
 

 

Supplementary Information for 

Enhanced energy-storage in lead-free multilayer capacitors via 

entropy-assisted polymorphic domain engineering 

Jiaqi Li 1,2,#, Yibing Zhang 1,#, Zhen Liu 2,*, Lingling Wei 3, Haonan Peng 2, Minghao Liu 2, 

Shiguang Yan 2, Kunyu Zhao 2, Huarong Zeng 2,*, Zupei Yang 1,*, Genshui Wang 2,4,* 

1 School of Material Science and Engineering, Shaanxi Normal University, Xi’an, China. 

2 Key Laboratory of Inorganic Functional Materials and Devices, Shanghai Institute of Ceramics, Chinese Academy of Sciences, 

Shanghai, China. 

3 School of Chemistry and Chemical Engineering, Shaanxi Normal University, Xi’an, China. 

4 The State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of Ceramics, Chinese 

Academy of Sciences, Shanghai, China. 

 

 

Fig. S1 The schematic diagram of the BNSLTMZ MLCCs. 

 



 

 

 

Fig. S2 The comparison of the normalized energy storage density of BNSLTMZ MLCCs with those of other 

recently reported state-of-the-art MLCCs. 

 

 

 

 

Fig. S3 Bipolar P-E loops of the BNT, BNSLT, and BNSLTMZ ceramics. 

 

 

 

 

 



 

 

 

 

 Fig. S4 Wrec and η of the BNSLT and BNSLTMZ ceramics as a function of applied E. 

  

 

 

 

 

Fig. S5 The comparison of Wrec and η values of BNSLTMZ ceramics with those of other recently reported lead-

free bulk ceramics1-24. 

 

 



 

 

 

Fig. S6 a X-ray diffract (XRD) patterns of the BNT, BNSLT, and BNSLTMZ ceramics. b Rietveld refined XRD 

results of the BNSLT ceramic. All samples exhibited a pure perovskite phase, the splitting of peaks was caused 

by the K2. The (200) plane diffraction peaks shifted to lower angles, indicating increased interplanar spacing 

in the ceramic crystals. This was due to the larger ionic radii of the doped elements (Sr2+ 1.44 Å, CN=12; Mg2+ 

0.73 Å, CN=6; Zr4+ 0.72 Å, CN=6), in contrast to those of the BNT components (Bi3+ 1.36, CN=12; Na+ 1.39 

Å, CN=12; Ti4+ 0.61 Å, CN=6). 

 

 

Fig. S7 Temperature-dependent dielectric constant and loss tangent of the as-sintered BNT ceramics under 

various frequencies from 1 kHz to 1 MHz. 

 



 

 

 

Fig. S8 Out-of-plane PFM phase pictures and domain evolution after different time for the BNT ceramics under 

the field of 20 V. 

 

 

Fig. S9 Statistical c/a ratio distribution for the BNSLTMZ ceramic. 

 

 

 

Fig. S10 a Variation of conductivity with temperature of BNT, BNSLT, and BNSLTMZ ceramics. b 

Spectroscopic plots of Z″ and M″ spectra at 600°C for the BNSLTMZ ceramics. c Leakage current densities of 

BNT, BNSLT, and BNSLTMZ ceramics as a function of electric field. 



 

 

 

 

Fig. S11 a Local magnification of temperature-dependent Raman spectra between 400-700 cm-1 for 

BNSLTMZ ceramics. b Temperature-dependent XRD patterns of the BNSLTMZ ceramics. c Enlarged 

views of (111) and (200) peaks of b. 

 

 

 

 

 

 

Fig. S12 a Temperature- b frequency- and c cycling-dependent P-E loops of the MLCCs. 

 

 



 

 

 

Tab. S1 The abbreviation and general formula of the studied compositions. 

Abbreviation General Formula 

BNT (Bi0.5Na0.5)TiO3 

BNSLT 0.6(Bi0.5Na0.5)TiO3-0.4(Sr0.7La0.2)TiO3 

BNSLTMZ 0.925(0.6(Bi0.5Na0.5)TiO3-0.4(Sr0.7La0.2)TiO3)-0.075Bi0.5(Mg0.5Zr0.5)O3 

 

 

 

Tab. S2 Refined lattice parameters of the BNT, BNSLT, and BNSLTMZ ceramics by Rietveld method. 

 

  

Ceramic 

abbreviation 
Space group 

Lattice parameters 

a (Å) b (Å) c (Å) 
Content (%) Rwp (%) χ2 

BNT R3c 
5.489  5.489  6.753 

==90°  =120° 
100 25   

BNSLT 

R3c 
5.517  5.517  6.753 

==90°  =120° 
32.08 

3.10 3.24 

P4bm 
5.515  5.515  3.901 

 ===90° 
67.92 

BNSLTMZ 

R3c 
5.532  5.532  6.753 

==90°  =120° 
15.54 

3.09 3.32 

P4bm 
5.528  5.528  3.911 

 ===90° 
84.46 
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