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Table S1: Synthesis method, reaction conditions and Hz production rates of selected MoS2/C3N4

based photocatalysts.
Optimum X .
. Incident  Activity
Synthesis amount of . . .
No. Catalyst Sacrificial Light light (umol Ref.
method MoS:/wt.
o agent source (nm) h-1g1)
1 EB/MoSx/g-CsN4  In-situ photodeposition 0.5 TEOA 400 W Hg > 420 180 [1]
2 MoS2/g-CsNa In-situ photodeposition 2.89 TEOA 300 W Xe >400 252 [2]
Pt/MoS2/g-CsNa4 Sonochemical 0.5 Methanol 300 W Xe > 400 231 [3]
Impregnation & L
4 MoSz/mpg-CsNa o 0.2 Lactic acid 300 W Xe 420 1125 [4]
Sulfidation
Impregnation- .
5 MoS2/g-CsNu e 0.5 Lactic acid 300 W Xe >420 1340 [5]
sulfidation
6 Mo0S2/CsNa Hydrothermal 4 TEOA 300 W Xe > 420 90 [6]
Amorphous Adsorption-in situ .
7 ) 3 Lactic acid 3W LED 420 273.1 [7]
MoSx/g-CsNa transformation
8 1T MoS2/g-CsN4 Solvothermal 0.2 Lactic acid 300 W Xe - 949 [8]
1T MoSz/
9 Solvothermal 0.2 TEOA 300 W Xe > 400 1842 [9]
O-g-C3N4
10 MoSz/py-CsNs Hydrothermal 3 TEOA 300 W Xe > 420 500 [10]
11 g-CsNsy/Ag/MoS2 Hydrothermal - TEOA 300 W Xe >420 104 [11]
12 Pt/MoS2/C3sNa In-situ photodeposition Lactic acid 300 W Xe - 2342 This work
13 Pt/MoS2/C3Na In-situ photodeposition Lactic acid 300 W Xe > 420 232.6 This work
Table S2. Elemental composition of as-synthesized and used catalysts derived from CHNS and
ICP-OES.
Sample C N Mo'c? sree Ptice
(wt.%) (wt.%) (wt.%) (wt.%) (wt.%)
2H MoS: (HT) 61.55 36.82 -
1T MoS: (ST) 48.64 33.67 -
2H MoS: (TD) 48.44 38.55 -
CsNs 31.99 61.75 - - -
2H MS-CN (PD) 30.96 56.81 0.85 0.74 -
2H MS-CN (SC) 30.46 57.13 1.04 0.70 -
1T MS-CN (5C) 30.56 57.27 0.88 0.61 -
2H MS-CN (TD) 31.69 58.20 1.0 0.79 -
MS-CN theoretically 38.36 59.64 1.20 0.80 -
Pt/CN - - 2.70
Pt/2H MS-CN (PD) 0.62 0.63 2.68
Pt/2H MS-CN (5C) 0.86 0.51 2.70
Pt/1T MS-CN (SC) 0.61 0.54 2.72
Pt/2H MS-CN (TD) 0.67 0.67 2.70

Table S3. Surface elemental composition of as-synthesized and used catalysts derived from XPS.
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Sample C N (0) Mo S S:Mo Pt Pto Pt
(at.%) (at.%) (at.%) (at.%) (at.%) Ratio (at.%) (at.%) (at.%)
CsNa 44.67 5259 274 - - -
2H MS-CN (PD) 47.80 4947 241 0.11 0.20 1.82 -
2H MS-CN (TD) 4142 5534  2.65 0.15 0.46 3.07 -
MS-CN theoretically  42.64  56.86 - 0.167  0.334 2 -
Pt/CN 46.05 4893  4.12 - - - 0.90 0.66 0.24
Pt/CN theoretically®  42.80  57.06 - - - - 0.14
Pt/2H MS-CN (PD) 4521 49.03 443 0.09 0.47 522 0.77 0.69 0.08
Pt/2H MS-CN (TD) 4743 4575 459 0.12 0.75 6.25 1.38 1.16 0.22

a calculated under the assumption that the elemental composition at the surface is the same as in the bulk.
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Figure S1. XRD powder patterns of Pt/CN and Pt/MS-CN composite catalysts removed from the
reactor after 6 h irradiation under UV-vis light in the presence of lactic acid.
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Figure S2. DRS UV-vis spectra of 2H MoS: (HT), 1T MoS: (ST) and 2H MoS: (TD). Photos: (a) 2H
MoS: (HT), (b) 1T MoS:2 (ST) and (c) 2H MoS: (TD).
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Figure S3. STEM high angle annular dark field (HAADF) micrographs of CN phase decorated with
Pt (column 1), high resolution HAADF (column m) and bright field (BF) micrographs (column r) of
MoS2 phase (when present) in catalysts exposed to UV-vis irradiation for 6 h in the presence of lactic
acid; (line a) Pt/CN, (b) Pt/2H MS-CN (PD), (c) Pt/2H MS-CN (SC), (d) Pt/1T MS-CN (SC), (e) Pt/2H
MS-CN (TD).
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Figure S4. High resolution STEM-HAADF image with corresponding FFT of Pt/2H MS-CN (SC).

In Figure S4, the high resolution STEM-HAADF image of Pt/2H MS-CN (SC) illustrates that 2H
MoS:z has a typical layered structure. Analysis of the Fast Fourier Transformation (FFT) of that image
revealed an interlayer spacing of 0.27 and 0.65 nm, which corresponds to the (100) and (002) planes
of hexagonal 2H MoS: (ICDD: 01-075-1539) which also confirms the existence of 2H MoS5:2 species in
the composite catalysts.
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Figure S5. STEM-HAADF micrographs with corresponding EDX spectra of Pt/CN.
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Figure S6. STEM-HAADF micrographs with corresponding EDX spectra of Pt/2H MS-CN (PD).
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Figure S7. STEM-HAADF micrographs with corresponding EDX spectra of Pt/2H MS-CN (SC).
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Figure S8. STEM-HAADF micrographs with corresponding EDX spectra of Pt/1T MS-CN (SC).
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Figure S9. STEM-HAADF micrographs with corresponding EDX spectra of Pt/2H MS-CN (TD).



Catalysts 2019, 9, 695; doi:10.3390/catal9080695 S7 of S14

C 1s b [piicn C1s

d[cn

N-C=N
N=C-0
mn-excitations

2 wt% 2H MS/CN (PD) Pt/2 wt% 2H MS/CN (PD)

Intensity (a. u.)

Intensity (a. u.)

2 wt% 2H MS/CN (TD) |Pt/2 wt% 2H MS/CN (TD)

. .

298 296 294 292 290 288 286 284 282 298 296 294 292 290 288 286 284 282
Binding energy (eV) Binding energy (eV)

Figure S10. XP spectra of C 1s: (a) Fresh catalysts; (b) Recovered catalysts after 6h reaction.
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Figure S11. XP spectra of N 1s: (a) Fresh catalysts; (b) Recovered catalysts after 6h reaction.
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The elemental C 1s spectrum of pure CN (Figure S10a, top) can be deconvoluted into four
different peaks with binding energies centered at 289.5, 288.3, 285.9 and 284.8 eV. The peak located
at 289.5 eV can be attributed to (N=C-O) groups, while the peak centered at 288.3 eV is associated
with the sp>-bonded carbon in an N-containing aromatic structure (N-C=N) which is the major
carbon environment in the CN matrix. The peak at 285.9 eV is ascribed to carbon attached with
tertiary nitrogen ((C)s-N) and the peak at 284.8 eV corresponds to adventitious carbon species (C-C)
(Figure S10a) [12]. The respective elemental N 1s spectrum of pure CN (Figure S11a, top) could be
deconvoluted into three different peaks at binding energies of 401.5, 400.3 and 398.9 eV which can be
assigned to the terminal amino groups (C-N-H), tertiary nitrogen groups (N-(C)s) and
sp>-hybridized nitrogen involved in triazine rings (C-N=C), respectively [13]. Moreover, there is a
weak peak present at 404.35 eV that is attributed to charging effects in CN (Figure S11a) [14,15].
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Figure S12. XP spectra of O 1s: (a) Fresh catalysts; (b) Recovered catalysts after 6h reaction.
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Figure S13. XP spectra of Pt 4f: Pt/CN, Pt/2H MS-CN (PD) and Pt/2H MS-CN (TD).
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Figure S14. (a) N2 adsorption-desorption isotherms of CN and 2H MS-CN (PD); (b)
Barrett-Joyner-Halenda pore size distribution plot.

Table S4. Structural properties of as-prepared catalysts.

Sample ST Pore volume Mean pore size
(m?/g) (cm?/g) (nm)
CsN4 98.5 0.152 4.7
2H MS-CN (PD) 70.6 0.111 4.8
2H MS-CN (5C) 92.9 0.151 49
1T MS-CN (SC) 68.8 0.132 49
2H MS-CN (TD) 86.4 0.133 4.6

As shown in Fig. 514a, the pure CN and 2H MS-CN (PD) exhibited type IV isotherms with a H4
hysteresis loop, according to the IUPAC classification, indicating the existence of mesopores (2-50
nm). These H4 hysteresis loops indicate the formation of narrow slit-shaped pores. The specific
surface area, pore volume and average pore size of the samples are summarized in Table S4. The
pore size distribution of the samples were estimated by using the Barrett-Joyner-Halenda (BJH)
method from the desorption branches, as shown in Fig. S14b.
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Figure S15. EPR signal of as synthesized catalysts at 300 K (without light irradiation).
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Figure S16. Experimental setup for photocatalytic Ha production.
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Discussion on Quantum Yield determination

The determination of quantum efficiencies is still subject of intense debate. This paragraph
aims at providing issues that have to be considered in our eyes.

In a comprehensive article by Maschmeyer and Che it is shown that several possibilities exist
to obtain the quantum efficiencies [16]. The most elegant is to conduct chemical actinometer
experiments, which have been done for comparable systems in the same setup [17,18]. Comparison
of these values with those obtained from measurements of the light intensity proved that only
about 60% of the light irradiation entered the used reactor at selected wavelengths of 415 and 440
nm. Using this approach with 2H MS-CN and an irradiation wavelength of 415 nm gave quantum
efficiencies of 1.43% (using a lamp output power of 1.5W) or 1.49% (using a lamp output power of
0.75W), respectively. These are lower compared with literature systems [19,20].

A more technical way to determine the quantum efficiency is comprised by the quotient of the
enthalpy of combustion and the energy input. In the case of 2H MS-CN (PD) 1405.2 umol of Hz give
an energy of about 402 J (based on upper heating value). The power of the irradiated light was 1.6
W giving an energy of 38.4 Wh or 138240 ] in the period of 24 hours yielding a light-to-hydrogen
efficiency of 0.29%. Considering that only 60% of the emitted light from the lamp entered the
reactor, this value will be 0.48%.

The more proper way of calculation of QY would be the division of generated H atoms by
incident photons. However, as there is no integration of the photon output spectrum of the Xenon
lamp available, we can only take the number of photons, which are emitted by the sun in the range
between 280 and 680 nm from literature [21], or the number of photons emitted by a mercury lamp
at a medium wavelength of 440 nm and an output power of 1.0 W, which we measured ourselves
(1.1 x 10% per s and cm?these photons enter the reactor). Both values result in quantum yields of
1.41% and 1.11%, respectively. Although those are only rough estimations, they are in the same
order of magnitude as the calculation based on the energy contents and somewhat lower than those
determined directly. Nevertheless, we see the measurement/ determination of quantum yields
critical as there are many other factors which have to be considered to obtain a good comparison
between the results with other groups. This is also nicely reported by H. Kisch [22]. One issue is the
wavelength used for the determination of the quantum yield. A common approach is the
determination of the quantum yield at a single wavelength which shows this yield at this certain
wavelength, but does neither provide information about quantum yields at other wavelengths
(because different wavelengths could also cause different processes in the reactor) nor does it
provide information about the sunlight-to-hydrogen-efficiency, because it is not the efficiency over
the whole absorption range of sunlight. This is also reflected by our results that show a higher
quantum efficiency at 415 nm in comparison to the value obtained by using the quotient of the
enthalpy of combustion and the energy input. Another aspect is comprised by the concentrations
used. If this is not in the saturation range of light absorption, a higher concentration would mean a
higher reaction rate. Also, the reactive surface, that absorbs light may differ rendering quantum
yields barely comparable. As an example, a solid with an “active absorption area” of 400 m?/g and a
quantum yield of 20% would provide 80 m?, while another solid with an “active absorption area” of
100 m?/g and a quantum yield of 50% would provide only 50 m? of effective absorption area. We
would therefore be careful in using this parameter. Moreover, we used 1.6 W of photon intensity
meaning an oversaturated system with respect to photons thus lowering the quantum yield.
Another aspect caused by the concentration of the solid catalyst is the presence of other processes
such as photon scattering and reflection. Moreover, there are many different setups that render
comparison of quantum yields almost impossible. Nevertheless, conducting different reactions in
the same setup would render results from different groups comparable. We think that such a
measure would be appealing, but is not realizable at the current stage without considerable effort.
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