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Fig. S1 The Rietveld refinement based on space group of Pbam of PHTx ceramics, showing 
observed (cross), calculated (line) and difference (lower) profiles.
Table S1. The crystal and refined parameters of PHTx ceramics.
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Fig. S2 The surface microstructure images and grain size distribution of the PHTx ceramics.

Fig. S3 The dielectric loss as a function of temperature



Table S2 The average ionic radii of A-site and B-site cations and tolerance factor of PHTx ceramics.

Composition (x mol%) RA-site (Å) RB-site (Å) Tolerance 
factor

0 1.49 0.71 0.9661
0.5 1.49 0.7095 0.9663
1 1.49 0.709 0.9665
2 1.49 0.708 0.9670
3 1.49 0.707 0.9674
4 1.49 0.706 0.9679

Fig S4 (a)The general perovskite structure of PbHfO3 ceramics. (b) The evolution of maximum 

polarization and average displacement of Pb and B-site cations as a function of Ti content. (c) The 

model of BO6 octahedral of PbHfO3 system. and (d) The variation of distance of ∣O1-O2∣ and angle 

degrees of ∠∣O1-B-O2∣, ∠∣O3-B-O5∣, and ∠∣O3’-B-O4∣as a function of Ti content.

To better understand the origin of high polarization and the evolution of BO6 

octahedral rotation, the general perovskite structure model of PbHfO3 ceramics and 

BO6 octahedral were established based on the Rietveld refinement results as shown in 

Fig S4a and c. The displacement of Pb2+ cations display almost identical trend with the 



Pmax of different Ti4+ contents, but the displacement of B-site ions is not the same as 

that for the displacement of A-site, which is in good agreement with the results in Fig 

1.

Two factors contribute to the large polarization intensity, the major contribution 

is the enhanced displacement of A-site cations, the second contribution is the torsion of 

oxygen octahedral. As the Ti4+ content continuous increase, the volume of the BO6 

octahedral increases, which leading to the position change of A-site cations and further 

leading to the total displacement dipole strength increase. The maximum polarization 

firstly presents a rising trend with the increase of Ti content. With the increase of Ti 

content, the Ti-O bond binding capacity is gradually enhanced, resulting in a decrease 

in volume. As the displacement of the A-site ions becomes smaller, the polarization 

strength further decreases, which is consistent with the results in Fig 3a. The distance 

between O1 and O2 also shows the same trend as in Fig. S4d. We have marked oxygen 

atoms in different positions in Fig S4c. With the Ti content increases, the angle of 

∠∣O1-B-O2∣ also shows a similar trend with the change of Pmax, however, the angle 

of ∠∣O3-B-O5∣ and ∠∣O3’-B-O4∣have been declined. Combine the information of Fig 

S4b and d, it could be concluded that the BO6 octahedral is more likely to twist along 

the c axis (polar axis) rather than a and b axes. These results further illustrate that the 

high spontaneous polarization is highly possible rooted in the large displacement of A-

site cations in PbHfO3 ceramics. Corrections have been made in the revised version and 

supporting information.



Table S3. The free energy coefficients of PHTx ceramics.
Composition(x 
mol%)

PHT0 PHT0.5 PHT1 PHT2 PHT3 PHT4

(106 N m C-2) 𝑎1 3.5 3.5 3.5 3.5 3.5 3.5

(106 N m6 C-4)𝑎11 20.0 20.0 5.0 5.0 5.0 5.0

(106 N m10 C-6)𝑎111 40.0 40.0 20.0 20.0 40.0 40.0

(106 N m C-2)𝑔 35.0 24.5 19.3 14.0 14.0 10.5

Fig. S5 Pmax and Pr of PHT1 composition as a function of (a) temperature (20-120 oC) and (b) 
frequency (1-100 Hz).


