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A) Literature data

Table S1: Preparation conditions for disordered and ordered PSN ceramics as reported by

different groups.

ref. Thermal treatment Packing B-site ordering
powder
[S1] 1430 °C, 20 min, quenched yes disordered
[S2] 1420 °C, 15 min , quenched yes disordered
[S3] 1300 °C, 2 h, cooled / disordered
[S4] 1250 °C, 8 h in O,, cooled yes disordered
[S5] 1210 °C, 2 h, quenched / disordered
[S6] ordered sample was annealed at 1210 °C, | yes disordered
/
[S5] 1000 °C, 24 days / ordered
[S3] disordered samples (1300 °C, 2 h) were / ordered
annealed at 1000 °C, 50 h
[S1] 1250 °C, 4 h, annealed at 1000 °C, 42 h yes ordered
[S7] 1250 °C, 4 h, annealed at 1000 °C, 42 h yes ordered
[S6] 950°C,2h / ordered
[S4] 940 °C, 1 month yes ordered




B) Details of MA-derived PSN powder

The reagent powder mixture after 24 h of mechanochemical activation consists of the
perovskite PSN phase and the initial oxides PbO, Sc,03 and Nb,Os as well as a small amount of
the amorphous phase as evident from the XRD spectrum in Fig. S1(a). Note that the diffraction
peaks are quite broad, indicating low crystallinity of the powder. After heating of the
mechanochemically activated powder mixture at 800 °C for 1 h the XRD pattern evidences a
well crystallized perovskite phase, see Fig. S1(b). No traces of secondary phases, such as

pyrochlore or PbO, could be detected.
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Fig. S1: The XRD pattern of the PSN powder (a) after mechanochemical activation and (b) after
heating at 800 °C for 1 h. The indexed peaks of the perovskite phase are shown in brackets

(ICSD #80922).

In Fig. S2, the FE-SEM micrograph and the particle size distribution of the powder after the
mechanochemical activation, heating and additional milling in an attrition mill are shown. The
powder is uniform, consisting of particles of a few 100 nm sized particles. According to the
granulometric analysis the particle size distribution is unimodal, with the median size dsg and

the dgg equal to 385 nm and 890 nm, respectively.
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Fig. S2: (a) The FE-SEM micrograph and (b) the particle area size distribution of the PSN

powder after mechanochemical activation, heating at 800 °C for 1h, and attrition milling.



C) SS-derived PSN powder and ceramics

For the synthesis of the Pb(ScqsNbg )O3 (PSN) powder by SS-synthesis, PbO (99.9%, Sigma-
Aldrich, 211907), Sc,03 (99.9% Alfa Aesar, 11216) and Nb,05 (99.9%, Sigma-Aldrich, 208515)
were used as raw materials. The mixture of Sc,03; and Nb,0s was homogenized in a planetary
mill for 2 h at 200 rpm. The powder was then heated on a Pt foil in an alumina crucible at 1280
°C for 4 h at 5 °C/min. The PbO was added into the powder mixture and the powder was
homogenized for 2 h in a planetary mill. The homogenized powder was than heated at 1000
°C for 4 h. The powder compacts were prepared by isostatic pressing at 300 MPa and sintered
in double alumina crucibles in the packing powder with the same chemical composition to
avoid possible PbO losses. Different thermal treatments of the PSN powder compacts were
employed. As we can see from Table 1 (main text), the SS1200 ceramics were heated at Tpp,
while other samples were exposed to lower temperatures. The densities of the sintered pellets
were determined with the Archimedes’ method in water at 25 °C. The density of all samples
was between 92-94 % of the theoretical density (TD), which is lower than the density of MA-
derived samples, i.e., 99 % of TD (main text, results and discussion). It is well known from the
literature that pores may inhibit the grain growth during sintering [S8]. Thus, the lower grain
size of the SS-derived ceramics might be related to the higher porosity in this sample (relative
to the MA-derived ceramics), which prevented a full development of the microstructure

through grain growth.
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Fig. S3: FE-SEM micrographs of the thermally etched PSN ceramics, prepared by SS synthesis
as described in Table 1 (main text). The microstructures are uniform. No secondary-phases

could be detected.
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Fig. S4: (a) Room-temperature XRD patterns of the PSN ceramics prepared by SS synthesis
exposed to different thermal treatments as described in Table 1 (main text). The indexed
peaks of the perovskite phase are shown in brackets (ICSD #80922). (b) Zoom of the XRD
patterns from 10 to 33° showing that there are no superstructure peaks, except small peak in

pattern of SS1000w, which could be related to the superstructure.



D) Phase composition of MA-derived PSN ceramics
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Fig. S5: Observed (dots), calculated (line) and difference curve (bottom) of the XRD diffraction

pattern of the MA1000 ceramic measured at room temperature. The tick marks represent the

reflections of the rhombohedral R3m phase. The planes indicated in the brackets correspond

to the equivalent cubic phase reflections. Inset: Interatomic distances in the coordination

sphere (< 3.2 A) of Pb, Sc/Nb and O atomic positions obtained from the PSN structure

refinement.

Table S2: Refined structural parameters for MA1000 ceramics at RT in the space group R3m

with a = 5.7694 (1) A and ¢ = 7.0864 (1) A (Z = 3). Reliability factors: Robs = 1.76 %, Rwall =

1.76 %, Rp = 6.11 % and GoF = 1.12.

Atom Wickoff Occ. X y z Uiso
position
Pb 3a 1 0 0 0.5 0.0303(6)
Sc 3a 0.5 0 0 0.0286(8) 0.0016(12)
Nb 3a 0.5 0 0 0.0286(8) 0.0016(12)
o 9b 1 0.8312(15) | 0.1688(15) 0.213(2) 0.016(4)




The interatomic distances in the coordination spheres of Pb, Sc/Nb and O obtained from the
PSN structure correspond well to the values of the ionic radii of the elements as given by
Shannon [S9], i.e. r(Pb2*[12]) = 1.49 A, r(Nb5*[6]) = 0.64 A, r(Sc3*[6]) = 0.745 A, r(0%[8]) = 1.42
A. In the 0-0-0 angles, a small tilting of the octahedral network occurs. A and B-site cations
are displaced along the {111} direction of the cubic phase, which was previously observed by
Malibert et al. using the neutron diffraction [S5]. Note however, that the displacement of the
B-site cations is much larger, with the short / long distances of 1.95 A / 2.13 A instead of 2.02
A /2.06 A. Furthermore, the theoretical density of 7.94 g/cm3 was calculated using the unit

cell parameters, obtained from the XRD pattern (Fig. S5).



E) Raman spectra of MA- and SS-derived PSN ceramics
Raman spectra were obtained with a LabRAM microprobe system (ISA/Jobin-Yvon/Horiba,
Villeneuve d’Ascq, France) using a 532.02 nm Nd:YAG solid state laser as the excitation source.
Surfaces of the sintered pellets were prepared by polishing with a 1 um diamond paste. The
laser light was focused on the sample surface at a long working distance 100x (N.A.=0.8)
objective lens (LMPIlan Fl, Olympus, Japan); effective laser power at the sample surface was
set to 3 mW. The spectra were collected in the true backscattering geometry with the aid of a
Peltier-cooled charged coupled device camera. No significant influence of the different
thermal treatment and/or processing on the ordering is evident from the Raman spectra,
which is likely due to the higher sensitivity of Raman spectra to the defect population than to

B-site ordering in these materials [S10].
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Fig. S6: Room-temperature Raman spectra of the PSN ceramics exposed to different thermal

treatments.



F) Polarization vs electric field of MA-derived ceramics
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Fig. S7: P-E hysteresis loop vs. T for the MA1000 ceramics at the maximum field of 1 kV/mm.

The arrow indicates the increase in the temperature.
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