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Abstract: STMnOs was prepared by solid-state reaction method to obtain powder then thin films by a thermal evaporation
method. XRD diffraction, Optical and electrical properties were investigated. Photocatalysis process was implemented as
an interesting application of SrMnQs;. XRD diffraction results were used to study the compound structure and to calculate
some other parameters such as crystallite size, D, microstrain, g, and dislocation density, 5. XRD results revealed that
SrMnOs has a polycrystalline structure such as hexagonal structure for StMnOs phase and tetragonal structure for MnO2
phase. The optical energy band for the powder and thin film were equal to 2.28 eV and 2.92 eV respectively, which
candidates this compound to be a solar cell transparent window, especially for deposited thin films. The electrical
resistivity behaved as semiconductor-like where it decreases with the temperature with electrical activation energy equal
0.960 eV when heating and 0.663 eV when cooling. The result of the Methylene blue absorption showed that the StMnOs
powder does work very well as a Photocatalyst. The efficiency of the powder of StMnOs as a Photocatalyst increases with
the illumination time and its best value is about 56% at 120 min.

Keywords: StMnQs, X-ray, Reflectance, Transmittance, Photocatalysis, resistivity.

They estimated a value of the optical energy gap of the

1 Introduction

Metal oxides are very important compounds for
applications in the field of science and technology which
were  studied  experimentally and theoretically
[1,2,3,4,5,6,7]. It depends on their electrical and optical
energy gap. Some Metal oxides are semiconductors which
have medium energy gap while others are considered
insulators because of their high energy gap. Optically, the
metal oxides compounds which have about a 3.5 eV energy
gap are considered visible absorption. If impurities or
dopants are added to the metal oxides they can have color.

Alok Tiwari et al [8] have analyzed experimentally and
theoretically the syntheses of STMnO3 thin films prepared
using pulsed lased deposition method. They obtained that
XRD diffraction showed that StMnO3 thin film has an
orthorhombic phase structure.

Dung et. al. [9] studied the effect of the random
incorporation of SrMnOs into the structure of
Bi0.5Na0.5TiO3. They obtained a distortion in the lattice
and a reduction in the optical energy gap from 3.07 eV to
1.81 eV. While Sousan and Niasari [10] have used many
methods to prepare nanoparticles of StMnO3 and measured
the optical properties for the powder of this compound.

powder as = 4.3 eV. The optical energy gap increased
compared to the bulk structure of the same compound.
They attributed that to the decreasing of the size of the
grains of the powder.

Gang et al [11] have studied the electronics and optical
properties of rare-earth manganite compounds theoretically.
Optical properties of such compounds such as the
reflectance were studied. They obtained one peak working
at 3.6 eV in the reflectance dispersion of their compound
which leads to a leaner proportion with increasing the
dopant.

SrMnOs had few works done and not been covered by
enough researches to study its promising electrical, optical
properties and the applications such as Photocatalysis, solar
cells and electronic devices. In this work, we investigated
the electrical and optical properties of StMnO3 and the
possibility of using this compound as a Photocatalyst for
organic impurities. Experimental techniques are explained
in section 2, while the results and discussion are shown in
section 3. We conclude our results in section 4.
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2 Experimental Techniques

2.1 Powder Preparation

Stoichiometry of 99.99% purity of both SrO and MnO were
secured by Sigma-Aldrich. The powder from SrMnOj
compound was prepared by solid-state reaction method.
The required quantity of the compound was prepared after
mixing the elements in proportions depending on the
sample weight and the atomic weights. The compound was
ground for 12 hours. Then the sintering of the ground
compound was carried out for 5 hours in an oven at 650°C.
The grinding process was resumed for another 3 hours to
obtain a well-ground powder sample with nano-grains size.

2.2 Thin Film Preparation

A part of the prepared powder was taken to deposit the
needed thin films using thermal vacuum evaporation unit
(Edward’s model; AUTO 306). Thin films were deposited
with 100 nm thickness on substrates from glass under
pressure 107 bar.

2.3 Photocatalysis

The photocatalysis process, as an application of our
composition StMnOs in purification of the contaminated
organic solutions, has been implemented for the powder as
follows: Methylene blue, MB, the solution was prepared
where 0.001 grams of blue dye is added to 100 milliliters of
distilled water. The absorption measurement is carried out
for the Methylene blue solution, then, we added 0.5 gm of
the powder in the solution and left that mixture in the dark
for one hour, after that we measured the absorption another
time. Finally, the solution is exposed to ultraviolet
illumination source for 5, 10, 15, 20 .... and 120 minutes
with measuring the absorption for the solution each time.

The Photocatalysis process has been implemented for the
thin film deposited on a glass substrate as follows: A
portion of the previously prepared the Methylene blue the
solution was taken to study possibility of using our thin
films in purification of the contaminated organic solutions.
The absorption measurement is carried out for the
Methylene blue solution, then, we added thin film in the
solution and left that mixture in the dark for one hour, then
we measured the absorption another time. Finally, the
solution is exposed to an ultraviolet source for 5, 10, 15, 20
.... and 120 minutes with measuring the absorption for the
solution every time.

2.4 Optical Measurement

Some optical measurements, such as transmittance, T,
reflectance, R, and absorbance, A, and some optical
parameters such as refractive index, n, absorption
coefficient, o, and extinction coefficient, K, were
investigated using the spectrophotometer device model
(JASCO, V-570) with UV-vis—near-infrared and some

calculations. Optical measurements were done into a
wavelength range from 400 nm to 2500 nm.

2.5 Electrical Properties

The electrical properties were measured for our thin films
to compare the optical energy gap with the electrical energy
gap and study the behavior of the electrical resistivity and
the transition temperature using the electrode-electrode
method. Two electrodes were fixed on the film terminals
with silver paste. Electric field with microvolt range was
applied and the voltage and current were measured using
micrometers devices.

2.6 XRD Diffraction

The crystal structure phases of our powder and thin films
samples were investigated using X-ray diffraction model
((Philips X’pert MRD) with Cu-Ka radiation (i.e., A =
1.5418 A), incident angle of 0.75° and over a 20 scan range
between 10° and 80°.

3 Results and Discussion

3.1 Structural Analyses by XRD

Figure (1) shows XRD spectrum of SrMnOs thin film
deposited on glass substrate and sintering at 650°C. The
dominant peaks relating to StMnOs phase have a hexagonal
structure (JCPDS card no. 24-1213). Second phase that is
related to MnO: phase (JCPDS card no. 043-1031) has a
tetragonal shape is observed. There is great competition
between SrMnOs phase formation and the MnOz impurity
phase. The effect of oxide impurity phase is studied, in
nanoscale [12], on the optical properties of StMnOs phase.

1000 t . . o,
S 800}
s
> 600}
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& 400
£
200}

10 20 30 40 50 60 70 80
2 0 (Degree)

Fig.1: XRD pattern of SrMnOs thin film deposited on
glass substrate and sintered at 650°C.

Figure (1) shows XRD spectrum of SrMnOs thin film
deposited on glass substrate and sintering at 650°C. The
dominant peaks relating to SrMnO3 phase have a
hexagonal structure (JCPDS card no. 24-1213). Second
phase that is related to MnO2 phase (JCPDS card no. 043-
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1031) has a tetragonal shape is observed. There is great
competition between SrMnO3 phase formation and the
MnO?2 impurity phase. The effect of oxide impurity phase
is studied, in nanoscale, on the optical properties of
SrMnO3 phase.
To calculate the crystal size, D, Debye-Scherrer equation is
used [13]:

0.9

Db = B cos® M
Where B is the line broadening at the full width of the half
maximum (FWHM), 0 is the Bragg angle, and A is the X-
ray wavelength of 1.541 A. The average crystal size is
found lower than 30 nm for all the oxide impurity phases
obtained from this compound by XRD pattern.

The internal microstrains, €, are existed in the compressed
powder sample due to different stresses applied to the
structure.  The internal microstrain can be calculated
according to the following equation [14]

¢ =Bcosb/4sinb )
The microstrain at the contact points among crystal grains
can extend to a very wide range and, as a result, the
diffraction peaks broaden significantly as depicted in table
(1).
The number of defects in the crystal can be measured by
the dislocation density, 8, which is defined as the length of
dislocation lines per unit volume. It can be calculated from
the following relation [14]:

5 =D (3)

The dislocation density varies in the range between
3.369x1073 at 20 = 58.96° and 7.288 x107 at 20 = 33.04°.
This variation is because the defects formation centers
depend on the crystal size, D, in a nanoscale (lower than 30
nm) as shown in table (1).

Table 1: Crystallite size, D, microstrain, €, and dislocation
density, 6, of StMnOs thin film deposited on glass substrate
and sintered at 650°C for 5 hours.

The D microStrain | Dislocation
name of | 20 (°) | FWHM (nm) (e) energy (8)
phase (*10” nm) (*10)
MnO> 25.24 0.42577 19.14 2.7281 8.079
StMnOs | 33.04 0.49544 16.72 3.5748 7.288
StMnOs | 35.26 0.3285 25.37 1.5530 4.510
MnO> 41.38 0.58558 14.29 4.8967 6.29
SrMnOs 44.2 0.36481 23.50 1.8102 3.592
StMnOs | 46.35 0.36481 23.50 1.8102 3.592
MnO> 47.79 0.3942 22.04 2.0582 3.686
MnO> 50.12 0.55137 15.89 3.9560 4.255
StMnOs | 58.96 0.43652 20.90 2.2880 3.369
StMnOs | 69.16 0.6047 15.95 3.9275 3.827

3.2 Optical Measurements

The optical properties of our composition StMnOs in forms
of both thin films and powder are investigated by
measuring the transmittance, T, reflectance, R and
absorption, A, and calculating the refractive index, n,

%@ 459

extinction coefficient, K, absorption coefficient, o, and
optical energy gap, Ex.

3.2.1The
Dispersion
The transmittance, T, and reflectance, R, are measured as a
function of a range wavelength from 400 nm to 2500 nm
using UV—vis—near-infrared spectrophotometer for the thin
film sample deposited on a glass substrate. While the
reflectance, R, is measured by the same method for the
powder sample.

Transmittance  and  Reflectance

100
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80 |
.60}
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Fig. 2: a) The reflectance, R, as function of the

wavelength. b) Tauc's equation to determine the optical
energy gap, Eg. Both figures are for the powder sample of
StMnO:s.
The optical band gap of powder material is achieved by
measuring the light diffused reflection by UV-VIS
spectroscopy (UV-Vis DR). The Kubelka-Munk method
[15,16] is used to estimate the optical energy gap, Eg, for
the powder materials with all doping, X, values as follows:
2

F(R) =% =0 (4)
where F(R) is the Kubelka-Munk function, o is the
absorption coefficient, S is the scattering coefficient and R
is the reflectance. Extrapolating the straight line portion of
the curve in the energy axis of the relation between
[F(R)hv]" and the photon energy, hv, estimates the values of
band gap energy, Eg.. The factor n is representing the direct
or indirect allowed and forbidden electronic transition
respectively. Here, n equals 1/2 which means that the
transition is direct [10]. Fig. (2) b shows the relation
between the linear part of (whv)? as a function of (hv) at
0=0. After the extrapolation of the linear part, Eg is
obtained to equal 2.28 eV which is comparable with the
result obtained in ref. [10].
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Fig. 3: a) Reflectance, R, and Transmittance, T, as

function of the wavelength, A. b) Tauc's equationis used to
determine the optical energy gap, Eq. Both figures are for
SrMnOs thin films sample deposited on glass substrate

It is found from Fig. (3) a for the thin film deposited on
glass substrate that the reflectance, R, obtains its minimum
value at a wavelength equal to 802 nm, while the
transmittance, T, reaches its maximum value at a
wavelength equal to 1000 nm. The maximum intensity of
the reflectance is close to 40% which is located at the
beginning of the range of the visible region. The difference
between R and T is nearly equal to the absorption, A,
where R+T+A=100%. The optical activation energy, Eg, for
that film is calculated from the linear part shown in Fig. (3)
b using Tauc's equation (4). Eg is found equal 2.92 eV for
the deposited film on glass substrate. This result agree very
well with the published results [17]. In addition, these
results of Eg make this compound a candidate to be used as
a window layer in solar cell applications.

3.2.2 Calculation of Some of the
Parameters

Optical

Fig. (4) a, b and ¢ show the dependence of the refractive
index, absorption coefficient, o, and the extinction
coefficient, k, on the wavelength, A, respectively, for the
SrMnO:s thin film deposited on glass substrate.

The refractive index, shown in Fig (4)a as a function of the
wavelength is calculated from the following equation
[18,19]

1+R%S
n= 1-—RO.5 (5)

Where R is the reflectance. It decreases fluctuatingly with
increasing of A till reaches 1.63 when A=802 nm, then it
increases slowly till it reaches 2.9 at A = 1600 nm. Finally,
n decreases again very slowly to get 2.5 value at the end of
A range. The refractive index has relatively low values
where that means our thin film has somewhat low density.

4.0
3.5} (@)
3.0}

= 2.5}
2.0}

1.5+
0.3

(b)
0.2}

0.1}

0.0 2
4.5} ©)

3.0

1.5}

0.0

500 1000

A (nm)

Fig.4: The dependence of the refractive index, n, a),
absorption coefficient, o, b), and the extinction coefficient,
k, ¢) on the wavelength, A, for the SrMnQO; thin film
deposited on glass substrate.

1500 2000 2500

Absorption coefficient, o, is shown in Fig. (4) b. o could be
calculated from the following equation [20,21,22],

a=—ILn(—) (6)
Where T is the transmittance and d is the film thickness.
Absorption coefficient, o, frankly decreases promptly with
increasing of the wavelength until A =1000 nm, then a is
going to be stable up till the end of the wavelength range.
The results of o are compatible with the results of R and T
shown in Fig. (3) a where at the point of the maximum of T
and the minimum of R, namely =1000 nm, the absorption
coefficient of our thin film has its minimum value too. It
means that the film tends to be a good transparent at UV
range that makes it a candidate to be used as a transparent
window in solar cell applications.
The extinction coefficient, K, is given by this equation
[19,201]:

k=2 )

Fig. (4) c reveals the relation between the extinction
coefficient, K, and the wavelength, A. The extinction
coefficient means how the thin film absorbs the light at the
whole range of the wavelength. As seen from the figure that
K decreases dramatically when A increases, then, after
2=800 nm, K begins to be stable to the end of A range. It

© 2022 NSP
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seems that the visible region is the most effective range
which influences on the behavior of K and a.
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Fig.5: a): the temperature dependence of the electrical

resistivity during heating and cooling process. b) The
logarithm of the conductivity, Ln(c), as a function of
1000/T. Both figures are for the film sample deposited on
glass substrate.

3.3 The Electrical Properties

The electrical behavior of the thin film deposited on a glass
substrate is very important to compare it with the optical
parameters and to help us to interpret the results in light of
the electronic structure. The behavior of the film resistivity,
p, with absolute temperature, T(K), is shown in Fig. (5). It
is noticed that the resistivity decreases exponentially
starting with a value above 420 Q.m for both heating and
cooling direction.

Frankly, the film behaves as semiconductor-like with the
temperature increasing. In addition, it is clear from the
figure that the resistivity has different values at heating
from cooling where its values when heating is higher than
that when cooling. That can be attributed to the hopping
between Mn3+ and Mn4+ ions [23] caused by the different
oxides phases that appeared in the structure by XRD. The
relation between the logarithm of the conductivity, Ln(o),
as a function of 1000/T is fitted to estimate the electrical
activation energy, Eeg, as shown in Fig. (5) b. It is found to
be equal to 0.960 eV when heating and 0.663 eV when
cooling which is close to the values in ref. [24].

3.4 Photocatalysis Process

One of the biggest industrial challenges is to find a cheap
and environmental friendly catalyst for water splitting.
Manganese is one of the most candidate elements [25] to be

= TS

used in water splitting because of its cheap and green effect
on the environment. Its compounds are known as the
natural catalysts used by plants and algae for water
oxidation [26,27,28]. The oxidation of water is an
interesting effect of the photocatalysts such as SrMnOs
compound.

We use our StMnO3 compound in both powder and thin
film deposited on a glass substrate as Photocatalyst in order
to purify the impure water from organic contamination such
as Methylene blue (MB). MB solution which was prepared
as mentioned above is used as organically impure water.
We follow the procedures mentioned in section 2.3 to
obtain the results of using our compound as a Photocatalyst.

—— Dark —— 5 min I

5
—— 10 min —— 15 min [ (a)
4t 20 min —— 30 min I
—— 40 min —— 50 min
3F ——60min ——70min |
—— 80 min —— 90 min
100 min —— 110 min A\
2 i Al
g
€1 !
1= = 1
s I
2 0 L L L L L
< 4 —— Dark —— 5 min (b)
—— 10 min —— 15 min
3 —— 20 min —— 30 min
—— 40 min —— 50 min
—— 60 min —— 70 min
2F —— 80 min —— 90 min
—— 100 min —— 110 min
1t 120 min
0 " L L L L L
200 300 400 500 600 700 800
A (nm)

Fig.6: a) The absorption measurement for the powder
Photocatalyst application. b) The absorption measurement
for the thin film deposited on glass substrate Photocatalyst
application. Both figures a) and b) as a function of
wavelength before and after illumination by UV light.

Fig. (6) a and b show the variation of the absorption spectra
of the Methylene blue (MB) before and after exposure the
solution to UV illumination, for the powder in Fig. (6) a
and for the thin film deposited on glass substrate in Fig. (6)
b. It is worth mentioning that the effect of the UV
illumination time on the MB mixed with the powder is clear
and reveals the role of the powder of StMnO3 compound as
Photocatalyst for water purification as seen from Fig. (6) a.
The absorption, A, decreases with increasing the UV
illumination time and it has its maximum at wavelength
equals to 620 nm which means that the solution
transparency increases with increasing UV illumination
time. While the effect of the UV illumination time on the
MB when the film is dipped is not clear, so thin films of
this compound are not suitable to work as Photocatalyst.

© 2022 NSP
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Fig.7: The degradation a) and The efficiency b) of the
SrMnOs powder as Photocatalyst for water purification as a
function of UV illumination time at 620 nm.

It is noticed from Fig. (7) a that the absorption maximum
value increases with increasing of the time of UV
illumination from 5 min. to 50 min.. After 50 min the
degradation increases slowly till the absorption reaches
80% at 120 min. Fig. (7) b shows that the efficiency of the
powder of SrMnO; as a Photocatalyst increases with the
illumination time and its best value is about 56% at
120min. That is interpreted as the increase of the UV
illumination motivates the powder grains to interact with
MB grains and make them precipitate in the bottom of the
container, or the powder grains decompose the MB
suspended grains with increasing the time of the UV
illumination.

4 Conclusions

One concludes the results of this work as follows; A
powder was prepared by the solid-state interaction method
and sintered for 12 hours at 650°C. Thin films were
deposited by the thermal evaporation method on a glass
substrate. XRD results revealed that SrMnOs phase with
hexagonal structure and second phase of MnO: with
tetragonal structure have been obtained. Also, Crystallite

size (D), microstrain, €, and dislocation density, 6, were
calculated.

The optical properties of our compound in both powder and
thin film have been investigated. It was found that the thin
film could be a candidate to work as a transparent window
in the solar cells structure. This result was supported by
finding the optical energy band of the thin film is 2.92 eV
which candidates this SrtMnQO; thin film to be a solar cell
transparent window. The dependence of the refractive
index, n, absorption coefficient, o, and the extinction
coefficient, K, on the wavelength, A, were calculated for the
SrMnOs thin film deposited on a glass substrate.

The electrical resistivity of StMnOs film was investigated
when heating and cooling. The film showed semiconductor-
like behavior for both directions. The electrical activation
energy were equal 0.960 eV when heating and 0.663 eV
when cooling. This was attributed to the change in the
hopping occurring between Mn** and Mn*™ ions in
StMnO:s.

We used both StMnOs compound powder and thin film
deposited on a glass substrate as a Photocatalyst in order to
purify the impure water from organic contamination. The
results showed that the powder is much better as
Photocatalyst than the thin film deposited on a glass
substrate. The efficiency of the powder of SrMnO; as a
Photocatalyst increases with the illumination time and its
best value is about 56% at 120min. That was interpreted as
the increase of the UV illumination motivating the powder
grains to interact with MB grains and make them
precipitate in the bottom of the container, or the powder
grains decompose the MB suspended grains with increasing
the time of the UV illumination. The result of the
Methylene blue absorption tells us that the StMnO3 powder
does work very well as a Photocatalyst.
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