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Lead-based perovskite-type (ABO3) relaxors are advanced ferroelectric materials which have been 
attracting considerable attention due to their extraordinary high dielectric, electro-elastic and 
electro-optic response. The relaxor structural state is pseudo-cubic and consists of polar 
nanoregions distributed inside a paraelectric matrix. The relationship between the nanoscale 
structure and macroscopic properties of relaxors is still obscure. In particular, it is not clear what is 
the primary factor for the suppression of long-range ferroelectric order: the chemical disorder on 
the B-site and the associated charge imbalance or the substitutional disorder on the A-site and the 
consequent disturbance of the system of Pb2+ lone-pair electrons. Our recent study on temperature-
driven structural transformations in PbSc0.5Ta0.5O3 (PST) and Pb0.78Ba0.22Sc0.5Ta0.5O3 (PST-Ba) [1] 
has pointed out the importance of local strains occurring when two-valent cations with an isotropic 
electron outermost shell (Ba) substitute for two-valent cations with affinity to form lone pairs (Pb). 
To gain more insight into the energetically preferable atomic clustering we compared the pressure 
induced structural changes in PST [2] and PST-Ba by applying single-crystal x-ray diffraction 
(XRD) and Raman scattering analysis. In-house high-pressure XRD experiments reveal that the 
incorporation of Ba into the structure of PST spreads out the phase transition over a pressure range 
between 2 and 4 GPa. According to Raman spectroscopy, similar changes happen in the local 
structure upon pressure in PST and PST-Ba. However, while in PST the rearrangements in both Pb 
and B-cations systems occur at the same pressure ~ 2.0 GPa, for PST-Ba there are two distinctive 
pressures. Above 2 GPa a gradual suppression of the off-centred shifts of B-cations takes place, 
whereas ferroic ordering processes in the Pb system occur near 4 GPa.  

High-pressure synchrotron single-crystal XRD experiments were conducted at the F1 beamline of 
HASYLAB/DESY using a MarCCD 165 detector. Data on PST-Ba were collected with a radiation 
wavelength λ = 0.4500 Å, a sample-to-detector distance of 80 mm, a stepwidth of 0.5° per frame 
and exposure times of 120 s. The measurements were performed at 7 pressures up to 6 GPa and 
ambient temperature, using a diamond anvil cell of Boehler-Almax design. The ruby-line 
luminescence method was used to determine the actual pressure values. The pressure-induced ruby-
line shift was measured by a DeltaNu portable Raman spectrometer. A 4:1 methanol-ethanol 
mixture was used as a pressure transmitting medium, ensuring hydrostatic pressure in the 
considered range. Measurements on decompression verified the reversibility of the observed 
structural changes. The high-pressure experimental conditions for PST are described in [2].  

Figure 1 shows the pressure evolution of the diffuse scattering in PST and PTS-Ba, which arises 
from the existing cation off-centred shifts in polar nanoregions. The analysis of the high-pressure 
phase of PST [2] shows that the suppression of the diffuse scattering is due to the enhanced 
correlation length of ferroic Pb displacements as well as to the suppressed B-cation off-centred 
displacements. The similar trend for both compounds suggests that such atomic rearrangements 
occur under pressure also in PST-Ba. However, in the case of PST the intensities of Bragg 
reflections with h+k+l = 4n+2 systematically decrease with pressure, due to the formation of long-
range ordered antiparallel Pb shifts accompanied by anti-phase octahedral tilts, whereas for PST-Ba 
three different types of pressure dependence of those diffraction peaks are observed (see Fig. 2). 
These findings reveal that the chemically induced local electric fields in the vicinity of A-
positioned Ba cations hinder the establishment of long range order under external elastic stress. 



This highlights the importance of potential barriers associated with local strains for the occurrence 
of relaxor structural state.  

 

Figure 1: Selected reciprocal space segments representing the pressure evolution of the diffuse X-ray 
scattering along 〉〈110 , which is related to off-centred cation shifts in polar nanoregions. 

 

Figure 2: (hk2) reciprocal layers for PST-Ba measured at different pressures as well as the pressure of the 
intensities of selected points representing three types of trends observed for hkl peaks with h+k+l = 4n+2: 
intensity decrease upon pressure (blue), intensity increase upon pressure (red), and change in the slope of 

I(p) near 4 GPa. The experimental errors are within the size of the symbols. 
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