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Abstract

Titanium substituted lanthanum strontium manganite LSMTO (LaosSrosMn1xTixOs, x= 0, 0.1) nanopowders were prepared via
organic acid precursor using glycine-nitrate as fuel. The structural, microstructure, magnetic properties, anti-microbial activity
as well as anti-cancer activity of LaosSrosMnooTio.103 at different calcination temperatures from 800 to 12000C for 2h were
scrutinized. The ideal orthorhombic perovskite LSMTO with a space group Pbnm was proved at different synthesis conditions.
However, substitution of Ti#* ion instead of Mn** ion in LSMO annealed at different temperatures led to an increment of the
crystallite size from 13.57 to 16.10 nm. The FT-IR spectrum elucidated that the bands around 600 cm™* associated with Mn-O
turn out broad imputed to Ti-O stretching modes. The morphology of the produced samples appeared as spherical groupings.
The temperature dependence of magnetization confirms that Ti** ions were weakness the ferromagnetic (FM)-paramagnetic
(PM) double exchange transition as the result of the break in the FM Mn3*-O-Mn** interactions. Molar magnetic susceptibility
was notified to increase with the temperature. Subsequently, Curie temperature values were found to increase from 373 to 383
K with increasing the temperature, respectively. Eventually, LSMTO powders have cytotoxic effect on HepG-2 with 1Cso value
(105, 135 and 152 pg/ml) for LSMTO annealed at 800, 1000 and 1200 °C, respectively.
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1. Introduction

Lanthanum manganese oxide (LaMnOs) is an A-
type antiferromagnetic insulator where in manganese
is present in Mn*® state, by replacing La%* with a
divalent atom LaMnQg turn into ferromagnetic state
because of divalent atom motivate a mixed-valence
state of Mn ions (Mn*3/Mn*4). Lanthanum strontium
manganite (LSMO) is the most widely used in industry
because of its high curie temperature, photocatalytic
activity, multiferroic properties, chemical phase
stability, colossal  magnetoresistance  (CMR),
magnetocaloric effect (MCE), structural stability, high
electrical conductivity in an oxidizing atmosphere,
thermal and small band gap energy [1-4]. The diverse
physical properties of LSMO have irritated the interest
of numerous nanotechnology-concerning applications
like high-sensitivity and high-speed sensors of current
and magnetic field, photooxidative reduction of
organic wastes, non-volatile devices for recording and

storing information, refrigerators, gas separation,
energy production, new devices of the future for
nonlinear optics, in microelectronics and spintronics
[5-9]. For example, the effect of replacing some of the
Mn with non-magnetic Ti** (d%) on the structure,
morphology and magnetic characteristics. In this
context, the Ti** ionic radii (0.605A% has about the
same ion of Mn®" (0.645A°) and are located between
Mn4+ (0.530 A) and Mn®* (0.645 A). The Mn*" / Mn®*
ratio of the Mn framework, as well as the electrical and
magnetic properties of manganites, depends on the
substitution in the manganese sublattice. For proverb,
the addition of Ti* minifies the number of Mn**-0%—-
Mn3* networks as the result of the consistency of Ti%*-
0%-Mn® or Mn**-0%-Ti**. The reports of titanium-
substituted manganite have shown a considerable
decrease in Magnetic susceptibility, Specific
magnetization, and the Curie temperature. For
proverb, the addition of Ti** minifies the number of
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Mn**-0?-Mn3* networks as the result of the
consistency of Ti**-O?-Mn3* or Mn*-O%-Ti** |8,
10-15].

In this work, the impact of Ti* ion on the
characterization of LaosSrosMnogTio103
nanopowders elaborated using an organic acid
precursor used glycine-nitrate as fuel was considered.
The majority of prior works on manganite materials
used solid-state reaction strategies. The advantages of
the organic precursor pathway or sol-gel auto-
combustion technology include the generation of
nano-scale materials with a narrow size distribution,
low agglomeration, simple processing, energy
efficiency, and good homogeneity with regular
microstructure [16]. Meanwhile, the manipulation of
calcination temperature on the crystal structure,
microstructure, and magnetic properties was also
investigated. Finally, the antimicrobial and the
anticancer properties were also investigated.

2. Experimental
2.1. Materials and Procedure

Table 1 exhibits stoichiometric amounts of pure
chemicals with different weights for the synthesis of
LagsSrosMnogTig10s3. Starting chemicals; lanthanum
nitrate  hexahydrate La(NOs)3.6H.0, anhydrous
strontium nitrate  Sr(NOs),;, manganese acetate
tetrahydrate  Mn(CHsCQ0O)2.4H,O and titanium
trichloride TiCls, were dissolved into distilled water.
Then glycine was added as fuel. After that, the mixture
was slowly heated on a hot plate magnetic stirrer at till
evaporation occurred and viscous gel appeared. After
auto combustion, LSMTO precursors are formed.
Finally, the formed precursors were thermally heated at
different temperatures from 800 to 1200°C for 2 h.

Table 1. Pure chemicals with different weights for the

synthesis of LSMTO.
. Titanium
Chemicals used (g) ratio 0.1
Lanthanum nitrate hexahydrate, 25
La (NO3)3.6H20 '
Anhydrous strontium nitrate, 192
ST(NO3)2 '
Manganese acetate tetrahydrate, 254
C4H6MI’IO4.4H20 '
Titanium trichloride TiCl; 0.17
Pure glycine NH,CH,COOH 3.53

2.2. Physical Characterization

Bruker AXS diffractometer (D8-ADVANCE
Germany) with Cu Ka (A = 1.54056 A) radiation was
recognized for X-ray powder diffraction (XRD) for
LSMT. Field emission scanning electron microscopy
was made by a FE-SEM (JEOL-JSM-5410 Japan). FT-
IR electronic spectra were traced using a spectrometer
(JASCO 3600) to note the vibrational modes of
perovskite compounds. A Faraday balance is a device
for measuring magnetic susceptibility. In this
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technique, the sample is suspended between
electromagnet cores where a magnetic field is applied.
Then, the sample is heated gradually using a non-
inductive furnace. After measuring the pull of the
balance (Am), many parameters can be calculated such
as the molar magnetic susceptibility (ym), and the
molar magnetization (Mm) can be calculated using the
following relations respectively:
ym=(Am*g*Mw)/(m*H*(dH/dZ)) @)
Mm = ym* H 2
where: g is the gravity=980.6 cm s2, Mw is the
molecular weight of the sample, m is the mass of the
sample, H is the magnetizing field applied, dH/dZ is the
magnetic field gradient in the z-direction[17].

3. Results and discussion
3.1 Crystal structure

Figure 1 shows XRD patterns of lanthanum
strontium manganese titanium oxide (LSMTO)
powders prepared by glycine nitrate process (GNP)
with different calcination temperatures (800, 1000 and
1200 °C) for 2 h at 0.1 Ti ion content. Pure LSMTO
single phase was obtained at (800, 1000, and 1200 °C).
Obviously, diffraction peaks joined with the pure
orthorhombic perovskite phase with space group Pbnm
(ICDD card#l 01-082-8304) were matched. Peaks at 26
values of 32.48°, 40.01°, 46.60°, 57.87°, 58.02° and
68.02° of LSMTO was listed. The crystallite size of the
LagsSrosMnogTio10s show in table 2 according to
Debye-Scherrer  equation was increased  with
increasing calcination temperature.

Table 2. Crystallite size of LagsSrosMnogTi10s3 at
different calcination temperatures from 800 to 1200°C

for 2 h.

Calcmatlonotémperature, Crystallite size nm

800 13.57

1000 15.73

1200 16.10
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Fig. 1. The X-ray diffraction patterns of produced

La0.5Sr0.5Mn0.9Ti0.103 prepared by glycine nitrate

process (GNP) annealed at different calcinations
temperature for 2 h.
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3.2 FT-IR analysis

Figure 2 depicts FT-IR spectra of the produced
LagsSrosMnogTip103 powder annealed at different
calcination temperatures (800, 1000, and 1200 °C) for
2 h in the range from 400 to 4000 cm™. Obviously,
bands appeared at 565 cm™! which can be assigned to
the asymmetric and symmetric stretch of MnOg
octahedra, the second peak was observed around 540
cm? due to Ti-O stretching mode, frequency band
around 850 cm?® due to Mn-O (metal-oxygen)
stretching mode and is characteristic of the perovskite
structure. The broadening of the stretching peak at 565
cm™! with doping content Ti** may be induced due to
the Mn-0O and Ti-O stretching vibrations in Mn—O-Ti
structure, representing that Ti is primarily in the
tetravalent state [18-20]. The two absorption bands at
1454 cmt and 1617 cm are associated with the C=0
vibration and can be related to traces of carbonate. The
peak between 1915-2112 cm, was observed due to
moisture content.
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Fig. 2 The FT-IR spectrums of LaosSrosMnogTio103

prepared by glycine nitrate process (GNP) process
annealed at different calcinations temperature for 2 h.

3.3 Microstructure
3.3.1 FE-SEM investigation

Figure 3 (a, b, and c) display a representative field
emission scanning electron micrographs (FE-SEM) of
LaosSrosMnooTio10s  at  different  calcination
temperatures (800, 1000, and 1200 °C) and calcinations
time 2 h. The LSMTO was evinced as an irregular
spherical structure at low temperature 800 °C and by
increasing the annealing temperature the produced
nanopowders were appeared as orthorhombic structure
connected together to form clusters.

3.3.2 TEM Investigation

The transmission electron microscope TEM
photograph of titanium substituted lanthanum
strontium manganite Lao sSrosMnoeTio 103 prepared by
GNP method at different calcination temperatures
(800, 1000, and 1200 °C) for 2 h is illustrated in the
Figure 4. At low decomposition temperature 800°C, the
products retain fluffy clustered polycrystalline
nanopowders. Moreover, at high decomposition
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temperature, the optioned samples become more fluffy
clustered polycrystalline nanopowders.

% dimm i yisan
Fig. 3. FE-SEM micrographs of LSMTO prepared by
the glycine nitrate process (GNP) at different
calcination temperatures for 2 h: a) 800 °C, b) 1000
°C, and C) 1200 °C.

Fig. 4. TEM photograph of LSMT prepared by the
GNP process at different calcination temperatures for
2 h:a) 800 °C, b) 1000 °C, and C) 1200 °C

34 Magnetic properties

The measurement of magnetic susceptibility is an
interesting method for determining phase boundaries in
magnetic ~ systems.  Temperature  reliance  of
magnetization M(T) for  LaosSrosMnggTio103
synthesized through (GNP) method with different
calcination temperatures (800, 1000, and 1200 °C) for
2 h is shown in Figure 5. Specific magnetization was
measured under magnetic applied field (3225) Oe, the
data expose the traditional trend of ferrimagnetic
materials; with increasing the temperature the M(T)
decreases to reach the paramagnetic region where the
magnetocrystalline anisotropy ceases, and then
magnetization drops at the well-known Curie point.
The non-magnetic nature of Ti*" (Ti** has electron
configuration 3d0) cause of magnetic dilution. With
partial substitution (10 %) of Ti** in the
LagsSrosMnooeTio1Os sample, Mn*3-O-Mn** bonds
replace with Mn*3-O-Ti** bonds. Titanium substituted
Mn-site straightway minifies the weakens the double-
exchange interaction between Mn3" and Ti** as a result
of the default of double exchange [21, 22]. But super-
exchange via oxygen 2p orbitals is improved when
titanium substituted LSMTO. It suggests transfer
metal-doped in Mn-site gives a negative contribution to
DE mechanism. This phenomenon is a disturbance in
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the long-order ferromagnetic arrangement on the
network Mn—-O-Mn [23-25]. Curie temperature value
is specified by the minimum of dM/dT curve versus
temperature and it is found to be 373, 373.32, and 383
K, respectively for LagsSrosMnggTio103 calcined at
different temperatures (800, 1000 and, 1200 °C)
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Fig. 5. Molar magnetic susceptibility (ym) vs. temperature

of LagsSrosMnogTio103 prepared by (GNP) process at

different calcination temperatures (800, 100, 1200 °C) for 2

h.

3.5 Anti-microbial activity

LagsSrosMnogTip10s nanopowders annealed at
different calcination temperatures 800 , 1000 and 1200
°C were screened for their activities as antibacterial,
against Gram positive of Staphylococcus aureus
(ATCC25923), Bacillus subtilis (ATCC6635); Gram-
negative species of Escherichia coli (ATCC 25922),
Salm-onella typhimurium (ATCC 14028),
Antimicrobial activity was tested by the disc diffusion
method [26, 27]. Chloramphencol and Cephalothin
were used as standard references for Gram-positive and
Gram-negative bacteria. Data of the antibacterial of
LSMT with different titanium ion contents were
recorded in Table 3. The results involved different
results as antimicrobial activity towards Gram-positive
and Gram-negative was lower than the control.

3.6 Anticancer activity

Cell viability and cell inhibition (%) versus
concentrations of LagsSrosMnogTip10s; LSMTO
annealed at different temperatures 800, 1000, and
1200°C, respectively at concentrations from 0 to 500
ng/ml against the HepG-2 cell line is indicated in figure
6. The cell viability of HepG-2 decreased with
augmented concentration of LSMTO nanoparticles
significantly. At high concentrations of the samples,
the anticancer effect results refer to the protuberance of
the essential cell death. In this case, half-maximal
inhibitory concentration 1Cso was also registered for
LSMTO samples calcined at different temperatures.
For example, I1Csp values 105, 135, and 152 pg/ml for
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LSMTO calcined at different temperatures 800, 1000,
and 1200°C, respectively. The presented values
ascribed to 1Cso for the LSMTO samples is lower than
nano CaO of 92.08 pg/mL [28] inhibits HepG-2 cell
proliferation at about 50% (ICso) after 48 h of
treatment. The results can be discussed based on the
particle size as well as the microstructures. Thereby, it
is known that nanoparticle morphologies have a
considerable impact on the cellular internalization.
Sharp nanoparticle structures may introduce the
membrane of endosome and localize to the cytoplasm
[29-31].

Table 3 Antimicrobial result of LSMTO at different
calcination temperature

Gram-positive Gram-negative
bacteria bacteria
Bacill
Salmonell
Staphylo us a Escheric
coceus | subtili| i | hia coli
LSMTO| Aureus | s | P
(ATCC | (aTC| ,Um | (ATCC
(ATCC 25922)
25923) C 14028)
6635)
800 °C 12 12 11 10
1000 °C 8 8 10 10
1200 °C 10 7 9 8
Control 35 35 36 38
120 800
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1004|l—— 1200
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Figure7. (a) The cell viability and (b) cell inhibitory (%)
versus concentrations of LSMTO calcination at different
temperatures 800, 1000, and 1200°C at concentrations
from 0 to 500 ug/m against HepG-2 cell line.
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3.7 Conclusion
Lanthanum  strontium  titanium  manganite
nanopowders  LagsSrosMnogTip10s; LSMTO  at

different temperatures was successfully fabricated
using organic acid precursor strategy based on glycine
nitrate GNP as a fuel. XRD diffraction profile depicted
that the present LSMTO powders have orthorhombic
structure. FT-IR spectrum illustrated the band peaks
ascribed to perovskite orthorhombic structure. TEM
images revealed that the present powders exhibited
rhombohedral like structure. Molar magnetic
susceptibility was notified to increase with the
temperature. Subsequently, Curie temperature values
were found to increase from 373 to 383 K with
increasing the temperature, respectively. Antimicrobial
activity of synthesized LSMTO powders towards Gram
positive and Gram negative was examined and the
results predicted that the efficacy of the formed
powders were lower than the standard chloramphencol
and cephalothin. Finally, LSMTO achieved the highest
cytotoxic activity against HEP-G2 with ICso value
(105, 135 and 152 pg/ml) for LagsSrosMnggTio103
calcined at different temperatures 800, 1000, and 1200
OC, respectively.
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