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Relaxor ferroelectrics are materials with outstanding dielectric, electroelastic, and electrooptic properties 
related to their complex nanoscale structure. It is now well known that the broad frequency-dependent peak 
of the dielectric permittivity as a function of temperature is related to the existence of dynamic polar 
nanoregions (PNRs), but it is still not clear which is the most efficient way to tune the relaxor properties via 
chemically induced changes in the nanoscale structure. High-pressure experiments on pure and doped 
relaxor compounds are of particular importance for the better understanding of the structure-property 
relationship, as pressure may enhance structural species present at ambient conditions, which are not 
favoured by the temperature decrease. Pure PbSc0.5Ta0.5O3 (PST) and PbSc0.5Nb0.5O3 (PSN) undergo a 
pressure-induced phase transition from cubic to nonpolar rhombohedral near pc1 = 1.9 GPa and pc1 = 4.1 GPa 
[1], respectively, involving the development of antiphase octahedral tilting with an a-a-a- tilt pattern 
(Glazer’s notation). It has been shown [2] that the substitution of Pb2+ by cations with smaller ionic radii 

shifts pc1 to ambient pressure due to the reduction of the tolerance factor 
A O

√ A O
, which favours 

octahedral tilting, and the effect is independent of whether heterovalent or homovalent A-site-cation 
substitution takes place. We have recently observed a second pressure-induced phase transition in pure PST 
and PSN [3]. For PST it occurs near pc2 ~ 5.5 GPa and consists of an antipolar long-range order of the Pb 
cations accompanied by a change in the tilt long-range order from an antiphase a-a-a- to a mixed a+b-b- 
pattern. For PSN the phase transition is at pc2 ~ 16.6 GPa and involves a symmetry reduction due only to a 
change in the tilt pattern from a-a-a- to a0b-b-. The difference between PST and PSN in the structural state 
above pc2 has been ascribed to the distinctive fine-scale degree of 1:1 B-site chemical order, which most 
probably affects the correlation length of inherent ferroic Pb-O species existing at ambient pressure. The 
latter can however be influenced also by chemical variations on the A-site. Thus, to check the effect of iso- 
and aliovalent A-site substitution by small-radius cations on the second pressure-induced phase transition in 
Pb-based relaxors, we carried out high-pressure synchrotron single-crystal X-ray diffraction (XRD) and 
simultaneous off-beam Raman scattering experiments on Pb1-xLaxSc(1+x)/2Ta(1-x)/2O3, x = 0.08 (PST-La), Pb1-

xLaxSc(1+x)/2Nb(1-x)/2O3, x = 0.23 (PSN-La), and Pb0.66Sr0.34Sc0.5Nb0.5O3 (PSN-Sr) at pressures up to 20 GPa. 

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 in loaded 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. Helium was used as a pressure-transmitting medium, ensuring hydrostaticity in the entire pressure 
range of measurements. The pressure was determined from the pressure-induced shift of the ruby 
photoluminescence line. Measurements on decompression verified the reversibility of the observed structural 
changes. Figure 1 shows sections of the (hk1) layers reconstructed in 3  for PST-La, PSN-La, and PSN-
Sr. The Bragg peaks with hkl all odd (R-point peaks in terms of the Brillouin-zone modes of the aristotype 
structure 3  associated with the corresponding structural changes) are generated by the antiphase BO6 
long-range order already existing at ambient pressure due to the doping-induced reduction of the tolerance 
factor. For PST-La there is a very weak contribution from 1:1 B-site chemical order. The appearance of hkl 
Bragg peaks with h, k = 2n and l = 2n+1 (X-point peaks) indicates antipolar long-range order of Pb2+ cations, 
whereas the existence of accompanied weaker hkl Bragg peaks with h = 2n and k, l = 2n+1 (M-point peaks) 
would indicate the formation of a mixed a+b-b- octahedral tilt pattern [3]. The substitution of Sr2+ for Pb2+ in 
PSN leads to the development of Pb antipolar long-range order at pc2 = 7.4 GPa (see Fig.1) and a detectable 
mixed tilt pattern a+b-b- at 9.6 GPa (not shown). Above 14.5 GPa the X-point diffraction peaks become as 
strong as the R-point peaks. Note that for pure PSN pc2 = 16.6 GPa and the phase transition consists only of a 



change in the magnitudes of the tilts. For PSN-La no sharp X-point and M-point peaks were detected in the 
entire pressure range but at 12.0 GPa diffuse streak-like X-point diffraction features appeared in the (hkl) 
layers with l even (see Fig. 2). For PST-La the second pressure-induced phase transition involves the same 
structural changes as in pure PST but the critical pressure pc2 is shifted from 5.5. GPa to 8.1 GPa (see Fig.1) 
and a mixed tilt pattern was detected only at 15.6 GPa. Therefore, the chemically enhanced antiphase BO6 
tilt long-range order (resulting from the reduction of the tolerance factor) in general favours the development 
of antipolar Pb long-range order driven by an X-point phonon mode. However, the local electric fields 
induced by the heterovalent A-site substitution oppose the development of Pb antipolar ordering and the 
compatible mixed tilt system. Complementary off-beam Raman scattering experiments suggest that this is 
related to the fact that the A-doping-induced local electric fields pull back the pressure-induced suppression 
of off-centred B-cations observed for pure and homovalent-doped PST and PSN. Thus the substitution of 
La3+ for Pb2+ has two competitive effects on the second pressure-induced phase transition and depending on 
the degree of the aliovalent substitution on the A-site, the overall antipolar Pb ordering may be enhanced at 
least on the mesoscopic scale as in the case of PSN-La (x = 0.23) or slightly disturbed as in the case of PST-
La (x = 0.08), leading to a shift of pc2 to higher pressures.  
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Fig. 2: (hk0) layer of PSN-La reconstructed in
3  from synchrotron single-crystal XRD

data at 12.0 GPa. Note the diffuse streak-like X-
point reflections marked by white arrows.  

Fig. 1: Sections of the (hk1) reciprocal-space layers
reconstructed in 3  for PST-La, PSN-La, and PSN-Sr at
different pressures. The indices of the lower-left and upper-right
Bragg reflections are 311 and 131, respectively. The white
arrows mark X-point reflections with Miller indices 221.  


