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Figure S1 The size distributions of AIS and Cu-AlS QDs (the Cu doping content is 10%).
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Figure S2 Tauc plot for evaluation of direct optical bandgap of AIS and Cu-AIS QDs.
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Figure S3 UPS spectra of AlS and Cu-AlS QDs. UPS full spectrum of the QDs deposited on
mesoporous TiO, (middle), the corresponding high-resolution UPS spectrum of high binding
energy cut-off (right), and low binding energy cut-off (left). According to the classical Tauc
method?, the optical band gap (E;) values of pristine AIS and Cu-doped AlSs are 2.3 eV and
2.2 eV by measuring UV-vis absorption spectra. As depicted in the secondary electron cutoff
of ultraviolet photoelectron spectroscopy (UPS) used to estimate the Femi level and maximum
valance band energy level, the Fermi level of AIS and Cu-AIS QDs are -4.92 eV and -4.62 eV
with respect to the vacuum level, respectively. The high binding energy cut-off (right) display
that the valence band (Eyg) of AlS and Cu-AlS QDs are -6.10 eV and -5.83 eV with respect to
the vacuum level, respectively. It is clear that the conduction band (Ecg) of AlIS and Cu-AlS

QDs are -3.80 eV and -3.63 eV with respect to the vacuum level, as obtained from Ecg =Evg —
E,.
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Figure S4. a) Cross-sectional SEM image of the completed Cu-AIS QDs-TiO, photoanode
structure with relevant EDS mapping. The corresponding EDS 2D mapping of the chemical

composition including the essential elements: b) Cu, ¢) Ag, d) In, €) S and f) Ti, respectively.
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Figure S5 Photocurrent measurement with linear sweep voltammetry for the Glass|FTO|c-
TiO,Jm-TiO, QDs sensitized photoanode photoelectrochemical cell under AM 1.5 G

illumination at 100 mW cm2.
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Figure S6. H, evolution rate of Cu-AlS QDs-based photoanode as a function of time at 0.5 V
vs. RHE under AM 1.5 G illumination (100 mW cm-2). H, evolution calculation was based on

the obtained photocurrent density.

The mole of H, was calculated according to Faraday’s laws of electrolysis using the measured

current based on the following formula? 3:
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Where z is the number of transferred electrons per mole of water (i.e. z = 2). g is the quantity
of electric charge in coulomb (C) and equals to / x t. | is the photocurrent in amperes (A) and
tis time in seconds (s). When the current is not constant, the quantity of charge passed through
the circuit equals to the integration of the measured current over time (t). F is the Faraday
constant (i.e. 96484.34 C/mole, q = nF) carried by one mole of electrons. n is the number of
equivalent and equals to the numbers of H, moles. The above-mentioned equation is used to
monitor H, evolution as a function of time as Cu-AlS QDs-based photoanode, exhibiting very
accurate trend between photocurrent density and time. Based on the calibration curve, the
evolution rate of H, exhibited a nearly linear increase over time. Integrated the photocurrent

density in Figure 4e, the calculated hydrogen generation rate was = 46.1 ymol cm=2 h-'.
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Figure S7. Photocurrent density-applied voltage (vs. RHE) versus number of cycles for the

Cu-AIS QDs photoelectrochemical cell under AM 1.5 G illumination.



Table S1 Inductively coupled plasma-atomic emission spectrometry of AIS and Cu-AIS QDs.
The wavelength position of the element: Cu (324.754 nm), Ag (324.068 nm), In (230.606 nm)
and S (180.669 nm), respectively.

Cu doping
Ag In S
Formula® content Formula®
(ppm)  (ppm)  (ppm)  (ppm)
(%)

AglnsSg 0 0 15.97 8549 39.52 AglIns0Ss 3
CUO_10Ago_go|n583 10 0.69 9.02 52.49 23.96 CUO_11Ago_go|n4_gS&0
CUoizoAgo.golnssg 20 1.19 8.18 53.06 24.52 CU0.19A90.30|H4.988.1

aCalculated by the ratio of [Cu]/[Ag] precursor used. ?Calculated by ICP-OES analysis results.



Table S2 Fitted parameters of TRPL decay curves in AlS and Cu-AlS QDs with different Cu
doping contents.

Cu doping Absorption PL peak

T1 T2 Tav
content edge Position A 08 As . 0
ns ns ns

(%) (nm) (nm)
0 532 677 0.0252 2514  0.9748  242.92 242.3
5 581 723 0.0084 21.55 0.9915  351.00 350.8
10 599 730 0.0022 1195 0.9978 375.46 375.4
15 605 735 0.0099 3163 0.9901  338.57 338.3

20 606 738 0.0134  30.01 0.9866  298.10 297.7




Table S3 Electron transfer rate and hole transfer rate calculated from the fitted parameters of
TRPL decay curves in AlS and Cu-AlS QDs with different substrates.

T4 T2 Tav Ket Kht
QDs Substrates A A,
(ns) (ns) (ns) (x108s")  (x10° s)

TiO, 0.0658 19.04 0.9342 158.40 157.23 0.80

AlS ZrO, 0.0559 21.78 0.9441 180.92 179.84

ZrO,/Elec  0.1041 15.74 0.8959 161.98 160.35 0.68

TiOz 0.2439 7.79 0.7561 66.36 64.22 9.28

Cu-

AlS ZrO, 0.0616 18.86 0.9384 160.10 159.06

ZrO,/Elec  0.1637 8.75 0.8363 8547 83.96 5.62
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