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ABSTRACT 

The present project work has mainly focused on reviewed structural and optical properties of 

pure and Al, Cu doped Tin oxide (SnO2) Nanoparticles.  The structure and nature of SnO2 

Nanoparticles with different percentage of Al (5%, 15%, and 25%) and Cu (0%, 1%, 3%, and 

5%) Nanoparticles are determined by X-ray diffraction analysis. Moreover, the optical 

properties of the samples are investigated with UV-Visible and Pl spectra. In this project, the 

band gap, particle size and index of refraction of SnO2 Nano particles were calculated from UV-

Vis and PL spectra using Brus model, Max Planck’s and moss relation and compared to the 

experimental value. As the Al concentration increased from 0% to 25%, the energy band gap 

increased from 3.8 ev to 4.02 ev and the particles size decreased from 4.68 nm to 3.98 nm for Al-

doped tin oxide. For cu doped tin oxide when the Cu concentration increased from 0 % to 5%, 

the band gap energy decreases from 3.42 to 3.16 ev, and the particle size increased from 11.29 

nm to 23.96 nm. The band gap energy of pure and Al, Cu doped tin oxide (SnO2) nanoprticles 

inversely proportional to the index of refraction calculated by most relation formula. That means 

for Al doped Tin oxide Nanoparticles index of refraction decreased due to the increase in band 

gap energy with the increasing of Al concentration whereas, for Cu doped Tin oxide Nanopartics 

the calculated index refraction increases due to the decreasing band gap energies with 

increasing of Cu concentration.  

KEY WORDS: Nanoparticles, SnO2, Al-doped, Optical properties, Semiconductor, XRD, UV-VIS 

Spectroscopy, Crystallite structure.
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CHAPTER ONE 

1 INTRODUCTION 

1.1 Background of the Study 

Nanoparticles are fascinating objects whose properties usually differ significantly from those of 

their corresponding or related bulk materials. They consist of clusters of atoms or molecules 

ranging in size between the bulk material and individual atoms. They have different optical 

properties than bulk solids due to electronic confinement that alters the properties of collective 

electronic excitations such as electronic properties and resonance frequencies [1]. 

The term “nanoparticles” is used to describe a particle with size in the range of 1 nm-100nm, at 

least in one of the three possible dimensions. In this size range, the Physical, Chemical and 

biological properties of the Nanoparticles changes in fundamental ways from the properties of 

both individual atoms/molecules and of the corresponding bulk [2].Nanoparticles can be broadly 

grouped into two, these are., organic nanoparticles which include carbon nanoparticles 

(fullerenes) and, some of the inorganic nanoparticles include magnetic nanoparticles, noble metal 

nanoparticles (like gold and silver) and semi-conductor nanoparticles (like titanium oxide and 

zinc oxide).  

The growth of fundamental and applied research on nano materials in several fields in the last 

three decades indicates the relevance of nanostructures and their potential applications. Among 

metal oxide semiconductors, tin dioxide (SnO2) has been the subject of interest in numerous 

research projects due to its excellent physicochemical properties, such as high photosensitivity, 

chemical, thermal and mechanical stability, long-term stability, transparency, abundant reserve, 

low cost, and non-toxicity [3]. Tin dioxide is an n-type semiconductor with band gap values 

between 3.6–3.8 eV; it has a low valence band potential, which gives the photo generated holes 

in the valence band (VB) a high oxidation capacity [4]. In addition, SnO2 has high electron 

mobility, indicating a faster transport of photo excited electrons and a higher potential conductio

n band (CB), Although SnO2 has promising properties for some of the mentioned applications, 

for instance, for photo catalysis, it still presents some limitations because of its wide band gap 

and high electron-hole pair recombination rate, resulting in low efficiency. 

https://www.mdpi.com/2673-6497/3/2/24/htm#B4-solids-03-00024
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An interesting approach to overcome the limitations related to the wide band gap and electron-

hole recombination high rate is by doping the SnO2 with metals, transition metals ions, or 

nonmetal elements [8]. Doping the SnO2 can extend its absorption spectrum to visible light 

regions, reducing the necessary energy for the photo activation and allowing the use of solar light 

as an energy source during its application [9]. 

Doping can be classified as p-doping and n-doping. The n-doping happens when a doping ion 

donates electrons to the conduction band of the SnO2, thus increasing the number of negative 

charge carriers. Commonly, the n-doping is carried by antimony (generally with mixed 

oxidations states Sb
+3

/Sb
+5

) and fluorine ions (F
−
) [10]. On the other hand, p-doping happens 

when the doping ion creates holes in the SnO2 VB, thus, increasing the number of positive 

charge carriers. Although less commonly attained than the n-doping, the SnO2 p-doping has been 

accomplished by using In
+3

, Ga
+3

, Al
+3

, Li
+3

 ions, and Al
+3

 co-doped with N [11]. 

Generally tin oxide is found in two states stannic (SnO2; Sn has valency equal to +4) and 

stannous (SnO; Sn has valency equal to +2) [12]. 
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1.2 Statement of the problem 

Tin Oxide (SnO2) attracts particular interest due to its high specific capacitance, high 

chemical/thermal stability, practical availability, environmentally benign nature and lower 

cost than others. SnO2 is a crucial material that can be grown and used as solar cell, 

capacitor, and rechargeable lithium-ion batteries. Tin oxide (SnO2) is a promising N-type 

semiconducting oxide material having a wide band gap of approximately 3.6 eV. Even if SnO2 

had such like so many applications; it is not widely studied as its application and had no enough 

references for beginner researchers. So I interested to Study it to fill this gap. 

Nanoparticles have acquired great important in the field of research on the behalf of their 

distinctive optical, chemical, physical and magnetic properties. Recently nano materials opened a 

new gate towards the future invention in almost each research area. Nanomaterials are associated 

with modern science and in future scientists are expecting their application in every field of 

science and technology. There are some special properties that boost the researcher interests in 

the nano materials such as large expense that makes them more chemical reactive, physically 

strong and also boosts chemical properties in some materials. The properties such as melting 

points and energy band gap depend on size. 

 Most researches have done on optical properties of doped and undoped tin oxide are 

experimental ,but the researcher try to compute the theoretical optical properties of doped and un 

doped tin oxide and then try to compare and contrast the experimental and theoretical optical 

properties of doped and un doped tin oxide Nanoparticles using different mathematical models. 

When a metal impurity is added to a Tin oxide Nano particle its optical property is changed, 

therefore the researcher wants to find the energy band gap, particle size and index of refraction 

of pure and doped tin oxide Nanoparticles.  

1.3 Scope of the study 

This project will focus on reviewing different optical properties of doped and Al, Cu-doped Tin 

Oxide nanoparticle samples size ranging in between 1nm and 100nm. The researcher 

delaminates the scope on the optical properties expected to be reviewed are band gap particle 

size and index of refraction of pure and Al, Cu doped SnO2 nano particle, at the end, the effect of 

doping concentration on the optical properties of tin oxide Nanoparticles will be determined 

from different research results. 
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1.4 Objective of the Study 

1.4.1 General objectives of the study 

The general objective of this project is to review the optical properties of undoped and Al, Cu 

doped tin dioxide nanoparticles from survey reviewing. 

1.4.2 Specific objectives of the study 

The specific objectives of this study are:- 

 To calculate the energy band gap and particle size of undoped and Al, Cu doped 

tin die oxide by using Brus equation. 

 To compare the experimental band gap energy and calculated band gap energy of 

undoped and Al, Cu doped Tin dioxide Nanoparticles.  

 To calculate the index of refraction of Un doped and Al, Cu doped of tin die oxide 

Nano particles from survey reviewing and by using Moss equation.  

 To review the effect of Al, Cu doping on the optical properties of tin oxide (SnO2) 

nano particle in particle size, band gap energy and index of refraction. 

1.5 Significant of the project 

This study would contribute much more significance and benefit for students and other interested 

persons to initiate a further study about optical properties of pure and doped tin oxide nano 

particles. It provides useful information about the factors that affect the optical properties of tin 

oxide nano particles. In other words, it would have some relevant contribution or source for 

interested researchers to do experimental research which could not be still investigated by former 

researchers about optical properties of tin oxide nano particles. And also it is important to amend 

some gaps such as theoretical and experimental comparison in band gap, particle size and index 

of refraction of pure and doped tin oxide nano particles. Moreover, the study is hoped to provide 

possible future researchers with some insights into the area.   
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CHAPTER TWO 

2 REVIEW OF RELATED LITERATURES 

2.1 Semiconductors 

A semiconductor has an electrical conductivity value falling between that of a conductor, such as 

metallic copper, and an insulator, such as glass. Its resistivity falls as its temperature rises; metals 

behave in the opposite way. Its conducting properties may be altered in useful ways by 

introducing impurities ("doping") into semiconductor material [13]. 

The electronic and optical properties of semiconductor materials are strongly affected by 

impurities, which may be added in precisely controlled amounts. Such impurities are used to 

vary the conductivities of semiconductors over wide ranges. This process of controlled addition 

of impurities is called doping [14]. 

Two general classifications of semiconductors are elemental and compound semiconductors. The 

elemental semiconductor materials are found in group IV of the periodic table and the compound 

semiconductor materials, most of which are formed from special combination of group III and 

group V elements [15]. 

2.1.1 Elemental semiconductors  

As the name suggests, elemental semiconductors are formed from single chemical elements, and 

important members of this family include silicon (Si) and germanium (Ge).  The crystal structure 

of Si and Ge is the same as that of diamond [16]. Germanium was widely used in the early days 

for the development of transistors and diodes. Silicon is now used in majority of transistors, 

rectifiers and integrated circuits [16]. 

2.1.2 Compound semiconductors 

Compound semiconductors are formed as a result of the chemical reaction between two or more 

different elements (examples include GaAs, InAs, InP, and GaN). For example Gallium Arsenide 

(GaAs), Indium Arsenide (InAs), Indium Phosphide (InP), and Gallium Nitride (GaN) are 

common in light –emitting diodes (LEDs) [17]. 

 

https://en.wikipedia.org/wiki/Electrical_resistivity_and_conductivity
https://en.wikipedia.org/wiki/Electrical_conductor
https://en.wikipedia.org/wiki/Insulator_(electricity)
https://en.wikipedia.org/wiki/Electrical_resistivity_and_conductivity
https://en.wikipedia.org/wiki/Doping_(semiconductor)
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2.2 Band gap of semiconductors 

The band gap is the energy difference between the lowest points of the conduction band and the 

highest point of the valence band. The lowest point of the conduction band is called the 

conduction band edge. The highest point of the valence band is called the valence band edge. As 

the temperature increases, electrons are thermally excited from the valence band to the 

conduction band. Electrons in the conduction band and the vacant orbital’s, as well as holes 

remaining in the valence band, contribute to the electrical conductivity [18]. A fundamental 

property of semiconductors is the energy band gap. This is the energy separation between the 

filled valence band and the empty conduction band. Materials can be broadly classified into two 

groups with respect to their energy band gap these are; direct and indirect band gap. 

2.2.1 Direct band gap semiconductors 

The band gap represents the minimum energy difference between the top of the valence band and 

the bottom of the conduction band. However, the top of the valence band and the bottom of the 

conduction band are not generally at the same value of the electron momentum. In a direct band 

gap semiconductor, the top of the valence band and the bottom of the conduction band occur at 

the same value of momentum, as in the schematic figure below [19]. 

 

Figure 2. 1: Direct band gap semi-conductors [19]. 
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2.2.2 Indirect band gap semiconductors 

In an indirect band gap semiconductor, the maximum energy of the valence band occurs at a 

different value of momentum to the minimum in the conduction band energy. Maximum at a 

different k value than its conduction band minimum; transition that involves a K variation, the 

energy is usually free to the lattice (phonons) instead of emitting photons. Since, in indirect band 

gap semiconductors the energy released by phonons (crystal lattice vibrations) [20].  

 

 

Figure 2. 2: Indirect band gap semiconductors [20] 
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2.3 Photoluminescence 

The process of photon excitation and subsequent photo emission is called photoluminescence. 

Photoluminescence involves the absorption of energy and the emission of light. This is commonly called 

luminescence. Photoluminescence consists of phosphorescence and fluorescence. In fluorescence, the 

chemical substrate under goes an internal energy transition before relaxing to the ground state by emitting 

a photon. Some of the absorbed energy is dissipated, so the emitted photons are of lower energy than the 

absorbed photons [21]. Phosphorescence is a radiative transition in which the absorbed energy undergoes 

intersystem crossing to states of different spin multiplicity. Phosphorescence is therefore even rarer than 

fluorescence. This is because triplet state molecules are more likely to undergo inter system crossover to 

the ground state before phosphorescence occurs [22]. 

Light is directed at the sample where it is absorbed, adding extra energy to the material in the process of 

photo excitation. Photo excitation moves electrons in the material to allowed excited states. Excitation 

photon energies are typically in the range of 0.3 to 6 eV, depending on the band gap of the material under 

investigation. The electrons and holes recombine either by radioactive or by non-radioactive 

processes [22]. If a sample is excited by a laser with energy greater than the band gap then an 

excess of electron-hole pairs is created. These can recombine through various recombination 

paths available, some emitting a photon of energy hv, see figure 2.3. In photoluminescence 

spectroscopy, measurements are made of optical emissions from the sample as electrons 

return to the ground state [23]. 

 

Figure 2. 3: Conventional photoluminescence where excitation is performed above the band 

gap and the resulting luminescence is a result of various recombination channels due to the 

presence of defects and impurities [23]. 
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The band gap and the resulting luminescence is a result of various recombination channels 

due to the presence of defects and impurities. Under normal conditions electrons are 

forbidden to have energies between the valence and conduction bands. If a light particle  

(photon) has energy greater than the band gap energy, then it can be absorbed and thereby 

raise an electron from the valence band up to the conduction band across the forbidden 

energy gap. In this process of photo-excitation, the electron generally has excess energy 

which it loses before coming to rest at the lowest energy in the conduction band. At this 

point the electron eventually falls back down to the valence band. As it falls down, the 

energy it loses is converted back into a luminescent photon which is emitted from the 

material. Thus the energy of the emitted photon is a direct measure of the band gap energy,  

Eg. It is from the process of absorption and emission as result of various energy levels in 

the sample, depends on the type of sample under study and the laser wavelength. The PL 

spectral can be obtained as a result of measuring the excitation wavelength and the 

intensity of the emitted radiation from the material [22-24]. 
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2.4  Crystal Structural of pure SnO2 of nano particles 

The most stable crystal structure of SnO2 at room temperature and pressure is the cassiterite, 

which relates to the tetragonal rutile structure, in Figure 2.4. The rutile structure belongs to 

the symmetry group, with two formula-units per unit cell, and lattice parameters around 0.473 

nm, for the lattice parameter a=b, and 0.318 nm, for the lattice parameter c [25]. 

 

Figure 2. 4: Unit cell of the tetragonal cassiterite structure of the SnO2 NPS [25] 

Another author [26], described the crystal structure of tin dioxide (SnO2) has type of crystal 

structure named the mineral Cassiterite. The crystal structure of SnO2 semiconductor possesses 

tetragonal rutile structural phase with a=b=4.72 Å, c= 3.1864 Å as depict in Figure 2.4. The unit 

cell SnO2 is formed from four threefold coordinated oxygen ions and two six-flod 

coordinated tin. The position of atoms can be described as Sn
4+ 

cat ions are located at (0, 0, 0) 

and (
2

1
,

2

1
,

2

1
), the anions (O

-2
) at (x,x,0) ±(½+x, ½-x,½) with x=0.307[26]. 

Sn 

O 

https://www.mdpi.com/2673-6497/3/2/24/htm#B32-solids-03-00024
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Figure 2. 5: Schematic representation of the rutile structure of SnO2NPS[26]. 

2.5 Structural and optical Study of Al doped SnO2 nano particles 

2.5.1 Structural properties of pure and Al doped tin oxide SnO2 nano particles 

2.5.1.1 X-ray diffraction measurement of pure and Al doped tin oxide 

The X-ray diffraction (X-pert model of Philips company) diffraction measurement was carried 

out using an X-Pert Philips, in 2θ range 20
0
– 80

0 
using Cu Kα radiation of wavelength λ = 

1.5406 Å operating. Fig. 2.10 shows the peaks of pure and 5%, 15%, 25% Al doped SnO2 

powders. The peaks in the spectra are identified as originating from reflections from the (110), 

(101), (211), and (301). These show that the SnO2 particles are in the tetragonal phase. Also it 

was observed that increasing Al percentage in the powder will cause the intensity of XRD 

pattern to be decreased. Thus, increasing the Al percentage in the nanoparticles will cause them 

to go to an amorphous state. The crystal size calculated from the Scherrer formula is given by 

[27]. 

D=




cos

k
-----------------------2.1 

Where D is the average crystallite size,  is applied X-ray wavelength, and k= 0. 98, which is the 

diffraction angle in degree,  is a constant, and β is the full width at half maximum (FWHM) of 

the diffraction peak observed in radians. 
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Figure 2. 6:´XRD pattern of SnO2 Nano particles of pure and different Al-doped [27] 

Table 2.1 shows the crystallite size of pure and 5%, 15%, 25% Al doped of the powders are 11.7, 

8.8, 7.7 and 7.2 nm, respectively. The results show that the crystalline size of nanoparticles 

decreases with increasing Al percent of the concentration, due to the difference in ionic radii of 

Sn
4+ 

is 0.069 nm and Al
3+

 is 0.053 nm. The position of the peaks in the pure and Al doped of the 

XRD pattern slightly shifted by changes in Al percent of the solution because of the difference in 

ionic radii of aluminum and tin [27]. 
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Table 2. 1: The crystallite size of pure and Al doped tin oxide nano particles  

Concentration (%) Crystalline size 

0 11.7 

5 8.8 

15 7.7 

25 7.2 

2.5.1.2  SEM Analysis 

Figure 2.7 shows the SEM analysis (Scanning electron microscopy (SEM: S 4160 model by the 

Hitachi company) of surface morphology of nanoparticles, deposited on glass substrates for pure 

and 5%, 15%, 25% Al-dopes. The average grain size is 18 nm for pure and 16, 15 and 14 nm for 

5%, 15% and 25% Al doped nanoparticles, respectively. The images show that the grain size of 

the particles decreases when the percent of Al in the products increases. As it can be seen some 

of the grains agglomerate and make bigger clusters. Fig. 2.7 and Table 2.2 show the average 

nanoparticles size of SEM with difference Al percentage [28]. 

Table 2. 2: The average nanoparticles size of samples with difference Al content 

Concentration (%) Average particle size 

0 18 

5 16 

15 15 

25 14 

 

 

 

 

 

 

Figure 2. 7: Average size of nanoparticles with difference Al doped tin oxide nanoparticles [28] 
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According to the SEM images, it is clear that increasing Al percentage will cause decreases in 

the size of nanoparticles, because tin ions have been replaced by Al ions on the structure. It is 

reasonable because the size of Al atom is smaller than the size of tin. These results are in 

complete agreement with XRD data. 

2.5.2 Optical Properties of pure and Al doped tin oxide nanoparticle 

2.5.2.1 UV-visible Analysis of pure and Al doped SnO2 nano particles 

The optical properties were studied by UV-Vis spectrophotometer (UV-Visible: (Varian Cary 

5000 scan model spectrophotometer)). Fig. 2.8 shows the optical transmittance spectra of SnO2 

nanoparticles prepared at the different percentages of Al: 0%, 5%, 15% and 25%. We have 

considered photon wavelength range of 200- -500 nm. We find that nanoparticles have a high 

transmittance in the wider wavelengths. There are three regions in the Fig. 2.8 at transmission 

curve. In the first region (240 nm ≤ λ ≤ 500 nm), the transmittance increases smoothly and in the 

second region (200 nm ≤ λ ≤ 240 nm) is the absorption region where the transmittance falls 

abruptly. Also, in the tertiary region (190 nm ≤ λ ≤ 200 nm) the transmittances have an upsurge. 

The interference pattern in the transmittance manifests also absorbance the homogeneity of 

particle size. The results indicated Nanoparticle have high transmittance in the visible region. It 

is found out that average transmittance in the visible region is between 65% - 80% at different 

concentrations, and maximum transmittance in this region is 88.5% for pure SnO2 at 500 nm. 

Also, this result shows that the transmittance in the visible region decreases with increasing the 

Al percentage [29]. 

 

 

 

 

 

 

 

Figure 2. 8: UV-vis transmittance spectra of SnO2 nanoparticles for Al-doped tin oxide nano 

particles[29] 
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The absorption spectra showed in Fig. 2.9. As it can be seen, the nanoparticles have a low 

absorption in the first region, an upsurge in the second region, and in the tertiary region 

absorption fall abruptly. Transmittance spectrum is characterized by a sharp fall at wavelengths 

shorter than 250 nm, corresponding to the energy threshold for band edge absorption of SnO2, 

thus transmittance fall and absorption abruptly in this region. The edge of absorption got to 

shorter than wavelength when the Al-doped of the sol decreased, because with increasing the 

concentration of the sol the particle size become smaller, and smaller than particles will better 

absorbed the shorter wavelengths [29]. 

2.5.2.1.1 The optical band 

The relation between the incident photon energy (hv) and the absorption coefficients (  ) is 

given by the following relation: )()(

1

g
n EhAh   -----------  (2.2) 

 Here, A is a constant and E g  the optical band gap of the material. The exponent (n) is dependent 

on the type of the optical transition. Note that, quantity of (n) for direct allowed optical 

transition, indirect optical transition, and direct forbidden is equal to
2

1
, and

2

3
, respectively [29]. 

 

Figure 2. 9: Diagram of SnO2 nanoparticles band gap Al-doped tin oxide nano particles [29]. 

The Al-doped SnO2 nano particles have a direct optical band. Therefore, the power (n) for them 

equals to 0.5 and it is possible to calculate the energy gap through the linear part of the curve at 
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the zero absorption. Fig.2.9 illustrates the optical band gap for these nanoparticles. The band 

gaps are equal to 4.33, 4.46, 4.51, and 4.53 eV for pure, 5%, 15%, and 25% Al doped tin oxide, 

respectively (see Table 2. 3). The direct band gap values of the nanoparticles increases with the 

increasing of Al doping. 

Table 2. 3: Tin oxide Nanoparticles optical band gap with difference Al content 

Concentration (%) Experimental band gap(ev) 

0 4.33 

5 4.46 

15 4.51 

25 4.53 

 

The UV-visible absorbance shifts to the small wavelength when the doping Al decreases because 

with decreasing Al content, the particle size also reduces. Also, the small particles can better 

absorb at shorter wavelengths and with the decrease in size of the particles, the band gap 

increases. 

2.6 Structural and optical study of pure and Cu doped SnO2 nano particles  

2.6.1 Structural study of pure and Cu doped SnO2 nano particles 

2.6.1.1 X-ray diffraction of pure and Cu doped SnO2 nano particles 

The XRD pattern of the pure and doped samples of SnO2 nano particles are shown in figure 2.10. 

It is to be noted that the XRD pattern of the doped and as well as the undoped samples. No new 

peaks were observed in any of the patterns and nor any major peak shift was observable. This 

confirms the rutile structure of SnO2 nano particles [30]. 
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Figure 2. 10: XRD pattern of the pure and doped samples of tin oxide nano particles [30]. 

The intensity pattern of the SnO2 compounds obtained from the XRD spectra showed a gradual 

decrease with doping concentration. This may be attributed to the fact that, the degree of 

polycrystallinity of the nano crystals has increased with doping. The peaks showed minor shifts 

in their positions with doping which indicates that with the doping of Cu into SnO2, some stress 

had developed within the lattice, but without any alteration to original rutile structure of SnO2. 

The Debye- Scherer formula was used for calculation of crystallite size which is given by, 





cos

K
D  ---------------------------------2.3 

Where, K is a constant whose value is 0.89, λ is the wavelength of X-ray radiation in nanometer, 

β is the full width at half maxima (FWHM) in radian and θ is the angle of diffraction in radian. 

The calculated values of the crystallite size are presented in table 2.4. 
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Table 2. 4: Crystallite size of pure and Cu doped tin oxide NPS 

Samples (%) Crystalline size(nm) 

Un doped SnO2 11.1 

1% wt Cu 14.8 

3% wt Cu 16.4 

5% wt Cu 20.5 

 

From table 2.4 it was observed that the crystallite size of the undoped SnO2 nano particles are 

about 11nm and there has been a systematic rise in the crystallite size as the doping 

concentration Cu is varied from 1wt% to 5wt%. This may be due to the incorporation of Cu
2+

 ion 

having a bigger radius (0.073 nm) as compared to the radius of the host ion Sn
4+

 (0.069 nm) .  

2.6.2 Optical study of pure and Cu doped tin oxide nano particles 

2.6.2.1 U-Visible studies of Pure and Cu doped tin oxide nanoparticles 

It is well known that SnO2 is a degenerate semiconductor having wide band gap energy (Eg) in 

the range of 3.4 – 4.6 ev. The optical absorbance coefficient α of a semiconductor close to the 

band edge can be expressed by the following equation: 

 

ng

o
h

Eh
)(







 -------------------------2.4  

Where α is absorption co-efficient, is the absorption band gap, αo is a constant, n depends on 

the nature of the transitions and values 
2

1
, 2, 

2

3
 and 3 corresponding to allowed direct, allowed 

indirect, forbidden direct and forbidden indirect transitions respectively. In the case of our 

samples, since we have a direct allowed transition, the value of n is taken as 
2

1
(n =

2

1
). It is also 

a known fact that the absorption coefficient is proportional to absorbance. The UV-Visible 

spectra of the doped and the undoped samples are shown in fig 2.11. These spectra can be used 

to calculate the band gap in a semiconductor by plotting the square of absorbance as a function 

of hν [31]. 
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Figure 2. 11: UV Spectra of undoped and Cu doped tin oxide nano particles[31]. 

From the above figure it is observed that the band gap decreases with increase in doping 

concentration. The values of the band gaps for the undoped and Cu doped nano particles , 

estimated from the graph is found is listed in table 2. 5 .The cut off wavelength is also calculated 

using the formula: 

λc=
gE

m24.1
--------------------2.5 

The decrease in band gap with increasing size confirms the effect of quantum confinement taking 

place. Similar decrease in band gap energy has been reported with other transition metals like 

Zn, Mg, Co and In [31]. 

 The observed decrease in band gap can be attributed to the charge transfer transitions between 

the Cu ion electrons and the SnO2 conduction or the valance band. 

Table 2. 5: Band gap and cut-off wavelength for pure and Cu doped SnO2 nanoparticles 

Concentration (%) Band gap Eg(ev) Cut off wavelength e ( )m  

0 3.42 0.362 

1 3.25 0.380 

3 3.20 0.387 

5 3.16 0.391 

 

The application of SnO2 is found in low emission glass, electrodes, organic light emitting diodes, 

opto-electronic devices, lithium batteries, gas sensors, heat reflectors and polymer based 
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electronics [32, 33]. For visible LEDs, the most promising candidates are GaN (Eg= 3.44 eV) and 

related nitride semiconductors such as Al, Ga, InN, which have direct band gap ranging from 1.9 

eV to 6.2 eV with corresponding wavelengths from 0.2μm to 0.63μm[34,35]. The values of the 

band gap of the un doped and Cu doped SnO2 nanoparticles calculated from this study lie within 

this range. Thus they could find their utilization in these kinds of devices also. 

2.6.2.2 Photo luminous studies of pure and Cu doped tin oxide nano particles 

The PL technique has been widely used to investigate the structures and defects of metal oxides. 

Figure.2.12 shows room-temperature PL emission spectra of Cu-doped SnO2 nanocrystal. All of 

the PL spectra consist of three high intensity emission peaks (at 361 nm, 377 nm and 410 nm) 

and one low intensity peak in the visible region (at 493 nm). This emission band contributed to 

twofold coordinated tin oxygen deficient centers. The PL spectra of all the samples show a 

strong UV emission and it is divided into two peaks. The PL intensities are initially increased 

with increasing Cu concentration and then decrease. The peak at 410 nm is attributed to the 

recombination of the deep trapped charged and photo-generated electron from the conduction 

band. Commonly, oxygen vacancies are known to be the most common defects in oxide based 

semiconductor and act as radiative centers in luminescence process. The SnO2 nanoparticles are 

found to exhibit an emission peak in blue-green region centered at 493 nm. The origin of deep 

blue-green emission in SnO2 nanostructures can be originated from different crystalline defects 

such as oxygen vacancy and Sn vacancy [35].  

 

 

 

 

 

Figure 2. 12 Room temperature PL emission spectra of (a) undoped Sno2 nanoparticles, (b) 2% Cu 

doped sample, (c) 3% Cu doped sample and (d) 4% Cu doped sample[35]. 
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2.7 Characterization of structural and optical properties of tin oxide nano 

particles 

Various characterization techniques have been used to realize the characterizations of SnO2 

Nanoparticles. The most common used instruments in this project work are, X-ray diffraction 

(XRD), scanning electron microscope (SEM), Transmission Electron Microscopy (TEM), UV-

Vis spectroscopy (UV-Vis) and photoluminescence spectroscopy (PL).  

2.7.1 X-ray diffraction (XRD) 

X-ray diffraction (XRD)is a common analytical technique used for the analysis of molecular and 

crystal structures, qualitative identification of various chemical compounds, quantitative 

resolution of chemical species, determination of crystallinity, isomorphic substitution, etc 

.method. It has been used to define and identify bulk and nano materials, single conformation 

Forensic samples, industrial and geochemical samples. X-ray diffraction is used in his two main 

areas: the fingerprint characterization of crystal line materials and the determination of their 

structure. Although XRD has several advantages, it has limited disadvantages such as difficult 

crystal growth and results that affect only a single conformational or bonded state [36]. 

 

Figure 2. 13: a) XRD device. b) Set up of XRD [36]. 
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2.7.2. Transmission Electron Microscopy 

TEM is a valuable, widely used and important nano material used to obtain quantitative 

measurements of particle and/or particle size, size distribution and morphology is a 

characterization method for TEM has two advantages over SEM. It has been determined through 

TEM analysis [37]. It can provide better spatial resolution and additional analytical measurement 

capabilities. Preparation of the TEM sample is very important for obtaining the highest quality 

images. The crystal phase, crystal planes, growth direction, distance between planes, and 

chemical composition of Nanoparticles. 

 

Figure 2. 14: (a) TEM device (b) The setup of TEM [37] 

2.7.3 Scanning electron microscope (SEM) 

A scanning electron microscope (SEM) uses a focused beam of high-energy electrons to generate 

various signals at the surface of a solid sample. The signal resulting from the electron-sample 

interaction reveals information about the sample, such as the external morphology (texture), 

chemical composition, crystal structure, and orientation of materials making upon the sample. A 

scanning electron microscope (SEM) creates an image of a sample by scanning a surface with a 

focused electron beam. The electrons interact with atoms in the sample, producing various 

signals containing information about the surface and composition of the sample. An electron 
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beam is scanned and the position of the beam is combined with the detected signal to create an 

image. By scanning the sample and collecting the emitted secondary electrons with a special 

detector, an image reflecting the surface topography is created [38].  

 

Figure 2. 15: Schematic block diagram of SEM [38]. 

2.7.4 UV-visible Spectroscopy 

The wavelengths of UV-visible spectroscopy are shorter than visible light and longer than X-

rays. UV violet is the shortest wavelength in the visible spectrum. UV-visible spectroscopy or 

UV-visible spectrophotometer refers to absorption spectroscopy or reflection spectroscopy in the 

UV-visible spectral range. That is, it uses light in the visible and adjacent near UV and near 

infrared ranges. Visible absorption directly affects the perceived color of the chemicals involved. 

In this region of the electromagnetic spectrum, atoms and molecules undergo electronic 

transitions. [39]. 

 

Figure 2. 16: a) UV-visible device; b) The setup of double beam UV-visible spectroscopy [39]. 
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2.7.5. Photoluminescence (PL) spectroscopy 

Photoluminescence (PL) spectroscopy is a highly sensitive tool for studying electronic states in 

the band gap of semiconductors.PL experiments involve the optical excitation of electrons from 

the valence band of a semiconductor to the conduction band by photons with energies higher 

than the band gap energy Eg, ultimately producing PL spectroscopy is concerned with monitoring 

the light emitted after atoms or molecules absorb photons. Spectroscopy can be used to 

characterize both organic and inorganic materials of virtually any size, and samples can be in 

solid, liquid, or gaseous form. Electromagnetic radiation in the UV and visible range is used in 

PL spectroscopy. Moreover, when the dimensions are scaled down to the nano scale, the PL 

emission properties can change, especially a size-dependent shift in the emission wavelength is 

observed. Furthermore, since the emitted photons correspond to the energy difference between 

states, PL spectroscopy can be used to probe material properties such as band gap, recombination 

mechanisms, and impurity levels [40]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 17: a) PL device; [40], b) PL spectroscope set up [40]. 
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CHAPTER THREE 

3 METHODOLOGY 

3.1 Data Sources/ Materials 

To review the optical property of pure and Al, Cu doped tin oxide nano particle, I tried to carry 

out a deep survey of literature such as journals and books.  

In this project, data were reviewed from journals and books. Journals and books are important 

source of experimental data which can be reviewed in the project work. 

Journals: the value of the parameters in the mathematical equations used to calculate particle 

size, band gap energy and index of refraction were taken from journals.  

3.2 Mathematical models important for determination of band gap energy, 

particle size and index of refraction of pure and Al, Cu doped tin oxide 

nano particles 

3.2.1. Brus Model 

Brus equation can be used to describe the emission energy of quantum dot or band gap energy of 

semiconductor nanocrystals (such as Cdse and Cds nanocrystals). It provided the theoretical 

calculations of band energy or particle size of semiconductor nanoparticles from experimental 

determined parameters. 

Eg(nano or qd)=Ebulk+ 
2

0

2

**2

2

4
786.1)

11
(

8 r

e

mmR

h

rne 
 --------------------(3.1)  

Where, Eg(qd) = band gap energy of quantum dot; Ebulk is band gap energy of bulk 

semiconductor; R = radius of quantum dot (nano particle);  

me *= effective mass of excited electron;  

mh *=effective mass of excited hole;  

h=Planck’s constant,
2

0

2

4
786.1

r

e

r
 is columbic attraction force 

o Permittivity of vacuum,  

r = relative permittivity. 
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Brus Equation can be used to describe the emission energy of quantum dot semiconductor 

nanocrystals. The Brus equation used us to know the relation between particle size and wave 

length and 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. The overall Brus Equation for calculating the emission energy or band gap energy is 

given as:  

ΔE(R) = bulkE +
2

2

8R

h
[

*

*

1

em
+

*

1

hm
]------------------(3.2) 

Where, ΔE(R) = the emission energy 

3.2.2 Debby sheers equations 

The average crystalline sized of the synthesized tin oxide nanoparticles characterized by XRD. 

Can be measured using Debby sheers equation as indicated in equation (3.3). 

-------------------------------------  (3.3) 

             Where,                                               

D = Crystalline size diameter, k = Scherrer constant (usually 0.9) 

   λ = Wavelength of X-Ray source, Cu Kα radiation (1.5406Å) 

 β = Full width at half-maximum (FWHM) of the diffraction peak  

   θ = Bragg’s diffraction angle. 

3.2.3 Plank’s equation 

To calculate the band gap energy of pure and Al, Cu doped SnO2 nano particle Plank’s equation 

where used; which can be expressed by 

peak

g

hc
E


 ------------------------- (3.4).  

   

Where h, is Plank’s constant, C– Speed of light and   is wave length of the peak band 
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3.2.4 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 [41]. Moss  

[42] proposed general relationships between refractive index and optical energy gap. 

The Moss relation was formulated as:  

evEn g 954   ------------------------------------------------- (3.5)According to this relation, the 

refractive index of a semiconductor can be determined with a known energy gap, gE this 

relation, again, was based on the general assumption that all energy levels in a solid are scaled 

down by a factor of 1/ eff
2 ,where εeff is effective dielectric constant [43]. 

3.2.5 Other equations used to calculate index of refraction of pure and doped SnO2 

nanoparticles 

Ravindra et al. [44-45], have assumed that the difference between UV resonant energy or 

average energy gap and optical energy gap is constant. Using this concept they proposed the 

following relationship for refractive index given as: 

 n=4 084 - 0.62Eg ----------------------------------------  (3.6)  

Recently, Anani et al. [47] have also proposed a similar equation, given as: 

Eg= (17 - 5n)eV 

        Or n = 3.4 - 0.2Eg----------------------------------(3.7)  

It is clear from equations (3.6) and (3.7) that these equations are limited by the values of 

refractive index i.e. n = 4.084, and 3.4 respectively. These equations cannot work properly for 

high and low values of refractive index. 
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3.6 Software used to plot graph 

In order to compare the experimental value of band gap energy and particle size of pure and Al, 

Cu doped tin oxide (SnO2) with the calculated value by different models; I used origin soft ware 

to plot the graph in chapter four in result and discussion. 

3.7 Synthesis methods of pure and Al, Cu doped tin oxide nanoparticles   

There are different synthesis methods to make tin oxide is doped in different concentration like, 

chemical vapor deposition[11], co-sputtering[12], sol gel[15], co- perception[16], and several 

other methods. For Al doped tin oxide nanoparticles, sole gel method and for Cu doped tin oxide 

chemical-perception method were used in the journal that I reviewed.   

.
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CHAPTER FOUR 

4 RESULT AND DISCUSSION 

4.1 Determination of Band gap energy and particle size of pure and Al, Cu 

doped tin oxide nano particles 

4.1.1. Determination of band gap energy of pure and Al doped tin oxide nano particles 

From the experimental value of average particle size of pure and Al doped tin oxide nanoparticle 

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

can calculate the band gap energy (Eg) in electro volt using Brus model.  The band gap of Al 

doped tin oxide nanoparticle using the effective mass approximation equation can be expressed 

as follow. Where the energy band gap of the bulk with Al doped of SnO2 is (3.8 eV). 

)
11

(
8 *2

2

he

buikgnano
mmr

h
EE    -----------------------(4.1) 

       From equation (4.1) we have, 

 bulkgnano EE )2.4()
11

(
2 **2

2


he mmD

h
 

Where E g nano, energy gap at from the peak of the spectra-meter, E g  bulk is constant of the 

given concentration (E g  bulk=3.8ev), me
*
 =0.299mo, mh

*
 =0.234mo, but mo is the free electron 

mass then, 1mo=9.11x10 31 kg, r is the radiusof the particle size of the Sno2 tin 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) is 

calculated by eq(4.2) and ,the result of this calculated band gap energy can be expressed in the 

following table below.  
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Table 4. 1:  Particle sizes and energy band gap with pure and Al doped SnO2 nano particles. 

Al concentration 

(%) 

Experimental Particle 

size (nm) 

Experimental Energy 

band gap (ev) 

Calculated Energy 

band gap (ev) 

0 11.7 4.33 3.88 

5 8.8 4.46 3.94 

15 7.7 4.51 3.99 

25 7.2 4.53 4.02 

 

From the table (4.1),we can com pare and contrast the particle size and band gap energy with 

different Aluminum (Al) concentration with the experimental and calculated band gap values in 

UV-visible. When the Al doped or with no concentration to the SnO2 nanoparticle, it gets low 

band gap value relative to Al doped in different concentration. This means Al=0% or no dopant 

the calculated band gap energy is scored minimum value of 3.88 ev. Then this value is small size 

compare to the other values. The same to this the experimental band gap energy also small 

values compared from the doped value. But the Al doped 5% the band gap value is 3.94 ev, then 

it is larger than un doped value. Therefore, when the Al doped value increases; the band gap 

energy also increases. The same to this the experimental band gap energy is also increases when 

the Al do pant concentration increases. Figure 4, 1 describes when the experimental particle size 

an decreases, the calculated and experimental band gap energy increases in a similar way, but 

there is a slight different b/n the experimental and calculated band gap energy due to errors arises 

from internal and external source of errors. 
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Figure 4. 1: Experimental particle size with calculated and experimental band gap of pure and Al 

doped tin oxide 
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Figure 4. 2: Al concentrations, Band gap energy of doped tin oxide nano particles 
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 Figure 4.2 shows the relation of Al concentration with band gap energy, then it shows when the 

concentration increases both the experimental and calculated band gap energy also increases and 

vice versa. 

4.1.2 Determination of particle size of pure and Al doped SnO2nano particle 

To determine the particle size of pure and Al doped SnO2 nano particles, I also use Brue equation 

using experimental band gap result gained from UV analysis in review literature in table (2.3).  

Table 4. 2: The optical band gap energy of SnO2 nano particles with different Al concentration 

 

  

 

 

 

From equation (4.1),we get 

)
11

(
)(2

1 22

hegbulgnan mm
h

EE
D 


 -------------------------- (4.2) 

From eq(4.2) the following particle size results can be obtained. 

Table 4. 3: Band gap energy and particle sizes of pure and Al doped SnO2nano particles. 

Concentration  

(%) 

Experimental band 

gap energy (ev) 

Calculated particle 

size(D=2r)(nm) 

Experimental particle 

size (nm) 

0 4.33 4.68 11.7 

5 4.46 4.21 8.8 

15 4.51 4.05 7.7 

25 4.53 3.98 7.2 

  

In UV-visible, when the energy band gap increases the calculated particle size is decrease. Figure 

4.2 describes the dopant concentration increase the energy band gap also increase, but the 

Concentration (%) Experimental band gap(ev) 

0 4.33 

5 4.46 

15 4.51 

25 4.53 
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experimental and calculated particle size decreases. When we compare the experimental and 

calculated particle size and band gap energy there is a decrease in calculated value both in 

particle size and band gap energy compared to the experimental value due to internal and 

external errors. The internal error may due to instrument during the experiment and the external 

error arises from personal error during the mathematical calculations, pressure, temperature, etc.  
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Figure 4. 3: Band gap energy with particle size of pure and Al doped SnO2NPS 

        4.1.3 Determination of band gap energy of pure and Cu doped tin oxide 

From the experimental value of average particle size of pure and Cu doped tin oxide nano 

particle with different concentration explained in the review literature from table 2.5. I can 

calculate the band gap energy (E g ) in electro volt using Brus model.  The band gap of Cu doped 

tin oxide nanoparticles using the effective mass approximation equation as follow. The energy 

band gap of the bulk with Cu doped of SnO2 is (3.6 eV). Then use the Brus equation as follow. 
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Where E g nano, energy gap at from the peak of the spectra-meter, E g  bulk is constant of the 

given concentration (E g  bulk=3.6 ev),me
*
 =0.299mo, mh

*
 =0.234mo, but mo is the free electron 

mass then, 1mo=9.11x10 31 kg, r is the radius of the particle size of the SnO2 tin oxidse and, h 

is the plank’s constant which is equal to 6.63x10 34 Js. Then the particle size (D=2r is in 

nanometer) is calculated by eq(4.2) and ,the result of this calculated band gap energy expressed 

in the following table below. 

Table 4. 4: Particle sizes and energy band gap with pure and Cu doped SnO2 nano particles. 

Cu concentration  

(%) 

Experimental Particle 

size (nm) 

Experimental Energy 

band gap (ev) 

Calculated Energy 

band gap (ev) 

0 11.1 3.42 3.69 

1 14.8 3.25 3.65 

3 16.4 3.2 3.64 

5 20.5 3.16 3.62 

 

From table 4.5 when the concentrations of Cu increases, the band gap decreases from 3.42ev to 

3.16 whereas the particle size increases from 11.1nm to 20.5 mn and using the experimental 

particle size by Brus model the calculated band gap energy decreases from 3.69 ev to 3.62ev. 
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Figure 4. 4: Experimental particle size, Calculated band gap energy and calculated band gap energy 

of pure and Cu doped tin oxide NPS 

4.1.4  Determination of particle size for pure and Cu doped tin oxide nano particles 

To determine the particle size of pure and Cu doped tin oxide by using Brus model and the 

calculated band gape energy from UV analysis are important for the calculation of particle size 

using the following equation. 
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Where E g nano, energy gap from the peak of the spectra-meter, E g  bulk is constant of the given 

concentration (E g  bulk=3.6ev), me =0.299mo, mh =0.234mo, but mo is the free electron mass 

then, 1mo=9.11x10 31 kg, r is the radius of the particle size of the SnO2 tin oxide and, h is the 

plank’s constant which is equal to 6.63x10 34 Js. The particle size (D in nanometer) is calculated 

by eq(4.1) and ,the result of this calculated band gap energy can be expressed in the following 

table below. 

The calculated particle size of pure and Cu doped tin oxide NPS can be expressed as follows. 
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Table 4. 5: Band gap calculated particle size and Experimental particle size of pure and Cu doped 

SnO2NPS 

Concentration  

(%) 

Band gap 

(ev) 

Calculated particle 

size(nm) 

Experimental particle 

size(nm) 

0 3.69 11.29 11.1 

1 3.65 15.15 14.8 

3 3.64 17.43 16.4 

5 3.62 23.96 20.5 

  

From table 4.6 the calculated value, it gets the relation b/n the different cu concentration with the 

experimental and calculated particle size values in the UV-visible. When the cu coped in 

different concentration to SnO2 nanoparticles, there is change in both particle size and band gap.  

When the concentration increases from 0 to 5% the band gap energy decreases from 3.69ev to 

3.62 ev, whereas the calculated particle size increases from 11.29 to 23.96 nm.   
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Figure 4. 5: Band gap energy, calculated particle size and experimental particle size of pure and 

Cudoped SnO2 NPS. 
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4.1.5 Determination of band gap energy from Pl spectra 

From the photo luminous spectra, to determine the band gap of pure and Cu doped tin oxide nano 

particle the data that taken from Pl spectra with different concentration with different wavelength 

from figure 2.12 in literature review is shown below.  

Table 4. 6: Wavelength of pure and Cu doped SnO2 nano particles. 

Concentration (%) Wave length(nm) 

0 361 

1 377 

3 410 

4 493 

 

To calculate the band gap energy of Cu doped SnO2 nano particle let us use Planck’s 

equation. )(
1240

ev
hc

E
peakpeak

g


 --------------------(4.3)  

E (0) = 43.3
361

1240
 ev, similarly the other calculated particle size can be obtained by the same 

way. The calculated band gap energy is shown below in Table 4.8 particle size with 

concentration of pure and doped SnO2 nano particles. 

Table 4. 7: Calculated band gap energy and experimental energy with wave length of pure and Cu 

doped SnO2nano particles. 

 

 

From table 4.7 wave length is one of the factors which affects band gap energy. When the wave 

length of the spectra shifts from 361 nm to 493 nm then, the calculated band gap energy changes 

 

Wave length (nm) 

Calculated band gap 

energy(ev) from PL 

361 3.43 

377 3.28 

410 3.02 

493 2.51 
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from 3.43 ev to 2.52ev. This shows that alight spectrum for short wave length has high band gap 

energy, and for short wave length has weak band gap energy. 
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Figure 4. 6: Band gap and wave length for pure Cu doped tin oxide nano particle in PL spectra 

4.2 Determination of refractive index of undoped and Al, Cu doped SnO2Nps 

using Uv analysis 

From equation (3.9) of Moss relation with band gap formula, Refractive index is 

expressed as: 

 

Where Eg - calculated energy band gap of pure and Al doped SnO2 NPs. Thus, we get, 

gE

ev
n

954  , which is equivalent to:- 

4

1

)
95

(
gE

ev
n  , using this relation the calculated index of refraction of pure and doped tin 

oxide nano particle can be expressed in the following table below. 

 

 

 

evEn g 954 



  

39 
 

Table 4. 8: Band gap energy and index of refraction of pure and Al doped SnO2 nano particles 

 
 

From table 4.8, we can conclude that refractive index increases with the decrease in band gap, 

but with increasing of band gap. 
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Table 4. 9: Index of refraction, experimental band gap energy and calculated band gap energy of 

pure and Al doped Sno2 NPS. 

Table 4.9: Band gap energy with index of refraction of pure and Cu doped SnO2 nano particles. 

 

Concentration 

Experimental band gap 

(ev) 

Calculated band gap energy 

(ev) 

Calculated index of 

refraction 

0 3.42 3.69 2.29 

1 3.25 3.65 2.32 

3 3.20 3.64 2.33 

5 3.16 3.62 2.34 

 

Concentration 

Experimental 

band gap (ev) 

Calculated band 

gap energy(ev) 

Calculated index of 

refraction 

0 4.33 3.88 2.16 

5 4.46 3.94 2.15 

15 4.51 3.99 2.14 

25 4.53 4.02 2.13 
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From table 4.9 the calculated index of refraction for pure and, Cu doped SnO2 nano particle 

when the band gap energy decreases, as the calculated index of refraction increases. 

 

 

 

 

 

 

 

 

 

Figure 4. 7: Index of refraction, experimental band gap energy and calculated band gap energy of 

pure and Cu doped SnO2 NPS 
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CHAPTER FIVE 

5 CONCLUSION 

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

pure and Al, Cu doped  SnO2 nan particles from XRD,UV-Vis and photoluminescence data using 

Brus equations, plucks’ formula and Moss relation formula were compared. From the calculation 

the energy band gap increased and the particles size decreased as the dopant concentration 

increased for Al doped tin oxide nano particles. When the Al concentration increases from 0% to 

25 %, the calculated particle size decreases from 4.68 nm to 3.98 nm, but the calculated energy 

band gap increases from 3.88 ev to 4.02 ev. There for, the particle size for both experimental 

from XRD analysis and calculated from UV analysis by Brus equation decreased when the Al 

percent in the nanoparticles increased. The experimental and calculated band gap energy of Al 

doped tin oxide nanoparticles increased by increasing the Al percent value. Optical analysis of 

UV-visible indicates that the energy gap increases by increasing the amount of Al doping. The 

band edge absorption of SnO2 nanoparticles  goes to the short wavelengths when the percent of 

the Al doped increased, because by increasing the Al percent in the sol leads to smaller 

nanoparticles size, and smaller particles lead to better absorption at shorter wavelengths. 

However, In Cu doped tin oxide when the concentration increases from 0 % to 5 % the 

calculated particle size increases from 11.29 nm to 23.96 nm, but the calculated band gap energy 

decreases from 3.69 ev to 3.62 ev. From Pl reading I calculated the band gap energy of Cu doped 

tin oxide nano particle, the calculated band gap energy decreases from 3.43 ev to 2.5 ev when the 

wave length shifts from 361 nm to 493 nm. 

The calculated index of refraction of pure and Al, Cu doped tin oxide changes in reverse with the 

band gap energy change with different concentration.  

Generally in this project work, we can conclude that when we add an impurity of Al, Cu with 

pure tin oxide there is a change in structure and optical properties of tin oxide nanoparticles, 

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 different in optical 

properties of the semiconductor. 
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APPENDEX 3 
Calculation of index of refraction of pure and Al, Cu doped tin oxide 

3i) For Al doped tin oxidenano particles 
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