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followed by drying overnight at 80 °C. Similarly, a series of the M-G/CdS (NP-NR)
composites was prepared by changing the ratio of MoS; and graphene in co-catalyst
under the same conditions but replacing 95M-5.0G with (100-x)M-xG or GO.
Moreover, in order to further investigate the effect of the content of the MoS,;-
graphene (95M-5.0G) co-catalyst on the photocatalytic hydrogen activity of CdS, the
mass ratio of 95M-5.0G/CdS was changed from 0% to 10.0% (0, 1.0, 5.0 and 10.0
wt%) by varying the amount of 95M-5.0G.

Synthesis of MoS,-graphene/CdS nanoparticles (M-G/CdS(NP)) photocatalyst.
The M-G/CdS(NP) sample was synthesized similar to the synthesis of M-G/CdS(NP-
NR) except the hydrothermal treatment at 160 °C for 12h.

Synthesis of MoS,-graphene/CdS nanorods (M-G/CdS(NR)) photocatalyst. CdS
nanorods were prepared according to the literature.l3] The M-G/CdS(NR) sample was
synthesized similar to the synthesis of M-G/CdS(NP-NR) except using CdS nanorods

instead of CdS nanoparticles as the starting materials.

Photocatalytic reaction. In a typical photocatalytic experiment, 0.1 g photocatalyst
was well suspended with constant stirring in a 160 mL of aqueous solution containing
20 vol% of lactic acid (85-90% aqueous solution, Alfa Aesar). Prior to irradiation, the
suspension of the catalyst was bubbled with nitrogen through the reactor for 30 min to
completely remove the dissolved oxygen and to assure anaerobic conditions. After
thoroughly degassed, the suspension was irradiated by a 300 W Xe lamp (PLS-
SXE300, Beijing Trusttech Co. Ltd.) which is equipped with an optical filter (UV-
CUT 400 nm) to cut off the light in the ultraviolet region. The temperature of the
reaction solution was maintained at 20 °C by a flow of cooling water. The irradiation
power after the cutoff filter (1 > 400 nm) and the band-pass filter (420 nm) were
measured to be 63 and 1.9 mW cm2, respectively. The apparent quantum yield (QY)
was measured under the same reaction conditions except a band-pass interference

filter (420 nm). The following equation was used to calculate the QY.



The number of evolved hydrogen molecules x 2

QY (%) = %100

The number of incident photons

Characterization

Powder X-ray diffraction (XRD) measurements were recorded ranging from 5 to 80°
at room temperature on a Siemens D5005 diffractometer with Cu-Ka (A = 1.5418 A)
radiation. The X-ray photoelectron spectra (XPS) were recorded on a USWHA150
photoelectron spectroscope using monochromatic Al Ko (1486.6 eV) radiation. The
ultraviolet-visible diffuse reflectance spectra were obtained using a CARY 500 scan
UV-vis-NIR spectrophotometer. Morphology and composition analyses were carried
out on a FEI quanta 250 field emission scanning electron microscopy (SEM).
Transmission electron microscopy (TEM) images were obtained on a JEM-2100F
microscope with an accelerating voltage of 200 kV. Elemental analyses (C, H and N)
were performed on Flash EA 112 CHN Elemental Analyzer and metal elemental
analyses were determined by a Leaman inductively coupled plasma (ICP)
spectrometer. The hydrogen evolved was analyzed with a gas chromatograph (Agilent
6890GC, thermal conductivity detector, Ar carrier). Photocurrents were measured
using a CHI660C electrochemical analyzer with a standard three-electrode system
using the prepared samples as the working electrodes with an active area of ca. 1.0
cm?, a Pt foil as the counter electrode, and Ag/AgCl (saturated KCl) as a reference
electrode and 0.1 M Na,SO, electrolyte. The working electrodes were prepared as
follows: 0.05 g of the sample and 1 ml dimethyl formamide (DMF) were mixed after
ultrasonication for 30 min. Then, the mixture was coated onto a 1 cmx1 c¢cm Indium
Tin Oxides (ITO) glass electrode by the spin-coating technique. At last, these
electrodes were dried in the air and calcined at 200 °C for 2h. The BET surface area
was determined using adsorption data in the relative pressure (P/P,) range of 0.05-0.3.
The desorption data were used to determine the pore size distribution via the Barret-
Joyner-Halender (BJH) method. [ The nitrogen adsorption volume at the relative
pressure (P/Py) of 0.99 was used to determine the single-point pore volume and the

average pore size.
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Fig. S1 TEM images of M-G/CdS(NR).
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Fig. S2 The XRD patterns of GO, MoS,, CdS, M-G/CdS(NP), M-G/CdS(NR) and M-
G/CdS(NP-NR).
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Fig. S3 UV-vis diffuse reflection spectra of M-G/CdS(NP-NR) composite
photocatalysts with different amount of M-G hybrid (M:G=95:5.0), 0%, 1%, 5%, 10%.
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Fig. S4 UV-vis diffuse reflection spectra of M-G/CdS(NP), M-G/CdS(NR), and M-
G/CdS(NP-NR) composite photocatalysts.
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Fig. S5 (a) XPS survey spectrum of M-G/CdS(NP-NR). (b) The high-resolution XPS

spectra of Cd 3d, (¢) The high-resolution XPS spectra of Mo 3d, and (d) C 1s in M-
G/CdS(NP-NR).
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Fig. S6 The Cls XPS spectrum of the graphene oxide.
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Fig. S7 Photocatalytic H, evolution of composites M-G/CdS(NP-NR). Photocatalytic
H, production experiments were performed in 20 vol% lactic acid solutions under
visible light using the photocatalyst M-G/CdS(NP-NR) composites with different
MoS,; and graphene contents as co-catalyst.
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Fig. S8 The amount of H, evolved on M-G/CdS(NP-NR) in 12 h of continuous

reaction.
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Fig. S9 Long-time stability test of M-G/CdS(NP-NR) for hydrogen evolution.
Reaction condition: 0.1 g catalyst; 160 ml 20 vol% lactic acid aqueous solution; light
source: 300 W Xe lamp (A > 400 nm). The reaction solution was replaced by a new
one after 5 h of the reaction.
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Fig. S10 Schematic illustration of the potential and band positions in the composite
photocatalyst M-G/CdS(NP-NR).



Fig. S11 Transient photocurrent responses of the films of M-G/CdS(NP-NR), M-
G/CdS(NR), M-G/CdS(NP), M/CdS, G/CdS, GO, MoS, and CdS. A three-electrode
system was employed in a quartz cell with a Ag/AgCl (saturated KCl) electrode as the
reference electrode, a platinum foil as the counter electrode, the film assembled ITO
glass as the working electrode and 0.1 M Na,SO, electrolyte; light source: 300 W Xe
lamp (A > 400 nm).

The photocurrent response appears for the samples under visible light illumination
without any bias potential. This indicates that most of the photogenerated electrons
are transported to the working electrode surface across the sample to produce
photocurrent under irradiation. For the pure CdS sample, the photocurrent curve has
an obvious photocurrent spike at the initial time of irradiation. Subsequently, a
continuous decrease in the photocurrent with time can be observed, which indicates
that the recombination process occurs. As a result, the pure CdS sample exhibits
relative weak photocurrent because of the high recombination rate of electrons and
holes. The introduction of MoS; or graphene can improve the photocurrent response
of the samples (M/CdS and G/CdS), however, obvious photocurrent decay can still be
observed. As for the M-G/CdS(NP) sample, the photocurrent is increased further and

exhibits a slight decay, indicating the improved charge transfer from CdS to graphene
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