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Fig. S1 EDS analysis for (a) x = 0.04, (b) x = 0.00, (c) x =-0.02 , (d) x =-0.04 and (e) x = -0.08 ceramics

Figure S1 presents the EDS results of KNLNS ceramics. The atomic ratio of K reduces gradually
with the decrease of x: for the samples with x = 0.04, 0.00, -0.02 and -0.04, the relative
concentrations of K/Nb are about 38.2%, 35.3%, 34.1% and 33.1%, respectively; and the relative
concentrations of of K/Na are about 91.5%, 88.0%, 80.4% and 77.1%, respectively. Such results

correspond to the expectation of the experiment.



x=0.04 x=0.00
T(OC) Rg (Q) Cg (F) Ty Rgb (Q) Cgb (F) Tgb Rg (Q) Cg (F) Ty Rgb (Q) Cgb (F) Tgb
300 1.24x105 292x10° 3.62x104% 2.10x 105 1.11x10° 2.33x103 1.68 x 106 5.61 x 1010 9.42x104 579 x 105 5.94x 1010  3.44x103
320 1.08x105 530x10° 570x10% 213x105 1.81x10° 3.86x103 6.09x 105 6.77 x 1010 4.12x10*  3.54 x 106 6.29x 10-10  2.23x107
340 1.85x 105 4.08x10° 7.54x10% 262x 106 1.72x10° 4.51x103 5.12x 105 7.83x 1010 401x10* 277 x 106 8.76x 10-10  2.43x107
360 2.84x105 239x10° 6.79%<10% 284x105 1.30x10° 3.69x103 3.87x105 1.64x10° 635x10% 233x10° 1.64x10° 3.82x107
380 2.95x105 1.52x10° 448x10* 219x 106 1.07x10° 2.34x103 270 x 105 278 x10°  7.51x10*  1.45x 106 2.52x10° 3.65x103
400 243 x105 933 x 1010 2.26x 10%  145x 106 8.74 x 1010 1.27x107 278 x 105 1.67x10° 4.64x10*  785x 105 1.99 x10° 1.56x103
420 242x105 930x 1010 2.25x10% 144 x 106 8.70 x 1010 1.26x107 1.59x 105 1.19x10° 1.89x10%  425x105 1.88x10° 7.99x10*
440 1.91x10* 551 x 10710 1.05x10°  8.00x 105 7.52x 1010 6.02x10* 8.05x 104 9.73x 10-10  7.83x10%  2.07x105 1.63x10° 3.37x10*
460  1.58 x 10* 4.72x 1010 7.46x10°  626x 105 6.91 x 1010 4.33x10"* 378 x 104 8.13 x 1010 3.07x10° 1,07 x 105 1.36x 109 1.46x10*
480  1.09 x 10* 437 x 10710 4.77x106 462 x 10* 6.44 x 1010 2.98x10 2.63x 104 5.07x 1010 1.33x10%  7.61 x 10+ 1.14x10° 8.68x10*
x=-0.02 x=-0.04
T(OC) Rg (Q) Cg (F) Tg Rgb (Q) Cgb (F) Tab Rg (Q) Cg (F) Tg Rgb (Q) Cgb (F) Tab
300 271 x 104 2.65x 1010 7.18x106 646 x 10 146 x 107  9.43x103 9.75x 104 3.16 x 1010 3.08x10%  735x 104 4.80x 10° 3.53x1073
320 1.95x 104 3.08x 1010 6.01x10°¢ 899 x 10 1.66x 107 1.49x102 2.14 x 10* 3.06 x 1010 6.55x10° 519 x 10+ 1.46x107 7.8x103
340 118 x 104 6.73x 1010 7.91x10°  133x105 1.30x 107 1.73x102 1.16 x 103 3.10 x 1010 3.60x10° 438 x 104 2.04 x 107 8.94x103
360 1.07x 104 322x10° 3.45x10°  120x 105 1.03x107 1.24x102 8.01 x 103 4.09 x 1010 3.28x10°¢ 422 x10* 2.10x 107 8.86x107
380  2.00x 104 1.81x10° 3.62x10° 968 x 10+ 5.32x 108 5.15x103 5.45%x 103 7.30 %1010 3.98x10°°  3.80x10* 1.95x107 7.41x1073
400  3.00x10* 6.91 x 1010 2.07x10° 496 x 10* 1.32x 108 6.55x10* 477 %103 1.92x10° 9.16x10° 2,60 x 10+ 1.58 x 107 4.11x103
420 1.60x10* 6.18 x 10710 9.89x10°¢ 259 x 10+ 1.97 x 108 5.10x10* 599 x 103 1.50 x 10°  8.99x10° 208 x 104 1.31x 107 2.72x103
440 1.04 x 10* 523 x 10710 5.44x10° 153 x10* 3.04x 108 4.65x10* 7.45%x10% 891 x 1010 6.64x10°  1.60 x 10+ 8.32x10% 1.33x107
460  6.16 x 103> 3.99 x 1010 2.46x10° 875x 103 3.48x 108 3.05x10* 6.36x 103 6.44 x 1010 4.10x10° 1,02 x10* 5.69x 10® 5.80x104
480  371x103 3.16x1010 1.17x10% 549x103 272 x 108 1.49x10+ 4,67 x10° 514 x 1019 2.40x10° 720x 103 337x108 2.43x10*

Table S1 Resistance, capacitance and time constant (z, where ¢ =RC') of grain (R,, C,) and grain boundary (R,
Cy) of x=0.04, x = 0.00, x = -0.02 and x = -0.04 ceramics after fitting with an electrical circuit shown in Fig. 5a
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Fig. S2 Impedance complex plane plot at different temperatures for (a) x = 0.04, (b) x = 0.00, (c¢) x = -0.02 and (d)
x =-0.04 ceramics



