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Fig. S1 Schematic diagram of various positions on (a) TA and (b) PPy. The (c) initial and (d) final
positions of Li-ion diffusing from ring1 to bridge O above TA. The (e) initial and (f) final positions
of Li-ion diffusing from double O to ring2 above TA. The (g) initial and (h) final positions of Li-
ion diffusing from single O1 to single O2 above TA. The (i) initial and (j) final positions of Li-ion
diffusing from ringl to ring2 above PPy. The (k) initial and (1) final positions of Li-ion diffusing
from N1 to N2 above PPy.
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Fig. S2 Adsorption of (a) P, (b) LiP, (c) Li,P, and (d) LisP on PPy.! Adsorption of (¢) P, (f) LiP, (g)
Li,P, and (h) Li;P on TA.
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Fig. S3 (a) Cycling performances, (b) capacity retention and (c) the 20th galvanostatic
charge/discharge curves of P-CNT, P-CNT@PPy, P-CNT@TA, P-CNT@TA-PPy at 520 mA g!
charge current density and 260 mA g~! discharge current density.
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Fig. S4 Schematic labeling of different parameters in GITT.
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Fig. S5 The dates were tested at both charge and discharge current of 260 mA g™'. (a) Long cycle
curves of discharge capacity of P-CNT, P-CNT@PPy, P-CNT@TA, P-CNT@TA-PPy. (b) Nyquist
plots of P-CNT, P-CNT@PPy, P-CNT@TA, P-CNT@TA-PPy after 25 cycles and (c)
corresponding fitting lines between frequency and Z’ in the low frequency region. SEM images
showing the thickness and morphology of (d) (e) (h) P-CNT@PPy, (f) (g) (i) P-CNT@TA and (j)
P-CNT@TA-PPy electrodes before and after 25 cycles.
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Fig. S6 (a) The cycling performance and (b) corresponding charge capacity retention of P-
CNT@TA-PPy at a charge current density of 2000 mA g'! and discharge current density of 260 mA

gl

Table S1 Cycling performance and multi-rate performance of this work and other works.

) Phosphorus Cycling Multi-rate
Materials ] Reference
species performance performance
815mAhg!at
260 mA g'l;
893, 840, 760, 446
757 mA h gl at
mA h g'! at 260, .
P-CNT@TA- 520 mA g, This
Black phosphorus 520, 1300, 5200
PPy 821 mAhg'lat work
mA g!
1000 mA g'!;
837 mA h g! at
2000 mA g'!
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821 mA hg'at50
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P/CNT-10% LiF | Black phosphorus &> mA h gl at 25, 50, [S2]
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mA g!
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100 mA g'!; hg'!
BP@CNTs Black phosphorus [S4]
522mAhgt!at at 100, 250, 500,
500 mA g; 1000, 1500, 2500
mA g!
795 mA h gl at 841,716, 657, 608,
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. Red phosphorus [S5]
HC(70%)@TiO, 447 mA hg'at h g at 100, 200,
1000 mA g'!; 400, 600, 800,
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Fig. S7 (a) The cycling performance and (b) multi-rate performance compared with other works.?-
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