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Abstract: 
Solid solutions of SmTiO3 and PrTiO3 were synthesised by the solid-state reaction technique 

and characterised by XRD. The present work investigates the structural and magnetic 

properties of SmTiO3 and PrTiO3 through temperature-dependent magnetic susceptibility in 

the range of 50 to 400K. 
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1. Introduction: 
Mixed rare-earth transition metal perovskites have attracted considerable attention due to their 

rich and complex magnetic behaviour [1-3]. The primary objective of the study is to prepare 

these compounds in a controlled manner to ensure single-phase formation and to perform 

systematic characterisation of their physical properties, which are essential for understanding 

their magnetic behaviour. The rare-earth elements predominantly exhibit a trivalent oxidation 

state, which strongly influences the magnetic properties [4]. Understanding these magnetic 

properties is essential not only for fundamental condensed matter research but also for potential 

technological applications, including magnetic sensors and magnet oresistive materials [5]. 

The high-temperature magnetic susceptibility of these compounds has been reported [6], but at 

low temperature, only studies of some compounds have been reported. This prompted us to 

investigate the complete magnetic behaviour of SmTiO3 and PrTiO3 at the temperature range 

50 – 400 K 

 
2. Structural Study of Compounds 
The studied mixed rare-earth transition metal compounds SmTiO3 and PrTiO3 have been 

prepared by the solid state reaction technique and characterised by XRD pattern using CuKᾀ 

radiation (λ=0.15406 nm). The starting materials for the preparation of SmTiO3 and PrTiO3 

have their common oxides, namely Sm2O3 and Pr6O11 (with purity 99.9%), along with 

titanium dioxide TiO2 (with purity of 99.9%), which were procured from Alfa Aesar (A 

Johnson Matthey company, USA). The stoichiometric amounts of these oxides and TiO2 were 

taken to mix thoroughly. After mixing, these materials were pressed and fired at 1350K for 50 
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hours with one intermediate grinding. The compound formation takes place with the following 

solid-state reaction  

 
Sm2O3 + 2TiO2   2SmTiO3 + O 

  Pr6O11 + 6TiO2  6PrTiO3 + 5O 
 

The expected weight loss due to the emission of oxygen was observed to be nearly the same as 

expected for the reaction. 

The XRD pattern of these compounds was recorded at room temperature using CuKᾀ radiation 

(λ=0.15406 nm). Lattice parameter was calculated using Bragg’s law [7], and phase purity was 

confirmed via Rietveld refinement. No secondary phases were detected, indicating the 

successful formation of single-phase perovskites. 

 

dhkl = λ/2sinθ 

The experimental dhkl values were found to be in good agreement with theoretical calculations. 

 
Table A: Comparison of experimental and theoretical dhkl values 
compound hkl Experimental (nm) Theoretical (nm) 

 

SmTiO3 

020 0.3259 0.3258 

200 0.2715 0.2713 

002 0.2494 0.2492 

 

PrTiO3 

020 0.3310 0.3308 

200 0.2750 0.2748 

002 0.2520 0.2519 

 
 
The lattice parameters derived from the XRD pattern are summarised in Table B 
 

Table B : Lattice parameters of SmTiO3 and PrTiO3 derived from XRD 

Compound Crystal System a (nm) b (nm) c (nm) 

SmTiO3 Orthorhombic 0.544 0.654 0.938 

PrTiO3 Orthorhombic 0.550 0.660 0.940 
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3. Magnetic Study of Compounds 
This paper presents magnetic properties of SmTiO3 and PrTiO3 through detailed 

temperature-dependent magnetic susceptibility measurements. The study focuses on 

determining the effective magnetic moment (µeff), paramagnetic Curie temperature (θp), 

and magnetic ordering temperature (Curie Tc) by establishing a correlation between 

structural parameters and magnetic parameters. This gives the complete picture of the 

magnetic properties of these mixed rare-earth titanates [8,9] 

 
Magnetic measurements were performed using standard laboratory instruments suitable for 

both low- and high-temperature studies. D.C. magnetic susceptibility (χ) was measured 

using vibrating sample magnetometers in the temperature range of 50-400 K under an 

applied magnetic field of 0.1 – 1T by using the relation. 

 

 
 

Where C is the Curie Constant and θp is the paramagnetic Curie Temperature. The effective 

magnetic moment (µeff) was calculated using. 

 

 
Where µB is the Bohr magneton. The inverse susceptibility (χ-1) verses temperature plots 

were used for linear fitting above the transition region to extract C and θp. 

Table C: Curie-Weiss Analysis of SmTiO3 and PrTiO3 
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The χ(T) and χ-1 (T) plots are shown in Figures 1 and 2. 
 

Figure 1 SmTiO₃ – χ(T) vs T and χ⁻¹(T) vs T with Curie–Weiss fit. 

 
 
 
Figure 2:  PrTiO₃ – χ(T) vs T and χ⁻¹(T) vs T with Curie–Weiss fit
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4. Result and Discussion 
The systematic preparation and characterisation of SmTiO3 and PrTiO3 perovskites have 

been successfully achieved using controlled solid-state synthesis. Structural analysis 

through XRD confirmed the formation of a single-phase orthorhombic perovskite with 

lattice parameters consistent with the ionic radii of the rare earth cations. SmTiO3 exhibits 

predominantly antiferromagnetic behaviour, while PrTiO3 shows paramagnetic behaviour 

over the measured temperature range 50-400K 

 
References 

1. D.A. Maclean, H OK-NAM NG and J.E. Greedan “J-Solid state Chem.” 30,35 (1979). 

2. Y.ohishi, T. Kanamori and S.Takaharhi(1991) J.appl.Phys (Japan), 30 , L1282. 

3. Witte, Ralf, Abhishek Sarkar, Robert Kruk, Benedikt Eggert, Richard A. Brand, 

HeikoWende, and Horst Hahn. "High-entropy oxides: An emerging prospect for 

magnetic rare-earth transition metal perovskites." Physical Review Materials 3, no. 3 

(2019): 034406. 

4. Liu, Xuyang, K. H. Lam, Ke Zhu, Chao Zheng, Xu Li, Yimeng Du, Chunhua Liu, and 

Philip WT Pong. "Overview of spintronic sensors with Internet of Things for smart 

living." IEEE Transactions on Magnetics 55, no. 11 (2019): 1-22. 

5. Liu, XuYang, K.H. Lam, Ke. Zhu, Chao Zheng, XuLi, Yimeng Du, Chunhua Liu, and 

Philip WT Pong “overview of spintronic sensors with internet of things for smart 

living.” IEEE transactions on magnetic 55, n0. 11 (2019) 1-22. 

6. V.P. Srivastava, Sugandha Srivastava, IJISET, Vol 3 Issue 4 (2016), 313-352. 

7. Hart, Michel “Bragg angle measurement and mapping” Journal of Crystal Growth 55, 

no.2 (1981) 409-427. 

8. Smylie, M.P., K.Willa, J.K. Bao, K.Ryan, Z.Islam, H.Claus, Y. Simsk et .al  

“Anisotropic superconductivity and magnetism in single–crystal RbEuFe4As4” 

Physical Review B 98,10 (2018); 104-503.  

9. Nisticò, Roberto, Federico Cesano, and Francesca Garello. "Magnetic materials and 

systems: Domain structure visualization and other characterization techniques for the 

application in the materials science and biomedicine." Inorganics 8, no. 1 (2020): 6. 

 

http://www.ijiset.com/

