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of Aluminum Oxide (AL2O3) Thin Films Prepared 

by Chemi-thermal Hydrolysis 

Ahmed Nsaif Jasim1* 

Abstract 

Thin films of Aluminum oxide was prepared with a thickness of 400nm and based on glass with dimensions of 
2.5x2.5cm. Molarity of Aluminum nitrate was 0.1M for all samples and films were prepared by used spray pyrolysis 
method of 29±1 highest for all samples. Data of optical properties were studied at different temperature 200,300,400 ͦ 
C by recording the Transmittance, absorption at(300-900)nm which showed decreasing with the increasing the 
temperature. As well as the other optical properties of prepared films which consisted from(absorption coefficient, 
real and imaginary parts of dielectric constant,  extinction coefficient and optical conductivity) as a function of photon 
energy. 
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Introduction 

Aluminum oxide is used in various technological 
fields because of its wide transparency window 
from ultra-violet to mid-infrared, good thermal and 
chemical stability[1]. Al2O3, alumina, is a material 
that has been widely accepted in engineering 
applications and is commonly used in the ceramics 
industry. It is also important for the formation of an 
oxide layer on the surface of aluminum and its 
alloys in such a way that the oxide is self-limiting. 
In recent times, researchers and scientists have 
been interested in the aluminum tri oxide because 
it has good qualities and properties can be 
exploited in applications and uses of potential in 
the field of electronics, and may be a possible 
alternative material for the oxide of other 
materials. Much of the research related to the use of 
aluminum oxide as the basis for the growth of films 
from other metals, especially in the electronics 
industry.  
Examples of this copper are installed on a substrate 

or base of alumina. Aluminum oxide (Al2O3) is one 
of the most important metal oxides that have a 
phosphoric property that makes aluminum oxide 
important to measure thermal radiation while the 
oxide is low in sensitivity. The properties of 
thermal stability in addition to the other excellent 
properties possessed by Alumina, which attracted 
the efforts of scientists and researchers and the 
unification of these efforts in a way that improve 
the sensitivity of the phosphorylation of this article 
through the lack of oxygen in the crystalline 
network[2-5]. Aluminum oxide is a good material 
for coating other metals with good physical and 
stable physical properties. For example, it is widely 
used in the field of optics as a thin film of aluminum 
oxide in addition to its use in other fields such as 
solid-state electronics and also in the field of 
precision electromechanical devices (MEMS).  
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Many applications where aluminum oxide is used in 
electrical structures have low permeability 
properties, especially for alkaline ions, and have 
high insulation resistance. Another use of alumina 
is to use his films in the manufacture of metal oxide 
conductors (MOS) transistors, where alumina is 
used as a dielectric in the integrated circuits 
industry[6]. The methods of preparation of 
aluminum oxide are many and many and the most 
important and common in all industries that enter 
the aluminum oxide is evaporation of the plasma-
activated electron beam and vapor deposition of 
organic organic-matter, the preparation of 
photosynthetic alumina film by the aerosol, 
spraying direct reactive magnetron, remote 
microwave plasma deposition of the isolated 
chemical vapor phase[7-13]. At our research, we 
prepared Al2O3 thin films by chemi-thermal 
hydrolysis spraying method and based these 
prepared films on glass. The depending of prepared 
films at temperature degree was studied and all 
optical properties were evaluated. 
 

Materials and Experimental 

1. All Chemical were provided by Fluka and 
BDH. 

2. All Measurements were achieved at Diyala 
University. 

 

Preparation of Solution 

Aluminum nitrate nine hydrate Al(NO3)3.9H2O with 
molecular weight of (375.13 gm\mole) had white 
crystal powder . Weight of (375.13g/mol) from 
Aluminum nitrate was dissolved in water with the 
density of (2. 7g/cm3) which was utilized to deposit 
Aluminum oxide. 
By using the Molarity equation, solution of 0.1M 
was prepared by dissolved (2.4887g) of white 
crystal of Aluminum oxide in distillate water 
(100ml). Bellow, the equation, by which, the values 
of molarity for the prepared samples were 
calculated [14]. 

Mₒ= Wt / Mwt × 1000/V (1) 
Where: 
Mo=Molar concentration with (0.1M) 
Wt: Weight of material (g).  
Mwt: Molecular weight of material (g/mole) 
V: Volume of dist. water. 
Balance of (10-4g) sensitivity was used to weight 
the Aluminum oxide nine hydrated. Mixture of 
prepared solutions was stirred for one hour by 
utilized magnetic stirrer device. After one hour of 

stirring, the sol was filtered to gain the pure 
solution and disposal of unwanted precipitated 
materials.  
Aluminum Nitrate nine hydrate  [Al(NO3)3.9H2O] 
with the molecular weight of (375.13gm/mole)  
and density of (2. 7gm\cm3 ) was utilized to 
prepare the Aluminum hydrated salt was with 
(0.1M) of concentration , which was prepared by 
dissolving 3.751gm at 100ml of dist. water. These 
solution was sprayed at glass base(square piece of 
glass). This piece of glass with the dimension of 
2.5x2.5cm and the solution was sprayed with the 
height of 29±1(The device of spraying was on 
height 29±1from the samples. Temperatures of all 

samples were (200,250 and 300) C. 
 

Results and Discussion 

Measurement of optical qualities explained the 
relationship between transmittance (T) with the 
wavelength as well as the correlation between the 
absorbance and the wavelength. For the two 
relationships, the range was from (200-1000)nm 
for Aluminum oxide (Al2O3) which was sprayed on 
glass surface and obtained at various temperatures 
(200,250,300) ̊ C. The optical energy gap electronic 
transition was determined by using (Tauc) method. 
Constants of optical properties were achieved and 
obtained like coefficient of inactivity (Kͦ), insulation 
constant by real (ε1) beside of imaginary (ε2) parts 
and optical conductivity (σ) as photon energy 
function. 
 

Transmittance 

Measurements of transmittance refer to the 
proportion of intensity of transmitting light (I) to 
the adversity of the incident light (Io). 
Transmittance was represented by the symbol (T) 
and it was obtained by using the below equation 
[15]: 

R + A + T = 1 
As showed at figure (1), it`s clearly the relationship 
between transmittance correlation at Y-axis against 
wavelength, which were measured by nanometer, 
at X-axis. This figure showed data referred to 
increasing by increasing the temperature degrees 
[16]. This increasing was parallel with the 
constancy of other condition such as concentration. 
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Figure 1: Transmittance spectrum (T) as a function for wave length of 
Aluminum oxide film at different temperatures 

 

Absorbance (A) 

Measurement of absorbance showed that the 
absorbance data decreasing with increasing of 
temperatures with the stability of the other 
variables. The spectrum of was drawn between 
absorbance at Y-axis and at the X-axis refer to 
wavelength which measured by nanometer. As it 
was clear from figure (2) that absorbance increased 
with simple changing with the wavelength and after 
this increasing, it was decreasing with the 
increasing of wavelength. This can be referred to 
exited molecules because they accepted thermal 
energy giving more collision between the molecules 
the each other and meaning high energy and high 
absorbance[17]. Then these molecules showed 
decreasing with the absorbance against to 
increasing of wavelength . It`s important to indicate 
that absorbance dada of temperature at 200 ̊C were 
higher than data of temperature of 250̊C and the 
last one showed data higher than the data gained 
from the temperature of 300̊C. 

 
Figure 2: The absorbance (A) as a function for wave length of 
Aluminum oxide film at different temperatures 
 
 

Absorption Coefficient (α) 

Figure (3-a) showed the relationship between 
absorption coefficient factor, measured by (α)cm-1 ,  
against of photon energy of Aluminum oxide film 
(Al2O3). As it was clarified from figure (3-a), values 
of variation of absorption factor (α) increased 
according to increasing of photon energy for the 
same temperature. The temperature 200̊ C showed 
the highest increasing according to increasing of 
photon energy. They were have the sequence 200̊ C 
˃250̊ C ˃300̊C for the same concentration[18]. The 
linear relationship of the absorption coefficient (α) 
showed increasing according to photon energy for 
the three temperatures with the continue of highest 
data for the temperature 200̊C when the lowest 
dada were for the temperature 300̊C. The 
temperature 250̊C still gave the intermediate 
data[18]. 

 
Fig. (3-a): Variation of absorbance factor (α) with photon energy of 
Aluminum oxide film at different temperature. 

 
Fig. (3-b): Showed the linear relationship between logatherm of 
absorption coefficient the and photon energy. 
 

Dielectric Constant  

Real Dielectric Constant 

From the gained data as showed at figure (4), the 
values of real dielectric constant(at Y-axis) 
increased with increasing of photon energy (at X-
axis). Fig.(4) showed also, increased of real 
dielectric constant by decreasing of temperature. 
As it clarified the highest values of real dielectric 
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constant appeared at 200̊ C compared with the real 
dielectric constant data for the temperature of 250̊ 
C when the temperature of 300̊ C gave the lowest 
values for real dielectric constant [19]. 

 
Fig. 4: Real dielectric constant (ε1) as photon energy function for 
Aluminum oxide 
 

Imaginary Dielectric Constant 

Fig. (5) showed data that explained the relationship 
between imaginary part of dielectric constant(ε2)  
at Y-axes against the photon energy at X-axis. From 
these data, it clarified that values of imaginary 
dielectric constant decreased with the increasing of 
photon energy data . Beside this decreasing , values 
of imaginary dielectric constant still had the highest 
values for the temperature 200̊ C and temperature 
300̊ C had the lowest values of imaginary dielectric 
constant [20]. 

 
Fig. 6: Imginary Dielectric Constant (ε2) as Function of Photon Energy 
 

Optical Conductivity 

Fig. (7) clarified the relationship between optical 
conductivity(σ(1/S)) at Y-axis and the values of 
photon energy at X-axis. It was clarified that the 
values of optical conductivity , increased with 
increasing of photon energy values and gained 
highest values with the decreasing of temperatures 
values. The highest values of optical conductivity 
were gained at 200 ͦ C temperature when the lowest 

data gained at 300ͦ C temperature. At the same time 
temperature 250̊C gave the intermediate values of 
optical conductivity [21]. 

 
Fig. 7: Showed the optical conductivity (σ) as photon energy function 
 

Extinction Coefficient (Ko) 

Coefficient of inactivity (Ko) can be found by using 
the below equation [22]: 

Ko = (αλ/4π) 
Figure(8) was clarified the relationship between 
the photon energy measured by (eV) at X- axis 
against extinction coefficient (Ko) at Y-axis. 
Drawing curves between two axis's showed that 
the ratio between the two axis 's decreased for the 
three temperature (200,250 and 300) ̊ C with 
continuance of being the highest data gained from 
the temperature 200̊C[23]. 

 
Fig. 8: Showed the Extinction coefficient (Ko) as function for photon 
energy 
 

The Reflectance Measurement 

The reflectivity data is performed for the 
wavelength to handle the error and to improve the 
stability of the regression[24]. 
The gained data of the reflectance measurement:  
Showed a sharp rising for the curves between the 
reflectance at Y-axis and wavelength at X-axis 
sequentially with run down for the curves to all 
temperatures. The curve for the temperature of 
200̊C was still the highest one and for the 300̊C the 
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lowest one with the compare of being intermediate 
curve for the temperature 250̊C. The data for the 
figure (9-a) between reflective index and photon 
energy showed decreased with curves of reflective 
index according to photon energy for all three 
temperature (200,250 and300)̊C [25]   

 
Figure (9-a): Showed the relationship between reflectance and 
wavelength 

 
Figure (9-b): Showed the relationship between reflective index and 
photon energy 

Optical absorption factor as a function of photon 
energy helps to study the structure of the band and 
to know the type of electronic transmission. The 
relationship between the absorbance reliability as a 
function of the photon energy analyzes the high 
absorption areas to find detailed information about 
the energy-pack gap. The optical absorption factor 
is calculated according to the equation below: 

=1/dlog(1/T) 
Where: 
 is the optical absorption coefficient 
T= transmittance 
d=Thickness 
The relationship between the incident photon gap 
energy (hv) and the optical energy gap Eg can be 
represented by the following equation: 

h= A(h- Eg)p 

When A was referred to constant which reckon the 
transition. Where p was represented the indicator 
by it the optical absorption operation was 
calculated. In theory it had the value of 2 or 1/2 for 
a direct or indirect allowed transition, 

consecutively. Absorption coefficient () depended 
against photon energy (hv) was explained in fig. 
(10-a) for the temperature 200̊C where fig .(10-b) 
for temperature 250̊ C and the temperature effect 
on relationship between the absorption coefficient 
on Y-axis and photon energy (hv) on X-axis and the 
fig.(10-c) for the temperature 300̊C. 
The Eg equal to 2eV for temperature 200̊C when it 
was 2.3eV for 250̊C which it meant that value of Eg 
was increased when the temperature increased 
from (200 to 250)̊C. At the same time , value of Eg 
for the temperature 300̊C decreased to 1.7ev. From 
Eg values, it was clarified that there was no a 
consistent principle of increased of Eg[26]. 

 
Figure (10-a): The variation of coefficient as a function of photon 
energy for the Al2O3 film 

 
Figure 10-b: The variation of coefficient as a function of photon energy 
for the Al2O3 film 

 



NeuroQuantology | January 2020 | Volume 18 | Issue 1 | Page 64-69 | doi: 10.14704/nq.2020.18.1.NQ20108 

Ahmed Nsaif Jasim, Temperature of base Effect on Optical Properties of Aluminum Oxide (AL2O3) Thin Films Prepared by Chemi-thermal Hydrolysis 

eISSN 1303-5150 
 

www.neuroquantology.com 
 

69 

Figure 10-c: The variation of coefficient as a function of photon energy 
for the Al2O3 film 
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