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Multiferroic Sc-doped YFeO; nanoparticles were obtained by a low-temperature solid-state reaction route. It
indicated that with the addition of Sc, nanosized YFeO; powders were obtained at 800 °C, and the orthorhom-
bic phase was transformed into the hexagonal structure. Magnetic hysteresis loop illustrated the magnetic
property of YFeO; nanoparticles improved with Sc doping. The maximum magnetization of the powders was
about 4.00 emu/g, showing that the energy gap can be reduced to 2.25 eV and thus the doping nanoparticles
can be used in optical field. Therefore, the optical and magnetic properties of the material can be obviously
enhanced with Sc doping, proving its potential application in magnetic and optical fields.
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1. Introduction

Multiferroic ceramics combine a number of ferroic
orders [1, 2]. A few materials have both ferroelectric and
ferromagnetic properties simultaneously in nature, as both
empty and partially filled d-orbits are required to realize
both properties. Both properties are naturally exclusive
[3]. These materials can be applied in high storage systems
[4, 5]. Among them, the perovskite-type YFeO; exhibits
ferroelectric ordering below —256 °C and antiferromagnetic
ordering at high temperature of around 370 °C [6]. More-
over, many studies have been conducted on its atomic
ferroelectricity and magnetic properties [7-10]. It has a
small optical band gap (around 2.58 eV), making it a
good candidate in optical application [11]. There are
many methods to fabricate YFeOj; nanoparticles, such as
conventional sintering method and sol-gel method. A new
method-low-temperature solid-state reaction has been
developed [6]. This method only needs to grind by hand,
and it possesses the priority of high pure phase and
ultrafine grain size. However, an essential problem is yet
to control: YFeO; has two structures, the hexagonal one
at low temperature and the orthorhombic one at high
temperature. The former one possesses excellent optical
properties and the latter one owns a higher magnetic value.
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How to combine the priorities of both is an interesting
topic for the fabrication and development of YFeO;.

In our work, the Sc**-doped YFeOs; nanoparticles via
low-temperature solid state reaction were introduced. Sc**
can be used to diminish the leakage current of YFeO;
because it possesses a stable electronic structure [12]. In
addition, Sc has different ionic radius from Fe, so it can
control the transition of the hexagonal and orthorhombic
structure of YFeO;, which should be a better way to
adjust the magnetic and optical properties. The purpose of
this article is to improve both optical and magnetic
properties.

In this paper, the Sc-doped YFeOs nanoparticles were
fabricated via the low-temperature solid-state route, and
the impact of doping amount was studied. In addition,
properties of synthesized YFeO; nanoparticles were
investigated.

2. Experimental

YFeO; and YFe,,Sc,O; nanoparticles were harvested
by the low-temperature solid-state route, which was
elaborated in Ref [6]. First, weighed quantities of Fe
(NO3)3'9H20, Y(NO3)36H20, Sc (NO3)3, and citric acid
were mixed and grinded for half an hour. Then the
obtained powders were heated for 2 hours at 100 °C
to obtain the precursor. After that, the precursor was
grinded again and calcined for 2 hours at 900 °C to obtain
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Sc-doped YFeO; nanopowders. Thus, YFeg95Sc 0203,
YFep95Sco0s0;, and YFe(9Sco ;O; nanopaticles were made.
The calcined particles were tested by XRD (XRD, D/
max-RB, Rigaku, Japan) and SEM (S-4700, Hitachi,
Japan). Raman spectra were measured at room temperature
by Renishaw InVia Reflex (U.K.) spectrometer, with a
range of 100 cm™' to 1500 cm™'. Magnetic hysteresis loops
were measured by PPMS (PPMS, QUANTUM DESIGN,
DynaCool-9T) at room temperature and optical absorbance
properties of powders were studied by UV-Visible
spectrophotometer (SHIMADZU, UV-2600).

3. Results and Discussion

Figure 1 illustrates the XRD patterns of the obtained
nanoparticles. As it shows, the formation of the phase of
the particles were decided by the Sc addition amount. The
pattern of YFeO; phase of YFe93Sco 003 with the ortho-
rhombic lattice of Pnma was revealed. And the change of
diffraction peaks YFeq95Sco0s0; and YFeg90Sco 1003 were
indexed well with the hexagonal structure which indicated
the transformation of two YFeOj; structures, and the main
orthorhombic phase can also be detected. This showed Sc
can be used as a transformer of YFeOj; structures, so the
orthorhombic phase can partially transfer to hexagonal
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Fig. 1. The X-ray diffraction (XRD) patterns for as-prepared
YFe,4Sc,O; nanoparticles.

YFeO;. As Sc™ possesses a larger ionic radius of (0.885
A) comparted with Fe™ (0.738 A), orthorhombic phase is
not stable and can be changed as hexagonal phase.

SEM images of Sc-doped nanoparticles are presented in

> Py

Fig. 2. SEM micrographs of (a) YFCO3, (b) YFeo,ggch‘onb (C) YFCO.95800.0503, and (d) YFeo_g()SCO.wO}



Journal of Magnetics, Vol. 25, No. 2, June 2020

Fig. 2, including homogeneous nanoparticles with minor
agglomeration. The pristine YFeO; nanoparticles kept
size at 400 nm. For YFeo_ggsCO'ozob YFCO'95SCO'0503 and
YFep90S¢0.1003, the sizes were approximately 300, 150,
50 nm, respectively, which were calculated by the area
software from five images. The Sc*" ions with a radius of
(0.885 A) was larger than Fe™ (0.738 A). The difference
of lattice size led to some defects and strain, resulting in
the refinement of particles. And hexagonal YFeOs; particles
are usually smaller than orthorhombic phase, which is
related to smaller unit cell. These two factors lead to
YFeOs particle refinement by Sc addition. The agglome-
ration of Sc-doped nanoparticles is reduced, given a large
surface-volume ratio for nanoparticles, according to other
references [13, 14]. It is proved that Sc can successfully
change the morphology of YFeO; and reduce the size of
particles.

Figure 3 shows the Raman spectra obtained from the
YFeo,ggsCO‘ozo_g, YF60,95500_0503, and YF€0‘9SCO.103 powders.
For the perovskite structure YFeOs, there are 60 optical
phonon modes. It is known that some A,, and B, are
active. The first two A, modes is connected to Y-O bonds,
while other modes is associated with Fe-O bonds [15, 16].
The highest peak at 215 cm™' is assigned to the octahedral
of FeOg. For YFeg95Sco020; particles, the first and second
A, modes moved to higher frequency. Because Sc
possesses a lower atomic weight than that of Fe, it
illustrates that the Sc successfully substitutes Fe in YFeO;.
Moreover, the peaks are turning a little boarder since the
doping of Sc introduce lattice disorder. For YFe(95Sco 505
and YFe(90Scg 1005 particles, the additional peaks of Y-O
bond represent the hexagonal YFeO;, in consistence with
the literature [15, 16], and the peak for orthorhombic
perovskite structure is becoming weak. The highest peak
at 1300 cm™" ascribed to magnetic divalent Fe ions, which
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Fig. 3. Raman spectra for as-prepared YFe;Sc,O3 nanoparti-
cles.
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Fig. 4. (Color online) Magnetic hysteresis loops of the
YFe, «Sc,O; nanoparticle.

is in accordance with those reported in YFeOj; ceramics
[17-19]. And this is totally disappeared in the YFeq95Sco0sO3
and YFep90Sco 1005 particles. So the phase is partially
changed from orthorhombic perovskite phase to hexagonal
one.

Figure 4 shows magnetic hysteresis loops of YSc.Fe,,O;
nanoparticles. The maximum magnetization (M,,), remnant
magnetization (M;) and coercive field (H.) of the pure
YFeO; powders were 3.49 emu/g, 0.88 emu/g and 160
Oe, respectively. And the values were around 3.35emu/g,
1.41 emu/g and 17000 Oe for the YFe(95Sco.0,05 powders
and around 3.63 emu/g, 0.46 emu/g and 100 Oe for the
YFep95Sco0s03 powders. The values were around 4.00
emu/g, 0.53 emu/g and 120 Oe for the YFeg90Sco.100;3
powders (Table 1). The shape of magnetic hysteresis loops
was typically antiferromagnetic with weak magnetic
materials, and the sudden increase of coercive field of
YFe98Sco 0203 was possibly caused by some minor
impurities. It is well known that YFeO; is antiferro-
magnetic and presents weak magnetic properties. The
reason for improving the maximum magnetization is the
nano-effect of refined particles caused by Sc addition.
And the hexagonal YFeO; is paramagnetic, and this can

Table 1. List of the magnetic and optical parameters for
YFe,Sc,O; nanopowders calcined.

Sample M M, H. Photon energy
(emu/g)  (emu/g) (kOe) (eV)
YFeO; 3.49 0.88 160 242
YFep0sSc0020;  3.35 1.41 17000 232
YFep95Sco0s0;  3.63 0.46 100 2.22
YFep00Sco100;  4.00 0.53 120 2.20
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Fig. 5. (Color online) (a/v)* as a function of photon energy for
as-prepared nanoparticles.

reduce remnant magnetization (M) and coercive field
(H.) of YFeOs so as to generally result in better magnetic
properties.

YFeO; possesses a narrow optical band gap and has
been used as a light photocatalyst. According to the UV-
visible absorption spectra, the optical energy band gap
(Eg) of these samples can be calculated by Eq. (1) [20]:

(ahv)' = A(hv—E,) (1)

(ahv)* verses photon energy plots of YFeq95Sc),0;,
YFe)95S¢0.0503, and YFey99Scy.100; are shown in Fig. 5.
The E, values were 2.42, 2.32, 2.22, 2.20 for the YFeOs,
Fe).085¢0.0003, YFeg95Sco0s03, and YFeg90Scy 1003 nano-
particles (Table 1). The decrease of E, of Sc-doped YFeO;
was mainly due to the formation of hexagonal YFeO; [6].
The hexagonal YFeO; showed better optical property,
because the narrow optical band gap of hexagonal YFeO;
led to more effective visible-light absorption. Another
reason was that the energy band gap decreased in line
with the reduced powder size due to the nano-size effect,
which induced more optical absorbance. Therefore, the
Sc-doped YFeO; nanoparticles were considered a good
candidate for decomposition of organic compounds.

4. Conclusion

Sc-doped YFeOs nanoparticles were successfully fabri-
cated by low-temperature solid-state reaction, and a transition
from orthorhombic to hexagonal with Sc addition was
verified. The refined nanoparticles with ~50 nm size can
be obtained. The maximum magnetization of Sc-doped
YFeOs; powders was about 4.00 emu/g. The energy band
gap of YFeO; nanoparticles was reduced from 2.42 to
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2.20 with increasing Sc concentration, which indicated
their promising decomposition application. This method
is easy to be adopted to fabricate and adjust YFeOs,
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