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Abstract
An organic solar cell based on a poly-3-hexylthiophene (P3HT): phenyl-C61-butyric acid (PCBM)
bulk hetero-junction was directly coupled with molybdenum sulfide resulting in the design of a
new type of photocathode for the production of hydrogen. Both the light-harvesting system and
the catalyst were deposited by low-cost solution-processed methods, i.e. spin coating and spray
coating respectively. Spray-coated MoS3 films are catalytically active in strongly acidic aqueous
solutions with the best efficiencies for thicknesses of 40 to 90 nm. The photocathodes display
photocurrents higher than reference samples, without catalyst or without coupling with a solar cell.
Analysis by gas chromatography confirms the light-induced hydrogen evolution. The addition of
titanium dioxide in the MoS3 film enhances electron transport and collection within thick films
and therefore the performance of the photocathode.

1. Introduction
Providing energy for our planet in a sustainable way is one of the biggest challenges of this
century. Among renewable sources of energy, sunlight is by far the most exploitable one,
being inexpensive, non-polluting and abundant. Yet efficient harvesting, conversion and
storage of solar energy remain a major challenge for smoothing out the temporal fluctuations
of solar power and allowing on-demand use.1 Solar to chemical energy conversion, i.e.
production of a fuel that carries a high energetic density stored within chemical bonds, is
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very promising.2-8 In particular, hydrogen produced through water splitting has emerged as
a potential fuel for sustainable energy cycles, because its oxidation ‘back’ to water in a fuel-
cell efficiently restitutes the stored energy, in the form of electricity and without waste.3, 5

Up to now, solar hydrogen generation is efficient only in systems that use expensive
photovoltaic cells to power electrolysis.9 Direct and low cost production of hydrogen from
sunlight and water would be an ideal long-term solution, but is still a challenging
issue.2, 9-11

To that aim, photoelectrochemical (PEC) cells have been developed.1, 12 These devices
combine two photoelectrodes achieving the oxygen evolution reaction (OER, i.e. oxidation
of water into oxygen) and the hydrogen evolution reaction (HER, i.e. reduction of water into
hydrogen).13 Most of the PEC cells developed so far rely on highly efficient multicomposite
photovoltaic modules, with high processing costs, long energetic pay-back and containing
rare/toxic elements.13-16 Remarkable exceptions exploit low-cost molecular dyes for light
harvesting in dye-sensitized solar cells (DSSCs): the tandem cells developed by Grätzel17 or
by Dismukes and Spiccia18, 19 combine cheap metal (Fe, W, Mn) oxides as oxygen-evolving
photocatalysts and dye-sensitized TiO2-based photoanodes.

Besides DSSCs, molecular-based photosensitizers are used for the construction of organic
photovoltaic (OPV) cells. Organic photovoltaics hold promises for the development of solar
cells,20-22 with conversion efficiencies having recently reached more than 10 %.23, 24 Low-
cost and lightweight materials processed at lower temperatures account for the main
advantages of OPVs in terms of environmental sustainability and economic viability.25 This
technology has been scarcely used in the context of hydrogen evolution, once with the
photoactive layer in direct contact with the electrolyte for the construction of a PEC cell, 26

or recently in a wired configuration with a triple-junction OPV cell powering a water
electrolyzer.27

We report here how the well-known poly-3-hexylthiophene : phenyl-C61-butyric acid bulk
heterojunction (P3HT:PCBM) can be used for promoting light-driven hydrogen evolution.
Instead of platinum, undoubtedly the best catalyst for HER but scarce and expensive,28-30

we selected molybdenum sulfides (MoSx)29, 31-38 among other recently developed noble
metal-free, earth-abundant HER catalysts.12, 39-41 These promising catalytic materials are
indeed able to operate in water. We thus undertook the coupling of the P3HT:PCBM active
layer with a catalytic layer of MoS3 as shown in Figure 1 and investigated the performances
of the resulting H2-evolving photocathode under acidic aqueous conditions.

2. Results and discussion
2.1. Synthesis and characterization of amorphous MoS3 particles

Crystalline MoS2 nanoparticles were the first molybdenum sulfide catalysts with HER
properties to be developed. They were originally synthesized by physical vapor deposition at
high temperature using Mo and H2S,32 or by dry impregnation of (NH4)6Mo7O24 or
(NH4)2[MoS4] followed by high temperature treatment in H2S and H2.42 Soft low-
temperature methods such as electrochemistry,35 precipitation36 and exfoliation38 were
recently developed to generate catalytically active amorphous MoS2 or MoS3. Precipitation
seems to be the most convenient method to cast pre-formed catalytic nanoparticles on the
active P3HT:PCBM layer. We thus synthesized MoS3 particles by addition of aqueous HCl
to an aqueous suspension of MoO3 and Na2S, according to the method of Hu and coll.36 To
investigate the influence of the pH of the solution on the structure and composition of the
particles, three batches were prepared with distinct final pHs (2.0, 2.7 and 3.5). The particles
were then separated by centrifugation, washed several times with deionized water, and
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dispersed in acetone to a concentration of 6 g.L−1. Separation by centrifugation was easier
for low final pHs, indicating that pH influences the aggregation of particles.

TEM analysis (Fig. 2 and S1) was performed for each synthesized batch and showed
isolated particles with 4 Å diameter and short chains of particles in the form of rods with 1-2
nm length. While an aggregation process eases the separation of the particles from the
reaction mixture when the pH goes from 3.5 to 2, the final pH has no influence on the
individual particle size. EDX analysis (Fig. S2) only shows molybdenum and sulfur, as well
as residual traces of elements such as sodium and oxygen present in the starting materials,
and carbon coming from atmospheric contamination.

2.2. Fabrication and electrocatalytic properties of MoS3-coated electrodes
Electrodes were fabricated by spin coating or spray casting of the suspension of MoS3 on
ITO-coated glass substrates. MoS3 films with controlled and tunable thickness are obtained
with spin coating of concentrated suspensions of MoS3 diluted with acetone on ITO-coated
substrates. The thickness of the resulting films was evaluated by profilometry and found
proportional to the amount of MoS3 in the spin-coated suspension (Fig. S3). Very thin films
(~ 5 nm) can be obtained from diluted solutions (1 g.L−1). This method allows for the
reproducible deposition of smooth and homogeneous films as shown by SEM measurements
(Fig. S4a). By comparison, spray cast of MoS3 suspensions in acetone yields rough and non-
homogeneous films in our conditions (Fig. S4b). The thicknesses of spray-cast films are
therefore given with large error bars and it was not possible to get films with thickness under
15 nm.

The catalytic activity of the electrode towards HER was studied by cyclic voltammetry at 50
mV.s−1 in aqueous H2SO4 solutions. The catalytic layer showed high activity for HER at pH
0 (0.5 M H2SO4), with an onset overpotential of 180 mV (Fig. 3) as previously described.36

Higher onset overpotentials are measured for less acidic conditions. We note that the
catalytic current is proportional to the proton concentration (Fig. S5). Production of
hydrogen was confirmed by gas chromatography measurements. The particles synthesized at
different pH displayed similar catalytic current and onset potential (Fig. S6). It is worth to
note that no catalytic activity was observed on bare ITO electrodes under the same
conditions.

The influence of the thickness of the MoS3 films on the catalytic activity was then
investigated (Fig. 3). We first describe the results obtained on spin-coated samples for which
reproducible and homogeneous thicknesses are obtained. Low HER activity are observed for
thick (>200 nm) films. The conductivity of molybdenum sulfide is known to be low (10−5

S.cm−1).43 We thus assigned this behavior to the large resistivity of these coatings,
preventing electron transport to the surface for catalytic reduction of protons. Thinner films
display better catalytic currents but very thin films (<15 nm) are less efficient, probably
because of a reduced active surface area. These films actually showed poor stability under
working conditions compared to thicker films and their activity drops by 50% after
electrolysis at −0.6 V vs. Ag/AgCl for 1h. The decrease of MoS3 performances due to
catalyst release for very thin films can be visually assessed by the reduced color intensity of
the film. Films with thicknesses between 40 and 90 nm show optimal current densities and
onset potentials, together with good stability during electrolysis: the drop in current density
is limited to 30% after electrolysis.

The same behavior is observed for spray-cast films (Fig. 4). Sprayed MoS3 films show the
same electrocatalytic properties as spin coated films, though the current densities are lower,
e.g. by 20% for a 30 nm film (Fig. S7). Figure 4 compares the electrocatalytic performances
of three sprayed films with distinct thicknesses. High thickness results in increased onset
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overpotentials and lower current densities. Again, optimal catalytic performances are
obtained for films with thickness between 40 and 100 nm. Impedance spectra were recorded
for these three sprayed samples at −0.19 V vs. RHE (close to the onset potential) in 0.5 M
H2SO4 (Fig. S8). Calculated charge transfer resistances are 60 Ω.cm2 (40 ± 20 nm), 110
Ω.cm2 (100 ± 30 nm) and 378 Ω.cm2 (300 ± 100 nm) respectively: they are increasing with
the thickness of the layer, corroborating the conclusions drawn from cyclic voltammetry
experiments.

XPS analysis was carried out on spin-coated MoS3 films, before and after a cyclic
voltammetry (CV) experiment. The XPS survey spectra (Fig. S9) shows peaks due to
molybdenum and sulfur, as well as some impurities such as sodium and oxygen (present in
the precursors used for the synthesis), and carbon (atmospheric contamination). Mo3d
spectra before (after) CV (Fig. S10) show binding energies of Mo3d5/2 and Mo3d3/2, at
228.9 eV (229.0 eV) and 232.1 eV (232.2 eV) respectively. These signals correspond to Mo
in the +IV oxidation state, as previously reported.30, 36 MoVI from residual MoO3 starting
material is also observed at 231.9 and 235.0 eV (before CV) and 231.8 and 234.7 eV (after
CV). Analysis of the S2p region before (after) CV (Fig. S11) reveals two types of sulfur
atoms: peaks at 161.2 (161.3) and 162.7 (162.3) eV are assigned to S2p3/2 and S2p1/2 signals
of sulfide (S2−) anions while peaks at 162.5 (162.8) and 163.8 (163.8) eV correspond to
S2p3/2 and S2p1/2 signals of disulfide (S2

2−) anions. Quantification based on S2p and Mo3d
areas using Wagner coefficients shows an initial S:Mo ratio of 2.85. The MoS3 structure has
been widely discussed since the first studies by Ratnasamy and coll.44 Two main structures
have been considered: a-MoS3 consisting of disordered chains45 and MoS3 built from Mo3
triangles.46 Hibble and coll. showed that the chain model and the formula MoIV(S2−)(S2

2−)
fits well with the experimental results.45 The isolated particles of ~4 Å diameter observed in
TEM (Fig. 2) could correspond to triangular Mo3 clusters surrounded by sulfur atoms46

knowing that Mo-Mo distances lie in the observed range (≈ 2.7 Å and ≈ 3.7 Å)47 while the
1-2 nm long rods better fit with the chain model. After CV, the area of MoIV and MoVI

signals both decreased, indicating that Mo is released in aqueous media which may be the
reason for the observed decrease in activity.37 In the same time, the sulfide to disulfide ratio
increases from 1.1 to 2.1 and the S:Mo ratio varies from 2.9 to 2.1. All these observations
indicate that the composition in the film evolves during CV as previously reported with
transformation of a MoS3 phase into a MoSx (x > 2) phase.36

2.3. Fabrication and characterization of mixed TiO2:MoS3 electrodes
The P3HT:PCBM layer is sensitive to oxygen and above all to water, as demonstrated
recently.48, 49 Therefore, a thick catalytic layer has to be used for the construction of the
targeted photocathode in order to protect the organic solar cell. However, due to the high
resistivity of MoS3, a low catalytic HER activity is obtained for thick films. In addition, the
coating of the OPV layer favors recombination inside the light-harvesting material. In bulk-
heterojunction polymer solar cells, densely packed n-type oxide TiO2 is often placed
between the light-harvesting active layer and the charge-collecting electrode.50, 51 This
interfacial material improves the performances of the solar cell20 because of its good
electron transport properties. The long-term stability is also enhanced since TiO2 prevents
direct contact between oxygen and water and the active layer.50, 52, 53 In addition this large
band-gap semi-conductor is transparent to visible light and thus does not compete with the
light-harvesting layer. We thus decided to mix our MoS3 material with commercially
available TiO2 particles. As for MoS3, mixed MoS3:TiO2 suspensions (v/v = 1/1) have been
deposited by spin coating to study the influence of the thickness, and spray casting as used
for the deposition on OPV cells.

Cyclic voltammograms were measured at 50 mV.s−1 in H2SO4 0.5 M for mixed TiO2:MoS3
(approximate mass ratio: 5:1) coated electrodes (Fig. S12). The overpotential for hydrogen
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evolution is similar to MoS3 alone. Mixed TiO2:MoS3 electrodes (100 ± 20 nm thickness)
display similar onset potential and catalytic HER current to MoS3 (20 nm thickness) alone.

Impedance measurements (Fig. S13) confirmed that the charge transfer resistance of the
mixed TiO2:MoS3 (approximate mass ratio 5:1, 20 Ω.cm2) is decreased by 170 Ω.cm2

compared to MoS3 (190 Ω.cm2). Therefore, it seems that TiO2, besides acting as a good
electron contact for electrons generated by the OPV layer, also improves the charge transfer
from ITO to MoS3 thanks to its good electron photoconductivity.54

2.4. Fabrication and photoelectrocatalytic properties of MoS3/OPV photocathodes
With the above know-how for fabrication of MoS3-based catalytic layer, we undertook the
fabrication of photocathodes as shown in Figure 1 based on a bulk heterojunction between
two organic semi-conductors. We choose the popular P3HT:PCBM mixture because it
allows for the construction of OPV cells with an average efficiency of 3.5%,55 which was
sufficient for this proof-of-concept study. We successively deposited a hole-transporting
layer (PEDOT:PSS), an active layer (P3HT:PCBM) and a catalytic layer (MoS3 or mixed
TiO2:MoS3) on ITO-coated glass substrates. Our primary goal was to deposit each layer by
spin-coating. This was possible for both the PEDOT:PSS and P3HT:PCBM layers for which
we obtain films with 40 nm and 150 nm thickness respectively. However, even with
surfactants such as Brij®, we could not spin-coat the catalytic layer on the P3HT:PCBM
layer, since neither the suspension of MoS3 nor that of mixed TiO2:MoS3 correctly wets the
P3HT:PCBM layer. We therefore turn to spray-casting on the heated substrate to coat the
active layer with the catalyst. It is worth to note that each layer was deposited from solutions
by processes that can be easily scaled up to industrial processes such as roll-to-roll printing
and spray-coating. Thicknesses of catalytic layers on P3HT:PCBM were difficult to evaluate
because of the soft nature of P3HT:PCBM. Same conditions (time and concentrations) as
previously developed were however used.

Two distinct photocathodes were prepared: one containing a catalytic layer based on MoS3
and a second one with a thicker mixed TiO2:MoS3 catalytic layer. In order to discriminate
between the effects of MoS3 and TiO2 on the performances, we also prepared two reference
photoelectrodes, one without catalytic layer and another one only with a TiO2 layer.

We then investigated the photoelectrocatalytic performances of the two photocathodes
containing either MoS3 or mixed TiO2:MoS3 as catalytic layer. The photocathodes were
interfaced with a 0.5 M H2SO4 aqueous solution as shown in Figure 1 and irradiated with
visible light from a Xe lamp filtered from UV and IR radiation. Figure 5 shows the
photocurrents obtained for both photocathodes at an applied potential of −0.05 V vs. Ag/
AgCl (0.16 V vs. RHE). The photocurrent obtained for the MoS3/P3HT:PCBM
photocathode (30 μA.cm−2, blue trace) is only slightly higher than the one measured for the
same stack but lacking the catalyst layer used as a reference (25 μA.cm−2, black trace). By
contrast, the photocathode based on the mixed TiO2:MoS3 catalytic layer yields a
significantly higher photocurrent (>100 μA.cm−2, red trace), highlighting the role of TiO2
for promoting catalysis in this photocathode design.

Linear sweep voltammetry measurements were carried out at 5 mV.s−1 from 0.55 to −0.4 V
vs. RHE, under chopped visible light (Fig. 6). The photocurrent of the reference
photocathode without catalytic layer barely increases when the applied potential was swept
to negative potentials. Solar-to-chemical energy storage implies that the chemical reaction is
performed with a lower energy input as compared to the reaction in the dark. In that case,
this implies that the electrochemical potential (the bias) is more positive than the
thermodynamic potential of the H+/ H2 couple under the given conditions. The photocurrent
displayed by the MoS3 / P3HT:PCBM stack significantly differs from the reference
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photocathode only for potentials more negative than 0 V vs. RHE, which corresponds to the
thermodynamic potential for H2 evolution at pH 0.2. This photocathode thus does not allow
for energy storage. By contrast, the TiO2 / P3HT:PCBM photocathode displays
photocurrents with onset potential of ~0.5 V vs. RHE, confirming the ability for TiO2 to
efficiently extract charges from the OPV layer and to transfer them to the interface with the
electrolyte. However, the photocurrent value plateaus at 100 μA.cm−2 while the TiO2:MoS3/
P3HT:PCBM photocathode presents increased photocurrent values (200 μA.cm−2 at 0 V vs.
RHE and up to 300 μA.cm−2 at −0.4 V vs. RHE).

Electrolyses at +0.16 V vs. RHE were carried out for 45 min to study the stability of the
devices (Fig. S14). The photocurrent of the TiO2:MoS3 / P3HT:PCBM photocathode
decreased by 30 % along that time. Hydrogen production was confirmed by gas
chromatography (Fig. S15) during this experiment and the faradic yield was found similar to
that determined for the catalytic layer under similar but purely electrocatalytic dark
conditions. By contrast the photocurrent of the MoS3 / P3HT:PCBM photocathode
decreased by 50%. These data clearly show that TiO2 protects the underlying organic
photovoltaic component during continuous photocatalysis but that this component is unable
to sustain H2 evolution in the absence of a proper catalyst such as MoS3.

The above results demonstrate the possibility to exploit OPV technology for the construction
of a novel type of PEC devices harvesting visible light, though devices would need to
operate efficiently (>80%) for years to be economically viable. The photocurrent values are
still below those reported for photocathodes based on p-type silicon34, 56-60 or Cu2O61 but
the onset potential measured under irradiation is more positive by several hundreds of
millivolts and gets close to that recently reported for the novel p-type WSe2 material,62 thus
allowing for true energy storage. Our construction nevertheless display HER photocurrents
significantly higher than those reported for photocathodes based on other solid-state semi-
conductors, such as indium phosphide nanocrystals,30 or dye-sensitized TiO2
electrodes.63, 64

MoSx is currently becoming a very popular HER catalytic material33 and this material has
been used for the design of various H2-evolving nanoparticulate systems37, 65-68 or Si-based
photocathodes.58, 59 In the present case, the catalytic layer has to be deposited on a
molecular-based light-harvesting layer and a key issue consists in correctly interfacing the
H2-evolving catalyst with the donor material of the bulk heterojunction. Actually TiO2
seems quite efficient in that respect and our optimal stack displays onset potential for light-
driven H2 production ~600 mV more positive than the onset HER potential measured at a
TiO2:MoS3 electrode in the dark (Fig. 4). This photo-potential nicely matches the 570 mV
open-circuit potential (VOC) measured for 4.1 % efficiency solar cells based on the same
P3HT:PCBM light-harvesting layer and produced in our laboratory under similar conditions
(Fig. S16). The current density, however, remains lower than expected since the same solar
cell can deliver a short circuit intensity of 11.3 mA.cm−2. Clearly such high intensities are
not sustained by the catalyst unless very cathodic potentials are applied but, from Fig. 4,
current densities of the milli-ampere magnitude are attainable. Thus, further optimization is
a serious challenge that seems possible based on the improvement of the interfacial layer,
which should extract electrons from the OPV layer and convey them to the catalyst, while
protecting the OPV core. Actually, deposition by sputtering of an 100 nm aluminum layer
between the P3HT:PCBM and the TiO2: MoS3 layers resulted in 5-fold increased
photocurrents. The preliminary results demonstrate that addition of an electron-collecting
layer, aluminum, improves the overall performances of the photocathode. But aluminum,
routinely used in OPV technology,20 does not withstand the highly acidic conditions used
here; we will report later on our effort to overcome these issues.
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3. Conclusions
The combination of MoS3 nanoparticles as a H2-evolving catalyst with the core of an
organic photovoltaic cell yields a novel type of photoelectrode achieving the reductive half
reaction involved in water splitting. This system is based on earth-abundant elements and
can be easily processed using low cost and low temperature spin-coating and spray-casting
methods. Photoelectrochemical performances could be improved through the optimization
of the thickness of the catalytic MoS3 layer and its combination with TiO2 so as to optimize
electron transport at the interface between the light-harvesting and charge generating core
and the catalytic layer. These promising results open novel avenues for the design of PEC
devices with improved performances given the high number of parameters that are still
prone to optimization, i.e. the nature, thickness and structuration of the core organic solar
cell materials, the interfacial layer and catalyst. In particular the use of metal-doped MoS2
materials69, 70 or bioinspired catalysts28, 71, 72 allowing to work under less acidic conditions
is a promising research direction.

4. Experimental
4.1. Methods of characterization

Transmission Electronic Microscopy and Energy-dispersive analyses were carried out with a
TECNAI 120 Spirit G2 from FEI and a CCD camera on column bottom Orius from Gatan in
4K steps. XPS data were collected by an Axis Ultra DLD (Kratos Analytical) using a
monochromatic Al Kα X-ray source (1486.6 eV). The samples were illuminated with a 300
W xenon lamp (Oriel, ozone free) operated at 280 W coupled with a water-filled Spectra-
Physics 6123NS liquid and a Spectra-Physics 59472 UV cut-off filter (λ >400 nm).
Electrochemical measurements were recorded by a BioLogic Model VSP 0254. The
thickness of the films was determined using Ambios XP-200 profilometer. More detailed
methods are provided in the SI.

4.2. Chemicals and reagents
All manipulations were carried out under an inert Ar atmosphere using glovebox techniques
unless otherwise mentioned. PEDOT:PSS (AI 4083 for spin coated devices) and the
suspension of TiO2 (Ti-Nanoxide HT-L/SC) were purchased from Ossila and Solaronix
respectively. P3HT (M101, RR = 96.6 %) and P60CBM (M111, 99.0 % purity) were
purchased from Ossila. Unless noted, all other reagents were purchased from commercial
sources and used without further purification. ITO-coated glass substrates (XY20s) were
purchased from Xinyan Technology Ltd.

4.3. Synthesis of MoS3 nanoparticles
MoS3 particles were synthesized according to a procedure from Merki et al.36 In a typical
preparation, molybdenum trioxide (0.51 g, 3.48 mmol) was added to an aqueous solution of
sodium sulfide (1.34 g, 17.37 mmol of anhydrous Na2S in 125 mL of water) to form a bright
yellow solution. This solution was then kept under vigorous stirring while 6.0 M aqueous
HCl was added slowly (10 minutes) until the pH was under 4. Three batches were
synthesized, ending at pH 2, 2.7 and 3.5 respectively. At first, darkening of the solution was
observed. After the addition of acid, the solution was boiled for 30 minutes, resulting in an
increase of the pH by 1 unit. After being cooled to ambient temperature and instead of
separating and washing the particles by vacuum filtration, the suspension was centrifuged,
the supernatant liquid was thrown away and particles were dispersed in DI water. This
process was repeated twice to wash the particles. The last precipitate was dispersed in
acetone. The suspension was then sonicated for 5 minutes using an ultrasonic horn at 20
kHz.
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4.4. Deposition of the MoS3 nanoparticles
On ITO/glass substrate—MoS3 films were sprayed (Aztek A470 airbrush with a 9344C
nozzle) onto heated (100°C) ITO-coated glass substrates, cleaned by ultrasound bath in
acetone for 15 min followed by 15 min in UV-ozone cleaner, from suspensions of MoS3 in
acetone. The thickness was evaluated by profilometry.

MoS3 films were spin coated (Laurell Technologies Corporation device, model
WS-400B-6NPP/LITE/OND) onto ITO-coated glass substrates, cleaned by ultrasound bath
in acetone for 15 min followed by 15 min in UV-ozone cleaner, from suspensions of MoS3
(1.2 g.L−1; 1.9 g.L−1; 6 g.L−1; 16 g.L−1) diluted with acetone. Spin coating was performed
in air by spinning at 2,000 rpm for 60s (ramp 5s).

A suspension (1 mL) of TiO2 (8-10 nm nanocrystalline particles, 3% wt.) was mixed with 1
mL of a suspension of MoS3 (6 g.L−1, or diluted and deposited by spray casting or spin
coating for characterization. By spin coating at 2000 rpm for 60s, a 100 nm–thick layer was
obtained. By spray casting, the thickness was evaluated by profilometry.

Fabrication of the MoS3-coated organic solar cell (MoS3/OPV)—The organic solar
cell was entirely solution-processed, in a glove box under argon atmosphere. On the ITO-
coated glass substrate, cleaned by ultrasound bath in acetone for 15 min followed by 15 min
in UV-ozone cleaner, PEDOT:PSS was filtered with a PVDF filter and spin coated (ramp 5s
to 3000rpm, 45s at 3000rpm, then ramp 5s to 3500rpm, and 45s at 3500rpm). After thermal
treatment for a few minutes at 130°C, P3HT:PCBM blend was also filtered with a 0.45 μm
polypro filter and spin-coated on the top of the PEDOT:PSS layer (ramp 5s to 1500rpm, 40s
at 1500rpm). The P3HT to PCBM ratio was 1 to 1, with [P3HT] = 15 g.L−1 in ortho-
dichlorobenzene. Before spin coating, the solution was stirred overnight at room
temperature. Then, the MoS3 catalytic layer, with or without TiO2, was spray-cast on top of
the heated (100°C) solar cell in the air, and quickly retransferred into the glove box for
sintering at 120°C for 30min.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Architecture of the MoS3/P3HT:PCBM H2-evolving photocathode inserted in the cell used
in this study for photo-electrochemical measurements.
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Fig. 2.
TEM analysis of precipitated MoS3 nanoparticles (final pH was 2). Isolated particles and
rods are clearly visible in the inset.
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Fig. 3.
Cyclic voltammetry (50 mV.s−1, third cycle shown) of an ITO-coated glass substrate (black)
and of MoS3 films deposited by spin coating on ITO-coated glass substrates, in H2SO4 0.5
M. Film thickness: 15nm (purple), 40nm (red), 90nm (blue), 200nm (green). Electrode
surface area: 0.5 cm2.
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Fig. 4.
Cyclic voltammetry (50 mV.s−1, third cycle shown) of MoS3 films of different thicknesses
deposited by spray on ITO-coated glass substrates, in H2SO4 0.5 M. Film thickness: 40 ± 20
nm (black), 100 ± 30 nm (red), 300 ± 100 nm (blue). Electrode surface area: 0.5 cm2.
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Fig. 5.
Caption Electrolysis at a bias potential of +0.16 V vs. RHE, with chopped visible light, in
H2SO4 0.5 M. Black: P3HT:PCBM, blue: MoS3 / P3HT:PCBM photocathode, red:
TiO2:MoS3 / P3HT:PCBM photocathode. Electrode area: 0.5 cm2.
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Fig. 6.
Linear sweep voltammograms recorded at 5 mV.s−1 in H2SO4 0.5 M with chopped visible
light for several photocathodes. Black: P3HT:PCBM (reference), red: MoS3 / P3HT:PCBM
photocathode, blue: TiO2 / P3HT:PCBM photocathode, green: TiO2:MoS3 / P3HT:PCBM
photocathode. Electrode area: 0.5 cm2.
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