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Figure S1. Schematic illustration of the synthesis steps of PBS electrode. 
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Figure S2. XRD patterns of PBS alloys with different proportions. 
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Figure S3. Full XPS survey spectrum of the Pb32Bi52.5Sn15.5 alloy.
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Figure S4. SEM images of the PBS powders synthesised with different proportions.
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Figure S5. EDX elemental mapping images of the PBS alloys.
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Figure S6. SEM image of the Pb32Bi52.5Sn15.5 alloy microsphere and corresponding 

component analysis with spot scan in EDX (Atomic percentage). 
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Figure S7. Crystal structure diagram of the solid solution in Bi-(Pb) and Sn-(Bi,Pb). 
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Figure S8. Selected in-situ XRD patterns of the PBS eletrode during the first cycle.
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Figure S9. HRTEM images of the PBS electrode after discharged to 0.01 V.
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Figure S10. XPS spectra of Pb 4f, Sn 3d and Bi 4f of the pristine, discharged to 0.01 V 

and charged to 1.2 V state electrodes.
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Figure S11. Comparision of the GCD curves of the PBS and P/B/S electrodes and the 

correspoding energy efficiency.
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Figure S12. Calculated electrode potential profiles for the solid solution and pure 

phases and the corresponding schematic diagram of the solid solution structures.
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Figure S13. Discharge/charge curves of the PBS electrode with diffferent cycles at 

(a) 1 A g-1 and (b) 5 A g-1.
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Figure S14. Electrochemical performance of pure Pb/Bi/Sn and P/B/S electrodes: a) 

GCD curves of the pure Pb/Bi/Sn electrodes; b) GCD curves at 50 mA g-1; c) rate 

performance at 0.05 to 8.0 A g-1 and d) cycling performance at 1 A g-1 of the P/B/S 

electrode.
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Figure S15. GCD curves of the other immiscible alloy electrodes.
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Figure S16. Comparision of rate performance of the immiscible alloy electrodes.
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Figure S17. Cycling performance of the other immiscible alloy electrodes at 1 A g-1.
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Figure S18. GCD curves and cycling performance of the PBS electrode at 50 mA g-1 

test at a low temperature of  -10 oC.
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Figure S19. GCD curves and cycling performance of the integrated PBS electrode at 

100 mA g-1.
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Figure S20. a) CV curves at different scan rates and b) the corresponding logi vs. logv 

plots for different redox peaks of the P/B/S eletrode.
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Figure S21. Compaision of the diffusion coefficients (DNa+) of the PBS and P/B/S 

electrodes based on the Randles-Sevcik equation.
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Figure S22. EIS spectra at different charge/discharge states of the P/B/S electrode and 

the corresponding calculated diffusion coefficients.
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Figure S23. Comparision of the rate performance in PBS and P/B/S electrodes.
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Figure S24. SEM images of the PBS electrodes before and after different cycles (1st-

Dis., 1st-Ch.) in the NaClO4/PC/FEC.
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Figure S25. Statistical diagram of the volume expansion ratio of the initial two cycles 

of the PBS alloy particles in Movie S1.
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Figure S26. EDX mappings of the PBS electrode at different states: Pristine, 1st-Dis., 

1st-Ch., 10th cycle, 100th cycle in the NaPF6/DEGDME electrolyte, respectively.
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Figure S27. XRD patterns of PBS electrode before and after 10000 cycles.
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Figure S28. N2 sorption/desorption isotherm and pore size distribution curves of PBS 

electrode before and after 100 cycles.
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Figure S29. C 1s and O 1s XPS spectra of the pristine, discharged, and charged PBS 

electrodes in the NaClO4-PC electrolyte.
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Figure S30. HRTEM images of SEI film on the surface of charged PBS electrode at 

the first and tenth cycle. 
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Figure S31. Structure characterization and performance of Na3V2(PO4)2F3: a) XRD 

pattern; b) SEM image; c) CV curves at a scan rate of 0.1 mV s -1; d) GCD curves at 20 

mA g-1; e) rate performance; f) cycling performance 100 mA g-1.
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Figure S32. CV curves of the NVPF//PBS full cell at 0.1 mV s-1.
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Figure S33. GCD curves at different current densities of the NVPF//PBS full cell.
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Figure S34. Voltage, capacity, and energy density of several typical alloying-type 

anode based full SIBs.
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Table S1. Melting point, phase composition, theoretical and experimental specific 

capacity of the as-prepared PBS alloys.

Sample-wt% Melting 
point (℃)

Phase 
composition

Theoretical 
specific 
capacity 

(mAh g-1)

Experimental 
specific 
capacity 

(mAh g-1)

Pb44.5Bi55.5 124 Pb7Bi3-Bi 429.53 425.99

Pb46Bi44Sn10 135 Pb7Bi3-Bi-Sn 501.75 495.89

Pb40Bi49Sn11 120 Pb7Bi3-Bi-Sn 504.97 500.92

Pb22Bi64Sn14 140 Pb7Bi3-Bi-Sn 506.40 501.50

Pb32Bi52.5Sn15.5 95 Pb7Bi3-Bi-Sn 526.31 526.04

Pb28Bi50Sn22 100 Pb7Bi3-Bi-Sn 561.89 556.73

Pb14.8Bi59.4Sn25.8 114 Pb7Bi3-Bi-Sn 572.33 568.30

Pb22Bi48Sn30 130 Pb7Bi3-Bi-Sn 601.41 588.60

Bi57Sn43 138 Bi-Sn 648.04 606.70

Pb36Bi16Sn48 163 Pb7Bi3-Sn 696.80 663.40

Pb38.1Sn61.9 183 Pb-Sn 752.30 700.39
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Table S2. Comparison of electrochemical performance of the PBS electrode with 

reported alloy anodes in SIBs.

Sample
Initial 

Coulombic 
efficiency

Reversible 
Capacity

Cycling 
performance

Rate 
performance

Refer
ence

PBS 95% 523 mAh g-1 
@0.05 A g-1

87% (10000 
cycles)
5 A g-1

264 mAh g-1

@5 A g-1
This 
work

Pb 58% 381 mAh g-1

@4.8 A g-1

64% (1000 
cycles)

@4.8 A g-1

200 mAh g-1

@12 A g-1 1

Sb/C/N
S 68% 410 mAh g-1

@0.1 A g-1
88% (100 cycles)

@0.1 A g-1
324 mAh g-1

@10 A g-1 2

Sn@N
C 78% 507 mAh g-1

@0.1 A g-1
82% (400 cycles)

@0.1 A g-1
437 mAh g-1

@5 A g-1 3

Bi@C 57% 919 mAh g-1

@0.1 A g-1
38% (80 cycles)

@0.1 A g-1
175 mAh g-1

@1.6 A g-1 4

Bi NTs 69% 401 mAh g-1

@0.1 A g-1

77% (5000 
cycles)

@1 A g-1

350 mAh g-1

@150 A g-1 5

SbSn 81% 650 mAh g-1

@0.2 A g-1
88% (200 cycles)

@1.5A g-1
521 mAh g-1

@3.7A g-1 6

Sn 80% 620 mAh g-1

@0.1 A g-1

80% (3500 
cycles)

@2 A g-1

464 mAh g-1

@4 A g-1 7

SnBi@
C 80% 610 mAh g-1

@0.1 A g-1

99% (4500 
cycles)

@5 A g-1

372 mAh g-1

@10 A g-1 8

Bi0.7Sb0

.3
72% 520 mAh g-1

@200 mA g-1
71% (50 cycles)

@0.2 A g-1
285 mAh g-1

@2 A g-1 9

FBi@N
C 73% 433 mAh g-1

@1 A g-1

82% (8000 
cycles)

@10 A g-1

368 mAh g-1

@30 A g-1 10

np-
Bi2Sb6

61% 455 mAh g
@0.2 A g-1

37% (2000 
cycles)

@0.2 A g-1

304 mAh g-1

@15 A g-1 11

Sb/C 55% 440 mAh g-1

@0.1 A g-1
75% (300 cycles)

@0.1 A g-1
88 mAh g-1

@6 A g-1 12

Sn@CF
C 42% 300 mAh g-1

@0.05 A g-1

80% (1000 
cycles)

@0.2 A g-1

170 mAh g-1

@0.5 A g-1 13



41

Table S3. Fitted impendence parameters of the PBS and P/B/S electrodes at different 

charge/discharge states.

State Rct (Ω) Rs (Ω)

PBS P/B/S PBS P/B/S

Pristine 23.34 25.81 18.36 15.61

Dis.-0.6 V 15.54 18.38 5.6 3.70

Dis.-0.4 V 15.32 18.16 6.26 2.52

Dis.-0.1 V 15.08 17.55 5.93 2.81

Dis.-0.01 V 14.99 17.58 6.34 3.42

Ch.-0.2 V 16.18 17.96 5.43 4.28

Ch.-0.4 V 15.78 17.3 5.75 4.78

Ch.-0.7 V 15.29 17.87 8.98 6.94

Ch.-1.2 V 14.91 18.76 5.32 7.62
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