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Figure S1. a. Schematic diagram of the synthetic route of CFNCs. b. The lab-made
serialized CCVD device to prepare CNCs.
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Figure S2. SEM images of the as-synthesized CNCs and CFNCs. a-b, CNCs
synthesized by CCVD method. c-d, CFNCs—360 synthesized by fluorination process

Figure s3. TEM images of as-synthesized CNCs and CFNCs. a, CNCs. b, the wall
thickness of 5.9 nm for CNCs. ¢, CFNCs. d, the wall thickness of 13.6 nm for CFNCs.
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Figure S4. Element mapping of CFNC-360. a, HADDF-STEM image of CFNC-360. b,

the distribution of F, C elements on the CFNC-360. c, F element. d, C element. e, EELS
mapping for the selected zone. f, the EELS spectrum of the selected zone.
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Figure S5. a, the energy density of CFNCs synthesized at different temperatures for
Li/CFx battery. b, the power density of CFNCs synthesized at different temperatures
for Li/CFx battery. c. comparison of energy density for CFNC-360 with various art
exemplar fluorinated carbon active materials.
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Figure S6. OCV stability of Li/CFx primary battery loaded with CFNCs materials
testing over 3 days period.
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Figure S7. Survey spectrum of CFNCs. a, CFNC—325. b, CFNC—340. ¢, CFNC-350. d,
CFNC-360. e, CFNC—370. f, CFNC-380.
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Figure S8. High-resolution XPS spectra of Cls for as-synthesized CFNCs prepared
under different reaction temperatures. (a), 340°C. (b) 350°C. (c) 370°C.

Figure S9. Schematic diagram of the fluorinated carbon materials with different
curvatures from different viewing angles. (a) C-F, bond binding on carbon nanotubes
with a radius of 2.15 A, and (b) C-F, bond binding on graphene fragments with an
infinite radius.

Table S1. The total transition metal (Fe, Co and Ni) content of CFNC—360 detected
by ICP-AES.
Sample Fe (wt.%) Co (wt.%) Ni (wt.%) Zn (wt.%)
CFNC-360 0.0028 <0.0001 <0.0001 <0.0001

Table S2. Galvanostatic discharge performance of CFNCs at a discharge rate of
0.01C.

CENC  CENC____CENC CENC _ CFNC
Samples  CFNC-325 g, 350 360 ~370  -380
e

A 0.97 1.17 1.49 161 151 1.37
cheo

. (mAh g 854 916 991 1013 995 966
)

O~exp

(MAh 735 554 789 1056 502 429
gl

Energy

density 1901 1425 1978 2487 1236 1028
(Wh kg?)




Table S3. The fitting parameters of Electrochemical impedance spectroscopy (EIS)
for CFNCs.

Samples CFNC-325 CFNC-340 CFENC -350 ___CENC -360
R. (Q) 5.8 4.7 4.6 4.8
Ry (Q) 157 433 718 148
Z, (579) T.667 WETE 6.44¢" 4.5¢7

Table S4. Comparison of the performance CFNC-360 with the reported literature
for specific capacity and energy density at 0.01C (1C=821mA g1).

Nominal materials Discharge Energy Discharge Reference
Capacity Density rate
(mAh g?) . (Wh kg (C-rate)

CFNC-360 1056 2487 0.01C This work

Fluorinated  multi- 764.0 1863.9 0.01C st
walled carbon
nanotubes (FCNTSs)

Fluorinated 798.8 2006.6 0.01C st
graphitized
multiwalled carbon
nanotubes (FGCNTSs)

Fluorinated 837.4 2004.5 0.01C S?
Nanographite (FG-450)

Oxidized sub- 870 2825 0.01C S3

fluorinated graphite

Fluorides (O-CFq¢)

fluorinated 949 2816 0.01C S3
calcinated macadamia
nut shell (F-cMNS-280)

Urea-assistant ball- 747.3 1867.9 0.01C s4
milled CFx (Urea/CFx)

CFo69 647 1880 0.01C S°

fluorinated hard 922.6 2466 0.01C Sé
carbon (FHC)

MOF-derived nano- 850.3 2110.7 0.01C S’
porous fluorinated
carbon (MOF-derived-
CFx)

Fluorinated graphite 921 2210 0.01C S8
nanosheets (CFx-
400 NSs)

Fluorinated 939.2 2738 0.01C S°
graphene nanoribbons
(F-GNRs)

fluorinated 924.6 2544 0.01C S10
ketjenblack (FKB)

UV-radiation 798.2 1990.9 0.01C st
fluorinated carbon
(UV-CFx)

fluorinated Carbon 748 1780 0.01C Stz
nanofibers (FCNFs)

Sub-fluorinated thin 900 1923 0.01C Si3
carbon nanotubes

(CFO.37)

Table S5. Surface chemical bond contents for various CFNCs based on XPS analysis.

Sample Different bonds content (at%)




C-C Cc=C Semi-ionic C-F Covalent C-F C-F, C-F;

3ZEGC' 210 143 112 34.1 9.9 95
200" 146 75 106 44.0 210 23
35560 - - 34.4 34.5 173 13.8
360 73 - 33.6 37.2 151 68
37(F)GC' 9.4 6.1 29.9 25.5 29.2 -
38(FJGC' 417 7.2 3.4 36.4 113 -

Table S6. F/C ratios for various CFNCs based on XPS observations.
CFNC CFNC CFNC CFNC CFNC

Samples  CENC-325 _3,, 350 360 370 380
F/C 147 104 1.15 0.71
ol 0.92 1.07

Table S7. Binding energies of CyF36li supercell structure in air and aqueous

systems.
Structure El(eV) E2(eV) AE(eV)
CyaF3eli-g 0.79 0.67 0.12
CyaF36li-s 2.36 0.74 1.62
Table S8. Bonding energies of C-F, with different curvatures.
Model Ciube-F> Colgne‘FZ
E bonding energy (Kcal/mol) 105.81 143.66
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