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ABSTRACT 
Magnesium oxide thinfilms were grown on glass substrates using solution growth method at room temperature 
300K. The films were synthesized using 0.2M Mg(NO3)2.6H2O as source of cation  and 0.2M NaOH as source of 
anion.  Effect of thickness on the optical properties of the films were investigated at wavelengths of 200nm to 
1100nm. Results of the work show that optical properties are directly proportional to the thickness of the films 
except the transmittance which exhibits inverse relationship. However the transmittance is high in the UV-VIS-NIR 
region while absorbance and reflectance are low. 
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1. INTRODUCTION 
MgO is a highly ionic solid with an electronegativity 
difference of 2.13. Moreover, its cation/anion radius 
ratio of 0.50 implies that it is stable only in the 
common rock salt (NaC1) crystal structure [1]. MgO 
thinfilms have been widely used as a chemically 
stable buffer layer for the deposition of high Tc 
superconducting films and perovskite-type 
ferroelectric films because of its good lattice 
matching with mentioned materials and low chemical 
reactivity [2]. Magnesium oxide is one of several 
materials used as thin insulating layers in electronic 
devices [3]. It has the advantage of remaining 
chemically stable at the elevated temperatures at 
which subsequent thin layers may be grown. 
Magnesium oxide is technologically important 
material that has been studied as a high k- 
dielectric[4], a barrier for Josephson tunnel 
junctions[5], a substrate for the 
heteroepitaxialovergrowth of high Tc super conductor 
films[6], a protective coating on the walls of plasma 
devices[7], and in many other applications.the utility 
of MgO stems fromits wide bandgap of 7.eV, high 
melting point of 28000C and a stable large yield of 
secondary electrons when its surface is bombarded 
with ion[8] 
 
2. MATERIALS AND METHOD 
Magnesium oxide thin films for this experiment were 
synthesized by simple, cheap and cost effective 

solution growth technique, otherwise called chemical 
bath deposition method. Five empty microscope 
slides serving as the substrates were degreased by 
soaking  in concentrated trioxonitrate (V) acid for 15 
minutes then washed with detergent.  They were 
rinsed with distilled water and allowed to dry in a 
clean environment. Five 50ml beakers were also 
washed with detergent and rinsed with distilled 
water. These served as the reaction bath container.  
The precursors were: 0.2m solution hexahydrated 
magnesium trioxonitrate (V) as source of magnesium 
ion and 0.2 molar solution sodium hydroxide (NaOH) 
as  source of OH- ions. The deposition time, volume 
and concentration of (Mg(No3)2.6H2O),were kept 
constant while the volume of NaoH was varied from 
10ml to 50ml in intervals of 10ml as shown in table 
1. The deposited films were annealed at temperature 
of 2000C for 5mins. The deposited MgO thin films 
were characterized and analyzed for their optical 
properties viz; absorbance and transmittance using 
UV/Visible spectrophotometer throughout the UV, 
Visible and Near infrared region of the 
electromagnetic spectrum, while other optical 
properties like refractive index, reflectance and 
extinction coefficient were calculated using 
appropriate formulae. 
 The reaction mechanism upon hydrolysis is of the 
form:  
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Table 1: Deposition of MgO thin film 

 
   
 
 
 
 
 
 

 
 
3. THEORY 
 
3.1: Reflectance:   R= 1-(A+T) 
A is absorbance, T is transmittance 
 

3.2: Extinction coefficient: � = ��4� 

 � �  �  � �  ,  is wavelength 
 

3.3: Refractive index:  = +√�−√� 

R is reflectance 

 
3.4: Dielectric constant (real part): �� = − �  
 N is refractive index, k is extinction coefficient,  
 
3.5: Dielectric constant (imaginary part): �� = 2 � 
 

3.6: Thickness: = ��[ −�� ]�  

R is reflectance, T is transmittance, � �  � �  � �  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reaction bath Deposition time Mg (NO3)2.6H2O NaOH 
t(hr.) Conc (M) Vol (ml) Conc (M) Vol (ml) 

B1 4 0.2 25 0.2 10 
B2 4 0.2 25 0.2 20 
B3 4 0.2 25 0.2 30 
B4 4 0.2 25 0.2 40 
B5 4 0.2 25 0.2 50 

Mg(NO3)2.6H2O)                             Mg++   + 2NO3
-  + 6H2O   

NaOH                                  Na+   + OH-. 

 Then Mg++ and OH- combine to form Mg(OH)2 as follows 

Mg++ + OH-                             Mg(OH)2. 

Upon annealing 

 Mg (OH)2               ∆ 200•C                 MgO. 
 



 

2nd African International conference/Workshop on Application of Nanotechnology for Energy, 

 Environment and Health: African Scenario, 4-7 July 2016, University of Nigeria, Nsukka  Page 70 

4. RESULTS 

 
Fig. 1: Variation of absorbance with wavelength 
 

 
Fig. 2: Variation of percentage transmittance with 
wavelength 

 

 
Fig. 3: Variation of reflectance with wavelength 

 

 
Fig.4: Variation of refractive index with wavelength 
 

Fig.5: Variation of extinction coefficient with 
wavelength 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

350 500 650 800 950 1100

A
b

so
rb

a
n

ce
 (

a
.u

)

Wavelength λ(nm)

2.10E-7m

3.23E-7m

1.32E-7m

3.46E-7m

6.56E-7m

20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100

345 495 645 795 9451095

T
ra

n
sm

it
ta

n
ce

 (
 %

)

Wavelength λ(nm)

2.10E-7m

3.23E-7m

1.32E-7m

3.46E-7m

6.56E-7m

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

345 445 545 645 745 845 94510451145

R
e

fl
e

ct
a

n
ce

Wavelength λ(nm)

2.10E-7m

3.23E-7m

1.32E-7m

3.46E-7m

6.56E-7m

1.20

1.60

2.00

2.40

2.80

3.20

3.60

4.00

4.40

4.80

5.20

345 495 645 795 9451095

R
e

fr
a

ct
iv

e
 i

n
d

e
x

 

Wavelength λ(nm)

2.10E-7m

3.23E-7m

1.32E-7m

3.46E-7m

6.56E-7m

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

0.050

0.055

0.060

0.065

0.070

0.075

0.080

360 560 760 960 1160 1360

E
x

ti
n

ct
io

n
 c

o
e

ff
ic

ie
n

t 
k

 

Wavelenght λ(nm)

2.10E-7m

3.23E-7m

1.32E-7m

3.46E-7m

6.56E-7m



 

2nd African International conference/Workshop on Application of Nanotechnology for Energy, 

 Environment and Health: African Scenario, 4-7 July 2016, University of Nigeria, Nsukka  Page 71 

 

 
Fig. 6: Variation of dielectric constant(real part) with 
wavelength 
 

 
Fig.7: Variation of dielectric constant(imaginary part) 
with wavelength 
 

5. DISCUSSIONS 
As shown in fig. 1, absorbance of the films is 
generally low in all the regions of electromagnetic 
spectrum, maximum of 0.438=43.8% in UV region 
for the thickest film (6.56E-7m). The absorbance is 
directly proportional to the thickness of the films. 
Fig.2, shows that the films have high transmittance in 
all the regions, minimum of 66.97% in UV region for 
second thickest film(3.46E-7m) and maximum of 
92.54% in the NIR region for the thinnest film( 
1.32E-7m). However, transmittance of the thickest 
film(6.56E-7m) is exceptionally fairly low in the UV 
region- 35.6% and increases to maximum in the NIR- 
71.8%. Results as shown in fig.3, show that the films 
have low reflectance in all the regions, maximum of 
0.2133= 21.33% in the visible region for the thickest 
film(6.56E-7m). Reflectance of the films is directly 
proportional to the thickness of the films. This 
property of low absorbance, low reflectance and high 
transmittance makes it a good material for solar cell 
and photothermal applications. It is also a good 
material for coating of windows of poultry house 
since high doses of IR can be transmitted into the 
room to warm up the chicks. Low reflectance makes 
it a veritable material for anti reflection coating .The 
films have high refractive index in all the regions as 
shown in fig.4. The thickest film (6.56E-7m) has 
refractive index of 4.67 in UV region and decreases 
to 3.18 in NIR region whereas the thinnest 
film(1.32E-7m) has refractive index of 1.82 in UV 
region and decreases to 1.57 in NIR region. This 
makes it a good material for antireflection film pack. 
The refractive index is directly proportional to the 
thickness of the films. As shown in figs. 5, 6 and 7, 
the extinction coefficient, dielectric constants ( real 

and imaginary) are directly proportional to the 
thickness of the films. 
 
6. CONCLUSION 
Magnesium oxide thin film can be prepared by 
solution growth technique. 
The films have low absorbance, reflectance in the 
UV-VIS-NIR regions but high transmittance in the 
whole regions. The optical properties viz; 
absorbance, reflectance, refractive index, dielectric 
constants are directly proportional to the thickness of 
the film while transmittance is inversely proportional. 
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