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Figure S1. Photos of photocathode substrates Sigracet 35BC (on the left) and Sigracet 35BC + FEP 7% (on the
right) after 0 s (a, b) and after 1800 s (c, d).
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Figure S2. XRD pattern of synthesized anodic semiconductor Fe2Os deposited on FTO glass and relative JCPDS
cards.
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Figure S3. XRD pattern of synthesized anodic semiconductor Fe2Os + NiFeOx deposited on FTO glass and

relative JCPDS cards.

Figure S4. Photographs of transparent anionic membrane FAA-3 either dry (a) or wet (b).



The cathode stream was analysed by means of a mass spectrometer ThermoStar™ GSD320 (Pfeiffer,
Ablar, Germany), under dark and light operation (Figure S5). We have analysed the output stream at the
cathode with reference to H> and CO signals. The ionic current related to hydrogen increases during
illumination at -0.6 V showing large oscillations whereas the CO signal is not affected (Figure S5).
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Figure S5. Mass spectrometry analysis during potentiostatic test (applied cell bias of -0.6 V) of the PEC cell
(glass+FTO+Fe203+NiFeOx+ionomer/FAA-3/ionomer+CuO+ Sigracet 35BC+FEP7%): Hz ionic current (a) and CO
ionic current (b).

No traces of humidity were detected by placing a small piece of filter paper below the cathode backing
layer providing a clear indication that no water traces are permeating through this substrate.
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Figure S6. Schematic sketch (a) and photograph (b) of the photoelectrochemical cell (PEC) with carbonaceous

gas diffusion layer as cathode substrate and filter paper to highlight any traces of water (left); (c) photograph of
filter paper “post operation”.



In order to understand if the hydrophobic carbonaceous substrate-based photocathode was able to block
water diffusion towards the external hydrogen flow, an experiment was carried out by using a burette full of
water pressed onto the CuO+ Sigracet 35BC+FEP7% electrode. It can be seen that also after about 4 hours the
water did not cross the hydrophobic substrate. It is pointed out that the hydrostatic pressure applied by the
burette inside the burette is much larger than the pressure of PEC.

Figure S7. Images of a 60 cm water column (about 60 mbar) in a burette placed perpendicular to a CuO/ Sigracet
35BC + FEP 7% sample at the beginning (a), after 1800 s (b), after 15000 s (c).

The morphological characteristic of NiFeOx-doped hematite on FTO are shown in Figure S8a, before the
durability test, and in Figure S8b after the durability. Hematite appears in nanocolumnar structure, before
and after durability test, with nanocolumns of about 90 nm of diameter. The NiFeOx promoter is also evident
as agglomerate of nanoparticles which are indicated by the arrows in Fig. S8. No modifications have been
observed.
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Figure S8. SEM images of the outer NiFeOx-coated hematite photoanode surface, before (a) and after (b) the
durability test.



