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Abstract- Nano MgO was synthesized using auto combustion
method(ACM). The XRD results confirm the existence of
periclase as a main phase. In order to measure the particle
size, TEM images were used and histogram of particle size
from TEM showed the size in the range of 30-80nm. The
results of Uv-vis spectroscopy show the band gap of 4.11 ev
for nano magnesium oxide. From FTIR some optical
constants such as refractive index, extinction coefficient, real
and imaginary part of dielectric and loss function were
obtained using kramers-kronig equation.
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I. INTRODUCTION

Nano materials are good candidates for many applications
in science and industry due to some extraordinary features
and brilliant properties. Magnesium oxide with high
melting point, catalytic properties[1-3], pollutant
absorbents[4], gas sensor[5], nanocomposite for dental
cements[6], environmental remediation[7] and other
features is one of the most valuable material in this field.
Since this material is inexpensive and non poisonous|[8], its
application is going to be more interesting nowadays.
Insulating metal oxides have attracted wide interest in
recent years due to their potential applications as support
for metal nano-particles in electronic  devices,
heterogeneous catalysts and gas sensing systems. MgO is
especially promising candidate to its wide bandgap and the
good chemical, thermal stability and optical properties|[9,
10] . The compound is easy to prepare due to the high
oxygen affinity and low melting temperature of Mg.
Therefore a lot of researches has been carried out to
synthesis and characterization of nano magnesium oxide
either as powder[11-30] or thin film[5, 31-37]. In this study
using combustion method[27, 38] nano MgO is prepared
and then optical constants is identified with kramres-kronig
equation.

Il. EXPERIMENTAL PROCEDURE

Magnesium nitrate(molar mass 148.3 ), citric and nitric

acid and ammonium hydroxide are starting materials. After
dissolving magnesium nitrate in dionized water, a mixture
of citric and nitric acid was added to the base solution. after
adjusting temperature and pH, reflux was done for 12h in
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order to increase the homogenity of solution. In the next
step sol was transferred into gel by heating and finally the
gel was burned using nitric acid as fuel. As prepared
obtained material then was put into the furnace and white
powder of nano magnesium oxide was produced at 800°c.
In order to characterize the properties of nano MgO, some
tests including TEM, XRD, Uv-vis and FTIR were
conducted on sample.

I11. RESULTS AND DISCUSION
A. XRD results

XRD can be used to identify the phase analysis of
materials. In this work X-ray with 1.54A° wavelength and
nickel as filter have been used. Fig.1 shows the XRD of
nano MgO in the range of 0-110 degree. According to
Fig.1 periclase as main phase is detectable. Lattice
parameter of nano MgO is 4.2112A°.
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Fig.1. XRD of nano MgO calcined at 800°c.

From Schrrer equation crystallite size can be calculated
[39]as follow:
0.9

= o

D
XRD ™ EwWHH .Cos 8

Where D is crystallite size, A is wavelength, FWHH
broadening of the maximum peak at half intensity as radian
and 0 is Bragg angle as degree. Crystallite size and main
Bragg angles of XRD were listed in tablel.
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Tablel. crystallite size and mail Bragg angles obtained from XRD for

nano MgO.

N h k | d(A) 2theta(deg) | Crystallite size(nm)
° %

1 1 1 1 2.43163 36.937 4.0 8.37

2 2 0 O 2.10564 42917 100.0 8.53

3 2 2 0 1.48905 62.304 39.0 7.73

4 3 1 1 1.26982 74.691 5.0 8.32

5 2 2 2 1.21578 78.630 10.0 9.3

6 4 0 O 1.05281 94.052 8.0 8.96

7 3 3 1 0.96621 105.734 2.0 5.26

Other information about crystal structure have been shown
in table2. Lattice parameter of cubic structure is 4.21A°
that is in good agreement with others.

Tablell. crystallographic features of nano MgO from XRD.

No Crystallographic feature quantity
1 Crystal system Cubic
2 Space group Fm3m
8] Space group number 225
4 a(A) 42112
5 b (A) 42112
6 c(A) 42112
7 Alpha (°) 90.0000
8 Beta (°) 90.0000
9 Gamma (°) 90.0000
10 Measured density 3.56
11 Volume of cell 74.68

[38] a(A) 421

B. TEM investigations

TEM image of nano magnesium oxide is shown in Fig.2. It
is evident from Fig.2 that particle size of nano magnesia is
in the range of 30-80nm. The shape of particles are nearly
spherical to cubic and non-agglomerated as reported
before[9, 40].

80nm

Fig.2. TEM of nano magnesium oxide.
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Fig.3 shows particle size distribution of nano MgO
according to TEM. As can be observed the peak is located
at around 50nm.
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Fig.3. size distribution of nano MgO associated with TEM.

C. UV-vis spectroscopy

Because of nanostructure and discernible particle size
distribution of nano MgO, the optical properties of these
materials are investigated in great detail. Fig.4 shows Uv-
vis spectroscopy of nano magnesia in 200-900nm.
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Fig.4. Uv-vis spectroscopy of nano magnesium oxide in 200-900nm

As can be seen from Fig.4 absorption edge of sample is
285nm that means all of the wavelengths smaller than
285nm absorbed by nano MgO and others can pass through
the material. A strong absorption in Uv region and sharp
slop can imply this phenomena. This absorption on 285nm
can attribute to transactions of electrons on orbital
structures. Electronic structure of Mg is 3s% and for
oxygen is 2p* . According to this, energy absorbed in this
region is associated with charge transfer from magnesium
to oxygen ligand as M—-> L.

From Uv-vis there is also possibility to calculate band gap.
The absorption coefficient (a)), should be evaluated from
the optical transmittance data using the Lambert’s

principle[41], a = —%ln(T), where T is the transmittance

and t is the diameter of nano-particles which measured in
TEM. The absorption coefficient as a function of photon
energy can be expressed from well-known relation as[42],
(ahv)" =C (};—C — Eg) , where C is a constant, (a)
absorption coefficient, (hc/A) the incident photon energy
and Ey is optical band gap energy. By plotting (athv)?® versus
(he/A), E4 can be evaluated from the extrapolated linear
portion of the plot. The value of (ahv)? as a function of
photon energy is shown in Fig 5. The band gap associated
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with plotting (ahv)? versus (hc/A) is 4.11ev that is different
from others[43].
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Fig.5. Absorption coefficient (ahv)" versus photon energy for nano MgO.
D. FTIR calculations

The optical characterization gives valuable information
about the structural parameters of the powder. Using
Fourier Transform Infrared spectroscopy (FTIR) and
Kramers-Kronig (K-K) analysis the optical constants of
nano magnesium oxide evaluated as a function of
wavenumber (o) [44]. FTIR spectrum of the nano-MgO
recorded in KBr pellet is shown in Fig.6. The presence of
hydroxyl groups (OH stretching band) appeared at around
3446cm™. No characteristic band of nitrate ions at 1464
cm™® is observed from the FTIR spectra indicating the
complete decomposition of Mg precursor during the heat
treating process. In the FTIR spectrum of the MgO powder
calcined at 800 °C, the absorption bands of NOs-group at
616 and 619 cm™ disappear because of the complete
decomposition of nitrate. The absorption peak at 1122 cm™
is also observed from the spectra showing the C-O
absorption. It is well-known that H,O and CO, molecules
are easily chemisorbed onto nano MgO surface when
exposed to the atmosphere. As reported before, the broad
vibration band at 3440-3450 cm* is associated with the
OH stretching vibrations of water molecules, while those at
1630-1640 cm' are associated with their bending
mode[45]. The absorption band at 862 cm™ is contributed
to the characteristic absorption peak of cubic MgO. It can
be seen that the intense characteristic vibration of cubic
MgO exists in the band ranging from 500-1000 cm™ with
the absorption peak at 862 cm™ indicating the complete
formation of cubic MgO.
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Fig.6. FTIR spectra of nano magnesium oxide.
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Using reflection spectrum, R(w), as function of
wavenumber and Kramers-Kronig equation we can
calculate phase change, ¢(w), and optical parameters[46,
47]. Reflection coefficient was obtained by following
relations:

A=2—-Ln(T%) )

R=100—-A-T ©))
Where A, T and R are absorption, transmittance and
reflection, respectively. Using calculated ¢(w), refractive
index and extinction coefficient calculated from[48]. The

graphs of refractive index (n) and extinction coefficient (k)
against wavenumber are given in Fig7.
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Fig.7. Refractive index (blue line) and extinction coefficient (red line) of
nano MgO.

The refractive index values in this range of
wavenumber are including two electron and ion
contributions. Whatever the length of the wave goes
smaller, light energy input increase and ionic contribution
will decrease in the refractive index until the only
remaining contribution is the electron. The refractive index
reaches its maximum value with increasing wavenumber.
Then it has a decreasing trend and desire to be a constant
value. We can now calculate the real (¢') and imaginary
(e") parts of the complex dielectric function

(& (o) = &'(w) +ig"(w)) using n(w) and k(w) [49],

(4)
®)

Then the real and imaginary parts of complex dielectric
function versus wavenumber

81(0)) — nZ(w) _kZ(w) were pIOtted in FIgS

&"(w) = 2n(w)k(w)
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2000 - application of nano MgO is not recommended in this

wavenumber.

'.§ 1500 -
% Real Dielectric
S 1000 - IV.CONCLUSION
o . .
£ so0 | Image Dielectric Nano magnesium oxide synthesized by auto combustion
> method was characterized using XRD, TEM, UV-vis and
g 0 | , FTIR and results was obtained as follows:
£ 500 | 000 3000 4000 5000 According to XRD, periclase is a main phase. Particle size
g is in the range of 30-80nm and the shape is nearly
T 1000 - spherical to cubic. Uv-vis shows strong absorption at UV
2 region at 285nm.Using UV-VIS band gap was calculated as

1500 - 4.11ev. Regarding FTIR results and using kramers-kronig

Wavenumber(cm™?) equation some optical parameters such as refractive index,

extinction coefficient, real and imaginary dielectric and
imaginary loss function achieved. The values of LO and

Fig.8. Real and Imaginary part of dielectric for nano MgO. : a 1 .
TO was obtained 2117 cm™ and 1230 cm™ respectively.

We use this method to obtain longitudinal optical (LO)
mode and transverse optical (TO) for MgO nano-powder.
The dielectric function in the frequency between TO and
LO is negative, in this area the wave doesn’t propagate in
the matter, and therefore, we expect that the reflection
coefficient is large in this area. From the real part of the
dielectric function graph can be set to LO and TO as a
wavenumber, these values are 2117cm™ and 1230cm™,
respectively. Energ¥ loss function, which defines the

imaginary part of €™, can be determined according to the
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