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Table S1 Space group and polarization of various types of defects from DFT calculations, including 18 

Mn (Mn4+, Mn3+ and Mn2+) and Ti3+ substitution of Ti4+. 19 

 
Space group 

Polarization (μC·cm-2) 

 Px  Py  Pz  |P| 

(Na0.5Bi0.5)TiO3 R3 31.88 31.52 31.20 54.62 

Ti3+ R3 31.50 31.06 30.69 53.84 

Mn4+  R3 30.15 29.89 29.70 51.81 

Mn3+ R3 28.93 28.68 28.47 49.70 

Mn2+ R3 34.38 33.71 33.19 58.48 

 20 
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Table S2 DFT calculated displacement and polarization (Δu and P) for Ti4+ substitution with Ti3+, 21 

Mn4+, Mn3+ or Mn2+, respectively, taking the high-symmetry cubic structure as reference.  22 

 Δux  Δuy  Δuz  Px  Py  Pz  

Na0.5Bi0.5TiO3 

A site (Na/Bi) 1.5164 1.5036 1.4912 15.36 15.24 15.08 

B site (Ti/Mn) 0.7432 0.7372 0.7312 13.88 13.72 13.64 

O site -0.7624 -0.7564 -0.7500 2.64 2.56 2.48 

tot 1.4972 1.4844 1.4724 31.88 31.52 31.20 

Ti3+ 

A site (Na/Bi) 1.4884 1.4738 1.4597 15.24 15.07 14.90 

B site (Ti/Mn) 0.7576 0.7503 0.7429 13.71 13.55 13.40 

O site -0.7506 -0.7433 -0.7362 2.55 2.44 2.39 

tot 1.4954 1.4808 1.4664 31.50 31.06 30.69 

Mn4+ 

A site (Na/Bi) 1.4175 1.4087 1.4002 15.01 14.91 14.81 

B site (Ti/Mn) 0.6697 0.6655 0.6614 13.42 13.32 13.25 

O site -0.6030 -0.5996 -0.5957 1.72 1.66 1.64 

tot 1.4842 1.4746 1.4659 30.15 29.89 29.70 

Mn3+ 

A site (Na/Bi) 1.4584 1.4481 1.4381 15.30 15.18 15.05 

B site (Ti/Mn) 0.5941 0.5898 0.5857 11.83 11.75 11.66 

O site -0.5579 -0.5541 -0.5500 1.80 1.75 1.76 

tot 1.4946 1.4838 1.4738 28.93 28.68 28.47 

Mn2+ 

A site (Na/Bi) 1.9213 1.8953 1.8700 17.30 17.05 16.76 

B site (Ti/Mn) 0.8107 0.7998 0.7891 12.70 12.49 12.32 

O site -1.1879 -1.1714 -1.1560 4.38 4.17 4.11 

tot 1.5441 1.5237 1.5031 34.38 33.71 33.19 

Note: The displacement and polarization are in the units of Å and μC·cm-2, respectively. 23 
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 24 

Figure S1 XPS of Ti in NBT-SBT-xMn ceramics 25 

 26 

 27 

Figure S2 EPR of Ti in NBT-SBT-1 mol% Mn ceramic28 
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 29 

Figure S3 P-E loops and J-E curves of NBT-SBT-xMn ceramics 30 

 31 

Figure S4 Dielectric temperature spectra and XRD at different temperatures of NBT-SBT-xMn 32 

ceramics 33 

When the Mn content ranges from 0 to 1 mol%, the dielectric constant exhibits similar 34 

temperature-dependent behaviors characterized by two prominent phase transition peaks, denoted as 35 

T1 occurring around 70 °C and T2 near 250 °C. The T1 peak associating with rhombic-tetragonal phase 36 

transition demonstrates a significant frequency dispersion, indicative of the relaxor behavior, while 37 

the T2 peak corresponds to the tetragonal-cubic phase transition. 38 
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 39 

Figure S5 Rietveld refinement of XRD for NBT-SBT-xMn ceramics 40 

Table S3 Rietveld refinement parameters 41 

Sample 
Density 

(g cm-3) 

Space 

group  

Phase 

content 

(%) 

a (Å) b (Å) c (Å) 
 

(º) 

 

(º) 

  

(º) 

Rw  

(%) 

2 

(%) 

x = 0 5.794020 

P4bm 24.9 5.51965(9) 5.51965(9) 3.90059(7) 90 90 90 

4.176 4.09 
R3c 75.1 5.51714(4) 5.51714(4) 13.5166(7) 90 90 120 

x = 0.5% 5.806849 

P4bm 28.3 5.51717(3) 5.51717(3) 3.90036(2) 90 90 90 

4.041 4.03 
R3c 71.7 5.51707(4) 5.51707(4) 13.5187(3) 90 90 120 

x = 1% 5.891710 

P4bm 31.0 5.51530(9) 5.51530(9) 3.89785(9) 90 90 90 

4.709 5.5 

R3c 69.0 5.51653(2) 5.51653(2) 13.5132(3) 90 90 120 

x = 1.5% 5.819680 

P4bm 15.2 5.5156(0) 5.5156(0) 3.92230(3) 90 90 90 

5.185 6.64 

R3c 84.8 5.51478(7) 5.51478(7) 13.5108(1) 90 90 120 
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The refined parameters obtained from Rietveld refinement are summarized in Tab. S3, 42 

showcasing a tetragonal phase with P4bm space group and a rhombic phase with R3c space group 43 

coexist in all compositions. It should be noted that the Rietveld refinement of the 1.5 mol% Mn 44 

component considers only its perovskite main crystal phase, excluding the structure of its second 45 

phase. Incremental Mn content up to 1 mol% leads to a slight increase in tetragonal phase content. 46 

Conversely, with Mn content increasing to 1.5 mol%, the content of the tetragonal phase experiences 47 

a significant decrease, affirming the narrowing of the temperature range associated with the tetragonal 48 

phase mentioned in the main text. 49 

 50 

Figure S6 Surface morphology, grain size distribution of NBT-SBT-xMn ceramics and EDS of x = 51 

1.5 mol% ceramics  52 

Surface microstructure characterization results presented reveal abnormally shaped second-53 

phase grains on the surface of the 1.5 mol% Mn component. The energy dispersive spectroscopy 54 
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(EDS) characterization results corroborate the high amount of Mn, Ti, and O elements within these 55 

second-phase grains, consistent with the XRD characterization results. 56 

Table S4 Raman peak fitting results of 0.65NBT-0.35SBT ceramics 57 

Peak number Modes Raman shift (cm-1) 

1 [E(LO+TO)] 111.33 

2 [A1(TO)] 248.76 

3 [B1+E(LO+TO)] 311.40 

4 [E(TO)] 539.90 

5 [A1(TO’)] 615.11 

6 [A1(LO)+E(TO)] 784.01 
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 58 

Figure S7 Surface morphology and EDS of templates and corresponding precursors: (a) 59 

Ba6Ti17O40, (b) <111>-BaTiO3, (c) <111>-SrTiO3, (d)Bi4Ti3O12 and (e) <001>-SrTiO3 60 
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 61 

Figure S8 Grain morphology and element distribution of the cross sections of <001> and <111>-62 

textured MLCCs 63 

 64 

Figure S9 Dielectric temperature spectra of nontextured, <001> and <111>-textured MLCCs 65 
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 66 

Figure S10 Pulse discharge curves and discharge energy density curves of nontextured, <001> and 67 

<111>-textured MLCCs 68 
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Table S5 Comparison of energy storage performance of dielectric ceramic materials 69 
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