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Abstract: -Multiferroics BiFeOs (BFO), Ni doped BiFeOs (BFNO), and (La, Ni) co-doped BiFeOs: (BLFNO) materials
were synthesized by sol-gel method. Effects of Ni-doping and (La, Ni) co-doping on structural, magnetic and electrical
properties of BFO materials were investigated by different techniques as X-ray diffraction (XRD), energy dispersion
X-ray (EDX), Raman scattering, magnetization hysteresis loops (M-H), and complex impedance spectra measurement.
Analysis results of XRD measurement shows that all samples crystallize in the rhombohedral structure with Rsc space
group. The BFO sample has crystal lattice parameters a = 5.580 A, ¢ = 13.865 A and average crystal size Lxro = 58 nm.
The BFNO sample has a = 5.582 A, ¢ = 13.868 A and Lxro = 55 nm. However, BLFNO samples have crystal lattice
parameters a, ¢ and Lxrp decrease when concentration of La increases. Results of Raman scattering spectra shows that
the peaks position characterize of Bi-O covalent bonds shifted toward higher frequency when concentration of La
increases, which confirms that La substitutes into Bi-site. Magnetization hysteresis loops measurement indicates all
samples present weak ferromagnetic behavior. BFO sample presents weak ferromagnetic behavior with saturation
magnetization Ms = 0.037 emu/g and remnant magnetization Mr = 0.004 emu/g. The Ms and Mr values of co-doping
samples enhance compare to that of BFO. Origin ferromagnetism of materials will be discussed in this report.

Keywords: X-ray, Raman, (La, Ni) co-doped, ferromagnetic, impedance.

enhanced when rare earth and transition metal ions
. INTRODUCTION co-doped into BFO host materials [11-13].

Multiferroics materials coexist ferromagnetic
(antiferromagnetic),  ferroelectric,  ferroelastic
orders, and magneto-electric (ME) effect in the
same structure phase, which have been reported by
previous studies [1-4]. Therefore, these materials
can be used application in electronic device as
store information, memory, sensor, ultrasonic
broadcast. However, the competition between
ferromagnetic and ferroelectric orders lead to the

multiferroics materials are very rare in nature.

In this work, we to choose La and Ni co-doped
into BFO. Because La-doped BiFeOs presented
improved dielectric properties, Ni substitution for
Fe-site can affect magnetic properties to greater
extent and that may be large ME effect at room
temperature [14, 15]. Our results will indicate the
change structural, magnetic and electric properties
of BFO when La and Ni substitute into Bi-sites and
Fe-sites, respectively.

BiFeOs (BFO) is one of multiferroics materials II. EXPERIMENTAL

nature coexists both anti-ferromagnetic order (Tn ~ The pure BiFeOs, Ni doped BiFeOs, and (La

643 K) and ferroelectric order (Tc ~ 1100 K) [8]. - Ny oo doped BiFeOs materials were synthesized
However, BFO has small saturation magnetization by sol-gel method. The chemicals used

and polarization electric at room temperature, Bi(NOs)s.5H20, Fe(NO3)s.9H20, La(NOs)s.6H:0,

which limits the applicability of this materials. Ni(NO .
. o 3)2.6H20, ethylene glycol solution C2HsO2,
This problem may be solved by modification and citric acid. Firstly, the Bi(NOs3)3.5H20,

magnetic and electric properties of BFO. Previous Fe(NO
. N 3)3.9H20, La(NOs3)3.6H-0, and
isggd:gf/efjhgwiibts?iihtirgﬁggftrlgsglzgrtﬁfioE:EOG\(IngS Ni(NO3)..6H20 were soluble in 35 ml citric acid
P y ( ' solution. Then, the solution mixed by magnetic

3+ 3+ 3+ H HS . g <
Ho™, Sm™, Nd™, etc) into Bi-sites [5-7] or stirrer at temperature range 50 + 60 °C in 45

HH H 12+ 2+ 2+ :
g:lsi![ggn[gjfé"’]“ II?QZie(nTII 1sCo?ne’ ;\t/lur:jié detgh)ow;g minutes obtained to sol. The next, temperature of
' Y, the sol was increased up to 100 °C to evaporation

that both ferromagnetic and ferroelectric properties water, which obtained to wet gel after 3 hours. The
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gel was dried at temperature 130 °C in 4 hours.
Finally, dry gel was annealed at temperature 800
°C in 7 hours obtained powders materials.

The microstructures, magnetic and electrical
properties of all samples were investigated by X-
ray diffraction (XRD, Equinox 500), energy
dispersion X-ray (EDX, Quanta 450), Raman
scattering (LabRAM HR Evolution, A = 532 nm),
magnetization hysteresis loops (M-H, Lake Shore
Cryotronics Westerville, 7404), and complex
impedance spectra (LeCroy equipment and
LabView 8.0 software).

I1l. RESULTS AND DISCUSSION

The chemical composition of pure BFO and
BiixLaxFeo.97Nio.0303 (x = 0.00, 0.05, 0.10 and
0.15) powders investigated by EDX measurement,
as are shown in Fig 1. As see in Fig. 1, EDX
spectra of BFO sample appears characteristic
peaks for Bi, Fe and O elements. The EDX spectra
of Ni-doped BiFeO3 (x 0.00) appears
characteristic peaks for Bi, Fe, O, and Ni elements
while that of (La, Ni) co-doped samples appear
characteristic peaks for Bi, Fe, O, Ni and La
elements. Intensity of characteristic peaks of La
increases as concentration of La increases. This is
initial information, which is necessary to study
physical properties of all the samples.
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8 i At BFO

2 =0.00

= A x=0.
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Figure 1. EDX spectra of BFO and Bis.

xLaxFeo.g7Nio 0303 (x = 0.00, 0.005, 0.10 and 0.15) powders.

The phase formation and crystal structure of
BFO and (La, Ni) co-doped BFO materials are
investigated by XRD measurement. Fig. 2a shows
X-ray diffraction diagram of BFO and (La, Ni) co-
doped BFO powders. The XRD pattern of the all
samples exhibit rhombohedral structure of BiFeOs
crystal structure (JPCDS No. 71-2494). The main
peaks can be indexed to the (012), (104), (110),
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(006), (202), (024), (116), (122), (018), and (300)
reflections, as are shown in Fig. 2a.

F oS
3
—~
:? ]\\.
<
N—r
>
=
: A
C
)
bt
£
20 30 40 50 60 32
2-theta (deg.)
n b ]
5.58 // (b) 13.95
/ {13.92
5.57 {13.80
3 % —® {13.86 ,OJ;
~ ]
"o / \& & | 13.83\/
% {13.80
5.55 ® 0
. " 11377

0.00 0.05 0.10 0.15

La content

Figure 2. XRD patterns of BFO and BiiLaxF€0.97Ni0.0303 (X
=0.00, 0.05, 0.10, and 0.15) powders.

The XRD patterns shows that La®* and Ni?*
ions are well dissolved into the BFO crystal
lattice. However, the effect of (La, Ni) co-doping
into crystal structure of BFO may be observed by
comparing the location of (012), (104), and (110)
diffraction peaks, as are inserted in Fig 2a. The
diffraction peaks of sample with x = 0.00 shifts
toward lower 26 compare to that of BFO.

From data of XRD measurement, crystal lattice
parameters and average crystalline size (Lxrp)
have been determined by using UnitCell software
and Sherrer’s formula, as are shown in Table 1. As
see in Table 1, the BFO sample has crystal lattice
parameters a = 5.580 A, ¢ = 13.865 A and average
crystalline size Lxrp = 58 nm, the Ni-doped
sample has crystal lattice a = 5.582 A, ¢ = 13.868
A and average crystalline Lxrp = 55 nm. While
the crystal lattice parameters and average
crystalline size of (La, Ni) co-doped samples
decrease when concentration of La increases. The
observation can be easily understood due to the
larger ionic radius of Ni?* (0.69 A) compare to
that of Fe®* (0.65 A). For (La, Ni) co-doped
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samples, the diffraction peaks position shifts
toward higher 26 compare to that of sample x =
0.00, which could be explained the smaller ionic
radius of La®* (1.16 A) compare to that of Bi®*
(1.17 A) [14].

Table 1. Crystal lattice parameters and average crystalline
size of BFO and BiixLaxFe.97Nio.0303 samples.

Samples a (A) c(A) Lxrp (NM)
BFO 5.580 13.865 58
x=0.00 5.582 13.868 55
x=0.05 5.570 13.825 50
x=0.10 5.562 13.792 a7
x =0.15 5.548 13.788 35
| Zoo O
! ;‘{'LI'J /v el © ~ Yo o
—~ M u oW < 0
= i i BFO
S |
2 x=0.00
2t \ A x=0.05
= : . .
- /\/\/~'\ ———— x=0.10
x=0.15

100 200 300 400 500 600 700 800

Wavenumber (cm'l)

Figure 3. Raman scattering spectra of BFO and Bii-
xLaxFe0.97Ni0.0303 (x = 0.00, 0.05, 0.10, and 0.15) materials.

Raman scattering spectra of BFO and Bii-
xLaxFeo0.97Nio.0303 samples in the range of 100 +
800 cm™ at room temperature are shown in Fig. 3.
The spectrum of pure BFO has twelfth Raman
modes at 139, 173, 225, 252, 262, 285, 336, 433,
474,521, 555, and 706 cm™. They are signed as in
Fig. 3. The modes frequencies are in good
agreement with other reports. Previous studies
showed that the modes at low frequency
characterize to Bi-O bonds, while the modes at
high frequency characterize to Fe-O bonds [16].
For Ni-doped sample (x = 0.00), the position of E-
2, E-3, E-4, and E-5 modes shift toward higher
frequency, the position of E-8, E-9 modes shift
toward lower frequency compare to that of pure
BFO. Analysis Raman scattering of (La, Ni) co-
doped samples indicate that the position of A:-1,
A1-2, A:1-3, Ai-4, E-3, E-6, E-7, E-8, and E-9
modes shift toward higher frequency compare to
that of Ni-doped sample. Previous studies showed
that the A and E modes at lower frequency
characterize to Bi-O covalent bonds, other E

14

modes characterize to Fe-O covalent bonds [14,
17]. The change position of Raman modes
confirms La®" and Ni?* ions substitute into Bi-sites
and Fe-sites, respectively. This result is consistent
with XRD result, which shows La** and Ni?* co-
doped into BFO lead to decrease crystal lattice
parameters.
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Figure 4. Magnetization hysteresis loop of BFO and Bii-
xLaxFeo.97Nio.0303 materials.

Fig. 4a shows magnetization hysteresis loops of
BiFeOs and BiixLaxFeo.97Nio.0303 samples. As see
in Fig. 4a, all samples present weak ferromagnetic
behavior. Saturation magnetization (Ms) and
remnant magnetization (Mr) of BFO are 0.037
emu/g and 0.004 emu/g, respectively. The Ms and
Mr of Ni doped sample (x = 0.00) increase up to
0.810 emu/g and 0.246 emu/g, respectively. It is
understood due to Ni substitutes into Fe-sites to
appear double exchange interaction Fe3*-O%-Ni?*
and oxygen vacancies leading to increase of the
magnetization [18, 19]. Analysis magnetization
hysteresis loops of (La, Ni) co-doped samples
indicates the Ms and Mr of these samples decrease
compare to that of x 0.00 sample when
concentration of La increases. However, the Ms
and Mr of (La, Ni) co-doped samples is higher
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than that of BFO sample. As see in Fig. 4b, both
Ms and Mr decrease when concentration of La®*
increases from x = 0.00 to x = 0.10. When
concentration of La®" increases up to x = 0.15 both
Ms and Mr slight increases. It can be explained La
substituted into Bi-sites lead to decrease double
exchange interaction Fe* - O% - Ni?* and oxygen
vacancy. This can be reason make to decrease
magnetization.
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Figure 5. Imp(eijance spectra of BiFeO; and Bis-
xLaxFeo.97Nio 0303 materials: (a) BiFeOs; (b) x = 0.00; (c) x =
0.05; (d) x = 0.15.

Complex impedance spectra of BiFeOz and Bis-
xLaxFeo.97Nio.0303 materials are shown in Fig. 5.
Analysis complex impedance spectra of materials
may be known grain internal, grain boundaries,
and electrode interface contributions. Previous
studies showed that the complex impedance
spectra of materials exhibit successive semicircles
in the complex plane. A low frequency semicircle
is due to ion and electrode, an intermediate
frequency semicircle gives information on the
grain boundary and/or impurity-phase impedance.
While a high frequency semicircle originates from
the grain internal. Some previous studies showed
all these contributions may be not all detected.
Fig. 5a presents impedance spectra of BFO, which
include a semicircle at high frequency tend toward
zero and a semicircle at intermediate frequency
not tend toward zero in the complex plane. These
semicircles are determined contribution of grain
internal and grain boundary, respectively. The
impedance spectra of co-doped samples with x =
0.00, 0.05, and 0.10 is similar, which include a
semicircle at high frequency tend toward zero in
the complex due to contribution of grain internal,
as are shown in Fig. 5b, c. When concentration of
La®* increases up to x = 0.15, the change crystal
lattice lead to change impedance of this sample.
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As see in Fig. 5d, the impedance of x = 0.15
sample includes two semicircles contribution by
grain internal and grain boundary.

IV. CONCLUSION

In summary, we have synthesized successful
BiFeOs and (La, Ni) co-doped BiFeOs materials by
sol-gel method. We have studied effect of La and
Ni co-doping on crystal structure, magnetic and
electrical properties. Results of XRD and Raman
scattering measurement confirmed La®>* and Ni?*
ions substituted into Bi-sites and Fe-sites,
respectively. It makes to crystal lattice parameters
and crystalline size decrease when concentration of
La®* increases. Analysis result of magnetization
hysteresis loops shows that all samples present
weak ferromagnetic behavior. Pure BiFeO3 sample
presents ferromagnetic behavior with saturation
magnetization and remnant magnetization are
0.037 emu/g and 0.004 emu/g, respectively.
Magnetic properties of (La, Ni) co-doped samples
improved compare to that of pure BiFeOa.
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