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Figure S1. Scheme of the synthesis route for the three-shelled hollow resin

nanoparticles and the hollow carbon nanoparticles.



Figure S2. TEM images of three-shelled hollow 3-AF resin nanospheres (3S-AFs).
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Figure S3. TEM images of single-atomic sulfur bonded to the hollow carbon

nanospheres (ASHCs).



Figure S4. Element mapping of ASHCs, there are C, S, O, N elements. The scale bar

1s 200 nm.



Intensity (a.u.)

ASHCs Ci1s

N1s
O1s 52
WMMM o
800 600 400 200

Binding Energy (eV)

Figure SS. XPS spectrogram of the ASHCs.



Figure S6. TEM of HCs obtained at 450 °C carbonization.



Figure S7. TEM of Sg/HCs.
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Figure S8. The pore size distribution of ASHCs, HCs and Sg/HCs. The pore volumes
for ASHCs (0.18 cm? g!) are much larger than HCs (0.06 cm? g!), and Sg/HCs (0.016

cm? g,
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Figure S9. Raman spectrum of ASHCs and HCs. The formation of amorphous carbon
could also be confirmed by Raman spectrum, which showed typical peaks of D band
(1366 cm!) and G band (1553 cm ). The Raman spectrum showed obvious signal of

the C-S at 403 cm™! for ASHCs and no visible signal for S-S bond was observed.
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Figure S10. TOF-SIM spectrums of the ASHCs sample.
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Figure S11. The electronic conductivity for ASHCs and Sg/HCs.
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Figure S12. The initial charge/discharge profiles of ASHCs at 0.03A g
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Figure S13. The charge/discharge profiles at different current densities.
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Figure S14. Rate performance of representative high-capacity anodes for KIBs'-8.
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Figure S15. The comparison of electrochemical performance for the ASHCs annodes
prepared with PVDF binder and CMC/SBR binder. (a) The charge/discharge profiles

for the first cycle at 0.05 A g'' (b) The cyclability at 0.15A g
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Figure S16. (a) SEM image of ASHCs electrode before potassiation; (b) SEM image

of ASHCs electrode after potassiation at 0.09 A g
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Figure S17. TEM image of ASHCs after rate performance test at different current

density of 0.05, 0.2, 0.4, 0.8, 1.0, 1.5A g'!. Every C rate repeated 5 cycles.
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Figure S18. CV curves of ASHCs at 0.2-1 mVs™!. More details to show how the data
was analysed: The relationship of peak current (i) and the scan rate (v) was expressed

by Equation (1), which could also be written as Equation (2)%10:
i=av (1)
logi=blogv +loga ()

The value of b would highly related to the K* storage behaviors. Generally, b=0.5

suggested the diffusion-limited process, and b=1 suggests capacitive-controlled one.

Moreover, to quantify the contribution of diffusion and capacitance, Equation (3) is

introduced:
i(v) = kyv + kv'/? 3)
Equation (3) could also be written as Equation (4):

i)W =k + k, 4)

. . 1/2
In Equation (3), v is the scan rates, k; and k» were constants. K1¥ and K2V reflected as
the capacitive-controlled contribution and diffusion-controlled contribution,
respectively. Based on Equation (4), we were able to determine the value of k; and

calculated the capacitive and diffusion contribution.
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Figure S19. The capacity contribution of the single-atomic sulfur species in ASHCs at
0.03A g'! at the second cycle. The content of sulfur was quantified to be 32.0 wt% by
the element analysis (EA), Accordingly, the capacity contribution of the single-atomic
sulfur species in ASHCs could be estimated by the equation:

Csutfur = (Casncs- 0.68%Cyycs)/0.32
Where Cy4, 18 the capacity for the single-atomic sulfur species, Casycs 1S the capacity
for the ASHCs composite, Cycs is the capacity for the HCs. We collected the data points
at different voltages from ASHCs and HCs, calculated the capacity contribution of the
single-atomic sulfur species, and then prepared the charge/discharge profile for the

single-atomic sulfur species.
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Table S1. The comparisons of specific surface area (SSA) of S-free carbon host and the S/C

composite reported in the literatures.

SSA (with
Materials SSA (S-free)/m? g! References
S)m? g!
Carbon confined S, 4 308 8.5 ACS Nano 2019, 13, 2536-2543
Energy Storage Materials, 2020, 27,
SAC-350 228 27
426-434
SPOF 33.1 28.9 J. Energy Chem., 2021, 62, 645-652
SHCS 355.8 8.3 Adv.Mater. 2019, 31, 1900429
MOF-C/S/PDAc 628.5 97.8 Adv. Energy Mater. 2020, 10, 2000931
S-MCS-600 1525.2 1006.7 Electrochim. Acta., 2017, 241, 63-72
Energy Storage Materials,2020,27, 212-
S-NC 432 56
225
ASHCs 52.9 268 This work
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Table S2. The reversible capacity of reported S/C composite in KIB anode.

Anodes Reversible Capacity ICE References

SHCS 581 mAh g at 0.025 A g’! 51.4% Adv. Mater. 2019, 32, 1900429
SNHC ~300 mAh g at 0.1 A g'! 36.6% Adv. Energy Mater. 2019, 9, 1901379

SPOF 557mAh g'at 0.05A g 73.2% J. Energy Chem. 2021, 62, 645-652
S-PAN 610 mAh g at 0.05 A ¢! 64.8% ACS Nano 2021, 15, 18419-18428
NSCN3, 408 mAh g at 0.05 A g'! 33.0% J. Energy Chem. 2022, 66, 195-204

S/N-PHCs | 461 mAhg'at0.1 A g! 67.7% Chem. Eng. J. 2021, 409, 127383
SHC-3 365 mAh g at0.05 A g! 51.3% J. Energy Chem. 2022, 68, 688-698
SO-SC ~435mAhg'at0.1 A g 58 1% Electrochim. Acta. 367 (2021) 137526
1 ]
ASHCs 22? Eiﬁ §-1 :: 8822 g" 68'4%_$0'05A This work
616 mAh g at 0.15 A g! g

Notes: All the specific capacities were calculated based on the mass of S/C composite; all the
capacities are from the initial cycles. ICE is initial coulombic efficiency.
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Table S3. The binding energy for S2p for the different sulfur species from different S/C composites.

S2p3/2 | S2p3/2

Materials References
V) V)
Elemental sulfur (Sg) 164.0 | 165.2 This work
Elemental sulfur (Sg) 164.0 | 165.2 ACS Energy Lett. 2016, 1, 431-437

J. Am. Chem. Soc. 2015, 137, 2215-
CNT confined 1D long-chain S 164.1 | 165.2
2218

Confined and covalent S, (x>2) 163.9 | 165.3 Electrochim. Acta 2019, 293, 191-198

J. Am. Chem. Soc. 2012, 134, 18510-

Confined S, (x=2-4, 163.7 | 164.8

18513
Confined and covalent S, (x>2) 163.7 / Adv. Mater. 2019, 31, 1900429
Single-atomic S (C-S-C) 163.4 | 164.5 This work

Notes: It has been reported that the formation of S-C bond would make the binding energy of S2p
shifts to the lower binding energy!!. From Table S3, we could also find that with the increase of
the length of chain Sy, the binding energy of S2p became lower. Accordingly, the single-atomic S

in ASHCs has the lowest binding energy due to its shortest S chain (C-S;-C).
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Table S4. The comparison of thermal stability of the different sulfur from different S/C composites.

) Temperature for
Materials o References
initiated S loss

S; filled in porous carbon ~160 °C Nat. Mater. 2009, 8, 500-506
CNT confined 1D long-chain S ~300 °C Nat. Commun. 2013, 4,2162.
Confined Sy (x=2-4, ~400 °C ACS Nano 2019, 13, 2536-2543
Confined and covalent S, (x>2) ~400 °C Adv. Mater. 2019, 31, 1900429

] ) Energy Storage Materials, 2020, 27,
Carbon bonded with chain S, (x<3) ~420 °C

426-434

Single-atomic S (C-S-C) ~670 °C This work

Notes: That the much better thermal stability of ASHCs than that for chain-S (x>2) grafted carbon
or carbon-confined small-molecule sulfur composite could be ascribed to the stronger bond energy

(272 kJ mol") of C-S bond in ASHCs sample than that of S-S (251 kJ mol'!) bond'2.
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