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Abstract

This work presents the results of BiFeO; and Big¢Euy ;FeO; multiferroic materials,
synthesized via a simple solid-phase reaction method. Both of the synthesized materials
were in the rhombohedral R3c structure as observed by X-ray diffraction (XRD). The
presence of a doublet along with a sextet in Mossbauer spectra indicates an impurity
phase (Bi,Fe4Oy). The presence of Fe2* ions are confirmed from Mossbauer spectroscopy
study in the BiyoEuyFeO; sample. And the BiygEugFeO; exhibited a slight lattice
distortion, observable from the results of XRD and Mossbauer spectra. We can conclude
that growing of crystal homogeneity of BiygEug FeOj5 is better than BiFeOs.
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1 Introduction

Multiferroic materials (MF) are substance that simultancously exhibit two or more types of
ferroic order parameters, e.g. ferromagnetism, ferroelectricity and ferroelasticity [1]. Among
these materials, BiFeO; (BFO) is one of the most attractive MF as it owns high Curie
temperature (Tc~1103 K) and Neel temperature (Ty~ 643 K) [2]. Pure BFO can consist of a
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Fig. 1 a X-ray diffraction patterns of BiFeO3 and BijgEug ;FeO; at room temperature (the “#” peaks correspond
to the presence of the impurity Bi,Fe,O9), b X-ray diffraction pattern in the range of 31-33° and ¢ X-ray
diffraction pattern in the range of 51-53°

perovskite-like crystal structure distorted in the [111] direction and crystallizes in rhombohe-
dral space group R3c [3]. Although BFO has excellent performance, its application potential
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has not yet been fully exploited, because there are some issues that hinder its applicability, for
instance, the high leakage current, weak ferroelectric behaviour and small remnant polarization
[4]. Moreover, the presence of large spatial spin cycloid structure with a period of 62 nm
means loss of macroscopic magnetization and suppression of linear magnetoelectric effect.
Therefore, breaking the spatially modulated spin structure (SSMS) in BiFeOs is the key to
releasing ferromagnetism and exhibiting magnetoelectric effects [5, 6]. Among numerous
methods for enhancing its properties, the most studied one is the ion-doping approach. BFO
can be modified by using transition elements, rare earth elements or alkaline earth metal
elements to enhance the ferromagnetism and ferroelectricity [6—8]. Eu ions as one of the rare
earth elements can be used to replace A-site (Bi3* ions). Doping with Eu ions are expected to
suppress the SSMS and improve the leakage current, magnetic and ferroelectric properties of
BiFeO; [5, 9-11].

In the present work, BiFeO; (BFO) and BijEug ;FeO; (BEFO) were prepared by using a
simple solid-phase reaction method. The as-obtained material was analyzed by XRD and
Mossbauer spectrometer to elucidate the Eu-doped structure and composition changes in
detail, providing a specific experimental basis for future research and applicability of
multiferroic materials.

2 Experimental procedure

The specific steps of preparing undoped BiFeO3; and 10% Eu doped with BiFeO;
(Big.9oEug FeO3) by a sample solid-phase reaction are as follows. Analytical pure powder
of Bi,03, Eu,03 and Fe,O3 were used as starting materials. In order to compensate for the
strong volatilization of Bi irons, the extra (10 mol%) of Bi,O; was incorporated in all
samples.

An appropriate proportion of Bi;O3, Fe;03 and Eu,0; were weighed, mingled and then
ground in a mortar. After a 30-min of the grinding process, the mixtures were calcined at
830 °C for 5 min and cooled at atmospheric temperature. The next step is grinding the
compound into fine powder and washing twice with 10% nitric acid solution. The powder
was washed with deionized water to remove the residual acid and repeated it for less acid.
The last is that the samples were dried in an electric constant temperature drying oven at
150 °C.

The obtained samples were structurally characterized by X-ray diffractometer (XRD). The
phase and structural analysis of the X-ray patterns were performed with a program called
Jade9.0 that equipped with the ICSD-2010 database and PDF-2007 database. And Mossbauer
spectra (MS) were performed at room temperature.

Table 1 Structural parameters calculated from XRD pattern

Sample Space  a(A) bA) c(A) Volume  Grain 0,=0} O oy A for
group A) size(nm) Bi,Fe,0y
(%)

BiFeO;  R3c 5.5801 5.5801 13.8486 37344  42.8(2) 0.0041 0.0101 0.1035 7.9(5)
BigoBuy; R3c 5.5686 5.5686 13.8408 371.69  40.6(4)  0.0023 0.0050 0.0409 8.3(8)
F603
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Fig. 2 5’Fe Mossbauer spectra in the pure and Eu-substituted Bi;_Eu,FeO; sample: x = (a) 0, (b) 0.1

3 Results and discussions
3.1 XRD pattern

The X-ray Diffraction (XRD) patterns of BiFeO; and BijgEu, ;FeO; are presented in Fig. 1a. All
the peaks were well matched with the PDF (Card No.97-001-5299) and the patterns were indexed
to the rhombohedral structure with R3c space group [12]. The secondary phase was identified as
Bi,Fe,O9(PDF Card No.97-002-0067) and marked by “#” in Fig. 1a. According to the percentage
of the area, it can be roughly concluded: there is a small amount (~8%) of Bi,Fe4Oy in both of two
samples, what can be attributed to the temperature required by our solid-phase reaction method
(above 700 °C), where is inevitable to produce impurity phase during the process of synthesizing of
BiFeO; [13]. With Eu doping, the split peaks are merged into one peak in the 26 range of 31-33°
and 51-53° as shown in Fig. 1b-c. This indicates that the Bi ions partially have been replaced
successfully with Eu ions. Compared with the BiFeO; sample, the characteristic diffraction peak of
the BiggEu, ;FeO; sample shifted marginally to a higher angle, which proved that it maintained the
same rhombohedral R3c structure as the BiFeOs3 sample, but the doping of Eu ions resulted in the
slight lattice distortion in BiyoEug;FeOs. The ion radius of Eu3* being 1.07 A, while the Bi3* is
1.17 A [14]. The mismatch between the two kinds of ionic radius causes the lattice distortion. In
order to explore deeper this phenomenon, we used the Jade9.0 software to analyze the X-ray
diffraction patterns. The outcome of measurement and analysis is summarized in Table 1 where the

Table 2 Hyperfine parameters i.e. isomer shift (IS), quadrupole splitting (QS), internal magnetic field (H;,,) and
Area(A)

Sample Sub Spectrum IS (mms™!) QS (mms™1) Hiy (T) A (%)

BFO Sextet 0.263 —-0.008 472 93.6
Doublet 1 0.322 0.504 - 6.4

BEFO Sextet 0.270 —-0.133 479 91.7
Doublet 2 0.830 1.102 - 8.3
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percentage content of Bi,Fe4O9 and several crystal structural parameters are listed. The average
grain sizes of this compound determined using Scherrer formula. It is observed that average grain
size decreases with increasing Eu doping. There is a little difference between BigoEu, FeO5 and
BiFeO; in crystal. However, the smaller lattice parameters and the unit cell volume, consistent with
the reported works, possibly because of the smaller ionic radii of Eu3* [15].

3.2 Mossbauer study

5TFe Mossbauer spectroscopy is one of the most useful investigation methods to study the
hyperfine magnetic behavior and oxidation state of the iron atoms. The Mossbauer spectra of
BFO and BEFO samples matched well with the superposition of a sextet and a doublet, shown
in Fig. 2(a) and Fig. 2(b), respectively [16]. In order to obtain a clearer comparison of the
results, we collected the Mossbauer spectral parameters of BFO and BEFO samples in Table 2.
The numerical value of isomer shift (I.S.) shows the valence of iron atoms. The value of L.S.,
corresponding to Fe2* is 0.6—1.7 mm/s, while is 0.05-0.5 mm/s for Fe3*, and — 0.15-0.05 mm/s
in the case of Fe** [14]. According to the measured Mossbauer spectra at room temperature, we
can figure out that the isomer shifts of sextet and doubletl in BFO is 0.263 mm/s and 0.322 mm/
s, respectively, which showed only the existence of Fe3+ in BFO sample. But the isomer shift of
Doublet2 is 0.830 mm/s (higher than 0.6 mm/s), proving that there are Fe+ ions in BFEO,
which could be attributed to the generation of oxygen vacancy [17]. The Doublet 1 is assigned
to a small fraction of paramagnetic impure phase of Bi,Fe4O9. The Doublet2 with higher
quadrupole splitting value (1.102 mm/s) arises due to smaller particles having
superparamagnetic relaxation [18]. A small increment (~2%) in impurity phase was detected
by Mossbauer spectroscopy. This is consistent with the results obtained by X-ray diffraction
pattern as well. With the introduction of Eu in the material, the quadrupole splitting (Q.S.) of
BiFeOj; sample changed from —0.008 mm/s to —0.133 mm/s, suggesting the added Eu disturbed
the lattice structure of BiFeOs samples and induced the change in the lattice parameters. [15]
With the doping of Eu, the value of H;,; has been increased slightly, from 472 kOe to 479 kOe,
which is due to the growing of crystal homogeneity of BFEO is better than BFO [19].

4 Conclusion

Bi;yEu FeO; (x=0, 0.10) multiferroic nanoparticles were successfully prepared by a simple
solid-phase reaction, also obtaining a small amount of Bi,Fe Oy as “impurity” in the both
samples. With the doping of Eu, a small rise in the impurity phase was detected by Mossbauer
spectroscopy. A slightly distorted rhombohedral perovskite structure has been observed from
XRD and Mossbauer spectroscopy, being caused by the different ionic radius of Bi3* and Eu3+.
The Mossbauer study found that only Fe3* exists in BFO sample, where in BEFO the
introduction of oxygen vacancy produces mixed valence states of irons: Fe2* and Fe3+.
Compared with BiFeOs, the Hj, value of BiygEuj;FeOs has been increased slightly, from
472 kOe to 479 kOe, due to the better growing of crystal homogeneity of BiygEug ;FeOs.
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