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Perovskite-type (ABO3) relaxor ferroelectrics and related materials are multifunctional materials with 
remarkably large dielectric permittivity as well as strong piezoelectric, pyroelectric, electromechanical and 
electrooptic responses near room temperature. The unique properties of relaxors are related to their 
nanoscale structural inhomogeneities associated in most cases with the presence of substitutional disorder. 
At ambient conditions, the average structure of relaxors is cubic or pseudocubic but rich in dynamical ferroic 
nanoregions flipping between the possible orientational states. The small length- and time-scale of coherence 
of these ferroic nanoregions makes it difficult to study the room-temperature relaxor structure. However, in-
situ synchrotron X-ray diffraction (XRD) at different temperatures and pressures can help to resolve the 
structural complexity of relaxors, since the variation of these two thermodynamic parameters can reveal the 
energetically preferred structural nanoclusters existing at ambient conditions. In this regard high-pressure 
structural analysis is important to shed light on the structural peculiarities of relaxors. Recently, 
complementary high-pressure XRD and Raman scattering studies of pure as well as A- and B-site doped 
PbSc0.5Ta0.5O3 (PST) and PbSc0.5Nb0.5O3 (PSN) revealed that at ambient conditions antiferrodistortive 
nanoclusters coexist with the well known polar nanoregions. Under pressure the intermediate-range polar 
order is suppressed while the antiferrodistortive order is enhanced, leading to the occurrence of a cubic to 
non-polar rhombohedral phase transition at pc1 comprising a long-range order of antiphase octahedral tilts 
with an a-a-a- pattern (Glazer notation) [1]. The latter is revealed by the appearance of pressure-induced hkl 
Bragg peaks with h,k,l = 2n+1 referred to mFm3 . For pure PST and PSN pc1 is at 1.9 GPa and 4.1 GPa, 
respectively. The comparison between the pressure-induced structural transformations in pure PST and PST 
heavily B-site-doped with Nb (0.72PST-0.28PSN, PSTN) and Sn (0.78PST-0.22PbSnO3, PSTS) showed that 
the isovalent substitution of Nb5+ for Ta5+ shifts pc1 to 2.5 GPa, which is between the critical pressure of the 
end members, whereas the aliovalent substitution of Sn4+ for pairs of Sc3+ and Ta5+ slightly decreases pc1 to 
1.3 GPa [2]. The latter is related to the Sn-incorporation-induced disturbance of the intermediate-range order 
of B-cation off-centre displacements in the polar nanoregions, which facilitates the development of antiphase 
BO6 tilt order. Upon further pressure increase a second pressure-induced phase transition has been observed 
for pure PST and PSN at pc2 ~5.5 GPa and ~16.6 GPa, respectively [3]. The phase transition in PST involves 
an antipolar long-range order of Pb2+ cations (revealed by hkl Bragg peaks with h,k = 2n and l = 2n+1 [3]) 
accompanied by a change in the tilt system from a-a-a- to a mixed a+b-b- tilt pattern (revealed by hkl Bragg 
peaks with h = 2n and k,l = 2n+1 [3]), whereas the phase transition in PSN consists only of a change in the 
magnitudes of BO6 tilting around the three cubic axes, decreasing the symmetry of the antiphase tilt pattern 
from a-a-a- to a0b-b-. The difference in the high-pressure structural state of PST and PSN has been attributed 
to the small variations of the fine-scale degree of chemical 1:1 B-site order and the correlation length of 
intrinsic Pb-O ferroic species at ambient conditions [3]. Very recent experiments on A-site doped PST and 
PSN suggested that the latter factor is more important than the former. In order to further elucidate how 
chemistry influences the intrinsic ferroic clusters and the consequent phase transition patterns, we analysed 
the effect of a third type of B-cation on pressure-induced structural changes at hydtrostatic conditions up to 
20 GPa. For the purpose in-situ single-crystal synchrotron XRD at the F1 beamline at DESY/HSYLAB and 
simultaneous off-beam Raman scattering were performed on PSTN and PSTS. The experiments at F1 were 
conducted using a MarCCD 165 detector,  = 0.5000 Å, a sample-to-detector distance of 100 mm, a step 
width of 0.5 per frame, an exposure time of 120 s, Boehler-Almax diamond-anvil cells, and He as a 
pressure-transition medium. The ruby photoluminescence line was used to measure the pressure. It should be 
underlined that PSTN and PSTS have the same tolerance factor )](2[)( OBOA rrrrt   as PST and PSN 
[2]. The mean size of chemically ordered domains in PST and PSTN is 6.4 and 4.6 nm, respectively, 
whereas PSTS does not show any B-site chemical long-range order even in synchrotron single-crystal XRD 
experiments. According to powder XRD, PSN is also entirely chemically disordered but exhibit weak 
superlattice peaks related to chemical 1:1 B-site ordering in single-crystal synchrotron XRD experiments in 
air.  



As can be seen in Fig.1, a second pressure-induced phase transition occurs in both PSTN and PSTS and 
similar to PST, it involves anti-polar ordering of the Pb2+ cations and the development of a mixed a+b-b- 
octahedral-tilt system. The critical pressure pc2 is between 10.5 and 12.3 GPa for PSTN and between 8.1 and 
11.3 GPa for PSTS. However, for PSTN even at 19.6 GPa instead of sharp even-even-odd Bragg peaks as in 
the case of PSTS (Fig. 1) and PST [3], streak-like diffuse diffraction features parallel to 100 * are 
observed. This indicates that regardless of the fine-scale length of coherence of B-site chemical order, the 
correlation length of ordered Pb antipolar shifts for PSTN is shorter than that for PSTS and it is most 
probably related to the preexisting ferroic species at ambient conditions. Therefore, the delicate balance 
between the fine-scale polar and antiferrodistortive order can be chemically tuned even by doping which 
does not change the tolerance factor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Sections of reciprocal-space layers of PSTN and PSTS at selected pressures. White dashed circles mark even-
even-odd Bragg peak positions typical of Pb antipolar long-range order [3].White dashed squares mark even-odd-odd 

Bragg peak positions arising from a+b-b- long-range order [3]. The arrows point to streak-like diffraction features in the 
hk2 layers corresponding to even-even-odd Bragg peaks.  

Acknowledgements: Financial support by the DFG (MI 1127/2-2, INST 152/526-1) is gratefully 
acknowledged. 

References 
[1] B. Mihailova, R. J. Angel, B. J. Maier, A.-M. Welsch, J. Zhao, M. Gospodinov, and U. Bismayer, IEEE 

Transactions on Ultrasonics, Ferroelectrics and Frequency Control (2011) in press, and reference therein. 
[2] A.-M. Welsch, B. J. Maier, B. Mihailova, R. J. Angel, J. Zhao, C. Paulmann, J. M. Engel, M. Gospodinov, V. 

Marinova, and U. Bismayer, Z. Kristallogr., 226, 126 (2011). 
[3] B. J. Maier, N. Waeselmann, B. Mihailova, R. J. Angel, C. Ederer, C. Paulmann, M. Gospodinov, A. 

Friedrich, and U. Bismayer, Phys. Rev. B: submitted 


