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Abstract: PrCr1-xFexO3(PCFO) samples were prepared by Citric acid route. The samples were characterized by XRD 

and SEM. The sample exhibits a single phase orthorhombic structure with Pbnm space group. The temperature dependent 

and field dependent magnetic measurements were measured in the range of 5K-400K at 0.01T field and -5T to 5T field at 

2K and RT respectively. The ac impedance spectroscopy of these perovskites was studied in the frequency range from 

100Hz to 1000 kHz in the temperature range from 80K to 300K.The frequency dependent electrical data were used to 

study the conductivity mechanism. From the magnetic studies it is found that the substitution of Fe3+ in the site of Cr3+ in 

PrCrO3 perovskites has shown a increase in ferromagnetic moment and the conductivity mechanism has shown the 

increase of conductivity with increase of temperature. 
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1. INTRODUCTION 
 

The Rare earth orthochromites with the general formula ABO3 (A is a non-magnetic alkali, alkaline earth or rare earth ion 

and B is a transition metal cation) have a pervoskite structure with orthorhombic distortion and an Anti-ferromagnetic 

ground state. These materials are attracting research interest because of their potential applications as multifunctional 

materials [1].These materials possesses variations of  physical properties under the action of external magnetic field. The 

synthesis , structural, magnetic and electrical properties of perovskite  orthochromites containing rare earth elements have 

been well documented in the physics and chemistry literature over the last few decades[2-8]. The recent theoretical 

predictions of magneto electric coupling between the rare earth and Cr3+ ions along with the experimental observations of 

magnetic properties in some of the rare earth orthochromites has renewed interest  in these materials[9,10]. Some studies 

have shown that magnetization reversal would be useful for applications like Volatile memories [11,12] and spin resolving 

devices for charged particles [13].The flip of magnetization is different from that of ordinary magnetic systems, in which 

the magnetization is switched by changing the direction of H.In the pervoskite materials, the magnetic properties are 

generally determined by the B-site cations and thus alloying different kinds of cations in the site may induce a variety of 

interesting phenomena has been observed by many researchers [14]. 

  

In our present paper we report the magnetic and ac conductivity studies of the PrCr1-xFexO3  perovskites. 

 

II.EXPERIMENTAL 
 

Polycrystalline powders of PrCr1-xFexO3 were prepared by the citric acid route as reported in our previous paper [ 15]. 

The powders were annealed at 650 ◦C for 2 h. Circular pellets were pressed at 4000 kgcm−2 in uniaxial disc. These pellets 

were sintered at 1200 ◦C for 4h. Sintered pellets were characterized by X-ray diffraction (XRD) using SHIMADZU XRD – 

7000 using monochromatic Cu Kα radiation. Microstructure and the grain size distribution of the sintered pellets were 

studied using a Scanning Electron Microscope (SEM) HITCHIS-3400 N. The field dependent and temperature dependent 

magnetic measurements are performed using MPMS made Quantum Design Inc (USA) with the precision of 0.5K for 

temperature and 0.33 Oe for magnetic field.  
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The FC and ZFC were measured at a field of 0.01T and in the temperature range of 5K to 400K The isothermal 

magnetization curves were measured in the field range of + 5T and -5T at 5K and RT respectively .The ac impedance 

spectroscopy measurements were carried out in the 100Hz-1000kHz frequency range at various temperatures between 

80K -300K using HP-4284A LCR meter and Lakeshore temperature controller with a computer controlled program. 

 

III.RESULTS AND DISCUSSIONS 
 

 A.Temperature dependent magnetic  studies of PCFO. 

The PCFO samples were characterized by XRD and confirmed the single phase nature of the compound which 

crystallizes in the orthorhombic perovskite structure [15]. The Fig 1 shows the temperature dependence magnetization 

both in FC and ZFC modes at 100 Oe. The magnetization is strongly dependent on composition. It can be seen in Fig 1 

that there exist two magnetic transitions marked as TN1 and TN2 in all the samples. The transition temperatures were 

estimated by taking dMFC / dT vs T curve (seen in inset of P00 of Fig 1). The variation in transition temperature (Neel 

Temperature) with composition is studied and observed that the TN1 value decreased from 240 K at x=0 to 98 K with 

increase in Fe content upto x=0.8. For the sample PrFeO3 (x=1), transition temperature was beyond the measuring 

temperature range, whereas TN2 value changed slightly with composition. In CrO6 octahedron, if the temperature is low 

enough, the super exchange interaction between the large spins on the nearest Cr3+ ions sandwiching O2- ion is generated 

resulting in anti-parallel spin configuration. Due to the orthorhombic distortion of PrCrO3 structure ,Cr-O-Cr bond angle 

slightly deviates from 1800 ,resulting in residual electronic spin originating from imperfect super exchange interaction and 

showing that the sample PrCrO3 is canted antiferromagnetic (AFM) below TN1 =240 K. The ferromagnetic component is 

due to the AFM exchange interaction between Cr3+ spins [16,17]. For change at TN2 , it would be caused from rare earth 

Pr3+ spin ordering in anti-ferromagnetic arrangement [18,19]. A small change in TN2 with Fe content indicates that the 

dopant is not effecting the Pr3+ spin ordering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Temperature dependent magnetization curves of PCFO samples for Fe content from x=0 to 

x=1.0 ( Inset of P00 is dMFC /dTvs Temp for x=0.0) 
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Fig 2: Combined Field dependent magnetisation curves of PCFO 

samples at 5K 

 

 

 

B.  Field dependent magnetic studies of PCFO. 

The Fig 2 gives the isothermal M-H loops of PCFO at 5 K indicate the presence of FM behavior in all samples. 

However, none reached the saturation up to 5T field. The remnant magnetization (Mr) and maximum magnetization 

(MMAX) were estimated and their values increased from MMAX= 8 emu/g,  Mr =2.18 emu/g respectively at x=0 and 

reached maximum at x=0.8 with MMAX= 15 emu/g and Mr=6.0 emu/g respectively and decreased   to 14 emu/g and 0.72 

emu/g respectively at x=1.0.This trend was formed by the substitution of Fe3+ ion for Cr3+  ion, which entered into the 

lattice of PrCrO3. Similar tendency was observed by Kuznetsov et al [20]. As discussed earlier PrCrO3 is canted AFM due 

to Cr-O-Cr exchange interaction below TN1. As Fe3+ions are incorporated into       B- site, three exchange interactions may 

be present due to the random distribution of  the B-site cations as  Fe-O-Fe, Fe-O-Cr and Cr-O-Cr. It is well known that 

Cr-O-Cr and Fe-O-Fe are AFM interactions, whereas Fe-O-Cr super exchange interaction shows FM interaction [21], 

which will enhance the magnetization with increase of Fe content. The Cr-O-Fe interaction increased leading to FM 

cluster in the lattice and reached maximum at x=0.8. The PrFeO3 (x=1.0) sample consists of only Fe-O-Fe, AFM 

interaction exists there by Mr and MMAX decreased. According to KG rule [22, 23] combined Cr-O-Fe linkages would show 

FM behavior through super exchange interaction when Fe3+ and  
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However, no saturated magnetic moment was found even at x=0.8 in this work, due to the mixed distribution of Fe-O-Fe, 

Cr-O-Cr and Fe-O-Cr exchange interactions. The decrease of magnetic ordering in transition temperature (TN1) with 

increase in Fe content upto x=0.8 may be due to frustration of co-existence of FM and CAFM phase. The Fig 3 shows the 

M-H curves at 300K and is observed that the samples behave like paramagnetic materials. 

 

C. AC conductivity Studies 

The Fig 4 shows the variation of AC conductivity against the temperature on an Arrhenius temperature scale of PCFO 

samples at 1 KHz, 10 KHz, and 100 KHz and 1 MHz frequencies. The AC conductivity is calculated using σac = 2πfdC tan 

δ / A. The variation of σac in the temperature range is due to thermally activated transport properties of the materials 

obeying the Arrhenius equation σac = σ0 exp (-Ea/ kT). From the figures it is observed that the conductivity of the samples 

increases with increase of temperature which is the behavior of the materials of having the negative temperature 

coefficient of resistance (NTCR), which is the behavior of semiconducting material. This kind of behavior is due to the 

conduction mechanism of the hopping of charge carriers.  

 

 

 

 

 

Fig3: Combined Field dependent magnetisation curves of 

PCFO samples at 300 K 
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The two distinct regions occur in the above figures. At higher temperatures, the different curves merge into a single 

curve indicating the   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dc conduction phenomena which is caused due to the release of electrons. 

 

IV.CONCLUSIONS 

 

The magnetic studies of PCFO samples have shown the increase in magnetic moments with the doping of Fe and the 

conductivity studies have shown the increase of conductivity with increase of temperature. 
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