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ABSTRACT 

The Copper doped Titanium oxide (CuxTi1-xO2: CTO) thin films with x= 0.0 and 1.0 were prepared by 

Spray pyrolysis technique on glass substrate using the precursor solution of titanium tetra isopropoxide 

(C12H28O4Ti) andCopper (II) Nitrate Trihydrate at the substrate temperature of 400oC. The structural, 

morphological and optical studies of the as prepared films were characterised by x-ray diffraction (XRD), scanning 

electron microscopy and UV-vis-double beam spectrometer. The XRD patterns indicate that the as-deposited CTO 

films were amorphous in nature. The optical energy gap was determined by transmittance measurement. The 

surface morphology of the film was observed by SEM analysis. 
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1. INTRODUCTION 

Titanium dioxide (TiO2) has been one of the most attractive photo-electrochemical and photovoltaic 

materials. Today metal oxides (MOs) are already widely used as active or passive components in a broad range of 

available commercial applications such as active channel layer in transistors that constitute the active matrix of 

displays or in solar cells as transparent conducting front electrodes and as electron or hole transport layers. TiO2 

films are extensively used in optical thin film device applications owing to their desirable optical properties and 

good stability in adverse environments.  The electrochemical photolysis, sterilization and sewage disposal are the 

typical applications of TiO2 as catalysts. These films present good durability, excellent optical transmittance, and 

high refractive index. These unusual properties make them suitable for wide applications, such as: optical 

waveguides, solar cells, photodecomposition of environmental pollutants, multilayer optical coatings (used as 

optical filters), humidity sensors, antireflection coatings etc. One of the efficient ways of improving the properties 

of TiO2 films is the addition of certain impurities/dopants. Transition metal elements have been successfully 

employed as dopants in TiO2. The Cu-doped TiO2 (CTO) is one of the most promising electrical conductivity-

controlled metal oxides due to its variable electrical conductance and it has been demonstrated that TiO2 films 

doped with Cu have higher electrical resistance.TiO2 is mostly p-type and can be produced by several methods 

including sputtering, pulsed laser deposition, chemical vapour deposition, electrochemical deposition, anodic 

oxidation, spray pyrolysis, atomic layer deposition, and thermal oxidation of highly pure Cu metal.  

In this paper, we report the effect of doping of CuxTi1-xO2with x= 0 and 1.0 thin films prepared by spray 

pyrolysis technique and its structural, surface morphology, vibrational and optical properties are systematically 

studied. 

 

2. MATERIALS AND METHODS 

The precursor solution contained Titanium (IV) Isopropoxide (C12H28O4Ti)(TTIP),Copper (II) Nitrate 

Trihydrate(Cu(NO2)2.3H2O), acetylacetone (CH3COCH2COCH3) (AcAc) and IsoPropylalcohol (IPA) at 

TTIP:AcAc molar ratio of 1:2.  The solution was atomized by a spray system using compressed air as a carrier gas 

onto cleaned glass substrate. This precursor solution was sprayed in fine droplets using air as carrier gas, the spray 

rate was fixed at 2ml min-1, and the distance between the nozzle and the substrates at 25cm, the solution sprayed 

was 30ml.Micro-glass slides were used as substrates in the present work, and substrate cleaning plays an important 

role in the deposition of thin films. The glass slides rinsed in acetone and dried in open air before use. This process 

is to ensure a clean surface, which is necessary for formation of nucleation centres, required for film deposition.  

TiO2 thin films were prepared on this glass substrate with the different molarities like 0M, and 0.1 M. For each 

deposition 30ml of solution was sprayed onto glass substrates kept at 400 ⁰C. The schematic representation of 

experimental procedure is shown in Fig. 1. 
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Fig.1.Flowchart of preparation of Cu doped TiO2 films 

 

The structural behavior of prepared film are analyzed through X-ray diffraction (XRD) studies.  XRD patterns 

of prepared TiO2 films were recorded by a Rigaku Ultima III X-ray diffractometer using the Cu-Kα radiation (λ = 

1.5406 Å).  The thickness of the as deposited samples was measured using the Film-matric thickness measuring 

instrument. The surface morphology and homogeneity of the deposited films were studied by SEM, model 

JSM35CFJEOL, Optical absorption measurements were carried out by using a Lambda 35 UV-vis-NIR 

spectrophotometer.  Fourier Transform Infrared (FT-IR) spectroscopy was performed to identify the local structure 

of the particles using Brucker Make (alpha) spectrometer at room temperature. 

 

3. RESULTS AND DISCUSSION 
3.1. Structural Properties: Figure 2 shows the X-ray diffraction patterns for the undoped and Cu-doped (like 0M 

and 0.1 M) TiO2 thin films deposited at 400C on glass substrates.  Suhailet et.al. reported that the X-ray diffraction 

patterns obtained for the as-deposited films at ambient temperature are amorphous structure.  From the X-ray 

diffraction studies confirms the prepared undoped and Cu-doped thin films are amorphous.Presence of broad hump 

indicates the amorphous nature of the films.This structure is advantage for the electrochromic devices as it offers 

open channel-like conduits for easy intercalation and deintercalation of the ions.  Since Cu and Ti have comparable 

ionic radii (Cu4+=0.73Ǻ and Ti6+=0.62Ǻ), substitutional doping is presumed.   

Moreover, incorporation of Cu to Nb2O5 and WO3 has caused the resulting films to be amorphous.  The 

intensity of the diffraction peaks and Full-width half maximum value changes according with the substitution of 

Cu4+ ion. The observed structure is in agreement with the reported value. Hence, Cu doping is projected to be 

favourable for the electrochromic property. 

3.2. Surface Morphological studies: Figure 3 (a) and (b) show SEM images of the surface morphology of undoped 

and Copper doped TiO2 films.  The grain size of films became smaller.  Images show that deposited film is compact.  

The surface morphology of Cu doped TiO2 film is slightly different than undoped TiO2 thin films.  It can be 

explained that the different morphologies of the films might be related to the lattice structure and defects generated 

during deposition governed the chemical adsorption, subsequent nucleation and growth. 

3.3. FTIR analysis: IR-spectra of the as-deposited TiO2 and Cu doped TiO2 films prepared with the substrate 

temperature of 400 C are given in Fig.4. Strong absorption in the frequency region of 400-1000 cm-1 corresponds 

to Ti-O-Ti bonding and indicates the formation of a titaniumoxide network. The absorption band at near 900 cm−1 

corresponds to the vibration mode for the peroxo group, -O-O-. Partial electron transfer from hydroxo, 

peroxoligands to the coordination sphere Ti4+ ion, which has empty d-orbitals, occurs in the early stage of the sol 

formation. Hence, the partial positive charges are built up on the hydrogen atoms of hydroxo, peroxo ligands with 

the electron transfer. The absorptions at 1545, 1452 and 1415 cm-1 belong to asymmetrical and symmetrical 

vibration of M-O-C groups and CH2 or CH3 groups, respectively. 

3.4. Optical studies: The optical transmission spectra of TiO2 films are measured in the wavelength range 350-

900 nm at room temperature. The nature of transition involved in oxide semiconductors can be determined on the 

basis of dependence of absorption coefficient (α) of the material on incident photon energy (hv). The energy band 

gap of the film is evaluated from the relation   
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(αhν)2   =  A(hν - Eg) 

where A is a proportionality constant and Eg  is the direct  transition band gap. The optical absorption 

coefficient is of the order of 104 cm-1. Figure 5 shows the plot of (αhv)2 versus photon energy (hv) for all the 

samples.  Since there is not sharp absorption edge, band gap energy of the films is obtained from the intersection 

of extrapolation of the linear region (higher photon energy region) to zero absorption coefficient, i.e. at α = 0 and 

the horizontal baseline.  The band gap energy of TiO2 increases from 2.75 to 3.20eV with Copper doping 

concentration.  The change in the band gap energy can be explained in terms of Burstein-Moss band gap widening.  

According to the Burstein-Moss effect, the increase in the Fermi level in the conduction band leads to the band gap 

energy broadening with increasing carrier concentration. 

 
Fig.2.XRD patterns of undoped and Cu (0.1M) doped TiO2 thin films 

 

 
 

Fig.3.SEM micrographs of Cu doped TiO2thinfilms 

 

 
 

Fig.4.FTIR spectra of undoped and Cu doped TiO2thinfilms 
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Fig.5.UV spectra of undoped and Cu doped TiO2thinfilms 

4. CONCLUSION 

The Cu doped TiO2 thin films are successfully deposited on glass substrate using spray pyrolysis deposition 

technique.  The structure of TiO2having the amorphous state.  The layered interconnected thread-like network is 

converted into amorphous structure at higher Cu concentration.  It was seen that Ti doping could lead to significant 

morphological changes in TiO2 films.  The functional groups are analysed through FTIR studies. The UV visible 

study showed that the band gaps are varied with doping concentration of Cu.  
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