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ABSTRACT
In this paper, we study the Ubach energy and dispersion parameters of
Fe2O3 thin films that doped by 1% NiO prepared by Chemical pyrolysis
method. The prepared films are annealed at 450 °C and 500 °C and then
it recorded the optical absorption spectra by UV-Visible spectrophotometer in the range of (300-900) nm. The absorbance and Urbach energy increase with increasing annealing temperature for NiO:Fe2O3 thin
films, while å1 and å2 decrease with increasing annealing temperature.
The Wemple and Didomenico dispersion relationship that used to determine dispersion parameters. Energy gap calculated from Em = 2Eg,
which found it decreases with annealing temperature from 2.68 eV before annealed to 2.57 eV after 500 °C. Dispersion parameters such as
Ed, Em, å, n(0), M-1, and M-3 are decreased with annealing temperatures.
 2015 Trade Science Inc. - INDIA

INTRODUCTION
Iron oxide (Fe2O3) in hematite crystalline structure has recently attracted much attention as a possible convenient material to be used for hydrogen
production via photoelectrochemical (PEC) water
splitting. It is due to its favorable properties such as
a band gap between 2.0 - 2.2 eV, which allows absorbing a substantial fraction of solar spectrum,
chemical stability in aqueous environment,
nontoxicity, abundance, and low cost. For such band
gap and assuming the standard solar illumination
conditions (AM 1.5 G, 100 mW cm-2) theoretical
maximal solar-to-hydrogen (STH) conversion efficiency can be calculated as 15 %[1]. Earlier investigations have shown that the Fe2O3 is a promising
semiconductor anode for the photo- decomposition

Fe2O3 thin film;
Annealing, eurbach energy;
Dispersion parameters.

of water in a PEC cell[2]. The Fe2O3 is a robust roomtemperature insulating ferrimagnet with a Curie temperature of about 500 K[3], which is driving current
interest for possible applications[4].
On account of these favorable characteristics,
many authors have studied the potential of using hematite in solar energy conversion prepared by different routes, e.g. pressing of material into pellets[57]
, sputtering[8-9], spray pyrolysis[10-11], pulsed laser
deposition (PLD)[12], and molecular beam epitaxy[13].
Nanostructured and nanorods of hematite have
also been studied for PECsplitting of water[14-15].
Present work is to study the effect of annealing
temperature (before annealing, 400°C and 500 ºC)
on Urbach energy and dispersion parameters of
NiO:Fe2O3 thin films that prepared by chemical
spray pyrolysis method.
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EXPERIMENTAL
Thin films of Nickel oxide doped Fe2O3 have
been prepared by chemical pyrolysis technique. A
laboratory designed glass atomizer was used for
spraying the aqueous solution, which has an output
nozzle about 1 mm. The films were deposited on
preheated cleaned glass substrates at a temperature
of 400 °C. A 0.1 M for both NiCl2 (Sigma Aldrich
UK) and FeCl3(Merck Chemicals Germany) diluted
with redistilled water and a few drops of HCl were
used to obtain the starting solution for deposition.
Moreover,volumetric concentration of NiO 1% was
achieved the optimized conditions have been arriving at the following parameters; spray time was 10 s
and the spray interval 2 min was kept constant. The
carrier gas (filtered compressed air) was maintained
at a pressure of 105 Nm-2, and the distance between
nozzle and substrate was about 30 cm ±1 cm.
Thickness of the sample was measured using the
weighting method and was found to be around 400
nm. Optical transmittance and absorbance were recorded in the wavelength range of (300-900) nm using UV-Visible spectrophotometer (Shimadzu Company Japan).
RESULTS AND DISCUSSIONS
The optical absorbance of the NiO:Fe2O3 thin
films are represented in Figure 1. It can be seen that

the absorbance takes the same values in the NIR region (ë > 580 nm), only from about 580 nm wavelength it can observe a difference on the absorption
spectra of the prepared films. In addition, it can be
seen that the absorbance increases with increasing
annealing temperature.
The real (å1) and imaginary (å2) parts of the dielectric constant (å= å1+ iå2) may be related to the
real part of refractive index (n) and the extinction
coefficient (K)[16]:
å1 = n2 - K2

(1)

å2 = 2nK

(2)

Figure 1 and Figure 2 represent the relationship
between real and imaginary parts of dielectric constants with wavelength. It’s clear from these figures
that the å1andå2 decreases with increasing annealing
temperature until the wavelength of 580 nm, and then
the annealing temperature don’t changes the dielectric constants.
The optical conductivity (ó) was calculated using the relation[17]:
ó=

(3)

Where á is the absorption coefficient, n is the refractive index, and c represent the velocity of light.
Optical conductivity versus wavelength is shown in
Figure 4. From this figure, it can notice that the optical conductivity decreases with increasing annealing temperature until the wavelength of 470 nm, and

Figure 1 : Plot of absorbance as a function of the wavelength for the NiO-doped Fe2O3 thin films with different
annealing temperatures
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Figure 2 : Plot of real part of dielectric constant as a function of the wavelength for the NiO-doped Fe2O3 thin films
with different annealing temperatures

Figure 3 : Plot of imaginary part of dielectric constant as a function of the wavelength for the NiO-doped Fe2O3
thin films with different annealing temperatures

Figure 4 : Plot of optical conductivity as a function of the wavelength for the NiO-doped Fe2O3 thin films with
different annealing temperatures
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then increases with increasing annealing temperature until 580 nm. After this the optical conductivity
still stable with wavelength at various temperatures.
The Urbach tail of the films can be determined
by the following relation[18]:
 E
   0 exp  
 EU 

TABLE 1. The EU values change inversely with optical band gaps of the films.
A single-oscillator model was also used to fit
the energy dependence of refractive index, namely,
the Wemple and Didomenico dispersion relationship[19]:

(4)
n 2 ( E)  1 

Where E is the photon energy (hõ), áo is constant,
and EU is the Urbach energy that refers to the width
of the exponential absorption edge. Figure 5 shows
the variation of lná vs. hõ for the NiO:Fe2O3 thin
films. This behavior corresponds primarily to optical transitions between occupied states in the valence band tail to unoccupied states at the conduction band edge. Urbach energy values of the films
increase with increasing NiO content as listed in

E m Ed
Em2  E 2

(5)

Where Em and Ed is the single-oscillator and dispersion energy, respectively, and E is the photon energy (hõ). (n2-1)-1 vs. E2 is plotted in Figure 6. It
indicates that the refractive index correspond the
model as a straight line fitted to the data.
A plot of (n2-1)-1 versus l/ë2 (see Figure 7) would
be linear with a negative slope and give the values
of Eo and Ed from the slope (1/ EmEd) and the inter-

Figure 5 : Ln(á) versus hõ for the NiO-doped Fe2O3 thin films with different annealing temperatures

Figure 6 : (n2-1)-1 versus (hõ)2 for the NiO-doped Fe2O3thin films with different annealing temperatures
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Figure 7 : (n2-1)-1 versus (1/ë2) for the NiO-doped Fe2O3 thin films with different annealing temperatures
TABLE 1 : The optical parameters of NiO:Fe2O3 thin films
Sample
Before Annealing
450 oC After Annealing
500 oC After Annealing

Ed
(eV)
48.70
27.60
22.35

EO
(eV)
5.36
5.24
5.14

Eg
(eV)
2.68
2.62
2.57



n(o)

M -1

10.26
6.26
5.34

3.17
2.50
2.31

9.10
5.26
4.34

cept on the y-axis (Em/Ed). The parameter Em is an
average energy gap and can be related by an empirical formula to the optical band gap value: Em=2Eg[20].
The refractive index n (0) at zero photon energy,
which is defined by the infinite wavelength dielectric constant, can be deduced from the dispersion
relationship by extrapolation of the linear part.
The refractive index has been analyzed to yield
the high frequency dielectric constant (å = n2)[2122]
. Assuming the high-frequency properties could be
treated as a single oscillator at wavelength ëo at high
frequency. The high-frequency dielectric constant can
be calculated by the following classical dispersion
relation[22]:
n 2  1
 
 1   o
n2  1
  

2

(6)

Where n is the refractive index at infinite wavelength (ëo) (average oscillator wavelength), n is the
refractive index and ë is the wavelength of the incident photon. The plots of (n2-1)-1 vs. ë-2 were plotted to obtain n values and listed in TABLE 1.
The M-1 and M-3 moments of the optical spectra
can be obtained from the following relations[23]:
Eo2 

M 1
M3

(7)

E d2 

M -3
(eV-2)
0.315
0.191
0.164

So x1013
(m-2)
3.35
2.69
2.53

ëo
(nm)
385
392
397

M 31
M 3

EU (meV)
555
574
606

(8)

The obtained M-1 and M-3 moments changes with
the annealing temperature as listed in TABLE 1.
CONCLUSION
The Fe2O3 thin films that doped of 0.1% NiO
prepared by chemical spray pyrolysis method, and
annealed at 450 and 500 ºC respectively. The absorbance spectra were recorded in the range of 300900 nm, and then calculated the dispersion parameters from Wemple and Didomenico dispersion relationship. Dispersion parameters such as Ed, Em,
å, n(0), M-1, and M-3 are decreased with annealing
temperatures, while the Urbach energy increased
with increasing annealing temperature for all
NiO:Fe2O3 thin films that inversely proportion with
energy gap which decreased from 2.68 to 2.57 eV.
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