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Spectral properties of CIS/ZnS-GSH QDs (particles synthesis)
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Figure S1. Normalized emission spectra of the different fractions collected during the particles synthesis 
and purification. “Filtrate 1” and “Filtrate 2” are the filtrates discarded after the centrifugal filtration steps, 
the “Head” and the “Tail” fractions are respectively the first and the last fraction obtained during 
purification by size-exclusion chromatography. The spectra indicate that a partial size selection was 
operated during purification 1 (centrifugal filtration), with a fraction of the smaller particles emitting at 
lower wavelengths which was discarded in the filtrate. Purification 2 (size exclusion chromatography on 
Sephadex column) also operated a size selection: indeed the particles collected after the main fraction 
(“Tail”) exhibited blue-shifted emission, while those collected before (“Head”) showed red-shifted 
luminescence.
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Powder X-Ray Diffraction of CIS/ZnS-GSH QDs

Position [°2Theta] (Copper (Cu))

10 20 30 40 50 60 70 80 90 100 110 120 130 140

Counts

0

5000

10000

 Simple Average_1_MS1113_4_slow
Copper Zinc Indium Sulfide 100,0 %

Figure S2. Powder X-Ray diffraction pattern of the CIS/ZnS-GSH QDs, compared with the reference (ICDD 
04-016-2015, blue vertical lines below the diffraction pattern). The Rietveld refinement operated in the 
hypothesis of a single phase evidenced a good agreement with the reference, however small but systematic 
shifts of the shape and position of the peaks were observed, and were attributed to the presence of a core-
shell structure, synthesized in two steps.

EDX spectrum of CIS/ZnS-GSH QDs

Figure S3. EDX spectrum of a CIS/ZnS-GSH nanocrystals sample dropcasted on a silicon substrate as a thick 
film. The composition was measured by EDX in five different points of the sample and the data were 
averaged to obtain the final values. The good thickness of the sample is proved by the fact that the Si signal 
is not observed in the spectra. 
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Thermogravimetric analysis of CIS/ZnS-GSH QDs
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Figure S4. Thermogravimetric analysis of CIS/ZnS-GSH dry particles from two different batches, measured 
under argon atmosphere in a platinum crucible. The two batches gave similar results, confirming the good 
reproducibility of the synthetic procedure. 
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Emission lifetime of CIS/ZnS-GSH QDs in water
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Figure S5. Emission decay for the CIS/ZnS-GSH QDs in aqueous solution, recorded at room temperature 
with a quartz cuvette of 1 cm. The solution was excited at 455 nm and the emission was recorded at 638 
nm (integration time 0.1 s). 

Table S1. Lifetime values obtained from a triexponential fit of the lifetime decay of CIS/ZnS-GSH QDls in 
water as showed in Figure S5. 

τ1 / ns A1 / % τ2 / ns A1 / % τ3 / ns A1 / % τavg
a / ns

13 6.36 100 37.61 371 56.02 328
aAverage lifetime defined as τavg = (τ1

2A1 + τ2
2A2 + τ3

2A3) / (τ1A1 + τ2A2 + τ3A3)
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Estimation of the molar extinction coefficient of CIS/ZnS-GSH QDs
The mass concentration of the nanoparticles solution obtained after the synthesis (taking into account the 
residual water, removed at T < 100°C in thermogravimetric analysis, TGA) was: 

C = 25 mg mL-1

The amount of ligands (mass %) was estimated from TGA to be around 15% (percentage of weight loss 
between 200 and 600 °C, see Figure S4). As a consequence, the mass concentration of the inorganic 
particles was: 

cinorg = 21 mg mL-1

The average nanoparticles size was obtained from TEM measurements: d = 2.2 nm. This corresponds to an 
average particle volume of 5.57*10-27 m3 (inorganic part). Taking into account a density of 4.739 g mL-1 for 
bulk CuInS2,1 the average weight of a single inorganic particle (without considering the ligands) is 

minorg = 2.64*10-20 g

which multiplied by the Avogadro number (NA = 6.022*1023) can be considered as equivalent to the molar 
mass of CuInS2 nanoparticles

MWinorg = 15900 g mol-1

The molar concentration of the particles in the mother solution is thus obtained by the following equation: 

C = cinorg / MWinorg = 1.32*10-3 mol L-1

Knowing that the mother solution, diluted 1:61, has an absorbance A400 = 0.4887 at 400 nm (optical path b 
= 1 cm), the molar extinction coefficient at 400 nm (ε400) can be estimated: 

ε400 =   = 22600 cm-1 M-1

𝐴400
𝑏 × (𝐶𝑖𝑛𝑜𝑟𝑔 ÷ 61)

This value is in the same range as those obtained for this size using two empirical formulae developed for 
stoichiometric CuInS2 nanoparticles corroborating the validity of our estimation.2,3



7

Photocatalytic activities of the three-component systems SD-PS-Cat studied for H2 evolution

Table S2. Photocatalytic activities of the three-component systems SD-PS-Cat studied for H2 evolution, in 
terms of nH2, TONCat, TONPS and TOFPS.a Experiments were carried out at 25 °C in water (5 mL) under visible-
light (400–700 nm) with the NaHA/H2A couple, as sacrificial electron donor (SD) and buffer, at different pH 
and with various relative concentrations of photosensitizer (PS) and catalyst (Cat).

Entry pH [HA-/H2A]
(M)

PS (µM) Cat (µM)b nH2,
μmol

TONCat TONPS TOFQD,
mmolH2 gQD

-1 h-1

(TOFPS, h)

Irradiation time,c 
h

1 4.5 0.5 CIS/ZnS-GHS (102) Cat1 (10) 229 4580 900 1.80 (61) 69

2 5.0 0.5 CIS/ZnS-GHS (106) Cat1 (10) 295 5910 1110 1.59 (54) 97

3 5.5 0.5 CIS/ZnS-GHS (110) Cat1 (10) 244 4875 890 1.06 (36) 94

4 5.0 0.5 CIS/ZnS-GHS (117) Cat1 (5) 193 7720 660 1.02 (35) 98

5 5.0 0.5 CIS/ZnS-GHS (120) Cat1 (1) 47 9450 160 0.21 (7) 95

6 5.0 0.5 CIS/ZnS-GHS (114) 13 46 70

7 5.0 0.5 CIS/ZnS-GHS (117) Co(NO3)2(10) 6.5 130 22 52

8 5.0 0.5 CIS/ZnS-GHS (116) Cat2 (10) 8.9 180 31 22

9 5.0 0.5 CIS/ZnS-GHS (68) Cat1 (10) 160 3200 940 1.33 (45) 71

10 5.0 0.5 [Ru(bpy)3]Cl2 (68) Cat1 (10) 32 640 190   (100) 30

11 4.5 0.5 [Ru(bpy)3]Cl2 
(500)

Cat1 (10) 80 1530 65   (35) 22

12 4.5 0.5 CdSe-GHS (68) Cat1 (10) 28 560 170 1.33 (45) 44

13 5.0 0.5 CdSe-GHS (5) Cat1 (10) 40 790 3155 25.53 (868) 93
anH2: total number of moles of H2 produced; TONCat: maximum turnover number per catalyst (in molH2 
molCat

-1); TONPS: maximum turnover number per photosensitizer (calculated as 2xmolH2 molPS
-1); TOFPS: 

initial turnover frequency per photosensitizer (expressed in molH2 gQD
-1 h-1 or TONPS h-1) obtained by the 

system. bCat1 and Cat2 correspond respectively to [CoIII(CR14)Cl2]Cl and [CoII(CR15)(H2O)2](Cl)2. cTime of 
irradiation after which H2 production stopped or reached a pseudo plateau.

Table S3. Various concentrations of ascorbic acid (H2A) and sodium ascorbate (NaHA) at different
pH in aqueous solution.

pH C /M Vsolution /mL [H2A]/M mH2A /mg [NaHA]/M mNaHA/mg
4.5 0.5 5.0 0.142 125 0.358 354
5.0 0.5 5.0 0.056 49 0.444 440
5.5 0.5 5.0 0.019 17 0.481 476
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Figure S6. Photocatalytic hydrogen production (nH2, VH2) as a function of time from a deaerated aqueous 
solution (5 mL) of NaHA (0.36 M) and H2A (0.14 M) at pH 5.0 under visible light irradiation (400-700 nm) in 
the presence of CIS/ZnS-GSH QDs (116 ± 2 μM) and in the absence (dashed line) or presence of catalyst (10 
μM): Cat2 ([Co(CR15)(H2O)2](Cl)2, blue line) and Co(NO3)2 (green line).
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Figure S7. Photocatalytic hydrogen production (TONCat, nH2) as a function of time from a deaerated aqueous 
solution (5 mL) of NaHA (0.36 M) and H2A (0.14 M) at pH 5.0 under visible light irradiation (400-700 nm) in 
the presence of CIS/ZnS-GSH QDs (110 μM) and Cat1 (10 μM) (1st run), after centrifugation and redispersion 
of CIS/ZnS-GSH QDs into a fresh solution of Cat1 (10 μM) and NaHA (0.36 M)/H2A (0.14 M) buffer (2nd and 
3rd runs).
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Figure S8. Photocatalytic hydrogen production as a function of time from a deaerated aqueous solution (5 
mL) of NaHA (0.36 M) and H2A (0.14 M) at pH 5.0 under visible light irradiation (400-700 nm) in the 
presence of CIS/ZnS-GSH QDs (113 ± 7 μM) and Cat1 at different concentrations (1, 5, 10 μM) in terms of 
(a) TONCat and (b) nH2 and VH2.
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Spectral properties of CdSe QDs (synthesis and water transfer)
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Figure S9. Normalized absorption (solid lines) and emission spectra (exc = 400 nm) (dashed lines) of the 
CdSe QDs before (CdSe-OlAm-TOP-stearate, black line, recorded in chloroform) and after the water transfer 
(CdSe-GSH QDs, red line, recorded in water). The spectra do not exhibit significant shift after the water 
transfer, indicating that the properties of the nanocrystals were retained after the ligand exchange.



11

300 400 500 600 700 800
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Ab
s

/ nm

 Initial
 After photocatalysis

Figure S10. UV-Visible absorption spectra of an aqueous solution of [Ru(bpy)3]Cl2 (0.5 mM) and Cat1 (5 μM) 
before adding ascorbic acid (▬), and of the mixture [Ru(bpy)3]Cl2 (0.5 mM), Cat1 and NaHA/H2A (0.5 M)  
after photocatalysis (30 h of visible light irradiation) (▬). The spectra were recorded using a 1 mm path 
length quartz cell. 
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Figure S11. UV-Visible absorption spectra of (▬) the CIS/ZnS-GSH QDs (110 μM) and (▬) CdSe-GSH QDs (5 
μM). The spectra were recorded in aerated water using a 1 mm path length quartz cell. The two spectra 
have the same area below the curve when integrated on the visible region of the spectrum (400-700 nm). 
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1H NMR and mass spectra of [Co(CR14)Cl2]Cl (Cat1) and [Co(CR15)(H2O)2]Cl2 (Cat 2).

100 150 200 250 300 350 400
0

20

40

60

80

100

In
te

ns
ity

 / 
%

m/z

2+
158.54

1+
315.10

1+
352.08

1+
387.05

Cl

N

N
CoIII

N

N

Cl

H

+
Cl

[M-3Cl]2+

M =

(CoII)
[M-3Cl]+

(CoI)

[M-2Cl]+

(CoII)

[M-Cl]+

(CoIII)

Figure S12. Positive ESI-MS spectrum of [Co(CR14)Cl2]Cl (Cat1).
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Figure S13. Peak expansion at m/z = 387.05 of the experimental ESI-SM spectrum of [Co(CR14)Cl2]Cl (Cat1) 
(A) compared to the calculated isotopic profile for [M-Cl]+ (387.05) (B).
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Figure S14. 1H NMR spectrum (400 MHz) in D2O of [Co(CR14)Cl2]Cl (Cat1).
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Figure S15. ESI mass spectrum of [Co(CR15)(H2O)2]Cl2 (Cat 2).
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Figure S16. Peak expansion at m/z = 367.1 of the experimental ESI-MS spectrum of [Co(CR15)(H2O)2]Cl2 
(Cat2) (A) compared to the calculated isotopic profile for [M-2H2O-Cl]+ (367.097) (B).
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