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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, 
which is related to their complex local structure comprising dynamic polar nanoregions (PNRs). Their 
superior performance is of great technological importance, e.g. for nonvolatile memory devices, yet their 
structure-property relationships are still a matter of debate. High-pressure experiments are of particular 
importance for the better understanding of the atomistic origin of the unique relaxor properties, as pressure 
may enhance structural species present at ambient conditions that are not favoured by a temperature 
decrease. By contrast to pure PbSc0.5Ta0.5O3 (PST) which exhibits long-range ferroelectric ordering on 
cooling, Pb0.78Ba0.22Sc0.5Ta0.5O3 (PST-Ba) is a canonical relaxor, i.e. its average structure remains cubic even 
at temperatures well below the temperature of the dielectric-permittivity maximum. This is due to the local 
elastic fields associated with the substitution of larger homovalent cations with isotropic electron shells 
(Ba2+) cations for Pb2+ possessing electron lone pairs. Pure PST undergoes two pressure-induced phase 
transitions. At pc1 = 1.9 GPa a continuous cubic-to-nonpolar rhombohedral phase transition takes place [1,2], 
which involves the development of antiphase octahedral tilting with an a-a-a- tilt pattern (Glazer’s notation). 
The critical pressure is preceded by a characteristic pressure p1* ~ 1.2 GPa, at which the Pb- and B-site 
cations decouple leading to a suppression of the intermediate-range polar order, while quasi-dynamical long-
range ordered antiphase BO6 tilts develop without breaking the cubic average symmetry. Similar phase 
transitions have been observed in many lead-based perovskite-type relaxor compounds, including PST-Ba 
[2,3]. However, due to the local strains in the vicinity of the Ba2+ cations, the phase transition is smeared out 
over a pressure range from 2 to 4 GPa and the ferroic distortion as well as the phase fraction developed at pc1 
is considerably reduced. Recently, a second phase transition near pc2 ~ 5.5 GPa was observed in pure PST 
[4], which involves antipolar long-range ordering of the Pb2+ cations and a change in the BO6-tilt pattern to a 
mixed tilt system a+b-b- compatible with the pattern of the A-site cation ordering. The second phase 
transition was revealed by the appearance of hkl Bragg peaks with h, k = 2n and l = 2n+1 (Miller indices 
refer to mFm3 ) and weaker hkl Bragg peaks with h = 2n and k, l = 2n+1. Raman spectroscopy showed that 
this phase transition is preceded by a local change in the tilt pattern at p2* = 3 GPa, at which the octahedral 
tilts around the three cubic axes become different. A second pressure-induced phase transition was also 
observed in PbSc0.5Nb0.5O3 (PSN) [4], however, it comprises only a change of the octahedral tilt order from 
antiphase with equal magnitudes a-a-a- to antiphase with unequal magnitudes a0b-b-. The difference between 
PSN and PST has been attributed to two factors: the smaller fine-scale degree of the 1:1 B-site chemical 
order in PSN as compared to PST as well as the shorter length of coherence of ferroic Pb-O species that exist 
at ambient pressure and temperatures above the temperature of the nucleation of PNRs. In order to check the 
influence of Ba doping on the second pressure-induced phase transition we carried out high-pressure 
synchrotron single-crystal X-ray diffraction (XRD) and simultaneous off-beam Raman scattering 
experiments on PST-Ba in the pressure range up to 23 GPa. The studied PST-Ba single crystals possess 
larger chemically ordered regions (~ 33 nm) as compared to pure PST (~ 6 nm) and at the same time, the 
incorporation of Ba into the structure strongly disturbs the coherence between local ferroic Pb-O species [3]. 
Hence, high-pressure experiments on PST-Ba also aimed to reveal which factor, fine-scale B-site chemical 
ordering versus inherent local ferroic Pb-O species, has a stronger influence on the second pressure-induced 
phase transition in Pb-based relaxor ferroelectrics.  

Synchrotron single-crystal XRD experiments were conducted at the F1 beamline of HASYLAB/ DESY, 
using a radiation of wavelength  = 0.5000 Å and a MarCCD 165 detector. Plate-like specimens parallel to 
the cubic {100} planes were loaded in diamond-anvil cells of the Boehler-Almax design. Data were 
collected at a sample-to-detector distance of 100 mm with a step width of 0.5° and an exposure time of 120 s 
per frame. The actual pressure values were determined by the ruby-line luminescence method. Helium was 
used as a pressure-transmitting medium, ensuring hydrostaticity in the entire pressure range of 



measurements up to 23 GPa. Measurements on decompression verified the reversibility of the observed 
structural changes.  

Figure 1 shows sections of reciprocal space layers reconstructed in mFm3  at different pressures. At 
pressures above ~ 4 GPa the Bragg reflections with hkl all odd arise from a superimposition of sharp 
reflections generated by long-range ordered antiphase BO6 tilts and broad reflections originating from 1:1 B-
site chemically ordered domains. As can be seen, no additional sets of Bragg peaks appear over the entire 
pressure range studied. Hence, doping with Ba suppresses the antipolar long-range order of Pb2+ cations and 
consequently the BO6-tilt pattern does not change to a mixed system. The length of coherence of B-site 
chemical order in PST-Ba is approximately 5 times larger than that in PST, which would facilitate the 
antipolar Pb2+ cation ordering. Thus, the local elastic fields induced by the incorporation of Ba have stronger 
stronger impact on the second pressure-induced phase transition than the B-site chemical order. Figure 2 
shows the 0k0 reflection with k = 10 at 22.4 GPa. At this pressure a resolved d-spacing splitting is observed, 
which unambiguously reveals that the symmetry is lower than rhombohedral. Hence, similar to PSN, the 
phase transition in PST-Ba that occurs at pc2 involves only a change in the tilt pattern to a0b-b- or a-b-b- with 
a < b. In summary, due to the disturbance of coherent Pb-O ferroic species existing at ambient pressure, Ba 
doping substantially shifts the second critical pressure pc2 from ~ 5.5 GPa to 22 GPa and hinders the 
antipolar order of Pb2+ cations, thus restricting the structural transformation to an alteration only in the 
magnitudes of the octahedral tilts.  
  

 

Fig. 1: Reciprocal-space layer sections reconstructed in mFm3  
for PST-Ba at different pressures. The indices of the lower-left and 
upper-right Bragg reflections in the (hk1) layer are 155  and 115 , 
respectively. For the (hk2) layer these reflections are 284 and 

244 , respectively. 

Fig. 2: Bragg peak 0k0 with k = 10 at 
22.4 GPa, clearly showing a d-spacing 
splitting. The arrow marks the direction 
of the origin.  
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