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Thursday 11t January

Session 1 — Biocatalysts

Invited Talk - Professor Stephen Wallace, University of Edinburgh
“Phototrophic Bacteria for Biocompatible Alkene Hydrogenation”

Hydrogenation is one of the most ubiquitous reactions in the modern chemical industry and industrial
H; is predominantly derived from diminishing fossil resources. Concurrently, the use of metabolically
engineered microorganisms has emerged as an elegant approach to sustainable chemical synthesis,
where native and/or de novo biosynthetic pathways can be assembled in living cells to enable the
production of chemical target molecules directly from renewable feedstocks via fermentation. In my
talk I will present our recent work on the use of microorganisms to generate Hy) from glucose, and
how these living cells can be combined with a biocompatible membrane bound Pd catalyst for alkene
hydrogenation. This will include the first use of a phototrophic bacterium to generate high pressures of
bio-H> from organic acids and light, demonstrating the use of photo-fermentation to enable sustainable
H> production for chemical synthesis. Overall, this research demonstrates how organic chemistry can
be combined with microbiology and synthetic biology to create hetero- and photo-trophic living cells
for the in situ delivery of synthetic reagents from renewable feedstocks.

C Megarity, University of Manchester
‘Multi-enzyme Cascades Jam-packed and Electrified’

Multi-enzyme cascades are typically not amenable to direct electrochemical control. By exploiting the
crowded nanoconfinement of enzymes in a porous electrode, and a key enzyme in photosynthesis
called ferredoxin NADP*reductase (FNR), a new platform called the Electrochemical Leaf (e-Leaf) now
enables multi-enzyme pathways to be electrochemically driven and controlled.

Some discoveries made possible by this electrified hanoconfinement will be outlined.

(i) Deracemisation, achieved by control of the electrode potential which allowed us to simultaneously
drive a co-entrapped pair of alcohol dehydrogenases with opposing enantioselectivities in oxidation,
and then reduction, to convert a racemic alcohol -> ketone -> a single alcohol enantiomer.

(i) An extended five-enzyme cascade driven reversibly with in situ production of CO2 a substrate for
one of the enzymes.

(iii) Evidence that the crowded pore environment facilitates the breakdown of an inactive enzyme-
intermediate complex by efficient sequestering of the inhibitory intermediate tightly bound to the key
player in a four-enzyme cascade in which two cofactors, NADPH and ATP, are confocally recycled.
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M Kuhnel, University of Hoheneim
‘Solvent engineering as a tool to enable oxygen-tolerant solar chemicals production with air-sensitive
enzymes’

Natural enzymes are among the most efficient electrocatalysts for solar fuel production with
hydrogenases and carbon monoxide dehydrogenases capable of reversibly catalysing H*-to-Hz (HER)
and CO2-to-CO (COzRR) conversion, respectively, at minimal overpotentials and high current densities.
However, their inhibition by oxygen, which is inevitably generated during water splitting, limits the
usefulness of these enzymes.

Here, we present a novel approach to making these enzymes oxygen tolerant beyond the established
concepts of encapsulation or genetic engineering. Instead, we use the solvent to act as a simple yet
effective dynamic oxygen shield. We show that deep eutectic solvents (DESSs), a low-cost and non-toxic
type of ionic liquids can be tailored to impede O: diffusion and that hindered O: diffusion allows HER to
outcompete O: inhibition. With this approach, the residual photocatalytic HER activity of [NiFeSe]
hydrogenase/TiO2 under a constant air purge increases from ~4% in water to ~90% in DES (relative to
the activity under N2). Electrochemical measurements further demonstrate that this concept is equally
applicable to enabling O2-tolerant CO2RR at carbon monoxide dehydrogenase immobilised on a
carbon-nanotube electrode.
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Session 2 — Advanced Electrocatalysis

Invited Talk — Dr Reshma Rao, Imperial College London
‘Operando characterisation of electrochemical interfaces’

The efficiency, lifetime and resilience of emerging electrochemical technologies for green
energy conversion and storage, chemical synthesis, and pollution control relies on atomic-
level processes occurring at complex catalytic interfaces. Therefore, we need experimental
probes that can shed light on the underlying physical and chemical processes occurring at
these dynamic electrochemical interfaces, at the nanometer scale, to enable rational design
of catalysts.

In this talk, | will demonstrate how advanced surface characterisation techniques such as
optical spectroscopy and X-ray absorption spectroscopy can be used to investigate
electrochemical processes relevant for green fuel and chemical production, on interfaces with
varying degrees of complexity, from model surfaces to industrially relevant systems.
Particularly, | will illustrate how we can identify and quantify the density of potential-dependent
intermediates, the degree of interaction between them, and the intrinsic rate of reaction. In
addition to determining the changes in the catalyst, | will also show how the nature of interfacial
electrolyte can be probed using surface enhanced infrared absorption spectroscopy. Using
such mechanistic insight, | will demonstrate how we can develop design rules for discovering
next-generation catalysts.

H Jang, University of Liverpool
‘Cationic surfactant switches on the carbon dioxide reduction reaction at gold surfaces’

Occurrence of electrochemical carbon dioxide reduction is intimately associated with the species
present at the outer Helmholtz plane. Charged ionic species such as metal and organic cations at the
electrical double layer are reported to electrostatically stabilize adsorbed carbon dioxide intermediates,
thereby activating the electroreduction into carbon monoxide at gold surfaces. Here we show that the
electroconversion can also be enabled in the presence of cationic cetrimonium surfactant with a
hydrophobic tail group. The cetrimonium-assisted production of carbon monoxide, albeit
chromatographically quantifiable, is not detected through an electrochemical CO-stripping method or
an infrared spectroscopic method under operando conditions. The findings suggest that cetrimonium
facilitates the removal of produced carbon monoxide from the electrode surface, disabling the
electroanalytical observation of those molecules. In addition, surface-enhanced infrared adsorption
spectroscopy results indicate that the difficulty in CO detection stems from the orientation of
cetrimonium ions at the surfaces at potentials negative of the potential at the point of zero charge of
gold electrode.

C Tseng, Imperial College London
Probing the Effects of Doped Iridium Oxide on Oxygen Evolution Reaction Using Operando
Spectroelectrochemical Techniques

Growing concerns about emissions, fossil fuel sustainability, and geopolitics underscore the rising need
for affordable renewable fuels. Hydrogen generation through water splitting using proton exchange
membrane (PEM) electrolysers is a promising solution, but the reliance on scarce and expensive iridium
oxide for oxygen evolution is a challenge. Research suggests incorporating non-precious metal oxides
in iridium oxide catalysts can enhance performance while reducing costs.!?2

In this project, we investigate a series of mixed titanium-iridium oxides and test them against pure
iridium oxide electrocatalysts. We use rotating disk electrode to test their electrochemical activity and



stability, followed by operando UV-Vis absorption spectroscopy to probe and quantify the populations
of surface species and track the kinetics of different redox species generated during oxygen evolution
reaction. The combination of these two techniques provides a holistic picture of reactions occurring at
the electrode-electrolyte interface of iridium oxides that is otherwise very challenging to probe. We
believe this study will serve as a steppingstone for future designs of more cost-efficient PEM
electrolysers.
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Session 3 - Light Harvesting

Invited Speaker — Professor Tomas Edvinsson, Newcastle University/Uppsala University
Pathway to utilize IR photons for efficient solar fuel generation

About half of the energy in the solar spectrum resides in the infrared (IR) region and results in a
mismatch between the solar energy distribution and the energetic requirements for the water splitting
reaction leading to a fundamental efficiency problem for a single band gap device. While tandem
approaches demonstrate high efficiencies at elevated cost, Z-schemes, photon up-conversion, and
intermediate band gap photovoltaics are still in developmental stages and hindered by low conversion
efficiencies. Here we highlight that utilization of serial interconnected photo-absorber with a buried
junction approach [1,2] is an alternative and cost-effective solution to the spectral mismatch problem.
Taking losses due to charge carrier separation and overpotential for catalysis into account, the
maximum solar-to-hydrogen (STH) efficiency for a series interconnected solar splitting device is 24.6
%, compared to 32.0 % for an optimum double junction tandem device. [3] Applying modified Cu-In-
Ga-Se:z (CIGS) within the approach allows harvesting of photons up to 1200 nm in the solar spectrum
and convert this energy into solar fuel beyond 10% STH efficiency. [1,4] The approach also allow
construction of scalable and thermally-integrated solar water splitting modules with up to 13.4 % STH
efficiency. [5] We will also outline how operando Raman spectroscopy can be utilized to unveil
electrocatalyst reformulations into the active catalyst phase [6,7] and their structural integrity. [8]
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Y Liu, University of Cambridge
‘Semiconductor—-enzyme hybrids for solar chemical synthesis’

Converting solar energy into clean chemical fuels using H20 and CO: as feedstock is a key strategy for
achieving a carbon-neutral society. The assembly of semiconductors as light absorbers and enzymes
as redox catalysts offers a promising approach for sustainable chemical synthesis driven by light.
However, the rational design of such semi-artificial systems requires a comprehensive understanding
of the abiotic-biotic interface, which poses significant challenges.!]

This presentation will showcase our recent advancements in the development of novel semiconductors
and the construction of bio-hybrids for solar chemical applications, employing photoelectrochemistry
and photocatalyst approaches. Emerging semiconducting materials such as carbon nitrides,?
CulnGasSz,B4 ZnFe204,P CuFe204,1% o-Fe203,["81 and LaFeOsl®l have been explored for direct solar Ha
production and CO2 conversion, complemented by a set of spectroelectrochemistry such as intensity-
modulated photocurrent/photovoltage spectroscopy (IMPS/IMVS), photoelectrochemical impedance



spectroscopy (PEIS) and operando Raman/UV-Vis spectroscopy. Our findings contribute to the ongoing
efforts in addressing the challenges associated with the abiotic-biotic interface in the rational design of
efficient and selective solar-driven chemical synthesis systems.
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D Benetti, Imperial College London
‘Photoactivation: manipulating the charge dynamics of metal oxides photoelectrodes with light’

To fully exploit the potential of photoelectrochemical water splitting (PEC), it is necessary to develop
photoanodes that efficiently absorb sunlight and drive the kinetically demanding oxygen evolution
reaction (OER). Among the numerous light absorber candidates, metal oxides (MOX) possess attractive
properties such as low-cost processing, earth abundance, and better stability in aqueous media
compared to other semiconductor materials. However, despite intensive research over the past decade,
conversion efficiencies for these materials are still low. To overcome this obstacle, it is essential to fully
understand the dynamic charge processes that occur in MOx during the water-splitting reaction.

This work focuses on investigating n-type MOX, such as BiVO4. It has been observed that changes in
the electrolyte and extended light exposure (referred to as the photoactivation process) markedly affect
the kinetics of the oxygen evolution reaction (OER). Utilizing advanced in-operando spectroscopy
methods, we will explore how these modifications impact the charge dynamics and correlate them with
any surface or bulk modification.
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Thursday 12" January

Session 4

Invited Speaker — Professor Camille Petit, Imperial College London
“Gas phase CO2 photoreduction using porous materials”

Reshaping our energy portfolio considering the sustainability of global energy resources is central to
the European Energy Roadmap 2050. Hence, researchers need to identify efficient routes towards solar
fuels production. Unlike H2 evolution, CO2 photoreduction has been less studied. Given the scope for
CO2 utilisation in a carbon-constrained future, there is an exciting opportunity to devote targeted
research towards CO2 photoreduction. Photocatalysis is one route towards CO2 reduction. Yet, the
design of a cost-effective, sustainable, efficient and robust photocatalyst remains a highly challenging
task.

Historically, the majority of studies on CO2 reduction photocatalyst have predominantly focused on
crystalline and non-porous materials, with TiO2 remaining the 40-year old benchmark in the field. Yet,
porous materials can present interesting photocatalytic features. The high surface area allows one to
favour access to catalytic sites, tune the strength of adsorption/desorption of reactants/products and
possibly control electronic transfer mechanisms. In the case of amorphous porous materials, scaling up
can be easier than for crystalline materials.

Herein, we will discuss our recent work towards the development of CO2 photoreduction catalysts that
present a porous and sometimes an amorphous character. We will highlight in particular our studies on
boron nitride, hypercrosslinked polymers, and metal organic frameworks. For all types, we show that
the selective conversion of CO2 into CO is possible under both UV and visible light. Using analytical
and spectroscopic tools, we are starting to understand the mechanisms of reaction of these materials.

S Kar, University of Cambridge
‘Integrated Capture and Solar-driven Utilization of CO2 from Flue Gas and Air into Syngas’

Itis becoming likely that a net carbon-zero future will rely on the recycling of atmospheric CO2zto produce
sustainable fuels and chemicals. However, most current CO2z solar-utilization processes depend on pure
and pressurized CO:2 as the reactant, whose production from air is expensive. Thus, the integration of
carbon capture with solar utilization technologies is urgently needed for developing processes for a
future net-zero economy.

Here we report an integrated CO2 capture and photoelectrochemical (PEC) utilization reactor that
captures CO2zfrom dilute streams and directly converts it into synthesis using sunlight as the sole energy
input. The reactor operates by combining captured CO2-to-fuel reduction at a photocathode with
selective oxidation of waste plastic-derived ethylene glycol to glycolic acid at the anode. COzis captured
in an amine or hydroxide solution, and the subsequent PEC conversion occurs in a triple cation
perovskite-based photocathode with an immobilized molecular Co-phthalocyanine complex as captured
CO:zreduction catalyst. A bimetallic alloy anode completes the circuit by catalyzing EG oxidation. The
overall process uses flue gas/air as a carbon source, discarded plastic waste as an electron donor, and
sunlight as the sole energy input, opening avenues for future carbon-neutral/negative solar fuel and
waste upcycling technologies.

M Daboczi, Imperial College London
‘Halide perovskite and organic semiconductor photoelectrodes for stable water oxidation and
unassisted solar water splitting’



Session 5

S Yao, Imperial College London
‘Spectroscopic Investigation of Long-lived Electrons in Titanium-Based Metal-Organic Frameworks for
Hydrogen Evolution in Dark Photocatalysis’

Metal-organic frameworks (MOFs) have emerged as promising candidates for photocatalysis due to
their unique structures and versatile properties. It was recently demonstrated that the titanium-based
MOFs, MIP-177-LT (Ti), shows promising chemical stability 1 and photoactivity towards formic acid
oxidation to produce hydrogen 2. In this study, we use transient photoinduced absorption spectroscopy
to measure charge carrier dynamics on the femtoseconds-seconds timescale. We find that MIP-177-
LT (Ti) exhibits a remarkable ability to generate stable accumulated electrons by UV and visible
illumination without the need for hole scavengers. A significant population of photogenerated electrons
persists for more than 48 hours and is accompanied by a colour change from white to black.
Remarkably, this colour change is fully reversable on exposure to electron scavengers O2 or methyl
viologen, indicating the long-lived charges are still highly redox active. Efficient time delayed H:
generation is observed after 30 min of 365 nm illumination and subsequent addition of Pt in the condition
of dark photocatalysis, evolving 300 pmol/g Hz2 within 30 min. The fact that MIP-177-LT (Ti) can generate
a large yield of photoinduced long-lived electrons with high reactivity renders it highly promising for
photocatalytic applications, and for studies involving photo-charging properties.
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J Alvim, Imperial College London
‘Investigation of structural instability of Cu2WO04 photocathode during CO2 reduction reaction’

Photoelectrochemical (PEC) COz reduction reaction (CO2RR) is a sustainable route to produce value-
added chemicals using solar energy, water, and CO:z as the inputs. Although significant progress has
been made in developing semiconductors to promote PEC-CO:2RR, efficiency of scalable materials
remains insufficient for commercial application.1 The little-studied p-type semiconductor Cu2WOa has
suitable properties to be used as a photocathode for PEC-CO2RR, such as narrow band-gap (1.98 eV)
and enhanced stability in comparison to Cuz20 binary oxide although it still not enough for practical
application.2 The reasons for the Cu2WOa instability under CO2RR conditions is still unclear and should
be investigated to provide strategies for increasing the long-term stability of Cu2WQa electrodes for solar
fuel production. This work reports the performance of gas diffusion electrodes (GDE) based on Cu2WO0Oa4
as well as the investigation of photocorrosion mechanism of copper(l) tungstate during the PEC-
CO2RR. The COz2 conversion into ethanol promoted by GDE/Cu2WOa can be related to the structural
stability of semiconductor. Moreover, in situ Raman spectroscopy measurements and X-ray Diffraction
(XRD) analyses of Cu2WOa photoelectrode corroborated with ICP-OES and XPS analyses, which
suggest Cuz20 crystalline phase as product from Cu2WOa4 degradation during the PEC-CO2RR.
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C Li, University of Liverpool
‘Interplay of D/A twist angle and aggregation (n-it interaction) in controlling the nature of CT state
formation’

Organic molecular materials have shown great potential in the field of photocatalysis. Controlling the
aggregation of organic units offers a way to tune photocatalytic activity, but to achieve this we need to
understand the underlying mechanisms occurring. Here we study solvent dependence of photophysical
properties of a donor-acceptor molecule and how aggregation controls the charge transfer state that is
an active photocatalyst by using time-resolved infrared and transient absorption spectroscopies.

E McQueen, University of Strathclyde
‘Quantitative photocatalytic conversion of CO, to highly concentrated formic acid using a hybrid
photocatalyst consisting of a conjugated polymer and a supramolecular complex’

Photocatalysts enable the conversion of CO2 to useful products such as formic acid, carbon monoxide
and methane using visible light. However, most photocatalysts to date are limited by insufficient long-
term durability and slow CO2 conversion rates. By assembling a hybrid photocatalystl consisting of a
conjugated polymer semiconductor and a binuclear ruthenium(ll)-ruthenium(ll) supramolecular
complex, a very active and durable photocatalytic CO2 conversion to formic acid was achieved, with a
turnover number of 349,000 (one-order higher than the previously reported most durable hybrid
photocatalyst)2, a turnover frequency of 6.5 s-1 (surpassing that of CO2 fixation by RuBisCO in natural
photosynthesis, ~3 s 1)3, and an apparent quantum yield of 9.2% at 460 nm (the highest amongst
hybrid photocatalysts reported to date). Remarkably, quantitative conversion of CO2 to formic acid was
achieved at standard temperature and pressure. Further replenishment of the system with CO2
produced a very high concentration of formic acid up to 0.40 M (at which 1 litre is equivalent to 9.9 litres
of H2). This development enables the green generation of formic acid as a potential hydrogen energy
carrier produced directly by photocatalytic CO2 conversion.
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Session 6

O Thwaites, University of Liverpool
‘Unravelling the Roles of Integral Polypeptides in Excitation Energy Transfer of Photosynthetic RC-LH1
Supercomplexes’

Understanding the photosynthetic processes occurring within the reaction centre-light-harvesting 1
(RC-LH1) supercomplexes of purple bacteria is crucial for uncovering the assembly and functional
mechanisms of natural photosynthetic systems and underpinning the development of artificial
photosynthesis. In this presentation, | examine the excitation energy transfer of various RC-LH1
supercomplexes of Rhodobacter sphaeroides via transient absorption spectroscopy, coupled with
lifetime density analysis, and study the roles of the integral transmembrane polypeptides, PufX and
PufY, in energy transfer within the RC-LH1 supercomplex. The results show that the absence of PufX
increases both the LH1 — RC excitation energy transfer lifetime and distribution due to the role of PufX
in defining the interaction and orientation of the RC within the LH1 ring. While the absence of PufY
leads to the conformational shift of several LH1 subunits toward the RC, it does not result in a marked
change in the excitation energy transfer lifetime. [1, 2]
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T Li, University of Manchester
‘Sustainable Electrosynthesis of Cyclohexanone Oxime through Nitrate Reduction on a Zn-Cu Alloy
Catalyst’

Cyclohexanone oxime is an important precursor for Nylon-6 and is typically synthesized via the
nucleophilic addition-elimination of hydroxylamine with cyclohexanone. Current technologies for
hydroxylamine production are, however, not environment-friendly due to the requirement of harsh
reaction conditions. Here we report an electrochemical method for the one-pot synthesis of
cyclohexanone oxime under ambient conditions with agueous nitrate as the nitrogen source. A series
of Zn-Cu alloy catalysts are developed to drive the electrochemical reduction of nitrate, where the
hydroxylamine intermediate formed in the electroreduction process can undergo a chemical reaction
with the cyclohexanone present in the electrolyte to produce the corresponding oxime. The best
performance is achieved on a Zng3sCuz electrocatalyst with a 97% yield and a 27% Faradaic efficiency
for cyclohexanone oxime at 100 mA/cm?2. By analyzing the catalytic activities/selectivities of the different
Zn-Cu alloys and conducting mechanistic studies via in-situ Raman spectroscopy and theoretical
calculations, we demonstrate that the adsorption of nitrogen species plays a central role on catalytic
performance. Overall, this work provides an attractive strategy to build the C—N bond in oxime and drive
sustainable organic synthesis through electrochemical nitrate reduction, while highlighting the
importance of controlling surface adsorption for product selectivity in electrosynthesis.
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F Podjaski, Imperial College London
‘Photophysics of gIDTBT nanoparticles in presence of aqueous salt ions and impacts on photocatalysis’



Broadly absorbing polymer nanoparticles (NP) are increasingly used as photocatalysts for (sacrificial)
hydrogen evolution. Their increasing efficiencies are related to good absorption of visible light, and
efficient as well as long-lasting charge generation in single materials as well as heterojunctions, since
exciton lifetimes are typically limiting.! Substitution of alkyl side chains by glycol groups is known to
enhance wettability and permittivity, and has recently been shown to also increase the yield of charge
generation in neat gIDTBT NPs and heterojunctions made thereof, going in hand with high
photocatalytic efficiency.!?

A largely unchartered research area however is the influence of sea water ions such as NaCl on the
performance of such materials. We have studied their influence on the photocatalytic activity and
photophysical properties of gIDTBT NPs by means of ultrafast transient spectroscopy and
photoluminescence (PL) spectroscopy. These concentration and salt species dependent studies
revealed an increasingly strong modification of intrinsically very short exciton lifetimes, and related
modifications in PL properties for different cations. We will discuss the interwoven effects such ions can
induce and put them in context to photocatalysis.
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P Sharma, University College London
‘Catalysts for selective electrochemical conversion of CO; to methanol’

Carbon capture and utilization (CCU) present a promising pathway for mitigating climate change. CCU
offers the two-fold advantages of mitigating atmospheric CO: levels and supplying valuable chemicals
and fuels. Electrochemical CO2 reduction (eCOz2R) emerges as a promising method for directly
generating fuels and chemicals from CO2 and water waste. In the current project, we aim to selectivity
convert CO2 to methanol electrochemically at ambient temperature and pressure conditions.

Methanol, being a liquid in ambient conditions, can be stored for long term. It is a very attractive
substitute of the gasoline in transportation sector. Methanol can be used in transport sector by minor
modifications of the engine, and it can use the existing fuels infrastructurel. Moreover, it can even be
directly utilized in fuel cells. Cooper is the most investigated catalyst for eCO2R. eCO2R on Cu tends to
favour the production of multi-carbon products?. The nanostructuring and alloying to create diverse
interfaces offers a potential avenue for developing materials with enhanced catalytic activity and
selectivity towards methanol.

In this work, we systematically investigate Cu-Se and CuNCN materials for CO2 reduction in a flow
reactor for their eCO2R performance. The results from materials development, electrochemical
performance and different eCO2zR products selectivity will be presented.
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Number | Name Poster Title
Catalysts for selective electrochemical conversion of CO; to
1 P Sharma methanol
Ultrafast Electron Transfer from CulnS; Quantum Dots to a
Molecular Catalyst for Hydrogen Production: Challenging Diffusion
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