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Figure S1. '"H NMR of nitrated naphthalene which consists of 1-nitronaphthalene, 1,5-

dinitronaphthalene and 1,8-dinitronaphthalene, using CDCl; as solvent.
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Figure S2. The XRD spectrum of GQDs synthesized from naphthalene.
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Figure S3. The Raman spectrum of GQDs synthesized from naphthalene. The ordered G

band and disordered D band are located at 1580 cm™! and 1370 cm!, respectively.
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Figure S4. GQDs obtained using 1,5-dinitronaphthalene (a) or 1,8-dinitronaphthalene (b)
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as the precursor. (left column) TEM image and size distribution (GQDs obtained from 1,5-
dinitronaphthalene: 5.64 = 1.71 nm, n=134; GQDs obtained from 1,8-dinitronaphthalene:
5.61 = 1.53 nm, n=142); (middle column) AFM image. Inset shows the height profile along
the red-line and the height distribution (GQDs obtained from 1,5-dinitronaphthalene: 1.25
+ 0.46 nm, n=151; GQDs obtained from 1,8-dinitronaphthalene: 1.20 + 0.41 nm, n=129);
(right column) Photoluminescence spectra of GQD solution. 548 and 543 nm are the
emission peaks at the best excitation of 467 nm for GQDs synthesized from 1,5-

dinitronaphthalene and 1,8-dinitronaphthalene, respectively.
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Figure S5. Reaction energy of dehydrogenation. (a) Calculated energy profile along
reaction path of dehydrogenation of 1,5-dinitronaphthalene. (R=Reactant, TS=Transition
state, P=Product) (b) Calculated reaction energy curve versus distance between O from
OH- and H from naphthalene (two atoms at the ends of the black arrow). The lack of

minimum point on this curve means that such reaction cannot stably occur.
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Figure S6. The energy barrier for naphthalene alkyne to attack the precursor (1,5-

dinitronaphthalene) is as high as 50 kcal/mol.
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Figure S7. Electron paramagnetic resonance (EPR) spectrum of the intermediate
naphthalene alkyne radical scavenged by TEMPO during the synthesis process, whose

pattern is in consistence with the previously reported !.
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Figure S8. Fusion of naphthalene alkyne molecules. (a) Dimerization of two naphthalene
alkyne molecules. (b) Trimer formation upon fusion between cis or trans dimers and

naphthalene alkyne. The numbers have the unit of kcal/mol.
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Figure S9. DFT calculated total energy barriers for one dehydrogenation plus one

denitration reaction on GQDs with different sizes.
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Figure S10. GQDs obtained with doubled reaction time (16 h). (a) TEM image and size
distribution (5.91 £ 2.61 nm, n=148). (b) AFM image. Inset shows the height profile along
the red-line and the height distribution (1.28 £ 0.56 nm, n=149). (c) Photoluminescence

spectra of GQD solution. The 551 nm is the emission peak at the best excitation of 467 nm.
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Figure S11. TEM (left column) and AFM images of doped GQDs. (a) Average diameter
of N-GQDs is 5.76 = 1.29 nm (n=126). (b) Average thickness of N-GQDs is 1.28 + 0.52
nm (n=131). (c) Average diameter of S-GQDs is 5.83 £ 1.48 nm (n=144). (d) Average
thickness of S-GQDs is 1.31 + 0.50 nm (n=150). (e) Average diameter of NS-GQDs is 5.97

+ 1.64 nm (n=167). (f) Average thickness of NS-GQDs is 1.39 £ 0.57 nm (n=145).



Figure S12. Photographs of graphite suspension without GQDs in H,O (left) and graphene
suspension exfoliated by GQDs (right) after ultrasonication. Graphite power cannot
disperse after ultrasonication whereas graphene sheets exfoliated from graphite power by
GQDs can stably disperse in water because GQDs can serve as both intercalation agent and

surfactant.
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Figure S13. The scanning electron microscope (SEM) image of graphite powder with

average particle size of 47.8 £ 3.5 pm (n=146).
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Figure S14. High-resolution C 1s XPS (a) and XANES (b) of pristine graphene (purchased

from Sigma-Aldrich, 900394), GQD/graphene vdWH, and NS-GQD/graphene vdWH.
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Figure S15. H, and O, produced from water splitting (in 1 M KOH at a current density of
25 mA cm?) using NS-GQD/graphene electrodes (2 cm x 2 c¢cm), with a linear fitting
(dashed lines). Faradic efficiencies for water splitting HER (or OER) are calculated as the
ratio of the amount of produced H, (or O,) gas to the theoretically predicted gas production

based on total charge consumed. To prevent leakage, the gas was collected by water

drainage strategy.
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Table S1 Comparison of the water splitting performance between our NS-GQD/graphene

with other advanced photoelectrocatalysts in alkaline media.

NS-GQD/graphene vdWH 0.125 100 205 237 This work
NiCo,P,/GQD nanosheet array 0.31 100 119 400 2
Si/graphene/TiO,/FeNiCoOy 1.0 10 nil 290 3
a-Fe,Os/graphene 1.6 3 nil 400 4
NisFe/graphene 1.02 10 nil 230 5
Sn,Zr-Fe,03;-NiOOH all 2.5 nil 420 6
Co(OH),/Bi,WOq all 1 nil 80 7
3D Fe(POs)y/Ni P 8 10 nil 177 8
Co,P/Carbon 2.5 10 nil 281 9
N-doped ZnO nanowires all 1.4 nil 20 10
Sn-doped hematite nanowires all 2 nil 370 1
a-Fe,0; particles all 5 nil 300 12
NiFeO,/haematite all 1.5 nil 270 13
Aligned TazNs Nanorod all 6 nil 195 14
Si microwire arrays all 10 50 nil 15
Si nanowires all 10 380 nil 16
cobalt-sulfide film all 2 85 nil 17

Zn0O/CuO heterojunction

branched nanowires all 016 400 nil !
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Table S2 Comparison of the water splitting performance between our NS-GQD/graphene

and other all-carbon materials.

NS-GQD/graphene vdWH 0.125 100 205 237 This work
o | I
N,S-doped carbon nanotubes all 10 450 360 20
N, S co-doped graphitic sheets 0.71 10 300 230 21
N,S-codoped porous graphene all 20 300 nil 22
N,P-codoped carbon networks all 30 210 nil 23
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