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Materials

Chloroplatinic acid hexahydrate (H,PtCls:6H,0) was obtained from Macklin.
Few-layer graphene oxide powder (JCFRGO) and multi-walled carbon nanotube
film JCMWCFM 10pum) were purchased from Jiacai Technology Co., Ltd. Single-
walled carbon nanotubes suspension (TNWDIS, 0.2 wt.%) was purchased from
Chengdu Organic Chemicals Co. Ltd. Polyacrylonitrile (PAN, average Mw =

150000) and N,N-dimethylformamide (DMF) was obtained from Sigma-Aldrich.



Figure S1. The photograph of hydrogel after hydrothermal treatment.



Figure S2. The photograph of the sample holder for Joule heating system.



Table S1. Comparation of key parameters for various substrate materials.

. Electrolyte Specific Mechanical Preparation
Substrates Conductivity o Porous structure .
wettability surface area strength Difficulty
GCA Rela.tively Good Hierarc}.lical Large Relatively Low
High porosity Strong
Relativel Relativel
CNT High y (?01(:]; Y Single porosity el:rg;e Y Strong High
PAN- Relatively Relatively Sinele porosit Relatively Relatively Relatively
based CNF Low Good ge porostty small weak High




Figure S3. The photograph of the three substrates, the dimeter of the electrode is

14 mm.
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Figure S4. N, adsorption-desorption isotherms of (a) GCA, (b) CNT and (c) CNF.
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Figure S5. The pore distributions of three substrates based on Barrett—Joyner—

Halenda method.



Figure S6. The contact angle test images of three substrates
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Figure S7. (a) The digital image and (b) the temperature-time curve during

Joule-heating process.
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Figure S8. The SEM image of Pt@GCA in (a) and (b) InLens and (c) SE2 modes.
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Figure S9. Thermogravimetry curves of GCA and Pt@GCA.



Figure S10. SEM images of (a) Pt@CNT and Pt@CNF electrodes.



Figure S11. Flexibility test image of Pt@GCA electrode.
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Figure S12. N, adsorption-desorption isotherms of Pt@GCA and GCA electrodes.



Figure S13. The TEM images of the Pt@GCA cathode with different resolutions.



Figure S14. EDS element mappings of Pt@GCA.



20

16 |
Average diameter
6.2720.11 nm
- 12}
=
=
S
O s}
4F
0 L L L L L L L L

0 2 4 6 8 10 12 14
Diameter (nm)

Figure S15. Pt NPs size distribution analysis based on Figure S13b.



Figure S16. (a) The HRTEM images of the Pt@GCA, (b) the fast Fourier

transform (FFT) image and (c) corresponding lattice size.
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Figure S17. XPS survey of Pt@GCA electrode.
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Figure S18. Refined Pt 4f XPS spectrum of Pt@GCA.
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Figure S19. Raman spectra of GCA and Pt@GCA electrodes.
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Figure S20. Full discharging test of Pt@GCA under Ar atmosphere, the current

density is 20 pA cm™.
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Figure S21. Areal discharging capacity comparison of different cathodes with

reported LCBs.
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Figure S22. (a) Rate performance of GCA cathodes. (b) Overpotential and (c)

energy efficiency of Pt@GCA and GCA under different current densities.
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Figure S23. The discharge-charge profiles comparation of LCBs.
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Figure S24. SEM observation of GCA cathode after discharging and charging

process.
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Figure S25. (a) EIS test of different cathodes before cycling. (b) Pt@GCA based

LCBs at different cycling state.
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Figure S26. EIS test of (a) GCA, (b) Pt@CNF and (c¢) Pt@CNT after

discharge/charge.
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Figure S27. Raman spectra of GCA at different stages.
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Figure S28. FTIR observation of Pt@GCA cathode after discharging and

charging process.
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Figure S29. The optical photograph of Li foil (a) before cycling and (b) after

operated in LCBs for 800 h.



B Lico,
- I LiOH
2
[
'
-
A
2]
=
="
i
=
o
‘I |.1|‘.| Gy,
10 20 30 40 50 60 70 80

2 Theta(degree)

Figure S30. XRD spectra of Li foil after 800 h cycle.



Figure S31. The SEM images of Pt@CNT electrode (a) before and (b) after

discharge



Table S2. Electrochemical performance

comparison of different reported Li-CO,

batteries.
Cathodes Overpotential Em?rgy Dlscha.r ge Stability Ref
efficiency capacity
10.03 mAh > 91 cycles
0
Pt@GCA 0.72Vat20pA  82%at20 5000 uA  at40 pA enr This Work
cm PA cm 2 )
cm
4.72 mAh
0,
GCA 215V at_220 pA 53.15% a_t220 cm? at 20 pA 45 cycles azt This Work
cm LA cm e 20 pA cm
Defect-rich porous 22000 mAh
carbon (c-p-MOF- 125V 2_1;[ 0.1A N/A glat05Ag 340 h atl 0.5 1
5) g i Ag
2.49 mAh
RWNS-G 1.40V at (_)2.02 mA N/A om? at 20 pA 100 cycles_zllt )
cm 2 100mA g
cm
0,
CoSe, carbonized 0.72 V at 0.05 mA 81.5% at B ng mAh 162 cycles at
. 3 0.05 mA cm cm™ at 0.05 2 3
melamine foam cm 2 > 20 pA cm
mA cm
6.80 mAh 109 cycles at
NiFe@NC/PPC 1.08 Vat (_)2'05 mA N/A cm2at0.05  0.05mA cm 4
cm 2 2
mA cm
1.95 mAh
0,
Vs-CoyCuS; 073V at_220 HA 80.3% at_220 om? at 20 pA 600 h at%O 5
cm LA cm 2 LA cm
cm
B105Na05T103 1.37 mAh
nanorods 1.00 Vat (_)2'01 mA N/A cm?2at0.01 100 b at 0_'201 6
. . cm B mA cm
piezoelectric mA cm
Porous carbon 1.47 V at 0.05 mA 3224 mAh 100 cycles af
. 4 N/A cm~at0.05  0.05mA cm 7
C/CoNi-CNTs cm 2 )
mA cm
Copper indipm 1.00 V at 20 pA ~80% at 20 crr?:zg Stnzl(?h A 105 cycles at ]
splfide (CIS) cm? A cm?2 e A 20 pA em?
TiVC/graphene 1.50 Vat200 mA  ~65% at 200 217 880 mAh 91 cycles at
R 1 g'lat 100 mA N 9
aerogel g mA g gl 100mA g
N, O-doped 1.00 V at 20 pA 78.46% at 20 1%69 h 151 cycles at
B 2 cmZat 20 pA 2 10
graphene aerogel cm LA cm om? 20 pA cm
Co-doped 7860 mAh g!
1.25 V at 100 mA . 100 cycles at
CeO,/graphene ! N/A at 100mA g 100 mA g 11

aerogel



NiS,/FeS,-N, S,
Co-doped graphene
aerogel

Pt/N-doped
polypyrrole CNT

Pi@CNT

Ru@CNT

TiO, nanorod
arrays/
sponge

1.10 V at 100 mA
g!

0.75 V at 100 mA
g!

1.86 V at 100 mA
g!

139V at 20 pA
cm?

1.02 V at 0.05 mA
cm2

71.50% at
200 mA g'!

N/A

70 % at 100
mA g'!

N/A

N/A

21178 mAh
¢! at 300 mA
g

29614 mAh
g'at 100 mA
!

N/A

4.62 mAh
cm?2at 20 pA
cm?

4.38 mAh
cm2at 0.05
mA cm

127 cycles at
100 mA g-!

30 cycles at
100 mA g!

110 cycles at
100 mA g!

100 cycles at
20 pA cm?

1600 h at

0.05 mA cm-
2

12
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