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ABSTRACT: Sacrificial photocatalytic hydrogen evolution has advanced rapidly, yet meaningful benchmarking remains hindered
by inconsistent metrics and the incomplete reporting of key experimental parameters. In this Perspective, we outline a minimal
“reporting set”�intended to be practical for authors, reviewers, and editors−that improves transparency and enables cross-study
comparison. We further show that the widely used mass-normalized hydrogen evolution rate (HER) can be strongly affected by the
experimental conditions. As a simple step toward improved comparability, we advocate incorporating the irradiation surface area into
rate reporting and introduce an area−mass normalized metric (HERA,M), which markedly improves cross-study consistency. In
addition, we explored solar-to-chemical conversion SCC(H2) as a complementary metric tailored for sacrificial hydrogen evolution
and a diagnostic tool “HER × SCC” to identify trade-offs associated with photocatalyst concentrations. Finally, we propose a two-
axis benchmarking concept (HERA,M and SCC(H2)) to visualize performance and report quality simultaneously.

Hydrogen is widely recognized as a clean and versatile
energy carrier, yet its current production is predominantly

reliant on fossil fuels, resulting in substantial CO2 emissions and
undermining its environmental benefits.1 Water electrolysis
offers a greener route, particularly when powered by renewable
electricity, but the high capital and operational costs continue to
hinder large-scale adoption.2 Photocatalytic hydrogen evolution
represents a promising alternative, enabling solar-driven water
splitting at potentially lower costs and a minimal carbon
footprint. In addition, photocatalysis abstracts from the need of
applied bias, required in photo electrocatalysis, and ensures a
faster positive energetical balance.3 However, the performance
of state-of-the-art photocatalysts remains far below the U.S.
Department of Energy (DOE) target for commercialization,
which requires a solar-to-hydrogen (STH) conversion efficiency
of 5−10% for dual bed photocatalyst hydrogen production.4

Typically, photocatalysts are dispersed in water in the form of
nano- or microparticles, offering a scalable and low-cost
approach that requires minimal infrastructure.5,6 Despite its
promise, overall water splitting (OWS) represents a challenge
for most photocatalysts. Instead, hydrogen evolution reaction
(HER) allows for partial water splitting through the addition of a
sacrificial electron donor (SED) to overcome the intrinsic
difficulty of the water oxidation.7 This stimulated intense
research efforts reflected on the research output of the past
decade (Figure 1a).8−11 In practice, sacrificial hydrogen

generation remains costly and ineffective as SED is consumed
along the process. In addition, to be a technology ready for large
scale implementation, photocatalyst stability and operational
lifetime must be further investigated.12 Nevertheless, recent
alternatives opened new avenues to a sustainable hydrogen
production, replacing SED consumption by biomass valor-
ization or pollutant degradation.13−16

However, a central challenge for sacrificial photocatalytic
HER is the lack of standardized and comprehensive perform-
ance metrics.17−22 The mass-normalized hydrogen evolution
reaction rate (HER rate, mmol g−1 h−1)−currently the most
widely reported benchmark�fails to adequately capture the
overall performance. For instance, experimental parameters such
as light intensity and sample irradiation area can largely
influence the HER rate while not being considered. In addition,
the mass-normalization strongly amplifies the influence of
photocatalyst concentration, where highly diluted dispersions
can lead to artificially inflated HER rates.23 Nevertheless,
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comparative studies of photocatalyst review articles often need
to rely on the mass-normalized HER rate despite its limited
accuracy.10,24

Therefore, proper quantification of sacrificial HER perform-
ance is required to ensure that the expansion of the field is fair
and rigorous, accounting for all experimental parameters.
Beyond improved reporting, the community would also benefit
from complementary metrics that capture different aspects of
performance�analogous to how STH has helped standardize
evaluation in OWS. Finally, rather than relying on a single
universal figure of merit, developing diagnostic tools that make
concentration-dependent trade-offs explicit can help distinguish
genuinely improved photocatalysts from artifacts of exper-
imental design and enable more meaningful benchmarking
across studies.

■ THE STATE-OF-THE-ART METRIC
We summarized the technical details of 157 articles published
over the last 5 years focusing on sacrificial hydrogen evolution in
the Supplementary Table S1. It is important to note that our
intention is to provide an objective overview of common pitfalls
and methodological differences across groups rather than to
critique the strengths or weaknesses of each work.

As showcased in Figure 1b, less than 25% of the selected
articles provided sufficient details to reproduce the photo-
catalytic experiments, regardless of the material class (including
inorganic25 or organic semiconductors,26 hybrid,27 covalent
organic frameworks,28 carbon nitride29). In addition, some
technical details can be scattered across the main text, the
Supporting Information, or figure captions, making fair
evaluation of the experimental conditions both time-consuming
and error prone.

While mass normalized HER rates are widely adopted in the
literature, the metric lacks accuracy. In most systems, the
addition of a cocatalyst, such as Pt, is required to ensure
hydrogen production, yet their mass contribution is typically
excluded in the total photocatalyst mass calculation. We strongly
recommend that the cocatalyst mass should be incorporated
into the total mass calculation. For instance, we recalculated the
normalized HER rates using a combined “total-mass” of both
photocatalysts and cocatalyst in Supplementary Table S1. As a
result, the apparent benefits of high cocatalyst loading are

diminished, discouraging the excessive use of precious metals
solely to boost performance metric.

■ DEFINING PHOTOCATALYTIC CONDITIONS
Photocatalytic setups can adopt a variety of architectures, thanks
to the simplicity of their core requirements. Therefore, this
technology is quite attractive for many research groups as both
commercial and handmade systems can be used to provide good
quality results. In practice, it can be divided into three key
components with a solar simulator, a photocatalytic reactor, and
a detection system (Figure 2a).

The quantification of hydrogen production, i.e. the outcome
of the reaction, is mostly conducted by gas chromatography
(GC) in the presence of a thermal conductivity detector (TCD),
but other alternatives using hydrogen sensors are also explored
to reduce setup costs.30 Since GC is typically calibrated with
standard H2, the accuracy of this method is not a concern,
considering that calibrations are up to date and checked
periodically. The light sources, however, vary widely from LED-
sources to Xenon light bulbs, which directly impact the light
range (full arc, visible light only, AM 1.5G, etc.) and light
intensity (varies from about 50 to over 300 mW cm−2) used in
the experiments.35−39

Moreover, we identified that variations in reactor design�
particularly in reactor size and shape as well as light illumination
direction, represent the main sources of discrepancy across
research groups (Figure 2b). These design differences ultimately
constrain key experimental parameters: dispersion volume (1 to
100 mL), mass of photocatalyst (0.1 to 50 mg), and reactor
window area, i.e. sample irradiation area (from about 1 to over 30
cm2), which have a significant impact on the HER rate and
render results incomparable across different studies.40−42 Other
experimental details such as the temperature, pressure, pH, use
of cosolvent, cocatalyst, or different SED can be modulated to
tune HER performances yet are less likely to be limited by
instrumentation and not covered in this discussion.43−45

Our overarching goal is to ensure reproducibility and clarity of
the HER performance, allowing a fair comparison of perform-
ance across the literature and simplified benchmarking. The first
step is the establishment of a minimal “reporting set”, that allows
for a transparent description of all the key-parameters involved
in the HER experiment (available in Supplementary Note 1).

Figure 1. (a) Indicative Google Scholar search results “hydrogen evolution reaction” filtered for individual years. (b) Statistical analysis of 157 research
articles published over the last 5 years in the field of hydrogen evolution reaction with common misconduct in reporting data and technical details
(Supplementary Table S1). The description “cannot be reproduced” is linked to more than 3 technical details missing, including mass of the sample,
volume of dispersion, or both.
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For clarity, we reinforce the focus on the parameters usually
missing from current reports:

• The irradiation area, defined as the surface area of the
photocatalyst that is exposed to the incident light.
Suggested position for determining irradiation area
depending on the reactor geometry is schematized in
Figure 2c but is ideally measured at the surface of the
photocatalyst which is exposed to the light source.

• The light intensity should be measured using a calibrated
detector (i.e. photodiode, power meter, or reference cell)
at the same position used for determining the irradiation
area. For Xenon-light sources, the irradiation range (full
arc or visible range) and filter conditions (such as AM
1.5G) should be mentioned clearly, as it directly impacts
photon flux. In the case of LED light sources, the emission
profile would strongly benefit reproducibility and trans-
parency. For high performance benchmark reporting, we
recommend relying on AAA solar simulator.

■ IMPACT OF SETUP VARIATIONS ON HER RATES
After defining the key parameters that should be reported in
HER experiments, we conducted a series of photocatalytic

experiments designed to mimic the range of reactors and
reporting variations commonly encountered in the literature. To
simplify HER experiments, we selected PFgBTSO-T25 as the
photocatalyst without photodeposition of a metallic cocatalyst,
thereby minimizing the influence of varying conditions on
cocatalyst formation and subsequent efficiency.44,46 Table 1
summarizes the experimental parameter matrix (photocatalyst
mass, irradiation window area, dispersion volume, and photo-
catalyst concentration) and the resulting HER rates expressed
using different normalization schemes, including non-normal-
ized rates as well as mass-, area-, and volume-based metrics.

As expected, even for the same photocatalysts, the HER rates
vary substantially across experimental conditions (Figure 3a).
Importantly, these controlled variations provide a direct way to
identify which experimental parameters most strongly bias
commonly reported metrics and, in turn, which normalizations
most effectively improve comparability across studies.

We can first examine the effect of photocatalyst mass, or
concentration, on the amount of hydrogen produced. At first,
increasing the photocatalyst loading enhances the non-
normalized HER rate, due to a greater number of active sites
(that we define as linear regime). However, beyond a certain
threshold the rate plateaus are likely due to shielding effects

Figure 2. a) Schematic representations of the requirements for photocatalytic hydrogen evolution experiments and considerations that impact the
hydrogen evolution. b) Representation of variability in reactor design and size, reproduced with permission from references *a,30 *b,31 *c,32 *d,33 and
*e.34 c) Schematic representation of light irradiation area and intensity measurement.

ACS Energy Letters http://pubs.acs.org/journal/aelccp Perspective

https://doi.org/10.1021/acsenergylett.6c00531
ACS Energy Lett. 2026, 11, 4220−4229

4222

https://pubs.acs.org/doi/10.1021/acsenergylett.6c00531?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.6c00531?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.6c00531?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.6c00531?fig=fig2&ref=pdf
http://pubs.acs.org/journal/aelccp?ref=pdf
https://doi.org/10.1021/acsenergylett.6c00531?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(Figure 3b), defining a saturation regime.18 Eventually, we can
observe a decrease in the HER rate with a further increase of
photocatalyst mass (entry 5). Such behavior can be explained
either by excessive light scattering47 or reduced charge
accumulation per particle37,41 but is not linked to setup
limitations.

Therefore, it is important to understand the impact of
photocatalyst concentration to promote the use of photo-

catalysts in the linear regime, ensuring reproducibility and
comparability. This is especially true when mass-normalized
metrics are used. To this extent, we strongly recommend
performing concentration dependent HER experiments, which
are present in the “reporting set” (Supplementary Note 1). Such
experiments would showcase that performances are obtained in
appropriate concentration regime.

Table 1. Experimental Parameters Used for Photocatalytic Experiments from the PFgBTSO-T25 Dispersion and Corresponding
HER Rates Expressed Using Different Normalization Metric Systemsd

aCorresponds to the concentration of photocatalysts in the dispersion. bReflects the impact of concentration toward reproducibility, outside of the
linear regime described in Figure 3a. cCorresponds to the CV calculated only considering linear regimes of concentrations (excluding entry 5).
dThe average, standard deviation, and coefficient of variability were calculated based on ten experimental conditions. All experiments were
conducted over 5 h in the presence of ascorbic acid (0.1 M), under full-arc Xe irradiation using an AM 1.5G filter (100 mW cm−2), with reduced
pressure (1.2 kPa) at room temperature.

Figure 3. a) Non-normalized hydrogen evolution using different experimental conditions, as detailed in Table 1. Non-normalized HER rates presented
were calculated after 5 h of experiment. b) Schematic representation of the hydrogen evolution rate as a function of the mass of photocatalysts while
keeping constant the volume and irradiation surface. c) Schematic representation of the hydrogen evolution rate as a function of the sample irradiation
area, i.e., reactor window, while keeping constant the mass of photocatalyst and volume.
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When considering the irradiation window area, i.e. the sample
irradiation surface, a linear trend can be observed (Figure 3c).
We anticipate that a plateau could also be reached once the light
absorption of the photocatalyst reaches saturation. Finally, the
dispersion volume appeared to slightly affect the HER rates.
When comparing entries 1 and 9, which have the same
photocatalyst mass but different volumes, a decrease in volume
resulted in a decrease of the HER rates by about 30%. This trend
is consistent with the larger volume (lower effective concen-
tration), reducing optical shielding/scattering and improving
light penetration through the suspension.

Given the substantial discrepancies observed across exper-
imental conditions, it becomes essential to quantify this
variability and identify appropriate normalization strategies.
The variance (or standard deviation, St. dev.) is typically used to
assess data reproducibility but requires consistent units across
data sets. To enable cross-comparison, we therefore calculated
the coefficient of variation (CV) for all HER rates, which
provides a unit-independent measure of relative variability, as
defined in eqs 1 to 3

Average X
N

N
=

(1)

St dev
X average

N
. .

( )N 2

=
(2)

St dev
Average

CV
. .=

(3)

where X corresponds to the calculated HER rate from each
individual entry, and N corresponds to the data set size (here N
= 10). A larger CV corresponds to greater variability and poorer
reproducibility across measurements, while a smaller CV reflects
more consistent and reliable data. From the non-normalized
HER rates, we calculated a CV of 0.70, highlighting substantial
variability across the experiments (Table 1). To improve the
comparability across experiments, we selected several parame-
ters with the objective of providing direct representativity in
terms of practical application: size of the final photocatalytic cell
(irradiation area of the sample, volume of the dispersion) and
amount of photocatalyst (mass). We excluded the light’s
penetration depth as this parameter will be linked to
photocatalysts’ absorption coefficient and concentration.

The mass normalized HER rate (mmol g−1 h−1) allowed a
decrease in the CV value to 0.51 but remained relatively high.
Considering the large impact of sample irradiation area on the
HER rate, it is natural to consider an area normalized HER rate
(mmol cm−2 h−1), leading to a further reduced CV of 0.42.
However, normalization based on the volume of dispersion
(mmol L−1) or concentration of photocatalysts (mmol L g−1)
remained inconclusive with a high CV.

We next investigated the effect of combining two parameters
to further decrease the CV within the different photocatalytic
experiments (Table 1). By combination of the sample irradiation
area to either the volume or the concentration of photocatalysts,
the CV could be reduced by around 0.33. Yet the best alternative
appeared to be the combination of sample irradiation area and
mass of photocatalyst (identified as HERA,M in mmol cm−2 g−1

h−1), with a minimum CV value of 0.22 achieved, quite in
agreement with the main parameters previously identified as
most influential on HER rates (Figures 3b, 3c).

Such a straightforward adjustment can allow a more
representative assessment of photocatalytic performance, and
the transition from the conventional mass normalized HER rate
to this dual normalization is both practical and easily
implemented. In addition, adopting this revised metric also
introduces a necessary benchmarking requirement: explicit
reporting of the reactor window or irradiation area (depending
on whether the beam fully covers the reactor surface). Yet this
information is frequently absent from the literature�among the
157 selected articles, less than half reported the reactor
irradiation area used (Supplementary Table S1). Standardizing
such reporting practices would therefore represent a critical step
toward fairer and more reproducible comparisons of the
photocatalyst performance.

Although the new metric with dual normalization (mass and
area) can reduce the discrepancy between experimental setups,
it still lacks the representativity of two parameters: the light
intensity and the concentration of photocatalyst used during the
photocatalytic experiments. In the following sections, we
propose strategies to overcome these critical issues.

■ A METRIC FOR ENERGY CONVERSION
To fully understand the competitiveness of a photocatalyst, a
metric that accounts for the energetical conversion happening
during the photocatalytic experiment is crucial. In the field of
photocatalytic water splitting, the solar-to-hydrogen (STH)
conversion is defined as the ratio of energy stored as H2 to the
incident solar energy, as expressed in Equation 4

Output energy as
Input energy from solar light

G r
P S

STH
H2 OWS H2

sun
= =

×
×

(4)

where ΔGOWS is the reaction Gibbs energy of water splitting (J
mol−1), rH2 is the hydrogen evolution rate (mol s−1), Psun is the
light intensity of the solar irradiation (mW cm−2), and S is the
irradiated area of the sample (cm2), corresponding to the reactor
window size.

By definition, STH is not directly applicable to HER reactions
with the addition of SED, since the Gibbs free energy of water
splitting (237 kJ mol−1) exclusively represents true water
splitting reaction.18,48 Therefore, the contribution of SED to the

An analysis of 157 published
articles shows that less than 25%
report sufficient experimental
details to ensure reproducibility,
with light intensity or irradiation

area often omitted.

Combining mass- and surface-
normalization improves reprodu-
cibility by more than a factor of
two, while requiring readily ac-
cessible experimental parame-

ters.
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hydrogen evolution complicates the direct comparison between
true OWS and HER with SED.49

To address this limitation, we explored the benefits of using
solar-to-chemical conversion (SCC), defined in Equation 5 for
other photocatalytic reactions. This metric has previously been
used in the field of photocatalytic hydrogen peroxide production
(SCC(H2O2))

50 and can be readily adapted for HER, following eq
6

Output energy as chemical
Input energy from solar light

G r
P S

SCC r chem

sun
= =

×
× (5)

Output energy as hydrogen
Input energy from solar light

G r
P S

SCC(H2)
HER H2

sun
= = ×

×
(6)

where ΔGr is the Gibbs free energy of the reaction, and rchem is
the rate of production of the chemical achieved in the
photocatalytic reaction. When applied to the HER, ΔGHER
accounts for both the reduction of protons and the oxidation
of SED and can be defined in Equation 7

G n F EHER HER= × × (7)

where n is the number of electrons involved in the reaction, F
corresponds to the Faraday constant (96 485 C mol−1), and
EHER is the reaction potential difference of SED oxidation and
proton reduction (V) versus the standard hydrogen electrode
(SHE). For example, we can select HER reactions performed in
the presence of ascorbic acid (AA). Both half-reactions are
developed in Equations 8 and 9, where DHA (dehydroascorbic
acid) stands for the oxidized form of AA. The potential
difference Er can then be calculated as in Equation 10, followed
by the Gibbs free energy representative of the hydrogen
evolution reaction in the presence of AA in Equation 11.

e2H 2 H2++ (8)

eDHA 2H 2 AA+ ++ (9)

E E E 0.39 VHER
AA

red
H /H2

red
DHA/AA= =+ (10)

G 2 96485 0.39 75258 J molHER
AA 1= × × = (11)

Therefore, SCC(H2) can be calculated by knowing the Gibbs
free energy describing the HER reaction, the irradiation surface,
and light intensity used during experiments. It provides a
depiction of the practical amount of hydrogen produced in
regards of the energy input. As it directly scales with light
intensity, it enables additional insights toward intensity-
dependence properties. In the previous example, AA was
selected as the SED material, but SCC(H2) calculations can be
further applied to other SEDs, as detailed in Supplementary
Note 2. Therefore, it is important to establish the requirements
for the SCC(H2) calculation:

i. The oxidation product(s) from the SED should be clearly
identified. SEDs that can undergo multiple oxidation
pathways (e.g., methanol, lactic acid) cannot be selected
for SCC(H2) by using a single redox potential. It becomes
mandatory to identify the specific redox couple involved
along all the process, to provide a more accurate
descriptor of the thermodynamics behind HER reaction.

ii. SCC(H2) should only be applied when both redox half-
reactions are energetically uphill and nonspontaneous
(ΔGr > 0), ensuring that the hydrogen production is only
a product of photocatalysis.

Nevertheless, SCC(H2) remains sensitive to variations in light
source characteristics and photon flux. Apparent quantum yield
(AQY) or quantum efficiency (QE), determined under
monochromatic light, provides additional benchmarks less
sensitive to photon flux. However, accurate determination of
photon flux requires explicit reporting of the measurement
protocol, including the type of detector, spectral range,
calibration procedure, and measurement position relative to
the photocatalyst. It should be noted that to ensure meaningful
comparison, experimental conditions between AQY and HER
measurements should remain consistent with the light source as
the primary variable. For instance, the photocatalyst concen-
tration can strongly affect AQY performance. In addition, charge

The field of HER lacks a practical
metric for quantifying energy

conversion, in contrast to estab-
lished benchmarks such as the
solar-to-hydrogen efficiency in

water splitting.

Figure 4. Ashby plot of HERA,M and SCC(H2) as a function of a) the type of SED material and b) the photocatalyst type. Abbreviations used stand for
triethylamine (TEA), triethanolamine (TEOA), inorganic semiconductors (ISC), organic semiconductors (OSC), covalent organic framework
(COF), and metallic organic framework (MOF).
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generation and accumulation under monochromatic light
measurements are incomparable to full-spectrum conditions,
since significantly lower light intensities are usually used,
potentially overestimating the actual performance of the
photocatalyst under practical illumination.51

■ VERSATILE DATA DISPLAY AND COMPARABILITY
Building on the previous section, combining the normalized
HERA,M rate and SCC(H2) through an Ashby plot provides a
more comprehensive understanding of photocatalyst perform-
ance (Figure 4): the former compares the intrinsic performance
across photocatalysts, while the latter quantifies practical
conversion rates for a defined incident solar energy input.
Owing to insufficient technical details, only 36 of the 157
initially selected research articles provided sufficient information
for the calculation of SCC(H2) (Supplementary Table S2).

As a benchmarking concept, we showcase how the impact of
SED material (Figure 4a) and photocatalyst type (Figure 4b)
could be emphasized using a two axis plot of HERA,M and
SCC(H2). While the number of data points remained limited, this
first data set can be used to exemplify the benefits for future
research: trends can be identified among the type of SED or
photocatalyst, with, for instance, the combination of AA and
OSC usually yielding high HERA,M while moderate SCC(H2).
Such a combination of both metrics provides additional insights,
usually limited to HERA,M rates comparison.52 We encourage the
community to actively complement and enrich this plot to

facilitate identification of the most promising candidates.
Ultimately, this concept can improve comparability across
systems and setups while providing versatile data display that
can be used to emphasize stability, absorption range, cost,
toxicity, etc.

■ A DIAGNOSTIC METRIC HER × SCC
When it comes to practical applications, the photocatalyst
concentration directly impacts the overall size of the reactor. For
instance, using 1 g of photocatalyst at the concentration of 1 g
L−1 or at 1 mg L−1 will require reactor volumes differing by a
factor of 1000. Therefore, while high mass normalized HER
rates are desired, the concentration of the photocatalyst should
remain reasonably high for practical applications. Conversely,
higher concentrations typically yield higher SCC(H2) values due
to greater total hydrogen production. This reflects a
fundamental trade-off in photocatalysis driven by changes in
photocatalyst concentrations. The identification of the best
concentration to use when considering only HERA,M or SCC(H2)
might become challenging, as displayed in Figure 5a. In addition,
the identification of the operational regime (linear or saturation)
is required to understand whether photocatalysts are in their
optimum concentration range. To reconcile these opposing
effects and achieve a balanced assessment, we introduce a
combined concept, “HER × SCC”. This metric functions as a
diagnostic tool that captures the interplay between photocatalyst

Figure 5. a) Ashby plot representing SCC(H2) as a function of HERA,M rates following the impact of different photocatalyst concentrations and
identification of the optimum concentration with the HER × SCC highlighted. Impact of the photocatalyst concentration on b) normalized HERA,M
rate, c) SCC(H2), and d) HER × SCC. In addition to the data collected in this work (PFgBTSO-T25), other systems were reported elsewhere: COF-
JLU35,53 CO-RuOx/TiO2,

25 PM6:2FBP-4F,41 PITIC-ThF,36 and P-2SO2.
54
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activity and solar energy utilization, identifying the optimum
concentration regime where both are maximized.

We analyzed five research articles that reported different
photocatalyst concentrations, in addition to our own experi-
ments, to investigate the benefits of HER × SCC (Supple-
mentary Table S3). First, we could identify that the normalized
HERA,M rate is increased by lowering the concentration of the
photocatalyst (Figure 5b), which is consistent with reduced light
scattering and enhanced photon penetration. In contrast,
SCC(H2) decreases with lower concentration (Figure 5c) due
to smaller overall hydrogen yields under diluted conditions.

Our results demonstrate that HER × SCC provides a
balanced measure of performance without inherently favoring
either high or low photocatalyst concentrations. As exemplified
in Figure 5d, the maximum HER × SCC value simplifies the
identification of optimum concentration ranges. In practice, the
higher the value, the more competitive the photocatalyst, but its
use should not be directed toward a single digit figure of merit,
rather complement additional discussion and experimental
validations. To the best of our knowledge, this constitutes the
first diagnostic tool for concentration trade-offs proposed in the
field of photocatalysis, despite its critical importance for
consistent benchmarking and the advancement of the field.

Through this Perspective, we aim to develop a transparent and
multidimensional framework for the evaluation of photocatalytic
performance. Reporting photocatalytic performance would be
simplified by following guidelines, such as those proposed in the
“reporting set”. Furthermore, we highlight that a dual area- and
mass-normalization largely improves reproducibility and com-
parability of HERA,M rates, mitigating the impact of setup
geometry and allowing for fair comparison of photocatalyst
performance across research institutes. The solar-to-chemical
conversion (SCC(H2)) acts as a complementary metric,
accounting for the impact of the light intensity and SED
material. Through the development of complementary metrics,
a “reporting toolbox” can emerge, providing a more complete
overview of photocatalysts performance. Finally, we propose a
two-axis mapping (HERA,M and SCC(H2)) as a benchmark
concept to simplify comparison across different experiments, an
aspect that has long been challenging.

Standardizing HER reporting and relying on comparable and
complementary metrics will improve how the field communi-
cates progress while strengthening credibility. By accelerating
the identification of “truly” high-performing materials, we will
facilitate streamlining the pathway from small-scale experiments
to pilot-scale validation will be facilitated. As the urgency for
clean hydrogen intensifies, establishing rigorous and transparent
performance reporting is not merely a technical improvement; it
is a prerequisite for translating photocatalytic hydrogen
production from a promising concept into a viable contributor
to the global energy transition.
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