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Fig. S1 Difference charge density and bader charge of C atom connected to the -COOH and -OH. The green and red isosurface denote the decrease and increase of electron density, respectively, and the value is ±3 × 10-4 e Bohr-3.
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Fig. S2 Gibbs free energy change (ΔG*H) of HER process on four sites of ALQD-SO3.
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Fig. S3 Gibbs free energy change (ΔG*H) of HER process on four sites of ALQD-COOH.
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Fig. S4 Gibbs free energy change (ΔG*H) of HER process on four sites of ALQD-NH2.
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Fig. S5 Gibbs free energy change (ΔG*H) of HER process on four sites of ALQD-OH.
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Fig. S6 Bader charge of C atoms near the functional group and C atoms connecting functional group for ALQD-NH2.
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Fig. S7 Gibbs free energy change (ΔG*H) of HER process on the C sites connected to the functional group of medium size ALQD.
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Fig. S8 Gibbs free energy change (ΔG*H) of HER process on the C sites connected to the functional group of small size ALQD.
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Fig. S9 The net weight of ALQD-SO3 which obtained in one-time synthesis.
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Fig. S10 TEM image of bulk MoS2.
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Fig. S11 AFM image of bulk MoS2.
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Fig. S12 (a) XPS survey spectra and High-resolution XPS, Mo 3d (b) and S 2p (c) spectra of ALQD-SO3 before and after 6 months on standing.
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Fig. S13 Contact angle of water droplets on the surface of ALQD-SO3 (a) and bulk MoS2 (b).
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Fig. S14 TEM images and corresponding lateral size distributions of SO3-GQDs (a), SO3-GQDs-1 (b), SO3-GQDs-2 (c), and SO3-GQDs-3 (d).
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Fig. S15 (a) XRD pattern of SO3-GQDs, (b) XRD patterns of SO3-GQDs-1, SO3-GQDs-2 and SO3-GQDs-3.
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Fig. S16 (a) FTIR spectrum of SO3-GQDs. (b) FTIR spectra of SO3-GQDs-1, SO3-GQDs-2 and SO3-GQDs-3.
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Fig. S17 XPS survey spectra (a) and high-resolution XPS, C 1s (b), N 1s (c), O 1s (d) and S 2p (e) spectra of SO3-GQDs, SO3-GQDs-1, SO3-GQDs-2 and SO3-GQDs-3.
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Fig. S18 TEM images of ALQD-SO3-1 (a), ALQD-SO3-2 (b) and ALQD-SO3-3 (c).
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Fig. S19 AFM images of ALQD-SO3-1 (a), ALQD-SO3-2 (b) and ALQD-SO3-3 (c).
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Fig. S20 XPS survey (a), and high-resolution XPS Mo 3d (b), S 2p (c), C 1s (d) and O 1s (e) spectra of ALQD-SO3-1, ALQD-SO3-2, and ALQD-SO3-3.
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Fig. S21 Raman spectra of ALQD-SO3-1, ALQD-SO3-2 and ALQD-SO3-3.
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Fig. S22 XRD patterns of ALQD-SO3-1, ALQD-SO3-2 and ALQD-SO3-3.
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Fig. S23 Contact angle of water droplets on the surface of ALQD-SO3-1 (a), ALQD-SO3-2 (b) and ALQD-SO3-3 (c).
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Fig. S24 LSV curve (a) and corresponding Tafel plots (b) for glassy carbon electrodes deposited with functionalized, ALQD-SO3-1, ALQD-SO3-2 and ALQD-SO3-3. LSVs are taken at 10 mV/s in 0.5 M H2SO4 with a Hg/Hg2Cl2 reference electrode and vitreous carbon counter electrode. Pt and glassy carbon electrodes for HER are included in (a) as a reference.
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Fig. S25 TEM images and corresponding lateral size distributions of GQDs-COOH (a) and GQDs-OH (b).
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Fig. S26 XRD patterns of GQDs-COOH and GQDs-OH.
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Fig. S27 XPS survey spectra (a) and high-resolution XPS, C 1s (b), N 1s (c) and O 1s (d) spectra of GQDs-COOH and GQDs-OH.
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Fig. S28 XRD patterns of ALQD-COOH and ALQD-OH.
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Fig. S29 Raman spectra of ALQD-COOH and ALQD-OH.
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Fig. S30 XPS survey (a), and high-resolution XPS Mo 3d (b), S 2p (c), C 1s (d) and O 1s (e) spectra of ALQD-COOH and ALQD-OH.
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Fig. S31 Contact angle of water droplets on the surface of ALQD-COOH (a) and ALQD-OH (b).
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Fig. S32 XPS survey spectra (a) and high-resolution XPS, C 1s (b), N 1s (c) and O 1s (d) spectra of GQDs-NH2, XPS survey (e), and high-resolution XPS Mo 3d (f) and S 2p (g) spectra of ALQD-NH2 and bulk MoS2. 
 


[image: ]
Fig. S33 XRD patterns of GQDs-NH2 (a) and ALQD-NH2 (b).
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Fig. S34 (a) TEM image and corresponding lateral size distribution of GQDs-NH2. (b) TEM image of ALQD-NH2.
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Fig. S35 AFM image of ALQD-NH2.
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Fig. S36 LSV curve (a) and corresponding Tafel slope (b) of ALQD-NH2. LSVs are taken at 10 mV/s in 0.5 M H2SO4 with a Hg/Hg2Cl2 reference electrode and vitreous carbon counter electrode. Pt and glassy carbon electrodes for HER are included in (a) as a reference.
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Table S1 Element content of ALQD-SO3, ALQD-SO3-1, ALQD-SO3-2, ALQD-SO3-3, ALQD-COOH, ALQD-OH, ALQD-NH2 and bulk MoS2.
	
	Mo 3d
(at.%)
	S 2p
(at.%)
	-SO3H
(at.%)
	C 1s
(at.%)
	N 1s
(at.%)
	-NH2
(at.%)
	O 1s
(at.%)
	C=O
(at.%)
	C-O
(at.%)

	ALQD-SO3
	19.35
	26.17
	3.8
	31.74
	2.81
	-
	19.94
	-
	-

	ALQD-SO3-1
	16.91
	23.62
	3.56
	35.97
	4.56
	0.88
	18.94
	-
	-

	ALQD-SO3-2
	17.17
	28.03
	3.11
	32.82
	3.72
	0.72
	18.26
	-
	-

	ALQD-SO3-3
	16.5
	27.54
	2.65
	33.4
	2.08
	0.51
	20.48
	-
	-

	ALQD-COOH
	14.77
	28.2
	-
	25.78
	5.0
	-
	26.23
	23.0
	3.22

	ALQD-OH
	19.35
	36.3
	-
	21.27
	6.43
	-
	16.65
	0.64
	16.01

	ALQD-NH2
	17.29
	32.34
	-
	24.8
	4.95
	0.66
	20.62
	-
	-

	bulk MoS2
	38.59
	61.41
	-
	-
	-
	-
	-
	-
	-














[bookmark: _Hlk93172175]Table S2 Element content of SO3-GQDs, SO3-GQDs-1, SO3-GQDs-2, SO3-GQDs-3.
	
	C 1s
(at.%)
	N 1s
(at.%)
	O 1s
(at.%)
	S 2p
(at.%)
	-SO3H
(at.%)

	SO3-GQDs
	52.2
	3.84
	36.47
	7.49
	7.49

	SO3-GQDs-1
	70.64
	5.41
	19.56
	4.39
	4.39

	SO3-GQDs-2
	66.14
	8.93
	20.83
	4.1
	4.1

	SO3-GQDs-3
	72.52
	4.15
	21.18
	2.15
	2.15















Table S3 Element content of COOH-GQDs, OH-GQDs, NH2-GQDs.
	
	C 1s
(at.%)
	N 1s
(at.%)
	O 1s
(at.%)
	C=O
(at.%)
	C-O
(at.%)

	COOH-GQDs
	69.35
	3.64
	27.01
	22.69
	4.31

	OH-GQDs
	75.73
	6.96
	17.31
	7.42
	9.89

	NH2-GQDs
	65.82
	8.55
	25.63
	-
	-
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