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Fig. S1. FESEM images of (A) Cu2O, (B) ZnIn2S4 and TEM images of (C) Cu7S4, 

(D) enlarged Cu7S4 samples.
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Fig. S2. EDS mapping profiles of 20%Cu7S4/ZnIn2S4 samples.
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Fig. S3. EDS mapping profiles of 30%Cu7S4/ZnIn2S4 samples.
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Fig. S4. TEM images of the deposition of BPQDs on the surface of ZnIn2S4.



7

FOV: 269 µm, Mode: 15kV - Point, Detector: BSD Full, Time: AUG 27 2019 22:11
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Fig. S5. Quantitative results of BPQDs@Cu7S4/ZnIn2S4 through random 

selection of 6 points by tableting method.
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Fig. S6. XRD patterns of Cu2O, Cu7S4 samples.



10

10 20 30 40 50 60 70 80

  

 

30%Cu7S4/ZnIn2S4

20%Cu7S4/ZnIn2S4

10%Cu7S4/ZnIn2S4

5%Cu7S4/ZnIn2S4

1%Cu7S4/ZnIn2S4

 

  

  
In

te
ns

ity
 (a

.u
.)

 

  

2 Theta (degree)

Fig. S7. XRD patterns of different contents of Cu7S4/ZnIn2S4 samples.
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Fig. S8. Appearance color contrast of (A) Cu7S4, (B) ZnIn2S4, (C) 1%Cu7S4/ 

ZnIn2S4, (D) 5%Cu7S4/ ZnIn2S4, (E) 10%Cu7S4/ ZnIn2S4, (F) 20%Cu7S4/ ZnIn2S4, 

(G) 30%Cu7S4/ ZnIn2S4 and (H) BPQDs@10%Cu7S4/ ZnIn2S4 composites.
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Fig. S9. UV-vis/DRS spectra of Cu7S4, ZnIn2S4 and 1%Cu7S4/ZnIn2S4.
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Fig. S10. Full-spectrum XPS scan of Cu2O, Cu7S4, ZnIn2S4, 

10%Cu7S4/ZnIn2S4 and BPQDs@10%Cu7S4/ZnIn2S4 samples.
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Fig. S11. In high-resolution XPS spectra of ZnIn2S4, 10%Cu7S4/ZnIn2S4 and 

BPQDs@10%Cu7S4/ZnIn2S4 samples.
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Fig. S12. Zn high-resolution XPS spectra of ZnIn2S4, 10%Cu7S4/ZnIn2S4 and 

BPQDs@10%Cu7S4/ZnIn2S4 samples.
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Fig. S13. P 2p high-resolution XPS spectra of BPQDs@10%Cu7S4/ZnIn2S4 

samples.
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Table S1 High-resolution XPS data of Cu 2p.

Elemental
orbit 

Samples
Position 

(eV)
Species Contents (%)

Cu2O 931.6 Cu+ 2p3/2 42.5
Cu7S4 931.6 Cu+ 2p3/2 24.1

10% Cu7S4/ZnIn2S4 931.6 Cu+ 2p3/2 /Cu 2p

BPQDs@10% 
Cu7S4/ZnIn2S4

932.0 Cu+ 2p3/2 /

Table S2 High-resolution XPS data of S 2p.

Elemental
orbit 

Samples
Position 

(eV)
Species Contents (%)

Cu7S4 161.6 S 2p3/2 39.6
ZnIn2S4 162.0 S 2p3/2 66.2

10% Cu7S4/ZnIn2S4 162.0 S 2p3/2 85.3S 2p

BPQDs@10% 
Cu7S4/ZnIn2S4

161.8 S 2p3/2 59.0
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Table S3 High-resolution XPS data of In 3d.

Elemental
orbit 

Samples
Position 

(eV)
Species

444.9 In 3d5/2
ZnIn2S4 452.5 In 3d3/2

444.8 In 3d5/2
10% Cu7S4/ZnIn2S4 452.4 In 3d3/2

444.9 In 3d5/2

In 3d

BPQDs@10% 
Cu7S4/ZnIn2S4 452.5 In 3d3/2

Table S4 High-resolution XPS data of Zn 2p.

Elemental
orbit 

Samples
Position 

(eV)
Species

1021.5 Zn 2p3/2
ZnIn2S4 1044.5 Zn 2p1/2

1021.4 Zn 2p3/2
10% Cu7S4/ZnIn2S4 1044.4 Zn 2p1/2

1021.4 Zn 2p3/2

Zn 2p

BPQDs@10% 
Cu7S4/ZnIn2S4 1044.4 Zn 2p1/2

Table S5 High-resolution XPS data of P 2p.

Elemental
orbit 

Samples
Position 

(eV)
Species Contents (%)

130.6 P 2p3/2 35.5
131.5 P 2p1/2 17.7P 2p

BPQDs@10% 
Cu7S4/ZnIn2S4

134.1 P-O-P 46.8
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Fig. S14. Agglomerated phenomenon of 30% Cu7S4/ZnIn2S4 samples.



22

1 2 3 4 5 6

  

 

hv (eV)

 ZnIn2S4


hv

)2  (e
V

)2

2.05 eV

Fig. S15. Optical band gaps of pristine ZnIn2S4 determined by Kubelka-Munk 

plot.
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Table S6 Comparison of photocatalytic H2 generation performance with reported literatures.

Catalyst
Sacrificial agent

Cocatalyst

H2 evolution rate 

(umol/g/h)
Ref.

BPQDs@Cu7S4/ZnIn2S4 Na2S, Na2SO3 885 This work

MoS2/ZnIn2S4 Na2S, Na2SO3 120 [1]

Co/CQDs/ZnIn2S4 TEOA 1760 [2]

RGO/ZnIn2S4 lactic acid 817 [3]

MoS2/ZnIn2S4 Na2S, Na2SO3 3060 [4]

Graphene/ZnIn2S4 Na2S, Na2SO3 40.9 [5]

MoS2/CQDs/ZnIn2S4 TEOA 3000 [6]

WS2/ZnIn2S4 Na2S, Na2SO3 199 [7]

NiS/CQDs/ZnIn2S4 TEOA 568 [8]

AgIn5S8/ZnIn2S4

Na2S, Na2SO3

2% Pt
949.9 [9]

In(OH)3/ZnIn2S4

TEOA

0.5% Pt
1470 [10]
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