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Input:
Water (H2O)
Carbon Dioxide (CO2)
Waste (Biomass, Plastics)

Direct Use / ‘Vectors’:
Hydrogen (H2)
Carbon Monoxide (CO)
Formic Acid (HCO2H)

Sustainable Output:
Liquid Fuels (‘green gasoline’)
Chemicals (plastics, fertiliser…)
Electricity

Beyond Water Splitting: Solar Chemistry in Circular Economy
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(18 mol%) with a Ag electrode. It was proposed that this IL stabilizes 
the CO2

•! intermediate through formation of a non-covalent adduct 
(Fig. 3c; NCI-sol)104,105. Many reports of imidazolium-containing ILs 
have since appeared for CO2 electroreduction, but the exact mecha-
nistic influence remains controversial106. One proposal argued that 
catalysis proceeds via IL-CO2 adducts formed by CO2 binding to 
the imidazolium-C2 position (Fig. 3c)106,107, but imidazolium cat-
ions with substituted C2 centres showed similar reactivity, and the 
C2-bound carboxylate was found to be a deactivation pathway due 
to its high stability107,108.

Second-coordination sphere stabilization of *CO2
!108, H-bonding109  

and IL-mediated transport of CO2 to the catalytic site110 have been 
reported with the IL being in close proximity to the active catalytic 
site (Fig. 3a, NCI-sol and LC-reg). The formation of a microenvi-
ronment was further supported by a study exploring the IL cation 
and anion as well as H2O molecules effectively stabilizing reactive 
intermediates on the surface of a Ag electrode111. Interestingly, the 
nature of the anion, as well as the cation, did not make a differ-
ence. Another study identified a potential-driven structural tran-
sition of the IL electrolyte in the double layer as a prerequisite 
for low-overpotential CO2RR. In addition, a stabilization of the 
high-energy CO2

!• intermediate through non-covalent interactions 
of the imidazolium double layer film rather than an association with 
an individual imidazolium entity was proposed (NCI-sol)112. The 
structural transition induced a doubling of the electric field at the 
electrode surface and the concentration of water reduced the onset 
potential of this transition, explaining the increased CO2RR activity 
at higher water concentrations.

The promotional effect for CO2RR is not unique for 
imidazolium-containing ILs (Fig. 3b) and other motifs include a 
superbasic IL with a tetraalkyl phosphonium and a 1,2,4-triazolate 
anion, which showed chemical binding to neutral CO2 and thereby 
decreased the activation energy for formate production113, a protic 
IL derived from 1,8-diazabicyclo[5.4.0]undec-7-ene that enhanced 
CO2RR on Bi (ref. 114) and a pyrazolium IL with various organic sub-
stituents lowering the onset potential on Ag (ref. 115).

ILs have rarely been used in photocatalytic systems. A tetrabu-
tylphosphonium pyridine-oleate IL immobilized on a conjugated 
polymer as a light absorber enabled direct capture of atmospheric 
CO2 and H2O and subsequent photocatalytic gas-phase conver-
sion to CO (ref. 116). The enhanced CO2RR activity was attributed 
to favourable IL-CO2 interactions. We note that some of the stud-
ies discussed above were conducted in acetonitrile107–109,111,113–115, and 
the concentrations of IL and H2O are varying strongly between dif-
ferent studies. In addition, the stability of imidazolium-based ILs in 
aqueous CO2RR is limited117.

Organic surfactants. The addition of cetyltrimethylammonium bro-
mide (CTAB) as surfactant in CO2RR on various metals resulted in a 
reduction in HER with concomitant increase in partial current den-
sities for CO and formate118. This effect was attributed to a displace-
ment of hydronium and hydrated Na+ ions in the double layer and 
thereby a decrease in the concentration of a competent proton donor 
for HER (LC-reg). Different lengths of alkyltrimethylammonium 
bromides (structurally similar to CTAB) on Ag showed that dodecyl-
trimethylammonium bromide suppressed HER the strongest119.
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Performance of Solar CO2-to-syngas Conversion

Andrei et al., Nat. Mater., 2020, 19, 189–94
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and solar-to-CO conversion efficiencies of 0.056 ± 0.028% and 
0.018 ± 0.015%, respectively, were obtained under no applied bias, 
and increased up to 0.212 ± 0.055% and 0.379 ± 0.174% at a 0.6 V 
bias. Similarly, the production rates of H2 and CO increased from 
0.58 ± 0.33 and 0.18 ± 0.16 !mol cm"2 h"1, respectively, under bias-
free operation to 3.78 ± 0.93 and 7.01 ± 3.70 !mol cm"2 h"1 at a 0.6 V 
bias. Of 39 investigated tandems, 25 (64%) were stable for at least 
10 h (an example is given in Supplementary Fig. 25).

Our PEC tandems presented moderate stabilities within 10 h 
even under extreme pH conditions, which are typically employed 
for two-compartment water-splitting electrolysers to avoid pH 
build up35, but are deemed unsuitable for molecular PEC devices 
(Supplementary Figs. 22 and 23 and Supplementary Table 8). A 
strong selectivity towards H2 formation was observed at pH 1.2 in 
a 0.5 M KHCO3, 0.5 M H2SO4 electrolyte solution, due to the high 
proton concentration and loss of the carbonic acid as gaseous CO2. 
Alternatively, a low overall CO and H2 production was observed 
at pH 13.3 in 0.5 M K2CO3, 0.5 M KOH, as the proton concentra-
tion was low with dissolved CO2 captured in the form of carbon-
ate. These results are in line with existing literature, which shows 
that optimal CO2 reduction is conducted at neutral pH values even 
in high-throughput electrolysers36, using buffers that act as a rich  
CO2 source with various carbonate species that coexist in a  
fine equilibrium. More generally, such PEC devices may not  
require highly corrosive electrolytes, as long as appropriate cell 
designs are provided37,38.

A long-term stability test revealed that a perovskite–BiVO4 
tandem could operate at photocurrents higher than 100 !A cm"2 
for 67 h under no applied bias (Fig. 4c). The tandem produced 
96.4 !mol cm"2 CO (63.6% FY), 79.8 !mol cm"2 H2 (52.6% FY) and 
40.9 !mol cm"2 O2 (57.3% FY). An ~20% overestimation of the 
cathodic FY is due to loss of the internal methane standard over 
the course of three days, whereas leakage and reduction on the 
cathodic side lead to a lower FY for O2. No long-term degradation 
of the photoabsorbers was observed under a neutral pH during 
device operation, as described in Supplementary Discussion 1. This 
excellent unassisted performance and stability of the PEC tandems 
was further demonstrated in an artificial leaf configuration (Fig. 1 
and Supplementary Fig. 27), with a standalone device that produced 
25.0 !mol cm"2 CO, 45.6 !mol cm"2 H2, and 16.6 !mol cm"2 O2 over 
the course of 80 h (Supplementary Fig. 26). This greatly improved 
stability of our devices over other state-of-the-art prototypes12,39,40, 
combined with the material cost41 and performance42 advantages of 
the tandem architecture, indicate that solution-immersed perovskite 
devices are quickly becoming an attractive alternative to the more 
established silicon PV electrolysers in the broader PEC field.

The efficiency of the unassisted devices may be enhanced  
further by employing inverse-structure perovskite cells with a 

higher VOC (ref. 43), state-of-the-art BiVO4 photoanodes with  
an earlier onset potential and higher photocurrents44, or molecu-
lar catalysts with a lower overpotential requirement for CO2  
reduction45,46, which would improve the overlap between the 
reductive and oxidative photocurrents of the tandem components 
(Supplementary Fig. 20). A similar effect may be obtained by 
adjusting the catalyst loading, by varying the relative active areas 
of the light absorbers and catalysts or by operating the tandems  
under concentrated light, as the VOC of solar devices is known to 
improve at increased light irradiation (Supplementary Fig. 13). In 
this way, the selectivity could become tunable towards a desirable 
0.5 CO:H2 ratio even without applying an external bias. While these 
strategies can enhance the solar-to-fuel efficiency of perovskite–
BiVO4 devices to a certain extent, our approach of interfacing 
earth-abundant molecular catalysts with inorganic light absorb-
ers also motivates further research with other state-of-the-art 
multijunction light absorbers, such as GaAs/InGaP (ref. 47) or Si  
(ref. 48). By targeting CO2-reduction products that are thermodynam-
ically more accessible (for example, formate47, methanol, methane49  
and C2+ products) with appropriate catalysts21,22,49, higher  
efficiencies can be also envisioned for such molecular–inorganic 
hybrid systems.

Conclusions
This work demonstrates a tandem PEC device that can sustain 
unassisted CO2 to CO conversion coupled to water oxidation. 
We employed a versatile, precious metal free molecular catalyst 
that enabled us to develop a holistic approach towards tunable  
syngas production. Accordingly, we looked beyond the established 
strategies of adjusting the CO:H2 selectivity through the catalyst 
loading and applied potential by taking empirical data fitting,  
solvent fine-tuning and light intensity into account. The result-
ing perovskite-driven photocathodes present the highest CO 
selectivity at light intensities as low as 0.1 sun. This aspect of light  
management should be considered for a circular carbon economy in 
industrialized countries, as it maximizes daylight harvesting from 
dawn till dusk, which may improve the economics for PEC con-
version of atmospheric CO2 into CO as a future primary source of  
solar hydrocarbons.

Online content
Any methods, additional references, Nature Research reporting 
summaries, source data, statements of code and data availability and 
associated accession codes are available at https://doi.org/10.1038/
s41563-019-0501-6.
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Fig. 4 | PEC of the BiVO4–perovskite|CoMTPP@CNT tandem device. a, CV scans of a PEC tandem under chopped, continuous and no artificial sunlight 
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Sacrificing nothing to reduce CO2
Photocatalytic systems for CO2 conversion to fuels tend to su!er from low selectivity, and sacrificial reagents or 
external bias are often required to make the reaction work. Now, a wireless and stand-alone photocatalyst device is 
demonstrated that converts CO2 and water into formate and O2 using solar energy without external bias.

Tuo Wang and Jinlong Gong

Artificial photosynthesis is a 
promising route to convert CO2 and 
water into value-added fuels and 

chemicals. An ideal artificial photosynthetic 
system (sometimes called an artificial leaf) 
should drive the chemical/fuel forming 
reaction with solar energy without using 
any sacrificial reagents or external electrical 
bias. Furthermore, as there are a variety of 
products that can form from CO2 and water, 
maximizing the selectivity of the catalytic 
reactions to the target product is also 
essential. However, these are challenging 
goals and few systems realise self-driven 
artificial photosynthesis efficiently and 
selectively1. Now, Erwin Reisner and 
co-workers at the University of Cambridge 
and the University of Tokyo demonstrate 
a stand-alone monolithic photocatalytic 
device that uses solar energy to produce 
formate (HCOO–) and O2 from only CO2 
and water, without electrical bias2. The 
device reaches a solar-to-formate conversion 
efficiency of 0.08% with a formate selectivity 
of 97%.

Among the possible ways to realise 
artificial photosynthesis, two that 
have been extensively explored are 
photoelectrochemical (PEC) cells and 
particulate photocatalysts. These approaches 
both use semiconductors to absorb solar 
energy and create photo-generated charge 
carriers that migrate to the surface where 
they can perform redox reactions aided 
by co-catalysts. For example, alongside 
the reduction reaction that converts CO2 
to carbon chemicals, a simultaneous 
oxidation half reaction must also occur. For 
a sustainable process, ideally water would 
be oxidized to O2, but this is a difficult 
energy-uphill reaction and often sacrificial 
reagents that are more easily oxidized are 
used instead.

In principle, colloidal photocatalysts 
may offer lower costs than PEC cells due 
to the simpler overall configuration of the 
system. However, designing particulate 
photocatalysts is arguably more challenging 
than PEC cells because every single 
photocatalyst particle must effectively act as 

a tiny, but fully functional, monolithic PEC 
cell to catalyse the complete redox reaction 
without external bias3. This means that the 
semiconductors and co-catalysts must be 
carefully chosen and engineered.

To date, few particulate photocatalysts 
can convert solar energy into chemicals 
and fuels without using sacrificial reagents4, 
while many photocatalysts cannot oxidize 
water to produce O2. This difficulty stems 
from the trade-off between maximizing 
the absorption of incident light by the 
semiconductor (smaller bandgap desired) 
and having sufficient driving force for the 
desired redox reactions (larger bandgap 
desired) in a single semiconductor material.

To overcome these problems, Reisner 
and colleagues cleverly fabricated a 
photocatalyst sheet consisting of two 
redox-complementary semiconductors, 
SrTiO3:La,Rh and BiVO4:Mo, in the form of 
particles fixed on a thin, conductive layer 

of gold (Fig. 1). The two semiconductors 
form what is known as a solid-state 
Z-scheme photocatalytic system, where each 
semiconductor drives a redox half reaction, 
thus preserving their redox potentials. 
Therefore, BiVO4:Mo can drive the water 
oxidation reaction and SrTiO3:La,Rh drives 
the CO2 reduction reaction (CO2RR).

The researchers use RuO2 as the oxygen 
evolution reaction co-catalyst, forming 
RuO2-BiVO4:Mo particles that are excellent 
for water oxidation. The relatively negative 
conduction band of SrTiO3:La,Rh makes 
it a good candidate for CO2RR. However, 
CO2RR routes are complex and there are 
many competing side reactions that can 
occur. As such, a CO2RR co-catalyst is also 
required to improve performance towards 
selective production of formate. For this 
task, the researchers use a 3d transition 
metal-based complex — phosphonated 
cobalt(ii) bis(terpyridine), CotpyP (ref. 5) 
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CO2, H+
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Fig. 1 | CotpyP-loaded SrTiO3:La,Rh|Au|RuO2-BiVO4:Mo photocatalyst sheet. Schematic illustration of 
Z-scheme photocatalytic CO2RR with simultaneous oxygen evolution without using sacrificial reagents. 
The molecular CotpyP catalyst is immobilized on SrTiO3:La,Rh to catalyze CO2RR, and RuO2-BiVO4:Mo 
promotes oxygen evolution, with electrons transferred through the Au layer. When the photocatalyst 
sheet is exposed to light, photoexcited electrons are generated in the conduction bands of SrTiO3:La,Rh 
and BiVO4:Mo, while holes are generated in the valence bands. The photogenerated electrons in 
SrTiO3:La,Rh reduce CO2 to HCOO! on CotpyP, while the photogenerated holes in BiVO4 oxidize water 
to oxygen with the aid of RuO2. The Au layer serves as an electron transfer medium between the 
two complementary semiconductor photocatalysts, enabling electrons from the conduction band of 
BiVO4:Mo to move to the donor levels of SrTiO3:La,Rh.
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pH 7)27. The sheet was subsequently modified with the molecular 
CO2RR cocatalyst (CotpyP) by immersion in a methanolic solution. 
Fully assembled CotpyP-loaded SrTiO3:La,Rh|Au|RuO2-BiVO4:Mo 
sheets with relatively large active areas (~5.7 cm ! 6 cm) could be 
prepared (Fig. 1a,b). Scanning electron microscopy and energy  
dispersive X-ray spectroscopy (SEM–EDX) mapping confirmed 
that a gold layer with a thickness of ~300 nm supports a particle 
layer composed of SrTiO3:La,Rh and RuO2-BiVO4:Mo particles 
(Fig. 1c–h, Supplementary Fig. 1).

Precious-metal-free CotpyP was selected as the cocatalyst as 
(1) this 3d transition-metal-based complex can be easily prepared 
and readily immobilized on porous metal oxide scaffolds via its 
phosphonate-anchoring groups and (2) it was previously used for 
the low-overpotential CO2RR on a p-type silicon photoelectrode 
(m-TiO2|p-Si) in an aqueous electrolyte solution28. X-ray photo-
electron spectroscopy (XPS) (cobalt 2p and nitrogen 1s spectra; 
Supplementary Fig. 2) and SEM–EDX analyses suggest that the 
CotpyP catalyst molecules were adsorbed on both SrTiO3:La,Rh and 
RuO2-BiVO4:Mo particles. No substantial changes were observed in 
the attenuated total reflection infrared spectra of CotpyP powder 
and CotpyP grafted onto the SrTiO3:La,Rh and RuO2-BiVO4:Mo 
particles (Supplementary Fig. 3 and Supplementary Table 1), indi-
cating an unchanged core structure of the catalyst upon immobiliza-
tion. The loading amount of CotpyP was estimated via inductively 
coupled plasma–optical emission spectrometry (ICP–OES) to be 
~17 nmol cm!2 (Supplementary Table 2).

Photosynthetic CO2RR and water oxidation
As shown in Fig. 2a, simultaneous production of HCOO! and O2 
occurred over the CotpyP-loaded SrTiO3:La,Rh|Au|RuO2-BiVO4:Mo 
sheets (~1 cm2) in a CO2-saturated KHCO3 aqueous solution (0.1 M, 
pH 6.7) under a CO2 atmosphere (1 atm) and simulated solar irra-
diation (Air Mass 1.5 Global (AM 1.5 G) filter, 100 mW cm!2). 

The hybrid photocatalyst sheet enabled an STF of 0.08 ± 0.01% 
while attaining 97 ± 3% selectivity for HCOO! formation. The pH 
of the reaction medium did not change substantially after 6 h of 
irradiation. No products were obtained in the absence of light or 
either of the semiconductor powders under the same conditions 
(Supplementary Table 3). These results supported the occurrence  
of a Z-scheme mechanism in the sheet system, ruling out the pos-
sibilities of considerable reduction/oxidation of impurities as  
sacrificial reagents.

No CO2RR products were detected during control experiments 
that were performed in an aqueous K2SO4 solution (0.1 M, pH 6.7) 
without CO2/HCO3

! and purged with N2. Continuous H2 and O2 
were observed in trace amounts and the amount of H2 was simi-
lar to that produced in the presence of CO2/HCO3

– (Supplementary  
Fig. 4 and Supplementary Table 3). These observations indicate 
that the H2 detected from the current sheet was produced via water 
splitting rather than HCOO! decomposition and also highlight the 
modest catalytic activity of CotpyP for hydrogen production28.

Isotopic labelling experiments confirmed that HCOO! resulted 
from 13CO2/H13CO3

! (a doublet attributable to the 13C-coupled pro-
ton was observed by 1H NMR spectroscopy at 1JCH = 195 Hz; Fig. 2b).  
The amount of H13COO! was quantified to be 5.3 "mol, which is 
comparable with that of the formate obtained from 12CO2/H12CO3

! 
conditions (Supplementary Table 3). The evolution of O2 gas accom-
panied the reduction reactions in a stoichiometric ratio of (HCOO! 
+ H2 + CO):O2 = 2.2 ± 0.2 (HCOO!:O2 = 2.1 ± 0.3), demonstrating a 
clean conversion without the need for sacrificial reagents.

In agreement with absorption onsets of both SrTiO3:La,Rh and 
BiVO4:Mo in the diffuse reflectance spectra, HCOO! was produced 
under up to ! # 510 nm irradiation (Fig. 2c), indicating that the pho-
toreactions proceeded via bandgap transitions in the semiconduc-
tors. The apparent quantum yield (AQY) at 420 ± 15 nm was 2.6%. 
A sheet with an active irradiated area of ~20 cm2 was prepared and 
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produced HCOO! with an STF of 0.06% (Fig. 3), which is compara-
ble to those detected from the 1 cm2 samples (Fig. 2a), demonstrat-
ing the scalability of our photocatalyst sheet system.

The photocatalyst particles covered more than 90% of the 
underlying gold layer (Fig. 1h) and the exposed gold did not show 
notable activity for the electrocatalytic CO2RR (Supplementary 
Fig. 5). Furthermore, the CotpyP-loaded gold film yielded 
no detectable products without applied potential, whereas the 
SrTiO3:La,Rh|Au|RuO2-BiVO4:Mo sheet without CotpyP produced 
negligible HCOO! (Supplementary Table 3). The gold layer is thus 
believed to serve only as an electron transfer medium between 
SrTiO3:La,Rh and BiVO4:Mo rather than as a catalyst for the CO2RR.

Photocatalytic reactions over the colloidal systems, in which 
individual semiconductor powders were suspended in aqueous 
solution containing sacrificial reagents, were carried out to ascer-
tain the function of CotpyP (Supplementary Table 4). Following the 
loading of CotpyP onto SrTiO3:La,Rh, HCOO! production became 
evident in the presence of triethanolamine as an electron donor, 
confirming the function of CotpyP as the CO2RR cocatalyst. The 
turnover number (TON) for HCOO! was 305 after 4 h. Likewise, 
photocurrent over the CotpyP-modified SrTiO3:La,Rh|Au photo-
cathode for the CO2RR increased remarkably compared with the 

pristine SrTiO3:La,Rh photocathode (Fig. 4a). By contrast, O2 evo-
lution showed no remarkable improvement after loading CotpyP 
onto either SrTiO3:La,Rh or BiVO4:Mo in an aqueous solution 
containing Ag+ as an electron acceptor (Supplementary Table 4). 
Similar photocurrents for the RuO2-BiVO4:Mo|Au photoanode 
were also observed with and without loading CotpyP onto its sur-
face in an electrolyte solution containing HCOO– (Supplementary 
Fig. 6). It can therefore be concluded that CotpyP serves as a CO2RR 
cocatalyst on SrTiO3:La,Rh, and not as an oxygen evolution or for-
mate oxidation cocatalyst on BiVO4:Mo. In addition, the O2 evo-
lution rate over RuO2-BiVO4:Mo sheet in a 0.1 M AgNO3 aqueous 
solution did not show substantial change after loading CotpyP 
on its surface (1.2 !mol h–1 cm–2 and 1.3 !mol h–1 cm–2 obtained on 
RuO2-BiVO4:Mo and CotpyP/RuO2-BiVO4:Mo sheets, respec-
tively), indicating the negligible impact of CotpyP on the O2 evo-
lution rate over RuO2-BiVO4:Mo. Considering that BiVO4:Mo is 
unable to produce HCOO! from CO2 due to insufficient driving 
force from its conduction band29–31, we propose that HCOO! and 
O2 were therefore generated by two-step photoexcitation over the 
SrTiO3:La,Rh and BiVO4:Mo particles (Fig. 1a).

To investigate the robustness of CotpyP towards O2, controlled 
potential electrolysis (CPE) experiments were performed on the 
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Fig. 2 | Photosynthetic activity of the CotpyP-loaded SrTiO3:La,Rh|Au|RuO2-BiVO4:Mo sheet for CO2RR coupled to water oxidation under AM 1.5!G 
irradiation. a, A typical time course of photosynthetic HCOO", O2, H2 and CO production on a CotpyP-loaded SrTiO3:La,Rh|Au|RuO2-BiVO4:Mo sheet 
(~1!cm2). The dashed lines are guides to the eye. b, 1H NMR spectra (D2O, 500!MHz) of the solution after 6!h irradiation using 12CO2/H12CO3

" (orange line) 
and 13CO2/H13CO3

" (green line) as reactants. c, Dependence of AQY for HCOO" production over the sheet on incident light wavelength, along with diffuse 
reflectance spectra of SrTiO3:La,Rh (green line) and BiVO4:Mo (orange line) for comparison. The blue dots indicate the AQYs of the system at various 
incident light wavelength. The error bars indicate the incident wavelength with a full width at half maximum of 15!nm. F(R), Kubelka–Munk function. The 
reactions were carried out in a CO2-saturated KHCO3 aqueous solution (0.1!M, pH 6.7) under a CO2 atmosphere (1!atm) at room temperature (298!K).
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Fig. 3 | CotpyP-loaded SrTiO3:La,Rh|Au|RuO2-BiVO4:Mo photocatalyst sheet with an active irradiated area of ~20!cm2 for photosynthetic CO2RR coupled 
with water oxidation. a, A photograph of the sheet illuminated with simulated sunlight (AM 1.5!G, 100!mW!cm"2). b, The time course of the photosynthetic 
CO2RR and water oxidation over the sheet. The dashed lines are guides to the eye. The reaction was carried out in a CO2-saturated 0.1!M KHCO3 aqueous 
solution (180!ml, pH 6.7) at room temperature (298 K).

NATURE ENERGY | www.nature.com/natureenergy

AQY (420 nm) ~ 2.6%

Performance of Solar CO2-to-formic acid Conversion

Bias-free, 0.1 M KHCO3/CO2, r.t., 1 Sun (AM1.5G)

STF ~ 0.1% 13CO2 ✓Selectivity ~ 97%

TONCo ~ 400

Wang et al., Nat. Energy, 2020, 5, 703–10 (collaboration with Kazunari Domen, Tokyo)
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Solar Reforming of Plastic and Biomass Waste

Wakerley, Kuehnel et al., Nature Energy, 2017, 2, 17021.
Uekert et al., J. Am. Chem. Soc., 2019, 141, 15201–10.
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Uekert et al., J. Am. Chem. Soc., 2019, 141, 15201–10
Uekert et al., ChemSusChem , 2021, in print (DOI: 10.1002/cssc.202002580).
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0.5 M aqueous KOH, AM1.5G, 20 h, 25 ºC

Uekert et al., J. Am. Chem. Soc., 2019, 141, 15201–10
Uekert et al., ChemSusChem , 2021, in print (DOI: 10.1002/cssc.202002580).



Summary: Solar Fuels Technology at Cambridge

Show thin leaves here

2012 (Solar Water Splitting for Hydrogen Production)

2021 (Carbon Capture & Utilisation, Solid Waste Recycling)

Chia-Yu Lin

Virgil Andrei



Status Quo:
∙ Demonstrated conversion of waste and CO2 into energy carriers and fuels

Improving Performance:
∙ Catalysis (e.g., CO2 to transport fuels; production of pure chemicals)
∙ Efficiency (from 0.1% to 10+% solar energy conversion)
∙ Stability (from hours and weeks to years)

Outlook

Lab Screening Medium ScaleSmall Scale

2 cm
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Chemical Science Symposium 2021: Biohybrid Approaches to
Sustainable Energy Conversion

13 - 15 September 2021, United Kingdom, United Kingdom 

Chemical Biology & Medicinal Energy Materials Organic

Introduction

This virtual meeting is the next iteration in the Chemical Science symposia series hosted by the Royal Society of Chemistry.

Under the banner of our flagship diamond open access journal, Chemical Science, we’ll be shining a spotlight on cutting-edge chemistry
research and giving it the sort of attention that drives scientific progress and makes a difference.

We warmly invite you to join us online for the third Chemical Science symposium, and look forward to welcoming you to the discussion.

About the symposium

Leading chemical and biological science researchers and emerging investigators from a broad range of backgrounds will come together to
explore and celebrate the theme of the 2021 symposium: Biohybrid Approaches to Sustainable Energy Conversion.

The invited speakers for this symposium will represent the following topic areas:

Microbial/living cell-hybrid approaches
Protein-hybrid approaches
Bio-inspired approaches
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Biophotoelectrochemical Workshop in Cambridge, UK
(12th – 14th September 2022)

https://www.ch.cam.ac.uk/group/zhang/biophotoelectrochemical-workshop-2020

Co-organisers: J. Z. Zhang (Cambridge), E. Reisner (Cambridge) & N. Plumeré (Munich)

Advertisement

Invited Speakers:
Michelle Chang (Berkeley)
Carole Duboc (Grenoble)
Can Li (Dalian)
Gustav Berggren (Uppsala)

Julea Butt (UEA) 
Abhishek Dey (IACS)
Tobias Erb (Marburg) 
Judy Hirst (Cambridge)
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