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ABSTRACT

Five samples of barium titanate which doped with Mg and Mn (Ba.x) Mg « TioMncO3) (where x = 0.01, 0.2, 0.03, 0.04,
and 0.05). The samples were synthesized using solid state reaction method, at 1200°C. All samples were investigated by
Ultraviolet Visible Spectroscopy. The results of UV technique proved that the absorption and the optical band gap
energy of five samples have been increased with increasing of Mg and Mn doping at (3.18, 4.31, 4.35, 4.39, and 4.43
eV). On the other hand, the refractive indexes of the prepared samples have been decreased with dopant (2.31, 2.10,
2.09,2,089, and 2.083) respectively.
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INTRODUCTION

Barium titanate (BT) ceramics were discovered in 1945 by Wainer and Salomon , and they took the researchers attention
[1, 2]. These ceramics have attractive properties such as optical, electrical, and structural properties because it is
chemically and mechanically very stable, So they can be widely used in many electronic industries like multiplayer
capacitors, solar cells, piezoelectric transducers, and gas sensors..etc [3, 4]. These compounds can be prepared in the
form of ceramic polycrystalline samples, and they can be exhibited ferroelectric properties at and above room
temperature [4]. In general, the Perovskite-structure has a general form ABX; and the same crystallographic structure
such as BaTiO3 and CaTiOj3 as shown in figure (1) [5, 6]. In fact, the Perovskite materials can be divided to three types
into alkaline metal halide Perovskites, inorganic oxide Perovskites, and organic metal halide Perovskites [7].

Fig. 1 Ideal cubic Perovskite structure (ABO3)
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The Perovskites compounds have a common structure ABX3 where ““A” and ‘‘B” are cations have different sizes and
¢“X” is an anion which bonds to both. The ‘A’ atoms are bigger than the ‘B’ atoms [8]. Also, The A and B locations may
be replaced by any metal or semimetal from the periodic table. In all cases, the anion is oxygen, and can be any other
could be found at this position [7].

MATERIAL AND METHOD
The Perovskite samples which have a new system (Ba 1.5y Mg x Ti ¢y Mn x Og) (with x= 0.01, 0.02, 0.03, 0.04, 0.05)
were synthesized by solid state reaction method to study the of co-doping magnesium and manganese in two sides of
barium titanate (BaTiO;). The starting raw materials were Barium titanate (BaTiOjz), Titanium dioxide (TiOy),
Magnesium oxide (MgO), and Manganese dioxide (MnQ,).
All powders were having more than 99% purity. The powders were taken in 2 gm of samples. The powders were
thoroughly mixed in a gate mortar with a little amount of acetone for 2hr, after proper mixing, the mixed powders were
heated in the laboratory oven at 200°C for 4hr. After this heating, the powders were mixed one more time with acetone
for 1 hr.
After this step, the powders were culminated at 1200 °C for 5 hr, and the five solid samples were grinded. The new
samples were analyzed using UV-Visible spectroscopy to study some optical properties such as absorption, optical band
gap energy, and refractive indexes.

Preparation the New Samples for UV-Visible Analysis

This technique was used with a weight of 0.01 gm and was dissolved in 10 ml of distilled water. The source was
calibrated by distilled water. The absorption spectra of the five dissolved samples were recorded in the UV-Visible
device.

RESULTS AND DISCUSSION
Absorption
Figure (4) shows the UV-visible spectra of (Bag.xy Mg x Tigx MnO3 ) samples as shown at below . The UV-visible
analysis provides that the samples absorption increased at different values of maximum wavelengths with dopant of Mg
and Mn in BaTiOs as shown in the table (1) at below:

No. | Sample Maximum wavelength (nm) | Absorption (a.u)
! Bao.ggMgo.01T|o.99Mno.01O3 322.6 nm 0.189 (a.u)
2 Bao.gsMgo.ozTio.gsMno.ozos 297.4 nm 0.340 (a.u)
3 Ba, o;MGj 3T i o7 M 450, | 293.91M 0.346 (a.u)
4 Ba 96MJj,04T I 96MNg 0,05 2924 nm 0.355 (a.u)
5 Bao.0sMJo.05 Ti0.05MnNg 0503 291.9 nm 0.910 (a.u)
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Fig. 4 UV- visible absorption combined for all five samples
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Optical Band Gap Energy
The optical band gap energy (Eg) of ( Baax) Mg x Tii-x MnO3) samples has been calculated by the relation :

(ahv)? =C(hv-E,)

Where C is constant, hvis a photon energy, and (& ) is absorption coefficient. The results confirmed the optical band
gap energy increased with contents of Mg and Mn in BaTiO3 as shown in the table (2) at below. The increasing of optical
energy band gap may be related to increasing of in grain boundaries and their density duo to heating effect for the
crystals of samples.

No. | Sample Band gab energy (eV)
! Ba, 5Mj01T 1o 0sMN, 5,0, 3.18
2 Ba, 0sMJj, 05T i 9sMNg 0,0, 4.31
3 Ba, g, MJj65T i 97MNy 030, 4.35
4 Ba, 0sMJj,04TT.06MNy 0,05 4.39
5 Bap.0sMJo.05 Tio.05sMNg 0503 4.43

Refractive indexes

The refractive index (n) was calculated using the relation n = 3.3668(E,)*****

And the refractive indexes decreased with increasing of Mg, Mn concentrations in BaTiO3 as shown in the table (3)
below:

No. | Sample Refractive index
. Ba,66MJg 0111 9oMNy 0,0; 231
2 Ba;,66MJg 02T lo.6sMg,0,0; 210
3 Ba 9;M; 03T lp.67MNg 00, 2.09
4 Ba 96Mg 04 Tl.06MN; 0,05 2.089
S Bag.95sM0o.05 Ti0.95MNo,0s03 2.083

The refractive index of pure barium titanate is 2.360, and the decreasing of reflective index of dopant in all samples
above may be related to the samples became more transparent with increasing of Mg and Mn contents.

CONCLUSION

Five samples of single Perovskite oxides of Mn ( Baux) Mg x Tig. Mn,O3 )where x=0.01, 0.2,0.03, 0.4, and 0, 05 have
been successfully prepared using solid state reaction method, and their optical properties were studied by UV-Visible
spectroscopy technique . The results of UV-visible spectra for indicate that the samples have a high absorbance in (0.189,
0.340, 0.346, 0.355, and .0910 a.u), and the optical band gap energy increased with dopant of Mg and Mn (3.18, 4.31,
4.35, 4.39, and 4.43 eV) respectively. Also, the reflective index of all samples deceased with doping of Mg and Mn
(2.31, 2.10, 2.09, 2.089, and 2.083) respectively. The prepared material closed to insulator material because the results of
optical band gap increased with dopant of Mg and Mn at BaTiOs.
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