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Abstract

We report a photovoltaics-electrochemical (PV-EC) assembly based on a compact and easily
processable triple homo-junction polymer cell with high fill factor (76%), optimized conversion
efficiencies up to 8.7 % and enough potential for the energetically demanding water splitting reaction
(Voc = 2.1 V). A platinum-free cathode made of abundant materials is coupled to a ruthenium oxide on
glassy carbon anode (GC-RuO;) to perform the reaction at optimum potential (AE = 1.70-1.78 V,

overpotential = 470-550 mV). The GC-RuO, anode contains a single monolayer of catalyst
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corresponding to a superficial concentration (I') of 0.15 nmol cm™2 and is highly active at pH 7. The
PV-EC cell achieves solar to hydrogen conversion efficiencies (STH) ranging from 5.6 to 6.0 %. As a
result of the solar cell’s high fill factor, the optimal photovoltaic response is found at 1.70 V, the
minimum potential at which the electrodes used perform the water splitting reaction. This allows
generating hydrogen at efficiencies that would be very similar (96%) to those obtained as if the system

were to be operating at 1.23 V, the thermodynamic potential threshold for the water splitting reaction.
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1-Introduction

123 4n an urban

Among all renewable energies, photovoltaics (PVs) is the most easily integrable
environment where most of the electricity consumption occurs and where the energy
distribution system is the largest. However, electricity production from sunlight is intermittent
and does not always match the consumption pattern. It has been proposed that an optimal
solution to perfectly combine photovoltaic integrability with a variable energy demand is to use
the excess electricity produced during peak irradiation to drive the water splitting reaction to
generate hydrogen fuel, so that the energy is stored in the form of chemical bonds.* Such
energy production would have a close to negligible environmental impact while its distribution
could be carried out effectively with the already existing natural gas pipelines. Unfortunately, at

present there are no PV hydrogen production systems that may offer integrability, low cost,

durability and a high efficiency in one.



Different PV approaches using either multi-junction or series connected cells have been
proposed to overcome the high thermodynamic potential of AE° = 1.23 V of the water oxidation
reaction,>®"8:9.10.11,12.13,14,15.16,17.18.19 ,ar_potentials associated with the reaction kinetics raise
the required voltage by several hundreds of mV to 1.5 V or higher. Early examples used
multiple junction silicon solar cells coupled to noble metal electrodes like platinum.>"
Although high solar to hydrogen (STH) conversion efficiencies were achieved, the prohibitive
costs of both the solar cells and the metal catalysts hampered the implementation of a large
scale hydrogen generation. Recent approaches have replaced the expensive silicon triple
junctions by metallic chalcogenide materials,*® perovskites,**® dye-sensitized,*’*®  or
polymer'® solar cells. However, either harsh alkaline, pH=14 in the majority of them, or acidic
conditions were used to minimize the overpotentials and increase the STH efficiency of the
system. The corrosion associated to such harsh conditions prevents a practical large scale

hydrogen production using ocean or river water which is found close to a neutral pH.

In here, for an optimal water splitting reaction minimizing the overpotential limitation, we
implemented a photovoltaic-electrochemical (PV-EC) system using a one-blend polymer triple
junction cell which exhibits a high fill factor (FF) overcoming the FF of the single junction
counter parts. This implies that at the lowest measured water splitting voltage of 1.70 V, the
STH conversion efficiency under 1 sun AM1.5G illumination is as high as 96 % of the
maximum efficiency possible corresponding to an ideal operation at the thermodynamic
potential threshold. This is combined with the use of platinum free anode and cathode
electrodes immersed in a water solution buffered at pH 7. A glassy carbon rod with an
extremely small amount of RuO, catalyst anchored on the graphite surface was used as anode
(GC-RuOy). In such GC-RuO; electrode configuration a strong catalytic activity for water

oxidation is achieved at pH 7 with an amount of Ru that is at least 100 times smaller than the
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Ru found in commonly used RuOj electrodes.?820:21:22.23 g ch 3 strong catalytic activity
results from an optimum electrode surface morphology that consists of a monolayer of fully
active material where all the available catalytic sites are accessible for the water oxidation
reaction. The preparation of the electrode is based on using a ruthenium molecular

24.2% that interconverts into the final RuO, active species upon electrochemical

precursor
treatment, details on the synthesis and characterization of this anode can be found in Ref. [25].
We demonstrate that a high STH conversion efficiency at pH 7 is possible when the triple
junction cell and GC-RuO, anode are combined with a cathode made of earth abundant
materials deposited on a stainless steel plate (SST-NiMozZn).**?*?” When the described system
is compared to a Pt-anode and Pt-cathode electrode configuration, we obtain a 250 mV
reduction in the overpotentials for operation at pH 7. The overall PV-EC system we implement
uses compact devices, earth abundant materials or very small amounts of rare metals, operates

at the pH water is found in nature and the stability of the PV device under 1 sun illumination is

ensured when a proper encapsulation is applied.?®

2-Results and Discussion

2.1-Optimal triple junction polymer solar cell

The open circuit voltage of a single junction polymer cell is not sufficient to overcome the
potential barrier for the water splitting chemical reaction. To achieve a V. of 2.1 V we piled up
three single junction cells of the same PTB7:PC7;;BM blend (Fig. 1a). This blend has been

shown to exhibit one of the top single junctio?® or homo-tandem>>3!

polymer cell performances.
By using the same blend in the three sub-cells we simplify the fabrication procedure while at
the same time we ensure a homogenous electrical performance throughout the device. This

resulted in FFs as high as 76%, significantly higher than the 71% averaged by the single



junction counterparts. Such high FFs, essential to minimize the impact of the overpotentials in
the water splitting reaction, are in correspondence to the use of very thin active blend layers
combined with a light absorption shared by the three sub-cells. In the single junction
counterpart recombination is larger given that full light absorption is carried out by just one

single junction.

Reaching the optimal light harvesting in triple junction PV architectures with high number of
layers can only be achieved by setting a target solution and implementing an inverse solving
problem approach to reach that solution.® In particular, the cell fabricated in this work has a
total of thirteen layers with the configuration indicated in Fig. la. In addition, a series
connected triple junction device requires matching of the short-circuit currents of the three sub-
cells. This current matching combined with the largest possible short circuit current is the

solution targeted by our numerical approach based on the transfer matrix34%

to numerically
compute the electrical field distribution and light absorption within each one of the cell layers.
The optimal electrical field intensity profile and simulated EQEs for each one of the sub-cells in
the triple junction device is shown in Fig. 1b and 1c, respectively. The electric field intensity
shows maxima in the rear sub-cell for the near infrared wavelengths, in the middle sub-cell for
the wavelength range between 500 and 600 nm, and in the front sub-cell for the near UV range
(Fig. 1b). Such field distribution implies that absorption at shorter wavelengths is dominated by
the front sub-cell, in the middle range of the visible spectrum is dominated by the middle sub-
cell, and at the near infrared by the rear sub-cell. Such perfectly balanced light absorption
distribution among the three cells is clearly seen in the simulated EQEs shown in Fig. 1c. Such
large differences in the EQE can be explained in part by the different thicknesses of the layers,

but also because of the interference. As can be seen in Fig. 1b constructive interference of the

incident and reflected waves tends to favor IR shifted absorption for the rear cell and UV
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shifted absorption for the front cell. In one of the architectures leading to such optimal light
absorption, the PTB7:PC71BM layer thicknesses were determined to be 60 nm, 105 nm, and
110 nm for the front, middle, and rear sub-cells, respectively. These values were used to
fabricate triple-junction devices with measured conversion efficiencies up to 8.7% under AM
1.5G illumination at 100 mW/cm? and V.. equivalent to 2.1 V. A typical current
density—voltage (J—V) curve of the triple junction cell is shown in Fig. 2, with its relevant
parameters marked in red. The potential extracted at the maximum power point of the cell was
close to 1.76 V, 530 mV higher than the thermodynamic potential for the water splitting
reaction. The high fill factor of the solar cell used (76%) ensures that the water splitting
efficiency loss due to the catalyst overpotential will be minimum as opposed to a single
junction series connection of three cells of the same polymer type that would exhibit a smaller
FF around 71% (Fig. S2), or alternative options where the V. of the configuration would be too

large.*

2.2-Coupled GC-RuO, anode and SST-NiMoZn cathode for water splitting catalysis

With the aim of minimizing the cost of the final PV-EC device for ultimate applications, we
used a cathode of NiMozZn?®%" on stainless steel electrode (SST-NiMoZn) made of earth
abundant materials and an anode made of RuO, on glassy carbon electrode (GC-RuO,).”> The
selected GC-RuO, anode is particularly interesting because it has an extremely low catalyst
loading with a superficial concentration (I') of 0.15 nmol cm™ 2 and a roughness factor (RF) of
1-2, consistent with one monolayer of active material (see supporting information). These
values are much lower than those of commonly used RuOy or IrO4 based electrodes, that are
usually prepared using electrochemical deposition from RuCls,>*?' dropcasting of suspensions
with post-annealing processes® or sputtering techniques.?**® These deposition methods give

layers of RuO, with thickness from tens of nanometers (e.g. 70 nm in ref 21) up to a few
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micrometers (e.g. 2.3 um in ref 22). By using the molecular catalyst precursor methodology?
we have a full control of the starting monolayer of ruthenium deposited on the electrode, that
upon oxidative scans, converts into small RuO; particles with a very high surface area available
for the water oxidation reaction. Environmental scanning electron microscopy analysis did not
show the RuO; nanoparticles due to their small size, below the detection limit of the instrument.
However, the nature of the catalyst have been thoroughly investigated using electrochemical
and XAS techniques.?® Despite the low catalyst loading, the activity of this GC-RuO, anode is
very high at pH 7 as demonstrated by cyclic voltammetry experiments. The catalytic wave due
to water oxidation shows a significant negative shift of the onset of the catalysis of ca. 250 mV
compared to a platinum mesh electrode (Fig. 3a).

The performance of the GC-RuO, and SST-NiMoZn electrodes was tested independently by
means of chronopotentiometry experiments in a three electrode configuration cell at pH 7.
These experiments allowed us to simulate a real water splitting reaction that we would later do
using the triple junction organic photovoltaic cell. We fixed the current at +405 pA and —405
pA for the GC-RuO, anode and SST-NiMoZn cathode respectively (red and pink traces, Fig.
3b). Analogous experiments were done for a platinum mesh anode and a platinum mesh
cathode for comparison (green and black traces, Fig. 3b). All electrodes are stable under
operating conditions, showing no loss of activity over the course of the experiment. It is
interesting to see that the potential required for the water reduction reaction is exactly the same
for both cathodes, the NiMoZn and Pt, accounting for less than 100 mV of overpotential, as had
been previously reported in the literature.?®*’ On the other hand and consistent with the cyclic
voltammetry experiments in Fig. 3a, the performance of the GC-RuO. is considerably superior
to that of platinum, which requires 250 mV more of potential than the former.

-35,36,37,38

Chronopotentiometry analysis of an ITO-CoPi type electrode shows that our PV-EC

system can also operate with such cobalt based anode, but with a AE ca. 100 mV higher than
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that of GC-RuO; and ca. 2000 times higher catalyst loading (I' = 0.30 umol cm™, Fig. S1). Thus,
according to the chronopotentiometry experiments the voltage required to perform the water
splitting reaction for the GC-RuO,/SST-NiMoZn couple is AE = 1.78 V, which accounts for an
overpotential of 550 mV. This value is ca. 250 mV lower than that observed for the Pt/Pt or
Pt/SST-NiMoZn couples with AE = 2.03 (790 mV overpotential). The GC-RuO, anode not only
minimizes the voltage at which the PV-EC device will operate, but also performs 9000

turnovers for a typical 1.5h experiment, accounting for an impressive TOF of 1.7 s

2.3-Bias-free water splitting catalysis with PV-EC cell at pH =7

Water splitting experiments were performed illuminating a triple junction solar cell (ntisc =
8.2-8.7%) connected to a GC-RuO, anode and SST-NiMoZn cathode in a two electrode
configuration setup in a pH 7 phosphate buffer solution (Fig. 4a). One of the advantages of this
electrode combination is that both are highly selective, and back reactions are almost non-
existent. However, a setup configuration in a two-compartment electrochemical cell separated
by a glass frit was preferred, allowing for independent gas collection and avoiding potentially
explosive gas mixtures. The current density versus time profile of a typical reaction is given in
Fig. 4b. After an approximate 10 minutes stabilization time the current reaches a steady state at
4.5 mAJcm?, and the operating potential remains at AE = 1.70-1.75 V for the whole duration of

the experiment. This operating current density (Jop) in mA/cm? can be used in

Jop - 1.23- 77F

STH = @

Psolar
where 7 is the Faradaic efficiency and Psqar the power density, to determine the STH to be 5.6%
under 1 sun AM 1.5G illumination. As shown in Fig 5 and using the full PV-EC system,
continuous gas production was detected over a period of five hours with faradaic efficiencies

close to 100% for both gases and no apparent loss of activity.



When performing the water splitting reactions we measured working voltages in the range of
AE = 1.70-1.80 V, which closely matched the AE = 1.78 V and 1.76 V calculated from the
chronopotentiometry experiments and the maximum power point of our triple junction solar cell,
respectively (Fig. 2 and Fig. 3b). The minimum potential of 1.7 VV measured at some instances
with the triple junction cell relative to the chronopotentiometry measurement shown in Fig. 3b
may correspond to slight differences in the RuO, layer coating the GC rod. The system is
sensitive to high energy light as illustrated in Fig. S3. While an initial value of STH = 6.0% is
obtained under full spectrum illumination, it decreases down to STH = 4.1% after 1.5 h. The
cell degradation induced by the UV radiation can be eliminated by placing in front of the solar
cell a 400 nm cut-off wavelength low band pass light filter. In that case we obtained stable
profiles as can be seen in Fig. 4b and Supplementary Fig. S3. These STH values are amongst
the highest reported in the literature for PV-EC hybrid devices that do not use silicon or group
I11-V semiconductors as light absorber, including two recently reported perovskite-BiVO,4 or

perovskite-Fe,O5 tandem assemblies (STH = 2.5 % and 2.4 % respectively),>*®

polymer solar
cell (STH = 3.1-5.4 %)*® or dye sensitized solar cell (STH = 3.1 %).'” The parameters that
allowed us to improve the latter reported benchmarking are: i) the high fill factor (76%) of the
employed triple junction cell, as opposed to the 55-60% obtained for similar configurations®
and ii) the high performance of the GC-RuO, electorode at pH 7, that operates at sufficiently
low overpotential. Both parameters are keys to minimize the efficiency loss during operating
conditions. Other successful PV-EC examples include series connected PV cells based on either
perovskite® or CIGS™ semiconducting materials that provide the desired voltage and reach
STH higher than 10%. In these last two cases the conditions of the water splitting reaction are
either strongly alkaline (1M NaOH) for the former or highly acidic (3M H,SQO,) for the latter.

In the same conditions and configuration described in Fig. 4 we performed experiments

simulating a more realistic scenario where long term stability is crucial for practical
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implementation. Water splitting was performed using a larger electrochemical cell to fit higher
guantities of gases produced. After a 16 h illumination period the cells were kept in the dark for
8 h, after which time the experiment was resumed. The triple junction cell showed remarkable
stability retaining 87 % of its initial efficiency after the first experiment and 82 % after the
second one. A third cycle was performed accounting for a total illumination time of 50h and
maintaining a 79 % of the efficiency (Fig. S3 in the supporting information). The changes in the
shape of the j/E curve and its fill factor bring the optimal power point of the solar cell to lower
potentials and decrease the overall efficiency of the system; since the water splitting reaction
works at a constant potential in the range of 1.70-1.80 V, the current that passes through the
system becomes lower. However, it is remarkable to see that at the end of the 50h illumination
time all parameters still show 75% of their initial value or higher. To the best of our knowledge,
this is one of the few examples that a PV-EC device, not containing silicon or a Il11-V
semiconductor, shows such remarkable stability when tested for this time periods. Recent
results demonstrate that under the proper fabrication procedure, encapsulation and adequate UV
filtering solar cells based on PTB7 polymers are very stable and could improve the performance
at long time experiments. Indeed, the backbone of the polymer does not show any degradation

after more than 500 h under 1 sun continuous illumination.?®

3-Conclusions

We have implemented a system where a 6% STH efficiency in the production of hydrogen is
achieved at neutral pH. The system relies on a simple triple junction cell with an optimal light
absorption and electrical performance. A cell FF as high as 76% allows for a water splitting
reaction at a rate (current density) which is up to 96% the rate one would achieve if water

splitting were to be carried out just above the thermodynamic potential threshold of 1.23V. In

10



the triple junction studied the water splitting and the maximum power point are very close
implying minimal electrical power losses. The catalysts used either for the oxidation or
reduction part of the reaction use earth abundant materials or extremely small quantities of rare
elements as Ru. To achieve a similar performance with the standard Pt electrodes one would
have to raise the pH of the water solution to 14, otherwise at pH 7 the efficiency with such
electrodes would remain close to just 3.5%. By anchoring Ru complexes on the surface of a
glassy carbon rod, we have been able to reduce by several orders of magnitude the amount of
RuO; needed with regard to previous anode configurations using that metal oxide. In such rod
all the existing catalyst centers form a monolayer fully accessible to water molecules for
oxidation, and the catalyst is highly active at pH 7. On the other hand, the electrical power is
obtained from a PV cell based on a simple triple junction configuration where the three active
layers are based on the same PTB7 polymer blend. PTB7 has been demonstrated to be one of
the most efficient organic donor materials in photovoltaic cells. Additionally, PTB7 based cells
are optimal for the development of a PV technology with a high potential for integration.
Finally, recent work demonstrates that, contrary to results reported in prior studies, PTB7 based
cells can be made very sable when the adequate cell fabrication procedure, encapsulation, and
light filtering are applied.?®

The system we report may ensure for the first time an eco-friendly large scale production of
hydrogen from water at a neutral pH. The overall system is compact and has the potential to be
fabricated at a low cost to effectively compete against other alternatives as hydrogen production
from methane where the cost is low but the environmental impact is large. Last but not least,
PTB7 based cells can be made semi-transparent which makes them an optimal technology for
the integration in the glass facades of city buildings where the electricity consumption is largest
and where an infrastructure for natural gas distribution, which can be effectively utilized for the

distribution of hydrogen, is already existing.
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4-Experimental section

Materials. The PTB7 and PFN polymers from 1-Material, PC;1:BM (purity > 99%) from
American Dye Source and ZnO nanoparticles (N-10, 6083, 2.5 wt% in isopropyl alcohol) from
Nanograde were used as received. Photoactive material PTB7: PC;1BM (1:1.5 wt %) were
dissolved in chlorobenzene/l, 8-diiodoctane (97:3 vol %) mixture solvent, at a total
concentration of 25 mg/mL. PFN was dissolved in methanol (1.0 mg mL™) in the presence of
small amount of acetic acid (10 uL mL'l), which was filtered with 0.45um PTFE filter prior to
use. ZnO solution was diluted with isopropyl alcohol (1:1, vol %) prior to use. The ZnO
formulation is very stable and the performance would not drop even when left in air for more
than one year. Ruthenium molecular precursor [Ru(bda)(NO)(N-N2)2][PFe]s and the derivative
GC-RuO; electrodes were prepared according to the literature, details about area and catalyst
loading can be found in the supporting information.’* The SST-NiMoZn cathodes were
prepared following a modified procedure found in the literature, details found in the supporting
information.™

Device fabrication and characterization. Triple junction devices were fabricated by spin-
casting ZnO solution on the pre-cleaned ITO patterned glass substrates (Lumtec, 15 €/sq) and
annealing at 120 °C in glovebox for 10 min to form a 20 nm condensed electron transporting
layer. The active layer of the front sub-cell (~ 60 nm) was then spin-coated on the ZnO surface
and the films were dried under high vacuum (< 5 x 10 ° mbar) for one hour. Afterwards,
interconnecting layer (ICL) of MoOs (10 nm, 0.5 A /s)/ultrathin Ag (0.5 nm, 0.2 A/s)/ PFN (10
nm) was deposited sequentially. Then, the active layer of the middle sub-cell (~ 105 nm) was
spin-coated on the PFN surface, dried by vacuum for one hour. The second ICL was deposited

using exactly the same procedure as the first one. The active layer of the rear sub-cell (~ 110
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nm) was deposited on top of the second ICL and again left to dry in vacuum for 1 hour. Finally,
MoOj3 (5 nm, 0.5 A /s) and Ag (150 nm, 1 A /s) electrodes were sequentially deposited through
a shadow mask by thermal evaporation (< 5 x 10™ ° mbar), which defines the device area of 9.0
mm?. The triple-junction solar cells were encapsulated with glass slides using a UV-curable
epoxy (ELC-4908, Electro-Lite Corp) in a N, glovebox before testing in ambient air. Current—
voltage characteristics were measured under 1 sun AM 1.5G simulated sunlight (ABET Sol3A,
1000 W/m?) with a Keithley 2420. The illumination intensity of the light source (Xenon lamp,
300W, USHIO) was determined using a Hamamatsu monocrystalline silicon reference cell

calibrated by ISE Fraunhofer.

Supporting Information
Details about the equipment, materials and methods. Cathode and anode preparations.
Additional chronopotentiometry and water splitting experiments. This material is available free

of charge via the Internet at http://pubs.acs.org.
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Figure 1 Optically optimal triple junction cell a) Schematic representation of the triple junction
solar cells and molecular structure of its organic polymers. PTB7, Poly({4,8-bis[(2-
ethylhexyl)oxy]benzo[1,2-b:4,5-b]dithiophene-2,6-diyl}{3-fluoro-2-[(2-

ethylhexyl)carbonyl]thieno[3,4-b]thiophenediyl}. PC7;;:BM, [6, 6]-phenyl-C;; butyric acid
methyl ester. PFN, poly [(9,9-bis(3'-(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-
dioctylfluorene. b) Calculated electrical field intensity normalized with respect to the incident
field intensity as a function of wavelength for an optimized triple junction organic solar cell

architecture. c) Calculated EQE for each one of the three sub-cells in an optimized architecture.
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Figure 2. j/E curve of triple junction cell. Voc = 2.13 V, Jsc = 5.4 mA/cm?, FF = 76% and TTmax

= 8.7% where the water splitting thermodynamic potential (orange) and water splitting

operating potential range (green) are indicated. Voc: open circuit potential, Jsc: short circuit

current density, FF: fill factor and 7max = cell efficiency at maximum power point.

18



. Pt mesh
64 E°
1 " Gc-Ruo,
4 3
<
£ 2 4
0
-2
4 T
0.4 0.8 1.2 1.6
E (V)
b .,
Pt mesh
15 4+—
Z GC-RuO,
oy 1 E E ox,pH 7
= n [ .
x 05 ] AE~2.03V
u'_, ] AE=1.78V
0 1
E E red,pH 7
0.5 Jurmyg
. Pt mesh NiMoZn
-1-""|""Ill||
0 0.5 1 1.5
t (h)

Figure 3. a) Cyclic voltammetry experiments of a GC-RuO, (red) and platinum mesh (green)
working electrodes. b) Chronopotentiometry experiments at a fixed current of +405 pA for GC-
RuO; (red) and Pt mesh (green) or —405 pA for NiMoZn (pink) and Pt mesh (black). All
experiments in a) and b) were done in a two compartment cell, in degased 0.1 M phosphate
buffer, at pH 7.0, using a platinum mesh as counter electrode and Ag/AgCl as reference
electrode. The potentials are given against the NHE reference electrode using the conversion
Enne = Eagiagel + 0.2. The thermodynamic potentials for the water oxidation (E%x, pH 7 = 0.817
V) and water reduction (E%eq, pH 7 = —0.413 V) reactions at pH 7 are indicated in grey dotted

lines.
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Figure 4. Water splitting EC-PV system a) Schematic representation of the setup for the
water splitting experiments using a triple junction organic solar cell, GC-RuO; anode
and SST-NiMoZn cathode. b) Current vs time profile of a water splitting experiment
using a triple junction solar cell (7r;sc = 8.5 %), GC-RuO, anode and SST-NiMoZn
cathode in a two electrode configuration and a two compartment cell containing 0.1 M
phosphate buffer, pH = 7.0, under AM 1.5 G illumination with a GG400 filter. The
operating potential of the reaction was measured manually and is also indicated. After
1.5 h, the amount of evolved gas accounted for TONg, = 9 000 and TOF = 1.7 s, where
TONRgy = mols Oz/mols of Ru and TOF = mols O,/(mols of Ruxsecond).
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Figure 5. Gas evolution of a water splitting experiment using a triple junction solar cell

(Mmisc = 8.2%), GC-RuO, anode and SST-NiMoZn cathode in a two electrode

configuration and a two-compartment cell, containing 0.1M phosphate buffer, pH = 7,

under 1 sun irradiation (A > 400 nm). The dotted lines represent the 100% faradaic

efficiency based on the charge passed during electrolysis while the solid lines represent

the gas measured with Clark electrode sensors.
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ToC Text:

Efficient visible light induced hydrogen production from water at neutral pH, using a simple triple

junction cell coupled to a RuO, anode and a NiMoZn cathode, reaching 6% STH.
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