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Text S1. Synthesis of materials

1.1. Synthesis of TiO2 HM

TiO2 HM was prepared using the simple solvothermal and annealing approach. N,
N-dimethylformamide (15 mL) was stirred with triethanolamine (30 mL). Then,
titanium isopropoxide (1.5 mL) was injected to the mixed solution for half an hour
while stirring. The mixture was transferred to an autoclave and then kept 200 °C for 24
h. The white precipitates were rinsed with deionized water and ethanol for three times
and dried in air. Further, the obtained samples were calcinated in air at a ramp rate of
10 °C min™! for 2 h and maintained at 500 °C for another 2 h in a muffle furnace.!
1.2. Synthesis of MoS:

The MoS; were synthesized through a one-step hydrothermal route with (NH4)>2MoS4
as the precursor. In a typical procedure, (NH4)2MoS4 (0.1 mol) was dispersed in 30 mL
of deionized water. After ultrasonication for half an hour, the mixture was transferred
to an autoclave and kept at 200 °C for 10 h. The obtained precipitate was rinsed with
deionized water and ethanol for three times, and dried at 60 °C for overnight.
Text S2. Photocatalytic H2 production activity

The photocatalytic H> production reaction was performed in a vacuum system with
300 W Xe lamp (CeAuLight) as a simulated solar light source. Photocatalyst powder
(25 mg) was suspended in 100 mL solution containing triethanolamine (20 mL) as a
sacrificial agent. The above mixture was fully degassed and H» evolution rate was
measured by online gas chromatography (CG1690, TCD). The recyclability of P-
MoS2/TiO2 HM was evaluated by repeating the photocatalytic reaction for four cycles
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with 5 h intervals.
Text S3. Photocatalytic Cr (VI) removal

Photocatalyst powder (25 mg) was dispersed in a solution with an initial
concentration of 8 mg L! of K»Cr207. The pH was adjusted to 3 using dilute sulfuric
acid. The mixture was stirred in the dark for 0.5 h to achieve equilibrium between
adsorption and desorption. Subsequently, the suspension was irradiated with a 300 W
Xenon lamp. At specific time intervals, samples were filtered using a 0.22 um filter,
and the concentration of Cr (VI) ions was determined using a UV-visible
spectrophotometer and the colorimetric method.
Text S4. Characterization and electrochemical tests
4.1. Electrochemical tests

Electrochemical measurements were conducted at a Gamry Reference 3000
electrochemical workstation (USA). The photocurrents, steady-state linear sweep
voltammetry (LSV) curves, electrochemical impedance spectroscopy (EIS) and Mott-
Schottky measurements were carried out in a standard three-electrode cell containing
NaxSO4 (0.1 M) aqueous solution with a Pt plate and an Ag/AgCl electrode as the
counter and reference electrode, respectively. The detailed preparation procedures of
working electrodes were as follow: the fluorine doped tin oxide glass was ultrasonically
cleaned in distilled water and isopropanol for half an hour sequentially. The catalyst (5
mg) was ultrasonically dispersed in an ethanol solution (1 mL) for half an hour. Then,
the mixture (500 puL) was dispersed onto the FTO substrate as working electrode. The

resulting film was dried in air, yielding an electrode with catalyst loading amount of ca.
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0.5 mg cm™!. The photocurrents were measured under 300 W Xe lamp irradiation.
4.2. Characterization

The morphology was observed by field-emission scanning electron microscopy
(FESEM; ZEISS, Sigma 500). Transmission electron microscopy (TEM) images, high-
resolution TEM (HR-TEM) analyses were performed by a JEOL, JEM-1400 Plus
coupled with energy dispersive X-ray spectrometer (EDS), respectively. The
composition and phase of P-MoS»/TiO2 HM were determined by powder X-ray
diffraction (XRD, Rigaku, UltimalV) using Cu Ko radiation. Raman spectra were
recorded at ambient temperature using a Raman spectrometer (inVia Qontor, Renishaw
plc) with excitation wavelength ( A = 532 nm). X-ray photoelectron spectroscopy (XPS,
ESCALAB 250Xi, UK) analyses were performed on a Thermo VG Scientific using an
X-ray monochromator system for the Al K-Alpha irradiations (photon energy 1486.6
eV) under a background pressure (1.0x10™ mbar). The adventitious C1s peak at 284.8
eV was chosen as the calibration reference for XPS spectra. The peak fitting was
analyzed using XPS peak fitting software with the Gaussian-Lorentzian function. The
background of spectra was subtracted by a Shirley model. And the line shape of
different elements combined with 80% Gaussian-Lorentzian value. Besides, the
elements P and S 2p 3/2 and 1/2 spin-orbit splitting area ratio value was set to 2 and the
elements Mo 3d 5/2 and 3/2 spin-orbit splitting region ratio value was set to 1.5. Fourier
transform infrared (FT-IR) spectra were measured using a Nicolet iS10 spectrometer
(Nicolet iIS50). UV-vis diffuse reflectance spectra (UV-vis DRS) spectra were recorded
with a spectrophotometer Shimadzu UV-2600. The Brunauer-Emmett-Teller (BET)
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method (Belsorp-max) was used to determine the specific surface area. The thermal
stability of sample was performed by thermalgravimetric analyzer (TGA) with DTG-
60H analyzer under N> atmosphere. The surface wettability was characterized by
measuring the static contact angles (CAs) using an optical tensiometer (Attension Theta
Lite, Biolin Scientific). Photoluminescence (PL) spectra were measured on a
FluoroMax-4 fluorescence spectrophotometer (Shimadzu, RF-6000) with an excitation
of 325 nm. Electron paramagnetic resonance (EPR) spectra were conducted on a Bruker
EMXplus. The radicals trapping experiments were carried out by adding the different
scavengers. And the specific experimental conditions: 1 mmol L' of 24-
dichlorophenol (2, 4-DCP) for H*, 0.5 mmol L™ of AgNOs for photogenerated electrons,
1 mmol L' of benzoquinone for -O%, 1 mmol L™ of isopropanol for -OH.
Text S5. Theoretical calculation

In this study, density functional theory (DFT) calculation was performed using the
Vienna ab initio simulation package, along with spin-polarized PBE-GGA exchange-
correlation functional correction and projector augmented wave technique.
Convergence criteria for the total energy and atomic force set to 1x10 eV and 0.03
eV/A, respectively. The plane wave basis was expanded with an energy cut off of 500
eV. To minimize the interaction between two adjacent layers, the vacuum slab was set
as 25 A. The Gamma-centered Monkhorst-Pack meshes of 5 x 4 x 1 were used for
sampling the Brillouin-zone to calculate the band structure and density of states (DOS),
and the regular k-point grids of 3 x 2 x 1 were selected for the optimization of structure.

Besides, the GGA+U method introduced an inter-atomic interaction as an on-site



correction, which can make the calculation results close to the experimental values. To
clarify the correlated interactions bewteen electronic structure and Ti 3d electrons, a
moderate on-site coulomb repulsion U = 7.0 eV was employed. Based on the
characterization and experimental results, the selection of active sites was screened and
optimized during DFT calculation.

The Gibbs free energy change (AG) of adsorbate was calculated as follows equation
1:2

AG = AEH* + AEZEP — TAS (1)

where AEy+, AE;pp and AS are adsorption energies, zero-point energy correction,
and entropy change of the hydrogen atom after adsorbing on the surface, respectively.
As the vibrational entropy of H* adsorption is small, the 1/2 entropy change of H; in
the adsorbed state approximates in the gas-phase under standard conditions. Hence, the
correction can be taken as: AGy+ = AEy- + 0.24 eV, and AEy- is calculated as

equation 2:

AEy+ = Etotar — Esur — 1/2 EH2 (2)
where Eiorar, Esyr and Ep, represent the total energy of the adsorption system,
energy of pure surface, and the energy of H> molecule in a vacuum, respectively.

The adsorption energy change (AE¢,(yyy) of Cr (V1) is defined as equation 3:

AECr(w) = Eclose — anay 3)

where E¢jp5. and Egyqy represent the total energy of the adsorption system when Cr

(VI) is close to (~1.5 A) or away from (> 6 A) the surface (Fig. S2). The structural



models of samples are presented as follow (1-2):

(1) Surface structure of (a) TiO2 HM, (b) MoS»/TiO2, HM, and (c¢) P-MoS»/TiO, HM.

AECr(W) = E1ose — anay

E close E

away

2 . 0

(2) The schematic diagram of calculating adsorption energy change of Cr (VI) on a
given surface.



FIGURES

(c) P-MoS,/Ti0, HM

Fig. S1. The color change of as-prepared samples



SEM images of (a) TiO2 HM and (b) P-MoS,/TiO> HM samples; TEM images of (c)

Fig. S2. SEM and TEM images

MoS,/TiO2 HM and (d) P-MoS,/TiO2 HM samples.
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Fig. S3. EDS pattern of P-MoS,/TiO, HM
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Fig. S4. XRD pattern of as-prepared samples
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Fig. SS. FT-IR spectra of as-prepared samples
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Fig. S6. EPR spectra of as-prepared samples

EPR spectra of (a) TiO2 HM, (b) MoS,, P-MoS», P-MoS,/TiO, HM.
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Fig. S7. High-resolution XPS spectrum of P-MoS,/Ti0, HM sample

High-resolution XPS spectrum of P-MoS»/TiO> HM sample: (a) Ti 2p, (b) O 1s, (c) Mo

3d and (d) S 2p.
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Fig. S8. UV-Vis DRS and the corresponding Tauc plots

a) UV-Vis DRS and (b) the corresponding Tauc plots of (ahv)"? versus hv of MoS»
(a) p g p

and P-MoS; samples.
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Fig. S9. Mott-Schottky plots, XPS-valance band (VB) spectra and the band alignment

Mott-Schottky plots of (a) MoS; and (b) P-MoS>; (c-d) XPS-VB spectra of TiO», P-

MoS,/TiO2 HM and P-MoS5; (e) The band alignment of P-MoS>/TiO, HM.
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Fig. S10. Energy band structure and density of states of different materials

Energy band structure and density of states of (a) TiO2 HM, (b) M0S»/TiO> HM and (c)

P-MoS,/Ti0O; HM.
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Fig. S11. Steady state PL spectra of as-prepared samples

18



MoS:2
P-MoS:2
— 2 ]
£
<
o
N,
0
0 1 3

Fig. S12. EIS plots of as-prepared samples

2
Z' (*10%hm)

19




1.00 - TiO2 HM
MoS2/TiO2 HM
P-MoS2/TiO2 HM
0.96 1
(=4
o
O 0.92 4
0.88 4
0.84 T T T T

0 20 40 60 80 100 120
Time (min)

Fig. S13. Adsorption-desorption equilibrium curves of Cr (VI) over different catalysts
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Fig. S14. The zeta potential of as-prepared materials.
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Fig. S15. The adsorption model of Cr (VI) ions on the different materials surface
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P-MoS,/TiO, HM

Fig. S16. Contact angle measurements

The images showing contact angles of water droplets on (a) TiO2 HM, (b) MoS»/TiO>

HM and (c) P-MoS,/TiO> HM samples.
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Table S1. Primary properties of water samples

Parameter Unit Tap water WWIP effluent Seawater
water
pH / 7.57 6.93 8.17
TOC mg/L 1.42 4.31 0.23
Cr ppm 10.77 58.61 18451.87
HCOs ppm 3.81 2.77 5.46
SO4* ppm 17.28 46.72 2541.96
Na* ppm 11.57 36.91 10100
K" ppm 3.48 10.59 374
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Table S2. The adsorption energy of Cr (VI) ions on the different materials surface

Eads
Samples -
Ti102 surface MOoS2 surface
TiO, HM -0.992 /
MoS,/T10, HM -1.844 -0.398
P-MoS,/Ti0, HM -1.804 -2.051

24



Table S3. Reports on the dual-functional proposes for photocatalytic H> evolution and

Cr (VI) reduction in recent literatures.

Light Evolved  Degradation
Catalyst YearRef
source H; rate rate
1550.30
P-MoS>/TiO; HM  Full spectrum 100% Our work
umol g''h!
37.4
CuO/g-C5Ns Full spectrum 92% 20233
umol/4h
6.48 mmol
Pt/Co@NC/CdSe A>400 nm Iy 99.5% 2023%
ol
1919.0 umo
Pt/g-C3N4(TCPs) >420 nm Lol 95.8% 2023°
ol
751.3ummo
Ce0O,/CdS A>420 nm Lolh! 99.94% 20226
ol
4207 umol
Pt/CCCN Full spectrum 1ol 96.7% 20227
o
417 pmol
Fe304@Ui0-66 Full spectrum - 99.82% 20228
4853.3
MoSey/ ZnosCdosS A >420 nm 98% 2021°
umol g'h™!
619.3pummo
Snln4Ss/CeO2 A>420 nm Lolh! 98.8% 20211
ol
200.1 pmol
ZnInyS4/MoS, A>420 nm I 82.8% 2020
¢
118 pmol h™
P/Mo/g-C3Nj4 A>420 nm L 95% 2019'2
g
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Table S4. The specific values of contact angle measurement

Sample Contact Angle
TiO2, HM 36.4°
MoS,/TiO, HM 31.2°
P-MoS,/TiO; HM 19.2°
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