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Fig. S1. Rietveld refinements results of XRD patterns for PNN-xPLN-PT ceramics with R3m and 

P4mm models, (a) x = 0.04, (b) x = 0.08, (c) x = 0.12, (d) x = 0.16, (e) x = 0.18 and (f) x = 0.20.



Fig. S2. (a) d33 values of PNN-xLN-PT ceramics. (b) Comparison of d33 versus Tm for various 

lead-based polynary piezoelectric ceramics with data collected from the reported literature.1-15

Table S1 Rietveld refinements parameters of PNN-xPLN-PT ceramics.

Agreement factors
Composition Structure

Fraction

(%)
Lattice parameters

Rwp% χ2

x=0.04
P4mm 

R3m

100

0

a=3.9844(Å) c=4.0279 (Å)

/
5.56 2.07

x=0.08
P4mm 

R3m

81.8

18.2

a=4.00183(Å) c=4.0417 (Å)

a=4.0362 (Å) α=89.947 °
4.66 1.49

x=0.12
P4mm 

R3m

69.5

30.5

a=4.0125 (Å) c=4.0433 (Å)

a=4.0233 (Å) α=89.924 °
4.79 1.56

x=0.16
P4mm 

R3m

55.1

44.9

a=4.0205(Å) c=4.0392 (Å)

a=4.0279 (Å) α=89.931 °
4.67 1.51

x=0.18
P4mm 

R3m

36.5

63.5

a=4.0218 (Å) c=4.0330 (Å)

a=4.0258 (Å) α=89.943 °
4.98 1.69

x=0.20
P4mm 

R3m

0

100

/

a=4.0304 (Å) α=89.938 °
4.73 1.54
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