure 2.2: XRD patterns of In2O3nano-particles calcined in air for 2 h at 450°C, 500°C, 550 °C 

and 600°C[20]. 

The cubic lattice parameters a, obtained from the XRD spectra are 1.0099, 1.0092, 1.0122 and 

1.0119 nm for In2O3samples calcined at 450, 500, 550 and 600°C, respectively. These values are 

approaches to those of lattice constant a = 1.0117 nm in the standard data (JCPDS: 71-2195). 

The crystallite sizes (D) of the powders were estimated from X-ray line broadening using 

debyScherer‟s equation. 

)(

89.0





Cos
D

                              (2.1)

 

where λ is the wavelength of the X-ray radiation, K is a constant taken as 0.89, θ is the 

diffraction angle, β is the full width at half maximum (FWHM) for In2O3 samples calcined at 

450°C, 500°C, 550°C,  and 600°C, respectively. The crystallite sizes and lattice parameters of 

In2 O3 samples are summarized in Table 2.1. 
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Table 2.1: Summary of crystallite sizes from XRD cubic lattice constant and the band gap (Eg) of 

the nano-crystalline In2O3 samples calcined in air at different temperatures for 2h. 

 

 

In2O3 sample 

 

Average 

crystallite size 

(D) (nm) 

Estimated band 

gap (eV) 

Cubic Lattice 

Parameter (a) 

(nm) 

Calcined at 400C 12.1 3.93 1.0099  

Calcined at 500C 13.7 3.90 1.0092 

Calcined at 550C 17.1 3.70  1.0122 

Calcined at 600C 23.7 3.82 1.0119 



10 

 

 

Figure 2.3: Crystal structures of (a) In2O3-I, (b) In2O3-II, and In2O3-III[21]. 

 

Figure 2.4: Lattice structure of Undoped Indium Oxide[22]. 

2.3.2. Optical properties of Indium oxide (In2O3) Nano-particle 

The optical properties of semiconductor material are the necessary information for its application 

in solar cell. One of the parameter which affects the material optical properties is the band gap 

energy. The value of band gap energy can be found from experimental data of UV-Vis 

absorbance spectrum by doing three steps, i.e. curve smoothing, baseline arrangement data value 
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and the calculation of the band gap energy using Tauc plot method[19]. Indium oxide (In2O3) is a 

wide band gap (3.5 eV–3.75 eV) n-type semiconductor. It has interesting properties such as high 

transparency to visible light, high electrical conductivity, and strong interaction between certain 

poisonous gas molecules and its surfaces. These properties make In2O3 an interesting material for 

a variety of applications, including solar cells, panel displays, organic light emitting diodes, 

photo catalysts, architectural glasses, field emission. Its nano-particle is an important n-type 

direct band-gap transparent semiconductor around (3.75 eV)[23].  

The optical properties of In2O3nano-particles were studied by UV-Visible absorption 

spectroscopy. The absorbance spectra of In2O3nano-particles have been shown in the Fig. 2, 

where the absorbance peak of In2O3 was found at 321.9 nm. The absorbance peak depends on the 

different factors such as crystallite size, band gap, and oxygen vacancies and others. The direct 

band gap 

energy (Eg) of the samples is determined by fitting the absorption data to the direct transition 

equation. 

 

Figure 2.5: Room temperature optical absorbance spectra of In2O3samples calcined in air for 2 h 

at (a) 450°C, (b) 500°C, (c) 550°C and (d) 600°C[19]. 

The Tauc plot is firstly introduced by Tauc in 1966 when he calculated the band gap energy of 

amorphous germanium by using the data of absorbance spectrum. This method is based on 

assumption that the energy is dependent on absorbance coefficient α. This method is then further 

developed by Davis and Mott for semiconductor material. They found that optical absorbance is 
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depending on the difference between photon energy and band gap energy. The Tauc equation for 

semiconductor material is given by 

   g
n EhBh  
1

                                               (2.2)
 

wherehis Plank constant, υ is photon frequency, Egis band gap energy, B is a constant, n is a 

factor which depend on electron transition property, and α is absorbance coefficient. The value 

of nis ½ and 2 for direct and indirect band gap transition, respectively. The absorbance 

coefficient is calculated by 

 
l

A10ln


                                  (2.3)
 

WhereAis absorbance and l is the thickness of the material in centimeter. The determination of 

band gap energy by using Tauc plot is done by plotting the value of (αhυ)
1/n

withhυ, then 

followed by taking the extrapolation in the linear area across the energy axis in the 

corresponding graph. The intersection with energy-axis is the estimation of the corresponding 

energy gap. 

2.4. Structural and Optical Study of Tin (Sn) Doped Indium Oxide (In2O3) 

Nano-particle 

2.4.1.Structural Properties of Tin (Sn) Doped Indium Oxide In2O3 Nano-

particle 

2.4.1.1. XRD Analysis 

The synthesized ITO NPs were characterized using various characterization techniques. The 

crystal orientation of the ITO NPs was examined by X-ray diffraction (XRD) (Model: Rigako, 

smart lab, Japan, MonochromatizedCuKα radiation with Ni filter) operated at 40 kV, 20 mA with 

CuKα (λ=1.542 Å) radiation as an X-ray source configured in symmetrical θ-2θ mode[24]. 

The atomistic structure of a unit-cell of ITO resembles that of Indium Oxide (In2O3), with the 

latter being an ionically bound semiconducting oxide, which crystallizes in a cubic bixbyite-type 

structure with a space group Ia3 and a lattice constant of 10.118 nm[25]. The unit cell of ITO 

contains 80 atoms, and the Indium cat ions are located in two different six-fold-coordinated sites. 

One fourth of the cat ions are located in trigonally compressed octahedral, referred as b sites (In-
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O distance: 2.18Å), while the remaining three quarters are located on highly distorted octahedral 

d sites (set of three In-O distances: 2.13, 2.19 and 2.23Å)[26]. As Fig. 1a & b, indium atoms, on 

both b and d sites, reside at the center of a distorted cube with the six corners occupied by 

oxygen atoms, while the remaining two corners are empty. In the case of the b sites, oxygen 

vacancies are located along the body diagonal; for the d site they are located along a face 

diagonal[26]. Figure 1c shows Tin (Sn) doping sites in an indium oxide lattice, where the Sn 

atom occupies an interstitial site and contributes an electron (i.e., a donor), making the doped 

indium oxide into indium tin oxide. 

 

 

Figure 2.6: Lattice structure of Tin doped Indium Oxide[22]. 
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The XRD patterns of ITO NPs are shown in Fig.2.6.  The diffracted peaks indexed at 

21.31°(211), 30.4°(222), 35.3°(400), 37.6°(411), 41.7°(322), 45.57°(431), 50.8°(440), and 

60.5°(622) correspond to cubic bixbyite (JCPDS 06-0416) structure of ITO NPs. A strong peak 

was observed in all the samples at 2θ = 30.4° and corresponds to ITO (222) phase[24]. The peak 

intensity (222) increases as the tin (Sn) concentration increases and the average lattice parameter 

was calculated and found to be 10.16 Å. The crystallite size (D) of the nano-particle is 

determined from major peak at 2Ө and equal which is based on Scherer‟s formula [25]given by; 

)cos(

k
D

                             (2.3)

 

Where k is a correction factor=0.89  0.9, β is the full width at half maximum (FWHM) in 

radian. It is clear that the addition ratios did not change the direction of crystalline growth of the 

dominant planes (preferred orientation), where growth continues towards (222) direction for 

In2O3, which is attributable to the Drift model[26].  An increase in the full width at half 

maximum (FWHM) and which consequently leads to a decrease in grain size, according to 

Scherer‟s formula with increasing in the addition ratio with Sn as a comparison of pure Indium 

oxide nano-material, which indicates that the deposited atoms of these nano-particle going 

towards nano structure.  

 

Figure 2.7: XRD patterns of ITO NPs with (a) ITO 5:5 (b) ITO 9:1 (c) ITO 9.5:0.5[24]. 
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Lattice strain decreases as tin (Sn) concentration increases because of an increase in grain size. 

The absence of SnO2 peaks (Fig. 2.6) indicates the complete doping of Sn
4+

 ions into the In2O3 

lattice. Oxygen vacancies usually occupy the (400) plane and are not well occupied in the (222) 

plane. As it was also observed from XRD spectra, the intensity of the (400) plane increases as tin 

(Sn) concentration increases resulting in higher oxygen vacancies[24]. The intensity ratio of I(400) 

/I(222) plane for different Sn concentration is 30.86%, 30.48% and 29.85% for ITO 5:5, ITO 9:1 

and ITO 9.5:0.5, respectively. As tin (Sn) concentration increases, the ITO nano-particles will be 

oriented towards the (222) plane and the I222 peak shifts towards a small shift toward a small 

angle of diffraction 2θ, (to the left of diagram), causing compression in the unit cell because of 

the ionic radius of the element Sn (0.69Å) smaller than the In (0.80Å), which leads to the atoms 

of Sn take up substitution sites in order of Indium crystalline lattice as shown in Fig.2.7[24]. 

 

 

Figure 2.8: Shift in I222 peak for different ITO NPs with (a) ITO 5:5 (b) ITO 9:1 (c) ITO 

9.5:0.5[24]. 

The ITO NPs with less tin (Sn) content exhibits spongy and more porous structures. As the tin 

(Sn) concentration increases stuffiness decreases. The less doped ITO NPs appear less dense as it 

has more pores and cavities. Therefore, more charge carriers are trapped in pores and cavities 

affecting the conductivity of ITO NPs[24]. It was observed that the Full width at half maximum 
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(FWHM, β) decreases with an increase in tin (Sn) concentration (Table 1), which indicates an 

increase in crystallite size. This shows that Sn concentration is an important parameter that 

influences the crystallinity of ITO NPs. 

 

 

 

 

Table 2.2: Average crystallite size and lattice strain of ITO NPs 

ITO 

Sample 

of  

In2O3 : 

Sn 

Peak 

Position at 

2θ 

(degrees) 

Peak 

Position 

at 2θ 

(radians) 

(hkl) FWHM 

(10
-

3
rad) 

Average 

crystallite 

size (D) 

(nm) 

Average 

Lattice 

Strain (ε) 

(10
-4

) 

Lattice 

Parameter 

(Å ) 

(Cubic 

bixbyte) 

 

9.5:0.5 

30.52  0.5326 (222) 7.82  21.22  5.33  10.14  

35.40   (400) 7.8    10.16  

50.88   (440) 8.3    10.13  

60.52   (622) 9.3    10.13  

 

9:1 

30.43 0.5311 (222) 7.1 27.62 1.91 10.17 

35.39  (400) 7.2   10.12 

50.98  (440) 8.8   10.12 

60.62  (622) 9.4   10.12 

 

5:5 

30.42  0.5309 (222) 5.6  35.39  1.24  10.18  

35.31   (400) 5.8    10.16  

50.89   (440) 6.9    10.13 

60.54   (622) 7.6    10.13 

 

2.4.2. Optical Properties of Tin (Sn) Doped Indium Oxide (In2O3) Nano-particle 

2.4.2.1. UV-Vis Spectroscopy Analysis 

Indium tin oxide (ITO) is one of the most widely used transparent conducting oxides because of 

its optical transparency, electrical conductivity, chemical resistance to moisture and the ease with 
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which it can be deposited as a nano-material[27]. It is transparent and colorless in thin layers, 

where as in bulk form it is yellowish to gray. In the infrared region of light spectrum, it acts as a 

metal-like mirror[27]. 

When light is incident on a material, a part of it is transmitted (T) through the material, a part of 

it is reflected (R) and the rest is absorbed by the material. The absorption spectrum of the sample 

indicates the band structure of solid, energy gap between the valance band and conduction band, 

the nature of transition (allowed, forbidden, direct and indirect), etc. 

Optical absorption is described quantitatively by the absorption co-efficient, α. The α is the 

fraction of incident light intensity decreased per unit distance in an absorbing medium and it can 

be given as, 

 xII  exp0                                       (2.4)
 

Where „I0‟is the intensity of incident light, „x‟ is the thickness of the material and „I‟ is the 

transmitted light intensity. In an absorbing medium, α is related to the refractive index and the 

wavelength of the incident light. The refractive index (n) is expressed as, 

iknn r                                     (2.5) 

Where, nr is the real part of the refractive index and k is called the extinction coefficient. The α 

of the medium at a given wavelength can be related with the extinction coefficient by, 






k4


                                      (2.6)
 

UV-Vis spectroscopy (Model UV-3092) with wavelength ranges from 200 to 900 nm was used 

for optical studies. Pure powder barium sulfate (BaSO4) was used as a standard for background 

measurement. The ITO NPs were added into the sample holder and then measured using a UV-

Vis spectroscopy equipped with an integrated sphere accessory. The optical absorption (A) is 

related to a semiconductor band gap by the equation; 

 ngEhAh  
                              (2.7) 

Where h is the photon energy,  is the absorption coefficient, Eg is the band gap, A is constant, 

n = 1/2 for direct band gap and n=2 for indirect band gap materials. The optical absorption 

coefficient () can be related to the transmittance (T) of a sample with thickness (t) by the 

equation; 
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









Tt

1
log

303.2


                             (2.8)

 

An ideal transparent material has minimum absorption in near ultraviolet (UV), visible and near 

infrared (NIR) region. Different types of optical absorption like fundamental absorption, 

impurity absorption, free carrier absorption, intra band transitions, exciting absorption, and 

donor–acceptor transitions can occur in a  

 

semiconductor[15]. In the case of the fundamental absorption mechanism involving a direct 

transition from the valence to the conduction band, the absorption coefficient α for E>Eg, i.e. 

λ<λg is given by; 

   2
1

gEE
E

A
E 

                              (2.9)
 

Where „E‟, „Eg‟ and „A‟ are photon energy, band gap energy and a proportionality constant 

respectively. 

2.4.2.1.1. The optical energy band gap 

The optical band gap of ITO nano-particle is compared with the band gap value for undoped 

indium oxide from the plot of (αh)
2
 versus photon energy (h) according to Tauc‟s formula 

which is given by Eq. (2.10) for direct band gap semiconductors[23], 

   gEhAh  
2

                                    (2.10)
 

Where α is the absorption coefficient, A is a constant, Eg is the optical energy gap, ʋ is the 

incident photon frequency, t is thickness of the quartz cuvette and h is Planck constant.  

 

The band gap of ITO NPs could also be determined by diffuse reflectance spectroscopy using 

Kubelka-Munk function described [24]in eq. (2.11). 

 
 

R

R
RF

2

1
2


                         (2.11) 

Where R is reflectance. The energy of photon E is calculated from eq. (2.12) which is given by; 




h
ch

E 
                                   (2.12)
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where h is Planck constant (6.63x10
-34

Js), C is the speed of light in vacuum (3x10
8
 m/s), λ is the 

wavelength of photon and ν is the frequency (Hz), respectively[24].  

 

 

Figure 2.9 : Reflectance spectrum of ITO NPs[24]. 

The plots of energy band gap were obtained using Kubelka-Munk function and photon energy 

which are shown in Fig. 2.9. The measured energy band gap was in the range of 2.98 to 3.21 eV 

for synthesized ITO NPs. A larger energy band gap was obtained for small values of I400/I222 

ratio. As tin (Sn) concentration increases, the band gap energy decreases due to an increase in 

grain size and a decrease in the grain boundary. This requires less excitation energy for electrons 

to jump from one grain to another. As tin (Sn) concentration decreases, fewer oxygen vacancies 

are formed in the ITO NPs which leads to a decrease in carrier concentration. Due to this, band 

gap energy is shifted to a higher value because of conduction band which is filled partially by 

carriers[24]. 
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Figure 2.10: Bandgap of ITO NPs obtained using Kubelka-Munk function and photon energy 

with (a) ITO 5:5 (b)ITO 9:1 (c) ITO 9.5:0.5[24]. 

The band gap can be understood by the Burstein-Moss model which is expressed by the 

following Eq. 6, 

 3
2

2

*2

2

3
8

n
m

h
E BM 




                          

(2.13)
 

where, m* is the effective mass of an electron (m
* 

= 0.3 mo) for ITO nano-crystalline samples, 

mois the mass of free electron that is 9.11 x 10
-31

 kg, h is Planck‟s constant having a value of 

6.63 x 10
-34

 J.s and n is the carrier concentration measured from Hall effect measurements[24]. 

The optical band gap energy calculated in this method is not the actual band gap of synthesized 

material. As these are degenerate semiconductors, the Fermi level recline within the CB and its 

position depends on the density of the free electrons. Thus, the given values of band gaps are 

associated to the excitation of the electrons from VB to the Fermi level in the CB, but the actual 

band gap of the material is because of the excitation of the electrons from top of the VB to the 
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bottom of the CB. This implies that the lifting of the Fermi level into the CB due to excess 

amount of carrier concentration leads to the energy band broadening or shiftin[21]. 

 

 

Table 2.3: Band gap energies of ITO. 

Concentration ratio of 

In2O3  : Sn 

0.5 : 9.5 1 : 9 5 : 5 

Band gab energy (Eg) (eV) 3.21 3.10 2.98 
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THREE CHAPTER 

3. METHODOLOGY 

To do this project, the following mathematical methods will be used to study optical properties 

of undoped and tin doped indium oxide (In2O3) nano-particles. 

3.1. Data Sources/ Materials 

To study the optical property of undoped and tin (Sn) doped indium oxide nano-particles, a deep 

survey of journals and books was carried out.  Data were collected from different journals and 

used to calculate particle size, band gap energy and index of refraction. 

3.2. Mathematical Models for Determination of Band Gap Energy, 

crystallite Size and Index of Refraction of Undoped and Tin (Sn) Doped 

Indium Oxide Nano-particle 

3.2.1. Deby Scherer’s Equation 

The average crystallite size of synthesized tin oxide nano particles is characterized by XRD. It 

Can be measured using Debby sheers equation as indicated in equation (3.1[19]. 

 



cos

k
D

                                           

(3.1)

 

Where, D is diameter of crystallite size; k is the correction factor or constant (usually 0.9); λ is 

Wavelength of X-Ray source of Cu-Kα radiation (1.542Å); β is Full width at half-maximum 

(FWHM) of the diffraction peak in radian and θ is Bragg‟s diffraction angle. 

 

It is well known that dislocation density (δ) is the measure of defects in the crystalline solids. Itis 

also calculated by using equation 3.2 as shown below; 

2

1

D


                                                   

(3.2)
 

Micro-strain is obtained by using equation 3.3. 
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 
4

cos 
 

                                         (3.3)
 

3.2.2. Brus Model 

Brus providedthe first theoretical calculations of semiconductor nano-particles (using the 

example of CdS and CdSet) based on the "effective mass approximation"(EMA). In this 

approximation, the excitons are assumed to be confined to the spherical volume of the crystallite, 

and the electron and hole masses are replaced by the effective masses (  and ) to define the 

wave function.  

  









**2

2 11

8 he

bulkg
mmr

h
ElenanoparticE

                                          (3.4)

 

Where, Eg = band gap energy of nanoparticle,EBulk is band gap energy of bulk semiconductor; R 

= radius of quantum dot;  = effective mass of excited electron;  = effective mass of excited 

holes; h=Planck‟s constant;  is columbic attraction force; 0 Permittivity of 

vacuum and r is relative permittivity. 

The Brus equation can be used to describe the emission energy of quantum dot semiconductor 

nano-crystals. The Brus equation used us to know the relation between crystallite size and wave 

length as well as particle size with confinement energy. The radius of the quantum dot affects the 

wave length of the emitted light due to quantum confinement and this describes the effect of 

changing radius of the quantum dot on the wavelength emitted. The effect of the surroundings 

will indeed probably be very small, but the effect of an externally applied potential can be quite 

significant. Therefore, this approximation is expected to fail when the externally applied 

potential becomes too large. 

3.2.3. Moss Relation Formula 

There are different models or formulas which are important to calculate the index of refraction of 

semiconductor using optical band gap energy, but in this project mainly Moss relation was used. 

The refractive index (n) is also an important fundamental property of tetrahedral semiconductors 

and it is related to the local field inside the material. 
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 Moss proposed general relationships between refractive index (n) and optical energy gap. The 

Moss relation was formulated as: 

eVEn g 954 
                                                      (3.5)

 

According to Moss relation formula, the refractive index (n) of a semiconductor can be 

determined with a known energy gap, Eg. This relation, again, was based on the general 

assumption that all energy levels in a solid are scaled down by a factor of , where εeff is 

effective dielectric constant.  

Dielectric constant (k) is given by; 

2nk                                                    (3.6) 

Where k is the dielectric constant and n is the refractive index of indium oxide & ITO 

nanoparticles. 

  

2

1

eff
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CHAPTER FOUR 

4. RESULT AND DISCUSSION 

4.1. Determination of crystallite Size of Undoped and Tin Doped Indium 
Oxide Nano-particle Using XRD Diffract meter 

To determine the crystallitesize of pure and tin doped In2O3 nano-particle, the band gap energy is 

calculated by Deby Scherer‟s using experimental result gained from UV-Vis Spectroscopy 

analysis in review literature in table (2.1).  The average crystallite size of tin doped indium oxide 

nano particles can be calculated and characterized by Deby Scherer‟s equation as indicated in 

equation (4.1) using XRD experimental data. 

 



cos

k
D

                                (4.1)

 

 Where, D is diameter of crystallite size; k is the correction factor or constant (usually 0.9); λ is 

Wavelength of X-Ray source of Cu-Kα radiation (1.542Å); β is Full width at half-maximum 

(FWHM) of the diffraction peak in radian and θ is Bragg‟s diffraction angle.  

Table 4.1.crystallite sizes of  In2O3nano-particle. 

In2O3 sample at different calcined 

temperature (C) 

crystallite size from 

XRD (nm) 

Cubic lattice parameter, 

a (nm) 

 450C 12.1 1.0099 

500C 13.7 1.0092 

550C 17.1 1.0122 

600C 23.7 1.0119 

 

We can observe from figure 4.1 that as the temperature increases, itscrystallite size is also 

increases. 
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Figure 4.1: A graph of crystallite size versus temperature of indium oxide nanoparticle. 

 

Table 4.2: crystallite sizes of tin doped In2O3nano-particle. 

Concentration 

of SnO2 In2O3 

(%) 

FWHM, 

 (10
-3

 

radian) 

 of X-

Ray 

source 

(nm) 

Bragg’s 

diffraction 

angle, 2 

(radian) 

Estimated 

values 

ofcrystallite 

size, D (nm) 

Calculated 

values 

ofcrystallite 

size, D 

(nm) 

0.5 : 9.5 7.82 0.1542 0.5326 21.22 18.40 

1 : 9 7.1 0.1542 0.5311 27.62 20.27 

5 : 5 5.6 0.1542 0.5309 35.39 25.68 

 

                 

                Figure 4.2: A graph of estimated  and calculated values of crystallite size,D(nm) 
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The crystallinity of the compound increases with the increase of doping ratio from 5% to 50 %. 

As we can see from figure 4.2, the calculated crystallite size of ITO nano-particle is increased 

from 18.40 nm to 25.68 nm as Sn was added to In2O3. In general, there was a decrease in full 

width of half maximum FWHM with the increase of the doping ratio. This leads to the increase 

of the crystallite size as the addition of Sn in to In2O3 was increased.  

4.2. Determination of dislocation density of undoped and tin doped indium 
oxide nanoparticle 

The dislocation density value (δ) denotes the number of dislocation lines per unit volume 

ofcrystal, which is the size of the crystal defects possessed by a crystal. In other words, the 

dislocationdensity value will illustrate the degree of crystallinity of the nanoparticles profile. The 

average result of the dislocation density (δnp) of the In2O3 nanoparticles is 4.34 x 10
15

lines/m
2
. 

Based on the results of this calculation,itis known that the dislocation density (δnp) of the 

nanoparticles obtained in this study is quite small. Small dislocation density value is indicates 

that In2O3 nanoparticles have been produced had a high degree of crystallinity. 

 

Table 4.3. Calculated values of dislocation density of In2O3nano-particle 

In2O3 sample at different 

calcined temperature (C) 

crystallite size from XRD 

(nm) 

Calculated values of 

dislocation, δ (10
15

lines/m
2
) 

 450C 12.1 6.83 

500C 13.7 5.33 

550C 17.1 3.42 

600C 23.7 1.78 
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Figure 4.3: Graph of dislocation density, crystallite size and temperature of indium oxide 

nanoparticle. 

The ITO NPs with less tin content contains spongy and more porous structures. As the Sn 

concentration increases stuffiness decreases. The less doped ITO NPs become less dense, with 

more pores and cavities. Therefore, more charge carriers are trapped in pores and cavities, which 

affect the conductivity of ITO NPs. According to EDAX reports, the elemental composition of 

synthesized ITO NPs are only In, Sn, and O, and no other impurities were observed. So, we can 

observe from table 4.4 that the dislocation density decreases as the concentration of tin increases.  

Table 4.4: Calculated values of dislocation density of ITO nanoparticle 

Concentration 

of SnO2 : 

In2O3 (%) 

Estimated values of 

crystallite size, D 

(nm) 

Calculated values of 

dislocation, δ (10
15

lines/m
2
) 

0.5 : 9.5 21.22 2.22 

1 : 9 27.62 1.31 

5 : 5 35.39 0.798 
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Figure 4. 4: Graph of dislocation density and particle size of ITO nanoparticle. 

 

4.3. Determination of Micro-strain of undoped and tin doped indium oxide 
nanoparticle 

The strain value of a crystal shows the alignment of a crystal that was produced. The crystalline 

strain was determined by using the diffraction pattern relationship of the line broadening that 

obtained in the measurement using XRD. 𝛽ℎ 𝑘𝑙 is resulted by each diffraction peak of In2O3. The 

total peak broadening is the sum of the crystallite size and strain present in the material. 

Theaveragemicro-strain value of nanoparticles of In2O3,calcined at different 

temperature,calculated based on the data in table 4.5 is 2223 x 10
-6

. The value indicates that all 

the crystals are not far apart. In addition, this result also shows that the nanoparticle product is a 

lack of strain. 
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Table 4.5.  Calculated values of micro-strain of In2O3nano-particle 

 

In2O3 

sample at 

different 

calcined 

temperature 

(C) 

crystallite size 

from XRD 

(nm) 

Calculated values 

of micro-strain, ε 

(10
-6

) 

Estimated values ofband gap 

energy, Eg (eV) 

 

 450C 12.1 2867 3.93  

500C 13.7 2532 3.90  

550C 17.1 2029 3.70  

600C 23.7 1464 3.82  

 

 

Figure 4.4: Graph of band gab energy and micro-strain of indium oxide nanoparticle 
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. 

Table 4.6: Calculated values of micro-strain of ITO nanoparticle. 

 

Concentration 

of SnO2 : 

In2O3 (%) 

FWHM, 

(10
-3

 

radian) 

Bragg’s 

diffraction 

angle, 2 

(radian) 

Estimated 

values 

ofband gap 

energy, Eg 

(eV) 

Experimental 

values of 

crystallite size, 

D (nm) 

Calculated 

values of 

micro-strain, 

ε (10
-6

) 

0.5 : 9.5 7.82 0.5326 3.21 21.22 1954 

1 : 9 7.1 0.5311 3.10 27.62 1713 

5 : 5 5.6 0.5309 2.98 35.39 1351 

 

 

Figure 4.5: Energy gap versus calculated values of micro-strain for ITO nanoparticle. 

Lattice strain decreases as the tin concentration increases because of an increase in grain size. 

4.4.Determination of Band Gap Energy of Undoped and Tin (Sn) Doped Indium 
Oxide (In2O3) Nano-particle 
From the experimental value of average crystallite size of tin doped indium oxide nano-particle 

with different concentration explained in the review literature from table 2.1 of XRD analysis, 

the band gap energy (Eg) in electron volt can be calculated using Brus model.  The band gap of 
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tin doped indium oxide nano-particle using the Brus model effective mass approximation 

equation can be expressed as; 

  
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 From equation (4.2) we have, 
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Where Eg (nano.) is the energy gap of nano-materials at the peak of the spectrometer, Eg (bulk) is 

the energy gap of bulk materials (i.e., the energy gap of a materials when no impurity is added) 

which is constant for the given materials (Eg(bulk)=3.7 eV for pure In2O3), , 

, but  is the free electron mass which has a value of 9.11x10
-31

 kg, r is the radius 

of the particle size of the tin doped indium oxide and, h is the plank‟s constant which is equal to 

6.63x10
-34

Js. Then the particle size (D=2r is in nanometer) can also be calculated by eq. (4.3) in 

addition to Scherer‟s formula and the result of this calculated band gap energy can be expressed 

in the following table below. 

Table 4.7. Calculated values of band gap energy of In2O3nano-particle. 

In2O3 sample at different 

calcined temperature 

(C) 

crystallite size from XRD (nm) calculatedvalues of 

energy band, Eg (eV) 

 450C 12.1 3.78 

500C 13.7 3.76 

550C 17.1 3.74 

600C 23.7 3.72 
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Figure 4.6: Graph of band gap energy and crystallite size versus temperature of indium oxide 

nanoparticle. 

From the table 4.4, we can compare and contrast the particle size and band gap energy with 

different tin (Sn) concentration with the experimental and calculated band gap values from UV-

Vis spectra. When tin (Sn)=5%, the calculated band gap energy is 3.726 eV. The experimental 

band gap energy values decreased as the doping concentration increases. When the tin (Sn) 

doped value increases, the particle size increases. This is leading to the decrease of calculated 

band gap energy which satisfies the mathematical relations in equation 4.3 since the particle size 

is inversely related to the energy gap. Therefore, the calculated band gap decreases when the 

Snconcentration increases like that of the experimental value which satisfies the Brus 

mathematical model of energy gap formula. 
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Table 4.8: crystallite sizes and energy band gap of tin doped In2O3nano-particle. 

Concentration 

ratio of SnO2 

: In2O3(%) 

Crystalline 

size,D(nm) 

Calculated 

values of energy 

band gap, Eg 

(eV) 

Estimated energy band 

gap, Eg (eV) 

0.5 : 9.5 21.22 3.726 3.21 

1 : 9 27.62 3.715 3.10 

5 : 5 35.39 3.709 2.98 

 

 

 

 

 

 

 

 

 

Figure 4.7: Graph of band gap energy and particle size of ITO nanoparticle 
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Figure 4.8: Graph of band gap energy and particle size of ITO nanoparticle. 

4.5. Determination of Refractive Index (n) of Undoped and Tin (Sn) Doped 
Indium Oxide (In2O3) Nano-particle Using UV-Vis Spectroscopy Spectra 
The refractive index can be calculated using Moss relation formula as given in equation (4.6). 

Indeed n increases from 2.33 to 2.38 with the increase of doping ratio from 5% to 50% tin. The 

increase of the refractive index (n) attributed to the reduction of transmittance giving rise to high 

opaque material while the reduction of the refractive index (n) is related to the inverse manner. 

The values of refractive index are given in table 4.3. From equation (3.5) of Moss relation with 

band gap formula, Refractive index is expressed as; 

eVEn g 954 
                                                 (4.4)

 

Where Eg is the calculated energy band gap of tin doped In2O3nano-particle. Thus, we get; 

gE

eV
n

954 

                                            (4.5)
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Using these relations, the calculated index of refraction of tin doped indium oxide nano-particle 

can be expressed in the following table below. 

Table 4.9: Calculated values of refractive index of In2O3nano-particle. 

 

In2O3 sample at 

different calcined 

temperature (C) 

Estimated Energy band gap, Eg 

(eV) 

Calculated values of 

refractive index, n 

 450C 3.93 2.217 

500C 3.90 2.222 

550C 3.70 2.251 

600C 3.82 2.233 
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Figure 4.9: Graph of band gap, refractive index versus temperature of indium oxide nanoparticle 

 

Table 4.10: Band gap energy and index of refraction of tin doped In2O3nano-particle 

Concentration 

ratio of  

SnO2 : In2O3(%) 

Estimated values ofband 

gap energy, Eg (eV) 

Calculated values of 

refraction index, n 

0.5 : 9.5 3.21 2.33 

1 : 9 3.10 2.35 

           5 : 5 2.98 2.38 
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Figure 4.10: Graph of refractive index and band gap of ITO nanoparticle. 

From figure 4.2, we can conclude that refractive index increases with the decrease in band gap, 

but with increasing of concentration. Conductivity increases due to the release of the electron by 

substituting donor Sn
4+

 ion for In
3+

 ion in In2O3 as Sn concentration increases, which induces an 

extra electron into the conduction band and carrier density increases. Hence ITO 5:5 has more 

conductivity as compared to sample ITO 9:1 and ITO 9.5:0.5 as shown in figure 4.3. 

4.6. Determination of dielectric constant of undoped and tin doped indium 
oxide nanoparticle 
The dielectric constant of a material provides a measure of its effect on a capacitor. It is the ratio 

of the capacitance of a capacitor containing the dielectric to that of an identical but empty 

capacitor.An alternative definition of the dielectric constant relates to the permittivity of the 

material. Permittivity is a quantity that describes the effect of a material on an electric field: the 

higher the permittivity, the more the material tends to reduce any field set up in it. Since the 

dielectric material reduces the field by becoming polarized, an entirely equivalent definition is 

that the permittivity expresses the ability of a material to polarize in response to an applied field. 

The dielectric constant (sometimes called the „relative permittivity‟) is the ratio of the 

permittivity of the dielectric to the permittivity of a vacuum, so the greater the polarization 

developed by a material in an applied field of given strength, the greater the dielectric constant 

will be. There is no standard symbol for the dielectric constant – you may see it referred to as k, 

ε, ε′ or εr. In this project, k shall be used to avoid confusion. 
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In general, the more available polarization mechanisms a material possesses, the larger its net 

polarization in a given field will be and hence the larger its dielectric constant will be.The 

dielectric constant of a material and its refractive index are closely linked by the equation k = n
2
. 

However, care must be taken in applying this equation. It is only strictly accurate when the 

dielectric constant and the refractive index are measured under the same conditions. Specifically, 

since the dielectric constant can vary significantly with frequency, we must measure the 

dielectric constant under alternating current at the same frequency that we measure the refractive 

index at – the frequency of visible light, ~10
15

 Hz. However, quoted values of the dielectric 

constant normally refer to the static dielectric constant – that is, the dielectric constant under 

direct current. This is often very different from the value of the dielectric constant at 10
15

 Hz. 

The exception to this is for materials that possess only the electronic mode of polarization. For 

these materials, the dielectric constant does not vary significantly with frequency below visible 

frequencies, and kS ≈ n
2
 where kSare the static dielectric constant. So the equation k = n

2
 can be 

applied to the static dielectric constants of non-polar materials only, or to the high-frequency 

dielectric constants of any dielectric. 

 

 

 

 

Table 4.11: Calculated values of dielectric constant of In2O3 nanoparticle 

In2O3 sample at different 

calcined temperature (C) 

Dielectric 

constant,  

Refractive 

index, n 

Estimated 

Energy 

band gap, 

Eg (eV) 

 450C 4.915 2.217 3.93 

500C 4.937 2.222 3.90 

550C 5.067 2.251 3.70 

600C 4.986 2.233 3.82 



39 

 

 

 

Figure 4.11: Graph of band gap, refractive index and dielectric constant of indium oxide 

nanoparticle. 

The dielectric medium is assumed to be composed of double layers, conductive grains, and 

resistive grain boundaries. Upon the application of electric field, charge carriers can easily move 

from grains but are collected at grain boundaries. This process can create large polarization and 

dielectric constant. As frequency increases, the dielectric constant decreases because of the 

ability of dipoles to orient them to the applied electric field. In the high-frequency region (above 

1000 Hz), the dipoles will be strongly oriented to an applied field. Hence dielectric constant for 

ITO NPs becomes constant at the high-frequency region. Grain boundary resistance decreases as 

tin concentration increases, which is useful for the improvement of electrical conductivity. 

Table 4.12: Calculated values of dielectric constant of tin doped In2O3 nanoparticle 

Concentration 

of SnO2 : 

In2O3 (%) 

Estimated values 

of band gap 

energy, Eg (eV) 

Calculated 

values dielectric 

constant 

Calculated values of 

refraction index, n 

0.5 : 9.5 3.21 5.43 2.33 

1 : 9 3.10 5.52 2.35 

5 : 5 2.98 5.66 2.38 
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Figure 4.12: Graph of band gap energy and dielectric constant of ITO nanoparticle. 
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CHAPTER FIVE 

5. CONCLUSIONS 

In this project work, the energy band gap , particle size  and index of refraction of undoped and 

tin doped  In2O3nano-particle  was calculated based on  XRD, UV-Vis and photoluminescence 

spectroscopic data using Brus equations, Deby Scherer‟s formula and Moss relation formula. 

From the experimental data, the energy band gap is decreased and the particles size increased as 

the tin concentration increased. When the tin concentration increases from 5% to 50 %, the 

calculated particle size increases from 18.40 nm to 25.68 nm, but the calculated energy band gap 

decreases from 3.726 eV to 3.709 eV. Therefore, both the calculated and experimental values of 

the particle size of XRD analysis is increased when the tin percent in the sample is increased. 

The calculated band gap energy of ITO nanoparticle is decreased by increasing the tin 

concentration like that of the experimental value of band gap energy which is decreased as the tin 

concentration increases. The calculated index of refraction of tin doped indium oxide 

nanoparticle increases from 2.33 to 2.38 as tin concentration increases which is attributed to the 

reduction of transmittance giving rise to high opaque material while the reduction of the 

refractive index (n) is related to the inverse manner.   

Generally in this project work, it is possible to conclude that when we add an impurity of tin in to 

pure indium oxide there is a change in structure and optical properties of ITO nano-particle, 

which means there is a change in particle size, band gap energy and index of refraction. 

Therefore, for different types of impurity added to the semiconductor, there is a different optical 

property of the semiconductor. The crystallite size of the nano-particle was calculated using 

Debye-Scherer formula which varies from 18.40 – 25.68 nm.  The calculated band gap energies 

decrease if the Sn concentration increases, as a result of the occurrence of additional energetic 

levels in the forbidden gap. Optical analysis of UV-Vis indicates that the increasing of tin 

concentration made all the prepared nano-particles more opaque throughout increasing the 

packing density and shifting the absorption edge to lower energies. Increasing of tin oxide 

content in the prepared samples creates new states in the band gap which consequently giving 

rise to the visual decrease of the optical energy gap.   
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APPENDIX 1 

Calculation of Crystallite Size (D) of In2O3 Nano-particle 

The crystallite size of ITO can be calculated by; 

 

Where D is the crystallite size, k is the correction factor which has a value of 0.9,  is the wave 

length of incident light (i.e.  = 1.542 ),  is the FWHM given in radian and  is diffraction 

angle of the light. 
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Calculation of Dislocation Density () of In2O3 Nano-particle 

Dislocation density (δ) is given by; 
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Calculation of Micro-strain () of In2O3 Nano-particle 

Micro-strain (ε) is given by; 
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Calculation of Band Gap Energies (Eg) of In2O3 Nano-particle 
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Calculation of Index of Refraction (n) of In2O3 Nano-particle 

Index of refraction of In2O3 is given by; 
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Calculation of Dielectric Constant (k) of In2O3 Nano-particle 

Dielectric Constant (k) is given by; 
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APPENDIX 2 

Calculation of Crystallite Size (D) of ITO Nano-particle 

The crystallite size of ITO can be calculated by; 

 

Where D is the crystallite size, k is the correction factor which has a value of 0.9,  is the wave 

length of incident light (i.e.  = 1.542 ),  is the FWHM given in radian and  is diffraction 

angle of the light. 
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Calculation of Dislocation Density ()of ITO Nano-particle 

Dislocation density (δ) is given by; 
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Calculation of Micro-strain() of ITO Nano-particle 

Micro-strain (ε) is given by; 
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Calculation of Band Gap Energies (Eg) of ITO Nano-particle 
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Calculation of Index of Refraction (n) of ITO Nano-particle 

Index of refraction of ITO is given by; 
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Calculation of Dielectric Constant (k)of ITO Nano-particle 

Dielectric Constant (k) is given by; 
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