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Abstract
PrxY1-xFeO3 (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) magneto-electric samples are synthesized by sol-gel auto 
combustion method. Investigations on structural and dielectric studies of Praseodymium (Pr) substituted 
Yttrium ferrite (YFeO3) samples are presented in this paper. Structural characterization of the samples is done 
by X-ray diffraction (XRD) and Field Emission Scanning Electron Microscope (FESEM) methods. XRD graphs 
show that the samples are crystalline in nature having single phase. From XRD measurements, unit cell 
parameters and cell volume are calculated. FESEM analysis indicates that all the samples have non-uniform 
grain size with increasing porosity with the content of Pr. Dielectric constant for all the samples is found to 
decrease with increasing  frequency and increase with increasing temperature. Further, with the doping of Pr in 
YFeO3, the dielectric constant at a given frequency exhibits increasing trend with the doping content except for 
x=1.0.
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I. Introduction
Multiferroic materials have attracted great attention because of their diverse and important properties, 

including ferroelectricity, ferromagnetism and ferroelasticity [1]. Multiferroic materials exhibit many ferroic 
orders simultaneously, including ferromagnetism and ferroelectricity, making them attractive class of materials 
[2-4]. These multiferroics have an interesting feature called magneto-electric (ME) coupling, which combines 
magnetic and electric order [5, 6]. Multiferroics are widely used in wide range of applications, including storage 
devices, solar energy devices, transducers, sensors, bubble memory devices, permanent magnets, 
optoelectronics, satellite communication, etc. [7–9].

Because of diverse physical properties and uses in the present era of technology, orthoferrites having 
general formula RFeO3 (where R is rare earth element) are gaining attention of scientific community [10–13]. At 
ambient temperatures, RFeO3 polycrystalline materials have a distorted perovskite structure characterized by 
space group of Pnma or Pbnm [14]. Perovskite type orthoferrites exhibit unique structural, electrical and 
dielectric properties. Orthoferrites are synthesized by different methods such as solid-state reaction [15], 
combustion method [16], hydrothermal method [17], electron spin route [18] and co-precipitation method [19]. 
D. Triyono et al. [20] reported the synthesis of La1−xSrxFeO3 (x = 0.1, 0.2, 0.3, 0.4) by citrate auto-combustion 
method and studied the structural and dielectric properties. They used impedance spectroscopic technique to 
explain the electrical properties in relation to the frequency range (100 Hz to 1 MHz) under different 
temperatures. They found the existence of tiny polarons as charge carriers within the grain and grain border by 
electrical conductivity studies. Substitution of Sr at La site enhanced both the dielectric constant and electronic 
conductivity. M. Asif et al. [21] conducted a study on dielectric behavior of Y1−xPrxFeO3 (0 ≤ x ≤ 0.16) samples at 
ambient temperature. The study employed a wide frequency range from 1 MHz to 3 GHz. They observed that 
adding Pr considerably increased the dielectric constant.

Due to its magneto-optical phenomena, YFeO3 perovskite can be used as memory element in logical 
devices, optical switches, magnetic field sensors and magnetic and optical current sensors [22]. YFeO3 possesses 
perovskite structure with Pbnm space group. The Y cation is coordinated by 12 oxygen anions, while the Fe 
cations are surrounded by six oxygen anions [23]. YFeO3 exhibits weak ferromagnetism with Neel temperature 
TN = 645 K and possesses a G-type antiferromagnetic nature. While two adjoining octahedral sites share oxygen, 
each ferric cation at the octahedral site in YFeO3 is surrounded by six surrounding magnetic ions and organized 
as FeO6. The Wagner space charge effect causes YFeO3 to show ferroelectric behavior as well as a dielectric 
polarization mechanism. The activation of charge carriers between Fe2+ and Fe3+ ions is the cause of the 
dielectric relaxation phenomenon. Researchers are becoming more interested in it because, when compared to 
other multiferroics, YFeO3 exhibits multiferroic features at ambient temperature.
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The primary aim of present work is to analyze the effect of Praseodymium (Pr) doping on the 
structural, morphological and dielectric properties of the samples and an attempt is made to correlate them to the 
crystallographic changes occurring in the samples with Pr doping. Present work primarily focuses on 
investigating the changes occurring in the structural, morphological, and dielectric properties of PrxY1-xFeO3 

samples.

II. Materials And Methods
Polycrystalline multiferroic PrxY1-xFeO3 (x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) samples are prepared using 

sol-gel auto-combustion method. Yttrium oxide (Y2O3) is weighed in a stoichiometric ratio and dissolved in 
nitric acid (HNO3) to form nitrates. Iron (III) nitrate nonahydrate [Fe (NO3)3.9H2O] is dissolved in water and its 
clear solution is obtained. Citric acid is taken in 1:1 ratio with metallic ion and is dissolved in water. 
Praseodymium oxide (Pr6O11) is dissolved in nitric acid and is constantly stirred to obtain a clear solution. All 
the prepared solutions of Y2O3, Fe (NO3)3.9H2O, citric acid and Pr6O11 are added together and continuously stirred 
for 30 minutes. The pH of the solution is adjusted to neutral by adding ammonium hydroxide (NH4OH) solution 
drop wise and the neutral solution is heated and stirred continuously for 4 hours. When the volume of the 
solution is reduced to one-third of its original volume, ethylene glycol is added in a ratio of 1:1.2 to turn the 
solution into gel. The obtained gel is then heated at 150 °C until it turns into a brown fluffy ash. This ash is then 
finely grinded to get powder and is calcinated at 600 °C for 4 hours to remove volatile gases. These samples are 
then densely pelletized using pelletizer machine and sintered at 1200 °C for 4 hours in a hot furnace.

The Bruker D8 Advance X-Ray Diffractometer with Cu-Kα radiation is used for the XRD 
measurements, which are used to study the structural characteristics of the materials. The micrographs of the 
samples are recorded using a Field Emission Scanning Electron Microscope (FESEM) device (Carlzeiss Ultra 
55 Model of Oxford), which provides information about the grain size and surface morphology of the samples. 
Dielectric measurements are carried out at room temperature and low temperature using a precision LCR meter 
E4980 coupled with an in-house developed sample holder, in the frequency range 0.5 kHz to 100 kHz.

III. Results And Discussion
Structural Analysis

Fig. 1 indicates Rietveld refined X-ray diffraction (XRD) graphs of praseodymium (Pr) doped yttrium 
iron oxide (YFeO3) samples. The sharp peaks of the samples with high intensity indicate good crystallization. 
All these samples have distorted orthorhombic structure having space group Pbnm [24-26]. Extra peaks are not 
observed in the XRD graphs which confirm that the samples are in pure phase form without any detectable 
impurity. The Rietveld refined parameter representing the goodness of fit (χ2) for all the samples is found to be  
less than or around 2.0 indicating that the data fitting is good. Fig. 2 shows variation of lattice parameters (a, b, 
c) and unit cell volume (V) with change in concentration of praseodymium (Pr) doping. It is observed that lattice 
parameters and unit cell volume increase with the increase in praseodymium (Pr) concentration. When large 
sized praseodymium ion (Pr3+) having ionic radius = 1.18 A0 is substituted at the site of yttrium ion Y3+ with ionic 
radius = 0.90 A0, it results in the change of crystal structure. The rotation around the orthorhombic 
crystallographic axis results in tilted FeO6 octahedral structure. With increase in Pr concentration, the magnitude 
of tilting of FeO6 octahedral structure also increases leading to increase of lattice parameters [27, 28]. The 
increase in lattice parameters indicates that doping of praseodymium in place of yttrium induces distortion in the 
crystal structure. These changes in unit cell parameters cause corresponding changes in Fe-O bond length and 
O-Fe-O bond angles that have prominent effects on electrical properties of these materials.

Fig. 1 Rietveld refined XRD graphs of PrxY1-xFeO3 samples
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Fig. 2 Variation of lattice parameters (a,b,c) and unit cell volume (V) with Pr concentration (x)

Surface Morphological Analysis
To understand the micro-structure and arrangement of grains in the samples, Field Emission Scanning 

Electron Microscope (FESEM) images are obtained. Fig. 3 shows FESEM images of PrxY1-xFeO3 (x = 0.0, 0.2, 
0.4, 0.6, 0.8 and 1.0) samples in the scale of 200 nm. All the samples have non-uniform grain size and the grains 
are irregular in shape and size. As the doping of the Pr increases, the grains are coalescing with each other and 
as a result the grain size decreases and porosity increases. This agglomeration of the grains results in the contact 
between the non-uniform grains leading to charge exchange between the grains called as hetero-charging [29]. 
The change in the grain structure and porosity induces modifications in the electrical properties of the samples.

Fig. 3 FESEM images of PrxY1-xFeO3 samples
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Dielectric constant measurements
Fig. 4 shows the variation of dielectric constant with frequency for the PrxY1-xFeO3 (x=0.0, 0.2, 0.4, 0.6, 

0.8 and1.0) samples in the range of 0 Hz to 1 MHz. It is observed that the dielectric constant for all the samples 
tends to decrease as the frequency increases. The dielectric constant (ε) of prepared samples is given by the 
equation ε = C.d/ (A.εo) [30],  where C is the capacitance, d is the thickness of the pellet, A is the area of the 
pellet and εο is the permittivity of free space. It has been reported that the dielectric constant of metal oxides 
depends on various types of polarizations viz. interfacial or space charge polarization, ionic polarization, dipolar 
polarization and electronic polarization [31]. In the low frequency region, space charge or interfacial 
polarization dominates due to the accumulation of charges at grain boundaries. This is based on Koop's 
phenomenological theory. In the high-frequency region ionic and electronic polarization plays a vital role for 
polarization [32]. All samples show a normal dispersion behavior i.e. high value of dielectric constant at low 
frequency. At low-frequency dipoles have sufficient time for the alignment in the direction of the applied field, 
hence high value of the dielectric constant is observed. But at higher frequencies, dipoles could not synchronize 
with the applied field, as a result of which low value of the dielectric constant is observed for the samples.
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Fig. 4 Dielectric constant versus frequency response of PrxY1-xFeO3 samples at room temperature

Fig. 5 Dielectric constant versus temperature response of PrxY1-xFeO3 samples at 100 kHz
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Fig. 5 shows temperature-dependent variation of dielectric constant at 100 kHz frequency for all 
samples in the range of 80 K to higher temperatures. It is seen that the dielectric constant for each of the samples 
is almost constant at low temperatures up to about 200K. The reason for this may be that the thermal energy at 
low temperatures is insufficient to cause the relative movement of dipoles resulting in almost constant dielectric 
behavior. With further increasing temperature, there is a corresponding increase in the dielectric constant, which 
is in line with expected nature of orthoferrite materials [33]. Due to increase of temperature, the electric dipoles 
attain high thermal energy and orient in the direction of applied electric field, leading to an increase in electric 
polarization which increases the dielectric constant. It is also observed that the dielectric constants for the Pr 
doped YFeO3 (PrxY1-xFeO3) samples at temperatures below 200K are approximately in the range of 280 to 320 
with the dielectric constant increasing with increasing value of ‘x’ except for x = 1.0, for which it shows 
decreasing trend. The doping of Pr at Y site causes a change in relative positions of cations and anions which in 
turn changes structural parameters, such as bond lengths. The variation in bond lengths of Fe–O and Y–O 
influences the ionic interactions between cations and anions, thereby changing the dielectric constant. Further, it 
is seen from the FESEM images that as Pr concentration is increased, there is a change in the grain structure 
with increasing porosity which also affects the dielectrical properties of the samples.

IV. Conclusions
The multiferroic PrxY1-xFeO3 (x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) samples are synthesized using  sol-gel 

auto-combustion method. Rietveld refined XRD structural analysis shows that the samples are crystalline in 
nature and confirms that the samples possess distorted orthorhombic structure with space group Pbnm. FESEM 
analysis shows non-uniform nature of grain size with increasing porosity. Dielectric constant decreases for all 
the samples with increase in frequency at room temperature and it increases with increasing temperature. It is 
further observed that the dielectric constant shows increasing trend with the Pr concentration in PrxY1-xFeO3 
samples, except when the Yttrium is completely replaced by Pr, i.e. when x = 1.0. This may be attributed to 
changes in structural parameters, such as bond lengths, grain structure and porosity.
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