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Fig. S1 XPS (a) C Is spectrum and (b) S 2p spectrum for FOC.
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Fig. S2 (a) CV curves of FOC at 0.1 mV s!. (b) CV curves of FOC at different scan
rates from 0.2 to 1 mV s’ (¢) log(i) response plotted vs. log(v) of FOC at peak
voltages. (d) Normalized contribution ratios of capacitive- and diffusion-controlled

processes for FOC.
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Fig. S3 (a) Galvanostatic charge-discharge curves of FOC at 0.05 A g'!' and (b) at
different current densities. (c) Galvanostatic charge-discharge curves of FOCN at

different current densities.



Fig. S4 (a) SEM image of FOCN-5. (b) SEM image of FOCN-15.
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Fig. S5 (a) Nitrogen adsorption-desorption isotherms, and (b) the corresponding pore

size distributions of FOCN-5 and FOCN-15.
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Fig. S6 Rate capability of FOC, FOCN, FOCN-5 and FOCN-15 at current densities

from 0.05 to 10 A g
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Fig. S7 Nyquist plots of the FOC sample at different cycles at 2 A g-!.
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Fig. S8 Long-term cycle performance and the corresponding Coulombic efficiency of

the FOCN anode at 10 A g'.
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Fig. S9 GITT potential profiles for FOC and FOCN.
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Fig. S10 Galvanostatic charge-discharge profiles for NPC at different current
densities (at cycle 5).

(NPC was synthesized by one-step carbonization/activation techniques using methyl
cellulose as the precursor, sodium bicarbonate as salt template, urea as N-doping

precursor, and potassium hydroxide as activating agent.!)



Table S1. Physical parameters for FOC and FOCN.

Pore volume® XPS composition
d(002) L, L. Sger® Smic (%) (Wt%)

ID/IG 2 -1 2 o1
nm nm nm m m
( ) ( ) ( ) ( & ) ( & ) V<2 nm V2-50 nm C O S

Sample

FOC 0.376  7.37 1.56 1.70 661 382 86.98 13.02 8239 17.18 042

FOCN 0379 6.58 144 190 558 119 1898 81.02 88.55 9.86 1.59

a Surface area was calculated with BET method.

b The pore volume was determined by DFT method.



Table S2. Binding energy and relative peak areas of C species evaluated by XPS.
Peak position (eV) Relative peak areas (%)
Sample
C=C C-C C-O/C-S C=0 COOH CcC=C C-C C-0/C-S C=0 COOH
FOCN 2844 285.1 2859 2869 289.2 4791 30.79 7.93 5.09 8.27
FOC 2844 2850  286.1 286.9 288.6 59.72  20.98 8.29 1.68 9.34




Table S3. Binding energy and relative peak areas of O species evaluated by XPS.

Peak position (eV) Relative content (%)
Sample
O-S Cc=0 C-O-C/C-OH O-S Cc=0 C-O-C/C-OH
FOCN 531.3 532.5 533.9 6.55 47.24 46.20

FOC 531.3 532.4 533.8 5.69 42.92 51.39




Table S4. Binding energy and relative peak areas of S species evaluated by XPS.

Peak position (eV) Relative content (%)

Sample
S2p3n  S2pin C-S0O4-C S2p3n  S2pin C-S0O4-C

FOCN 164.0 165.2 168.3 169.5 44.13 22.70 19.23 13.94

FOC 164.0 165.3 168.1 169.2 20.14 10.05 35.86 33.95




Table S5. Comparison of potassium storage performance between FOCN and other

reported carbonaceous electrodes.

Cycling performance

Materials Rate capacity Current Specific  Reference
density capacity
(Ag) number (mAh g1)
392 mAh g at 0.05 A g'! This
F 2 2 1
OCN 107 mAh g'lat10 A g! S00 30 work
Sulfur/selenium/nitrogen
252.5mAhg'lat0.1 Ag!
co-doped hard carbon 155 851 m Ahg -1a;t03 A % 1 1100 143.5 2
(SSHC) ' & g
N/O co-doped porous
4 Ahg'at0.05A¢g!
hard carbon nanobelts 26080121 Ahg _la:t()3025 A f’: 1 1600 277 3
(NOCNBs) g atsont
N/P co-doped vertical r 4
graphene on CC 33 15 566 Tfnii At gthZA_ g | 1000 142.4 4
(N, P-VG@CC) ‘ g 8
Carbon dots@rGO 309 mAhg'lat0.1 Ag!
2 4 244
(CDs@rGO) 221 mAh g'at0.5 A g! 0 840 3
Edge-enriched N-doped 276 mAh ¢! at 0.05 A g!
porous carbon 110 mAh o at 4 A ol 1 6000 252 6
nanosheets (ENPCS) & &
Volcanic-like hard 220.7 mAh g:l at 0.1 A_g'l 5 4000 81 7
carbon (PNTCDA) 103 mAhg'lat4 A g'!
N/S dual-doped carbon ~ 380.5 mAh g'at0.1 A g'!
1 1 249.
(N, S-3DHPC) 129.4mAh g'at 10 A g’! 000 75 8
_deri -1 -1
Soybeans-derived hard 175 mAhglat0.05Ag 0.05 900 196 9

carbon (SC-500) 70 mAh g'at0.8 A g'!




N-doped porous carbon
(NHPC)

Oxygen-rich carbon
nanosheets (CNSs)

Onion-like carbon
(OLC)

3D nitrogen-doped
framework carbon
(3DNFACQC)

Hierarchically porous
thin carbon shells
(S/N@C)

S/O co-doped hard
carbon (PCMs)

305.7mAh g!' at 0.05 A g!

102.6 mAhg'lat2 A g!

252 mAh glat0.1 A g!
133 mAh glat 10 A g'!

179 mAhg'lat0.1 Ag'!
78 mAh glat 10 A g'!

309 mAh g'at0.1 A g!
111 mAhg'lat10A g

235mAh g'lat0.1 A g'!
64 mAhg'at4 A g!

230 mAh g at 0.05 A g’!

158 mAhglatl Ag!
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Table S6. Peak areas of O species evaluated by ex-situ XPS.

Relative content (%)

State
C=0 C-O-C/C-OH/S=0 O-S
Pristine 47.24 46.20 6.55
Fully discharged (cycle 1) 11.17 82.51 6.31
Fully charged (cycle 1) 45.04 48.93 6.03
Fully charged (cycle 2500) 78.41 12.74 8.85




Table S7. Peak areas of S species evaluated by ex-situ XPS.

Relative content (%)

State
S 2psn S 2pi» S2- KSOx Thiosulfate/sulfate/-SO,-
Fully charged 2 88 418 830 16.99 4553 16.11
(cycle 1)
Fully charged =, 0 ¢ 69 8.94 15.12 41.49 14.68

(cycle 2500)




Table S8. Electrochemical performance of FOCN//NPC PIHC devices compared with

previously reported PIHCs, SIHCs and LIHCs.

A th
noc.le Ca (?de Electrochemical performance  Reference
materials materials
193 Wh kg at 494 W kg! .
F | Th k
OCN NPC 20 Whkg'at 22324 Wkg! O
N-rich activated N-rich activated 51 Wh kg'! at 600 W kg'! 16
carbon (SEG) carbon (SEG) 25 Whkg! at 9600 W kg!
. ) 57.8 Wh kg at 1422 W kg!
Graphite Activated carbon 18.8 Whke-! at 15887 W kgl 17
. 87 Wh kg! at 12 W kg-!

-Co,P -14 Activat 1
U-Co,P@rGO ctivated carbon 10 Wh kg at 4264.7 W kg 8
CagsTiy(POy4);@C ) 80 Wh kg! at 32 W kg'!

A 1
(CTP@C) ctivated carbon 54 Wi kgl at 5144 W kg ?
N-doped nanoporous
: . 582 Whkg!at~166 W kg-!
K;Tig043 (KTO) graphenic carbon 20
13.2 Whkg! at 72 kg!
(NGC) 3.2 Wh kg at 7200 W kg
Hollow carbon Boron-doped 108 Wh kg! at 495 W kg-! o1
(HC) graphite (BG) 20 Whkg! at 6100 W kg!
76 Wh kg! at 80 W kg!
N - MSP-2 22
5:0;@CGO-50 5P-20 6 Wh kgl at 20800 W kg'!
Biomass-derived
: : 81.2 Whkg!' at 126 W kg'!
Ti0,@CNT@C activated carbon ! r 23
(BAC) 37.9 Wh kg'! at 12400 W kg
-1 -1
V,05-CNT Activated carbon 38 Whkg at 140 Wkg 24

7.5 Wh kg! at 5000 W kg'!




MWTOG

Graphene-wrapped
Li4Ti50,, (LTO)

TiO,/CNT

Activated carbon

Activated carbon

Activated carbon

64.2 Whkg! at 56.3 W kg-!

25.8 Whkg! at 1357 W kg-! 23
50 Whkg!at~18 W kg'! 26
15 Wh kg! at 2500 W kg!

59.6 Wh kg'! at 120 W kg! 7

22.3 Wh kg at 13900 W kg-!
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