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Characterization results
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Fig. S1. (a-d) SEM images of (a) ZnIn,S, nanosheets, (b) Cy 15ZIS nanosheets, (c) GO nanosheets,
and (d) RGO nanosheets. (¢) TEM, (f) HRTEM, and (g) STEM and EDX mapping results of
Co.15ZIS nanosheets.

Fig. S2. (a) TEM and (b) HRTEM images of RGO nanosheets. (b) is magnified from the area (red

dotted circle) marked in (a).



Fig. S3. TEM observation on the edge area of 2%-RGO/Cy 15ZIS-3N composite.
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Fig. S4. (a) Cd 3d, (b) Zn 2p, (c) In 3d, and (d) S 2p XPS spectra of Cy;5ZIS nanosheets. (¢) Ni 2p
and (f) P 2p XPS spectra of Ni,P nanoparticles.

Table S1. The mole ratios of C-C, C-OH, C-O-C, and C-OOH estimated from the C 1s spectra of

different samples.

Sample C-C C-OH C-0-C C-OOH
(mole ratio) (mole ratio) (mole ratio) (mole ratio)
GO 26.7% 10.2% 51.2% 11.9%
RGO 58.5% 24.7% 16.8% 0
fresh 2%-RGO/C 15ZIS 33.8% 31.2% 35.0% 0
used 2%-RGO/C, 15ZIS 35.1% 29.1% 35.8% 0
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Fig. S5. EPR spectra of ZnIn,S4 and C, ;5ZIS nanosheets.
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Fig. S6. (a, c) Photocatalytic H, generation activities and (b, d) corresponding HER rates of (a, b)
x-RGO/Cy 15ZIS (x =0, 0.5%, 1%, 2%, 3%, and 4%) and (c, d) 2%-RGO/C, ;5sZIS-yN (y =1, 2, 3,

| —e—a%-RGOIC,, ZIS

—9—0.5%-RGOIC,  ZIS
~o—1%-RGOIC, . ZIS
—o—2%-RGOIC,  ZIS

—o—3%-RGO/C, ZIS

—e—C,  ZIS

G

Rate of H, evolution (m mol-g'1-h'1)

T T T T
0.5 1.0 15 20 2.5

Irradiation time (h)

0.0

30+

= N N
g O 4]
1 1 1

-
¢ =]
1 1

o
1

—o— 2%-RGO/C, ZIS-IN
—o—2%-RGOIC,, ZIS-2N
—a—2%-RGO/C  ZIS-3N
—o—2%-RGOIC, , ZIS-4N
—o—2%-RGOIC, , ZIS-5N

h7)

(@)

Rate of H, evolution (mmol.g

4, and 5).

T

0.0

T

0.5 1.0 1.5 2.0 2.5

Irradiation time (h)

7.5

6.0

4.5

3.0

015’

1%-RGOIC, , ZIS
f d2%-Rrco/C, 21
[ 13%-RGO/C, ZIS
i d4%-RcO/C, ZIS
E ! cﬂﬁzls

[ 10.5%RGOI/C ZIS
i
E

Different photocatalysts

2%-RGOIC,  ZIS-IN
E_32%-RGOIC, , ZIS-2N
E 12%-RGOIC,  ZIS-3N

[ 42%-RGO/C, , ZIS-4N
E 12%-RGO/C,  ZIS-5N

IHHH

Different photocatalysts




25

)

g9

20 o

15
" /

H, evolution (mmol

Irradiation time (h)

Fig. S7. H; evolution curve for calculating the AQY of 2%-RGO/Cy ;5ZIS-3N.
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Fig. S8. XRD patterns of the 2%-RGO/Cy 15ZIS-3N hybrid before and after HER test.

Fig. S9. (a) TEM and (b) HRTEM graphs of the 2%-RGO/Cy ;5ZIS-3N composite after HER

measurement.
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Fig. S10. (2) Cd 3d, (b) Zn 2p, (c) In 3d, (d) S 2p, () Ni
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RGO/Cy 15ZIS-5N after photocatalytic reaction.

Intensity (a.u.)

D-band G-band

After reaction 11, =1.06

Before reaction _
ID.’IG =1.06

1200 1400 1600 1800

Raman shift (cm'1)

1000

Binding Energy (eV)

2000

Fig. S11. Raman spectra of 2%-RGO/C, ;5ZIS before and after photocatalytic reaction.
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Fig. S12. C 1s signals of 2%-RGO/Cy ;5ZIS before and after photocatalytic reaction.

2p, and (f) P 2p spectra of 2%-
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Fig. S13. Mott-Schottky curves of (a) Cy 15ZIS, (b) 2%-RGO/C, 15ZIS, and (c) 2%-RGO/Cy 15Z1S-

3N.
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Fig. S14. Contact potential differences of Ni,P, RGO, and C, 15ZIS relative to the probe.
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Fig. S15. N2 adsorption-desorption isotherms and corresponding pore-size distributions of (a)
Co.15Z18 and (b) 2%-RGO/Cy ;5Z1S-3N.



Table S2. Comparison on the photocatalytic HER activities of Znln,S,-based composites.

Photocatalyst Hole scavenger Light source Maximum AQY Reference
(aqueous solution) (Xe lamp) rate (420 nm)
(mmol-h-'-g1)

RGO/C, 15Z1S-Ni,P lactic acid A > 400 nm 14.56 10.94% (400 nm)  This work
RGO/ZnlIn,S, lactic acid A > 420 nm 0.82 - [1]
RGO/ZnlIn,S, TEOA A > 420 nm 2.64 4.4% [2]
ZnIn,S,/RGO TEOA A > 400 nm 5.06 - [3]

Ag:ZnIn,S4/RGO TEOA A > 420 nm 6.34 - [4]
Cu;Ni;—ZnIn,S, Na,S/Na,SO5 A > 420 nm 7.82 30.19% [5]
Ni/ZnIn,S4~RV; TEOA A > 420 nm 1.79 9.6% [6]
SnSe-ZnlIn,S, TEOA A > 400 nm 5.65 8.2% [7]
Pd@UiO-66-NH,@ZnIn,S, TEOA A > 420 nm 5.26 3.2% [8]
Li,MoS,/ZnIn,S, Na,S/Na,S0; A > 420 nm 6.65 - [9]
ZnIn,S,; MFs TEOA A > 420 nm 2.40 0.16% [10]
Ag,0-Znln,S, TEOA Simulated sunlight 0.46 0.9% [11]
Co-P/ZnIn,S, lactic acid A > 420 nm 7.84 4.3% [12]
WS,/Znln,S, lactic acid A > 420 nm 2.55 3.2% [13]

CoFe;04/ZnlIn,S, TEOA A > 420 nm 0.8 5.0% [14]

Au@Pt/ZnIn,S, Na,S/Na,SO5 A > 420 nm 4.17 6.23% [15]

CoySs@ZnIn,S,@PdS TEOA A > 420 nm 11.41 71.2% [16]
ZnIn,S,/Nd Na,S/Na,S0; A > 420 nm 1.13 - [17]
Ce0,/ZnIn,S, Na,S/Na,SO; A > 420 nm 0.85 - [18]
ZnlIn,S,@PCN-224 Na,S/Na,SOs A > 420 nm 5.68 - [19]
Ti;C,Tx MXene@ZnIn,S, TEOA A > 420 nm 3.47 11.14% [20]
H-doped ZnIn,S, Na,S/Na,SO; A > 420 nm 2.15 13.2% [21]
N-doped ZnIn,S, TEOA A > 400 nm 11.08 13.8% [22]
Oxygen-Doped ZnIn,S, Na,S/Na,SO; A > 420 nm 2.12 - [23]
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