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Abstract

Introduction: Nanoparticles are comprised from dozens or hundreds
of atoms or molecules with different sizes and morphologies are
being applied widely due to their unique properties in chemistry,
physic, and biology. Multiferroic compounds have been considered
significantly owing to their applications arising from their
ferromagnetic, ferroelectric, and fibroelastic properties. Among all
multiferroic compounds, ferrite bismuth (BiFeOs3) has attracted
remarkable attentions which is a weak pad-ferromagnetic in the
magnetic points of view of the best impressive approaches for
improving its properties is the substitution of the metals including
La, Ba, Pd, Sr, and Ca in A positions or Ti, Cr, and Mn in B positions
through BiFeOs scaffold. In this work, BiixLaxFeOs and Bioo-
vLao.1BayFeOs nanoparticles were synthesized and the structural and
magnetic properties of synthesized nanoparticles were also studied.
Methods: BiFeOs particles were synthesized by mixing the
Bi(NOs)3.5H20, La(NOs)2.6H20, Ba(NOs3)2.4H20, and Fe(NOs)3.9H20
precursors in nitric acid in the presence of surfactants Saponin,
Triton CG-100, Crocin, or N-octyl-beta-D-glucoside and
tetraethylenepentamine as base.

Findings: The XRD patterns of synthesized BiixLaxFeOs and
Bios-yLao.1BayFeOs confirmed that the nanoparticles obtained have
crystalline rhombohedral (R3c) structure. In addition, The FT-IR
spectra presented the main bonds related to perovskite structure of
synthetic nanoparticles. TEM and FE-SEM images corroborated the
uniform spherical morphology of BiosLao1FeOs nanoparticles with
the mean diameter of 15 nm which were in satisfying agreement with
DLS analysis. A reduction in magnetic properties was observed by
using VSM analysis as a result of the simultaneous enhancement of
lanthanum and barium.

Mohammadhossein Farghadin, Reza Derakhshandeh Haghighi,Navid Hosseinabadi, Esmaeil
Jafari “The Investigation of Structural and Magnetic Properties of Lanthanum and Barium Located into
Multiferroic Ferrite Bismuth Nanoparticles in the Presence of Sugar Based Natural Surfactants Using
Coprecipitation Approach” Quarterly Journal of New Materials. 2021; 12(45): 33- 46.

Received: 2021/06/31
Revised: 2021/12/08
Accepted: 2022/02/14

Use your device to scan and read the
article online

Db A0

[=
DOL:

10.30495/jnm.2022.28562.1929

Keywords:

Ferrite Bismite, Nanoparticles,
Surfactants,Magnetic Properties,
Coprecipitation Methods.

#Corresponding author: Reza Derakhshandeh Haghighi

Address: Department of Materials Science and Engineering, Shiraz Branch, Islamic Azad University,
Shiraz, Iran

Tell: +98 71 1832 8074

Email: derakhshande@shirazu.ac.ir


https://dx.doi.org/10.30495/jnm.2022.28562.1929

The Investigation of Structural and Magnetic Properties of Lanthanum and ...

Extended Abstract

Introduction

Todays the nanotechnology is a prominent
topic as one of the most important research
fields among modern sciences. This
technology will affect the economy of
countries in the long run. Nanoparticles are
comprised from dozens or hundreds of
atoms or molecules with different sizes and
morphologies are being applied widely due
to their unique properties [3,4]. Multiferroic
compounds have been  considered
significantly owing to their applications
arising from their ferromagnetic,
ferroelectric, and fibroelastic properties.
Among all multiferroic compounds, ferrite
bismuth (BiFeO3) has attracted remarkable
attentions which is a weak pad-
ferromagnetic in the magnetic points of view
of the best impressive approaches for
improving its properties is the substitution
of the metals including La, Ba, Pd, Sr, and Ca
in A positions or Ti, Cr, and Mn in B positions
through BiFeO3 scaffold. In this work,
Bil-XLaxFeO3 and Bi0.9-YLa0.1BaYFeO3
nanoparticles were synthesized and the
structural and magnetic properties of
synthesized nanoparticles were also studied
[22-24]

Materials and Methods

All chemicals were purchased from Merck
company. The structural analyses of
nanoparticles were studied by XRD
instrument model Bruker AXS d8-advance
bearing monochromatic light of Cu Ka
(A= 1.5418) at room temperature. The FT-IR
analysis using Shimadzu FT-IR 8300
instrument was done to confirm the
structure of nanoparticles. Additionally,
FE-SEM and TEM images were found on
Philips XL-30ESEM and EM208 Philips
instruments, respectively, to find the size
and morphology of synthesized particles.
Another useful analysis is DLS that was
carried out by an instrument model
HORIBA-LB550. Moreover, magnetic
properties of all obtained nanoparticles
were properly investigated using VSM
analysis at room temperature on Meghnatis
Daghigh Kavir Co., Iran.

34

In an common method, all precursors with
highly purity including Bi(NO3)3.5H20,
La(N0O3)2.6H20, Ba(N03)2.4H20, and
Fe(N0O3)3.9H20 were mixed in nitric acid
(2 N) with appropriate stoichiometric
amounts (Bil-xLaxFeO03: X= 0, 0.05, 0.1,
0.15; Bi0.9-YLa0.1BaYFeO3: Y= 0.05, 0.1) at
70 oC under the mechanical stirring for 1 h.
Then, 0.1 g of the surfactants Saponin (a
natural sugar based surfactant extracted
from Cedar), Triton CG-100, Crocin, or
N-octyl-beta-D-glucoside were added to
asprepared mixture. In the next, tetra
ethylen epentamine (3 M) was added
dropwise to reach pH=9.5 while the reaction
mixture is stirring vigorously. After 30 mins,
the synthetic ferrite bismuth nanoparticles
substituted by barium and lanthanum were
centrifuged, washed by distilled water and
ethanol and dried at 50 oC. The obtained
nanoparticles were finally calcinated at
6000C for 1 h in order to get pure phases.

Findings

The XRD patterns of Bil-xLaxFeO3,
Bi0.9-YLa0.1BaYFeO3 (X= 0, 0.05, 0.1, 0.15,
Y= 0.05, 0.1) was studied. The results
confirmed that BiFeO3 nanoparticles have
crystalline rhombohedral (R3c) structure.
The main peak in 206=32 with intensities of
(104) and (110) in ferrite bismuth structure
has moved to lower angles with increasing in
the concentrations of substituted lanthanum
and barium revealing that the lattice
parameters in synthetic samples
(Bil-xLaxFeO3 (X= 0, 0.05, 0.1, 0.15);
Bi0.9-YLa0.1BaYFeO3 (Y= 0.05, 0.1)) have
been increased based on Bragg law [29,30].
All two branched peaks such as one at [(104)
and (110)], [(006) and (202)], and [(116)
and (122)], as well as three branched peaks
at[(018), (214), and (300)] will be combined
in the same peak which confirm the phase
changing from rhombohedral to tetragonal
with the substitution of lanthanum and
barium instead of bismuth.[31]

The FT-IR spectra of synthetic BiFeO3,
Bi0.95La0.05Fe03, Bi0.9La0.1Fe03, Bi0.85
La0.1Ba0.05Fe03, and Bi0.8La0.1Ba0.1
FeO3 presented the peaks at 1630 and 3420
cm-1 attributed to bending and stretching
vibrations of H20 molecules, respectively.
The adsorbent peaks of bending and
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stretching vibrations of O-Fe-0O and Fe-0O are
at 420 and 1560 cm-1 which are of the
characteristic peaks of FeO6 groups. The
vibration peaks of Bi-0, Ba-0, and La-O can
be found at 400-600 cm-1.

FE-SEM  analysis of Bi0.9La0.1Fe03
nanoparticles shows the uniform the purity
and spherical shape of nanoparticles. TEM
images with highly resolution presents the
size of Bi0.9La0.1FeO3 nanoparticles as well.
It also can be determined that the
morphology of Bi0.9La0.1FeO3 nano
particles is spherical with the diameter of
about 15 nm in the excellent agreement with
FE-SEM images.

DLS figures of Bi0.9La0.1Fe03 nanoparticles
demonstrate that the average sizes of
Bi0.9La0.1FeO3 are 14, 21, 19, and 24 nm
when the Crocin, Saponin, Triton, and
Noctyl-beta-D-glucoside surfactants,
respectively. Herein, the appropriate
surfactant was Crocin.

The substitution of bismuth with lanthanum
was carried out in different stoichiometric
amounts (X=0, 0.05, 0.1, 0.15) and the
magnetic properties of which were
investigated wusing VSM analyses. The
magnetic properties in all samples were
increased and the maximum magnetic
properties (3.21 emu/g) were observed
while the substitution amount was X=0.1
that is because of the substitution of
lanthanum and removing the rotating spin.
The magnetic properties of nanoparticles
will be reduced with using more amounts of
lanthanum instead of bismuth (2.94 emu/g)
due to converting the nanoparticles to linear
anti ferro magnetic. Therefore,
Bi0.9Ba0.1Fe03 nanoparticles which were
synthesized using Crocin surfactants
present the best magnetic properties.

Discussion

Bil-xLaxFeO3 and Bi0.9-YLa0.1BaYFeO3
nanoparticles were synthesized using
coprecipitation methods in the presence of
sugars based surfactants in order to the
study of size and magnetic properties. The
structural and magnetic features were
investigated by XRD, FT-IR, FE-SEM, TEM,
VSM and DLS. XRD analysis confirmed a
phase changing from rhombohedral to
tetragonal with the substitution of

Journal of New Materials. 2021; 12 (45): 33-46

lanthanum and barium in ferrite bismuth
and the FT-IR analysis confirmed the
presence of main bonds in perovskite
structure in nanoparticles. Noteworthy, TEM
and FE-SEM images corroborated the
uniform spherical morphology of
Bi0.9La0.1FeO3 nanoparticles with the
mean diameter of 15 nm which were in
satisfying agreement with DLS analysis. Also,
the activities of various natural surfactants
such as Crocin, Saponin, Triton, and N-octyl-
beta-D-glucoside in the reduction of
Bi0.9La0.1Fe03  particles size and
enhancement of magnetic properties were
examined in which the best results were
obtained when Crocin and
tetraethylenepentamine were applied as
surfactant and base, respectively [29,30]

Conclusion

In this paper, Bil-xLaxFeO3 and
Bi0.9-YLa0.1BaYFeO3 nanoparticles were
synthesized and investigated by XRD, FT-IR,
FE-SEM, TEM, VSM and DLS analyses. The
activities of various natural surfactants such
as Crocin, Saponin, Triton, and N-octyl-beta-
D-glucoside in  the reduction of
Bi0.9La0.1Fe03  particles size and
enhancement of magnetic properties were
examined in which the best results were
obtained when Crocin and
tetraethylenepentamine were applied as
surfactant and base, respectively.
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