Investigation of ferroelectric nanostructured systems by ESR and NMR methods
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The theoretical and experimental investigation of ferroelectric nanopowders is performed. Since the most prominent size effect in ferroelectric nanomaterials was known to be size driven ferroelectric–paraelectric phase transition at some critical particle size R = Rcr the study of this effect manifestation in radiospectroscopy spectra was the main goal of the paper. 

In theoretical part the size effect of the parameters of the central transition (1/2 ( –1/2 lines which are known to be the most intensive for powder sample both in ESR and NMR are considered for the materials with ferroelectric tetragonal phase at room temperature and cubic paraelectric phase in the bulk. Therefore the transformation of axial symmetry spectra into cubic symmetry ones can be expected at R ( Rcr. For this transformation description the spontaneous polarization inhomogeneity inside a particle and distribution of particle sizes calculated respectively in [1] and [2] were taken into account. Both these factors lead to inhomogeneous broadening of the lines.

In ESR spectra the transformation of the spectra from axial symmetry to cubic symmetry lines was obtained with decreasing of nanoparticle sizes with practically complete disappearance of axial spectra at R ( Rcr. The method of Rcr value extraction from the ratio of the different symmetry spectra intensities was proposed.

Size effect in NMR spectra for nuclei with quadrupole moments was considered, i.e. +1/2 ( –1/2 transition perturbed by second order quadrupole interaction of the nuclei with electric field gradient was calculated. Allowing for the absence of cubic symmetry in the vicinity of surface even in paraelectric phase, namely at R ( Rcr (P = 0), we described this size effect in core and shell model [3].

Measurements of Fe3+ ESR spectra and 137Ba NMR spectra in nanopowder of BaTiO3 were carried out. The samples were prepared by rate-controlled method [4]. Lazer granulometry method analysis had shown that the particles sizes are distributed around two maxima with 
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 nm and 
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 nm. The decrease of intensity of axial symmetry ESR lines of Fe3+ and appearance of cubic symmetry line was observed with the average sizes decrease with complete disappearance of axial spectra at 
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 nm. NMR spectra practically did not change in all the samples although the essential narrowing of the line was expected at R ( Rcr.

The comparison of the theory with experiment was carried out. The theory fits experimental data pretty good. The value of critical size Rcr ( 40 nm was extracted from ESR data. The asymmetry and broadening of right hand side shoulder of ESR cubic symmetry line was shown to be related to contribution of paramagnetic centers in the vicinity of the particles surface with lower than cubic symmetry. Such type contribution to NMR line can be the main reason of absence of the pronounced size effect, namely the narrowing of the line, in NMR spectra of nuclei with quadrupole mechanism that defined the spectra main characteristics. The nuclei with chemical shift mechanism can be more sensitive for size effect investigations by NMR method.
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