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Figure S1. Sconfig and tolerance factors (t) of BNBST-xLMN ceramics as function of x value. 
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The tolerance factors (t) can be calculated by the following formula[1]: 

 

rA̅ = ∑ rAixAi

m

i = 1

, rB̅ = ∑ rBjxBj

m

j = 1

 (S1) 

t = 
rA̅+rO

√2(rB̅+rO)
 (S2) 

where, rA, rB, and rO represent the radii of the A-site, B-site and O2- ions, respectively. 

As shown in Figure S1, t decreases as Sconfig increases, indicating that increase in conformational entropy 

maintains the octahedral tilt. 

 

 

Figure S2. XRD refinement for representative (A) x = 0, (B) x = 0.02, (C) x = 0.04, (D) x = 0.06 and (E) 

x = 0.10 ceramics, respectively. 
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Figure S3. (A) HR-TEM images and (B) SAED patterns along the [100]c directions of x = 0.08 ceramic. 

 

 

Figure S4. Oxygen octahedron tilt angles calculated using ABF imaging. 

 

As shown in Figure S4, the alternating red and blue color contrasts indicate the random tilting of the 

oxygen octahedra. 
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Figure S5. The cross-sectional SEM images of (A) pure BNBST and (B) BNBST-0.08LMN ceramics. 

 

 

Figure S6. Complex impedance spectra of (A) x = 0.02, (B) x = 0.04, (C) x = 0.06, and (D) x = 0.10 

ceramics at different temperatures. 
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Figure S7. (A) Overdamped discharge curves and corresponding (B) Wd of BNBST-0.08LMN ceramic 

under 200 kV/cm at different temperatures. (C) Underdamped discharge curves of BNBST-0.08LMN 

ceramic under 200 kV/cm at different temperatures. 

 

Table S1. The ESP of some reported lead-free ceramics 

Systems Wrec (J/cm3) Eb (kV/cm) Ref 

(1-x)(Ba0.8Sr0.2)TiO3-

xBi(Zn2/3Nb1/3)O3 

1.62 225 [2] 

(1-x)BaTiO3-xBi(Mg1/2Hf1/2)O3 3.38 240 [3] 

(1-x)BaTiO3-

x[0.9(Sr0.7Bi0.2)TiO3-

0.1Bi(Mg0.5Zr0.5)O3] 

3.99 370 [4] 

(1−x)Ba0.85Ca0.15Zr0.1Ti0.9O3-

xBiMg2/3Nb1/3O3 

3.80 405 [5] 
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0.4BiScO3-(0.6-x)BaTiO3-

xNaNbO3 

4.59 410 [6] 

0.45(Na0.5Bi0.5)TiO3-

0.55(Sr0.7Bi0.2)TiO3-xAlN 

5.50 360 [7] 

0.9Bi0.5Na0.5TiO3-

0.1Bi0.2Sr0.7TiO3-xNaNbO3 

3.28 190 [8] 

(Bi0.47Sm0.03Na0.5-x)0.94Ba0.06TiO3 4.61 290 [9] 

(Na0.4–0.5xSrxK0.1Bi0.5-

0.5x)(Ti0.8Zr0.05Sn0.1Hf0.05)O3 

7.30 580 [10] 

Na0.325Bi0.395Sr0.245TiO3-xBN 5.28 640 [11] 

Na0.4K0.1Bi0.5TiO3@SrZrO3-

xBiMg0.5Sn0.5O3@SiO2 

3.91 301 [12] 

Ba0.12Na0.3Bi0.3Sr0.28-

1.5x□0.5xSmxTiO3 

2.10 120 [13] 

Ba0.105Na0.325Sr0.245-

1.5x□0.5xBi0.325+xTiO3 

1.79 110 [14] 

(1-x)(0.75Na0.5Bi0.5TiO3-

0.25SrTiO3)-xLa(Mg2/3Ta1/3)O3 

3.17 246 [15] 
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(1–

x)(Na0.2Bi0.2Ba0.2Sr0.2Ca0.2)TiO3-

xNaNbO3 

3.50 310 [16] 

0.5(Bi0.5Na0.5)TiO3-0.5SrTiO3-

xCuO 

2.19 230 [17] 

(1-x)[0.76Bi0.5Na0.5TiO3-

0.24NaNbO3]-xSr0.7Bi0.2TiO3 

3.12 200 [18] 

(Na0.2Bi0.2Ca0.2Sr0.2Ba0.2)TiO3 1.32 110 [19] 

SCS-derived Sr0.7Bi0.2TiO3 5.20 543 [20] 

(1-

x)(Bi0.47La0.03Na0.5)0.94Ba0.06TiO3-

xSrTi0.875Nb0.1O3 

4.18 380 [21] 

(Sr1-x-y-2φNayBixCaφ□φ)TiO3 5.98 440 [22] 

Na0.70Sr0.15Nb0.75Ta0.25O3 10.37 850 [23] 

0.94NaNbO3-0.06CaHfO3-

x%MnO2 

1.68 240 [24] 

(1-x)K0.5Na0.5NbO3-

xSr0.7La0.2ZrO3 

5.29 490 [25] 
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(1-x)(0.92NaNbO3-

0.08BiNi0.67Ta0.33O3)-xCaTiO3 

7.04 646 [26] 

(Na0.7-3yBi0.1YbyTmy)(Nb1-

13x/5ZrxTaxHfx)O3 

5.37 395 [27] 

(1-

x)(Bi0.5Na0.5)0.7(Ba0.3Sr0.7)0.3TiO3-

xLa(Mg2/3Nb1/3)O3 

6.50 450 This work 
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