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Lead-based perovskite-type (ABO3) relaxor ferroelectrics exhibit the highest dielectric permittivity, 
piezoelectric/electro-elastic and electro-optic coefficients among known advanced materials, which 
make them very attractive for a number of technological applications. The exceptional relaxor 
properties are due to their structural inhomogeneity. At ambient conditions, the average structure is 
pseudocubic but rich in ferroic nanoregions. The size of these ferroic nanoregions is insufficient to 
be directly studied by conventional Bragg diffraction analysis. However, complementary 
application of in-situ temperature/pressure X-ray diffraction (XRD) and Raman scattering allows us 
to resolve the structural complexity of relaxors. The two methods have different length scale of 
sensitivity and the combined analysis of the low-temperature or high-pressure average structure and 
phonon anomalies enhanced on temperature decrease or pressure increase can reveal the 
energetically preferred structural nanoclusters at ambient conditions. In this regard, high-pressure 
experiments are vital for the better understanding of the nanoscale structure of relaxors. Recently, 
by applying XRD, neutron diffraction and Raman scattering on model compounds, namely 
stoichiometric and A-site doped PbSc0.5Ta0.5O3 (PST) and PbSc0.5Na0.5O3 (PSN) [1-4], we 
demonstrated the existence of a pressure-induced cubic-to-ferroic phase transition in this class of 
materials. The phase transition is reversible and thermodynamically second-order. It is revealed by 
the discontinuity in the bulk modulus, the appearance of a soft mode and a strong suppression of 
the X-ray diffuse scattering (XDS) along the pseudocubic 110 *-directions. The presence of 

110 *-XDS at ambient pressure is due to the existence of polar nanoregions comprising off-centre 
cation shifts which correlate only on an intermediate-range scale. In this report, we present a 
detailed analysis of the pressure evolution of the XDS in PSN as representative of Pb-based 
perovskite-type relaxor ferroelectrics. The crystal studied does not exhibit a chemical 1:1 B-site 
long-range order, which gives rise to hkl Bragg reflections with h,k,l all odd as indexed in mFm3 . 
This allowed us to detect the appearance of new sharp diffraction peaks under pressure, which are 
accompanied by a new type of XDS, along the pseudocubic 100 *-directions. 
High-pressure synchrotron single-crystal XRD experiments were conducted at the F1 beamline of 
HASYLAB/DESY using a MarCCD 165 detector. Data on {100}- and {110}-oriented cuts of 
single-crystal PSN were collected with a radiation wavelength λ = 0.5000 Å, a sample-to-detector 
distance of 100 mm and stepwidth of 0.5° per frame. Different exposure times (1, 2, 5, 120, 240 s) 
were examined in order to find the optimum conditions for avoiding the detector oversaturation 
from the strongest diffraction peaks while being able to detect and measure the X-ray diffuse 
scattering data, on the other side. The in-situ pressure experiments were conducted in diamond 
anvil cells of Boehler-Almax design, using a 4:1 methanol-ethanol mixture as a pressure medium 
assuring hydrostatic pressure up to 9.8 GPa. The ruby photoluminescence method was used for 
pressure determination. 
The pressure evolution of the pseudocubic unit-cell volume revealed that for PSN the phase 
transition occurs at pc = 4.1 GPa [3]. As seen in Fig.1, the 110 *-XDS is considerably suppressed 
above pc, but it does not vanish as had been claimed in the literature. We observed the same 
persistence of weak 110 *-XDS above pc for other relaxor compounds; its detection depends 
critically upon the experimental conditions (sample thickness, exposure time etc.). The sharpness of 
the pressure-induced odd-odd-odd peaks reveals a well-established long-range order. The absence 
of hhh diffraction peaks, h = 2n+1 indicates that the high-pressure phase is characterized with a 
pseudo glide-plane symmetry related to antiphase octahedral tilts. Structure refinements to neutron 
data [4] confirmed this conclusion and demonstrated that the most probable symmetry is cR3  or 

3R , for chemically B-site disordered or ordered compounds respectively. The origin of the 



pressure-induced 100 *-XDS is not clear. It can originate from octahedral-tilt faults or 
rhombohedral-domain walls parallel to the pseudocubic {100}-planes or coexistence of tilt order of 
the same type but different degree or vice versa. Further experiments at pressures above 10 GPa are 
necessary to clarify this issue. 

 

Figure 1: Reciprocal space layers of PSN showing the decrease of intensity of the 110 * streaks and the 
enhancement of odd-odd-odd reflections at high pressure. The pressure dependence of the integrated 

intensities of two representative Bragg reflections with hkl, all odd is also shown. At bottom, the sections 
clearly show the absence of hhh, h = 2n+1, diffraction maxima. All indices are given for mFm3 . 
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