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Annexure A 

Progress Report 

SUMMARY OF THE WORK DONE DURING THE YEAR 2014-'16 

 The proposed objective of this project was design and implementation of 

nanostructured thin films for toxic gas sensor applications. For the purpose different 

nanostructured metal oxide and perovskite materials like ZnO, BaTiO3, SrTiO3 and 

BaxSr1-xO3 will be developed. Optimization of the process parameters and applicability of 

these materials as a gas sensor will be studied during the period of the project. 

 Towards meeting the goal of the project, a detailed literature survey of current 

scenario of metal oxide thin film sensors has been done and discussed it with experts in 

this field. Reported results shows that metal oxides like ZnO, TiO2, BaTiO3, SnO can be 

effectively used for sensor applications. For preparing these materials in chemical method, 

appropriate chemicals were purchased. Two minor equipments, 1) Stirrer with hot plate, 

2)Ultrasonic cleaner and 3) Oxygen Cylinder, sanctioned in the project were also 

purchased and installed in the parent institution. We started the work on preparation of 

ZnO, TiO2 and BaTiO3 thin films by chemical solution deposition technique. We have 

achieved some good results on these materials and their sensor characteristics were also 

studied. 

 Metal-oxide sensors, or solid-state sensors, are among the most versatile of all 

sensors, since they detect a wide variety of gases, and can be used in many different 

applications. The main strength of the metal-oxide sensor is its life expectancy. 

Theoretically, it can last 10 years or more in clean applications. This is a major advantage 

compared to other sensors such as electrochemical sensors, which typically last only 6 

months to 2 years. Metal oxides represent an assorted and appealing class of materials 

whose properties cover the entire range from metals to semiconductors and insulators and 

almost all aspects of material science and physics in areas including superconductivity and 

magnetism. The metal elements can form a large diversity of oxide compounds by 

employing various synthesis techniques. They exhibit metallic, semiconductor, or 

insulator character due to the electronic structure difference. The variety of attributes of 
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oxides enable the wide applications in the fabrication of microelectronic circuits, sensors, 

solar cells, piezoelectric devices, fuel cells, coatings against corrosion, and as catalysts.  

 Among the inorganic semiconductor nano materials, metal oxide nanostructures 

are the focus of current research efforts in nanotechnology since they are the most 

common minerals on the earth due to their special shapes, compositions, and chemical, 

and physical properties. They have now been widely used in many areas, such as 

transparent electronics, piezoelectric transducers, ceramics, catalysis, sensors, solar- cells, 

electro-optical and electro-chromic devices. Doubtlessly, a thorough understanding of the 

fundamental properties of a metal oxide system is prerequisite in research and 

development towards practical applications. Nanostructured oxides of metals such as zinc, 

iron, cerium, tin, zirconium, titanium and magnesium have been found to exhibit 

interesting optical, electrical, morphological, functional biocompatible, non-toxic and 

catalytic properties. These materials exhibit enhanced electron-transfer kinetics and strong 

adsorption capability, providing suitable microenvironments for use in optoelectronic 

devices.  

 Metal oxide nano materials have attracted great interest because of many unique 

properties linked to the nanometer size of the particles. The nanostructured materials differ 

from conventional polycrystalline materials as a result of the large surface area, which 

controls its bulk properties. If particles have dimensions comparable to the wavelength of 

electrons, phonons etc., inside the material, quantum mechanical effects plays important 

role in changing their physical properties especially electrical, magnetic and optical. 

Particle size is expected to influence the properties mainly in two aspects. The first one is 

the change in structural characteristics, such as the lattice symmetry and cell parameters. 

The other one is the presence of under-coordinated atoms (like corners or edges) or O 

vacancies in an oxide nano particle. These under-coordinated atoms or O vacancies should 

produce atomic arrangements different from that in the bulk material as well as occupied 

electronic states located above the valence band of the corresponding bulk material, 

enhancing the chemical activity of the system. A blue-shift in optical spectra of quantum-

confined particles, and an increase in luminescent efficiency of semiconductors make 

them suitable for various semiconductor devices. In addition nanostructured materials 
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show lower melting temperatures and higher catalytic activity. These properties of 

nanostructured oxides lead to the wide industrial applications as sorbents, sensors, ceramic 

materials, photo-devices, and catalysts for reducing environmental pollution, transforming 

hydrocarbons, and producing H2. 

 During the period of the project, we have prepared ZnO and BaTiO3 nano particles 

by chemical solution method. We have also prepared BaTiO3 thin films by chemical bath 

deposition and TiO2 thin films by spin coating method. Their structural, morphological, 

optical and electrical properties were studied in detail and are discussed below. 

1. Synthesis and characterization of ZnO nano particles by chemical 
method 

 Semiconductor nano particles have attracted more interests because of their size-

dependent optical and electrical properties. The properties of nano particles which are 

different from those of bulk materials have encouraged many researchers to investigate 

nano sized materials for their applications in fabricating optoelectronic devices. However, 

the properties of nano particles are determined not only by the particle size but also by 

several other factors such as structure, shape, orientation, and surface status of the 

particles. Precise control of these factors during the preparation of nano particles is 

essential in future experiments1–3. 

 Zinc oxide is a promising wide band gap (3.3 eV) semiconducting material with a 

large exciton binding energy of 60meV. It occurs naturally as the mineral zincite but most 

of the time zinc oxide is produced synthetically. The large value of exciton binding energy 

makes it interesting as a laser material based on exciton recombination at room 

temperature or even higher. The properties of ZnO make it a promising candidate in the 

fields of photovoltaics, sensors, transparent electronics etc.  

ZnO nano particles were prepared at room temperature by wet chemical route 

without any capping agents, using 0.1 mol of zinc acetate and 0.1 mol of NaOH (0.2M to 

0.5M) in methanol and stirred for 2 hours. The chemical reaction involved is as follows2 

Zn(CH3COO)2 2H2O + 2NaOH → ZnO + 2(CH3COO).Na + 3 H2O 
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A part of the colloidal solution prepared at different NaOH concentration was 

filtered out to get fine ZnO powder for the X-ray diffraction (XRD)studies. ZnO nano 

particles were prepared by varying the molarity of NaOH by keeping a constant 

concentration of Zinc acetate. The corresponding XRD pattern obtained is compared with 

the standard JCPDS file for ZnO. The standard JCPDS data plot for ZnO is shown in 

figure 1. It shows all the possible reflections from ZnO powder in between 2θ=200 to 

800.The JCPDS data shows that the most prominent peak of ZnO is (011) at 36.20. The 

intensity of this peak is taken as 100 and the relative intensity of the diffraction peak s 

from other ZnO planes are plotted in figure 1. ZnO nano particles are synthesised using 

wet chemical method by changing the concentration of NaOH. Molecular weight of Zinc 

acetate dehydrate=219.50 g and mass of 0.1 molar Zinc acetate in 50 ml of solvent is 

1.0975g. Molecular weight of NaOH is 40g and mass of 0.1 molar NaOH in 50 ml of 

solvent is 0.2g.  

 

Figure 1: Standard powder X-ray diffraction pattern of ZnO nano particle 

The X-ray diffraction pattern from ZnO nano particle obtained for this condition is shown 

in figure 2. 
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Figure 2: Powder X-ray diffraction pattern of ZnO nano particle for 0. 1 molar NaOH 

 

Figure 3: a) x ray diffraction pattern from as prepared ZnO nano particles and b) JCPDS 

data for ZnO. 

 All the peaks shown in the standard JCPDS pattern are present in the above figure 3, 

which confirms the formation of ZnO nano particles. ZnO synthesized by wet chemical 

method has large full width at half maximum (FWHM) compared to the bulk commercial 

ZnO. The reflected peaks have almost same intensity ratio as in the JCPDS data plot. The 

inter-planar spacing for the prominent (101) plane was calculated to be of the order of 

2.502 Å. It agrees well with the reported results for ZnO nano particles2. The particle size 

of the as prepared ZnO nano particles was calculated using Scherer’s formula. We have 

varied the molarity of NaOH and studied its effect on the particle size and the result is 

shown in the figure 4. 
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Figure 4: Variation of particle size & FWHM with molarity of NaOH. 

 From the figure 4, it is clear that as the molarity of NaOH increases the particle 

size also increases. Because as the molarity of NaOH increases, number of ZnO particle 

also increases as a result agglomeration takes place. The FWHM shows a gradual decrease 

with increase in concentration of the NaOH in the reaction mixture indicating increase in 

particle size. The ZnO nano particles produced by the wet chemical route has a thin 

passivation layer of Zn(OH)2. The oxygen is being supplied by the NaOH. The increase in 

the concentration of NaOH increases the dissolved oxygen, which promotes the growth of 

ZnO. Thus increasing the concentration of NaOH will increase the growth of ZnO and 

agglomeration enhances the size of ZnO. 

 

Figure 5: Variation of lattice constant with molarity of NaOH. 
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 The lattice constant corresponding to ZnO bulk is about 3.26Å. From the figure 5, 

it is clear that the lattice constant increases from 3.234 Å to 3.244 Å, with increase in 

molarity of NaOH. Thus with the increase of molarity, the ZnO lattice constant 

approaches to that of the bulk value. During the reaction of Zn(CH3COO)2 2H2O and 

NaOH to form ZnO nano particles, NaOH provides the necessary oxygen for the 

formation of ZnO nano particles. Thus for lower concentration of NaOH, the ZnO nano 

particles formed will be oxygen deficient. Due to this oxygen deficiency in the ZnO 

lattice, the lattice constant will be lower than that of the bulk value. With the increase in 

concentration of NaOH, the oxygen deficiency in ZnO decreases and hence lattice 

constant increases with concentration of NaOH. 

The structural details of the as prepared ZnO nano particles were also studied using 

Transmission electron microscopy. TEM image and corresponding selected-area electron 

diffraction (SAED) pattern of the as prepared ZnO nano particles is shown in the Figure 6. 

ZnO nano particles were marked in the figure 6b and 6c. TEM image confirms the 

formation of ZnO nano particle and it has an average size about 8 nm. From the TEM 

images inter planar spacing (d) for (101) planes was measured to be 0.244 nm, which 

matches well with that calculated from x ray diffraction. Diffused circles in the SAED 

pattern show the nano crystalline nature of ZnO.  
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Figure 6: (a-c) TEM images of ZnO nano particles (average diameter 5nm) 

d) SAED pattern of ZnO nano particles 

The optical band gap of the synthesized nano particles were estimated from the diffuse 

reflectance spectral studies in the UV-Vis-NIR region. Figure 7 shows the plot for the 

percentage of reflection as a function of wavelength and figure 8 shows the plot{(k/s).hν}2 

as a function of photon energy (hν) for the ZnO nano particles synthesized from 0.1 M 

NaOH and 0.1 M zinc acetate for a duration of 2 h. The band gap estimated for this 

sample is 3.41eV and that is slightly higher than that of bulk commercial ZnO powder 

(3.37eV). The diffuse reflectance spectroscopy measurements confirm the blue shift in the 

band gap of nanostructures with respect to the bulk. This increase in the band gap is due to 

the quantum confinement effects. 
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Figure 7: DRS of the ZnO nano particles synthesized from 0.1 M NaOH and 0.1 M Zinc acetate 

for a reaction time of 2 h. 

 

Figure 8: {(k/s).hν}2 as a function of photon energy (hν) for the ZnO nano particles synthesized 

from 0.1 M NaOH and 0.1 M zinc acetate for a duration of 2 h. 

 

Circular gold electrodes were deposited over the ZnO nanoparticles by thermal 

evaporation technique and their response to hydrogen sulphide (H2S) for 50 and 100 ppm 

concentration has been studied at room temperature. The Gas flow rate is adjusted to 35 

sccm. Hydrogen sulphide is highly toxic even at very low concentrations. Although very 

pungent at first, it quickly deadens the sense of smell, so potential victims may be unaware 

of its presence until it is too late. The room temperature gas sensing properties of ZnO 

nanorods to hydrogen sulphide is shown in figure 9. 
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Figure 9: Sensor characterization of ZnO nano particles for different H2S gas 

concentrations (50 ppm and 100 ppm).  

The nanorods exhibit good response and recovery to H2S gas at room temperature. Even 

though the ZnO nano particle shows good sensing characteristics, the device does not 

recover to its initial resistance. Also as the cycle repeats sensitivity also decreases, which 

could be due to the low desorption rate of H2S at room temperature. The sensing 

properties can be improved by varying the size of nano particle as well as by changing the 

dimension of ZnO. Since ZnO nano rods are reported to exhibit higher sensitivity than that 

of ZnO nano particles4. 

Thus ZnO nano particles were synthesized by wet chemical route method using 

NaOH precursor. The as prepared samples were analyzed using x-ray diffraction 

spectroscopy, transmission electron microscopy and diffuse reflectance spectroscopy. The 

xrd analysis demonstrates that the nano particles have the hexagonal wurtzite structure and 

the particle size was also calculated. TEM images confirm the growth ZnO nano particles. 

TEM gives an average particle size of 8 nm. Optical band gap was calculated from diffuse 

reflectance spectra. The value of band gap was calculated to be 3.41 eV. Due to quantum 

confinement effects, the band gap of the ZnO nano particles is blue shifted compared with 

the bulk material (3.7 eV). The as prepared ZnO nano particle exhibit good sensing 

properties. 
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2. Growth and characterization of BaTiO3 thin films by chemical 
solution deposition technique 

 Barium titanate (BaTiO3) has been of practical interest for more than 60 years 

because of its attractive properties like chemical and mechanical stability, exhibits 

ferroelectric properties at and above room temperature, and can be easily prepared and 

used in the form of ceramic polycrystalline samples. It is a perovskite material with a 

general formula ABO3, where A is a divalent metal and B is a tetravalent one. Ceramic 

materials with a perovskite structure are very significant electronic materials. It has a 

cubic structure with A-atoms at the cube corners, B-atoms at the body centre, and oxygen 

at the face centers as shown in the figure 1.4. ABO3 structure can be regarded as a set of 

BO6 octahedra arranged in a simple cubic pattern and linked together by shared oxygen 

atoms, with the A atoms occupying the space in between. The off centering of B-cations 

leads to the presence of dipoles and to ferroelectric and anti ferroelectric behavior. The B 

cations have two stable positions relative to the neighboring ions. A potential barrier 

separates one from the other. The ion can exchange position if enough energy is supplied 

to the system for the ion to overcome the barrier5. 

In the ferroelectric phase, perovskite structure assumes one of the three Bravis lattice: 

tetragonal, orthorhombic or rhombohedral. BaTiO3 first transforms at 1200C to a 

tetragonal phase with 4mm symmetry, then at about 5°C the crystal structure transformed 

into orthorhombic with mm symmetry and finally to 3m tetragonal phase at -90°C6,7. 

Above curie temperature, in the paraelectric phase of BaTiO3, the center of positive 

charges (Ba2+ and Ti4+ ions) coincide with the center of negative charge (O2−). When the 

temperature is below curie temperature ie, 120°C, the paraelectric cubic structure stretches 

along one direction and shrinks along other two directions. Now the center of Ba2+ and 

Ti4+ ions are displaced relative to the O2− ions, leading to the formation of electric dipoles. 

Now the spontaneous polarization occurs along the stretched direction. The orthorhombic 

structure is formed by stretching the face diagonal and the polarization aligns in the [110] 
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direction. In a rhombohedral structure cube is stretched along a body diagonal and 

polarization aligns in the [111] direction (figure 1.5).  

 

Figure 1.4: ABO3 crystal structure of BaTiO3 

The BaTiO3 thin films by chemical method were prepared as follows. Based on 

conventional sol–gel process, barium carbonate (BaCO3) and titanium tetra isopropoxide 

(Ti{OCH(CH3)2}4) were used as starting materials. To achieve stoichiometric BaTiO3, 1:1 

molar ratio was maintained8. 
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Figure 10: Flow chart for solution preparation and coating of thin films 

 

 

Figure 11: The x-ray diffraction spectra obtained from the powder filtered from the solution. 
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High resolution X-ray diffraction (HRXRD) was employed to determine the 

structural properties of thin films. High resolution X-ray diffraction θ−2θ measurements 

were performed on a Philips Xpert diffractometer using monochromatic CuKα radiation (λ 

= 1.54060 Å). 

 

Figure 12: The x-ray diffraction spectra obtained from the BTO powder annealed at 8000C and 

JCPDS data corresponding to cubic BaTiO3. 

The X-ray diffraction spectra from the powder filtered from the solution is shown 

in figure 11. Xrd spectra show the as prepared powder is amorphous in nature. Obtained 

powder is then sintered at 800° C. Xrd spectrum from the annealed powder is shown in 

figure 12. Xrd spectrum shows a polycrystalline nature of the powder. The standard 

JCPDS plot for BTO is shown in figure 12. All the peaks shown in the standard pattern are 

present in the xrd spectrum for the prepared sample. This confirms the obtained powder is 

BTO. An additional peak around 43.2° also obtained for the BTO powder. It may be due 

to the unprocessed BaCO3 segregation.  

BaTiO3 thin films were prepared by chemical bath deposition. BTO thin films 

were deposited on fused silica substrate. The deposited thin films are highly adhesive. The 

structural properties of the thin films were studied by x ray diffraction spectroscopy.  
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Figure 13: The x-ray diffraction spectra obtained from the as deposited thin film prepared 

by chemical bath deposition. 

 

Figure 14: The x-ray diffraction spectra BTO thin film annealed at 8000C. 

The x-ray diffraction spectra from the as deposited thin film prepared is shown in figure 

13. Xrd spectra shows that as prepared thin film is amorphous in nature. Obtained thin 

film is then sintered at 800° C. Xrd spectrum from the annealed thin film is shown in 

figure 14. It shows a polycrystalline nature of the thin film. The standard JCPDS plot for 

BTO is shown in figure 15. All the peaks shown in the standard pattern are present in the 

xrd spectrum for the prepared sample. This confirms the obtained thin film is BTO. 
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Figure 15: Comparison of the x-ray diffraction spectra BTO thin film annealed at 8000C 

with JCPDS data of cubic BaTiO3. 

  The optical transmittance of the film deposited under optimum conditions was 

measured in the wavelength range from 190 nm to 800 nm using Jasco V-570, UV-VIS-

NIR spectrophotometer. 

 

Figure 16: Transmission Spectrum of the BaTiO3 thin film deposited on quartz substrate 

by chemical bath deposition. 
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Figure 17: The plot of (αhν)2 vs hν showing the band gap of the BTO thin film deposited 

under optimum conditions. 

 From the transmission spectrum figure 16, it is evident that the thin film we have 

obtained has more that 70% transmission in the visible region. This property can be useful 

in industrial applications. The absorption coefficient α can be evaluated using the 

measured value of the thickness of the film using the relation  

      I = I0e-αt 

 The band gap of BTO film can be calculated by plotting (αhν)2 as a function of 

photon energy hν. A linear behavior exists in a certain range thus supporting the 

assumption of a direct transition. The band gap (Eg) of the film can be obtained by 

extrapolating the linear portion of (αhν)2 Vs hν to (αhν)2 = 0. Band gap of the material is 

calculated from the graph (figure 17). It is found to be 3.73 eV. The observed band gap of 

BTO thin film agrees well with reported results. 

The leakage current is an important characteristic of thin film ferroelectric capacitors, it 

directly limits the charge retention and it influences the ferroelectric hysteresis loop. The 

leakage current is also a sensitive electrical probe of the material quality of hetero 

structure as it is strongly dependent on the material aspects of the ferroelectric film and of 

electrode ferroelectric interfaces. 
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In the I-V characteristics of the BST thin film capacitor of a particular voltage is 

applied across the capacitor through two gold tip probes placed on the top Au and Pt-Si 

bottom electrodes of the capacitor, and the corresponding current is measured. The I-V 

characteristics of the capacitors were studies using KEITHLEY source measure unit in 

which the voltage is varied from 0 to +3V9.  

 

Figure 18: Leakage current density Vs. Applied electric field for BST thin film 

capacitor 

A Schottky barrier is formed at the electrode dielectric interface of BST capacitors. 

This results in downward band bending within the BST film near the contact. The 

introduction of electrode and post annealing may induce heavily charged depletion layer 

due to oxygen vacancies at the top Au/BST interface. These oxygen deficient layers 

induce large built in electric fields within the BST. This electric field results in enhanced 

leakage currents through reduction of Schottky barrier height due to the increase of image 

force. Thus ionic current due to oxygen vacancies at the interface governed by space 

charge limited current condition is an important component of the measured current in thin 

BST films. Thus the increase in the current in the film can be attributed to an interface 

effect. Also the redistribution of the oxygen vacancies near the interfaces induces band 

bending and hence alters the shape of the barrier for carrier injection, making it easier to 

overcome, result in strong carrier injection and the observed increase in leakage current. 
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The capacitance voltage measurements of the BST film with Metal- Insulator-Metal 

(MIM) structure was carried out using HP 4192A LF impedance analyser. The MIM 

structure were fabricated by sputtering Au as upper electrode through shadow mask on the 

top surface of the annealed BST film coated on Pt-Si substrate. The electrodes are circular 

with 2 mm in diameter.  

The C-V measurements were carried out at a frequency of 1MHz, on the Au/BST/Pt 

structure (MIM) capacitor configuration. A very strong correlation between the growth 

process, structure and dielectric properties of the BST film is reported in this work. The 

substrate material is a Pt coated Si wafer generally referred to as Pt-Si substrate with 

composition n-Si/SiO2/TiO2/Pt. it is one of the most commonly used bottom electrode for 

the integration of BST. It was reported that the films deposited on the Pt-Si substrate 

possess better charge storage density than that for films deposited on Si substrate. 

The dielectric constant was calculated from the capacitance measured at various 

applied voltage across the capacitor at an applied frequency of 1MHz. the dielectric 

tunability was calculated in terms of ΔC/C0where ΔC is the change in capacitance relative 

to zero bias capacitance Co measured at 1 MHz. the non-linearity of capacitance or 

permittivity with electric field at a paraelectric phase of the BTO thin film results from the 

anharmonic intern of Ti4+ ion in the perovskite structure. Fig 19 shows the variation of 

capacitance with applied voltage for the BST film grown at 7000C and 0.01 mbar pressure. 
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Figure 19: Variation of capacitance with applied voltage for the BST film. 

For paraelectric thin films the maximum dielectric constant will be at zero applied voltage 

i.e. the graph will retrace on reversing the applied field. But for ferroelectric materials 

there is a shift of the point of maximum dielectric constant from the zero bias value to the 

positive region of the applied voltage and on reversing the bias the point of maximum 

dielectric constant is shifted to the negative voltage region giving rise to a butterfly C-V 

loop. Also the figure 19 confirms the film is in its paraelectric state.  

In conclusion of the present work, we have successfully prepared BTO thin films 

on glass and fused silica substrates by chemical bath deposition technique. The structural 

characteristics of the deposited thin films were studied by using x-ray diffraction method. 

The growth of BTO was confirmed by comparing the XRD spectrum for the thin film with 

JCPDS file. The as deposited thin films on glass and fused silica were found to be 

amorphous in nature. The thin film deposited on quartz was annealed at 800° C for one 

hour at atmospheric pressure. Annealed thin films were polycrystalline in nature. From the 

X-rd results the inter planar spacing (d), lattice parameter (a) and grain size (D) is found 

out. The above parameters agrees well with previous reported results. The optical 

characterization of the thin film was also conducted. From the transmission spectra of the 

prepared thin film, the band gap energy measured and it is to be 3.7 eV. The tunability of 
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annealed thin films deposited in Pt-Si substrate was measured from the capacitance-

voltage characteristics. 23% tunability was obtained for these thin films. 

3. Growth and characterization of TiO2 thin films by spin coating method  

Titanium dioxide, also known as titanium(IV) oxide or titania, is the naturally 

occurring oxide of titanium, chemical formula TiO2. When used as a pigment, it is 

called titanium white, Pigment White 6 (PW6), or CI 77891. TiO2 has been reported as 

one of the most suitable semiconducting materials in a wide range of technological 

applications, such as photo-catalyst, because of its photocatalytic activity through the 

irradiation of light at the surface. It has been embraced as an inexpensive, non-toxic 

material. The properties of TiO2 are influenced by the crystal structure, surface area, band 

gap, size distribution, crystallinity, porosity and surface hydroxyl group density10. The 

preparation of TiO2 particles in the nanometer range can be effectively carried out through 

the hydrolysis and condensation of titanium alkoxides in aqueous media. In the presence 

of water, alkoxides hydrolyze and subsequently polymerize to form a three-dimensional 

oxide network3,11,12. 

Substrate Cleaning 

Prior to deposition, the surface of the substrates should be clean for good wetting 

and adhesion of the film to the substrate. Fused silica was used as substrate for the 

deposition of TiO2 thin films. Prior to deposition, the substrates were cleaned using 

standard substrate cleaning procedure. First fused silica substrates were immersed in 

acetone and sonicated for 15 minutes it is followed by 15 minutes sonication in iso-propyl 

alcohol and distilled water in a Digital Ultrasonic Cleaner. And the cleaned substrates 

were dried. 

Preparation of the solution 

For the preparation of the solution, an equal amount (25ml each) of concentrated 

HCl and distilled water are mixed in a beaker and stirred it for half an hour on a magnetic 

stirrer. It is followed by mixing Titanium Tetra Isopropoxide (TTIP) in various amounts 

ranging from 2ml to 8ml, into the prepared solution of HCl and distilled water and stir it 
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again to get a clear solution. The amount of TTIP was optimized for uniformity of thin 

films prepared by spin coating method. We have got a uniform thin film when 6ml of 

TTIP was used13. 

Reaction 

The preparation of the TiO2 colloids in the nanometre range can be effectively 

conducted through the hydrolysis and condensation of titanium alkoxides in aqueous 

media. In the presence of water alone the hydrolysis rate of Titanium 

Tetraisopropoxide(TTIP) is very fast and precipitation will takes place. In order to control 

the hydrolysis rate of TTIP to get a stable uniform solution of titanium alkoxides 

concentrated HCl can be used11,13. 

Ti{OCH(CH3)2}4 + 2 H2O → TiO2 + 4 (CH3)2CHOH 

 

(TTIP)  + Water = TiO2 + Isopropanol 

Spin Coating Method 

Spin coating method was used for the deposition of TiO2 thin films. Spin coating has been 

used for several decades for the preparation of thin films. A typical process involves 

depositing a small puddle of fluid resin onto the center of a substrate and then spinning the 

substrate at high speed. Centripetal acceleration will cause the resin to spread to and 

eventually off the edge of the substrate leaving a thin film of resin on the surface. Final 

film thickness and other properties depend on the nature of the resin (Viscosity, dying 

rate, surface tension etc.) and the parameters chosen for the spin process. Holmarc make 

table top spin coating unit Model no: HO-TH-05 (figure 20) was used for the deposition of 

thin films. The spinning is controlled with a DC servo motor with accurate speed and 

acceleration control. A vacuum chuck powered by oil-less vacuum pump holds the 

substrate at the spinning head. The device has user friendly front panel having keyboard 

and LCD for programming the spin process. Spin duration, spin speed, acceleration, etc. 

are all programmable parameters through the front panel. 
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Figure 20: Spin coating unit from Holmarc. 

The optimized program for film uniformity is given by. 

Program1     Step1   

Speed     500rpm 

Acceleration    1000rpm/s 

Duration  10second 

Program1     Step 2  

Speed     2000rpm 

Acceleration     1000rpm/s 

Duration     20second  

 The substrate is placed on the vacuum chuck and switch on the vacuum to fix the 

substrate. Then the solution dropped onto the substrate. After that spinning programme is 

executed. The program was optimized to have a uniform film thickness over the substrate. 

After the completion of the program, the sample is taken off from the chuck by releasing 

vacuum. Sample is then baked at 800C for 2 minutes. Now one layer of the thin film will 



24 
 

be formed. Again place the substrate in the spin coater, switch on the vacuum and pour the 

solution drop by drop into the substrate. The same process is repeated for five more times 

to get a total of six layer with enough thickness for the film. The flow chart for film 

preparation is shown in the figure 21. 

Figure 21: flow chart for solution preparation and coating of TiO2 thin films 

 

 

X-ray diffraction method and Raman spectroscopy was used for the structural 

characterization of the samples. This is done by using high resolution x-ray diffractometer 

(PANalytical x’pert PRO) operating with Cu Kα radiation (1.5406A0). Room temperature 
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Raman studies were carried out using confocal micro Raman spectrometer (Horiba Jobin 

Yvon LabRAM HR) with Ar+ laser (514 nm) as the excitation source. 

The crystallinity and phase composition of the as prepared and annealed TiO2 

nanoparticles were investigated by the x-ray diffraction pattern. Figure 22 shows x ray 

diffraction from as deposited sample. 

 

 

Figure 22: x-ray diffraction pattern from as deposited sample. 

Figure 22 shows that, even though, the as deposited samples were crystalline in nature, the 

crystallinity is very low. The reflection planes were identified by comparing the x-ray 

diffraction pattern with JCPDS data file (figure 23) for anatase TiO2. Different x-ray 

reflection planes in the x-ray diffraction pattern of the sample exactly matches with that of 

JCPDS data file. So it confirms the growth of anatase tetragonal structure TiO2 thin film 

over the substrate.  
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Figure 23: Comparison of x-ray diffraction pattern of as deposited TiO2 with its JCPDS 

date file. 

In the diffraction spectra, the most prominent plane is (101) plane. 

From the figure 22 (As deposited),  

Full width at half maximum β = 1.32, 2ɵ = 25.23 

Crystallite size , D  = 0.9 λ /βcosɵ 

   = 6.17 nm 

Thus the low value of crystallite size for the as deposited samples indicates low crystalline 

nature of the thin film. In order to achieve a better crystallinity for the samples, the films 

were annealed at 6000C. The detailed heat treatment process is given below 

Heat treatment process 

Heat treatment step controls the microstructure of the films and microstructure controls 

the properties of the material. Appropriate heat treatment can improve these properties by 

control of grain size and morphology; amount of crystallization and by prevention of 

cracking. The as-deposited films have lower crystallinity. The sintering was done in high 

temperature furnace under air atmosphere by controlling the heating and cooling rates. 

The heating and cooling rate was 10°C / minutes in order to prevent cracking especially 
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during cooling after the crystalline TiO2 film develops due to slight thermal expansion 

coefficient difference between TiO2 film and the quartz substrate. 

X-ray diffraction pattern of annealed TiO2 thin film is shown in the figure 24. Figure gives 

a comparison of x-ray diffraction peaks for the annealed and as deposited samples with 

JCPDS date file for TiO2. 

 

Figure 24: x-ray diffraction spectra for as deposited and annealed samples. 

From the figure 24, it is clear that the intensity of the peaks has been greatly enhanced by 

the annealing process. Also the FWHM of the (101) peak has been reduced with the 

annealing process. Thus with annealing process, the crystallinity of TiO2 sample are 

greatly improved. The inter planar spacing and lattice parameter were calculated as 

follows 

Calculation of inter planar spacing and lattice parameters: 

From the figure 24, β = 0.471 and 2θ = 25.27 

Crystallite size , D = 0.9 λ /βcosθ = (0.9 × 1.5406×10-10 )/(0.471×π/180)×cos(12.635) 

  = 17.29 nm 

Consider the plane (200) 
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The lattice parameter values for Tetragonal system is  

       =  +  

We have X-ray diffraction condition , n λ= 2dsinɵ 

For Annealed sample, 2θ corresponding to (200) plane 2ɵ = 48.04 

Lattice spacing , d200 = 1.8924 A0  

Lattice parameter ,   =  +  or   =  +  

 a2 = 4d2 a = 2d = 3.7848 Å  

and corresponding c-lattice parameter was calculated using the formula   =  +  for 

the (101) plane. The calculated value of c is c= 9.51Å. 

The observed lattice parameter values a= 3.7848 Å and c= 9.51Å, exactly matches with 

reported values of lattice parameters for anatase TiO2 structure14 and thus confirms the 

growth of anatase TiO2 thin films. Also the annealing of the sample resulted in large 

increase in the crystallite size from 6 nm for as deposited samples to 17 nm for annealed 

samples15. 

Raman scattering is very sensitive to the crystallinity and microstructure of 

nanomaterials. The room temperature Raman spectra of TiO2 nanoparticles is shown in the 

figure 4. Factor group analysis of anatase shows that the vibrational fundamentals may be 

classified under as  

T = A1g(R)+2B1g (R)+B2u+3Eg(R) 

Lattice dynamics for rutile is known and factor group analysis at k = 0 gives the following 

modes after subtraction of the acoustic modes: 

T = A 1 g(R) + A 2g + B1 g(R) + B2g(R) + 2B1 u + Eg(R) 

The centrosymmetric group gives four vibrations (A1g+Blg+B2g+Eg) Raman active. In the 

Raman modes only oxygen atoms are allowed to move during the vibrations. In Table I 
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we have compared our results of Raman spectra of thin films TiO2 with some other 

literature results. Raman spectra for the films in the present study matches exactly with 

that for anatase TiO2 phase. Thus the Raman spectra also confirms the growth of anatase 

TiO2 thin films16. 

 The anatase TiO2 usually has six Raman-active fundamentals in the vibrational 

spectrum: three Eg modes centered around 144, 197, and 639 cm-1 (designated here Eg(1), 

Eg(2), and Eg(3), respectively), two B1g modes at 399 and 519 cm-1 (designated B1g(1) and 

B1g(2d)), and an A1g mode at 513 cm-1. Raman spectra for as deposited and annealed TiO2 

thin film is shown in the figure 25. 

It can be seen that the intensity of the lowest frequency B1g mode dramatically increases 

accompanied by a frequency red shift and line width decrease and high-frequency Raman 

peaks become well resolved after annealing at 6000C. For the as deposited TiO2 thin film, 

Raman spectra shows only one peak corresponding to Eg(1) at 153 cm-1. Whereas the 

annealed sample shows all the Eg lines viz. Eg(1), Eg(2), and Eg(3), one B1g and A1g 

peaks. As the crystallite size decreases, the Raman peaks show increased broadening and 

systematic frequency shifts. The most intense Eg(1) mode shows a blue shift and 

significant broadening with decreasing crystallite size.  

 

Figure 25: Raman spectra from as deposited and annealed TiO2 thin films. 
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Table 1: Observed peak frequencies 

Symmetry As Deposited 

(Room Temperature) 

Annealed (6000C) 

A1g  635 

Eg 153 148 

Eg  198 

B1g  397 

A1g  516 

 

Thus the Raman lines were detected at 148 cm-1 (B1g) , 397 cm-1 (B1g), 516 cm-1 (A1g) and 

635 cm-1 (A1g) indicates the formation of anatase phase of TiO2 . It has been well 

recognized that Raman lines associated with an optical phonon in a small particle can 

exhibit frequency blue shift and asymmetric broadening, similar to that found in figure 25. 

This blue shift and asymmetrical broadening can be explained on the basis of phonon 

confinement effect occurring in very small crystals. It requires further studies to confirm 

these results. 

 In conclusion, we have successfully prepared TiO2 thin films on glass and 

quartz substrates by spin coating method. The structural characteristics of the deposited 

thin films were studied by using x-ray diffraction method and Raman spectroscopy. The 

growth and structural phase of prepared TiO2 thin films was confirmed by comparing the 

xrd spectrum for the thin film with JCPDS data file for anatase TiO2. The as deposited thin 

films on quartz were found to low crystallinity. The thin film deposited on quartz was 

annealed at 600°C for one hour at atmospheric pressure. Annealed thin films were 

polycrystalline in nature. Post deposition annealing has greatly enhanced the crystalline 

quality of the thin film. From the xrd results the interplanar spacing(d), lattice 

parameter(a) and grain size(D) is found out. The above parameters agrees well with the 

reported results for anatase TiO2. Room temperature Raman studies also confirms growth 

of anatase TiO2 thin films. The blue shift and asymmetrical broadening in Raman peaks 

can be explained on the basis of phonon confinement effect occurring in very small 

crystals. It requires further studies to confirm the phonon confinement effects. 
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Final Outcomes of the project: 

1. Metal oxide nano particle were prepared by chemical route method. 

2. Structural, optical and electrical properties were studied in detail. 

3. The metal oxide nanostructures can be used for the fabrication of gas sensors. 

4. BaTiO3 thin films were prepared by chemical bath deposition. 

5. BaTiO3 thin films exhibit good dielectric tunability, which can be used in tunable 

microwave devices. 

6. TiO2 thin films were prepared by spin coating method and characterized using xrd 

and Raman spectroscopy. 

7. TiO2 thin films can be used for the fabrication of dye sensitized solar cells. 

8. ZnO nano particle were prepared by low cost chemical route method. 

9. The nanorods exhibit good response and recovery to H2S gas at room temperature. 
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