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Abstract: Undoped and Dy/ Eu doped Fe»Os thin films were deposited onto glass substrates using SILAR method. The films were prepared
at 60 SILAR cycles and further annealed at 300° C. The optical properties of the films were investigated using optical absorption spectra and
optical constants were determined and their variation was plotted against wavelength. The direct band gap energy values were determined
using Tauc’s plots and were found to be in the range of 2.95eV to 3.15eV. Lower absorbance is observed in doped films in comparison to
the un-doped Fe,Os films. However the band gap values of doped films are higher than the un-doped films. On annealing, the band gap
values were found to decrease. The optical constants were found to have higher values at lower wavelengths and were constant in the visible
region of the spectrum.
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. Introduction

Nanomaterials have gained importance in recent years due to their unique structural, optical, electronic, magnetic and chemical properties
which can be tuned by manipulating their size during growth. Nanocrystalline binary metal oxide-semiconductors have demonstrated
themselves as viable materials for optoelectronic devices and has become a rapidly growing area of research[1-4]. n- type o-Fe;Os
(Hematite) has attracted lot of attention as they find wide applications in sensors, supercapacitors, solar cells, solar filters etc [5-9].
However, the efficiency of a-Fe,O3 in optoelectronic applications is affected due to fast recombination of photo generated electrons and
holes. It has been reported that doping of a-Fe;Os with transition metals and rare-earth ions result in lowering the electron hole
recombination and in band gap tailoring [10-13]. Rare-earth elements have the ability to release trivalent cat-ions due to their f-electronic
configuration which in turn changes the structure and the optical properties of the host material [14, 15]. In the present work, a-Fe;O3 has
been doped with rare earth elements (Dy**/Eu®") (not reported earlier) and its effect on the optical properties of a-Fe,O3 has been studied.

Several physical and chemical methods have been used to deposit a-Fe>Oz thin films such as electro-deposition, spray pyrolysis, atomic
layer deposition, radio frequency magnetron sputtering, Metal organic chemical vapor deposition, atmospheric pressure chemical vapor
deposition, plasma-enhanced chemical vapor deposition, aqueous combustion method, sol-gel and successive ionic layer adsorption and
reaction (SILAR) methods [5, 16-18]. SILAR method has become increasingly popular technique in growing nanocrystalline films as it is
simple, non hazardous and economically viable. The method involves immersion of the substrate into cationic and an-ionic precursors
alternately. The substrate is rinsed with the de- ionized water to remove the loosely bound particles to get an adherent film. The growth is
controlled by altering the number of deposition cycles. The present paper reports the synthesis of un-doped and Dy/Eu doped a-Fe;Os films
by SILAR method for 60 cycles. The effect of Dy and Eu dopant on the optical properties of Fe,O3 films was studied. The films were also
annealed at 300 C and the properties of the un-annealed and annealed films were investigated. The optical Constants of the films were also
determined from the absorption spectral studies.
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Il. Experimental Techniques
2.1 Preparation of un-doped and Dy doped a-Fe2Os thin films.

The nanocrystalline a- Fe;Og3 thin films were deposited by SILAR method onto glass substrates. For the deposition of thin films, 0.05mol/L
Ferric chloride was used as a cationic precursor and 0.05 mol/L sodium hydroxide was used as the anionic precursor. In the case of doped
films, 0.05M solution of Dy>Oz and 0.05M solution of Eu,O3 were mixed with the cationic precursor.

Before deposition, glass substrates were washed and cleaned with de-ionized water and then immersed in a cationic precursor solution for
20sec for the adsorption of iron species on the substrate surface. The substrate was then rinsed in de-ionized water for 20sec to remove
weakly bound species of Fe3* ions from its surface. The substrate was then immersed in an anionic precursor NaOH for 20sec to form a
layer of iron oxide material. To remove un-reacted and excess species from substrate, it was rinsed in de-ionized water for 20sec. This
completes one SILAR cycle. By repeating such sixty SILAR cycles, brown colored, uniform thin film of Fe,O3z was obtained. In the doped
films, 2ml of Dy,03/Eu,0; solution was mixed with FeCls before starting the SILAR cycles. After deposition, the films were dried at room
temperature and then annealed at 300 C in a muffle furnace.

2.2 Absorption Spectral Studies:
The optical absorption spectra of the un-annealed and annealed pure Fe,Os and Fe;Os: Dy/Eu films are shown in Fig 1 (a) and (b)
respectively. The absorption edge in the case of both un- annealed and annealed pure and doped Fe;Os films is around 380nm. The
absorbance is less in the case of Dy/Eu doped films in comparison to pure Fe;Osz films.
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Fig 1 (a) and (b) - Absorption spectra of Fe;O3; and Fe2O3:Dy/Eu un-annealed and annealed thinfilm prepared by SILAR method at 60
SILAR cycles.

The optical absorption coefficient a and band gap Eg (for direct band gap materials) are represented by the equation

a= c(hv—Eg)"1/2\hv €))
Where Eg is the optical band gap and c is the constant. Thus a plot between (ahv)? vs hv (Tauc’s plot) gives the band gap value Eg of the
corresponding material. The Tauc’s plots of the un-annealed and annealed pure Fe;Os and Fe»Os: Dy/Eu films are shown in fig 2 (a) and (b)
respectively and the corresponding band gap values are presented in table 1. It can be observed from the table that the band gap values of
the Dy and Eu doped films are higher than pure Fe;Os in both un- annealed and annealed films. Also the band gaps of the annealed films are
lower than the un-annealed films. The optical band gap energies of the Fe,Os films are in good agreement with the reported results. [19-21]
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Fig 2 (a) and (b) - Tauc’s plot of Fe,Oz and Fe>O3: Dy un-annealed and annealed thin films prepared by SILAR method 60 SILAR cycle.
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Table 4:- Optical band gaps of the pure and doped Fe,O3 films:

Band gap (eV)

Sample Name Un-annealed Annealed
Fe,0s3 2.98 2.95
Fe,O3: Dy 3.13 2.99
Fe>O3:Eu 3.15 3.09

2.3 Determination of Optical Constants:-

There are several quantities known as optical constants which are characteristic of the optical behavior of a substance like refractive index,
extinction coefficient, dielectric constants etc. Optical Absorption and transmittance spectra are very useful in the determination of these

constants.

2.3.1 Refractive Index

Refractive index (n) is a fundamental property of an optical material as it provides the information about the interaction of light and
nanoparticles and hence is of importance to our health and environment. Evaluation of the refractive index of these ‘materials is important
for application in various integrated optical devices.

In the present work the refractive indices were determined by Envelope method proposed by Swanepoel [22]. For energies greater than band
gap or for free carrier absorption at higher wavelength, the dispersion of n and k is not very large [23]: Using the Envelope method, the

refractive index of the film on a transparent substance can be evaluated from the transmittance spectra using the relation.

n=JN+ (N2—=ns2) .o (2)
2 1 _

N = (s )+ 2SI e, 3)
2 TMTm

and n; is the refractive index of the substrate (ns=1.52 for glass)

Figures 3.(a) and (b) show the variation of Refractive Index with wavelength of Fe;Os, Fe2O3: Dy and Fe;Os: Eu at 60 SILAR cycles for
un-annealed and annealed films.
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Fig 3 (a) and (b)- Refractive index of Fe;O3, Fe,O3: Dy/Eu for 60 SILAR cycle on un-annealed and annealed film.

It can be observed that the values of refractive index are higher at lower wavelengths and is seen to decrease and becomes a constant in the

visible region.

2.3.2 Extinction Coefficient:-

The extinction coefficient is calculated from eg. (4) and (5)

Where a is the absorption coefficient and d is the film thickness.

Figures 4 (a) and (b) show the variation of Extinction Coefficient with wavelength of Fe,O3, Fe,O3: Dy and Fe;O3: Eu at 60 SILAR cycles

for un-annealed and annealed films.
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Fig 4 (a) and (b) - Extinction coefficient of Fe203, Fe;O3: Dy and Fe;Os: Eu for 60 SILAR cycle on un-annealed and annealed film.
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A similar behavior is seen in this case also as observed for the variation of refractive index. The values of extinction coefficient also is

higher at lower wavelengths and is almost constant in the visible region.

2.3.3 Optical Conductivity:-

Figures 5 (a) and (b) show the variation of optical conductivity with wavelength of Fe,Os, Fe;Os: Dy and Fe;O3: Eu at 60 SILAR cycles

for un-annealed and annealed films.
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Fig 5(a) and (b) - Optical Conductivity of Fe,O3, Fe;O3: Dy and Fe;Os: Eu for 60 SILAR cycle on un-annealed and annealed film.

2.3.4 Electrical Conductivity:-

Figures 6 (a) and (b) show the variation of electrical conductivity with wavelength of Fe;Os, Fe,O3: Dy-and Fe;O3: Eu at 60 SILAR cycles

for un-annealed and annealed films.
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Fig 6 (a) and (b) - Electrical Conductivity of Fe,O3, Fe;03: Dy and Fe;O3: Eu for 60 SILAR cycle on un- annealed and annealed film.
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2.3.5 Real Dielectric Constants:-

Figures 7 (a) and (b) show the variation of real dielectric constants with wavelength of Fe;O3, Fe;O3: Dy and Fe;Os3: Eu at 60 SILAR

cycles for un-annealed and annealed films.
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Fig 7 (a) and (b) - Real Dielectric Constants of Fe;Os, Fe;O3: Dy and Fe;Os: Eu for 60 SILAR cycle on un-annealed and annealed film.

2.3.6 Imaginary Dielectric Constants:-

Figures 8 (a) and (b) show the variation of imaginary dielectric constants with wavelength of Fe;O3, Fe;O3: Dy and Fe.Os: Eu at 60

SILAR cycles for un-annealed and annealed films.
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Fig 8 (a) and (b) - Imaginary Dielectric Constants of Fe;Os, Fe,O3: Dy and Fe,Os: Eu for 60 SILAR cycle on un-annealed and annealed
film.

IJCRT2011037 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 310


http://www.ijcrt.org/

www.ijcrt.org © 2020 IJCRT | Volume 8, Issue 11 November 2020 | ISSN: 2320-2882

A similar nature of variation of all these constants with wavelength has been observed. Pure Fe,O3 films had higher values of all the
constants in comparison to the doped films. The implications of the variation of the optical constants for Fe,Oj3 films can be a subject of

extensive study.

Conclusion: Pure and doped Fe;Os3 thin films were deposited using SILAR method at 60 SILAR cycles. Rare earth elements Dy and Eu
were used as do-pants. All the films were annealed at 300C after deposition. Optical absorption spectra was studied to determine the band
gaps and also for calculation of optical constants. The band gap energy values were found to be in the range of 2.95eV to 3.15eV and the
doped films showed higher band gap than the un-doped films. The band gap values were lower in the case of annealed films. The optical
constants were plotted against wavelength and all the constants showed similar nature with higher values at lower wavelengths and constant

in the entire range of the visible spectrum.
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