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Fig.S1 (a) Armchair and (b) zigzag model used for calculations, which adopt slab
model to simulated edge of graphene. Fixed section was regarded as inner graphene
sheet and relax section was used for investigating properties such as cohesive energy

and binding energy of Li,Sy

Fig.S2 TEM images of CGN (a), NCGN (b), BCGN (c) and NBCGN (d)
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Fig.S3 XPS survey spectra of NCGN, BCGN and NBCGN
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Fig.S4 EDS spectrum of the NBCGN/S composite
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Fig.S5 (a) CV curves of the CGN/S, NCGN/S, BCGN/S and NBCGN/S cathodes at
0.1 mV/s at the first cycle; (b) CV curves of the NBCGN/S cathode at a scan rate of

0.1 mV/s at the first three cycles

Fig.S6 SEM images of CGN/S (a), NCGN/S (b), BCGN/S (c¢) and NBCGN/S (d)

cathodes after 300 cycles at 0.2 C
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Fig.S7 Visualized adsorption experiments for CGN, NCGN, BCGN and NBCGN in

Li,S¢ solution
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Fig.S8 Equivalent circuit used for fitting the impedance data



Intensity/a.u.

Survey Sample |C/%| O/%|N/%| B/%
C1s NBCGN-1[81.1[13.7|14 | 338
NBCGN-2|78.0( 162| 48| 1.0
= Ols
&
;‘? N 1s
4 B 1s NBCGN-2
|- |
=
L]
Mmf\
0 200 400 600 800 1000
Binding Energy/eV

Fig.S9 XPS survey spectra of NBCGN-1 and NBCGN-2
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Fig.S10 High resolution N 1s spectra of NBCGN-1 and NBCGN-2
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Fig.S11 High resolution B 1s spectra of NBCGN-1 and NBCGN-2



Table S1 BET specific surface area and pore volume of the CGN, NCGN, BCGN and

NBCGN
Sample specific surface area/(m?/g) total pore volume/(cm3/g)
CGN 112.1 0.192
NCGN 147.1 0.215
BCGN 132.9 0.213
NBCGN 243.8 0.314

Table S2 The specific N and B distributions in NCGN, BCGN and NBCGN. N-1 to

N-5 represent pyridinic N, pyrolic N, graphitic N, oxygenated N and N-B,

respectively; B-1 to B-5 stand for BC;, BC,0, BCO,, B,0O5 and B-N, respectively.

N distribution/at.%

B distribution/at.%

sample
N-1 N-2 N-3 N4 N-5 B-1 B2 B3 B4 B-5
NCGN 19.1  20.6 179 424 — — — — - —
BCGN — - - — - 491 159 339 1.1 -
NBCGN 36.0 0.0 14.1 7.8 421 0.0 352 17.1 7.7 40.0




Table S3 Comparison of the sulfur cathode performance between this work and some

other works reported previously

Sulfur loading Current  Initial ~ Capacity loss

Samples Reference
mg/cm? density capacity rate per cycle
This
NBCGN/S ~2.0 0.2C 977 0.08%
work
N-CNTs/S ~0.55 02C ~800 0.18% S1
NG-S90 ~1.5 ~0.5C 1080 0.11% S2
S@NG 0.8 0.5C 1030 0.10% S3
3D-NGS ~1.0 ~0.15C  ~1050 0.13% S4
Aligned
~1.2 0.1C 736 0.96% S5
CNTs/S
HMMCNTSs/S 0.8-1.0 ~0.3C 1008 0.26% S6
Gr/CNTs ~1.2 0.3C 946 0.26% S7
G-NBCL400/S 0.9-1.2 0.5C 829 0.08% S8
HCNF@NPC-S 1.8-2.5 0.5C 1170 0.27% 59

MPNC-S80 ~1.1 ~0.1C 1013 0.40% S10




Table S4 Impedance values of the equivalent circuit fitted for the impedance spectra

Sample R, CPE-T CPE-P R R C
CGN/S 1.94 1.12E-5 0.86 58.04 13.62 0.0019
NCGN/S 2.11 2.12E-5 0.76 51.44 13.09 0.00078
BCGN/S 1.92 8.57E-6 0.87 46.67 13.01 0.00020
NBCGN/S 1.91 6.52E-6 0.86 38.47 7.758 0.00089

Table S5 The specific N distributions in NBCGN-1 and NBCGN-2. N-1 to N-5

represent pyridinic N, pyrolic N, graphitic N,

oxygenated N and N-B,

respectively;respectively; B-1 to B-5 stand for BC;, BC,0, BCO,, B,05; and B-N,

respectively.

N distribution/at.%

B distribution/at.%

sample

N-1 N-2

N-3

N-4 N-5

B-1 B-2 B-3

B4 B-5

NBCGN-1 7.7 45.7

NBCGN-2 728 11.7

94

0.8

2.5 34.7

0 14.7

17.5 16.9

422 20.7

184 262 21.0

0.2

10.2  26.7




Table S6 Calculated details of cohesive energy of each model. E., Exx and E(X)

stand for cohesive energy, energy of X system and energy of the X atom.

Systems Formula to calculate E. E.(eV)
CcC E.cc=Ecc- Ecc 0.00
BC Ecpc=Epc- Ecct EB) - E(C) - E(H) 4.69
NC E.ne=Enc-Ecct ENN) - E(C) - E(H) 2.60
BC+NC E.pct Ecne 7.29
BN E.pn=Epn- Ecct+ E(B) + E(N) -2E(C) - 2E(H) 6.16
CCC Ecccc= Eccc- Eccc 0.00
BCC E.pc=Epc- Eccct E(B) - E(C) - E(H) 4.62
NCC Ecnce=Excc- Eccct E(N) - E(C) - E(H) 2.79
BCC+NCC E.pcct Ecnee 7.41
BCN Ec.pen=Epen- Eccc+ E(B) + E(N) -2E(C) - 2E(H) 7.34
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