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SelectiveLight-DrivenCO2 toCOReductionbya
[FeFe]-HydrogenaseMimic inWater
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Stefanie Gräfe,[c, e, g, h] Wolfgang Weigand,[b] and Andrea Pannwitz*[a, b, e, f, g, h]

We report a biomimetic system for light-driven CO2 conversion
in lipid bilayers using a [FeFe]-hydrogenase-inspired molecu-
lar dyad (PS-CAT) acting simultaneously as photosensitizer and
catalyst. The molecular design of PS-CAT consists of both light-
harvesting and catalytically active moieties in a single molecule.
This structure allows for efficient charge transfer between these
two moieties. The PS-CAT consists of only an organic chro-
mophore and an iron complex. Photocatalytic reduction of CO2

to CO (CO2RR) as well as H2 production (HER) was traced over
56 h to determine CO2RR/HER selectivity. The presence of water

in the lipid bilayer system allows for CO2RR selectivity >99 %
over the competitive HER, outperforming previous molecular,
and liposome-based systems for light-driven CO2 to CO conver-
sion. The product selectivity in CO2RR (e.g., CO, HCOO−, and CH4)
was determined via gas chromatography and NMR spectroscopy
with 13C-labeled carbon sources. The Stern–Volmer quenching
studies on the initial light-driven electron-transfer revealed static
quenching and indicated a preassembly of the PS-CAT with the
electron donor at the membrane-water interface.
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1. Introduction

In nature, light-driven CO2 conversion takes place in cellular
compartments, known as chloroplasts (Figure 1A). The actual
light-harvesting and initial light-energy conversion occurs within
the phospholipid bilayer, which assembles the reactive molec-
ular components and proteins with a predominant function
of spatial arrangement.[1,2] In artificial systems, the assem-
bly in lipid bilayers can facilitate electron transfer dynamics
between the active units,[3,4] can protect the active unit toward
decomposition,[3,5,6] and enables to conduct reactions in water
despite the hydrophobic character of the PS and CAT.[4,7,8] Light
energy conversion in artificial photocatalytic and bioinspired
systems typically consists of three components (Figure 1B): a
photosensitizer (PS), a catalyst (CAT), and a sacrificial electron
donor (SED). However, most of these studies do not use a
biomimetic assembly strategy such as lipid bilayers.[9–11] Usually,
the PS and CAT are based on second and third row transi-
tion metals (e.g., Ru, Pt, and Cd) because of their stability and
(photo-)redox chemistry, at the cost of low abundance, high
prices, or undesirable side effects such as toxicity.[12–17] It is
therefore desirable to replace PS and CAT with organics or earth-
abundant metal-based complexes. Considering light-driven CO2

reduction, the most pressing limitation is reaction selectivity
(i.e., H2 production vs. CO2 reduction) as well as the limitation
of charge transfer between PS and CAT.[18] Additionally, most
light-driven CO2 reduction case studies are limited to organic sol-
vents to ensure sufficient solubility and to suppress competing
H2 generation.[19–21] Therefore, earth-abundant metal complex for
light-driven CO2RRs in aqueous conditions are of interest for
more sustainable CO2RR.

Herein, we report on a PS-CAT dyad that combines an
organic PS with an iron-based CAT in one molecule, assembled
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Figure 1. Light-driven CO2 reduction, depicting the electron-transfer steps
and reaction pathways in: (A) Natural photosystem within the thylakoid
membrane in chloroplasts. (B) Artificial photocatalytic system in an organic
solvent consisting of three components: photosensitizer (PS), catalyst (CAT),
and sacrificial electron donor (SED). (C) Our bioinspired system, employing
liposomes as membrane for assembling molecular dyad photocatalyst
(PS-CAT), together with sodium ascorbate as sacrificial electron donor
(SED). Created with Biorender.com.

within a biomimetic lipid bilayer of liposome vesicles in water.
This architecture features high selectivity and activity in visible
light-driven CO2 to CO reduction over competitive H2 production
(Figure 1C). The organic PS moiety consists of an oligo-thiophene
covalently linked to a [FeFe]-hydrogenase mimic (CAT) as a
CO2 reduction catalyst. Although there are many reports on
(light-driven) H2 evolution by [FeFe]-hydrogenase mimics,[22–24]

light-driven CO2 reduction by the [FeFe]-hydrogenase mimics is
scarcely known, and in particular the selectivity of CO2 to CO
reduction is usually less than unity.[25–29] Our combination of
PS and CAT within the same molecule is beneficial for electron
transfer (ET) between PS and CAT. This is a very important aspect
considering the complexity of the overall process, involving the
coordination of CO2 and H+ to the reaction center, the two

electron transfer steps, and multiple bond rearrangements over
the photocatalytic process.[30,31] The use of lipid vesicles ensures
dispersibility in pure buffered water as well as mild reaction
conditions.[5,7,8,10,32,33]

By changing the solvent to water, we report here on a
qualitative and quantitative change in the selectivity of a [FeFe]-
hydrogenase mimic to CO2 reduction instead of H2 evolution
under very mild ambient conditions and slightly acidic pH (pH
6.9) in water.

2. Results and Discussion

2.1. Synthesis and Structural Characterizations of Liposomes

Initially, three types of liposomes comprising PS-CAT as the
catalyst were prepared, using different phospholipids (see
Supporting Information for details on sample preparation).
DPPC (1,2-dipalmitoyl-sn-glycero-3-phosphocholine; 16:0 PC, gel
phase at room temperature), DOPC (1,2-dioleoyl-sn-glycero-3-
phosphocholine; 18:1 (�9-Cis) PC, fluid phase at room temper-
ature), and DMPC (1,2-dimyristoyl-sn-glycero-3-phosphocholine;
14:0 PC, fluid and gel phase at room temperature) were selected
as the main phospholipids (Table S1). In typical liposomes, PS-
CAT was incorporated within the phospholipid bilayer in a
100:1:0.5 molar ratio of the (main lipid):(14:0 PEG2000 PE):PS-CAT.
The lipid bilayer structure of the liposomes was formulated by
the thin film hydration method (Figure S1) in sodium hydrogen-
carbonate solution (0.1 M), as described in previous studies.[3]

Subsequently, the size distribution of the light-active lipo-
somes was characterized by dynamic light scattering (DLS). The
hydrodynamic diameter (ZAvg) of each liposome was in the range
of 130–170 nm before irradiation and 103–176 nm after irradiation
(Figure S2 and Table S2) which was in line with similar sys-
tems previously studied.[3] Moreover, the PS-CAT spectroscopic
behavior was studied in DPPC-based liposome membrane and
organic solvent respectively, by UV–vis and emission measure-
ments. The characteristic absorption band at λAbs = 397 nm and
three emissions bands at λEmi = 455, 487, and 520 nm of PS-
CAT were detected in all cases (Figure 2A). In the DPPC-based
sample, a broadening and slight red shift of the absorption
band (λ = 405 nm) were observed, that might be caused by
interaction with the lipid membrane[34] (Figure 2A). Furthermore,
confocal microscopy imaging of PS-CAT-loaded giant DPPC lipo-
somes proved the presence and illustrated the distribution of
PS-CAT in the lipid bilayer. The multilamellar vesicle structure
was observed, and fluorescence imaging revealed the presence
of emissive compounds, that is molecular dyads, located within
the phospholipid bilayer (Figure 2B). Additionally, the strong flu-
orescence intensity at the liposome boundaries highlights the
relatively high aggregation of PS-CAT at the membrane-water
interface (Figure 2B).

2.2. Light-Driven CO2 Reduction

Visible light-driven CO2 reduction reactions (CO2RRs) by PS-CAT
were performed in buffered water with the PS-CAT loaded lipo-
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Figure 2. (A) UV–vis and emission spectra of PS-CAT (2.3 μM) in chloroform as an organic solvent and in DPPC/water. (B) Confocal microscopy images of
giant DPPC vesicles in 100:1:0.5 molar ratio of (main lipid):(14:0 PEG2000 PE):PS-CAT, with c(main lipid) = 5 mM; upon fixation in an agarose hydrogel.

somes. Sodium ascorbate (0.1 M) was selected as the SED, and
CO2 atmosphere and saturation were ensured by bubbling CO2

through a constant flow (see Supporting Information) prior to
the reaction, reaching an average pH of 6.9 in all cases. All
photocatalytic CO2RR samples were irradiated at 405 nm in
an open-source and modular 3D-printed photoreactor (Figure
S3).[35] Catalytic performance was evaluated in terms of the
turnover numbers (TON), turnover frequencies (TOF), and the
reaction selectivity of CO2RR. The TON, TOF, and selectivity
between CO2RR and HER were calculated by following the Equa-
tions (1–3), respectively. It shall be noted that the targeted cPS-CAT
was constant in all samples (1.5 μM), and the phospholipid con-
centration was 300 μM in all cases unless otherwise described.
For the conversion from the concentration to the amount of
substances (see Supporting Information on page 6). The TONs
were calculated using the target PS-CAT concentrations, assum-
ing that all added catalyst was taken up within the membrane
during sample preparation.

TONCO = n (CO)
n (PS − CAT)

(1)

TOFCO
(
h−1) = dTON

dt
(2)

Selectivity of CO (%) = n (CO)
n (H2) + n (CO)

· 100 (3)

Photocatalytic CO2RR of PS-CAT in DPPC-based liposomes
(DPPCPS-CAT) in the presence of CO2 and the sacrificial electron
donor sodium ascorbate produced CO with a TONCO = 331 ± 38,
over 56 h of irradiation (Table 1). The more noteworthy dis-
covery was that DPPCPS-CAT exhibited a CO selectivity >99 %
(Table 1) according to gas chromatography of the gas phase
with a detection limit of 0.05 nmol L−1. In some reactions, non-
reproducible, small amounts of H2 were detected as a byproduct
during the first hours of the CO2RR experiments but vanished
over the course of the long reaction time (Figures S4 and S5).
Consequently, the CO2RR selectivity against the competitive HER
was concluded to be >99 %. Subsequently, the product selec-
tivity in CO2RR (e.g., CO, HCOO−, and CH4) was investigated by
the combination of GC and NMR spectroscopy. The absence
of CH4 was confirmed by GC-BID (Figures S4 and S5), and no
C2 products such as C2H4 or C2H6, were detected by a GC-FID

(flame ionization detector, Figures S9 and S10). Consequently,
the gas product from CO2RR was concluded to be >99 % of
CO selectivity. For the liquid phase products, traces of formate
were detected by 1H NMR spectroscopy, but no correspond-
ing signal could be detected by 13C{1H} NMR when using 13C
isotope labeled carbon sources of 13CO2 and NaH13CO3 (Figures
S16 and S17). We therefore deduce that the detected formate
traces originate from the decomposition of lipid, ascorbate elec-
tron donor or PS-CAT and not from CO2 reduction. Hence,
we concluded on >99% selectivity for light-driven CO2 to CO
conversion against H2 production and other CO2 reduction prod-
ucts, which is quantitative and unprecedented among molecular
systems in self-assembled lipid bilayers,[2,11,33,36] and superior
or very similar to recent molecular systems with iron-based
catalysts.[26,27,37,38]

Control experiments with irradiation of DPPCPS-CAT in the
absence of CO2 with ascorbate present yielded TONCO = 11 ± 2,
while in both the absence of CO2 and ascorbate yielded
TONCO = 6 ± 2. The observed CO was due to ligand disso-
ciation (TONCO = 6 = number of CO ligands)[24] and small
amounts of CO2 from ascorbate decomposition[39] under pho-
toirradiation (TONCO = 11). Furthermore, photocatalytic CO2RRs
were performed in homogeneous organic solutions to clarify
the effect of the role of water and phospholipids (Table 1,
entries 12 and 13). In N-methyl-2-pyrrolidone (NMP) with 1,3-
dimethyl-2-phenylbenzimidazoline (BIH) as a sacrificial electron
donor, similar to H2 evolution conditions,[30,31] the TONCO was
17 which was significantly lower than in DPPCPS-CAT liposomes
in water. Additionally, the selectivity for CO was relatively low
due to H2 formation (TONH2 = 5 and selectivity of CO = 76%,
after 24 h, Figure S7). On the contrary, the addition of water
to the NMP-solvent resulted in the selectivity of CO > 99%
with TONCO = 35 ± 5 (Figure S8), evidently, the presence of
water yielded high selectivity. Consequently, pure aqueous sol-
vent condition, which is achieved by a lipid bilayer, enables high
CO selectivity and TONs.

To elucidate the effect of the local environment due to
the different hydrocarbon chains of the phospholipids,[1,7,40,41]

photocatalytic CO2RRs were also carried out for DOPC- and
DMPC-based liposomes. DOPC and DMPC have a zwitterionic
head group. Under experimental conditions at room tempera-
ture, DOPC is in the fluid phase and DMPC is at the transition
temperature (Tm), whereas DPPC is in the gel phase. The results
revealed that DOPC-based liposomes (DOPCPS-CAT) and DMPC-
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Table 1. Light-driven CO2 reduction (405 nm LED, headspace GC sampling), TONCO and selectivity results respectively. Liposomes samples, with a composi-
tion of 100:1:0.5 of (main lipid):(14:0 PEG2000 PE):PS-CAT with c(main lipid) = 0.3 mM and c(sodium ascorbate) = 0.1 M: (Entries 1–3) maximum performance
within 56 h irradiation. (Entries 4–6) after 24 h of irradiation. (Entries 7–9) performance with c(main lipid) = 0.03 mM after 24 h of irradiation. (Entries 10,11)
control experiments after 24 h of irradiation. Light-active organic mixtures of PS-CAT and 1,3-dimethyl-2-phenylbenzimidazoline (BIH) as sacrificial electron
donor and proton source in N-Methyl-2-pyrrolidone (NMP) as solvent, with and without water presence: (Entries 12 and 13) after 24 h of irradiation. (Entries
14–17) reported liposome-based systems.

Entry Host Lipid Solvent Sacrificial
Electron Donor
(SED)

C (Lipid)
[μM]

c(CAT) [μM] CO (nmol) TONCO

Selectivity
(%)

Comment Refs.

1 DPPC Water Ascorbate 300 1.5 1012 ± 131 338 ± 44 >99a) 56 h

2 DOPC Water Ascorbate 300 1.5 695 ± 157 232 ± 52 >99a) 56 h

3 DMPC Water Ascorbate 300 1.5 358 ± 67 119 ± 22 >99a) 56 h

4 DPPC Water Ascorbate 300 1.5 395 ± 101 132 ± 34 >99a) 24 h

5 DOPC Water Ascorbate 300 1.5 625 ± 124 209 ± 41 >99a) 24 h

6 DMPC Water Ascorbate 300 1.5 358 ± 67 119 ± 22 >99a) 24 h

7 DPPC Water Ascorbate 30 1.5 292 ± 21 97 ± 14 >99a) 24 h

8 DOPC Water Ascorbate 30 1.5 281 ± 42 94 ± 16 >99a) 24 h

9 DMPC Water Ascorbate 30 1.5 195 ± 55 64 ± 12 >99a) 24 h

10 DPPC Water Ascorbate 300 1.5 33 ± 5 11 ± 2 >99a) No CO2 bubbling

11 DPPC Water – 300 1.5 18 ± 5 6 ± 2 >99a) No CO2 bubbling

12 – NMP BIH – 10 171 17 76

13 – NMP-
water

BIH – 10 347 ± 48 35 ± 5 >99a)

14 DPPC Water Ascorbate 600 2.5 109 ± 8 14 ± 1 98 ± 1 Lower TON
[Ru]-PS, [Re]-CAT

[11]

15 DMPC Water Ascorbate 100 0.02 44 ± 5 735 ± 91 78 ± 4 Lower selectivity,
[Ru]-PS, [Co]-CAT

[2]

16 DPPC Water Ascorbate 120 14 2100 50 94 [Ir]-PS, [Re]-CAT [33]

17 DPPC Water Ascorbate 0.12 40 6200 190 98 [Ru]-PS, [Re]-CAT [36]

a) H2 and CH4 amounts were not detected above the detection limit (0.05 nmol L−1).

Figure 3. Time-dependent CO2 reduction activity and TONCO results of the light-active DPPC, DOPC, and DMPC vesicles, under irradiation of 405 nm LED
and monitored over 56 h. Experimental conditions: liposomes sample in CO2 atmosphere with a composition of 100:1:0.5 of main lipid:(14:0 PEG2000
PE):PS-CAT, with c(main lipid) = 0.3 mM, c(PS-CAT) = 1.5 μM, and c(sodium ascorbate) = 0.1 M. All values were acquired in triplicate with error bars
presenting the standard deviation.

based liposomes (DMPCPS-CAT) produced approximately 2 to 4
times less CO (TONCO,DOPC = 184 ± 78, TONCO,DMPC = 47 ± 10)
than DPPCPS-CAT after 56 h of irradiation (Figure 3). In addition,
DPPCPS-CAT showed a superior activity already in the first 4 h of
the reaction, characterized by TOFCO,DPPC = 6.8, TOFCO,DOPC = 3.8,
and TOFCO,DMPC = 3.1 h−1 (first 4 h). The early stages of the reac-
tion were chosen for the determination of TOF, as this time
frame is less affected by catalyst decomposition and decreas-
ing quencher concentration.[31] In terms of catalysis performance,

DPPCPS-CAT proved to have the most stable catalysis performance
over time, indicated by the CO production leveling off after 52 h
of irradiation (Figure 3). In contrast, DOPCPS-CAT and DMPCPS-CAT

reached steady points of CO production and started to lose their
activity after 24 h of irradiation. In the case of DMPCPS-CAT, a
decrease was observed after 30 h. This decrease might be due to
some leakage. No follow-up CO2-reduction products such as CH4

or C2H4 or C2H6, were detected as mentioned above and shown
in Figures S4, S5, S9, and S10.
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Table 2. Summary of Stern–Volmer constants, quenching rate constants,
and lifetime from mechanistic studies. Experimental conditions: DPPC,
DMPC, and DOPC liposomes samples at 5 mM of main lipid, with a com-
position of 100:1:0.5 of (main lipid):(14:0 PEG2000 PE):PS-CAT, prepared in
0.1 M sodium hydrogencarbonate solution containing sodium ascorbate as
sacrificial electron donor. Values are reported as mean values ± standard
deviation.

Liposome τ 0 (ps) Ksv (L mol−1) kq (L mol−1

s−1)

DPPCPS-CAT 481 3.5 ± 0.5 (7.0 ± 2.0)·109

DOPCPS-CAT 475 1.2 ± 0.5 (2.5 ± 1.3)·109

DMPCPS-CAT 443 1.1 ± 0.2 (2.5 ± 0.7)·109

Considering the structural stability, the average vesicle size,
indicated by ZAvg from DLS, of DMPCPS-CAT had decreased after
56 h of irradiation (129 ± 9 to 103 ± 11 nm), whereas the ZAvg
of DPPCPS-CAT showed no significant difference (170 ± 7 to 176 ±
9 nm) and the ZAvg of DOPCPS-CAT had slightly increased (133 ±
12 to 165 ± 13 nm) comparing the vesicle sizes before and after
the irradiation. These results indicate that DPPCPS-CAT liposomes
are structurally more stable than the more fluid liposomes tested
here which might support the high activity in light-driven catal-
ysis. Additionally, the TONs and TOFs were determined based
on the amounts of PS-CAT added during sample preparation
but this amount might vary and influence the calculation of the
performance indicators, depending on the lipid bilayer specific
uptake.[10,11]

The effect of the local concentration of PS-CAT within
the lipid bilayer was characterized at low vs high PS-CAT
loading within the membrane. In addition to the already
discussed experiments at 100:1:0.5 molar ratio of the (main
lipid):(14:0 PEG2000 PE):PS-CAT at overall concentrations of
cmain lipid = 0.3 mM, cPS-CAT = 1.5 μM, the composition 100:10:5
was tested at overall concentrations of cmain lipid = 0.03 mM,
cPS-CAT = 1.5 μM. At higher loading and identical catalyst concen-
tration, we obtained TONCO,DPPC = 97 ± 14, TONCO,DOPC = 94 ± 16,
and TONCO,DMPC = 65 ± 12 after 24 h of irradiation, which corre-
sponds to approximately 20% to 50% less CO than in the case of
liposomes with normal PS-CAT loading (TONCO,DPPC = 132 ± 34,
TONCO,DOPC = 209 ± 41, and TONCO,DMPC = 119 ± 22). This
trend might be caused by bimolecular catalyst deactivation[24]

or bimolecular quenching of the excited state of the PS in PS-
CAT which can inhibit productive electron transfer (ET) pathways
between PS and CAT or PS and SED.[2,42] Indeed, the confo-
cal imaging (Figure 2B) suggests some degree of aggregation
of PS-CAT in DPPCPS-CAT even in a lower PS-CAT concentration.
Therefore, avoiding the high local concentration of PS-CAT in
the lipid bilayer can improve the catalytic performance in CO2RR.
A summary of different photocatalytic conditions to obtain the
highest TONCO and selectivity >99%, using PS-CAT in CO2RR are
depicted (Figure 4 and Table 1).

2.3. Excited-State Electron-Transfer Dynamics

A previous study on light-driven H2 evolution with PS-CAT in
a homogeneous solution has shown that the photocatalytic

reduction cycle starts with the light-driven reduction of the
CAT moiety by the PS moiety.[31] However, the situation in lipid
bilayers might be different, and we investigated initial electron
transfer between the excited state PS-CAT and the terminal elec-
tron donor ascorbate in a Stern–Volmer assay via time-resolved
and steady-state luminescence spectroscopy. The Stern–Volmer
equation (Equation 4) was applied to obtain quencher con-
centration [Q], the quenching (kq) and Stern–Volmer (KSV) con-
stants. The fluorescence intensity I (I0) and concentration of
sodium ascorbate [Q] data are provided in the Supporting
Information.

I0
I

= 1 + KSV [Q] = 1 + kqτ0 [Q] (4)

Experimentally, the excited-state lifetime τ 0 was between 440
and 480 ps in all lipid environments (Table 2). In the presence
of ascorbate as an electron donor, the lifetimes of the lipo-
somes remained almost unchanged irrespective of the quencher
concentration. However, the emission intensity decreased in
all cases with increasing quencher concentration (Supporting
Information) which leads to the conclusion that fluorescence
quenching occurs via a static quenching mechanism in all types
of liposomes. Static quenching takes place when the quencher,
that is, ascorbate, is pre-associated to the PS prior to pho-
toexcitation, indicating that ascorbate anions are assembled
at the membrane surface of all investigated liposomes. The
quenching in DPPCPS-CAT is by approximately factor 3 more effec-
tive than the two other lipid matrices following the series:
DPPCPS-CAT > DOPCPS-CAT ≈ DMPCPS-CAT, aligning with the relative
results on photocatalytic performance indicators TOF and TON in
all three liposomes.

To gain further insight into the static quenching between
PS-CAT and ascorbate, the zeta-potential was measured in pres-
ence and absence of sodium ascorbate. The zeta potential
ζ relates to the surface charge, thus providing insights into
ascorbate assembly at the membrane surface. In the absence
of sodium ascorbate, the zeta potential was slightly nega-
tive in all cases: ζ (DPPCPS-CAT) = −0.194 mV, ζ (DOPCPS-CAT) =
−0.205 mV, and ζ (DMPCPS-CAT) = −0.115 mV, due to the neg-
atively charged 14:0 PEG2000 PE lipid (Table S3).[43–45] In the
presence of sodium ascorbate, the zeta potential of all lipo-
somes becomes significantly more negative with ζ (DPPCPS-CAT)
= −1.581 mV, ζ (DOPCPS-CAT) = −0.406 mV, and ζ (DMPCPS-CAT)
= −0.326 mV (Table S3). It is reasonable to assume that neg-
atively charged species–likely ascorbate–assemble at the lipid
bilayer-water interface upon ascorbate addition.[46] These zeta
potential results support the findings from the Stern–Volmer-
quenching dynamics and association of ascorbate ions to the
liposome surface, close to the PS-CAT molecules. Furthermore,
the data suggest that more ascorbate is assembled at the
DPPCPS-CAT surface, which has the lowest diffusion mobility,
compared to the DOPCPS-CAT and DMPCPS-CAT surface, this is a
trend that is also observed with the Stern–Volmer-quenching
dynamics.

To summarize the results of the fluorescence quenching
and zeta potential measurements, the Stern–Volmer quenching
dynamics can be explained by static quenching with ascor-

ChemCatChem 2025, 17, e202401947 (5 of 8) © 2025 The Author(s). ChemCatChem published by Wiley-VCH GmbH
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Figure 4. Decision tree depicting the best photocatalytic conditions for PS-CAT to obtain high CO selectivity (>99%) and superior TONCO within lipid
bilayer, in comparison to the corresponding homogeneous system in absence and presence of water.

bate anions assembled on the membrane surface. Moreover,
the Stern–Volmer constant and zeta potential exhibited a similar
trend for phospholipids, with DPPCPS-CAT exhibiting the largest
absolute value of both kq and ζ , followed by DOPCPS-CAT and
DMPCPS-CAT. The quenching dynamics are also in good agree-
ment with the catalytic activity, which is strongly increased by
electron transfer from the electron donor to the photoexcited
PS-CAT, a key factor in CO2RR with our dyad-liposome integrated
system. This result is in line with another study on photocatalytic
H2 evolution with a [Ru]-PS and [Mo]-CAT in lipid bilayers, where
we found as well that initial quenching determines light-driven
catalysis performance.[3]

3. Conclusions

In summary, biomimetic phospholipid bilayers were integrated
with a [FeFe]-hydrogenase mimic PS-CAT, and the resulting
unilamellar stable liposome structures enable light-driven CO2

reduction in water. Initially, the CO selectivity against H2 pro-
duction in photocatalytic processes was investigated using
DPPCPS-CAT, revealing a CO selectivity of >99%. We found that
this high CO selectivity was due to the presence of water as
confirmed by experiments with a PS-CAT in organic solvents
with and without the presence of water. Subsequently, com-
parative experiments for photocatalytic CO2RRs were performed

ChemCatChem 2025, 17, e202401947 (6 of 8) © 2025 The Author(s). ChemCatChem published by Wiley-VCH GmbH
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with different lipid samples, that is, DPPCPS-CAT, DOPCPS-CAT, and
DMPCPS-CAT. Thereby, DPPCPS-CAT exhibited the highest TONCO

(338 ± 44, 52 h) and TOFCO (6.8 h−1), indicating that the
gel-phase DPPC liposomes provide superior photocatalytic sta-
bility and efficiency. Furthermore, static quenching of PS-CAT
emission was observed by emission quenching experiments
in the presence of ascorbate. The zeta potential results indi-
cated this static quenching proceeded with the assembly of
PS-CAT and the electron donor ascorbate at the membrane-
water interface. It was also observed that the emission quench-
ing rate by the SED was most efficient in DPPC lipid bilay-
ers, which have the lowest diffusion mobility. The superior
quenching rate may explain the stronger catalytic perfor-
mance of DPPCPS-CAT. However, further mechanistic investiga-
tions are needed to elucidate the details of light-driven CO2

reduction by [FeFe]-hydrogenase mimics in the presence of
water.
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