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The term morphotropic phase boundary (MPB) usually refers to a concertation region where different crystal 

structures with a low energy barrier can coexist. The most common and well understood MPB exists between the polar 

rhombohedral (R3m) and tetragonal (P4mm) structures in lead zirconate titanate (PZT) [1]. While currently dominant 

piezoelectric materials with MPB are extremely efficient they contain lead which is highly toxic. Due to this drawback 

and overall shift towards green and sustainable chemistry, which was partly induced by anti Pb legislations, a search for 

a greener alternative is ongoing. The search for a new type of materials led scientists to a discovery of the polar to non-

polar transition containing MPB. This significantly improved the approach of new lead-free ferroelectric material 

design with properties similar to PZT [2]. 

BiFeO3, a lead free multiferroic compound with perovskite type structure, was found to have a polar to non-polar 

morphotropic phase boundary. Chemical substitution of bismuth ions by rare-earth elements (La–Sm) causes the 

structural transition from the polar rhombohedral phase (described by the space group R3c) to the non-polar 

orthorhombic phase (Pnma space group) via stabilization of PbZrO3-like anti-polar orthorhombic phase (Pbam space 

group) [3]. The concentration ranges of the structural stability of the rhombohedral and the anti-polar orthorhombic 

phases strongly depend on the type of rare-earth element and the reduction in the ionic radius of the dopant ions leads to 

a shrinkage of the mentioned ranges [3]. The concentration range attributed to the anti-polar orthorhombic phase 

reduces to 1% in the system Bi1-xSmxFeO3[4]. In the case of Sm-doping the concentration range ascribed to structural 

stability of the antipolar orthorhombic phase becomes extremely dependent on the preparation conditions and post 

synthesis treatment of the samples see Fig. 1. It should be noted that structural characterization of the MPB region 

performed based on microscopic measurements such as XRD, Raman or IR spectroscopy can give different results as 

compared to local measurements such as TEM or PFM, which poses a great problem for further scientific research [5]. 

In the present study, we report on the correlation between the type of structural distortions. Morphology of 

crystallites and an onset of remanent magnetization for Sm-doped BiFeO3 compounds prepared by different methods. 

As well the effects of high pressure on the structural and magnetic properties. 

 

 
 

Fig. 1. Phase diagrams of the compounds Bi1-xSmxFeO3 prepared by sol-gel (left) and solid-state (right) reaction 

technique. 
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