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ABSTRACT  

 

 We prepared iridium oxide thin film by the sol-gel dip-coating process where iridium 

chloride was used as a precursor. IrO2 thin films were deposited by sol-gel method on 

conducting glass using 5% anhydrous iridium chloride sol.  The coating solution was prepared 

by reacting iridium chloride and ethanol.  The coating films heat treated at 300°C did not contain 

impurities. Iridium oxide crystallized at temperatures above 450°C. Both crystalline and 

amorphous iridium oxide thin films showed electrochromism. The change in transmittance of the 

crystalline Ir2O3 film is larger than that of the amorphous Ir2O3 under the same experimental 

conditions. The transmittance of the crystalline thin film (film thickness 200 nm, measured at 

400 nm) decreased 13.0% on application of 3 V for 1 s.XRD patterns show polycrystalline 

nature with rutile structure preferential orientation along [110] plane. SEM shows the uniform 

deposition of nanowires with dimension from 10-25 nm and 1–2 mm long. PL studies shows 

shift in the excitonic peak as compared to the bulk IrO2 optical spectra. Raman spectra have the 

stretching and bending vibration modes of IrO2 at 615 and 458 cm -1 respectively. The films 

thickness were in the range of 180 - 230 nm.  
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INTRODUCTION  

 

The electrically conducting IrO2 belongs to the family of  transition-metal dioxide compounds 

with a rutile structure .oxides of  iridium have electronic conductivities due to slightly non 

stoichiometric composition[1] .It is used with other rare oxides in the coating of anode electrodes 

for industrial electrolysis and in microelectrodes for electrophysiology research.Generally, these 

oxides show particular point defect structures such as oxygen deficiency or cation interstititials 

and a corresponding deviation of the ideal oxidation state of the predominant metal .Iridium 

oxide is one of the electrochromic materials. Iridium oxide is a hydrated crystal. When a proton 

is removed from the H2O,the electric charge of iridium is changed. The colour of iridium oxide 

then changes from transparent to brown. The attractive properties of IrO2 have been extensively 

studied for several applications, such as durable electrode materials for chlorine or oxygen 

evolution .Due to their high chemical stability and high aspect ratio, IrO2 nanowires (Nws)have 

been found to be a candidate material for vacuum microelectronic devices .Iridium oxides have 

advantages over conventional glass electrodes. Transport characteristics and interaction of 
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phonon with free carrier have impact on the performance of optoelectronic devices which can be 

acquired by the knowledge of vibrational properties of the material.  Most of the techniques are 

either not feasible or too expensive for industrial applications. On the other hand, the sol gel 

process is simple, low cost and feasible for mass production processes. In addition to these 

advantages, the sol gel process includes high deposition rates and makes it possible to coat large 

areas with non-planer geometries. Iridium oxide possessed many versatile properties for UV 

electronics, spintronic devices . Thus need for a synthesis technique arises which would be 

simple and by using it .Iridium oxide nanostructures can be grown in a laboratory environment 

and also characterized such structures for a wide range of applications through repeated 

fabrication and modification.IrO2 Nanocrystalline powders – due to their average particle size 

(below 100 nm)– may show different behaviours resulting from a higher surface energy due to 

the large surface area and the wider gap between the valence band and conduction band, effects 

characteristic of sizes close to the atoms. . One direct comparison of thermally produced iridium 

oxide and AIROF was reported by Ouattara et al. [20].  

Iridium oxide (IrOx) films have been used in biosensors as electrodes (enzymes can be 

immobilized) due to their high conductivity [21]. Furthermore, IrOx nanoparticles, as new 

emerging metal nanoparticles, possess useful electronic and conductivity switching properties 

which make them highly attractive for biosensors development as well [22]. Iridium metal has 

been investigated for its possible application as protective coatings on structural carbon materials 

[23], Re-rocket thrusters [24], heavy-metal-ion sensors [25], and patterned thin-film 

microelectrodes that interface to nervous tissue [26]. 

  

 

 

 MATERIALS AND METHODS  

Iridium oxide Nanocrystalline thin films were deposited on glass substrate by sol-gel process by 

using iridium oxide precursor r[4-5]. Ir-oxide thin films were prepared by sol gel method from 

aqueous solution of iridium chloride (IrCl3 _3H2O) onto ultra- sonically cleaned preheated glass 

substrates .The investigated samples of thin films have various thicknesses (from160to 325 nm) 

which deposited by varying the solution annealing temperature.The films were annealed at 250 

C, 300 C, 350 C and  450 C for one hour to obtain desired rutile structure`. To ensure film 

homogeneity, the substrate was supported onto a rotating disk provided with a heater. The films 

were characterized by XRD, SEM and FT Raman spectroscopy techniques [6] 

           

2Irclз +3H2O → Ir2Oз +6HCL 

 

The chemical reaction that took place is : 

           Ir2O3 →  2IrO2 

The prepared films are characterized by direct bandgap transitions with the value of the band gap 

energy varying slightly between 2.61 and 2.51eV as the substrate temperature increases from 350 

to 500 1C.  This variation may be attributed to an increase in the film thickness as well as 

improvement of the degree of crystallinity .Iridium oxide can provide a rapid and stable response 

in different media because of its high conductivity and low temperature coefficient. 
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2.1 IrO2 has the tetragonal rutile structure belonging to the space group D144h with two 

IrO2 molecules per unit cell. 

 

 
                       Fig. 2.1. Schematic of IrO2 cell Rutile structure 

 

 

AIM OF PRESENT WORK   
The synthesis and characterization of IrO2 Nanocrystalline (NC) thin films deposited on glass 

substrate with different annealing temperature .The relative intensities of the observed Raman 

features were studied by analyzing the Raman-active modes in the tetragonal rutile structure for 

the different planes of the NCs.The red shift and asymmetric broadening of Raman line shapes 

were analyzed using a modified spatial correlation (MSC) model and attributed to both size and 

residual stress effects[7-8].The results demonstrate the possibility of utilizing experimental RS 

together with the MSC model analysis as a structural and residual stress characterization 

technique for NCs. 

 

MATERIALS AND METHODS  

 

Results show that the different annealing temperature significantly affected the crystalline nature, 

particle size, and optical properties of the processed Iridium oxide nanoparticles. The synthesized 

powder is studied using different characterisation techniques. Confirmation of pure IrO2 phase is 

verified by XRD and Raman spectra analysis. The shape and morphology of particles are studied 

by SEM pictures obtained. Whether the particles have attended the nano range is studied by 

taking the PL spectra pictures of sample which gives the sharp peaks in XRD analysis. 

 

3.1 Raman Spectra 

Raman Spectra of IrO2 Thin Film  Annealed at 300C . Raman modes, identified as :-Eg- 561.3 

cm-1,B2g-728.1 cm-1, A1g- 752.2 cm-1 
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 Fig 3.1 - Raman scattering is results from phonon modulation due to optical polarizability. It can 

give information about the material structure in terms of molecular units and is probably one of 

the most useful methods available for studying lattice vibrations and their interac-tions with 

other excitations. 

 

1.2 XRD Pattern 

X-ray diffraction has become a very important and powerful tool for the structural 

characterization in solid state physics and materials science.The current density of the crystal 

thin film is almost equal to that of amorphous thin film .The colour of crystalline or amorphous 

thin film changed from brown to transparent when annealed at different temperatures. 

 

 
 

 Fig.3.2 The X-ray diffractograms of IrO2 films prepared at constant deposition time for 

different substrate temperature. 

 

The increase in the amount and degree of crystallinity of the phase is indicated by the 

enhancement of the peak intensity .Furthermore , no other additional peaks corresponding to 
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other phases have emerged. This suggests that, IrO2 phase is stable and its formation is 

independent of substrate temperature. 

 

3.3  PL Spectrum of IrO2 film 

 

PL studies of these nanowires exhibit the key role of quantum confinement.These films were 

studied due to the relatively large electron effective mass caused by the large band gap.The 

coulomb interaction of electron and hole has reduced the exciton confinement energy.This is 

attributed to confined exciton emission,with high density of states that shifts to the higher 

energies from 3.42 to 3.46 eV and the slight widening in the full width at half maximum 

(FWHM) of UV emission as the size of nanodots diameter decreases from 25 to 5 nm range.The 

recombination of surface bound acceptor exciton complexes as evident from the lower energy 

band gap and give rise to a blueshift in the trsnsition energy as the crystal size decreases. 

 

 
Fig 3.3 - PL spectra of a set of IrO2 thin films annealed at different temperatures. UV near-band 

edge emission peak at 385 nm is observed, which originates from the excitonic recombination. 

 

1.3 SEM Images 

Scanning Electron Microscopy gives the surface morphology and topography.The SEM is also 

capable of performing analyses of selected point locations on the sample; this approach is 

especially useful in qualitatively or semi-quantitatively determining chemical compositions 

(using EDS), crystalline structure, and crystal orientations. SEM analysis is considered to be 

"non-destructive"; that is, x-rays generated by electron interactions do not lead to volume loss of 

the sample, so it is possible to analyze the same materials repeatedly. The SEM is also widely 

used to identify phases based on qualitative chemical analysis and/or crystalline structure. 

Precise measurement of very small features and objects down to 50 nm in size is also 

accomplished using the SEM. 

 

 
Fig. 2.2 -Tetragonal IrO2 (JCPDS 15-0870)  and 450C Annealed IrO2 NC thin film Nanorods 

~20 nm diameter. 

                                                                                                 .                       
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The above all as-deposited samples prepared at different substrate temperatures and solution 

molarities have been annealed at different temperatures[9] .A temperature controller was used to 

measure the substrate temperature and to control the resistance heater via a thermo- couple[10-

12] .In order to explore influence of the substrate temperature and solution molarity ,a large 

number of films were prepared at temperatures ranging from 350 to 500 1C at solution molarity 

of 0.005 , 0.01 , 0.02 and 0.03M  [13-14].  Improvements were due to the fact that IrOx is a 

metallic oxide known for its high conductivity that corresponds to high oxidation state (4+) of 

iridium [16-19].  
     

CONCLUSION  

The nanorods grown by sol-gel process confirms the complete Rutile structure formation at 450 

C annealing .The structure and morphology of the film changes with deposition parameters and 

reaction conditions .Modified of the SC model is used for explaining the stress induced shift, in 

analyzing the observed Raman features. Annealing the as-deposited iridium film at 250°c 

to450°c, leads to the formation of an IrO2 over-layer accompanied by increased roughness. 

Further annealing at 400°c leads to the Ir-IrO2conversion, with the conducting film consisting of 

separate but intimate phases of IrO2 (major phase) and Ir (minor-phase). Annealing of the 

iridium film in air at 450°c, led to the formation of small iridium crystallites  surrounded by the 

IrO2 phase. 
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