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DearSP participants,
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and scientific hubs.

On behalf of the Organizing and Scientific Committees, it is our great pleasure to welcome you
to the 9" International Conference on Semiconductor Photochemistr@)$ld on September
8 112, 205.

Launched in 2001 in Glasgow, the international meesiages SP gained over the last 20 years

its renown among the most relevant meetings in semiconductor photochemistry and
photocatalysis. Hosted in Aberdeen (2007), Glasgow (2010), Prague (2013), Saint Petersburg
(2015), Oldenburg (201,Milan (2019)and $rasbourg(2023), SP takes place in Madrid in 202

Following the example of Strasbourg editiddP is preceded, on Septemb&2025, by ahalf-
day thematioworkshop aimedmainlyat doctoral students and young researchdosusing on
air cleaning and esrgy applications of photocatalysis and photoelectrochemjdigm theory,
materials design and characterization to higtospect applicationsThis workshop is organized
Jv }vv 381}v A18Z ~/ [+ ,p ~&}5} § o]]*_X

We truly hope that the SPprogram wil reflect the high commitment and exceptional profile

of the international community working in this field, and selected papers will be published in
Journal of Photochemistry and Photobiology A: ChemiSingmical Engineering Scierared
AppliedSurface Science Advances.

Finally, lovers oart, history,good food and entertainment be warned: You are very probably
going to fall in love! Madrid is definitely well worth a visit, to discover its history, its cuisine and
its lively atmosphere. With # Royal Palace, the PradbhysserBornemiszaand Reina Sofia
museumsamong many othersand the historic heart of the city around Plaza Mayor and Puerta
del Sol, Madrid offers a unique blend of heritage and modern urban life.

Outside Madrid, the surroundg region combines cultural richness with natural diversity: from
UNESCO World Heritage cities such as Alcala de Henares and Aranjuez, to traditional
gastronomy, wines, and the landscapes of the Sierra de Guadarrama.

For a day, a weekend or for a stay af&®, be tempted, discover Madrid and its region!

Wishing we all to live an exciting and fruitful conference together,
GRACIAfr attendingSP9

The organizing committee
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Bruker X-Ray Diffraction (XRD) Solutions

XRD for Everyone

Plan. Measure. Analyze

X-ray diffraction expands analytical capabilities
down to the nanometer range. Our highly
accurate, reliable and fast diffraction solutions are
accompanied by an intuitive user interface, easy
sample handling, and advanced data analysis.
Support for both novice and expert users is
achieved by providing the perfect balance of
ease-of-use and full instrument control.

Premium Class Diffraction Solutions

The D8 DISCOVER enables cutting edge
research into the frontiers of nanotechnology and
materials research by offering the most powerful
sources and largest sample stages available.

Applications

f Crystalline phase
identi cation

f Crystalline phase
guanti cation

f % crystallinity

f Crystallite size
determination

f Crystal structure analysis

f Crystal orientation

f Texture and preferred
orientation

f Microstrain

f Residual stress

f Layer thickness

f Layer roughness

f Lattice parameter

f Chemical composition

f Lateral structures

f Defects

f Reciprocal space
mapping

f Microdiffraction

f Depth pro ling

f Polymorph screening

f High temperature

f Low temperature

f Humidity

f Phase transition

f Nanoparticles

XRD



Key XRD Innovations

X-Ray Optics
Push-Button multiple path optics offer ideal
beam conditioning with ultimate ease of use

TWIN

Motorized Slit for powder diffraction
Parallel Beam for coating analysis

TRIO

Motorized Slit for powder diffraction
Parallel Beam for coating analysis

High resolution K D1 for epitaxial thin Ims

X-Ray Sources
Designed for maximum uptime with
minimal maintenance

TXS-HE
For applications demanding maximum
signal and minimal collection time

|HSHB
Air cooled, high brilliance source ideal
for microdiffraction

X-Ray Detectors
Bruker has always been a leader in detector technology.

LYNXEYE XE-T
Unmatched energy discrimination offering best
performance for powder diffraction

EIGER2 R 500K
Unrivaled 0D/1D/2D integration for multipurpose
materials research laboratories

Worldwide offices Online information

bruker.com/baxs-offices bruker.com/xrd

CEEAD)

Bruker AXS is continually improving its products and reserves the right to change speci cations without notice.

Order No. DOC-H88-EXS085. © 2018 Bruker AXS.



Thematic Workshop for PhD & Master Students: Photocatalysis for
Air & Energy

September 8, 2025, 9:00 - 14:30 h

9:00 10:00

Photocatalysis, from water and air treatment to energy: fundamentals and applications
Chantal Guillard IRCELYON France

10:00 10:45

Photocatalytic elimination of VOCs and other air pollutants: opportunities and limitations
Juan M. CoronadgICPR-CSICSpain

10:45 11:30
Fundamentals of photocatalytic NOx elimination in air
Silvia SuarezCIEMAT, Spain
12:00 12:45
Photocatalytic hydrogen production
Gerardo ColénICMSCSICSpain
12:45 13:30

Electrochemical impedance spectroscopy as a powerful tool to understand
photo(electro)chemical systems

Miguel GarciaTecedor,IMDEA Energy, Spain

13:30 14:30

Practical session

Chairs:

Silvia Suéarez

Centro de Invetigaciones Energéticas, Medioambientales y Tecnolégicas (CIEMAT)
Fernando Fresno

Instituto de Catdlisis y PetroleoquimicglCP), Spanish National Research Council (CSIC)

Organized by CSIC Hub "Fotocatalisis”












Monday September 8t

Opening ceremony (17:00 -17:20)
Plenary lecture 1 (17:20 -18:10)
Chair: Juan M. Coronado

Metal -Organic Frameworks as Photocatalysts for Solar Fuels Production
Hermenegildo Garcia, Instituto de Tecnologia Quimica, Spain

Session 1 (18:10 - 19:10)

Chairs: Juan M. Coronado & Hermenegildo Garcia

001: Charge carrier separation and recombination in WO s/BiVO 4 photoanodes
Ivan Grigioni (Universita degli Studi di Milangltaly)

002: Semiconducting Overoxidized Polypyrrole Nano -Particles for Photocatalytic Water
Splitting
VIET DUNG DUONG (Institut de Chimie Physigi&ance)

003: Surface-supported All -inorganic Molecular Clusters for Light -driven Water Splitting
Reactions
Alexey Cherevan (Technical University dfienna, Austria)

004: Amorphous domains and metal centers in graphitic carbon nitride for CO 2
photoreduction
Rudolf Ricka(Technical University of Ostrava, Czech Repub)ic

Keynote lecture 1 (19:10 -19:40)

Chairs: Juan M. Coronado & Hermenegildo Garcia

Photo-assisted production of green ammonia -based fuels
ClaudiaG.Silva, Universidade do Porto (Portugal)

Welcome reception (19:40)

Tuesday September 9t

Plenary lecture 2 (9:00 -9:50)

Chair: Patricia GarciaMufioz

How light and heat team up to boost heterogeneous catalysis
Nicolas Keller, ICPEESCNRS / University of Strasbourg, France

Session 2 (9:50 - 10:50)

Chairs: Patricia GarciaMuioz & Nicolas Keller

005: Introducing AlF
David Almazan (Asociacion Ibérica de la Fotocatalisi€Eptisa, Spain

006: Enhancing NOx reduction with plasmonic TiO 2+Pt catalysts: The role of TiO 2 support
and Schottky barrier height
Gregor Zerjav (National Institute of Chemistry, Slovenia)

0OO07: Synergistic Photocatalytic -Photothermal Mechanisms in Interfacial Solar Dis tillation
for VOC and SVOC Rejection
Daniela Meroni (Universita degli Studi di Milanoltaly)



008: Anatase and bronze TiO:z for mineralization of gaseous toluene
Jin Kim Dong (Kyungpook National UniversitySouth Korea)

Coffee break (10:50 -11:10)

Session 3 (11:15 - 13:15)
Chairs: Akihiko Kudo & Maria José Lépdduiioz

009: BiVOs and CuWQs-based photoanodes for solar energy conversion
Elena Selli (Universita degli Studi di Milanpltaly)

010: Extension of the (photo)electrochemical working range of WO 3 electrodes to pH 8 by
ALD coverage with TiO 2
Tomas Imrich (University of Chemistry and Technology Pragy€zech Republic)

0O11: lonic carbon nitrides in photo(electro)catalysis: achievements and challenges
Radim Beranek (Universitat UimGermany)

012: Microwave -Assisted Synthesis of ZnO/BiNbO4 Heterojunctions for Enhanced
Photocatalytic and Photoelectrocatalytic Hydrogen Production
Juliana Souza (Federal University of ABBrazil)

013: Facet-dependent photocatalytic activity of cuprous oxide - the casestudy of Cu20@TiOz
core@shell nanocomposites
Zuzanna Bielan (Faculty of Chemistry, Jagiellonian Universjtyoland)

014: 3D-printed ceramic -like photocatalytic membranes with Nb 20s for improved water
decontamination
Nuno Gongalves (University of AveirpPortugal)

015: Synergistic effect of slow photons and localized surface plasmon resonance for
enhancement of photocatalytic activity on titania inverse opals
Lei Wang(Faculty of Chemistry, Jagiellonian University, Poland)

016: Nanospiked ZnO Coatings - Biomimicking Cicada -wing Structures for a Dual
Antimicrobial Mechanism
Carlos Sotelo Vazquez (Universidad Rey Juan Carl®pain)

Lunch break (13:15 - 14:25)

Keynote lecture 2 (14:30 - 15:00)
Chair: Wojciech Macyk

Material Optimization by Combi nation of Machine Learning and Analytical Data in the
Research and Development of Photocatalytic Materials
Kenji Katayama, Faculty of Science and Engineering (Chuo, Japan)

Session 4 (15:00 - 16:15)
Chairs: Wojciech Macyk & Kenji Katayama

017: Transient IR measurements as a tool for understanding photoactive materials: what
have we learned from studying the photocatalytic Metal Organic Framework (MOF)
MIP1777?

Yaron Paz (Technionlsrael)

018: Unravelling the Mechanism of CO 2 Photoreduction by O perando Modulation Excitation
IR Spectroscopy
Alberto Ricchebuono (IFP Energies nouvelle&rance)



019: Synthetic Protein Scaffolds for Customizable Chromophore Interactions in Energy
Conversion Applications
Luis Duarte (Institute of ChemicaResearch of CatalonigSpain)

020: UV-visible modulation -excitation X -ray absorption spectroscopy to obtain insights in
photocatalysts active species: the example of CO:2 reduction by TiO 2 supported Mo
oxysulfides

Sébastien Roth (IFP Energies Nouvellgsrance)

021: Unraveling the Role of Cobalt in Photoelectrochemical Oxygen Evolution at Fe 203-CoPi
Photoelectrodes via Time -Resolved X-ray Absorption Spectroscopy
Cheshta Chopra (Paul Scherrer InstitySwitzerland)

Coffee break (16:15 - 16:40)

Session 5(16:45 - 18:00)
Chairs: Josef Krysa & GiaAndrea Rizzi

022: Automation of a photoelectrocatalytic wastewater treatment system for the
inactivation of antibiotic resistant E. coli
Tony Byrne (Ulster University, United Kingdom)

023: Reactor design for photocatalytic water -splitting pilot plant using hybrid artificial and
natural light
Ahmed Abbas (Texas A&M University at QataDatar)

024: 3D-Printed Ti/TiO 2 Electrodes for Enhanced Photoelectrochemical Degradation of
Emerging Micr ocontaminants
Amanda Rado (Rey Juan Carlos Universityspain)

025: Innovative strategy for in situ and quick photocatalytic measurements on asphalt road
surfaces under real -world exposure conditions
Marta Castellote (Institute of Construction Science Eduardo Torroja, CS8&pain)

026: Real-Scale Evaluation of Photocatalytic Pavement Performance for NO x Abatement in
Urban Environments
José Fermoso (CARTIF Technology Cent8pain)

Flash communications 1 : FO1-F15 (18:00 - 18:45)

Chairs: Andraz Suligoj & llaria Berruti

Poster session 1: P0O01-P015, P041-P095 (18:45 - 20:00)

Wednesday September 10t

Plenary lecture 3 (9:00 -9:50)
Chair: Jorge Rodriguehueca

Photoelectrocatalytic purification of water: from lab to the real world
Pilar Fernandezlbafez, Ulster University UK



Session 6 (9:50 - 10:50)

Chairs: Jorge RodrigueZhueca & Pilar Fernandeibafnez

027: Cavitation -assisted TiO2 photocatalysis for removal of bisphenols present in water at
environmental concentrations
Andra | e — Z (UaiV@Esity of Ljubljana, Slovenia)

028: Mechanistic Insights into PFOA Photodegradation: Effects of Catalyst Composition,
Surface Modifications, and Irradiation Wavelength
Gabriele Scandura (APECS University of Antwerp, Belgium)

029: Solar photocatalytic oxidation and heterogeneous ozonation of p -chlorophenol and
sunset yellow in a CPCreactor using iron -supported polyurethane foam and pumice beds
Ximena VargasRamirez (Universidad del Atlantico Colombia)

030: Photocatalytic Degradation of PFOA: The Role of Adsorption, Repeatability, and
Toxicity Outcomes
Lev Matoh (University of Ljubljanag Slovenig

Coffee break (10:50 -11:10)

Session 7 (11:15 - 13:15)
Chairs: Chantal Guillard & Tarek Kandiel

Exploring the Dual Photoelectrochemical Activi ty of Carbon Nitride Films Grown by
Electrophoretic Deposition
Damian Monllor-Satoca (Universidad de AlicanteSpain)

032: Ceria nanostructures as support for metallic clusters: optical properties and catalytic
activity
Daniele Ferreira (Universidade de & PaulqgBrazil)

033: Photocatalytic Logic Gate Behavior of Copper -Based Catalysts Driven by NIR and
Visible Double -Photon Process
Akashdeep Nath (Laboratoire catalyse et spectrochimj&rance)

034: Hybrid CdSe/zZnS Quantum Dots-Gold Nanoparticles Composites Assembled by Click
Chemistry: Towards Affordable and Efficient Redox Photocatalysts
Vincent Maurel (CEAFrance)

035: Combining Quantum Dots with NHCs as Exciton Delocalizing Ligands for boosting their
photocatalytic activity
Claire Marchand (CEA France)

036: Metal incorporated UiO -66(Zr) -NHz frameworks as effective photocatalysts in the
hydrogen production
Bartosz Zawadzki (VSBTechnical University of OstravaCzech Republic)

037: MOCHAs: Hybrid Organic-Inorganic Materials for Photocatalytic H 2 Production
Stephen Nagaraju Myakala (Technical University of VienpAustria)

038: CuFe204thin films obtained by Supersonic Cluster Beam Deposition on FTO as
photocathodes for water splitting and CO 2 reduction
Rizzi GiarAndrea (Universita degli Studi di Padova, Italy)

Lunch break (13:15 - 14:25)



Keynote lecture 3 (14:30 -15:00)
Chair: Frank Osterloh

Energy transfer in TiO 2 photocatalysis
Francesco Parrino (University of Trentgltaly)

Session 8(15:00 - 15:45)

Chairs: Frank Osterloh & Francesco Parrino

039: FacetEngineered SrTiOs for Selective Photocatalytic Reduction of Nitroaromatics:
Role of Morphology, Metal Co -catalysts, and Doping
Marcin Kobielusz (Faculty of Chemistry, Jagiellonian Univsity, Poland)

040: TiO2 Photocatalysis as a Strategy to Control Free -Radical Photopolymerization
Kasidid Yaemsunthorn(Faculty of Chemistry, Jagiellonian University, Poland)

041: Methane Photocatalytic Conversion to Sustainable Solar Fuels Using Polyoxometalate -
Based Catalysts
Andrei Khodakov (Lille University, France)

Flash communications 2 : F16-F25 (15:45 - 16:15)

Chairs: Frank Osterloh & Francesco Parrino

Social activity (16:30 - 19:00)
Gala dinner (21:00)

Thursday September 11t

Plenary lecture 4 (9:00 -9:50)

Chair: Silvia Suarez

Converting Methane to Fuels and Fixing Nitrogen with Atomically -Engineered Plasmon
Catalysts
Jennifer Dionne, Stanford University, USA

Session 9 (9:50 - 10:50)
Chairs:Silvia Suarez & Jennifer Dionne

042: Metal oxides and sulfides photocatalysts for Water Splitting and CO 2 Reduction
Akihiko Kudo (Tokyo University of Scienceslapan)

043: Photo-promoted Thermocatalytic Methanol Steam Reforming over Plasmonic Metal
Nanopatrticles for Hydrogen Production
Tarek Kandiel (King Fahd University of Petroleum and MineraJSaudi Arabia)

044: (Photo)thermal chemical looping dry reforming of CO 2 and CHs using Cu/Au and
Minoo Tasbihi (TUBerlin / SRH University of Applied Scienc&ermany)

045: Photoreforming of organics for H 2 production in the presence of Nb 20s or TiO2- carbon
photocatalysts
Giuseppe Marci (Universitadegli studi di Palermq Italy)

Coffee break (10:50 -11:10)



Session 10(11:15 - 13:15)
Chairs: Claudia Gomes Silva & Jitong Pan

046: Degradation Pathways Under Hydrothermal Catalysis Assisted by Photocatalysis for
energy production
Chantal Guillard (IRCELYON, France)

047: Photo-reforming of organic compounds for the simultaneous production of hydrogen
and value -added chemicals
llaria Berruti (CIESOL, Joint Centre of the University of Almerigpain)

048: Photoconversion of agueous carbon dioxide into aliphatic acids using copper and iron
oxides at solar -to-chemical conversion efficiency of ~5%
Hyunwoong Park (Kyungpook National UniversitySouth Korea)

049: Dual Photocatalytic Routes for Plastic Waste Upcycling and Mineralization Using
Alkalized Carbon Nitride
Sanguk Son (Yonsei Universitysouth Korea)

Controlled P eriodic Illumination for Increasing the HER Efficiency Over Metal -TiO2
Nanoparticles
Francesco Pellegrino (University of Toringltaly)

0O51: A Comprehensive Analytical Model for Front and Back llluminated Electrodes in
Photoelectrochemical Cells
Maria Isabel Diez Garcia (Universidad de Alicant8pain)

052: Enhanced Photocatalytic Methanol Formation through Dual Z -scheme Charge Transfer
in Titania Nanotubes Co -deposited with Copper and Vanadium Oxide
Samar Al Jitan (Uniersity of Antwerp, Belgium)

053: Hydrogenated TiO 2 nanoparticles: origin of the enhanced photocatalytic properties for
the degradation of some pollutants and hydrogen production
José A. PéreDmil (Universidad de Cédiz, Spain)

Lunch break (13:15 -14:25)

Keynote lecture 4 ( 14:30 - 15:00)
Chair: John Anthony Byrne

Greatly Enhanced Photocatalytic Hydrogen Peroxide Production at High Light Intensity
Using Anthraquinone -modified TiO 2
Jonathan Bloh (DECHEM#&orschungsinstitut, Germany)

Session 11(15:00 - 16:15)
Chairs: John Anthony Byrne & Jonathan Bloh

O54: Photoelectrosynthetic reactions on n -type semiconductor photoelectrodes
Josef Krysa (University of Chemistry and Technology Praguézech Republic)

O55: Light-driven nitrogen fixation to  ammonia over aqueous -dispersed Mo -doped
TiO2colloidal nanocrystals
Laura Collado (IMDEA Energyspain)

0O56: Bi-based perovskite for efficient photoreduction of CO 2to CO
Jie Tian (Guangxi UniversityChina)

O57: Exfoliation of D -A polymers for enhancing their photocatalytic production of H 20z
Jorge Plaza Morales (Rey Juan Carlos UniversBpain)



058: Understanding and Enhancing the Photocatalytic NOR on d -Metal -modified TiO 2
Merlin Gutgesell (Technical University MunichGermany)

Coffee break (16:15 - 16:40)
Session 12 (16:45 - 18:00)

Chairs: Urska Lavrencic Stangar & Yaron Paz

059: BiVOs - Liquid Junction Photovoltaic Cell with 0.2% Solar Energy Conversion Efficiency
Frank Osterloh (University of California, DavisUnited States)

060: Transparent ZnO electrodes with near metallic conductivity from solution -based
methods: how precursor design is key to scalable technology
Clara Sanche#®erez (Universidad Rey Juan CarlpSpain)

061: Unraveling the Nature of Hole Polarons as OER Intermediates in Titanium Oxides via
Ultrafast Optical Spectroscopy
Moritz Lang (University of Colorado [Boulder], United States)

062: Selenium as a solar material
Peter Vesborg (Danmarks Tekniske UniversiteDenmark)

063: High-performance perovskite so lar cells and the modules
Songyuan Dai (North China Electric Power UniversityChina)

Flash communications 3 : F26-F40 (18:00 - 18:45)

Chairs: Moritz Lang & Juliana Souza

Poster session 2: P026-P040, P096-P138 (18:45 - 20:00)

Friday September 12t

Plenary lecture 5 (9:00 - 9:50)
Chair: Freddy Oropeza

Charge separation and stabilisation in photocatalyst materials for solar driven water
splitting
James Durrant, Imperial College LondqruK

Session 13 (9:50 - 10:50)
Chairs: Freddy Oropea & James Durrant

064: When the fate of photogenerated charges matters - classification of heterojunctions in
photocatalysis
Wojciech Macyk (Faculty of Chemistry, Jagiellonian Universijtioland)

065: Development of an air purification prototype  based on photocatalytic filters with
biocidal activity
Gonzalo Sanchebominguez (Instituto de Catalisis y Petroleoquimica, CSIC, Spain)

066: Local Photoelectrochemistry and Data Modeling for Properties Extraction of
Photoelectrodes
Thomas CottineauICPEES- CNRS / University of Strasbourg, Frange

067: Correlation of cyclic voltammetry and impedance spectroscopy models on TiO 2
photoelectrodes
Alejandro AnsénCasaos (Instituto de Carboquimica, CSI€pain)

Coffee break (10:50 -11:10)



Keynote lecture 5 (11:15 -11:45)
Chair: Elena Selli

Nanoarchitecture design of photocatalysts towards enhanced photocatalytic activity and
stability
Ewa Kowalska, (Faculty of Chemistry, Jagiellonian Universjtyoland)

Session 14 (11:45 - 13:00)
Chairs: Elena S& & Ewa Kowalska

068: Bismuth vanadate coatings produced by magnetron sputtering for water treatment:
antimicrobial activity, photocatalytic efficiency, and toxicity assessment
Marina Ratova (Manchester Metropolitan UniversityUnited Kingdom)

069: Distinct Cesium Adsorption Mechanisms of Prussian Blue Analogues with Transition
Metals
Soonhyun Kim (Daegu Gyeongbuk Institute of Science and Technolg8guth Korea)

O70: Highly efficient photocatalyst based on layered LDH/g -GNs4 heterojunction for
degradation of pharmaceuticals products in water
Angeles Mantilla (Instituto Politécnico Nacional, Mexico)

O71: Photolytic and photocatalytic degradation of lomefloxacin by a Z -scheme
photocatalytic system: mechanism and kinetics study
Xuan Li (Khalifa University of Science and Technologynited Arab Emirates)

0O72: MOFsemiconductor interaction - How the type of the connection in the
heterostructures may control mechanisms of photoinduced processes?
Joanna Kuncewicz (Faculty of Chemist, Jagiellonian University Poland)

Closing ceremony

Farewell



Flash & poster communications

No. TITLE SPEAKER
PF(?oll Photocatalytic Degradation of Tetracycline in Wastewater Usirig & K &} ulW}A  Arabbaseri Niloofar
F02 . . - . . - Adamowicz
P002 A newapproach for developing highly efficient Ti@hd SrTi@based photocatalytic films Wiktoria
PF(?OSS Advanced Oxidation Processes: a powerful tool for nanoplastics removal in water Jonis Charlotte
Fo4 d ] K d ] Kdeterojunction Thin Films via LPD as Photocatalysts for Oxidation Tekneci Gulsum
P004 Efsun
FO5 Covalent Organic Frameworks for Sdlaiven Hydrogen Peroxide Production from Water .
. Bitencourt Gustavo
P0O05 and Air
;OO(?G Dehalogenation reaction oveo-catalyst loaded carbon nitride photocatalyst Hata Kosei
FO7 Development of Adsorbent/Photocatalyst Hybrids from@Qigested Sewage Sludge and Lao Zea Angela
P007 OFMSW for C{Capture and pollutants air removal 9
:(;)(?9 Development oSuperReductant redox photocatalysts El Ferekh Christian
F10 Dn‘ferenc_es in photocatalytlc_: activity of modified titanium dioxide during the process of Sobezuk Konrad
P010 carbon dioxide photoreduction
F11 (( 3 }Ke®OH modification on thghotocatalytic and photoelectrocatalytic performance Skolotneva
P011 of BiVO4 in the degradation of pharmaceuticals Ekaterina
F12 Engineering perovskitbased electrocatalysts through exsolution and galvanic replaceme L
B . . Velluva Abhijai
P012 for sustainable alkaline/ater electrolysis
;01133 /E %o 0 } <& [ligitn Model Compound Photocatalytic Conversion on Carbon Nitride Liu Junhong
F14 FerroelectriecEnhanced Photocatalytic Activity of Bailf@D; Semiconductors for Mrevde Tania
P014  Photooxidation and Hydrogen Production Applications Y
F15 . . . . . - Martinez Quimbayo
PO15 Impact of Pt impregnation on P25 for visible light photocatalytic applications Jennyffer S.
F16 Impact of temperature on thefficiency and stability of a Tidased photoelectrochemical "
. Laisné Lucas
P016 cell for solar hydrogen production
F17 Influence of Metal Ratios and Support Materials on the PHegaton Activity of Glre Kuruvangattu P
P017 Bimetallic Catalysts Nimisha
F18 Insights into t_he Coordination Effect on Copper Restructuring inMettlated MOFs During EFRoz Mohamad
P018 Photocatalysis
F19 IR characterisation of powder and membrabased metal oxide catalysts for photothermal .
. Cavallo Margérita
P019  CQreduction
FI,ZOZZOO Mayenite Electride Based Phelhermal Catalysts for G&@-Methane Conversion Hajialilou Ehsan
F21 Metal lon Effects and Structure Modification Influence on th®2Production Efficiency of Lanae Alexander
P021  Templated Poly(Heptazine Imides) 9
F22  Optimisation of bimetallic PtCu/TiQ for gas phase G@hotoreduction for the production of Khoury Eliane
P022  solar fuels
F23  Optimising W@TIO; heterojunctions: A systematic approach for enhanced performance t De La Fuente
P023  photocatalytic/photoelectrocatalytic remediation applications Rodriguez Deyna |.
F|>:0224 4 Oxygen Vacancy Engineering in N&e0 for LongTerm Photocatalytic Removal of VOC  Shin Gahye
:02255 Photocatalysis meets exsolution: case study ob&sed HER ecatalysts Ladisich Magdalena
F26 Photocatalytic inactivation pathways of E. coli bacteria using bismuth oxyiodide MartinezTopete
P026 photocatalysts Andrea
F27 K-HEALTHInAIR Project: Annual monitoring of air quality in hospital enviroments and its Rodriguez Lopez
P027 impactin health. Alberto
PFO2288 Photocatalytic ring hydrogenation of furfuryl alcohol over cocatdlyatied TiQ@ Inagaki Atsuya
F29 . . . . - Weisweiller
P029 Photocatalytic upcycling of PET intosCH and highvalue liquid products Madeline
;(?3?0 Photoelectrocatalysis: A sustainable solution for Resource Recovery from wastewater  Abdolalian Saba
F31

P120

Characterization of leaftee CsSnk perovskite and its ecotoxic effects on isopods

Szalma Lilla




No. TITLE SPEAKER
;03322 Photothermal valorisation of Gthto methanol over Cu/ZnO/ADs Jiménez Daniel
F33 Remediation of Indoor Air Quality through Photocatalytic VOCs Removal on constructior
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Sunlightemitting to the Eartthas an estimated power df72 000 TWAnd itcan provide enough energy to power
the planet whose totalpower required for human activities is about 20 T similar power that is consumed in
Natural photosynthesis However, lesides solar cells to generate electricisnd some thermeolar heating
applications other uses of sunlight are still undéevelopedand much scientific advances are needed to implement
a suitablesolar technology In particular, sunlight can be used tarry out thermodynamically uphitthemical
reactions that can serve to synthesize fuels, broadly denbyebdloore and Gustin th@0s « ~+}o &, [{foll@wing
the visionaryconcept of Ciamician in 191Zhe synthesis of green and sustainable solar fuels requires of efficient
photocatalysts that by absorbing photons in a wide spectral range convert them into some sort of chemical energy,
such as @ransient stae of charge separadn with the generation oélectron
and holes. After giving a brief overview of the possible role of solar fuel
the new sustainable, green decarbonized energy sources and the cur
state of the art, | will summarize the structure and properties of several of
photocatalyss studied in our group for solar fuel productitmm plasmonic
metal oxide semiconductorto 2D nanomaterials such as transition met
sulfides and MXenegspecial attention will be made on the photocatalyt]
activity of metadorganic frameworks (MOF3)andtheir heterojunctions with
other semicondctors[? including MOFon-MOF, MOF supported o2D
nanomderials such as graphenkke shees and MXene&! as well asthe
combination of MOFs and covalemtrganic polymers (MORCOFg)!
highlighting the contributions of our groupo the progress of the fiel&!
Especial emphasis will be mada the structureproperty relationship the
possibiities that MOFs offer tadjustthe bandyapenergyand the alignment
of the frontierscrystal states by controlling the composition and structure
the metal node and by adding electron donor or withdrawing substituen
on the aromatic linkerThe strategy to use the available intracrystalline emp
space of MOFs to host amtalysts will be also commentedhowing the
contrasting activity of ceatalysts incorporated withing the pores o
deposited on the external surface of the MOF crystdlitMost of the
presentation will refer to the photocatalytitydrogen generation and overal
water splitting,but advances in thg@hotocatalytic and photothermatarbon
dioxide reduction and nitrogen fixationwill also be briefly describedlhe
thresholdvalueson efficiency and photocatalyst stability be achievd for
commercial implementation of thesphotocatalytic processeswill also be
commented Fig. 1.Structure of IEA1 and
photocatalytc H and Q
evolution upon irradiation with
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How light and heat team up to boost heterogeneous catalysis
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The sun is the ideal renewable energy source (albeit intermittent) to be harnessed andhietbto catalytic
reactions to make them more sustainable and eeffective. Primary aims are to accelerate reaction rates to get
shorter processing times and higher yields under fixed conditions, to soften the reaction conditions without lowering
the yields, to enhance reaction selectivity and catalyst stability. In less than a decade, evidence of cooperative
(synergistic) effects between thermal and photonic excitations gave rise to the fastly expanding area of photothermal
catalysis with applicatiorf®r a wide span of reactions [1,2].

As photothermal catalysis rapidly spreads across communities with diverse backgrounds, the term photothermal
is often used as a broad umbrella encompassing various phenomena and descriptors (e.g. photgtpaotm
asssted/driven thermal catalysis), and no unique definition has been established to d&fe Tde key feature of a
photothermal catalyst regardless of how it is nameds that at least one of its constituents must be liglensitive.

The dualmode exciation strategies differ according to the way the thermal energy is supplied to the catalyst, as
in any case photons are provided by external excitation. First, both photonic and thermal energies can be provided to
the catalyst through a unique source, najéhe sun or simulated solar light, leenergy photons (VislIR) increasing
the surface temperature, while higbnergy photons (UWis) interact with the catalyst for driving reactions. Second,
distinct photonic and thermal energy sources rely on theadtrction of photons within thermal (conventional)
reactors heated following conductive/convective transfer modes. Third, the catalyst itself offers optical heating,
where a unique photonic energy supplier provides local heat delivery through adigtga conversion mechanism
(selfheating catalyst).

Following an overview of the fundamentals of photothermal catalysis and its underlying mechanisms, the
presentation will highlight a series of representative examples across various reactions of intengstfrra recent
literature and studies conducted at ICPEES lab in Strasbourg.

Examples will illustrate mechanisms of heat delivery at both maand nanoscale via lighb-heat conversion
processes, enabling the activation of thermally driven catalytictieas. In parallel, electremediated mechanisms
will be discussed, in which photonic excitation facilitates access to alternativerevgy transition states, thereby
modulating reaction kinetics through a newly established dark-determining step.
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Contaminants of Emerging Concerns (CECs) such as pharmaceuticals, personal care products, pesticides, met
based nanoparticles, and other pollutants, including patrg) antibiotieresistant bacteria (ARBs) and genes (ARGS)
have been found in treated sewage as well as in drinking water worldwide [1]. A strong effort to develop water
treatment systems that remove CECs, ARBs and ARGs in wastewater and drinkingurgeatly needed to protect
the world environment and public health.

Advanced oxidation Processes (AOPs) haiseraasa promisingapproachto address the issues related to the
presence of Contaminants of Emerging Concern (CECs) and pathogens. Amuanghbtocatalysis has been
regarded as an environmentally friendly alternative to remove pollutants and antibiegistant bacteria. However,
only low quantum efficiencieBave beemobtained (as more than 90 electrons recombine) so far. Furthermore,
most of the photocatalytic studies are focused on using suspended nanoparticles, so to recover these nangparticles
more units are required, increasing the cost of the photocatalytic process. Electrochemically assisted photocatalysis
or photoelectrocatalyts may solve these limitationBEC processes consist on the immsdtiibn of a photocatalyst
on an electrode that will act as a photoanode. When the energy of the incident radiation is teqoiahigher than
the band gap energyn electron is promoted from the Valence Band to the Condudemd of the semiconductor,
giving rise to the generatioof electronhole pairs. An external anode potentiat cell potentia) or a constant current
density (j) is applied by using a power supply. This allows controlling the Fermi Level of a semiconductor, and therefore
band bending, leading to an efficientparation of ev-h+ pairs and reducing their recombination. h+ migrate to the
semiconductor surface while photogenerated electrons are transferred to the counter electrode through an external
circuit [2].

An efficient design of a PEC system must obey tdal@wing selection criteria: 1) the electrodes must be photo
, chemically, and mechanicaktable; 2) the systems design has to exhibit a large surface area per unit reactor volume;
3) the fluid dynamic design might allow high flow rates to achieveradggneous solution and avoid mass transfer
limitations; 4) the reactor design has to minimize ohmic losses and 5) optimal radiation absorption from the point of
view of the radiation sourc®EC design and the selection of materials.

This paper will presg an overview of the design of PEC cells for improved performésrcthe removal of
contaminants of emerging concern and pathogensadater andwastewater treatmentapplications The mechanisms
governing the degradation of thegeollutants will be discssed[3]. Different PEC cell designs [4] and electrode
materials will be visited for realorld applications [8]. While intensive research has been applied to PEC for water
treatment, the scaleup and automation of these systems hiav[S  examined.For the first time, our group has
developed a scaledp PEC system with an integratedntrol system to creat¢he first automated PEC treatment
(batch) systemand make the potential application of PEC to large volumes and real applicatiofdef€Esis principle
has been demonstrated to be viable for the inactivation of (+5fedgctionvalue) antimicrobiatesistant bacteria

8].
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With renewable energy becoming more affordable nthail and gas, there is a strong drive to electrify
transportation, agriculture, and manufacturing. However, chemical manufacturing has proven difficult to electrify,
due to the high energy requirements needed to achieve necessary reactant pressuresrgraiagires. Plasmonic
catalysis is a promising path to enabling industrial chemical production at ambient conditions. Plasmons harness ligh
to generate nanoscale regions of intense electromagnetic fields anetdroiers that can interact with nearby
molecular species and manipulate their chemical transformation via new reaction mechanisms. Here, we present our
work investigating plasmonic photocatalysis across length scales, using atomic insights gainaitusgectron
microscopy experiments to infor the reactorscale production. This talk describes our work on both ammonia
synthesis and methane activation. First, we describe AuRu catalysts that enable 1s@d®synthesis of ammonia
at ambient conditions under light illumination. Mimicking theopess found in natural nitrogenases, these catalysts
enable altered intermediate species under light illumination, indicating a plasmonrialiified reaction pathway
for NH reduction. To understand these catalysts at the atostale, we employ atomic electron tomography to
identify chemical active sites arftsituoptically-coupled, gas oo o SE}v u] E}e }%C S} % E}
structural and optical behaviour dugractive catalysis. We find that the catalysts undergo substantial dynamic atomic
rearrangement under gas and light, including increased faceting and formation ofkelestructures. We next
describe the use of AuPd bimetallic nanocatalysts for methaathane coupling with ethene and propylene
products. We demonstrate a liglariven mechanistic pathway for minimizing methane combustion and promoting
methane oxidation to form desired products. We use 4D scanning transmission electron microscopy cosmitbined
tomography to obtain a comprehensive picture of how these AuPd catalysts interface with theaupi@drt. Across
these chemical reactions, we describe how a reatteelectron microscope pipeline forms a powerful feedback loop
for driving the desig of plasmonic catalysts.
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In seminconductor photocatalytic systems for solar energy conversion, a key challenge for efficient operation is
the efficient separation and stabilisation of photogeneratdthiges, and thereby the minimisation of undesired
recombination losses. This challenge is particularly great for photocatalytic systems because of the long charge
lifetimes required to drive catalysis A further consideration is to minimise the energyslosgeired to drive this
charge separation. My talk will cover examples of recent work from my group addressing aspects of this challenge.
will start by considering the role of polaron localisation / relaxation in driving charge separation in meta, @xide
quantification of the energetic loss associated with this polaron formation. Kinetic competion between polaron
formation and ligand field state mediated charge recombination will be highlighted as the key challenge limiting the
performance of manyisible light absorbing metal oxides. The roles of metal oxide dielectric constant, surface facet

v EP] *U SE %o*U Z%Z}s} Z EP]JvP[ v Z § E}ipv §]}tve ]Jv ] ]JvP Z EP =« %
drawing on examples from BiV@nd SrTi@ | will then go on to discuss charge separation and stabilisation in
alternative photocatalyst materials, including organic semiconductor nanoparticles and-ongtalic frameworks,
highlighting the observation of remarkably long lived charge photogeneratidoth systems and their relevance to
the efficiency photocatalytic performance.
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Ammonia (NH) is one of thdargestvolume synthetic chemicafgroduced in the world, being mainly employed
in the production of fertilizers. It is also a promising indirect hydrogen carrier, much easier to store and transport.
Introducing a zeraarbon process to produce ammonia allows for its use as a sustainable eerigy. Ammonia
can also be used directly in fuel cells (DAFCs). The traditional route feyhtHesis follows the Habdosch process,
which depends on methane and is eneiigiensive, accounting for 1% of greenhouse gas global emissions.-Photo
assised ammonia production is a rising alternative to this industrially set process based on clean technologies and
renewable resources, such as sunlight, water, and air. So far, tremendous advancements have been made on th
chemistry side of Nffphotochemicalproduction. For this technology to meet its full potential in building a carbon
free economy, these results must move to the photoreactor side of the equation. For that purpose, the SuN2Fuel
project combines fundamental research on catalysts with the desigsuitable reactors and respective techno
economic evaluation of the process.

In the project's first stage, a metfee photocatalyst (exfoliated carbon nitride) immobilized over apidted
structure was tested in a batch photoreactor for ammonia qurction. For the second task, the unit cell of a
mesostructured photoreactor was designed using CFD simulations, and its hydrodynamics and mass transfer behavic
was evaluated. Moreover, a DAFC was designed and tested using Pt commercial catalystsd B=eltseare
illustrated in Figure 1.

Fig. 1.Photocatalytic ammonia production, CFD simulations, and DAFC tests.

The SuN2Fuel project opens up the possibility of using-soiaen technologies for ammonia production using
mesostructured photoreactar. Furthermore, the produced ammonia can be directly applied to a DAFC for energy
generation.
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there are currently almost no studies that can provide scientifically meaningful interpretations using machine learning
under conditions where there are only a few dozen data. The reasogofud prediction of our methodologig that
analyical chemistry data is an extremely good descriptor for materials. Materials science is not so simple that all the
answers can be derived from calculations alone, like Al, and it is only by using the analytical methods and datz
processing that have beenltivated over the years that we can make excellent predictions. In this talk, we will show
several demonstrations of how ML can be used to predict and improve the performance of photocatalytic materials.

Photoanodes are promising for soldriven hydrogenevolution, yet their performance (photocurrent) varies
despite identical preparation conditions. This suggests that the unidentified factors could affect the photocurrent of
the photoanodes. To clarify the factors, we have developed a scheme to predichdterial performance using
machine learning (ML) from analytical data, includingXdiffraction (XRD), Raman spectroscopy, UV/Vis absorption
spectroscopy, and photoelectrochemical impedance spectroscopy (PEIS). The analytical data provided feztures, su
as peak intensities or positions, which were used to predict photocurrent values. Then, the ML process identified the
dominant factors for performance. This scheme was applied to hematite and bismuth vanadate photd&nodes
Additionally, we adjusted #n operational parameter for the sample preparation based on the dominant factors
through ML to enhance the photoanode activity.

In our previous studies, we were unable to determine the contributions of the dominant descriptors to the
performance because svused various ML methods. In addition, the use of multiple ML functions could negatively
impact the robustness of our scheme when applied to various material data with target values. To address these
issues, we have developed a comprehensive and robuptroggh that encompasses data preprocessing, ML
computations, descriptor selection, and importance analysis of the dominant descriptdwes.accompanying figure
illustrates our recent ML methodology. In this presentation, we explain the calculation sam@@esent the results
of its application to hematite, bismuth vanadate, and various photoancHesse resultsuggest that new results can
be produced by successfully fusing the knowledge of materials scientists and analytical scientists, which has beel
cultivated over many years, with Al.

Fg. 1 Our proposed scheme for optimization of photocatalytic materials.
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Photon absorption andharge separatiorare the primary events in TiO2 photocatalysis. Thereafter, interfacial
electron transfer between the excited TiO2 and adsorbed species is generally considered as the driving mechanisn
for many degradative or synthetic photocatalytic applications. However, in principle both energy or electron transfer
can take place upon interaction of an electronically excited species with another in its ground state. In fact, electron
and energy transferra closely related both mechanistically and conceptually, and are qualitatively similar at the initial
stage of the interaction. However, they evolve differently along the reaction coordinate depending on several factors.
In particular, orbital overlappinig a required condition for electron transfer to occur, while energy transfer can also
take place upon longange dipoledipole interactions. [1]

Highlighting the existence of energy transfer in TiO2 photocatalysis is a rather challenging task. Ifiefact, o
energy and electron transfer mechanisms result in similar product distribution. Moreover, the presence of dispersed
particles in photocatalytic systems strongly limit the application of useful characterization spectroscopic techniques,
which could higlight the nature of energy transfer driven reactions.

Recently, the occurrence of energy transfer has been inferred in photocatalytic reactions where the nature of
some products could not be justified by simply assuming an initial electron transfer®iepis the case of some
isomerization reactions [2] or the generation of singlet oxygen in different systems [3, 4]. In those cases, it has been
observed that surface silanization of TiO2 promotes eneayer electron transfer. This finding is releveaa it
indicates that the modification of the surface of TiO2 could be a simple tool to switch between the two mechanisms
and to finely tune the photocatalytic reactivity.

This contribution will provide a survey of paradigmatic examples where energydransthanisms prevail over
electron transfer ones. Moreover, the effect of surface silanization on the promotion of energy transfer driven
reactions will be discussed on the basis of a recently reported thorough characterization of bare and modified TiO2
samples [5].
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The reduction of molecular oxygen to hydrogen peroxide is one of the impsirtant reactions in heterogeneous
photocatalysis. Not only are peroxides useful chemicals in a variety of applications and oxidation reactions, they are
also one of the key active species in environmental remediadti¢ttowever, the formation of hydramn peroxide over
titanium dioxide (Ti@) is often observed to be inefficient at higher light intensities.

In thorough kinetic investigations we identified that the surface kinetics are the most limiting factor for the
reaction/? Bare TiQ@ does not achiee high electron transfer rates, and this leads to inefficiencies at high light
intensity!d Even polymeric carbon nitride which is reported as an excellent catalyst for oxygen reduction to hydrogen
peroxide, is eventually limited at high light intendity.

One of the most efficient known catalysts for hydrogen peroxide formation are anthraquinones (AQ), which are
the principal component of the namesake process dominating global peroxide production. In this process, AQ are
reduced using hydrogen gas, keiectrochemical or photocatalytic reduction is also possible.

Therefore, we explored different AQ compounds adsorbed onte @&hybrid photocatalysts for the efficient
formation of hydrogen peroxide. Our results reveal that the functional groups onhdetermine the binding mode
and that the binding mode is the key parameter to achieve a high efficiency. All AQ compounds greatly improved the
photocatalytic activity, leading to reaction rates up to 3000% higher than bage TiO

Fig. 1.Photocatalytic reduction rates of molecular oxygen to hydrogen peroxide ovecdiglysts loaded with different
amounts of AQ ceatalyst.

Even though it was observed that the AQ compounds were also degraded over time, turnover numbevervell
1000 were achieved, clearly proving a catalytic cycle. With optimization and pH tuning, the degradation could also be
greatly suppressed

Overall, after optimization, extraordinarily high reaction rates of up to 1.9 mM/min were achieved, whichiis orde
of magnitude greater than anything reported for this reaction before. These were achieved with still higher than 20%
apparent quantum yield, proving that it is possible to run heterogeneous photocatalytic reactions both fast and
efficient at the same te.
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Heterogeneous photocatalysis is considered as a green method for environmental purification @nehsofly
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light harvesting as the most active photocatalysts are usually active only under UV irradiation.

Accordingly, the proper desigof photocatalytic materials has been broadly investigated to achieve better
photocatalytic performance. Although, it is well known that all surface properties, e.g., specific surface area,
crystallinity and crystal/particle sizes, have crucial impacth@noverall photocatalytic activity, the resent studies
have indicated that the morphology of photocatalysts, including also symmetry and asymmetry aspects, control the
photocatalytic performance.

Indeed, our studies on the design of differguttotocatalysts have confirmed that even a slight change in the
photocatalyst morphology might result in significant change in photocatalytic actjtity For example, the
polydispersity in gold deposits on titania surface is highly recommended for paiiviter visibldight irradiation
(plasmonic photocatalysis) due to enhanced light harvesting effici@jcioreover, an increase in crystallite size of
gold results in an increase in photocatalytic efficiency because of significant enhancement oftafieid [3].
Furthermore, the morphology of semiconductor is also highly importewén for photocatalytic activity under vis,
where vis response is mainly caused by plasmonic resonance of noble metals rather than semiconductor excitatior
[4-5]. Additinally, other aspects of morphology (including also symmef8yJ] will be discussed during this
presentation to underline the importance of photocatalyst properties.
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Photoelectrochemical (PEC) water splittinga way taconvert solar light and water into oxygen and hydrogen, a
clean energy vector. Bismuth vanadate, BiVi® a promising ternary semiconductor oxide employedssemble
photoanodes for the oxygen evoliaon reaction (OER) in watsplitting devices [1]. When coupled with \A/Qhe
ability of BivVQ to absorb visible light up to 520 nm and the excellent electron transport properties of AN@v
WGs/BiVQy heterojunction photoanodes toutperformthe two sepaate oxide components [2].

In previous studies, wénvestigatedthe charge carrier dynamics in the WBIVQ, systan with transient
absorption spectroscopy (TABY. monitoring transient changes in the visible rapge observed the hole dynamics
in BiVQ [3], and by monitoring the mieinfrared, we could trackelectron dynamics in the two oxides [4]. We also
identified wavelengthdependent processes by tuninpe wavelengthof the excitation pump across the WO
absorption edge(ca. 450 nn [5]. Thesestudies unveiled complex charge transfer proces@ég. 1). Indeed
depending on the excitation wavelengtthe band alignment between the two oxides allows charge separation or
recombination.Visible light excitation of BiV{promoteselectrons in its coduction band (CBwhichflow into the
lower-lying CB ofungsten trioxide while holes remaiseparatedn the BiVQvalence band (VB). This procaocess
1,Fig 1) decreases charge recombinatj@xtendng charge carrielifetime in the heterojunction, which is beneficial
for PEC performance. Conversefxcitation below 450 nnleads to the excitation of both oxidesnd opens a
detrimental recombination pativay that is the recombinatiorbetween thephotopromoted electronsin the CB of
WG; and the holes in BiVproces<2, Fig 1).

Recently, we reportedon the suppression of the detrimental procesby exploiting the BiVQayer to shield W
from direct photoexcitation[6]. These findings suggest methods @ocelerate barge carrier characterizations in
semiconductorgor PEC applications and ¢ontrol undesired wavelengtidependent recombination processes.

Fig. 1.Charge carrier transfepathwaysin the WQ/BiVQ, heterojunction system light absorption in BiVD

promoteselectrons(e?) in the conduction band (CBndgenerates hole¢h®) in the valence band (VB}lectronsand
holes v E }u ]v ~A]8Z 3]Ju: Vv s8onedectrons carflow into WQ, leading to charge separation
(processl, blue arrow) When WQ is photoexcited, electrons iWQ; CB can recombine with holes in BiMrocess
2, red arrow)
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Harvesting solar energy fgshotocatalytic water splittingPWS) into @and H is one of the main research
challenges of artificial photosynthesBevelopment of organic semiconductdos PWShas become an emerging and
auspicioustopic in Artificial Photosynthesjswhich was largely dependent on inorganic oxides. [1,2,3] However,
tedious synthetic pathwaysire the main problems for optimization of photophysical as well as photocatalytic
properties of organic semiconductorsHerein we report radiolytic synthesis of spherical nanoparticles (NPs) of
overoxidized polypyrroléNanaPPy)and their photocatalytic properties for water splitting. These semiconducting
polymer NPs were obtained by oxidation of pyrrole in aqueous solution by HO. radicals indueetiation [4]

This material was then characterized as overoxidized polypysialee each pyrrole unit contains one oxygen
atom, evidenced by -Kay photoelectron spectroscopy (XPS). Scanning transmission electron microscope (STEM)
reveals the porous structure inside NaR®y when fixed in resin. Diffuse reflectance spectrometry ant'$ plot
analysis provides an optical band gagafl.8 eVwhile electrochemical studies point out tllenduction band ata.

-0.5 V and a valence band@.+1.3 V vs NHE.

Upon visible light illuminatiohigher thand20 nm NanoPPyin water catayzes oxygen evolution reaction (OER),
evidenced by the Clark electrode system. Interestinglyingintermittent irradiation and dark phasesve observed
agradualconsumption of the evolved Grom oxidation of water This reduce in fwas shown tgproduce HO.. (Fig.

1) These nanoparticles are very stable with cycling.

Fig.1. (a) Time courses of:@volution in the presence of M&G0s (10 mM) and in the absence of electron acceptor using
NancPPy; (b) Alternate cycles of irradiation and dark psio
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Due to the ongoing global warming and the upcoming energy crises, the exploitation of alternative, renewable
energy sources has become a major focus of materials chemistry. The ulSolat®n for sustainable energy lies in
the concept of solar fuels commodity chemicals that can be generated from nothing but sunlight and abundant
feedstock through heterogeneous photocatalysis. The reactions of water splitting and carbon dioxideegbotian,
however, involve complex mulélectron redox processes that require a rational design of the surface catalytic sites.
When working with ildefined inorganic surfaces, these sites are inevitably hard to study and understand on a truly
fundamentd level, which limits the development of active and selective photocatalysts.

The field of homogeneous photocatalysis has been evolving independently from its heterogeneous branch,
however, it has been much more successful in the purposeful design ofmrgdallic (photo)catalysts assisted by
the concepts of coordination chemistry. Molecular photocatalysts, however, face a different set of challenges related
to their insufficient redox stability and the need for a molecular photosensitizer required torgatish the absorption
step.

In this talk, | will show that a rational combination of both approaches to
photocatalysis can address their challenges and help bridging the gap between
the communities. As prime arnples of this combination, we employ a diverse
set fully inorganic molecular clusters as surfaoenobilized cecatalysts for
photocatalytic water splitting reactiorj4,2]. On one hand, | will discuss covalent
attachment of a [M@S;3]? thiometalate anim to photoactive surfaces for light
driven hydrogen evolutiofi3]. On the other hand, | will present an example of
linker-mediated electrostatic binding of [@&11]"- polyoxometalatg POM)onto
TiG surface for photocatalytic water oxidatigd]. In-depth characterization will
unravel details of cluster immobilization, structural integrity and molecular
nature of the attachment. Photocatalytic experiments and mechanistic studies

will shed light on their stability and active sites.
Fig. 1.Schematic of the POM

attachment.
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The extensive dependence oaskil fuels, driven by industrialization and rapid population growth, has led to
massive CO2 emissions, contributing to the ongoing energy crisis and the amplification of the greenhousg].effect [
Photocatalytic CO2 reduction is considered a promisingragmgth for converting CO2 molecules intaluable
chemicals such as methane and carbon monoxidewever, practical deployment is hindered by the limited activity
and selectivity of current photocatalytic materigy.

In this work, we successfully synthesizgdphitic carbon nitridég-CN photocatalysts in various structural states
- crystalline, amorphous-@N, and supeamorphous with integrated metal centers (Co, Ni, Pd, and Mo). These
materials were prepared vishermal polymerization, followed by thermal treatment under Ar flow and a final
microwaveassisted technique. The prepared photocatalysts were then comprehensively characterized using
analytical techniques to evaluate their physicloemical properties. Fifig, their photocatalytic efficiency for CO2
photoreduction was evaluated in a batshirred photoreactor. Methane, carbon monoxide, and hydrogen were the
main products, quantified using gas chromatograph equipped with a barrier discharge ionizatiorodé&CtBID).

Our findings reveal that the introductioof amorphous domains enhances charge and increases nitrogen
vacancies,both of which significantly boost photocatalytic efficiendyloreover, the natureof the integrated
transition metal sitesstrongly influencesproduct selectivity and facilitate electron transfer during CO2
photoconversion. These results underline the synergistic effect of structural disorder and metal incorporation in
tailoring photocaalytic behaviour, allowinthe way toward more efficient and selective Zghotoreduction systems.
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TheAsociacion Ibérica de la Foaalisis(Iberian Photocatalysis Association, Alff)established in 2011, is a non
profit association with an Iberian scope, encompassing the states of Spain and Portugal. Its purpose is to bring togethe
individuals and legal entities involved in theientific and industrial aspects of photocatalysis and its applications,
primarily in construction and urban infrastructure but without disregarding other less comercially developed
applications. AIF currently has members such as universities researdecmmblogical centres, engineering firms,
architects, technology companies, as well as manufacturers and applicators of photocatalytic products.

One of the last milestones of AIF has beaenobtain, from the Spanish Ministry of Science, Innovation and
Universitiesthe grant "Plataforma Tecnoldgica de Fotocatdlisis" (Photocatalysis Technology Platform, PTF) [2], started
in 2023 with the aim obringing together all legal entities or individuals involvedthe research and application of
photocatalytic technologies, such as companies, administrations, engineers, architects, urban planners, healthcare
professionalstechnological centres, universitiestc., with special emphasis on publficivate collaborgion.

This prsentation will expand on the activities of PTF are organized within 11 Working Groups that encompass the
applications of photocatalysis from low TRLs tarketready technologies and commercially available products
These include also commuaiton and outreach activities such as the publication of relevant cases of study, the
Photocatalysis White Book [3] in both Spanish and Portuguese languages, or the organization of SP9.
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The plasmonic properties of noble metals such as gold (Au), silver (Ag) and platinum (Pt) have the fascinating
ability to catalyse chemical reactions in wide bandgap semiconductors such as titaokidedTiQ) when irradiated
with visible light [34]. When noble metals are illuminated with light equal to or greater than their surface plasmon
E *}Jvv A A o0 VPEZ ~>"WZ-hdt glEctDNP Xv dZ ot edectrons E SZ v Jvi § ]v§}
conduction band of the TiOsemiconductor. The efficiency of this plasmér Jvi §]}hot Electrons_
depends on the height of the Schottky barrier (SB) at the interface between the noble metal and tbarfigd [1,2].

Our research pursued the objectives: (i) an idepth investigation of how the optical, electronic and catalytic
properties of Ti@+Pt catalysts with a 1 wt.% Pt loading are influenced by the textural and morphological features of
the TiQ support, (ii) the use of ¥ay photoeletron spectroscopy (XPS) to accurately determine the height of the
Schottky barrier (SBH) and (iii) the investigation of the versatility of the preparetiFiGatalysts by using the same
material as both a thermal and photothermal catalyst in the recutdf NQ emissions in the presence ob Hs a
reducing agent, demonstrating an innovative approach to, M@uction at low temperatures. Plasmonic F®t
solids with 1 wt% Pt and different Ti@arriers (anatase nanoparticles (TNEs#8B6 n#/g), polycnstalline nanorods
(aTNR, &+352 n#/g) and singlecrystalline anatase nanorods (TNRBg7SL05 n#/g)) were synthesised by the wet
impregnation technique. Before testing the catalytic activity of the prepared materials farréifdction, the
synthesised dads were subjected to a comprehensive characterisation process using various analytical techniques
such as XPS, TEM, SEDIX, UVWis DR, HTPD and others to evaluate the optical, electronic and morphological
properties of the materials.

The results of ta TEM and HTPD analyses of the investigated solids show that during the wet impregnation
process, the nature of the TiGupport plays a crucial role in the formation of Pt with different average particle size
and particle size distribution, as well asthe formation of Pt oxides with different size, crystallinity and degree of
interaction with the Ti@support. In particular, the negatively charged surfaces of TNP adRaexhibit a strong
affinity for the positively charged Pt(N}#* complex, leadig to the formation of larger Pt particles, typically751m
in size. In contrast, the positively charged surface of TNR favours the formation of smaller Pt particles, typically arounc
2-3nm in size. The UVis DR spectra of the investigated FiPt catalgts show that they can generate charge carriers
when exposed to visible light. This phenomenon is attributed to the formation of an SB, which enables the separation
and prolonged "lifetime" of charge carriers by transferrihgt'electrons generated by ible light from the Pt to the
TiQ support. The SB heights were found to be 0.38 eV {foN&+Pt, 0.41 eV for TNP+Pt and 0.50 eV for TNR+Pt
samples. In connection with the thermal catalyticd$sisted N@degradation in the temperature range of 3@0°C,
different temperature profiles were observed due to the different reduction properties of the catalysts. The TNP+Pt
catalyst exhibited the lowest ignition temperature for N@duction, primarily due to tl presence of easily reducible
Pt oxides. In contrast, the BNR+Pt and TNP+Pt catalysts showed a decrease meti@tion rate in the temperature
range of 12e250°C, which can be attributed to the-&4talysed reduction of the TiGupport. The TigrPt atalysts
showed improved N@conversion and lower ignition temperatures in the de@cess when irradiated with visible
light at temperatures below 200 °C, which can be attributed to th&. $®R effect. The highest catalytic activity
observed for the TNRPt catalyst can be attributed to several factors, including a narrow particle size distribution of
the small Pt particles, the absence ofd@talysed reduction of the TNR support at higher temperatures and the
positive effect of a higher SBH value pretieg the re v S & o} électrons. (E}u $§Z }v g S]}v v }( §
into the Pt particles. The results obtained in the-ddsisted N@reduction clearly confirm the multifunctional
capabilities of the investigated Ti€Pt catalysts and demonstrate theversatility for use in hybrid photothermal
reaction systems.
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Solar stills offer a simple, levost, and eo-friendly solution for water distillation, making them ideal for desalination of sewl
brackish water in rural areas and emergency contexts. In recent years, interfacial solar distillation (ISD) has gairgedttgotion

due to its ability to enhare desalination efficiency by concentrating photothermal conversion at the waitenterface [1]. This
approach achieves higher temperatures and evaporation rates compared to traditional bulk heating methods, while reducing heat
loss and improving energynversion efficiency. Research efforts have mainly focused on optimizing freshwater production through
advanced photothermal materials, better thermal insulation, and designs that mitigate salt accumulation [2,3]. Howegal, criti
challenges remain, padularly the accumulation of volatile and sewdlatile organic compounds (VOCs and SVOCSs) in the collected
water [4]. To overcome this issue, the integration of photocatalysis into photothermal evaporators has been proposed [5].
Photocatalysts can enabtke lightdriven degradation of organic contaminants, potentially improving water quality. However, the
underlying mechanisms are still unclear, and the lack of standardized testing conditions affects the comparabilityusélgardies.

This study inestigates the mechanisms at play in hybrid photothert@lZz}5} 3§ 0CS8] A % }E §}E+X /uu} Jo]l d
as a photocatalyst due to its walharacterized and widely studied photocatalytic pathways. A range of target pollutamnthiding

dyes and penolic compounds were selected based on their volatility, environmental relevance, and degradability. Our results
show that commonly used dyes such as methyl orange and Rhodamine B, although prevalent in the literature, are completely
rejected by photothemal evaporation alone due to their low volatility, thus limiting their usefulness in evaluating photocatalytic
contributions in such context. In contrast, phenolic compounds proved to be more suitable targets, as they tend to acanmulate
the condensed ater and are partially removed through photocatalysis. To disentangle the contributions of photothermal and
photocatalytic pathways to the distillate concentration of phenols, we compared systems with interfacial, submerged, and vapo
exposed photocatalystonfigurations. As expected, photocatalysis reduced the concentration of the parent compound in the
distilled phase by lowering its concentration in the liquid feed. However, we also observed a reduction in the total etioceotr
aromatic species irhe distillate. To clarify this phenomenon, reaction intermediates were identified and tracked in both the liquid
and vapor phases. Our findings reveal that photocatalytic oxidation produces less volatile intermediates, which are oiwal\effe
rejected diring evaporation. Thus, photocatalysis and photothermal effects act synergistically to achieve effective purification of
water, not only from phenolic compounds but also from their degradation byproducts. Depending on the placement of the
photocatalyst wihin the photothermal evaporator, photocatalytic degradation of V@@ vapors can also occur. We specifically
investigated the photocatalytic treatment of vapors above the evaporator in solar stills, particularly in water matricaimiognt
pollutant mixtures. These findings were applied to the development of a photothermal evaporator incorporating-effective
saltrejection and thermal insulating support, and an immobilized photocatalyst for the optimal rejection of inorganic compounds,
SVOCs, andOCs.

Overall, this work provides mechanistic insight and practical guidance for the development-gemexation solar evaporators with
integrated photocatalytic functionality, supporting their application in sustainable water treatment and climatgebaaptation.
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Heterojunction formation between anatase (A) and rutile (R} 1§Qvidely recognized as a benchmark strategy
for improving photocatalytic performance. In this study, we synthesized andtasee (AB) Tigheterojunctions via
hydrothermal and annealing processes using exftctive commercial anatase TiO he resulting ABiIQ exhibited

exceptional photocatalytic activity for toluene mineralization and demonstrated strong resistance to deactivation.

Comparative analysis of 10fdirent TiQ samplesv including bare and Rieposited A R, B, and ARTiG: confirmed

that ABTIQ outperformed all counterparts in both activity and durability. Structural characterization revealed the
presence of highly active {001} facets, which fiatdi hydroxyl radical generation and promote oxygen vacancy
formation for enhanced @adsorption. Transient absorption and timnesolved photoluminescence spectroscopies
elucidated the charge carrier dynamics, while density functional theory (DFT) calcslatentified anatase as the
dominant catalytic surface in ABQ. The superior photocatalytic performance of -ARY is attributed to its
optimized charge separation and synergistic photochemical and catalytic properties.

Fig. 1.Photocatalytic actity of ARTIQ (P25), platinized ARIQ: (Pt/P25), and ABiQover 10 consecutive cycles (Inset:
Material characteristics of ABIQ).
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Solar energy conversion into hydrogen is a valuable approach to capture the energy that is freely available from
sunlight and to turn it into a clearuél. To this aim, photoelectrochemical (PEC) water splitting is an established
powerful technology requiring the development and optimization of efficient okidsed semiconductor
photoanodes for water oxidation, the kinetic bottleneck of the overall R&ter splitting process.

Two ternary metal oxides able to absorb a relatively large portion of the solar spectrum, i.e;,aBYOuW@)
have beenthoroughly investigated as photoanode materiay our research groypemploying upto-date time
resolved oftical spectroscopic and electrochemical techniques to shed light on the photogenerated charge carrier
dynamics driving PEC processes, in relation to the PEC perfornmasheedifferent conditions.

Bismuth vanadate has emerged as a leading photocatalysthéoioxygen evolution reaction despite its poor
electron transfer ability and slow water oxidation kinetics. We found that the PEC performance otBiMi2 largely
improved either

i) by coupling it with W@ in a heterojunction, for which transient abgairon spectroscopy (TAS) revealed an
excitation wavelengtidependent efficiency in photoproduced charge separation [&/2] different hole lifetimes
under different operando conditions [3] or frontside/backside irradiatiof6]dor

ii) by doping it withhexavalent metal ions such as RMoln this case, the largely improved water oxidation activity
results from multiple factors, including increased electron conductivity of BiM@ger lifetimes of photoproduced
holes and surface effects reducing thedrfacial charge transfer resistancg§|.

On the other hand, an efficient use of CuM\3 photoanode material requires to overcome its severe internal
charge recombinationyhich isdue tothe existence ointra gap states, acting as electron trafhiswasascertained
by us througha PEC investigation coupled with ultrafast TAS anaBis/hich was performed also with differently
thick CuwaQ layers in the presence of sacrificial agents or cocatalysts [10].

A partial Mo®* for We* substitution resultsin CuW.MoxO, electrodes(x = 0- 0.8) with enhanced visible light
induced photoactivity compared to pure CuW@ 1:1 W:Mo molar ratio leading moptimal PEC performancand
photoactivity up to 650 nnf11]. A recentintensity modulated photocurrent spectroscomnalysisunequivocally
demonstrates, in full agreement with the resuiSsPEC measurements in the presencebble scavengetthat the
poor charge carrier separation efficiency within the material blitkiting the PEC performance €&uWQ, undergoes
a 4fold increase upon 50 at.%holybdenum for tungsten substitution, without producing any significant change in
the optimal injection efficiency of thesmaterials[12].

Best performing Cu\WsMoosOs combined with BiVQ in a heterojunction exhibits a definitely superiorPEC
performancecompared to the individual componentsjth a synergistic charge separation improvement in the-350
480 nm rangeinder frontsideirradiation througha BiVQIayer thick enough tolasorb most of the incidenitght [12]
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In our previous wrk [1], we developed W&photoanodes with stable photocurresitme behaviour in acidic
media (perchloric acid). Such Wfhotoanodes could have an application in the photoelectrochemical degradation
of organic pollutants dissolved in water if they areldéain the neutral range (pH#8). However, WeXdissolves at pH
around 6 and above [2, 3]. A possible solution could be the application of a protective overlayer consisting of a
chemically more resistant semiconductor (TdD SnQ) with a wider bandgap &iag as window material in the front
side illumination mode.

The present work aimed to check whether the above considerataresvalid by experimentation with ALD
coverage of Wephotoanodes with protective Tidilms of various thicknesses. Besides naning the photocurrents
of asobtained and covered photoanodes, it was the purpose of capping withtd&2e whether in phosphate buffer
(pH 8) stabilization against dissolution and photocorrosion can be achieved.

Table 1. Dissolution rates aR@radai@fficiencies of Weyphotocorrosion in 0.1 M phosphate buffer (pH 8). The initialsWO
layer thickness was 4300 nm.

*potential vs Ag/AgCI, electrode area 1 &fannealed at 500 °C for 1 h in air

The coverage of Wby protecting Ti@layers usig ALD was shown to be a means of extending the operational
%, @& VP Jv ~%Z}8}e 0 SE} Z u] o }% & 3]}v uBeOHOMphotéaxodes wherg E S
photocurrents are strongly decreased with increasing thickness of AL.Dvié@ayerd4 t6], in the case of WEPTiO,
such capping layers led to much less decrease of photocurrents. This is ascribed to a more favourable relative positiol
of valence band energies of the two semiconductors in the latter case, allowing easier passage of photogenerated
holes from the absorber material to the capping layer. The dissolution efficiency of photocorrosion in pH 8 solutions
decreased by a factor of 20 when the \W&ectrodes were covered with TiOConsequently, the presence of 20 nm
thick capping layersexten §Z "o]( S]Ju _ }( %Z}8} HEE vSe ]V %, 6 c}ous]}ve (E}u i
concept as to the use of capping layers for the suppression of (photo)corrosion.
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lonic carbon nitrides based on poly(heptazine imides) (PHI) represent a vigorously studiefipbdyamneric materials

with possible applications in photocatalysis and energy storbigevever, most of the studies reported so far have
been carried out using particulate PHI suspensions, since the fabrication of photoelectrodes was challenging due tc
poor adhesion, unsatisfactory mechanical stability, inhomogeneity and low conductivity of the resulting coatings.
Recently we demonstratd, for the first time, the fabrication of binddree, mechanically robust and
photoelectrochemically stabl®HIphotoanades via an aqueous stgel techniqueusing water-soluble PH[1] as
precursor.The excellent photoelectrocatalytic performance of the resulting photoanodes is demonstrated in alcohol
reforming and highly selective (~100 %) photooxidations with exceptiolwall photocurrent onset potentialé 0 V

vs. RHE) [2]Using in operando transient photocurrents and spectroelectrochemical photoinduced absorption
measurementswe discoveed that lightinduced accumulation of lonlived trapped electrons within the PHIm

leads to effective photodoping of the PHI film, resulting in a significant improvement of photocurrent response due
to more efficient electron transpof]. While photodoping has been previously reported for various semiconductors,

it has never beershown before for carbon nitride materials. Furthermore, feeind that the extraction kinetics of
untrapped electrons are remarkably fast in these PHI photoanodes, with electron extraction times (ms) comparable
to those measured for commonly employed medaide semiconductors.

Thecontribution will discuss the intriguing properties of ionic carbon nitride materials, in particular with respect to
our recent theoretical insights into their peculiar photophysic$]4
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Bismuth niobate represents a functional class of materials that exhibits chemical and electrochemical stability, as
well as photoelectronic activity. These properties can be explored in various applications, including photocatalysis. Its
efficieng/ can be improved by coupling it with other metals or metal oxides.

dzZ]le A}YEI E%O0}E » §Z ( &E] 3§]}v }( *vKI 1E K Z Zasd@sjeditecBiijue, whith P L
significantly reduces processing time and energy consumption. ZnO nanorsdviiira synthesized in 48 minutes and

lulv A]3Z JEK U AZ]Z A« }y3]v Jv ii ulvpsd U (}EuU]vP 3A} Z § E}i
vv o]JvPe v ]JE K levKd ~ vv o0 <X

The detailed characterization of the synthesized materials, includiray Hiffraction, scanning and transmission
electron microscopy, confirmed thfarmation of a heterojunctiorbetween the components. Kelvin probe force
microscopy, Xay photoelectron spectroscopy, Ultraviolet photoelectron spectroscopy, optical analysidviattel
Schottky plots indicate the formation of ansBheme structure, which increases the separation of photogenerated
charges. This hypothesis was also supported by-tieselved microwave conductivity measurement, timesolved
fluorescence, and photolumescence studies. However, slight differences in the properties indicated that the thermal
SE Suvs Jv E - §Z }oe v v 5 Jo]sSC }( sz ]JE KolevkKdX e E
photo(electro)catalytic activity. The oxygen evolutiongtan under photoelectrochemical conditions and hydrogen
evolution study under photocatalytic conditions further support that the BiNbO4/ZnOT heterojunction has the highest
performance As a result,lte heterojunction demonstrated photocatalytic activityrfnhydrogen production that is 3.5
Slu « Z]PZ &E §Z v SZ S }( & °+vK v 1 8JueZ]PZ & $Z v SZ S }( ]JE KX

dZ « & *posSe Z]PZo]PZS§ §Z-bdsepsnatér]ale f¢r(hydgeh production, with relevance for Brazil,
given its significant niobiumeserves and the strategic importance of developing new applications for this metal.

Fig. 1.Schematic representation of the heterojunctioj E K |+ vadad its photo(electro)chemical activity towards hydrogen
production
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Recently, more and more efforts have been punamoarchitecture design of photocatalysts, especially those
with exposed facetsCuprous oxide (GD) is a notable example, exhibiting different facets such as {111}, {110}, and
{100}, each affecting its photocatalytic performance. HowevepOCsuffers fom photooxidation under prolonged
light exposure, limiting its standalone useherefore,there is an urgent need for effective and simple method for
CuO protection, while at the same timts photocatalytic properties should still be used under visilét irradiation.
Nowadaysa lot of effort is put into exploring heterostructures combining.Ouwvith more stable photocatalysts like
TiG to enhance its stability and activif§-2]. Nevertheless, forming a simpt@mpositestill does not guarantee the
photostability of cuprous oxide.

Therefore,core@shell heterostructures with faceted cuprous oxide as a aarktitanium(lV) oxide as a sHel
were investigated. The dependentetween exposed facets of & nanoparticles and the physicochemical and
photocaalytic properties of the material (unmodified CuO as well as obtained gD@TiQ core@shell structures)
were studied Moreover,the stability of the conposite and clarification of thephotocatalytic mechanism during
different reactions (both reductionral oxidation ones)vere discussedn details.

Fig. 1.SEM images of obtained faceted-Oustructures: (a) cubes, (b) rhombic dodecahedrals, (c) octahedrals, and (d)
truncated cubes.
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Semiconductor photocatalysts represent a powerful technology for degrading persistent water pollutants. Among
these, niobium pentoxideNb,Os), a nontoxic, ecefriendly metal oxide with strong oxidizing capabilities, has
garnered significant research interest. /g is an ntype semiconductor whose efficacy in removing water
contaminants is enhanced by its unique Lewis and Brgnsteditesd Burthermore, the specific crystalline phase and
properties of NbOs are strongly influenced by its preparation conditidqdg

Despite the demonstrated potential of semiconductor photocatalysts, practical water treatment applications are
hindered bychallenges in catalyst recovery after use. Immobilizing the photocatalyst onto a substrate overcomes this
limitation, potentially enhancing stability, efficiency, and reusability, thereby improvingeftesttiveness.

In this context, inorganic polymerd$Pg) emerge as attractive support materigds These ceramitike materials
are lowcost, environmentally friendly, and possess high mechanical and chemical stability. They are typically
synthesized at neaambient temperatures through the alkaline actiicm of aluminosilicate precursors, such as
metakaolin. By employing additive manufacturing techniques, it is possible to fabricate IP membranes with precisely
engineered architectures, controlling pore size, distribution, and interconnecfR].

Thi study focuses on development of-pbBnted photoactive IPs membranes incorporatiNg,Os via direct ink
writing (DIW). Their performance was evaluated for removing selected emerging contaminants (ECs) in a continuous
flow system under LED light. Initiglamorphous NiOs was synthesized using a hydrothermal method. Subsequent
thermal treatments yielded different crystalline phases: pseudohexagonaN@Ek), orthorhombic T-Nb,Os), and
monoclinic B-Nb,Os), based on thepostsynthesis thermal treatmentThe impact of these phases dhe
photocatalytic activity was investigatddr the degradation of ciprofloxacidrug, selectedas a modepollutant. A
propertiesactivity correlation study was stablished and the operational parameters optimized.

The optimal phasel-Nb,Os, wasthen incorporated into the 3Eprinted ceramiclike structures using two distinct
approaches: i) direct mixing into the printable ink and ii) immobilization onto the surface qirped structures.

The effect of catalystloading amount and preparation method on the functional membrane activity towards
ciprofloxacin was investigatedhe photoactive membrarsawere fully characterized and tested for the removal of
simultaneous emerging water pollutants in a continuous fleaator under UV LED irradiation. These results highlight
additive manufacturing as a promising route for designing customized porous cditanimembrane supports for
semiconductor photocatalysts, leading to enhanced photocatalytic performance in watatgm degradation.
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Photonic crystalsparticularly inverse opals, have been considered as a potential structureefiizient light
manipulation. Enhancement of light harvesting through a unique optical propertgmed slow photon effect,
appearingat the edge of photonic bandgap (PB@&3s been recently applieith the field of photocatalysis [1]. Our
previous stugt demonstrated a notable increase photocatalyticefficiency when the PBG edge matched vittle
photoabsorption ofTi&: [2]. However, TiG is mostly valuedfor its UV photoactivity, thus the development ofits
visiblelight responsehas been an inevitableopic. Therefore, plasmonic nanoparticles with thelocalized surface
plasmon resonance (LSRect are a great prospedor visible lightactivity ofinverse opatitania (I0T)[3].

In this regardcombination of slow photon effect as a property @M with LSPR coming from Au nanoparticles
(Au NPs) was studied in order to develop a weflanized photocatalytically active structures able to utilizing visible
light.

Well-establishedAu-decorated inverse opal titania (Au/IOT) films on glass substrat were obtained by co
assembly methodUnlike a conventional synthesis processith three consecutive steps, i.€i) formation of opal
template; (ii) infiltration of titania; and (iii) removal of opal templatethis methodcombines opalfformation and
infiltration steps.Moreover, Au NPs deposition was implemented simultaneously during the structure formation,
allowing thecrackselimination

The synthesizedOT andAu/IOT exhibit welbrdered facecenteredcubic structureas shown irFig.1 Athough
the thicknessof the filmsis rather low obtained materialsstill exhibit great photoactivity under UMs irradiationin
various reaction systems, including oxidative acetic acid degradation and terephthalic acid hydroxylation.
Furthermore, Au NPs position dependence (on the surface or embedded in the wall structure) on Au/IOT
photocatalytic activity was also investigatetivhat is also worth to mention, both optical properties and
photocatalytic activity were tested in a specially designedledependent system in order to examine photonic
properties of obtained materials.

Fig. 1.SEM images of Au/IOT film under two different magnifications
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Zinc oxide (ZnO) nanostructures are at the forefront of cutédge applications in optoelectronic, photocatalytic,
and antibacterial applications. We present the first successful synthesis edigeled ZnO nanorods (NRsjwspiky
terminations via aerosedssisted chemical vapour deposition (AACVD), mimicking the morphology of the wings of
Cicadas. This novel approach achieves precise control over nanostructure alignment and morphology, addressing ke
limitations in ZnGbased functional coatings to deliver nanostructured coatings with a dual antimicrobial
mechanism.[1]

Our innovative twestep AACVD process enables precise control over nanostructured alignment and morphology.
By engineering a-axisoriented ZnO seed layewe drive the growth of higlaspectratio NRs with sharp, concave
apexes purely along the [0001] direction, significantly enhancing surface reactivity.[2] Structural analysis via SEM
HRTEM, and XRD confirms uniform alignment and phase phigty], while optical characterisation reveals a blue
shifted bandgap~3.65 eV), indicative of quantum confinement effect at the nanospike tips.

Fig. 1.A) Exposed families of planes on NR with pl&ie, domelike, and pencilike tips. B) Scheme of the tandem @D
process to form ZnO coatings with aligned NSPs. C) SEM images showing the presence of ZnO NRs film coatings with a concav
apex tip, forming ZnO NSP coatings; and HRTEM images showing the diffraction patter of ZnO NSP film coatings

Beyond their struairal and optical advantages, these ZnO nanostructures exhibit remarkable antibacterial activity
against E. coliK12, demonstrating superior bactericidal effects over conventional ZnO coaffigs J. This
enhancement stems from a duattion mechanism: echanical membrane disruption by the spiky terminations and
amplified photocatalytic activity under UVA illumination.

Fig.2. Viable counts of bacteria after exposure to UVA light and to the deaiikdicates that the viable count was
below the detection limit of 100 CFU/ml.

Our findings position AACVD as a scalable and versatile platform for the fabrication-géneration A0-based
coatings, unlocking new possibilities for sdlaning surfaces, antimicrobial applications, and advanced
photovoltaics. This work paves the way for the tailored design of ZnO nanostructures with enhanced functionality,
setting a new benchmark ithe field.
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Developing of new, highly efficient, photocatalytic materials depends to large extent on better understanding of
physical and chemical phenomena occurring right after photorogdi®mn. Here we discuss the use of transient IR
2% SE}e }%CU }% -E FVP%o M} %Z A]SZ %opoe 0 » E AekSitaliDhybcedsEs « S |
in photoactive materials.

In the past, spectral transient changes that are sensitive tgptiese of the photocatalyst and to its preparation
procedure were demonstrated with carbon nitride, BiVO4, BiOCI, and hematite. Here, we report on the extension of
this method to Metal Organic Frameworks (MOFs) and, in particular, MIP177(Ti). This Mbd- syarthesized in
forms: MIR177(TiLT (LT: Low Temperature) and MIP7(Ti)HT (HT: High Temperature). The MIF7(Ti)LT version

Ju% EJe ¢ }( d]iTKifA pv]Se ]JvsS &E }wetragarboxy@iphddylméthahd ; (mdip) ligands and
interconnecting formag¢ groups. Upon high temperature treatment, MIP7(Ti)LT loses its formate groups, thus
rearranging into a continuous-0 chain of &0y units leading to the MIR77(Ti}HT. Based on this connected
structure, one should expect a higher photocatalydutivity of MIR177(Ti}HT. Nevertheless, Hydrogen Evolution
Reaction photoactivity assessment clearly indicates the opposite. Combining transient IR measurements (TRIR), T/
and DFT/TEIDFPT calculations unveils the reasons for this situation. The TRISuremeants evidence that the
photoinduced electrons are located in the inorganic part, while the holes are in the mdip ligand. The longer lifetime
of MIR-177(Ti)LT is mapped onto a slower decay of th®Trielated peaks. A reversible change in the cootibneof
the carboxylate groups from a bidentate to a monodentate coordination was observed only H7VI(PI)LT.
Complementary DFT and ‘I-PT simulations demonstrated a higher electron delocalization on the inorganic part for
MIP-177(Ti)LT (hence, enhced mobility and slower recombination), thus explaining its superior photocatalytic
activity.

These results demonstrate, again, that transient changes in the IR spectra can serve as good descriptors for th
photocatalytic activities of materials, hence ynarovide valuable information on these processes, in particular when
the TRIR technique is integrated with other techniques.
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The photocatalytic conversion of génd HO to short hydrocarbongs a challenge in edemporary research,
representing a convenient strategy to tackle global warmimgthis regard,photoactive materials like Pt/ and
especiallyPtCu/TiQ (which absorption falls into the visible rangg)ark great interest since a thorough optimization
of their synthesis and catalytic performances would lead to converting the entire solar spectrum into solar fuels.
However, the underlyingeaction mechanismef CQ photoconversion on these systemsmain poorly understood,
limiting real progresssin the field. Disclosing the connection betweesnrface propertiesstructure andactivity of
heterogeneous photeoatalystis a challenging task, oftaequiring the employmentof a multi-techniqueoperando
approachto probethe systendirectlyunder operating conditiondVoreover, their surface reactivity often manifests
itself in very subtle changes in their already intricated spectroscopic respbhsemakes the Modulation Excitation
(ME) approach and chemometric analysis (e. g., Phaseti8er3etection (PSD) and Multivariate Curve Resolution
Alternating Least Squares (M@RS)) valuable tools to enhance sensitivity and the overall comprehension of
spectroscopic data. [1, 2]

In thisregard we investigated the photocatalytconversiorof CQ and HOto hydrocarbons on Pt/ and PtCu/%iO
(PC500) by means tifne-resolved IR spectroscoppupled toGCGMS exploiting a selfleveloped setup optimized to
carry out sharp and effective ME experimentsojperandoconditions.We pointed out the role of carbonaceous
residues (&pecies) on the raw photocatalyst surface and their contribution during the photocatalytic reduction
process.By postprocessingthe acquired IR spectra through M@RS we overcame the challenge ofIR band
assignmentn the 1800- 1000 cmt region disentangling the overlapping spectral features of the raw spéatoethe
individual speciéxontributions (Figure 1Beyond revealinghe nature ofthe maincarbonaceous specidacetates,
carbonates and formatedying on thesurface of the most commophotocatalyss, this work delivers an idepth
understanding of the role of the residual carbon speciephntocatalysis implying an evolutive behaviour of the
PU/TIQ surface.With our multitechnique analysis, we demonstratethat surface contaminants in the form of
carboxylates can participate in surface reactiansl, by monitoring the evolution of the diverse surface species upon
irradiation, we identifiedacetates asikely reaction intermediategn CQ photoconversion to hydrocarbons. [3] New
ME experiments and PSD analysis (involving light/dark and gas composition modulation) are currently ongoing to
enhance our mechanistic insight on Q®activity on Pt/TiQand to extend the comprehension th¢ solaractive
PtCu/TiQ system.

Fig. 1IR spectra of Pt/Tigxollected uporlight/dark cyclesinder (A) Ar/HO and (A") C&£H20 flow. (BMCRALS
decomposition of the IR speetrPrincipal componentsvolutionupon light/dark cycles under (8)/H.0and C) CQ/H:0.
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In nature, the photosynthetic machinery is compdsof pigments placed in specific positions within protein
uSE] *U AZ] Z +¢]*8 ]Jv 8Z € Ppo 3]}v }( 8§z u % ]Pu v8e[ 0o SE}V]
energy absorption, transfer and conversifif]j. Thede novodesign of proteins allws the production of artificial
protein scaffolds capable of performing similar functions, providing mimetics of naturattlagliesting Complexes
(LHCs). We make use of this principle in protein maquettes containinglploahelices connected via randh coils,
where the amino acid sequences result in water soluble structures with hydrophobic[@hrest $} §Z u «<u 8§ ¢
robust structures, it was possible to precisely decorate them with the synthetic chromophosgisedphorbidea
(ZnPa) and Rhodamine 101 (R1l6@dpctivate an energy transfer patfrom R101 to ZnRan our design, ZnPa is
connectedf} Z]+S] Jv E ] L * %0 Jvel] SZ u <u 88 ¢ ZC E}%Z} ] }E U v 7
random coils via a cysteine residue. The obtained chromoppootein complexes possessvary wide absorption
crosssectioncovering a large portioof the visible spectrum }ve <pv }( }tu]v]vP }8Z ZE}u
absorption bands in the blue/red (ZnPa) and green (R10don chromophore bindingwe could modulate ZnPa
photoluminescence: its emission efficiency increases on account of the yemengsfer process and the mobility
restrictions imposed by protein environment, which also ended up narrowing the emission spectrum in comparison
to ZnPa free in solutiorSteadystate and timeresolved fluorescence spectroscopies assistedonlyin determining
the energy transfer mechanis but also revealed new chromophecliromophore interactions via excitonic coupling.
Circular Dichroism showed that R101 gained chiral activity upon binding, and confirmed the new energy levels derivec
from R101 and ZPa couplingR10%1ZnPa interactions were then probed by Stark Absorption Spectroscopy, which
discriminated the new electronic states and features that account for an increment in ZnPa charge transfer character
in comparison to the complex containing onlyPa.Finally, Molecular Dynamics simulations showed that ZnPa and
R101 moieties remain buried within the protein hydrophobic core, depicting an excitonic coupling of 4Gncm
agreement with the insights obtained by the spectroscopic experiments. In suynenbioinspiredde novoprotein
scaffold vasdesigned offering a viable alternative to produce excitonic interactions within supramolecular assemblies.
Simple structural modifications in the protein amino acid sequence afforded the binding of muliplmaphores
with the creation of a energy transfer pathwayThus, ar research contributes to pave the way for custom made
artificial photosynthetic systemt® be coupled withphotonic devicessuch as Dy&ensitized Solar Celisie to the
u <u SSsepeior structuring inan eco(E] v oC %% E} Z $Z § ( ]o]S § « §Z Suv]vP }(
structuresand the production of electronic states capable of funnelling down the excitation energy similarly to natural
photosynthetic complexes

Fig. 1.(a) De novachromophoreprotein conplex containing R101 and ZnPa (the arrows outline the energy transfer path), and
(b) its absorption spectrum. (c) Absorption and Stark Spectra of R101 in buffer (black lines), complexes containing @aty R101
lines), and containing both R101 with ZnPa (blue lines).

References
[1] E. Romeret al, Nature, 543, 35865, (2017).
[2] M. Curtiet al, Potein Science, 32, e4579, 2023

Acknowledgements
We thank the funding from the European Research Council under the€EB% v hv]}v[e ,}JE]I}v 1ifi Z « E Z v
Programme (Grant agreements N° 8055Ri$-Inspired_SolarH2, and 1011078d6BioLED).



0C-20
UV-visible modulationexcitation Xray absorptionspectroscopy
to obtain insights in photocatalysts activepecies: the example
of CQ reduction by TiQ supported Mooxysulfides

S. Roth, A. BonduellSkrzypczak C. Legenrts]. Marig, A. Beauvobs V. Brioi V. Mouge], C. CopérétP. Raybawd

a IFP Energies Nouvelles, Solaize, France
b Synchrotron SOLERaint Aubin, France
CETH Zurich, Zurich, Switzerland

Background and motivation

In photocatalytic processes, the number of active sites is limited by light penetration and hence represents only a
fraction of the total material. Xay absorptiorspectroscopy (XAS) is a bulk technique, which can make it difficult to
differentiate the spectator species from the active species. In this contexyjisifMe modulatiorexcitation XAS (UV
VisMEXAS) coupled with phase sensitive detection (PSD) has atreeygepowerful tool to highlight the contribution
of active species during the photocatalytic procfidsIn this work, we implement UVMisMEXAS methodology using
a recently developed versatileperandophotocatalytic cel(Fig. 1.ao rationalize thebehavior of Mo oxysulfides
supported on Ti@catalysts exhibiting appealing €@hotoreduction properties.

Materials and methods

Mo-based catalysts supported on Bi@ere synthesized by a surface organometallic chemifiyinspired
approach for 2 diffeent Mo loadings (0.5%Mo and 3%:Mo). Each material was sulfided at 2 different temperatures
(20°C and 350°C) and thermally ptsiated at 350°C under vacuum. We studied the behavior of these catalysts
during the photocatalytic reduction of GOy XAS athe Mo kedge at the ROCK beamlif8d, using a Xe lamp (320
720 nm) as UVisible source. To highlight the contribution of active species during the procesgisUNEXAS
(coupled with PSD) was implemented at ROCK witlikible light pulses of 3 min (Fig. 1.busing theoperando
photocatalytic cell and ofine gas detection (micr&C).

Results and discussion

First, Chlis detected as major product when sending.@8d HO (C@H20 = 40 mol/mol) through the cell under
U\visible irradiatim. Even more, the quantitative time evolutions of Qirbduction of all tested catalysts agree well
with those obtained by using the photocatalytic unit commonly used at IFBENig. 1.cX dZ]e A o] § « §Z
reliability. Secondlypperandoexperiments are performed and interpreted with two levels of data analysis. 1) The
evolution of the Mo Kedge XAS spectra throughout the photocatalytic test allows to correlate the progressive
evolution of Mo species (slight oxidation and/or local order modiiices) with the deactivation of the photocatalysts.
We propose a reaction mechanism derived from these data. 2) The demodulation signals (resulting from the PSC
treatment), featuring only active Mo species, reveal that the nanostructure and compositiba bo species formed
highly impact the photoactivity of the materials. Mo oxysulfides nanoclusters are active species whilsliébeSire
inactive and even detrimental to the photoactivity. This study simultaneously reveals how to tune the photoactivity
by controlling the Mo loading and sulfidation temperature.

Fig 1. (a) Newly developed operando photocatalytic cfd) UMvis MEXAS coupled with PSD methodpjo(c) CHproduction
rate evolution with timefor 5 different photocatalysts compared ¢he ROCK and IFPEN-8ps.
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, U S]S-&r K ] % E}ule]vP % Z}S} v}-drivenswaket splitfihgelue}to itechemical stability
andsuitable bandgap. However, its performance is hindered by poor charge transport and sluggish oxygen evolution
reaction (OER) kinetics. Cobalt phosphate (CoPi) has been employedas& awC+S §} vZ v §Z §]A]5C
yet the mechanistic role afobalt in this enhancement remains elusiféree primaryoles of Cdave been proposed
in the literature- (1) as a hole accumulator, improving charge separétiai2)as a direcfparticipant in the oxygen
evolution reaction (OER) by forming Co(I\V@intediates at the cobalt oxyhydroxide surf&eand (3gnhandnglight
absorption, with its oxides formed durif@ERexhibiting visibldight absorption and serving as active catalytic sites
for OERY. In order to understand the different roles playeg 8o in photoelectrochemical OB use timeresolved
X-ray absorption spectroscopy (XA$}the Co kedge(Fig 1(a)c))to probe the electronic and structural dynamics of
& KCoPi photoelectrodes undghotoelectrochemical conditions. Large seriesX#S spectra were analyzed as
described previousl§)- We also performed measurements of optical absorption changes induced by light modulation
(Fig. 1d) and looked at the hole accumulation, combining these data with photocurrent measurements using the
method proposed iff.

Steadystate XAS spectrat the Co Kedgereveala shift in theCooxidation stateas the applied potential gets
closer to OER conditionmdicating theformation of higher Co oxidation intermediates, mostly Co{iMhen the light
source is modulatedtime-resolveddifferenceXASspectrashow distinct spectral changes at the Ged§e, suggesting
the reversible oxidation of Co spec&photoelectrochemical conditiondue tothe accumulation of holefom Co(ll)
to Co(lll)(Fig.1b) We measured the kinetics (Fig. 1c) of hole recombination/consumption at the Co centers for the
same system using tim@solved XASybselecting energies near the absorption edig¢he range 7.70 to 7.77 keV
maximizingsensitivity to oxidation state chges.From the comparison dhese data with those obtained using optical
probe (Fig. 1d) the contribution of hole accumulation at the Co centers was clarified. To further understand the
involvement of Co atoms as catalytic centers, the tiagolved XAS sptra were measured for two different applied
potentials corresponding to the oxidation and reduction peaks observed in the cyclic voltammogram.

Fig. 1.(a)Difference light OMDFF XAS spectra, (b)Steatite Co kedge Light OFF and Light ON XAStspaad (c) Kinetics
for time-resolved XAS; (d)Kinetics for photoinduced absorption

OUE (]v JVPe % E}A] % E pv E+S v JvP }( §Z }}% E $]A Jvs E 3]}
guiding the rational design of more efficient photoelectrader solardriven water splitting.
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Photoelectrocatalysis (Electrochemically assisted photocatalysis) has been reported for the degradation of
challenging pollutants in water and the inactivation of pathogenic microorganisms. With PEC, a semiconducting
electrode isused either as the anode or cathode. More commonly, @ype photoanode is used for the generation
of reactive oxygen species and an applied external electrical bias is used to drive photogenerated electrons to the
counter electrode to avoid recombinatiaof charge carriers and improve process efficiency over photocatalysis alone.
Furthermore, the spatial separation of the oxidation and reduction sites reduces losses due to surface recombination
reactions [1].

Intensive research has been applied to phalextrocatalysis (PEC) for water/wastewater treatment; however,
the scaleupand psS}tu S]}v }( SZ « <Ce+S ue Z «v][¥Forany AGP arldegrXdative process, there must
be some means of control to ensure that either target disinfection levelsahgeved or that the residence time is
sufficient to degrade any potentially toxic intermediates

In this work, a PEC system has been scaled uprttehgth with an irradiated volume of 0.85 Che photoanode
was titanium mesh coated withtitanium dioxde nanotubes (TiNTjprmed by anodisation Threemeshes are
overlayed anccombined to maximise photon absorption, and a stainless steel 316 rod (5 mm diameter) was placed
in the centre of the reactoas the counter electrodeA compound parabolic collemt(CPC) was used to increase the
reflection of irradiation from thesource (UVA lamp under lab conditioaspund the circumference of the tubeThe
photocurrent was used to control the process by measurement of total charged passed. An Arduinderontsl
used to control and power supply, solenoid valves and pump to operate in sequential batch mode. The reactor was
tested for the efficiency of inactivation of antibiotic resistai.coli in simulated wastewater effluent.
Peroxymonosulfate was added 0.3 mM to enhance the efficiency of disinfectiowhen the system was operated
in an automated mode it achieved a >5 log reduction in antibiotic resistancelin synthetic wastewater.

While more work is needed on scale up mfiotoelectrocatalytic reactors, this work is evidence that the
photocurrent can be used to provide some level of feedback control in the process efficiency.
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Using solar power to pragte hydrogen via photocatalytic watsplitting is often touted as a promising
decarbonization route, but most studies have only been conducted on lab scale, and the dearth-stlegstudies
is a barrier towards wider industrial adoption. Addressihgs tissue of scalability for the photocatalysis process
requires further investigation into material synthesis and #éal demonstrations.

In this study, we demonstrate a pilot scale plant, which uses agCDE catalyst that has been synthesized on
tens of gramsscale levels [1]. Initially, we conducted lab scale experiments to optimize reaction conditions and guide
the pilot plant design. To allow for continuous hydrogen production, we designed a helical shaped photoreactor that
allows both natural suight and artificial light (UM LEDS) to be used either separately or concurrently, using optical
depth of reaction mixture as a key metric for reactor diameter.

A pilot plant, with total capacity of 4L and illuminated capacity of 1.5L, was built, whiiizedi compact linear
Fresnel reflectors (CLFP) to allow ~5x sunlight concentration factor onto the photoreactor, with the inside of the helix
containing strips of UM LEDs which can drive the reaction in absence of sunlight. A control panel with progjoiem
logic control (PLC) was constructed to allow a great degree of automation to the process, with automatic data
collection, temperature/flow rate/pressure monitoring, and sun tracking.

A slurry of photocatalyst, sacrificial agent (ascorbic acid) atthpm cecatalyst in water is continuously pumped
through the reactor while in operation. Higher temperatures were found to be desirable for enhanced reaction rates,
hence, the pilot was also designed to absorb waste heat from the LEDs to further incyelasgen production.

Results from the pilot show a maximum production of 16 mmol/hr/g.cat of hydrogen could be achieved, which
occurred during the ® and 39 days of operation using the same reaction batch (which ran for consecutive 4 days),
comparable to 23.4 mmol/hr/g.cat obtained at the lab scale in [2] with similar COF catalyst/ascorbic acid sacrificial
agent mixture. For STH, we obtained 0.205%, whichhigteer than the 0.087% reported in [3], for a similar slurry
type pilot scale photoreactor. There is a capacity for hydrogen production to significantly rise pending further
optimizations in reaction composition and solar tracking.
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The widespread use of antibiotics and their persistence in aquatic environments have raised increasing concerns
due to the emergence of antibioti@sistant bacteria and potential risks to ecosystems and human health. étatbi
are frequently detected in wastewater treatment plant (WWTP) effluents at concentrations ranging frothtagub
L%, and conventional treatments are often insufficient to remove these micropollutants. Developing efficient, cost
effective technologes for their removal is therefore essential [1].

This work investigates the application of Ti/Fi€lectrodes fabricated by additive manufacturing for the
photoelectrochemical (PEC) degradation of antibiotics in wastewater. Unlike traditional planaoeés;tadditively
manufactured 3Belectrodes offer enhanced mass transport properties and tailored surface architectures, potentially
improving treatment efficiency. High costs limit conventional materials such as fotmped diamond (BDD), whereas
Ti/TiOscomposites present a promising alternative for scalable applications [2].

Photoelectrochemical degradation experiments were performed in 250 mL Pyrex glass batch reactors illuminated
with UVAlight, using synthetic wastewater simulating WWTP effluentsediogith 10 pg l* of a mixed antibiotic
solution. The antibiotic mixture comprised compounds from the macrolide, fluoroguinolone, quinolone, tetracycline,
sulphonamide, lincosamide, penicillin, and nitroimidazole families, selected based on their inalugierEU Watch
List (EU 2022/1307) of substances of concern due to their persistence and potential environmental risks [3].

The electrochemical characterization of the electrodes was carried out by linear sweep voltammetry (LSV) under
dark and illuminagéd conditions (solar simulator, 1 sun). LSV was conducted-dnVv to +1 V vs Ag/AgCl at a scan
rate of 5 mV &. Based on the photoresponse and onset potentials observed in the LSV curves, appropriate potentials
were selected for chronoamperometric eximents aimed at maximizing photocatalytic degradation.

The analytical methods for antibiotic detection and quantification were carefully optimized, given the challenge
of working at such low concentrations. Sample preparation involved-pbide extradbn (SPE) to achieve high
recovery rates and high preconcentration factors. Analysis and quantification were performed byhighra
performance liquid chromatography coupled to tandem mass spectrometry ((U)MBIMS) with an electrospray
ionization soure operating in positive mode, using the multiple reaction monitoring (MRM) method.

Preliminary results reveal the necessity to perform various control experiments to isolate the effects of adsorption
and photolysis. Notably, at concentrations below 10 mgoitjbiotics from the macrolide or quinolone family exhibited
some adsorption over time onto the Pyrex reactor walls, while tetracyclines and fluoroquinolones demonstrated
substantial photeinduced degradation under UMAght, confirming their high photogesitivity.

The preliminary findings have revealed encouraging results for the photoelectrochemical process using additively
manufactured Ti/TiGelectrodes as an effective strategy for removing complex, persistent, and anthropogenically
derived contaminard, such as antibiotics, from wastewater. The ability to tailor electrode architectures through 3D
printing v by optimizing features such as surface area, porosity, and light absorption pathweygdes a powerful
approach to enhance charge transfer effiaggnlight harvesting, and overall photoelectrocatalytic performance in the
removal of emerging microcontaminants.
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This work presents a novel method for maeeg in situ photocatalytic activity under reaforld exposure
conditions of functionalized surfaces. This method is based on the use of photocatalytic activity indicator inks given in
[1] having developed a protocol to conveniently measurapidly and m situ- the activity of the photocatalytic
materials. The procedure is based on monitoring the photodegradation of a color indicator sensitive to redox reactions
driven by the photoactivated material [2], with integrated analysis of the results. The degigers the photocatalytic
process using its own adjustable light source and detects photocatalytic efficiency through the gradual color change
in the probe, providing a sengjuantitative efficiency value.

This specific study has focused on in situ activity measurements by the aforementioned method in 33 streets in
Madrid, on the asphalt road surfaces, previously treated with a photocatalytic emulsion. A total amount of 216
measurements were taken at the tavof product application and at two different exposure times, while exposed to
road traffic. Additionally, laboratory measurements were performed on extracted samples [3] according to the
standard method ISO 22197 t Nitrogen oxides air purification. Thresults obtained through both methods were
correlated, demonstrating that the in situ measurement method, based on indicator inks and the associated
adjustments, provides an adequate estimation of photocatalytic activity in-weald environments. Both th
proposed and standardized tests showed a clear decrease in photocatalytic efficiency over time. A significant loss o

photocatalytic activity occurs as a function of exposure time,
with approximately 60% of the streets showing no detectable
activity usirg the ink method, even when measuring in
areas that initially presented the highest amount of

photocatalytic product.

Time (min)

Fig. 1. Schematic view of the measurement process.

References

[1] A, Mills, D. Hawthorne, and N. oo*U ]Jv , v }}I }( ~ o(r o Vv]vP "uE( =+ v D § E] oW &E}u &
,Wiley, 2023, pp. 17305.

[2] E. JimeneRelinque, E., M. Castellote, Constr Build Mater. 214 (2089) 1

[3] R. Nevshupa, E. JimerRRelinque, M. Grande, E. Miaxez, M. Castellote]. Environ. Manag. 272 (2020) 111059

Acknowledgements
The authors are grateful to CEMOSA and SOCOTEC for their support in the logistics of the in situ measurements



0OC-26

RealScale Evaluation of Photocatalytic Pavement Performance
for NOx Abatement in Urban Environments

Jose FermosgpFrancisco VerdugpAlicia Aguady Sandra Rodriguegufuented David Moretéh, Benigno Sanchgz
Silvia Suarez

aCARTIF Technology Center
b University of Valladolidraculty of Sciences.
¢ Centro de Investigaciones Energéticas Medioambientales y Tecnoldgicas (CIEMAT)

Over the past decades, extensive research has been conducted to assess the photocatalytic abatemgnt of NO
under realscale conditions. Initial laboratgrstudies demonstrated the ability of Ti®ased materials to oxidize
nitrogen oxides under controlled environments [1]. These encouraging results led to various field trials, such as the
use of photocatalytic pavements and coatings in urban areas (ergaBe, Rome, Madrid), with reported NO
reductions ranging from 20% to 80% depending on design and environmental conditions. However, othecdéege
initiativesvincluding Life PhotoPAQ, MINGXREET, EQUINOX and PHOTOSGALgKBhted the complexity fo
isolating a measurable photocatalytic impact on ambienksi@ncentrations under real urban conditions, due to high
dispersion, meteorological variability, and low sigttahoise ratios in open environments. These findings underline
the limitations of pevious evaluation approaches and the need for robust, standardized methods for in situ
assessment of photocatalytic performance [1].

This study introduces an improved methodology for evaluating photocatalytic performance under real urban
conditions. Advacements include longerm monitoring, normalization procedures, and the use of sensor
technologies with high spatial and temporal resolution, collecting data every ten minutes over extended periods.
Although the positive results may partly reflect improveldotocatalytic formulations, the specific contribution of
material evolution was not evaluated in this work.

The study was conducted on a higghffic section of the €31 road in Barcelona (Spain), where a photocatalytic
surface treatment was applied t®elected segments. Monitoring was carried out simultaneously in both treated and
untreated reference sections using sensors validated against a reference air quality monitoring station. Data were
collected from August 2023 to January 2025. Environmentalables such as solar radiation, precipitation,
temperature, and traffic density were also considered to contextualize and normalize the results. The findings show a
reduction in NO and particularBpdO, concentrations in the treated section compared to tteference. Analysis of
average daily profiles revealed a decrease in NONcconcentrations during daylight hours in the treated section,
consistent with the presence of solar radiation and the activation of the photocatalytic process. In contrast, PM
concentrationsy expected not to be directly affected by the treatmenshowed no significant differences between
sections, supporting the specificity of the observed effecN@k. A temporal variation in treatment effectiveness was
observed, with an initiatlecline followed by a recovery phase, likely linked to the cleaning effect of rainfall after an
extended dry period. Monthly trend analysis suggests that photocatalytic activity contributed to avBi@ge
reductions between 1525% during periods with redar rainfall and sufficient solar radiatiohhe results demonstrate
the applicability of the proposed methodology for assessing photocatalytic performance in real environments, as well
as the potential of these treatments as complementary strategiesnfiroving urban air quality. However, future
work should consider evaluating the loterm evolution of material activity and its relation to environmental
exposure.

Fig. 1.Average daily profiles of NONO, and PM concentrations in photocatalytically teeb(CARTIF 4) and untreated (CARTIF
3) road sections during the full monitoring period.
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As a quaternary treatmentdvancedoxidation processefAOPshre a weHestablished technology for treating
polluted aquatic systems due to their versatility, as@lective oxidation, and ability to work synergistically with other
treatment methods. Foinstance, they can be integrated with biological, physical, or chemical processes to enhance
overall treatment efficiencyWhen considering heterogeneous photocatalysis as an example of AOPpaelkered
immobilised catalyst is essential for sustainablatev purification [1].Combinations of various AOPs appear to be
even more effective and promising way forwardo meeting newdemands andegulatiors.

In this research, we investigated the degradation of bisphenol A (BPA), bisphenol S (BPS), bis(BeRhl F
bisphenol AF (BPAF), aralramethyl bisphenol F (TMBP)water at two concentrations levels: 200 ng/L and 1000
ng/L, using immobilise@iQ in photocatalyss coupled with hydrodynamic cavitation. The experiments weaeried
out using two matries; tap water(Fig. 1)and wastewater from the local municipal wastewater treatment plant. The
P-25 TiQ photocatalyst was immobilised onto foamed alumina monoliths effectivelytheasolgel route[2] and
shown to be suitable for lonterm use even in wetewater. Analysis of the spent catalyst revealed no changes to its
structure, only carbon and Ca depositgere detected As expectedthe degradation of bisphenot®ok place much
more readily in clean water than in wastewater, most likely duettzer organic matter present in addition to the
bisphenols[3, 4] The current study shows an important improvement in the applicability of the two methods for
treating polluted water bodies.

Fig. 1.Removal ofwo bisphenolgborderline caseg)sing selected treatment setups for tap water. The data were fitted to the
non-linear form of the firstorder reaction rate
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Over the past several decades, pojnd perfluoroalkyl substances (PFAS) have emerged as a significant
environmental concern due to their widespread industrial and consuapglications. These persistent pollutants
have been detected in humans, animals, and ecosystems, raising alarms over their toxicity and potential carcinogeni
effects[1]. The key challenge in addressing PFAS contamination lies in their exceptional tk&abitigy, primarily
due to the high bond energy of thetEbond, which makes conventional water and wastewater treatments ineffective
[2]. As a result, there is an urgent need for innovative degradation strategies. Among emerging approaches,
photocatalysis has gained attention as a sustainable method driven by solar energy, offering a promising route for
PFAS breakdown. However, despite recent advances, the degradation mechanisms and efficiency of photocatalysi
for PFAS removal remain largely unexplgorethking it a rapidly evolving research area with significant knowledge
gaps[3].

Unlike conventional photocatalytic studies that primarily focus on oxygdm environments, this work
investigates the degradation of perfluorooctanoic acid (PFOA) undexiarconditionsoffering new insights into
alternative reaction mechanisms and potential electron transfer pathway®nhance photocatalytic performance
variouscombinations of UVC or UVA light with 7a®1n,Os nanopowders, modified with Au or Ag naarticles, were
explored. Additionallya UVC/KI system was tested as a benchmark for compajd§on

Both TiQ- and InOs-based catalysts exhibited significant PFOA adsorption in dark conditions, underscoring the
importance of distinguishing between meladsorption and true photocatalytic degradation. To accurately assess
reactivity, the identification and quantification of reaction products, such as shatiain perfluoroalkyl carboxylic
acids, werecrucial The Ti@based catalysts demonstrated highactivity under UVA irradiation, while the JBs-
based catalysts were more effective under UVC light (Fig. 1). Notably, the L¥Gistens achieved the fastest
PFOAemoval outperforming both the UVA/TiCand UVC/KI systemA.reaction mechanisnis prgposedbased on
the observedreactivity and photocatalyst properties

These findingglucidate how photocatalyst composition, light wavelength, and surface modificatioflaence
PFOA degradation under anoxic conditiopgvidinga deeper understandingof the rational design of advanced
PFAS remediation technologies.

Fig. 1.PFOA removal (left) ardistribution of degradation product8ight) in different photocatalytic systems
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The increasing contamination of water bodies due te gnesence of emerging pollutants in industrial effluents
many of which exhibit high resistance to conventional wastewater treatment methdds underscored the urgent
need for more efficient removal strategies for recalcitrant contaminants. Advancedtmxidarocesses (AOPs) have
emerged as promising alternatives, demonstrating effectiveness in degrading complex compounds such as dyes an
pharmaceutical substances.

This study investigates the application of AOPs for the degradation of two persistentriadpsliutants, 4
chlorophenol and Sunset Yellow, using photolytic and heterogeneous photocatalytic systems in compound parabolic
collector (CPC) reactors. Heterogeneous photocatalysis was performed using fixed beds of iron oxides supported o
natural pumice stone and commercial polyurethane foam, with a particle size range ot04&inm. The catalytic
beds were synthesized via-poecipitation of Fe(ll) and Fe(lll) in an alkaline medium, based on the protocol proposed
by Cifci et al. (2021) [1], with dain modifications. Characterization of the catalysts was conducted using scanning
electron microscopy (SEM), enerdigpersive Xay spectroscopy (EDS), andax diffraction (XRD), among other
techniques, to assess their catalytic activity as well a&se properties.

The evaluated technologies included ozonation, Fenton, and pRetdon, as well as combinations such as
ozonation/UV and ozonation/B02. Among the catalytic techniques, the phe@nton process was the most effective
in contaminant degrdation. In this process, the pumice stehased catalyst exhibited higher activity in contaminant
degradation compared to the polyurethane foam catalyst, with degradation percentages of 45.1%hior@phenol
and 55.4% for Sunset Yellow. Regarding chainoixygen demand (COD) removal, catalytic techniques, especially the
photo-Fenton process, were the most effective, achieving maximum removal percentages of 94.18kltoophenol
on the pumice stone bed and 96.3% for Sunset Yellow on the polyurethaneled.

These results demonstrate the potential of advanced oxidation technologies, particularly the-péoton
process, as a promising strategy for the removal of recalcitrant contaminants from industrial wastewater, paving the
way for future applicabns and optimizations of these processes in effluent treatment systems.

Fig. 1.Scanning electron microscopy (SEM) and endiggersive spectroscopy (EDS) techniques on C) natural pumice, photograph

at 2000x magnification and sum spectra of the impreigddleft) andunimpregnated (right) pumice and D) commercial polyurethane
foam, Photograph at 3000x magnification and sum spectra of the unimpregnated (left) and impregnated (right) polyurethane foam
In FigureC right,a porous and uniform surface can be sedhe micrograph of the impregnated pumice reveals a notable
morphological change after the incorporation of iron oxides, where the surface no longer presents the same porosity amiyjnifo
but appears compactor the unimpregnated foama compact and uniform surface is observed, with some pores and white areas.
With the addition of iron oxides, thmorphological and surface properties of the foam changed significantly. The surface went from
being compact and ufirm to presenting clusters of particles
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Per and polyfluoroalkyl substances (PFAS), such as perfluorooctanoic acid (PFOA), are widely recognized for the

exceptional chemical stability and environmental persistence, stemming from their strong ditmyine bonds.
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promising degradation capaliies. However, the efficiency of these systems is often overestimated due to
unaccounted adsorption of degradation produetparticularly fluoride ions onto catalyst surfaces and reactor walls.
These effects become especially problematic at low, enviroriadignrelevant PFAS concentrations, where even
minimal adsorption can skew performance assessments.
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Defluorination remained minimal at loRFOAconcentrations (<0.5%), while higher concentration# increased to
37 + 3%, with total degradation eseding 90%. Sodium fluoride control experiments confirmed that up to 82 + 3% of
released fluoride could be lost via adsorption, further complicating defluorination assessment. Reactor material was
also a factor: PTFE exhibited the lowest fluoride inteécactwhereas glass showed the highest, emphasizing the need
to consider surface material properties such as polarity and energy.

Two photocatalytically treated samples were further analy$ederms of PFOA transformation, S1 showed 36.7%
chainshorteningand 2% defluorination, while S2 achieved 60% ckhortening and 6.2% defluorination. These
findings illustrate how deeper structural degradation can occur even when fluoride release is Nriltelg due to
strong surface retention of fluorinated intermdliates. However, the modest defluorination efficiencies reinforce the
critical role of surface phenomena in evaluating degradation completeness.

Repeatability across identical experimental conditions was also a concern. Variability in catalyst sugfadeepro
and subtle environmental differences resulted in inconsistent degradation and defluorination metrics, raising
questions about the comparability and reproducibility of such studies.

To complement chemical analysis, toxicity assessments using Vidxferi revealed that untreated PFOA
exhibited 47% maximal bioluminescence inhibition, with EC10 and EC20 values of 7.9 and 14.9 rgdatiPesi,

S1 and S2 showed reduced toxicity, with maximal inhibitions of 35% and 28%, and EC20 values irc&&Siangd
22.8 mg/L, respectively. These results suggest that even partial degradation leads to significant detoxification,
reinforcing the environmental relevance of photocatalytic remediation.

Altogether, these results underscore the importance of imétigg adsorption behaviour, reproducibility analysis,
and toxicity metrics alongside standard degradation and defluorination measurements to enable robust assessment
of PFAS photocatalytic treatment systems.
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The increasing demand for sustainable water treatment technologies calls for novel, efficient, acdsiow
photoelectrode materials. Carbon nitride (CN), a polymeric semiconductor composed ofaBarttiant elements,
has gained attention due tds tunable band gap, chemical stability, and potential for photoelectrochemical (PEC)
applications [1,2]. In this work, CN films were synthesized by a green electrophoretic deposition (EPD) method onto
fluorine-doped tin oxide (FTO), using guanidine clllerand urea as precursors. Films of different thicknesses were
obtained by varying the EPD time (from 0.5 to 10 min) at constant voltages of 20 V and 50 V, followed by annealing a
300 °C.

Optical film characterization was performed through Tauc plotgétermine their band gap and energy band
diagrams. PEC performance was evaluated under simulated solar light (AM1.5G, 100 #)\WWycitmear sweep
voltammetry (LSV), photocurrent transients, and ogércuit potential (OCP) measurements. The effect of
illumination side (electrodelectrolyte -EE, front or substrateelectrode -SE, baclk was also assessed. The OCP
results (Fig. 1A) revealed a predominantly cathodic behavidyde), which could be modulated by the applied
polarization, as confirmed by LEMg. 1B). The ambivalent photoresponse suggests the material can behave either as
a photoanode or photocathode depending on the applied potential. According to the chronoamperometry ¢Fig. 1C
D), stable anodic and cathodic photocurrents were achieved ddipgnon the bias, demonstrating a dual behavior.

This dual behavior paves the way for electrophoretically deposited CN films' environmental applications in advanced
oxidation processes (e.g., water splitting and pollutant removal).

Fig. 1.Photoelectrochemical characterization of electrophoretic CN films (1 min, 50 V). (Ay®pghpotential (OCP)
measurements under light/dark cycles; (B) Linear sweep voltammetry (LSV) curves; (C) Chronoamperometry at anodic and (D)
cathodic potentials(E) Tauc plot derived from optical characterization.
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Ceria is a catalyst thaxhibits high oxygen storage capacity (OSC), which enables it to undergo rapid and repetitive
redox cycles. This property is associated with the ease of creation, regeneration, and diffusion of oxygen vacancies
particularly on the surface of this oxifte,2]. These properties can be modified by introducing defects, such as dopant
Jve ES]}VU v 8Z CEu o SE 3Su v3e pv E 0}A }ECP VvV % E *+pE U Jv g JvP §
oxygen vacancies (VO). Ceria is applied in petroleum crackinggses, thregvay catalysts, photo catalysis, fuel

ooU v K }A&] S]}v v K &E andi}svalde emplpyed a6 support in oxidation reactions, with
improved efficiency owing to the metalpport interactions Several studies have @hin that ceria nanoparticles
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which are crucial for these applications. The photocatalytic mechanism in the presence of metallic nanoparticles
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visiblelight photon absorption is amplified due to the surface plasmon resonance phenomenon [4], making it an
efficient system for thghotocatalytic degradation of dyes [5,6] and CO oxidation [7]. Beyond defect generation, the
material's morphology greatly influences its catalytic activity, once the reactions occur at the molecular level on the
surface/interface of solid catalysts, wheractants are adsorbed and converted into products that are later desorbed
from the catalyst's surface [8]. In this regard, efforts have been made to synthesize materials with different
morphologies in an attempt to control defects and improve their &ficy in catalytic reactions [9]. Thus, the
synthesis of twedimensional (2D) materials with high surface area and a high concentration of active sites on the
surface presents an alternative to bulk materiétsorder to evaluate the morphology effects inK catalytic activity,
ceria nanoplates, nanosheets and nanowires were synthesized and doped/impregnated with Au and Ag. For
impregnated samples, TEM images showed the presence of small metallic particles. Raman spectroscopy showed &
enhancement in oxyen vacancies in samples doped and impregnated with Au and Ag, and the samples were tested
in a reaction mod€][L0] for the photo plasmonic oxidation ofgminothiophenol (PATP) through plasmonic activation
of K in ceria/metal interface. Our results showed an enhancement in PATP conversion to DMAB under 633 nm
excitation for samples impregnated with Au and Ag nanoparticles. EPR measurements were performed in order to
identify the nature of such oxygen species dhe results point to the presence of superoxide species.

Fig. 1.TEM images of (a) ceria nanoplates, (b) Au impregnated ceria nanoplates and (c) ceria nanowires.
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Although the dynamic restructuring of metalat&tl within metalorganic frameworks (MOFs) for photocatalytic
applicatiors has been studied recently, insights into electronic excitation remains insufficiently investigagdd.d1
explore this, we examined the liginduced behavior of a Gmetalated UiG66-(COOH)2 framework (Fig. 1A) under
various irradiation conditions, sing complementary operando techniques. A -ghase photocatalytic
dehydrogenation of formic acid (FAc) was chosen as a model reaction under ambient conditions. For the first time, a
photocatalytic logic gate behavior was observed and evidenced. The Mfdinesl in the OFF state under either
visible (>396720 nm) or NIR (>700 nm) irradiation but exhibited a high H2 production rate of 6.1 mielLlg ON
state) when both irradiations were applied (Fig. 1B). Operando FTIR and XAS analysis showed thsibleotimdi
NIR irradiations were needed for the restructuring of the metalated Cu2+ within the framework (Fig. 1B), leading to
the formation of an active Cu0/Cu+ binary center for photocatalytic dehydration of formic acid. Additionally, XAS
results indicatd that the photoreduction of pristine Cu2+ to Cu+ and CuO were promoted differently under visible
light and NIR irradiation, respectively. A cascade reaction mechanism (involving alternating visible and NIR irradiatior
cycles) was demonstrated, where bdilpes of photons were required for generating the active Cu0/Cu+ species and
maintaining the dynamic photocatalytic redox cycle to generate H2 from FAc (Fig. 1C). This novel photocatalytic logi
gate behavior was not limited to the @netalated UiG66-(CO®)2 but was also confirmed in binary Cu0/Cu20
photocatalyst used as a reference. These findings offer new insights intepdotin-driven photocatalysis with
metalsemiconductor materials and open up opportunities for designing advanced photocatalystffitdent
hydrogen production.

Fig. 1.(A) Structure of Ui®6-(COOH) MOF, highlighting the possible Cu@iichoring sites, (B) (i) the irradiance spectra of
light sources; inset left: the configuration of the light irradiation of the photocatalyatpallet form, (ii) the operando FTIR surface
spectra in the anhydride region during dehydrogenation of FAc under various irradiation condition (inset: the spectrdyat stea
state: under visible (blue), NIR (green) and visible+NIR (red) irradiation<tigspyg, (iii) 2 production at the steady state under
each particular irradiation condition. (C) Schematic illustration of the photocatalytic production2dr@d-2 over insitu
E +SEp SpE uol p s1A VEE » uv E Alel] o v E/IZ]EE ] 8]
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A new modular,  easyto-synthesize
photocatalyst was prepared by assembling colloidal
CdSe/zZnS quantum dots (QD) and gold nanoparticles
(AuNP) via their ligands thanks to Copf@atalyzed
Azide to Alkyne CycloadditionfCuAAC) click
chemistry. The good connection of QD and AuNP
was evidenced and the size of the resulting
composites was explored by combining confocal DLS
and FCS [1].

The resulting composite (QBuUNP)
photocatalyst was tested with a benchmark
photoredox system previously reported by our
group, for which QD alone acted as photocatalyst,
but with a modest Quantum Yield (QY = 0.06%) and
turnover number (TON = 350 in 3 hours) due to poor
charge separatiof2].

After optimization, the QBAUNP composites
exhikited much improved photocatalytic
performances: up to 5 times higher TON (2600 in 3
hours), and up to 24 times faster reaction in the first
10 minutes of visible irradiatio[8]. Such an improvement is attributed to an efficient electron transfer from @D t
AuNP in the photoexcited QRUNP composites, which ensures a much better charge separation than in QD alone.
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The use of colidal semiconductors Quantum Dots as photocatalysts in oxideductive reactions induced by
light has gradually been increasing over the past several years due to their tuneable optical and electrical properties.
[1] They have a high absorption in visittight depending on their size and functionalization. Previous works in our
laboratory have shown that replacing a rare metal based photocatalyst such as Ir(lll) by CdSe Quantum Dots coul
give very similar yields but need a longer reaction time. [2brder to reduce this reaction time, the charge
recombination happening between the electron and the hole of the Quantum Dots needs to be prevented. Indeed,
the more the charges can be delocalized, the slower it is for them to recombine. In this cogexdslithat have an
EDL effect (exciton delocalizing ligand) can be followed byisiMeasurements through a shift of the first excitation
peak and are expected to give better results in photochemical reactions. [3],[4]

In this work, we study the EDL etfe of different NHCs (Neterocyclic ligand) on several Quantum Dots and their
application in light induced radical reactions useful in synthetic chemistry. We manage to-foy@SCand €Se bonds
from the photogenerated carbonentred free radicals. Thwork is supported through DFT calculations.

Fig. 1.Shift in U\vis absorption measurements observableidg a ligand exchange with NHC.

References

[1] Q. Hu, X. Yu, S. Gong, X. Chen. Nanomaterial Catalysts for Organic Photoredox Catalysis

Mechanistic Perspective. Nanoscale 2021, 13 (43), 183063.

[2] A. Dabbous, E. Colson, D. Chakravortiodiesca, C. Lombard, S. Caillat, J. Ravanat, F. Dubois, F. Déneés, P. Renaud, V. Maurel
Fine Tuning of Quantum Dots Photocatalysts for the Synthesis of Tropane Alkaloid Skeletons**. Chemistry A European J 2023, -
(28), €202300303.

[3] M. T. Frederick, VA. Amin, L. C. Cass, E. A. Weiss. A Molecule to Detect and Perturb the Confinement of Charge Carriers it
Quantum Dots. Nano Lett. 2011, 11 (12), 545850.

[4] D. E. Westmoreland, R. Lopkzeaga, E. A. Weiss-Hieterocyclic Carbenes as Reversible Exditelocalizing Ligands for
Photoluminescent Quantum Dots. J. Am. Chem. Soc. 2020, 142 (5)28680

Acknowledgements
This work has received financial support from the French Agence nationale de la Recherche (ANR) for the project QDotNHC AN
23-CE090023.



OC-36
Metal incorporated UiG66(ZNtE, (& u A}EIle « (( 3]A
photocatalysts in the hydrogen production

Bartosz Zawadzki, Alexandr Martaus, Kamila Koci

Institute of Environmental Technology7. listopadu 2172/15, 708 00 OstraRarubg Czech Republic

Due b its abundance and eefbiendly nature, solar energy has been recognized as a promising alternative to
address the global energy crisis and human overreliance on fossil fuels, which causes environmental pollution.
Photocatalysis has emerged as an effextmethod for transforming solar energy into chemical energy, including
producing hydrogeyusing different materials like semiconductdis 2].

Traditionalsemiconductorssuch asTiQ and ZnChave been extensively studied; however, their photocatalytic
activity is mostly limited to the UV region of the solar spectrum. Numerous strateigielsiding morphological
engineering,doping, photosensitizer integration, antbnstruction ofsemiconductor heterojunctionshave been
employed to enhance their perfornmae [3, 4] Nevertheless, the search continués photocatalystghat are both
stable and efficient materials for hydrogen production

Metal-organic frameworks (MOFs), particularly the zirconibased UiG66(Zr) structures, have attracted
significant attation due to their chemical and thermal stabilityigh surface area, porosity, and structural tunability
[1]. Despite these advantages, their photocatalytic activities have been hindered by inefficient photogenerated charge
transfer from the excited ligaids to the ZttO clusters [1, 3].

Fortunately, Ui@6 frameworks are highly versatile and allow for easy modificatiosuch as ligand
functionalization, defect engineering, or coupling with another phfatoctional component that can significantly
enhancelight-responsive, charge separation, and photocatalytic activity [1]. Functionalizin§8¢KD) linkers, like
NH;, enhances its photocatalytic performance. Improving the charge separation proficiency within the 3D network of
MOF has become of signifidanterest [3].

The aim of this study was a synthesis of 880Zr}NH, photocatalysts through solvothermal methods with the
addition of different metals (Ce, Fe), aiming to create stable and efficient materials for photocatalytic hydrogen
generation. Thephotocatalytic activity was examined in the stirred batch photoreactor using a metivesielr
mixture. Structural, textural, optical, and electrical properties were systematically analyzed to establish their
relationship with photocatalytic activityLheresults revealed that the addition of a metal source in the photocatalyst
significantly influenced the photocatalytic efficiency of hydrogen generation
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In the year 2024, record high annual global temperatures of 1.55 °C were reported comparedirtdystial
levels resulting in several naturdisasters and environmental problems. Fossil fuel consumption, one of the largest
contributors towards greenhouse gas emission, must be urgently replaced with sustainable alternatives. $5reen H
possessinghe highest gravimetric energy density (~120 MJ/Kg)en produced via renewable sources is an attractive
solution. Unfortunately, current industrial production of kia steam methane reforming produces large quantities
of CQ, further exacerbating the rising global temperatures. Photocatalytic watdtieglinto gaseous pand Q using
semiconductor materials that efficiently absorb solar energy provides a sustainable alternative. This direct conversion
approach is not only more economical as compared to other alternatives, such as combining phatsweithi
electrolysis, but also provides a pathway to drive other important chemical reactions such as oxidative pollutant
treatment or photoreduction of C&nto value added alcohols.
While most current photocatalysts absorb sunlight producing a largebeurof electronhole pairs, often only a
fraction of these participates in chemical reactions likgidduction. This is attributed to several limiting factors such
as strong excitonic binding energy resulting in high recombination rates, along witltgoductivity from low charge
diffusion length. To alleviate these challenges, photocatalysts are combined withtalgtic materials that drive the
charge extraction and separation and act as active catalytic sites for the chemical reaction. Among etedse m
organicchalcogenolateassemblies (MOCHAS) are a relative underexplored class of hybrid materials. Figure 1 shows
a Agbased MOCHA called Mithrene, denoted as AgSePh. They were first reported in 2002, but the low synthetic yielc
hindered their catalyit testing. Recently the development of a facile microwave assisted synthetic approach was
reported producing relatively large amounts of product, allowing for testing these materials for their catalytic
potential. Rabl et al. reported their first applidgan towards electrocatalytic syngas production with a stable
performance over several hours, which was the first indication towards their potential as catalystspfodtiction.
Building on this, here, | present their
photocatalytic performance towards sacrificial, H
production under two photocatalytic reactions
conditions differing in their sensitization approach,
namely, quasthomogeneous and dterogenous
photosystems. In the first, we test the photocatalytic
performance of different AMOCHAs using visible
light absorbing Ribased photosensitizers resulting in
a dynamic interaction in the solution between the two;
and the latter we prepare a herogenous composite
between AGMOCHA and TiQusing UV light) resulting
in a static (heterojunction) interaction between them Fig. 1. AgSePh MOCHA schematic showing tv

We observe that in both cases AgSePh outperforr sensitizatiorapproaches for photocatalytidER
other Aghbased MOCHAs, while the performance o.

AgSPh and AgTePh strongly degi® on the sensitization approach. In the first case, the heterogenous approach
results in the formation of a AgSePh/Ag/TiO2 sandwich like structure under turnover conditions with a stable HER
performance. On the other hand, the quagmogeneous photosyst resulted in a H2 production without any
significant changes in the AJOCHA, with a slight decrease overtime attributed to the degradation of the
homogeneous Rphotosensitizer. Overall, these results demonstrate the photocatalytic potential efbasgd
MOCHAs as efficient catalysts forptioduction under various photocatalytic conditions.
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CuFeO, has been studied during the last few years as a promising photocathode materiabfer splitting,
nitrates and C@reduction under illumination [1]. It can be usually prepared as a thin film by thgedahethod [2],
hydrothermal synthesis [3] or electrodeposition [4]. The challenge when dealing with thin films fabrication Ig usual
related to a good stoichiometry control and optimal adhesion to the substrate. The best control over stoichiometry is
usually achieved by hydrothermal synthesis, but if the oxide particle are grown directly on the FTO substrate,
contained in the hydrotBrmal bomb, adhesion to the substrate is far from optimal. In this communication, we
propose an alternative way to synthesize this material by a micro plasma (MP) Supersonic Cluster Beam Depositio
(SCBD) source [5], which allows the obtainment of a £ali®y in nanogranular form. The alloy is subsequently
annealed in air to obtain CuO ricl§100 nm thick, Cuk8;, thin films with optimal adhesion to the FTO substrate.
These films were characterized by XRDMiB/ Raman and XPS analyses. They preseatsthotoelectrochemical
properties in 0.1 M N8Q, under visible light, and a good stability towards the hydrogen evolution reaction (HER)
(Fig. 1). These films were further characterized by Intensity Modulated Photocurrent Spectroscopy (IMPS), Incident
Photon Conversion Efficiency (IPCE), and tested also fopt@@electrochemical reduction, showing a promising
activity.

Fig. 1LSVs in N&Q for CuFeO, thin films deposited on FT.O
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Photocatalysis has emerged as a promising alternative to traditional methods in organic synthesis, particularly for
the selective reduction of nitroaromatic compounds. Conventional approaches pftauce considerable amounts
of waste and involve environmentally unfriendly reagents [1]. In contrast, photocatalytic systems, especially those
based on Ti@ have demonstrated nearly 100% selectivity for this reaction type [2].

In this study, we reporthe selective photocatalytic reduction of nitroaromatics to amines using tailored $SrTiO
crystals. By systematically varying the morphology of the crystals while keeping other properties constant, we
highlight the crucial role of exposed crystal facets mfluencing photocatalytic efficiency and selectivity.
Photoelectrochemical measurements and photodeposition studies reveal that reduction reactions primarily occur on
the {001} facets, whereas oxidation processes dominate on the {110} facets. Notabligniifyian optimal ratio of
these facets that enhances charge separation and significantly improves overall photocatalytic perfo(Rigrige
[3].

In addition, we examine the impact of metal-catalystsv gold, platinum, silver, and rhodiumon both charge
carrier dynamics and photocatalytic activity. The influence of dopants, particularly lanthanum, on electronic
properties and charge separation efficiency is also explored. The synergistic effects of facet engineeatajysb
deposition, and doping sitegies on the reduction of nitroaromatic compoundsl be presented and discussed in
detail.

Fig. 1.Effect of tailored SrTiZrystal on the efficiency of photocatalytic reduction of nitroaromatics.
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Freeradical polymerization (FRP) is one of the most widely used techniques in photopolymerization due to its
simplicity and efficiency. However, its low deg@econtrollability often limits its potential applications, and most
studies have focused on homogeneous syst§thsConventional FRP setups typically rely on costly organic
photoinitiators, which further restrict their practical use. In this study, welaexgpthe integration of heterogeneous
TiQ-based systems to elucidate their mechanistic role in FRP and, ultimately, to manipulate and control specific
polymerization pathways.

Our findings reveal that both intrinsic (material properties) and extrinsacfien conditions) factors significantly
and interdependently influence polymerization behavior through direct and indirect monomer activation mechanisms
(Figure 1)2] Notably, the reaction pathways align with common photocatalytic trends governed bwptmidand
reduction efficacy3] For instance, polymerization favors the reductive pathway when rptiase Ti@ or hole
scavengers are present, whereas the oxidative pathway is preferred with araltase Ti@Qor electron scavengers.
Additionally, the nenomer structure and redox potential play crucial roles in determining the dominant reaction
pathway. These insights suggest that, by carefully selecting an appropriate photocatalyst and optimizing reaction
conditions, FRP can be precisely tuned towset:cted pathways.Such amability to tune polymerization toward
oxidative or reductive pathways provides a strategic advantage in overcoming key limitations of homogeneous
systems, such as oxygehibition and poor compatibility with aqueous medid] Thesefindings pave the way for the
development of more sustainable, cesffective, and versatile photopolymerization strategies

Fig. 1.Schematic representation of Tiediated freeradical photopolymerization pathways.
The oxidative pathway (red lineahd reductive pathway (blue lines) are dictated by the photocatalyst phase, reaction conditions,
and monomer properties. Broken lines indicate complementary reactions that complete the redox cycles.
The terms.t and bxdenote the electrophilic (oxidizg agent) and nucleophilic (reducing agentjimitiators, respectively.
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Methane, abundant but inert feedstock, cwibutes significantly to greenhouse gases, primarily through
combustion, which emits vast amounts of £ODirect functionalization of methane to vakaglded fuels and
chemicals is still one of the main challengesnodern sciencePolyoxometalategPOM)are metaltoxygen cluster
compounds with M@(x = 4, 5, 6) basic units, in which M is commonly a-tiént transition metal such as W, Mo,
etc. and central atoms, which can be substituted by various heteroatoms. Polyoxometalates are a unique class of
multi-electron transfer catalysts, which have attracted considerable interest due to the@ahle geometric and
electronic properties, elemental composition, skeleton structure, valence state, redox properties and stability.

This work investigates PGbasal photocatalysts, specifically Agand Pdphosphotungstic acid/Ti©
nanocomposites, for selective methane conversion into carbon monoxide, ethane, and acetic acid under ambient
conditions. Unlike traditional photocatalysts, POMs facilitate efficient chaegaration through their electron
storage capacity and enable precise electronic tuning via lidesmdetal charge transfer (LMCT). For instance,
AgPWI/TiQcatalysts demonstratefll] exceptional performance imethane partial oxidationachieving high carbon
monoxide selectivity with a quantum efficiency of 7.1% at 362 nm. The reaction proceeds via surface methyl carbonate
Jvd Eu ] § +U 5 Jo]l C 8Z WKD[s & }& A E- 3]0]3CX "]Julo EoCU |
heteropolyacidTiQ enabled [2] nearquantitative ethane formatin through selective recombination of methyl
radicals under illumination. Exfisitu characterization (XAS, EFR,XPSevealed that the Keggin structure stabilizes
cationic Ag species, while POMIQ: p-n heterojunctions prevent electrehole recombinsion, enhancing charge
transfer.

Further advancing the field, our group developg] a PtPOM/TiIQ photocatalyst for selective acetic acid
synthesis from CH4 and CO in aqueous media at ambient temperatwe: C8 + HK W 3COOH+ H. Here, Pt
single atoms anchored on ammonium phosphotungstatesaiboclusters achieved 90% ligyptiase selectivity, with
an acetic acid concentration of 5.7 mmel v SUEVIA E vpu E }( 86X dZ < PP]v *3Eu 3§}
transfer capbilities, combined with tueable POM acidity, facilitated methane adsorption and activation. Adding
water boosted[4] §]A]SC C P v G 3]vP {K, ( tH]bond tleaviEjes JmethafedEctivatio, POMs
enhanced @GH bond activation through concerted protamoupled electron transfer and reactive oxygen species (ROS)
generation.

Through a combination of isotopic ldbeg, in situ and ex situ techniques such as EPR, EXAFS, and FTIR, along witt
DFTmolecular simulations, the elucidation of distinct mechanisms, reaction elementary steps, and active phases in
the polyoxometalate photeand thermocatalysts was achievethese results underscore the potential of PO@&ted
materials to balance activity, Betivity, and stability in photocatalytic systems. By integrating POMs with
semiconductorg5], plasmonic nanoparticld$], or cocatalysts, ware able tofurther enhance light harvesting and
charge dynamics. This research paves the way for scalable;dsivlan processesf methane utilisationto meet
global energy demands while mitigating environmental impacts.

References

[1] X. Yu, V. De Waele, A. Lofberg, V. Ordomsky, A.Y.A.Y. Khodakov, V. De Waele, A. Léfberg, V. Ordomsky, A.Y. Khodakov,
Conmun. 10 (2019) 700.

[2] X. Yu, V.L. Zholobenko, S. Moldovan, D. Hu, D. Wu, V. V Ordomsky, A.Y. Khodakov, Nat. Energy. 5 (2020) 511.

[3] C. Dong, M. Marinova, K. Ben Tayeb, O. V. Safonova, Y. Zhou, D. Hu, S. Chernyak, M. Corda, J. Zaffran, A.Y.\Khodakov,
Ordomsky, J. Am. Chem. Soc. 145 (2023) 1185.

[4]Y. Wang, C. Dong, D. Hu, R. Tekamtzieraj, D. Rutkowskzbik, K. Ben Tayeb, A. Addad, V. Butenko, E. de la Torre Miranda, M.N.
Tran, P. Simon, O. Safonova, V. Briois, V. V. Ordomsky, A.Y. Khodak@atapB Environ. Energy. 358 (2024) 124400.

[5] M.N. Tran, A. Skorynina, A. Addad, A. Fadel, K. Ben Tayeb, L. Karmazin, L. Thomas, M. Corda, Y. Wisse, O. Vovk, BY. Khodak
Grandidier, V. Ordomsky, Appl. Catal. B Environ. Energy. 363 (2025) 124834

[6] D. Hu, C. Dong, S. Belhout, S. Shetty, H. Ng, P. Brasseur, L.S. Bezerra, K. Ben Tayeb, P. Simon, A. Addad, M jéiasmaie, R. Wo
V. V. Ordomsky, P.H.C. Camargo, A.Y. Khodakov, Mater. Today Energy. 36 (2023) 101358.

Acknowledgements

This wok has received financial support from the French National Agency for Re¢Panfrts SolarMethaCANR22-CE0S0019,
PulseCoMeth ANR2-CE5600018, PEPR LUMA Synfluxmicals). Y.W. is grateful to China Scholarship Council for providing him a
PhD stiped.



0C-42
Metal oxides and sulfides photocatalysts fWater Splitting and
CO2 Reduction

Akihiko Kud@nd Yuichi Yamaguchi

Faculty of Science and Carbon Value Research Centre, Tokyo University of Science, Japan

Photocatalytic water splitting and C@uction using water as an electron donor are promising reactions to solve
resources, energy, and environment issues, and achievement of carbon neutrality. These reactions are regarded a
artificial photosynthesis, because light energy is converted toakle chemical energy [1]. In the present paper,
various metal oxide and sulfide photocatalysésid semiconductor photoelectrodes for water splitting and CO2
reduction are introduced and discussed.

(1) Photocatalytic water splitting for green H2 prodoati

Itis a challenging topic to develop photocatalysts responding to light with long wavelength. After surveying various
materials, we found that lor Rudoped SrTiO3 of a metal oxide material showed the activity for water splitting up to
600 nm of visil# light as a single particulate photocatalyst [2]. On the other hand, SrTiO3:Rh and several metal sulfides
of a H2evolving photocatalysiand BiVO4 of an G&volving photocatalyst constructed various types athematic
photocatalyst systems with Fe3+/Fg [Co(bpy)3]3+/2+, [Co(phen)3]3+/2+, poly(diBydrothieno[3,4
b][1,4]dioxane5,7-diyl (PEDOT) of a conductive polymer, and a conductive reduced graphene oxide (RGO) as ar
electron mediator and even without an electron mediator [3]. Various typesssh&me systems for water splitting
under visible light irradiation were also successfully developed by employianBhr-doped metal oxide powdered
materials with relatively narrow energy gaps (EG) to utilize wide range of visible light [4].

(2) Photoctalytic CO2 reduction using water as an electron donor for CCU

It is important to use water as an electron donor for photocatalytic CO2 reduction, if artificial photosynthesis
accompanied with light energy conversion is considered. Ag cocatajdd AL4ATi4015 (A = Ca, Sr, and Ba) and
tantalates photocatalysts such as-Baped NaTaO3 with 3.78.1 eV of band gaps showed activities for CO2
reduction to form CO in an aqueous medium without any sacrificial reagents [5]. CO was the main reduction product
rather than H2 even in an aqueous medium. Especially, the Ag/NaTaO3:Ba photocatalyst gave ca. 90% of the selectivi
for the CO formation [6]. When RRu cocatalyst was used instead of Ag, CH4 formed with ca. 10% of the selectivity
[7]- Thus, an uphill reacth of CO2 reduction accompanied with water oxidation accompanied with O2 evolution was
achieved using the Agnd RhRuloaded metal oxide photocatalysts.
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Thermophoto catalysigs an interesting apprazh to reducethe large energy consumption of thermal catalysis
and address thdow efficiency of photocatalysig. For instance, this approach can be useddduce the thermal
input required to release It E}P vfrem methanol.,C E}P v ~, « ]« A] oC E P & e A] <
for achieving nezero emissionsdHowever, largescale storage and transportation pose significant challenges. Liquid
organic hydrogen carriers, such as methanol, offgaromising solution to these obstacles, but sustainable methods
for releasing hydrogen from methanol are still critically neediedthis work, we investigated ththermo-photo
catalytic (TPC) methanol steamforming (MSRpver plasmonicmetal nanoparticles, namelguand ZnCu alloyin
the presence of Tigl¥l Under standard solar irradiatiothe TPChydrogen production rate over thelasmoniametal
nanoparticles wakigherthan that ofthe thermocatalytt (TC) MSR procesEQ was essential for enhancing the TPC
efficiency (Fig. 1a) ands#rong correlation between thhydrogen productiomate and themetal plasmonicabsorption
spectrumwas observedFig.1b).

The enhancement in the TP&Ltivity in the presence ofiG: can be explained by considering the metal
semiconductor interaction. The work function of Cu typically rarigea 4.5to 4.7 e\ which aligns well with that of
TiQ (4.615.3 eV)[3]. This alignmat facilitates the injection of hot electrons frothe conduction band (CB) of Cu to
the CB of Ti®@ Under solar light illumination, energetic hot electrons can be generatéiode dasmonicCuvia intra
band (between the Fermi level and the sp conducti@md) or interband (between the d band and sp conduction
band) transitior{4]. These higienergy hot electrons can be injected into the CB ob.TT@e Schottky junctioformed
at the TiQ/Cu interface could trap the transferred hot electrons gméventtheir rapid recombination by delaying
their transfer back to ClAs a resultelectrontrich sites can be formed at thHeu/TiQ interface. Simultaneously, the
surface electronic state of Cu becomes positively charged due to electron depletion, leading farrtration of
electrondeficient Cuvsites. The electromich sites at the TigCu facilitate the hydrogen evolution reaction, while
the electrondeficientCuvsites promote@GHand @, }v o A P U po3]u 8 oC C] o JvP K X

Fig. 1(a) Timeprofile of TPC Hand CQ@production via MSR ov@lasmonicCusupported onALOs in the presence of TiO
(1.0 wt.% Ti@Cu/Ad0s) and the absence of TiQRuCu/AbOs) at a temperature of 200 °C and 1.0 sun illumination, @action
spectrumof 1.0 wt% TiG@ Cu/AIOs catalyst
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The accumulation of greenhouse gases and the consequent rise in the average global temperature have become
a major problem [1]Most dof these greenhouse gases are made up of carbon dioxide (CO2) and methane (CH4). It is
imperative that these gases are removed to mitigate the effects of climate ch@mgeeforming of methane (DRM)
is an alternative to these processes to generate symgabsthis approach is of particular interest as it utilizes both
CO2 and CH4 as feedstock. However, the drawbacks of DRM are low selectivity and high energy Cipemj2al
looping DRM has been shown to lower the activation energy and to allow forrsghectivity by suppressing side
reactions that can occur in conventional DRMother side, potocatalysis is used to lower the kinetic barrier for the
molecule activation and allows the conversion of abundant solar energy to chemical energy. Thetiortegia
photocatalysis with thermal chemical looping dry reforming emerges as a promising stratphgtocatalyst such as
TiO2 is both abundant and inexpensive, thus making it a suitable photocatalyst for industrial applications. However,
the applicationof TiO2 is limited to UV light due to its large band gapvide range of options is discussed in the
literature, which shows that noble metals are very efficient for DRM reactions. Nevertheless, due to their high price
and limited availability, theiutilization in largescale industrial applications is challenging. One solution is to decorate
non-noble metals with noble metal8/4]. In this study, the photothermal chemical looping of CO2 and CH4 using
Cu/Au and Ni/Au modified TiO2 photocatalysts waslgdin homemade continues photoreactor system (Figure 1)
For this purpose, a commercial TiO2 photocatadysd synthesized 0.5 wt% ATiO2and Cu/AuTiO2photocatalysts
with a conc of 0.25 t 2.00 wt.% Cu and Ni/ATiO2 photocatalysts with eonc of 025 t 2.00 wt.% Ni. Initially,
screening experiments were conducted to evaluate the performance of these photocatalysts in terms of H2 and CO
production, H2 selectivity, and carbon balance. Based on the screening tests, the best performing photocatalysts wa
investigated further under variougactionconditions. The investigated parameters were the photocatalyst dosage,
temperature and the reaction sequenck comparison to the ATiO2 photocatalyst, the presence of Ni and Cu
enhance the rate of productianThis may be attributed to the dispersion of these metals into the latfibe. overall
trend indicates that the Cu/A@riO2 photocatalysts exhibit a slightly higher rate of CO2 reduction and consistent H2
production rate across varying concentrations.oinparison of the synthesized photocatalysts shows that 1 wt.% Cu
exhibits the highest rate of CO production. Regarding H2 production, the 1 wt.% Cu photocatalyst also exhibits a bettel
performance than the Ni/A{TIO2 photocatalysts, except for the 1 wt.%pKotocatalyst.

Fig. 1. Experimental setup (thermostat, 2 1000 W lamp, 3reactor, 4 mass flow controllers (MFC} GC).
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The conversion of solar energy into other energy vectors is a promising appachiress the challenges of
global sustainability. In this framework heterogeneous photocatalysis can be useful to obtain hydrogen from solutions
of biomass derivativesPhotoreforming is a process that exploits the redox capacity of photocatalysts upon
illumination to simultaneouslybtain the reduction of Fito hydrogen gas and the oxidation of organic compounds
Therefore, thephotocatalytic hydrogemproduction with sinultaneous organioxidation to obtain higher added value
products or to oxidise pollutants has gained increasing attention [1,2]. In this work lboghNBOs and TiQ as well
as their composites with graphene (G) and graphene oxide (GO) have been preyreysidechemically characterized
and tested as photocatalysts for the pheteforming of aqueous solutions of ethanol, glycerol and microplastics as
polyethylene terephthalate (PET) or polylactic acid (PLA) in the absence and in the pr@&sBhcerreponding to
1% Pt w/w relative to the total mass of catalyst

Previous investigations evidencggod activity of NbOs in photo-reforming, with results comparable to that
obtained in the presence of TiQhe most used materidB]. To enhance the T@&ndNb2G; photo-reforming activity
the combination of these semiconductors with carbon materials as graphene (G) or graphene oxide (GO) has beer
explored[4]. The strategy is addressed for the semiconductor oxide to act as photocatalyst, while G or GOayould p
the role of electron reservoirs, facilitating the transfer of electrons to the reaction sites by exploiting the remarkable
characteristics of graphene such as the large surface area and high carrier mobility that enable it to capture and
transfer photanduced electrons

The photereforming was performed both under LED/ or natural solar irradiatiorThe amount ofthe home
preparedcarbon materiain the composites ranged frol% to 20% relative to the mass of the oxide semiconductor
(TiG or NGs). Nbo,Os was synthesized through a hydrothermal process using Ammonium Niobium Oxalate as
precursor whereas TiQvas commercial Evonik PZbhe used Graphene was commercial while Graphene oxide was
obtained in our laboratory by a modified Hummers method fokolwin some cases, by a hydrothermal treatment.

The composites were prepardaly an ultrasonic treatment of a suspensionacetonitrile containing the suitable
amount ofgraphene or graphene oxiddéomg with the semiconductor

Bhanol and glycerol can beasily oxidized with respect to microplastics, so yielding highgradounts.
Composites based on Ti@ere the most active, particularly in the phoeteforming of aqueous solutions of ethanol.

The highest KHproduction was achieved in the presence of the composite-§i@hene with mass ratio 10:1 in the
presence of Pt using ethanol as the hole scavenger. In these conditions; te®} p $]A]SC A « }( Tif uu}
with an apparent quantum efficiency (AQ }( 71119 pv & hs o]PZ§ v i uu}o|Z +|P + A]8Z Y
sunlight irradiation. Further experiments in the presence of glycerol and real biomass derived solutions are under
study and promising results have been obtained, for instance, tlweopteforming of the glycerol aqueous solution
under natural solar light irradiation have given agrbductivity up to 26 mmol-f g

References

[1] E.I. Garcidopez, L. Palmisano, G. Marci, ChemEng. 7 (2023) 11.

[2] C.Y. Toe, C. TsounisZhang H Masood D.Gunawan J.Scott R.Amal, Energy EnviroSci.14 (2021) 1140.
[3] A. Genco, E.I. Gardiapez, B. Megna, C. Ania, G. Marci, Catal. Today 447 (2025) 115147.

[4] E.l. Garcifépez, P. Lo Meo, A. Di Vincenzo, L. Palmisano, G. MarciTGadepl413415 (2023) 113965.

Acknowledgemensg

This research was funded by the CETPartnership, under the Jard 7iTiX dZ d Ws eseardiEprdjgtds[are danded by
the European Commission (Grant Agreement No. 101069750) and the national fongémgzations listed on the CETPartnership
website.



0OC-46
Degradation Pathways Under Hydrothermal Catalysis Assisted by
Photocatalysis for energy production

C. GuillardN. Mediouni, L. Marmain, F. Dappozze, G. Berhault

CNRSUniversity LyonUniversity Claude Bernard, IRCELYON, UMR5256, Villeurbanne 69626 (France)

The energy crisis currently highlights the urgency of designing innovative, sustainable and profitable processes.
Faced with the depletion of traditional resources, exploring altéuea energy solutions becomes essential.
Photocatalysis under pressure and moderate temperature (pHytrothermal catalysis) is emerging as a promising
approach to address the challenges of the energy. Actually, previously we found the formation dfizpooeuction
compared to individual processes and new products corresponding to dehydration and hydrogenation reactions [1].
In this study, our objective was to work with small organic molecules having only one or two carbons and OH, CO o
COOH functionlane or in pairs to better understand the chemical pathway in presence of hydrothermal catalysis
assisted by photocatalysis (PTUV). In all cases gas and liquid phase were analyzed.

Except for glyoxylic acid, oxalic acid and glyoxal, under PTUV marasifbrmed in presence of all the other
molecules, methanol, ethanol, ethylene glycol, formic acid, acetic acid and glycolic acid compared to individual
process, photocatalysis (PUV), and hydrothermal reaction (PT) (Figure 1).

Fig. 1 H2production as a function of time for methanol, ethanol, ethylene glycol, formic acid, acetic acid and glycolic acid in
presence of TiO2 UV100 by photocatalysisAJ®UV), hydrothermal process (120°C, 5 bar) and photocatalysis assisted by
hydrothermal proess (PTUV)

Moreover, we also confirmed the formation of new product by PTUV in presence of ethanol and ethylene glycol
corresponding to ethylene and acetaldehyde issue to dehydration product favoured by temperature favoured by the
generation of more Hcoming from both photocatalysis (TiQUVA) and auteprotolysis of water under P,T.

However, the degradations of these molecules are relatively low (<20% after 6h of reaction in presence of 500
ppm of initial molecule and TiW\V-100) not allowing to detenine the selectivity of these new compounds.

In presence of glyoxal and glyoxylic acid, hydrogenation of aldehyde function was observed generating glycolic
acid in both cases and also oxalic acid in the case of glyoxylic acid. Their formations havéribegedaio Cannizaro
reaction issue from the generation of ©tdvored in presence of temperature. Besides H2 and the different product
previously mentioned, CO, g@H, formic acid and formaldehyde was also formed together with glycolaldehyde.

The idetification of all these compounds and their quantification shows that hydrothermal catalysis assisted by
photocatalysis allows to improve the charge separation and generate more H2 in presence of alcohol and acid functior
and formed more Hand OHfavouring dehydration reaction in the case of alcohol and Canaiaction in presence
of aldehyde finction.
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The photereforming has been consideredpromising technology for the future sustainable energy development,
based on the capability of a photocatalyst to simultaneously drive the oxidation of organics coupled with the
production of hydrogen gasusing solar energyl]. Moreover, in parallel tb cogeneration ofvaluable chemical
products such aammonia(fertilizer), could be carried out, treating water matrices richitrates, one the most
abundant ground and surfaegater contaminants amended with reducing sacrificial agent [2].

A signifcant enhancement of thg@hoto-catalytic activityhas been demonstrated in the presence s#veral
reducing sacrificiadgents, suctas methanol, ethanol, glycerol, glucose, in comparison thighwater splitting[1].

However,the consumption of valuable and expensive hole scavengers makes this process unfeasible from an
economic and environmental point of viewn this context and in alignment with the principle of circular economy,
research needs to be focused on the poteh&pplication ofseveraltypes ofindustrial wastewaterglWWsincluding
winery, chemical manufacturing, biodieseropuction, pharmaceutical, etc), taking advantage of the high
concentration ofchemical compoundsaturallypresent in their composition thacanact as sacrificial agents.

Glycerol is an abundant fyroduct in biodiesel productioand two types of water matrices amended with crude
glycerol were treated at pilot plant scale (total volume 25L) under natural solar radiation and anoxic candiitien
gasliquid system consisted of a 10 L stainksssel tank connected to a Compound Parabolic Collector (CPC)
%Z}SYE S}EU ]v o]va surexpdsed siriacZ area @1 m2, illuminated volumeof 14 L anda liquid
recirculationflow rate of 2 L/min N, gas was used both to purge bom the system and toperate in a continuous
gas flow, measuring periodically the gas stream withoarine gas chromatograplAgilent MicroGC 990). The
reaction operating conitions (catalyst type and its concentration, water matrbgncentration ofreducing sacrificial
agent andthe experimental time)were varied in order teevaluate their effect on the photocatalytic activity and
maximize thehydrogen production rate100 mdL of TiQ:CuO (10:1) photocatalyst and 0.075 M of glycerol were
found to be the optimal conditions. Subsequently, under these experimental conditions, two IWWs, diluted to achieve
the optimal concentration of sacrificial agent, were previously-fpeated with coagulationflocculation process to
remove turbidity, suspended solids and soapsgptéduction of 810 umol/kJ was achieved with the two types of IWW
after 180 min.

Fig. 1.Hydrogen prodced during experiment with two IWWs after coagulatitwcculation pretreatment. Reaction
conditions: Catalyst: TiO2:CuO (10:1), [Glycerol]=0.075M, [Catalyst]=100 mg/L, V= 25 L, anoxic conditions.

Therefore, throughan efficient phdocatalytic remediation proces8/V\Ws could bdreated, converting wate into
a valuable solar fuel.
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Harnessing and utilizing sunlight at high efficiency have represented an enormous challenge to the achievement
of a carbon neutral séety over the past four decades. Photocatalysis uniquely mimics natural photosynthesis in terms
of light absorption and conversion, as well as storage of the absorbed photon energy into chemical bond energy [1
18]. Despite this similarity, the developmewf low cost photocatalysts capable of selectively producing liquid
chemicals from CO2 and water with efficiency and durability comparable to those in typical photosynthesis remains a
great challenge. Most of the photocatalyst suspension systems produdaresxof gas and liquid products at poor
efficiencies, whereas electrically biased film systems exhibit ac@mamercial gas production efficiency, albeit only
for disappointingly short periods. Herein, we report the facile, environmentally benign systhie€uFeO2 and CuO
binary films via electrodeposition, and demonstrate that these binary films produce only &tphidtic acid anions
(C1, C2, C3, C4 or C6) from aqueous CO2 at energy efficiency exceeding natural photosynthesis, while driving (
evolution from water on a wired Pt plate under continuous irradiation of simulated sunlight over 24 h.-An as
synthesized photocatalyst film with a threfmensional, double
layer configuration further shows the continued production of C1
for over 17 days. Howevgthe crystalline structure and elemental
state of the used photocatalysts undergo gradual chemical
reduction. Such a deformation can be thermally healed by recycling
the weekly used samples via oxidative annealing. Thus, a single
photocatalyst sample pduces formate continuously for 35 days.

The photocatalyst components (Cu, Fe, and O) are edtindant,

and the photocatalyst synthesis is straightforward, facile,
environmentally benign, reproducible, and scalable. On achieving
higher efficiencies in th&uture, the practical applicability of these
photocatalysts will become enormous
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The persistent accumulation of plastic wagtas intensified the need for sustainable and efficient management
strategies. In this study, we develop a dual photocatalytic approach utilizing alkalinized carbon nitri@NjAtk
simultaneously achieve thealorization and mineralization of plastieaste [1]. Under alkaline conditions, ABN
effectively photoreforms polyethylene terephthalate (PET) by selectively oxidizing ethylene glycol, leading to the
efficient generation of hydrogen peroxidei{O,;) and theconcurrent recovery ohigh-purity terephthalic acid. The
catalyst also demonstrates broad substrate adaptability by enabling the photoreforming of other polpastat
plastics, such as polybutylene terephthalate and polylactic acid.

Beyond upcycling, AN facilitates the aqaplete mineralization of trace organic residues through an advanced
oxidation process, where 1situ generatedH,O; is photoactivated to produce hydroxyl radicals, achieving near
complete degradation of pléis-derived contaminants. Structural and mechdigisanalyses reveal that the
alkalization treatment enhances the photocatalytic properties of carbon nitride by improving charge separation,
accelerating tweelectron oxygen reduction, and suppressing chasmmbination. As a result, ABN exhibits high
selectivity towardH,O, production, stable photoreforming activity, and loterm durability across multiple reaction
cycles without significant deactivation.

This work demonstrates a sustainable and effective dulattion photocatalytic strategy for maging plastic
waste, offering a practical route for converting waste plastics into valuable chemicals while ensuring complete
environmental remediation.
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The effectiveness of catalysts and photocatalysts in accelerating multistep chemical processes is often limited
when the ratedetermining step matches the rate of other elementaactions. Several strategies have been
explored to enhance catalytic efficiency, among which controlled periodic illumination (CPI) is receiving increasing
attention for its potential to optimize the charge transfer mechanisms under irradiatitowever, ts its real
advantage is still debatefd] Eficient solar water splitting is hindered by substantial overpotentials in the hydrogen
evolution reaction (HER) and oxygen evolution reaction (OER). Even with noble metal catalysts, such as Pt, Pd, and F
the, Z v }veSE v C *SE}vP D>, }v ]JvPU AZ] Z ]vZ] 18« ZC E}P v <}
process is governed by the potential at the metal nanoparticle surftzice.

In our studies, we employed CPI to overcome the limitations imposed bingaalations and optimize the
utilizetion of charge carriers. W hypothesized that rapid fluctuations in the photopotentieére able to modulate
the M-H bond at the surface of the cataly$tading toan increase ofore than 50% itHERefficiency at freguencies
above 80 H3] We then demonstrated the effectiveness of CPI in enhancing photoactivity exclusively on metals with
a low Tafel slope (Pt, Rh, P&y already underlined,Z | C ( $}E ]« §Z D>, Jvd & 35]}vU AZ] :
dominant HER méanism (VolmeiHeyrovsky or Volmertafel)[4] Additionally, by modulating the duty cycle and
frequency of illumination, we observed that both factors play a crucial role in enhancing thfsHE$g various
photoelectrochemical characterization techniques, we found that CPI led to an increase in charge carrier density for
all tested materialsHowever, only certain materials are able to exploit this excess of carriers. Inffidograase in
quantum yield was only evident in metals that are limited by He } E % S]}v W 8} «SE}VvP D>, }v X
E u 38Z v EPC }(8Z D>, }vUSZE C (AJuE]JvP ZC E}IP v *¢}E%S]}Iv>
a VolmerTafel mechanism, whicallows them to function effectively during both light and dark peripts] This
demonstrates the potential of CPI as an effective tool for enhancing catalytic efficiency, especially for materials

IveSE v C §Z D>, }v 8C& vPSZX

Fig. 1.Photocatdytic increase of the efficiency using CPI in the HER.

References

[1] E. Bianco, F. Sordello, M. Prozzi, F. Pellegrino, V. Maurino, ChemCatChem, 16 (2024), e202400474.
[2] Zheng, J.; Sheng, W.; Zhuang, Z.; Xu, B.; Yan, Y. S2iAd®, e1501602

[3] F. Sordello, F. Pellegrino, M. Prozzi, C. Minero, V. Maurino, ACS Catal. 11 (2021),t64388484

[4] F. Sordello, M. Prozzi,-B. Hodoroaba, J. Radnik, F. Pellegrino, Journal of CatdB8i§2024), 115215

[5] E. Bianco, F. Sordello, F. Pellegrind/adurino, CatalSci. Technoll4 (2024), 72057211

Acknowledgements

This work has been supported under the National Recovery and Resilience Plan (NRRP), Mission 4 Component 2 Investment 1.4
Call for tender No. 3138 of December 16, 2021 of the Italianistty of University and Research, financed by the European Union
NextGenerationEU [Award Number: National Sustainable Mobility Center CN00000023, named MOST, Concession Decree No. 10
of June 17, 2022, adopted by the Italian Ministry of UniversityZnd @& ZU "~ %}l id ~,C E}P v v E A & 0+ _-;
is part of the project NODES, which has received funding from the MMBRC2 1.5 of PNRR funded by the European Urion
NextGenerationEU (Grant agreement no. ECS00000036). The authors aclgeosudegort from the Project CH4.0 under the MUR

% EIPE u 1% ES]Ju v8] JtTiTéoo~vhWONTITT TT1TTATITINX



0OC-51

A Comprehensive Analytical Model for Front and Back
[lluminated Electrodes in Photoelectrochemical Cells

Maria |. Dief5arcig? RobertoGémez

% ES u vs Yu_u] & ] ] /ved3]Sus hv]A E+]3 E] [ o 3E}«40308D, U hv]
Alicante, Spain

The deployment of carbefree energy technologies that could compete with the price of fossil fuelspected
to be a key factor for sustaining the future energy requirements of the world population. Hydrogen is a promising
energy vector that can be produced using solar energy. In this regard, tandem photoelectrochemical cells have
attracted major attentbn as devices for green hydrogen (and other fuels) generation in the last years.[1,2] They are
composed of two semiconductdrased electrodes (photoanode and photocathode) illuminated from different sides,
which should exhibit complementary characteristteswork under biadree conditions. In this contribution, we
present a model for the theoretical prediction of the currerdltage characteristic curves in semiconduetor
electrolyte junctions. The theory for charge carrier dynamics in the semicondubtorufider light excitation is
considered for building up the model equations using as input geometric and physic parameters of the electrode.
Recombination in the diffusiedriven region and spaeeharge region are included. The analysis of limiting casets|
to simplified cases that allow the prediction of the physical properties of the semiconductor under simple
experimental analysis in practical photoelectrodes. The model can be integrated into a broader analysis to predict the
limits of solarto-hydrogen efficiencies in photoelectrochemical cells for hydrogen production.
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dz o & S]JvP E o + }( PE vZ}pe P ¢ oU % ES] po EoC K U Z « «]P\
posing serious environmental and seteil challengegl1] X % E}u]e]vP «SE § PC (}E& u]S]P S§]vP
%Z}5} 5 0C3] }VA E-<]}v ]vi} u 3Z v}o pe]vP 3§13 v]uuredcaft]2]. Hovkiders thie] 2 A

((1 1 v C }basdKmaterials is limited by their poorsible light absorption and rapid recombination of

photogenerated chargef8] XdZ]e «Spu C Jue 8§} vZ v §Z %Z}5} S oCS§] WA E-]}v ]
simulated solar light by edepositing copper oxide and vanadium oxide@w0y) onto titaniananotubes (TNTS).
The cedeposited photocatalysts were synthesized using electrochemical, wet chemical, and atomic layer deposition
us$z}e v 3Z}E}uPZoC Z E § E]l SZE}UPZ A E]}ues v 0C3] 0 5§ Zv]cpu ¢
and water vpor to methanol was then evaluatethd correlated to their method of preparation

The resultgfigure 1 left\demonstrate enhanced photocatalytic activity of the;,OGuMO,-TNT catalyst, likely due
to several factors: improved methanol selectivity fromy&W Jv E - *HCE ( E }( dEde (
adsorption, and reduced electremole recombination, potentially resulting from duakZheme charge transfer. To
further investigate these effects, we specifically exarditkee dual Zscheme charge traffar (figure 1 right)by
analyzing the individual metal oxides, determining the conduction band (CB) throughSetmttky measurements
and the band gap (BG) using Wé spectroscopy. These findings highlight thatdepositing metal oxides on
nanostructued photocatalysts can significantly improve theurface structureand photocatalytic properties,
E % E « v§]vP EP] O *S % 3}JAE ulE +pes]v o K VA E+]}v § Zv}o}

Fig. 1.(Left) Product distribution in mol% after 5 h of solar light irradiation during photocatalytic@®ersion. (Right)
Schematic diagram of charge transfer in the duatEeme heterojunction between ¢, VO, and TNT
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Titanium oxide continues to be one of the most studied solids today owing to its potential phaigza
applications, in a wide variety of fields including the degradation of organic compounds in solution or the production
of green hydrogen from water. In order to improve its performance, doping has been used, among other approaches,
in both the catbnic and anionic positions. The formation of partially reduced titanium oxide, which has been called
selfdoping, due to the presence of Ti3+ and oxygen vacancies, has attracted much attention in recent years as &
simple way to improve the performance dfis oxide [13].

In this contribution, a titanium oxide P25 reduced with NaBH4 is synthesized, characterized by means of
transmission electron microscopy and temperatym®grammed experiments in order to study its chemical
properties. The NaBH4 reductibias led to the synthesis of a family of hydrogenated titanium oxide samples. Various
degrees of reduction have been tested combining different heat treatments and reducing agent concentrations, giving
place to a set of samples from the-salled bluetitania (mild reduction conditions, see Figure 1) to a heavily reduced
blacktitania.

First of all, the photodegradation of several organic dyes and chlorophenol organic molecule has been assessed
allowing to stablish a neat correlation between the degradatmapacity and the pz0 value, which has been
demonstrated to be directly influenced by the reducing treatment applied. Secondly, the samples have been tested
in the photocatalytic water splitting reaction, under solar simulator light source in order toupmdreen hydrogen.
Among the titanidbased samples, bluitania has shown the highest performance with a remarkable hydrogen
production, overcoming the activity of Ti225 reference in one order of magnitude.

The characterization of the samples througtivanced Scanning Transmission Electron Microscopy techniques,
using HAADF, iDPC and EELS techniques, shows the presence of surface oxygen vacancies, as well as the insertic
hydrogen in the titanium oxide structure. The work establishes a relatiorstipeen the presence of this hydrogen,
the reduction of titania and its photocatalytic behavior.
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Currently, many photoelectrochemical studies try to usayme semiconductors for ligkassisted water
electrolysis and only a small amount of research has been devoted to other oxidation processes. An exception is the
photoelectrochemical oxidation of organic impurities in water but these processes, as very low concentrations of
impurities are targeted, & necessarily associated with low Faradaic efficiencies. In contrast, photoelectrosynthetic
reactions leading to compounds of the value, such as fuels, powerful oxidants or fine chemicals would use high
concentrations of starting compounds which can leadhigh Faradaic efficiencies. Interesting photoelectrochemical
reactions involve as starting compounds inorganic anions 1ilgr] and Ct These processes are interesting because
they not only offer information about the amount of a generated halogenBr, and Gl) but also a unique insight
into the competitive kinetics between the oxidation of water and the selected halide. Another example is
%Z}8} o SE} Z u] o }AE] S1}v }( cpofhad S~~~ KKgge bt ] @be SEEU bho } @IGratzgl «]o
[1].

Due to their valence band position, when exposed to light, titanium dioxide))(Bi@ WQ generate highly
oxidizing speciegvalence band holes and hydroxyl radicals (OH-). For this reasoenyiih@ band gap energy of 3.2
eV is a widly studied semiconductor. W{das the advantage of using a slightly larger part of the solar spect&um (
=2.7 eV). Examples ofiC% }A] + pe o Jv §Z Al<] o 0]P ZEe@ dadlpseuddbradkie 13
(FeTiO « XFe0sis a nontoxic ard abundant semiconductor with the ability to absorkignificant part of the solar
spectrum &= 2.1 eV) [2]. R&iG is a mediumwide bandgaply = 2.1 eV) [3] fiype semiconductor. R#IG; v+
FeOs; have valence band holes with a lower oxidation potential compared todi®WQ. The primary objective of
this study was to investigate the Faradaic efficiencies of selected photoelectrochemical oxidation reactions involving
valence band processes omse oxide semiconductors, e. g. Zi&/Q;, FeTiG; v 4Fe0s. The first case study was
the photoelectrochemical oxidation of B4]. Fig. 1 a) shows that all four semiconductors have valence bands
potentials which are positive enough to enable oxidatiéBoto the Br,radical in a direct electron transfer process.
AsshowninFig.1eU (}& @&l}u] }A&] 3§]}v }v 8Z (}uE VA -F&DR F&TIOs, TiQ, and WG} E « U
a steady increase of Faradaic efficiency with solute concentration wasnad, approaching a plateau with an
efficiency of 100 %.

dZ =+ }v s3u GC A+ A}3 38} S8Z %Z}3} o SE} Z u]l] oP v E 3]}¥WO%}IA C
and CuWw@ The objective of both studies is to understand how differences in the esffi@s of the tested
semiconductors can be attributed to their valence band positions and the redox properties of the solute.

a) b)

Fig. 1 a) Valence drconduction bands (vb, cb) position at pH 2 for studied semiconductorsUFH&0s;, WQ and FeTiQ
and the standard redox potential of bromine / bromide and redox potentials for radicals: bromine arg) Ednparison of the
studied semiconductors for bromine generation in terms of the dependence of initial Faradaic effi¢i&on(initial bromide

concentration ¢o).
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Photocatalytic nitrogen fixation to ammonia hold®gt promise as a sustainable route powered by solar energy
and fed with renewable energy resources,,(IRkO) [1]. This technology is currently under deep investigation to
overcome the limited efficiency of the process. The rational design of efficientadmt photocatalysts is crucial to
boost the photocatalytic performance. Widely used bulk materials generally suffer from charge recombination due to
poor interfacial charge transfer and difficult surface diffudiby2]. To overcome this limitation, thiwork explores the
use of aqueouslispersed colloidal semiconductor nanocrystals (N&g) with precise morphological control, better
carrier mobility and stronger redox ability. Here, Fi@amework has been modified via aliovalent molybdenum
doping, and resulting MeTiG: NCs (average size of 5 nm) have been functionalised with charged terminating hydroxyl
groups (OH for the production of ammonium (N# via photocatalytimitrogen reduction reactionNRR in water
(Fig. 1)

Our results demonstratedih, the positive effect of Maloping and nanostructuration on the overal} fikation
performance. Ammonia production rates are found to be dependent on thedbfaing loading. 5SMeliG (i.e.5% mol
Mo) delivers the highest NiHlyield rate €a. 105.3 ... u } LPh1) with an outstanding 90% selectivity, which is almost
4-times higher than that obtained over bare Fido understand the positive effect of Mibping on the NRR
performance of NCs, we have developed a thorough investigation combiningwstrly photoelectrochemical and
photophysical characterisation. Results obtained herein indicate that the substitutional doping 20fTFiDwith
higher valence molybdenum cations (Mpfacilitates NRRby (i) providing actives sites for Nchemisorptia; (ii)
polarising N atomsg; (iii) extendinglight absorption, and (iMmproving charge transfeiThis work expands the use of
this environmentafriendly aqueous NCs processing to the development ofddeed photocatalysts for an emerging
energy applicaon. Our findings open the door to new materials to progress on the development of NRR technologies
for sustainable ammonia production.

Fig. 1.Aqueousdispersed colloidal Maloped Ti@nanocrystals.
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Inorganic Bt based halide perovskites have attracted great attention in the field of CO2 photoreduction due to
their excellent photoelectric conversion performance and towicity However, the intrinsic deep defects are still one
of the main factors limiting the carrier lifetime and transmission. Therefore, @B$Bs were synthesized using
sonication- assisted method for controllable regulation of deep defects, and {B€i2 photoreduction performances
were also evaluated in this study. Among the alternatives, €BSB8s demonstrate superior catalytic performance
(J& K v ,0 % E} p S]tvU AZ] ]1S]vH Q] dXi§ (.5imHespiEctival}. dhe physicochiaal
properties and corresponding mechanism of the catalyst were investigated by band structure and photoelectric
characterization. The igitu DRIFTS and DFT calculation reveal that Sb3+ facilitates the enhancement of charge
transfer rate at the BiBr- Sb interface and expedites the swift evolution process-6@82to HCO®in the primitive
chemical environment. This study establishes an empirical and theoretical basis for the application of alloyed
perovskites in CO2 photocatalysis and provides navehues for future research.

Fig. 1.Reactiormechanism of Bbasedperovskite for CQ photoreduction

References

[1] S.Zzhang, SLi, W.Zhou,L.Zheng, Chem. Phys35(2011) 151.

[1] O. SBushuyev, FDe Luna, C. Dinh, LTao, Joule2 (2018 825-832.

[2] K.Rennert, F.Errickson, B.R¥est, LRennels, R. Glewell, Nature. 6102022 687-692.

[3] S. CSarma, Barrio, ABagger, APedersen, MGong, Adv. Funct. Mate33 2023 2302468
[4] Y.Qiao ; J. Bailey, QHuang X.Ke, RenewSust. Energ. Rev. 18822 112079.

[5] W.BI, YHu,N.Jiang, LZhang, Appl. Catal. B: Envir@69 020 118810.



0OC-57

Exfoliation of DA polymers for enhancing their photocatalytic
% E} p Stv }(, K

Jorge PlazaMaria José Lopeduiioz, 2P Teruhisa Ohrfo

aDepartment of Chemical and Environmental Technology, Rey Juan Carlos University, Méstoles, Spain.
binstitute of Technologies for Sustainability. Rey Juan Carlos University, Méstoles, Spain.
¢ Department of Applied Chemistry, Faculty of Engineering, Kyushu Institute of Technology, Kitakyushu, Japa

,C EIP v % E}A] ~, K Je I ¢ }A&] vS ]Jv PE v Z u]-SECGhdsedus 15

production is energyntensive and environmg$ ooC Z Eu(poX , K P -assiEed photodatatysis aHers
a sustainable alternative [1]. However, this process requires photocatalysts with efficient charge separation and band

o]Pvu v3 8} (A}E 3Z T }AECP vV E p 30}vi@I]vAIV ~%ZZ2 AAgckedtor IBS)E

}vipP 8§ % }oCu Ee & % E}u]e]vP -conjugation, whichséntiancéskEharge transfer and ORR
selectivity. However, their low surface area limits the interaction between the reaction mediuhthencatalyst,
constraining their efficienci2]. This work explores different exfoliation methods to improve the surface area and
photocatalytic performance of Furan@)yrrole(A) polymers (FPP) (structure shown inFay.(}E , K % E} p §]
PristineFPP was obtained via le@mperature polycondensation of a ureducose mixture at 200°C and exfoliation
using thermal (W iAiU 1iiU TATE Jv ]JE&V TAIE£ ]Jv E U Z u] o ~08A9 , "K U iA9
(planetary ball milling at 400, 60800 rpm) methods. The exfoliated samples were characterized by XRis DR,
ywArU W>U &d/ZUddésorptior}, ®eS¢hottky, EIS, and photocurrent tests. Photocatalytic activity was

A op § -patukated water under a500 W Xe lamp (BOB)U v, K A « «u v3](] C l}o}E]Ju 8

inFig. bU % E]*S]lv &WW AZ] 18 ZIPZ %Z}8} § oCS§] §]A]SC ~iid7T RD , K
ug P +eU Z]JPZo]PZS]JvP 3Z ((1]1vVv C }( 138 Z & FPermal%xfdiat®dhlar 200°C improved P v u
§Z uCE( E ~0 ug P +« v |, K % @&} U S1}vU % |]vPuytd 260%C, HRWever,+~ Z -

*SEU SUE 0 E EE vP u vEenujaddunetdorkim@airing charge transport and photocatalyti
efficiency. Z u] o /E(}o] §]}v }( &WW A]&duseddkdative defedts that degraded the polymer
*SEU SPE €7 & p ]JvP SZ % E(}EuU Vv (}J& , K % &} p 8]}vX /v }VvSE -
increased the surface areato8an P +U Z] AJvP {001 RD , K P + Z +X D Z v] o A(}o]
effective strategy, enhancing the photocatalytic activity without degrading the polymer backbone. Shear forces
(E Puvs 3Z u $8 E] o AZJwnjugalios. AMJVRE% uU $Z Z]PZ «5 , K % &} p 3]}v -
A+ Z1A Al§8Z v ]v E + }( *uE( XREEFTIR}and XPS ddnfirked significant structural
u} 1(1 81}ve 3% Z]PZ 3 u% @& SuUE « v C , "K v ,EK |edperfor@a@EeoU¥]sP A3
spectra showed a broad absorption in the 4800 nm range, with greater variations in mechanically and chemically
exfoliated samples. In particular, band gap reductions below 1.1 eV were observed, which likely hiffierent

chamge separation, explaining the lower photocatalytic performance in cases sueBksand €, ~ K EXS revealed
notable variations in charge transfer. Lowggrforming samples exhibited a higher resistance, linking the structural
degradation to reduced effiency. As shown in Figc,dmechanical exfoliation progressively lowered the charge
transfer resistance with increasing rpm, whildHCI and 200 displayed the lowest values, reinforcing their superior
charge transport properties.

Fig. 1.a) FPP structure, thOz production of synthesised materialsndc) EIS plots afelectedphotocatalyss.
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The catalytic fixation of atmospheric dinitrogen plays a pivotal role in providing humankind with sufficient
sustenance. Herein, the HABBRSCH and OSTWALD processes remain to this day the key thermocatalytic
approaches to provide nitratbased fertilizers, among other producf]. With the ammonia oxidation in the
OSTWALD process being highly exothe(r®07 kJ mot) [2], however, lies the fundamental thermodynamic issue
}( uulv] [*u]v v EPC }vS vS JvP 0}*S8X Uu}l}E ]JE S %% E} Z ] SZpu-
high activation barrier of breaking the dinitrogen triple bond. Photalsgic fixation of dinitrogen is laid out in two
different pathways: The reductive route with ammonia being the target product, or alternatively, the oxidative
valorisation leading to nitrate formation.

Titanium dioxide has already been shown to displatjceable, if rather low catalytic activity towards photodriven
NOR]J3]. Previous works have furthermore delivered proof that active sites in thermocatalytic methanol and
isopropanol oxidation were also active towards a kgittuced pathway of the sameaction[4,5]. Thus, titania was
modified to include cecatalytic metals known to facilitate the activation of nitrogen, such as Fe and Mo, and V for
oxygen activation. Additionally, as a fundamental concept of catalysis, both the forward and the reaetsen are
facilitated. Hence, the NO&ttivity of titaniasupported active sites for DeNOx catalysis based on Pd was investigated
as well. Herein, we found a considerable improvement the photocatalytic performance.

To identify kinetic bottlenecks, ongoirng-situ vibrational spectroscopic and activity studies aim to provide a
better understanding of the role of deposited active sites on titania, and to identify possible interfering and/or
structural effects by nativeurface carbonates to improve the catalytic potential of TiO2 in the photodriven NOR.
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BivQ is an important photoanode material for wett oxidation, but its photoelectrochemistry regarding the
triiodide/iodide redox couple is not well understood. Here, we use a combination of open circuit potential
measurements, photoelectrochemical scans, and liquid surface photovoltage spectroscopyto($B8firm that
BiVQ/triiodide/iodide electrolyte contacts produce up to 0.55 V photovoltageler 23 mW/cm? illumination from
a 470 nm LEDnspired by these results, we construct In/FTO/BiM@k)aq/Pt sandwich photoelectrochemical cells
from electochemically grown 0.5 x 0.5 émiVQ and Modoped BiVQfilms. Under AM 1.5 illumination, the devices
have up to 0.22 % energy conversion efficiency, 0.32 V photovoltage, and 1.8 ‘Aphotacurrent. Based on SPS,
hole transfer to iodide is sufficiently fast to prevent the competing water oxidation readordoping increases the
IPCE to up to 55% (at 425 nm under front illumination) by improving the BiVO4 conductivity, but this comes at the
expense of a lower photovoltage resulting from recombination at the Mo defects, and a detrimental Schottky junction
at the interface with FTO. Additional photovoltage losses are caused by the offset between thevBigf@e band
edge and the triiodide/iodide electrochemical potential, and by electron back transfer to iodide at the FTO back
contact (shunting)Overall, ths work provides the first example of a BiMQuid photovoltaic cell and an analysis of
its limitations. Even though the larger band gaps of metal oxides constrain their solar energy conversion efficiency,
their transparency to visible light and deepetate bands make them suitable for tandem photovoltaic devices.

Fig. 1.Band bending in a)-@aP and b)+type GaP photocatalyst at the semiconduetarcatalyst (M) and semiconductor
liquid interfaces and corresponding charge separation under illuminatio
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Transparent conducting oxides (TCOs) are metal oxides with unique optoelectronic properties for energy
production applications- they are transparent to the visible range of the spectra while exhibiting electrical
conductivity. ITO or FTO contacts fabricated by physical deposition methods find extensive use as transparent
electrodes at research level in a variety of applications, as they exhibitmetallic resistivity (18- 105> Gcm) and
avoid shadowing over a suliguent active layer. However, the low scalability of these methods alongside the scarcity
of Indium and the negative environmental impact of fluorinated scrubbers have long impeded the implantation of
transparent electrodes in larggcale manufacturing afptoelectronic devices. [1]

ZnO is earth abundant and environmentally friendly, with high potential as alternative upon extrinsic doping.
Nevertheless, there is a limitation on available precursors for scalable schamed synthesis of ZnO, as carbioee
precursors are highly pyrophoricg. ZnEt) and ambient stable precursors have high carbon conteat4n(acac).
Research on-ype doped (Ga, Al) ZnO electrodes over the last decade has mostly reported TCO coatings with either
fair electronic prperties (168 O| ue $Z E }u PsZalable}process or poor electronic properties9(400* O| u-e
through a safe and scalable process. [2] Ultimately, it is the chemical environment of Zn atoms in the precursor source
that determines the nucleation and gwth regimes,[3] for which Zn centres with unsaturated coordination and
volatile ligands with lowcarbon content are key to develop molecular precursors with tailored decomposition.

This work reports the design of a molecular precursor with aguganisedstructure designed under these
principles, which decomposes cleanly (Fig. 1a) to form highly compact and crystalline ZnO coatings)(¥ig 1b
aerosotassisted chemical vapor deposition (AACVD). The synthesis of these TCO coatings is compatibleseith the
of commercial doping reagents (Ga(acdapsulting in the fabrication of highly seéfxtured transparent electrodes
with nearmetallic resistivity (18 O| ue ~&]JPX i «X€0e dZ ¢« & *p0Se E % & « vS ]PV](]
of devices for solar to electricity conversion, with relevance as crystallographic template and as layer in photoactive
heterojunctions.

Fig. 1.(a) Thermogravimetric (full lines) and differential scanning calorimetry (broken lines) of ethylzinc isopropogidegre
in inert (dark) and oxidized (light) atmosphere, showing a clean decomposition in air. (b) Bandgap calculation from dresgsmitt
data of ZnO thin films preparada AACVD using Tatot for direct bandgap metal oxide semiconductors showing high
crystallinity at temperatures as low as 300. (c) Cross sectional SEM image of Gaflliaped ZnO (d) Electronic properties of

Galliumdoped ZnO compared to industrial standards TEC8, TEC15 and AsahiU.
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remain incompletely understood. Growing evidence points to hole polarons as key intermediates in enabling the
oxygen evolution regtion (OER), yet the precise identification remains challenging.

Recent work has enabled the assignment of exefitede absorption spectra to distinct hole polaron
configurations. Different intermediates dominate the picosecond regime depending ontéaméuiin oxide material:
terminal Of>in TiQ and lateral THO{in SrTiQ[1] The shifted absorption maxima observed experimentally could be
rationalized using DFT and-OB T calculations, which identify distinct origins of the optical transitions as imauyr
cause (Fig. 1). However, the broad spectral width and behavior under different reaction conditions require further
investigation.

Fig. 1.a) DOS of STO (left) and TiO2 (right), b) Excited state absorption of STO and c) TiO2, d) experimesttedtécal tiole
polaron spectra of STO and e) TiO2.

In ongoing experiments, we explore how polarization relative to the crystal axes influences the optical response.
This includes both electronic transitions and coherent acoustic waves generated by stegig fiom localized lattice
distortions, providing insight into the orientation of transition dipole moments, and pokandoced structural
dynamics, respectively.

Together, these studies advance our understanding of the nature and dynamics of hotengaad their role in
OER, thereby contributing to a more complete picture of the overall reaction mechanism.
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Selenium- the world's first optoelectronic materialis rapidly emerging as a contender for modern solar cells.
With its bandgap bca 1.95 eV and loswemperature processing it is a candidate absorber for indoor solar cells, or as
the top-layer in higkefficiency tandem solar cells1]. As a standlone solar material, selenium recently surpassed

8% PCE. [3] During the last fiveagethere has been a surge in research in selerdased solar cells leading to

advancements in device structure and performance, but also in fundamental understanding of selenium as a solar

material and its (current) limitations {8].

We present aroverview of selenium as a solar material and give an updated overview of where the field is and
where the field is going. In particular, we highlight recent examples of promising device designs, materials processing

and advances in understanding of matésiparameters.

Fig. 1.Cross section of a seleniusilicon tandem solar cell.
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Perovskite solar cellfPSCshave attracted worldwide attention for its rapidly enhanced power conversion
efficiency and facile device fabrication process. There is still a large tegstability of device andfficiency of large
area perovskite modules, which seriously lags behind the commercialization process.

We reroute the crystallization pathway of the qua®D perovskite films. By controlling the specific adsorption of
NH4IxCl-x additive on different crystal planes, the dynamic preferred growth of (111) plane was deliberately
inhibited, and the (202) planes were exposed as secondary nucleation sites to promote the creation of large grains.
As the halogemegulated deprotonatio of NH4+ proceeded, (111) crystal planes gradually recovered its growth
dominance, and finally formed a verticattyiented quasi2D perovskite film with high uniformity, low defect and
desired carrier transport. The resultant device achieved an effigiend8.5% and a fill factor (FF) as high as 83.4%,
which was the highest FF value for quabi PSCslhen o-PDEAI2 was designed as the passivator to prevent the
formation of two-dimensional/threedimensional (2D/3D) structure and promote the passivatiffect. Based on
this, we designed 4FPDMAI2 to form 2D/3D heterojunction in the CsPbI3 system to improve their phase stability and
the PCEs of the device to 20.13%.

PSCs with the formula FATsxPbI3 provide an attractive option for integrating hefficiency, durable stability
and compatibility with scaledp fabrication. We visualized the cof-plane compositional inhomogeneity along the
vertical direction across perovskite films and identified the underlying reasons for the inhomogeneity fzoteitsal
impact for devices. We devised a strategy usin@Henylsulfonyl)pyrrole to homogenize the distribution of cation
composition in perovskite films. The resultanti-p devices yielded a certified steadiate photonto-electron
conversion efficiacy of 25.2% and durable stability. About the moduleg show that incorporating NN
dimethylmethyleneiminiumchloride into the perovskite precursor solution formed dimethylammonium cation and
that previouslyunobserved methyl tetrahydrotriazinium ([MT®JJcation effectively improved perovskite film. Tihe
situ formation of [MTTZ]+ cation increased the formation energy of iodine vacancies and enlhaamijration
energy barrier of iodide and cesium ions, which suppressed nonradiative recombiriaéomal decomposition, and
phase segregation processes. The optimized PSMs achieved a (eeniftbd) PCE of 23.2% with an aperture area of
27.2 cm2, with a stabilized PCE of 23.0%.

Fig. 1.(a) the distribution of Cs+ in perovskite layer; (b) teture of perovskite module; (c) the certified/Jcurves of
perovskite module.
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Photocatalytic systems designed for various applications often comprise two or more semiconductor components.
Such composites are used to achieve an efficient charge agpar more reactive holes or electrons or other
additional functionalities. However, proper classification of various heterojunctions foaiwemiconductorss often
difficult. We have proposed strategy for correctly elucidating the heterojunction &jfi]. It comprises three main
steps (I) the determination of band alignment, (l) the thermodynamic analysis of the interface, and (lll) the
verification of charge fate and charge transfer kinetics under irradiafieigure) The experimental techniques
appropriate for particular steps, including novel approachss| be presented together with their limitations.
Followingthis strategyand methods of spectroscopic [2] and redox [3] characterization of semicondutdepossible
to conduct the analysis, which explores the intricate dynamics of photoinduced charges within correctly classified
heterojunctions. Such a strategy gives arereliable picture than often presented, oversimplified study.

Figure. Determining the type of heterojunction in three consecutive steps: (I) the analysis of band alignment and Fermi levels;
(I1) the investigation of thermodynamic properties of the ifiéee; (111) the verification of charge fate and charge transfer kinetics
under irradiation.
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Respiratory diseases are among the top five risks to public healtbincpa large number of deaths per year. Airborne
transmission is the main vector of spread and the likelihood of infection is much higher at indoor environments. There
is a need to develop innovative sanitary technologies that enable safe environmentsefmgroviding preventive
devices to contain the transmission of infectious diseases. To this end, we propose new air purifiers based on
photocatalytic filters that inactivate viruses and bacteria by oxidative stress, inhibiting their ability to infect cel

Zinc oxide nanoparticles exhibit antimicrobial activity due to the photoproduction of reactive oxygen species
(ROS). However, the recombination rate of photogenerated elednaa pairs decreases their photocatalytic
performance [1]. The use of zinxide - cerium oxide nanocomposites has been proposed, since the formation of
*u]$ o Z s E}ipv S]J}ve vVE Hu SZ Z EP €E }u]v S]}V % E} e Vv v
redox characteristics that can enhance the generation of si¢gh" X ~]v. §Z o SE}v] % E}% ES] -
the types of exposed faces [2], the influence of different ceria morphologies on the behaviour of nanocomposites has
been analyzed, observing that the heterojunction with ceria nanocubes, presengihgstiproportion of exposed
(100) faces, results in higher inactivation. Several characterization techniques (TEM, XRD, Raman, DRIFTS, E
XPS/UPS, BET, M8, fluorescence lifetimes) were used to analyze the structure and morphology of these
nanocompoges, as well as their optoelectronic properties. Viral titration assays to evaluate the antiviral effect, as
well as inactivation tests of both Grapositive and Grammegative bacteria, were performed. Different assays have
been designed to elucidate thehptocatalytic mechanism and the inactivation process.

In addition, the actual viability of viruses in aerosols has been assessed in a specifically designed chamber.
allows the generation of bioaerosols with viral load, féale in situmonitoring of sispended particles and sampling
of bioaerosols, which makes it a powerful tool to study the efficiency of air purification systems. A prototype of the
air purifier has been built and tested inside the chamber, using a filter with the most active phoyastatditaining
very promising results such as a drop of 7 logarithmic units in the concentration of viruses with infective capacity in
the aerosol, and 3 logarithmic units in the viruses physically retained in the filter (Fig. 1c).

Fig. 1.a) Aerosol camber (CORINA). b) Interior of CORINA with the photocatalytic air purifier prototype. Inside CORINA, a
stable aerosol containing viral load was generated. The aerosol was recirculated through the illuminated photocatalginclfilte
subsequently both theirus retained in the filter and the portion remaining in the air or aerosol were analyzed. c) Results of
airborne inactivation against phi29: both the concentration of viruses that can continue to infect by viral titration aotathe
concentration of irus (with and without infective capacity) were analyzed bygRTR.
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Recent advances in materials science have opened up great opportunities for the design of heterostructures
associating two or more components ah could lead to highly efficient photoelectrodes usable for
photoelectrochemical (PEC) solar to chemical energy conversion. However, in these heterostructures, any change i
morphology or composition will impact all steps of the PEC reaction,[1] makéngust for the best materials and
structures a difficult process. Therefore, to assist in the rational design of PEC devices, there is an urgent need fo
characterization methods to rapidly determine the properties of photoelectrode materials and unddrhtav any
structural or physicochemical changes impacts the PEC efficiency. Until now, the optimization of photoelectrodes in
terms of material composition, film thickness, or-catalyst loading is still largely achieved through a-aiad-error
approad by synthesizing and analyzing a set of different electrodes, which can be time and resmsaening.[2]

Here we will present a new analytic approach based on local PEC efficiency measurement using a small light beat
as a local probe to scan the suréacf photoelectrode with variable properties. We developetdsgnthesis method
that allows the growth of aligned Tiov v}Su e« ~Edse A]$3Z 0 VPSZ Jv E +]JvP PE p 00C (G
electrode.[3] This method was employed to synthesize-NG with variable length but also doped FiNTs with
cations (Nb, Ta) and/aritrogen[4] The optimal thickness of T¥iDM-doped, Ndoped, and (M:N) codope@iQ-NTs
(with M= Nb or Ta) for photoelectrochemical (PEC) wapditting was determined, in one sp, through local PEC
analysis ofhe electrodes withvariable thickness of th8Cmaterial The external quantum efficien@gs a function of
the NTs film thicknessas measuredy scanning photocurrent microscopy (SPCM) utdiéandvisible light to scan
the surface and locally trigger the oxygen evolutieaction. The results provide the optimal NT layer thickness for
each type ofloped TiG-NTs and demonstrate that if the (M:N) codoped JFNIJ's have théest activityundervisible
light, the optimal layer thickness is reduced compatedTiQ or M:doped TiG-NTs.Additionally, by fitting the data
with a model thatincorporates charge carrier transfer and light absorption mechanisms in theifilbecomes
possible to evaluate in operando th&érfacial charge transfegbsorption coefficient, or majority carrier mean path
which are importantproperties of semiconducting materials for PEC applicafiphs he extraction of these
parameters was used to correlate theehavioursof M-doped, Ndoped, and (M:N) codopediQ-NTswith the
changes of electronic conductivity and light absorption depending on the doping species.

Figure 1:a) Principle of SPCM on NTs gradient. b) SEM imagesdiT$Qvith variable lengths obtained on a single electrode.
¢) 2*10 mm SPCM photocurrent mapping of the electr{®led) experimental data of EQE vs NTs length for dopegNT® and
fitted curves|5]
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Photoelectrochemical water splitting is considered a future alternative to classical electrolysis for green hydrogen
production and solar energy storage. Photoelectrode materials are typically characterized by elecicathem
techniques, including cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). A quantitative
understanding of experimental data has been approached by means of physical models that derive from electrical
circuit analogues. While Ei®dels are quite widely used and have been implemented in commercial software [1], CV
modelling has not been commonly applied since the original work by Fab8agdiago et al. [2, 3]. Therefore, the
consistency between models still needs to be clarified.

In this communication, we analyse a series of, pidtoelectrodes having increasing layer thickness and different
TiQ particle constituents, by means of CV in a vaelfined potential window, and EIS at different potentials inside
that window (Fig. 1).

Fig. 1 Electrochemical analysis in the dark of a;fiibtoelectrode, showing model fittings (solid lines): a) CV, and b) Phase
Bode plot (EIS) at three potentials. Electrolyte: 0.1MI@a+ 0.1M EDTA.

We compare the results of data modelling from b@W and Elchniques. Qualitatively, both models todpetr
provide a coherent physical interpretation of phenomena taking place in the electrode. Quantitatively, they vyield
consistent values for the fitting parameteesxcept for large cathodic potentiafsl V vs. Ag/AgCl). Specifically, when
the capacitances calculated by fitting EIS data, it exceeds that from CV at equivalent measuring potentials. Such a
difference is a consequence of intrinsically distinct local conditions during CV and EIS measurements: voltage in EIS
kept around a fixed negative vador a much longer time than in CV, which favours charge accumulation at the solid
electrolyte interphase. The difference between models is found to depend on thenia@rial origin and electrode
thickness. Finally, the activity of the prepared specimes photoanodes is registered under light irradiation: the
highest photocurrents are obtained on the Fi@aterial exhibiting the smallest divergence between CV and EIS model
parameters.

Our work thus contributes to a deeper fundamental comprehension hofsigal mechanisms taking place at
semiconductor photoelectrodes.
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The availability of sufficient and safe drinking water is a critical public health issue. One of the United Nations (UN)
goalsSustainabldevelopment Goals is to ensure universal access to water and sanitation byr288fgeneous
photocatalysis is an Advanced Oxidation Process (AOP) that has been described as a suitable technology for enhanci
safety in water treatment regarding disinfigmn. However, this technology has faced several challenges, including
recovery, separation, and recycling of the photocatalyst, thus hindering-Eogle applicationAnother concern is
the toxicity caused by the persistence of these particles in thatée matrix

Among the deposition techniques available, magnetron sputtering stands out as a relatively simple, versatile, and
easily scalable vacuutrased method used to deposit various materials onto different suppdFtss physical
deposition technige offers a number of obvious advantages, such as high productivity, ability to control coatings
thickness and particle size and lack of hazardous precursors, when compared to chemical methods.

Here, reactive magnetron sputter deposition was utilised fooduction of bismuth vanadate (BiVA) This
materialhas attracted significant interest due to its low band gap,-tmxicity, and corrosion resistance, resulting in
excellent photocatalytic activity in the degradation of organic pollutants under vigifiieitradiation The presented
work is the first systematic study of how deposition parameters may affect the properties of bismuth vanadate
coatings.Thus, the present work aims to address the observed gap and investtyateoperational parameters for
BivaQ thin film production by magnetron sputtering influence their chemical, physical, and optical properties and,
consequently, their photocatalytic activity.

A design of experiments Taguchi L9 array was first used to determine the opttteposition conditions to
maximise photocatalytic properties of Bi¥@he samples were characterized and through photocatalytic assessment,
the BiVQ optimal production condition was determined as being 4 mTorr of pressure, 100 kHz pulse frequency, 90%
duty cycle, and 2 h deposition time. The Bi\a@timicrobial proprieties were assessed following the British Standard
ISO 27447:2009 with E. coli. Antimicrobial activity was observed under visible light, resulting in values under the
detection limit (<LD) witin 24h. The material showed activity in the dark, achieving values <LD within 48h. According
to 1ISO 1099%:2009, different cytotoxicity levels in humane intestinal cells were observed within the tested
concentrations range. This antimicrobial activity usprecedented, indicating a significant opportunity for
advancement in disinfection and offering a safe alternative to conventional water treatment.
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Among various adsorbents, Prussian blue analogues (PBAs) have stroarkable selectivity and efficiency in
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(}&E - JE%3]IvU Adrmbeiiudd rafofiberd/to photeesponsive and seawatepplicablesystems.
Initial developments involved PB embedded in PAN nanofibers asid@Bomposites that exhibited photocatalytic
enhancement under UV irradiation [1]. This was followed by electrochemical adsorption/desorption systems using PB
on carbon nanofiber§2], and PB membranes formed with carboxymethyl cellulose nanofibrils [3]. More recently,
NiFePBAs showed lighfv e H%3 | VvZvVv uvs €d.U AZ]Jo E]& Vv }JE%}E § ]Jv§
electrochemically controlled adsorption and desagpt [5]. Additionally, NiFe embedded in alginate hydrogel
U SE] * UlVeSE § ((]1vs « E ul}Ao v E pe Jol]8CU Avi]ive ASE
This study explores the influence of different transition metal ions (Co, Cu, Fe, Mn, Ni, Zn) onthe G E % $]} Vv
behaviour of PBAs. The PBAs were synthesized and characterized with respect to specific surface area, ion exchan
capacity, lattice parameters, and defect levels associated with coordinated water molediiesadsorption
mechanisms varied ignificantly depending on the metal composition (Fig. 1). CoFe and FeFe PBAs exhibited
}ulv v§ <1 « 1}v £ Z vP U 8} Z]PZ G %0}3 e]Jpuu }vs v3U AZ]o M& v
% EJu EJoC ( ]o]s S , e £ Z vP&X BMS 0QUUYVESE Sv wZ v e M%S | W
irradiation, attributed to their photo-responsive nature that induces electremediated Fe(lll) to Fe(ll) reduction,
thereby boosting adsorption efficiency.

Fig. 1.Schematic highlighting the charadtgation, Csadsorption mechanisms, and capacities of various PBAs.

Additionally, filtertype PBAs were evaluated for their performance in real seawater samples, suggesting practical
applications in rapid préreatment for environmental monitoring. The adrption behaviour revealed a strong
dependence on the type of transition metal, highlighting the importance of metal selection in designing effective PBA
based decontamination systems.
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Nowadays, pollution of water is a relevant problem worldwide. Aghéime possible contaminants, emerging
contaminants are each day more studied, and they include several synthetic or natural substances, such
aspharmaceuticals and personal care products, which before having not been considered as that. The presence
of mary of these contaminants in water do not produce changes in its appearance, making water pollution
imperceptible; however, damage to health and ecosystems can be reflected in the short or medium term. Among
emergent contaminants found in water Ibuprofen, anti-inflammatory and one of the most used analgesics is
frequently reported. Since under thermal decomposition, it releases acrid smoke, a recommended route to
eliminate this pollutant water is applying Advanced Oxidation Processes (AOPs), and phriptwdarcatalysis.

On the other hand, the use of heterojunctions as photocatalyst has been reported to accelerate redox reactions
by increasing the active radical species production which helps in degradation. Based on that above described
in this work wepresent the results of the photodegradation and mineralization of ibuprofen in water using as
photocatalyst an heterojunction based on calcined LDH anblg®ligh level of photodegradation and a very
close mineralization (formation of G@nd HO) were eached under a low intensity lamp of 365 nm UV light
irradiation.

Fig. 1.Ibuprofen degradation and mineralization using LDBM: heterojunction as photocatalyst.
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As a fluoroquinolone (FQ) antibiotic, lomefloxadi®M) is widely used to treat bacterial infections due to its
broad-spectrum of antimicrobial activity. However, despite its effective use, it can lead to serious symptoms such as
nausea, diarrhea, abdominal pain, and dizziness when accumulating in huchaniamal bodies over time [1]. It may
also promote the growth of antibioticesistant bacterial strains [2]. Photolysis and photocatalysis are two of the
common ways to remove the LOM residue in aquatic ecosystems. Compared to photolysis that may thsult in
formation of intermediate byproducts that could still pose ecological risks, photocatalysis can lead to the breakdown
of LOM into noroxic, biodegradable products, thus minimizing the potential environmental hazards. Among various
photocatalysts, Zcheme heterogeneous photocatalyst has demonstrated its effectiveness due to its enhanced
charge separation, strong redox potential, and wide spectral absorption [3]. FBebefne photocatalytic system
allows for more flexibility in designing photocatalysty combining different semiconductors with complementary
properties.

Fig. 1.(a) MS/AU/T catalyst's structure, (b) TEM image of MS/Au/T, (c) LOM degradation performance by photolysis and
photocatalysts, and (d) photodegradation mechanism of LOM by MS/Au/T.

Herein, we fabricated an edgmnnected 2D/2D MofAU/TIO, (MS/Au/T) Zschene photocatalyst for effective
removal of LOM. In the designed system,;Ti@nosheets (T) were first synthesized. Au nanoparticles (NPs) were then
deposited on the edges of TiMoS was finally grown on Au NPs and the edges of (F@. 1a). The morplagy of
MS/AuU/T was studied by TEM (Fig. 1b). The structure of MS/AuU/T was investigated by XRD and Raman. As shown
Fig. 1(c), several typical diffraction peaks at around 25.1°, 38.1°, 47.9° and 75° are indexed to the (101), (004), (200
and (215) crystl planes of anatase TI&Ed+U E +% S]A oCX dZ ]J+E &]}Vv % Il & E}uv i
can be assigned to the (111), (200), (220), and (311) crystal planes of Au [4]. The Raman peaks at 143, 392, 511 &
632 cmt in Fig. 1(d) could besaigned to § By, Aigand Evibration modes of anatase TiQrespectively. However,
no Mo$S signal was detected in both XRD pattern and Raman spectrum due to its amorphous structure and poor
crystallinity. The degradation performance of LOM by photolysis and photocatalysis was then compared. As shown ir
Fig. 1(e), the photolytic removal of LOMmained unchanged after 30min, illustrating an incomplete degradation
behaviour. Photocatalytic degradation by pristine T and MS/Au/T guaranteed complete removal of LOM within 60
min. Especially, the-&heme MS/AuU/T exhibited the largest pseud#-dkder rate constant, demonstrating its
effectiveness in LOM removal. The photodegradation mechanismdoheme MS/Au/T was also investigated, as
shown in Fig. 1(f).
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Development of efficient and stable systems utilizing accessible and renewable energy sources is still one of the
biggest scientific challenges of present days. One ofsttetegiesfor the development of thematerialsexhibiting
high charge carrier generation and separation efficiency isfohmation of the heterostructures. Recently, hybrid
materials composed of MOFs and semiconduct@agegained much attention due ttheir high photocatalytic and
photoeledrochemical activity, significant stability, and, what is most important, enormous chemical and structural
diversity of MOFs components.

Although, a great deal ofuch hybrid systems have been developed, the effects occurring at the -MOF
semiconductor inteface are still not well understood and systematic research on this matter is lackingnpiteeed
photoactivity of suchcompositesis mainly attributed to electron transfer between the excited MOF and the
conduction or valence band of semiconductdine consequences of strong interaction of organic linkers present in
the MOF structure with the surface of semiconductors aseiallyignored even thoughthere are severaWworks
showing that chemisorptioof simple organic moleculgicluding terephthalic dd, a weltknown MOFs' ligarjdcan
significantlyimprove thephotoactivityof semiconductor$l, 2, 3]

In ourstudieswe developed aeriesof hybrid material$n whichthe MOF structurevassynthesized on the surface
of bare titania anditania pre-modified with monolayer of various organic and inorgacoenpounds including ligands
present inthe MOF structures. tturned out,that the photochemical and (photo)physical properties of the composites
strongly depend on the type of linkers occurring at the M&@Riconductor interfac€Figure 1) Thenature of the
modifiers present at the semiconductor surface determines not ondyefficiency of the MOF synthesis but also has
a huge impact o the mechanisms of lighinduced processes and interactions between the components. In some
caseswerebare titania is covered with MOF crystdisere may even ben advantage of photosensitition resulting
from the interaction of linkers present in the MOF structure with the semiconductor over the sensitization resulting
from lightinduced electron transfer between the excited MOF and the semiconductor.

In the present work the impact of typef the contact between MOF and semiconductor components and their
interaction on the density ofacceptor states of semiconductorand spectroscopic, (photo)electricaland
(photo)electrochemical properties of hybrid materials will be presented. In paaticdihe mechanisms of
photoinduced processes arthe kinetics of interfacial charge transfer processes will be thoroughly discussed.

Fig. 1.DOS (left) and photoelectrochemical action spectra (right) of thesLi@acemodified with HPA (hexylphosphiz
acid), PHA ¢phosphonohexanoic acid), TA (terephthtalic acid),-NA (2aminoterephthtalic acid), cat (catechol), sal (salycylic
acid), and MOF (NHMIL-125Ti).
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Pharmaceuticals and personal care products are regularly introduced into water systems. Among them,
tetracycline (TC), a commonly used antibiotic, poses dignifienvironmental risks due to its persistence and
resistance to natural breakdown. Its removal is difficult and demands advanced treatment technologies. The ongoing
issue of water contamination underscores the urgent need for innovative approathesbjective of this study is to
eliminate water contaminants like tetracycline using catalysts in both powder and foam forms, under conditions with
and without light.

& ~EK9M20U > ~EGKLOU ~ ) K d]R25were usedd Z -SiC alveolar foams weused as 5 cm (d)

x 2 cm (h) disks.

The asmade TiLaFeO3 was synthesized using a modifieegsbPechini method [1]. T» & K § 0Ce+3e A
u C & (poo(C ]v P S$-2iC topsa Gisk€usisg dtop method. Instead of makingatelyst separately,
we created it directly on the foam's surface by dripping the starter solution ontdhie foam was dried at 80°C
between applications and then overnight. Calcination followed a 5°C/min heating rate, with holds at 600°C for 2 hours
and800°C for 2 hourf2].

Figure 1 illustrates the impact of different oxidant systems on tetracycline (TC) degradation using&TK v
Ti> & 46iC under both dark and solar conditions. The Sola¥/T& 8IC/PMS system demonstrated the highest
efficiency, emphasizing the strong synergy between PMS, solar energy, and the catalyst. In contrast, K |W D"
in the dark showed only moderate performance, while Sola#Ti& K I, K A « «0]PZ30C 0 *+ (( 3]A
based system. The lowest degradet occurred with Fi> & K |, K ]Jv §Z EIU o]l oC pn 8} o]
without sunlight. These results underscore the critical role of oxidant choice and solar irradiation, with the Solar/Ti
> & I8iC/PMS system emerging as a highly promising odfitr efficient TC removal in wastewater treatment.

Fig.1.TC degradation inT+ & K IWD"- &dR |, K % @E} so ]V %®E *v v v }(*}o & 0]R28&~Mos A iU €
Foam, [PMS] = 2.2mM, [H202] = 2.2mM b)$Ti& K + A W}A EU €WD”+ A iXfifiuDU €,iKis A {X{uDeX

References

[1] Garéa-Mufioz, P., Fresno, F., Lefevre, C., Robert, D., & Keller, N. (202Q).T(] > & -Kid alveolar foams as immobilized

dual catalysts with combined photienton and photocatalytic activitACS Applied Materials & Interfac&®(51), 57025%7037.

[2] P. V Gosavi, R.B. Biniwale, Pure phase LaFeO3 perovskite with improved surface area synthesized using different ®utes and
characterization, Mater Chem Phys 119 (2010) 329.

Acknowledgements

This work has received financial support frohn% v]«Z D /EI /I {iXitiidlaiifiiiiiiiv. v ~Z & AClY(ul
through project PHOTORAS (PID20281650A00. PGM acknowledges Comunidad de Madrid through the call Research Grants
for Young Investigators from Universidad Politécnica de Mddritinding the research project SUNCAT4PLAST (ABOYENES
21-JVADEB-Q2WGKY).



F-2/P-2
A new approach for developing highly efficient Ti@nd SrTiG
based photocatalytic films

Wiktoria Adamowic2 ? Marcin KobieluszWojciech Macyk

aFaculty ofChemistry, Jagiellonian University, ul. Gronostajowa B&80Krakéw, Poland
b 1 §JE o "~ Z}}o }( £ $ v E SUE o~ ] v +U : P] oo}v] 1B4BKjakoE Ppia@d) po X

One of the most important factors affecting the efficiencypbitocatalytic processes is the abiltty separate
photoinduced charges (electrons and holes) efficienthcreasing the charge separation and thus reducing the
recombination processes can be achieved, for example, by synthesizing titanium(lV) osiglentium titanate
crystals withcontrolled facet expositionThe presence of different potentials on the surface of such crystals causes
the segregation of photgenerated charges intspecificcrystallographidacets As a resulthe exposedrystal planes
are enriched in holes or electrons and are preferred in reduction or oxidation proces@sAhpther approach that
could promote better separation of photoinduced charges is the development of photoactive coatings with variable
compositon (also with gradient composition)'his approach can create heterojunction systemhotocatalytic
coatings with variable composition should provide better separation of oxidation and reduction processésuand
higher efficiency of photocatalytic refions. Such coatings can be used in oxidation reactions (e.g. degradation of
contaminants) and reduction reactions (e.g. transformation of organic compounds).

In this worka series of films with different compositions based on titanjlifloxide and stratium titanate were
synthesized. Several techniquessich aghe liquid phase depositiofLPD method solgel spincoating,etc., were
used Examples of the obtained composite layers are presented in Figdneetrystallinity andohase compositions
of flmswere explored by XRIRaman, UHBEM EDS and TeBIMS The photoelectrochemical and photocatalytic
activity were studiednter aliain water and methanol oxidation.

The impact of the type and composition of film for photocatalytic activity will fesented and discussed.

Fig. 1.SEM images of the crosgction ofSITIQ@TIQ, (a) andTiQ@SrTiQ (b) films on an FTO glass substrate.
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Small plastic debris are ubiquitously present in coastal and aquatic ecosystems, primarily transported by wind and
water currents In recent years, nanoplastics (NPs, <1 um) have raised significant concerns due to their potential risks
to both the environment and human health [1]. However, wastewater treatment plants are ineffective at removing
NPs, as their size is typically smatlegan the pore size of conventional filters, and their colloidal behaviour further
limits removal by other treatment processes. To address this challenge, advanced treatment technologies have
emerged as promising solutions for NP elimination, with advdnogidation processes (AOPs), particularly
photocatalysis, being notable methods for degrading NPs in water.

The primary aim of this study is to evaluate the ability of different heterogeneous AOPs, and in particular
photocatalysis, to mineralize NPs, atm assess the impact of various parameters on NPs mineralization [2].
Immobilizing the catalysts is necessary to implement the photocatalytic tests and obtain performance indicators.
Therefore, macroscopic 3D silicon carbide (SiC) foams have been uskdtasamlyst supports due to their high
chemical and thermal stability, along with their opeall structure that facilitates irradiation of the reactor core [3].

A stepwise digcoating technique with final thermal annealing at 550°C was used to obtaifiam TiQ-P25 coating

on the 3D SiC substrate. The FR25/SiC foam was placed in a quartz bedipe photoreactor in contact with stirred
aqueous NPs dispersions. NP model materials of polystyrene (NPs PS) were synthesized at IPREM for this proje
diluted to have an initial Total Organic Carbon (TOC) content of 10 mg/L. At regular intervals during the tests, the
suspension was sampled and analysed for TOC without filtration. A span of ptiysio&cal techniques were used to

get information on the ewlution of the NPs PS and the products formed.

Figure 1 demonstrates that control experiments, including the catalyst in the dark, bare SiC foam, or photolysis
conditions, did not lead to any degradation of NPs. In contrast, under UME @& ] S]}v nm, alA34 dfim32),
significant degradation and mineralization of the NPs occurred using thePR®SIC photocatalyst. Nearly 90%
mineralisation of the PS NPs was achieved after 8 h of irradiation. The addition of peroxymonosulfate (PMS)
accelerated the process, achieving 90% mineralisation within 4 h. Results will also show the influence of various

parameters, including particle size and surface functionality of NPs, irradiation type and power, and catalyst.
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Figure 1. (Left) Adsorption (dark), photolysis andAJghotocatalytic (with and without PMS) mineralisation of PS NPs in waterasroscopic Ti®
P25/SiC foams (Calibrated size of PS NPs of 298 nm). STEM images, done at IPREM, of calibrated PS NPs of 422 nmFidaiageiih insert)
and 298 nm (right).

Preliminary results indicate that the photocatalytic mineralisation 8f W¥Ps in aqueous solution under-BV
irradiation using Ti@P25/SiC foams and PMS is highly effective. Further optimization is necessary, including the
development of novel photocatalysts and the elucidation of potential degradation mechanisms.
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Enhancing the efficiency of photocatalytic and electrocatalytic reactions on photoactive coatings is an area
of active research currently. A key challenge is the effective separation of photoinduced charge carriers (electrons anc
holes) to minimize recombination losses. One of the strategies to ptetreese processes is the synthesis of

heterojunctions.
In this work, we focused on the fabrication of heterojunctions composed ofkmellvn and highly active titanium
dioxide (Ti@e v EJuu 318 v d ~ d]K «X E]Juu 318 v Fh Versatilitpand efficigneg dsja s Z]

photoactive material. It offers several key advantages, including low costtaxigity, excellent chemical stability,
and unique ferroelectric properties. Its ability to form effective composites with other materigtsefuenhances its
photocatalytic performance, making it particularly promising for environmental applications such as wastewater
treatment and the degradation of organic pollutahts
Liquid phase deposition (LPD) is the preferred synthesis method and affimerous advantages, including cost
effectiveness, simplicity, and the ability to produce heglality films without vacuum conditior’sThe photocurrent
U *dE u vse E A 0 3Z-&KZZ 3dipv §]}v A£Z] 13°U Jvs E e odmpareqiteo E ]} ¢
d]K (Jou ]Jv iXi D <EK X dZ]* (( 8 lu s u}E A] v3 AZ v u 3Z v}o ]e ue
This study aims to develop photoactive coatings with a gradient composition to enhanceeplaeation of
photoinduced charge carriers.
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T
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Fig. 1.aStructure of the photoelectrodbe. IPCE measurements 8iQ;and  d ] KTiG, heterojunction thin films in 0.1 M KN@ CHOH at 350 nm, 1
\
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remediation. However, conventional production methods, such as the anthraquinone process, rely edeivesd
organicsand noblemetal catalystsgenerate chemical waste, and are enengiensive. Alternative routes, including
ele SE} Z u] o *Cvs8Z ¢]e v JE S ,IK & S3]}veU ( Z oo vP e« o]l ZzZ]PZ }
risks.Thus, d A 0} %o ]vP epes ]Jv o v ((1 1 VS %% E} Z (h@adaisInkhiE&denses]}v |
covalent organic frameworks (COFs) have emerged as promigieg-metal photocatalysts due to their tunable
porosity, high surface area, and excellent stability. Thaionjugated structures enable efficient light absorption and
charge separation, making them ideal for phottadgsisapplications [1]

In this study, we synthesized three novel COFs by couplingphdflanthroline2,9-dicarbaldehyde (PTA) with
three aminebased linkers: 4,4',4(1,3,5triazine-1,3,5triyl)trianiline (TTT), 54-aminophenyl[1,1":3',1"-terphenyl]-
4,4"-diamine (TAB), and benzeiig3,5tricarbohydrazide (THB), forming RTAT, PTAAB, and PTFAHB,
respectively. The photocatalytic performance of these materials was evaluated usimgeamadeglassreactor with
a removable quartz windowat the top v TiTty viv o u% -~,akthilightsourceStandard conditions
included 5 mg of catalyst in 30 mL of deionized water, stirred at 300 rpm &€ 2hder open ]E }v ]5]}veX , k
production wasquantified using thecolorimetric potassium titanium oxalate method, with Wis spectroscopy at
379 nm[2].

Preliminary results indicate that all three COFs exhibit catalytic activity, witiTRBAPTATT, and PFAHB
achieving productivities of267, 671U v fiT7T Ru}ex? oker 2 h, respectively. Despite PTAB having the
ZIPZ +% Jv]8] 0 E § ~i0&X%0 ZRu30 sa{P PS $]1A §]}v A+ } « EA -TAB E 3]
maintained stability, making it the most promising candidatecyRlability tests confirmed PTBAB robustness, with
ul]vlu o % E} p 5]A]SC o0} }JA & 3ZE C 0 ¢ ~ki9.0hig, thedldndatndparf®tradre, K P
PTATAB demonstrates strong stability and efficiency, making it a promising matergefen chemical applications
and industrial processeShese findings highlight the potential of COFs as efficient, Areta) and sustainable
%Z}5} 5 0Ce3e (JE , K % E} p §]}vU p&isigéligh. Mare DfoAmatid tegaidiBdeaction
mechanismsphotophysical properties of the COFs and optimization of the reaction conditions will be investigated.

Fig. 1.Chemical structure of the new COFs studied in this work. EvaluatiogDapHotosynthesis under water and air atmospherfetioe COFs.
Stability of PTATAB over three consecutive cycles of reaction for 24h/cycle.

References
[1] Y. Zijun, M. Tianyngew. Chem. Int62 (2023).
[2] L. Yong et alAppl.Catal.B: Environ 331 (2023) 122691.

Acknowledgements
The authors appreate the support from FAPESP (No. 2024/018G$d2023/088758), CNPg and Normandy Region (SunToChem
project).



F-6/P-6
Dehalogenation reaction over coatalyst loaded carbon nitride photocatalysts
Kosei Hat® Atsuhiro Tanak&,Hiroshi Kominanti

aGraduated ghool of Science and Engineering, Kindai University
bFaculty of Science and Engineering, Kindai University

Aromatic chlorides are typical pollutants causing various environmental problems due to their persistence. In most
cases, incineration is used faeatment of aromatic chlorides. However, this approach requires substantial energy
and converts valuable aromatic compounds to carbon dioxide and water. To address this issue, we focused on the
dechlorination reaction and recovery of aromatics using phatalysts. We have reported that the dechlorination of
chlorobenzene to benzene proceeds efficiently at room temperature and atmospheric pressure using a titanium

1} AE] %Z2}8} S 0CeS pv E hs o]PZS JEE ] S]}v €iUTe«Xatdlyst hdo tthctedE }v
attentions having an advantage in an element strategy [3]. In this study, we investigated dechlorinatien of
chlorotoluene (PCT) using metatcoS 0C+S ~De+ 0} sNg) phototatalyst.

GN4 was prepared by calcination of a mixture of urea (4 g) and melamine (36 g) in an alumina morta&tCafat50
4 h. The eNs was washed with an aqueous sulfuric acid solution (pH= 4). Variecatalysts (M= Pd, Pt, Rh, Ag and
Au) at 1.0 wt% were loaded diN4 by using a photodeposition method. M (50 mg) was suspended in 80 vol%
2-propanol (5 crd) containing PCT (100 pmol) in a test tube. After the test tube was sealed with a rubber septum, the
gas phase was replaced with Ar. The mixture was irradiatith light from a high pressure mercury lamp (Koike,
,CIPIU : % vU ,E 7il vueX dZ }u%e}pv ¢ Jv §Z P ¢ v o0]cu] %Z ¢+ (S E §
chromatography.

Table shows the amount of toluene produced after 0.5 h in the dechloonateaction of PCT over ML
photocatalyst, indicating that the highest yield of toluene was obtained whendRdi@as used. The amounts of PCT
adsorbed on N4 and M/GN4 were determined in the dark and the differences in the adsorption amounts between
of GN4 and M/GN, are also shown in Table, indicating that Pd showed the largest adsorption ability of PCT. The
temperature dependence of the reaction rates of PgMcCand Pt/GNs was investigated. The activation energies of
Pd/GNs and Pt/GN4 were simiar, while the frequency factorg\ were determined to be 2.43x381and 6.51x18s
1, respectively. The difference in the activity for the dechlorination overaM/@as attributed to the difference in
the value ofA. In other words, the PCT adsorpti@bility of cecatalyst has a significant effect on the PCT
dechlorination. In conclusion, PCT was efficiently dechlorinated and toluene was recovered in a high yield over
Pd/GN. photocatalyst without the use of Hinder ambient conditions.

Tablel. Dechlorination of PCT to toluene over MG photocatalysts for 0.5 h and amounts of PCT adsorbed on M in the dark.

Figurel. Arrhenius plots for toluene production over PghG and Pt/GN,.
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As global energy demand continues to rise, particularly in emerging economies, the reliance on fossil fuels remains a

significant challenge, withhese sources accounting for approximately 50% of Europe's energy mix [1]. In response to the
VA]JE}vu vE 0 8ZE S« %o} C VSZE}%}P v] K uJee]}veU 8z HE}% v W E

aiming for netzero GHG emissions by 2050 %] K v}3 }voC @&]JA « o]u 3§ Z vP usS o<} JvSE]
health concerns, with air pollution responsible for around 4.2 million deaths annually, and nearly 90% of the global
population living in areas where air quality exceeds WHO lif8]tsOther pollutants, such as volatile organic compounds
(VOCs) and nitrogen oxides (Bi@lay a key role in the formation of secondary pollutants like acid rain and photochemical
smog, both of which are associated with adverse effects on human heatésponse to these challenges, alternative energy
sources such as biomass have gained attention, with segendration biofuels derived from needible biomass and waste,
such as therganicfraction ofmunicipalsolid waste (OFMSW) and sewage sludge,(8i8ying a significant role in reducing
GHG emissions.

d} (WESZ & uls]P § E }v (}}S% E]JvSe v VvZ v v EPC ep+s ]Jv ]Jo]SCU K
essential strategies. Among these, biocarbon materials produced from the pyrolgsiaebbic codigestion (AcoD) residues
of OFMSW and SSare challenging, since most of the studies found in the literature rely on the use of biomass wastes from
agriculture. Biocarbofrased materials may play a key role in pollutant removal, particuldmgugh photocatalytic
technology, which has proven effective in eliminating pollutants from both water and air [4]. The combination of adsorbent
photocatalyst hybrids (APHSs), particularly those based on carbonaceous materials, enhances pollutant abbtement
synergizing adsorption with the photocatalytic oxidation process [5]. These hybrids can also improve photocatalytic stability
and efficiency, especially under harsh conditions, by using biochar to store and transfer electrons [6]. Despite thess,advanc
challenges remain in optimizing biocHaaised photocatalysts, particularly for g&& Z ¢ %c}oopusS vSe ep,Ande E, U
VOCs, with limited research on biocarbon derived from OFMSW and SS. Furthermore, the development of photocatalytic
materials resposive to Vis light continues to pose a considerable challenge. Among them, graphitic carbon nitride (g
has attracted increasing attention due to its favourable properties, including low toxicityeffestiveness, and efficient
absorption in the Vidight spectrum [7]. This study focuses on the development of APHs derived from the AcoD of SS and
K&D"t 8§} vZ v K %SUE V %Z}5} 3 0C3] %o }oopuphass VBCEIA 0 % ES] po Ec

Biochemical methane potential tests were initially condettto evaluate biogas and biomethane production from
various SS and OFMSW mixtures at different ratios (75:25, 50:50, and 25:75). The 50:50 ratio demonstrated the highes
biogas and biomethane yields, confirming the efficiency of AcoD. Based on theds,res@dmicontinuous digestion assay
was performed in a 5 L reactor over 150 days to assess biomethane production. The resulting digestate was subjected to
pyrolysis process to produce biocarbon, which served as the raw material for the developméd?tief Phe base material
Aeepi & 8§} 8Z EuoU A «Z]vPU v Z u] o 38]A 8]}v 8E 38u v8e 8} vZ v ]38
showed that these treatments significantly increased the surface area and textural properties of the biodeallorg to a
vV}8 0 Ju% E}A u vs ]Jv K %SUE X dZ W,e A E +CvEZ ]I C ]v YEBIE 3]\
synthesized via thermal decomposition of melamine, to promote vidighe-driven photocatalysts. A thorough analysis
revealal a correlation between the physicochemical properties of the APHs and their depollution performance,
demonstrating their potential for VOC treatment. These APHSs, prepared via mechanical mixing, exhibited substantial

((11v ¢ ]lv K &E u}A toncontrblEneesdis light irradiation. This approach not only contributes to reducing

GHG emissions but also supports the circular economy by transforming waste into valuable resources, such as APH material
which are highly effective for ggghase pdutant removal.
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Lightdriven organic synthesis has greatly advanced with the emergence of photoredox catalysts, which offer
significant advantages, including milder reaction conditions. However, most of desséopments rely on molecular
catalysts or costly transition metals. To address this, we explored the use of semiconductor quantum dots (QDs) as:
novel class of redox photocatalysts capable of utilizing visible light. Dabbous et al. [1] and our |gbsixatad the
photocatalytic capabilities of core CdS, core CdSe, and inverted type-$tegdteCdSCdSe quantum dots (QDs) for
carbonrcarbon (GC) bond production through a [3+&hnulation process, yielding tropane derivatives. Our group
discovered thatore CdS, core CdSe, and -CdiSe QDs were effective catalysts for the annulation reaction over two
successive cycles, resulting in the successful synthesis of tropane derivatives [2].

Redox Photocatalysis using QDs systems are generally limited by@heit JvP % }3 v38] 0 ~8C %] 00!
SCE). Our goal is to generate an excited state of the anionic or negatively charged spasies (BEiXd s AeX 7
thereby enabling access to a wider range of challenging and energetically demanding orgetionseavhich could
not be explored before, such as dehalogenation, p Siivy

Recently, Widness et al. [3] have demonstrated the possibility to excite CdS QDs twipeaess known as

JVW d ~ }ve usJ]A %Z}S}]v 0 SE}v SE ve( E*W S§Z (J]E*S %Z}S}v P v
e }v /E 158 3]}vU % E} p + v AESE uoC E p]vP SE]J}V 8§ ~Y Ze 5Z(
photoreducing catalst (FedoxA >TX3 s AeX "~ ¢ }% ve u% A] E vP }( pv(}E * V %0 Z
addition, Ghosh et al. [4] also showed that an organic catalyst from the perylene diimide (PDI) family can be excited
twice, similarly reaching strongly reducipgtentials which can be a possible candidate for these reactions.

Fig. 1.Proposed photocatalytic dehalogenation using QDs. Adaptedd from reference [3].

In this work, we decided to synthesize different types of QDs and PDbxplated their efficiency in photoredox
dehalogenation reactions (X = I, Br, Cl, and even F). We tested as well greener types of QDs,-fragmanants,
their possibility to perform ConPET reactions and reach strong reducing potential. We were atiéete impressive
turnover numbers (>10,000 or even >200,000 depending on the QDs). As for PDI, it was applied as well as
photocatalyst reaching comparable TONs to literature [4]. Finally, although both studies [3] and [4] suggest
mechanisms based on d¢bretical assumptions, we conducted detailed EPR and-teselved studies on our
photocatalysts to investigate the formation of anionic or negatively charged species. These analyses aimed to verify
the operative mechanism involved in ConREiVen organicsynthesis reactions.
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Modified titanium dioxidebased samples were obtained via hydrolysis of titanium(lV) isopropoxide using a sol
gel method. In order to establish how different methods of processing the samples impact their activity in the process
of carbon dioxide photoreduction, Ti®naterial was modified with nitrates of-dlock metals such as zinc, iron(lll),
and chromium(lll). The obtained samples were characterized by scanning electron microscopy (SEM), low
temperature nitrogen adsorption using Brunau&mmetttTeller (BET) method¢ray powder diffraction analysis
(XRD), and their photocatalytic activity in the carbon dioxide)@kbtoreduction process.

Carbon dioxide photoreduction processes were carried out in gpgase system in a glass reactor equipped with
a 150 W mercuryamp emitting UMC light inside a quartz cooler continuously fed with fresh water as described in
other works [1,2]. The reactor was filled with gaseous carbon dioxide anal16f liquid ultrapure water in order to
allow for the watersplitting reactionand formation of hydrogen in the presence of a photocatalyst.

The composition of the gas phase during the process was analyzed using a gas chromatograph (GC). Comparis
of the amounts of products (hydrogen, carbon monoxide, methane, and/or others)rautan the photocatalytic
process of carbon dioxide photoreduction are assumed to be proportional to the photocatalytic activities of various
samples. Samples were prepared with the sequential use of microassisted hydrothermal treatment (R) and/or
anrealing (F). After the modification, samples were rinsed and ground in order to obtain homogeneous photocatalyst
powder.

Obtained materials modified with a singlebtbck metal nitrate and multiple -Block metal nitrates showed
varying activity in the cadn dioxide photoreduction process. Most beneficial modifications concerning improving
the photocatalytic activity of the samples containing zinc nitrate solution as a main modification agent and/or a blend
of multiple salts with zinc nitrate. Obtained salep performed significantly better in the photocatalytic process than
the commercially availablitanium dioxide (AEROXIDE®,;RQ5)
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The abundant presence of pharmaceutical pollutants in natural waters is nowadays an emerging concern [1].
Although BiV@can degrade drug pollutants in both photocatalytic (PC) and photoelectrocatdBEC) processes, its
performance is limited by fast electrdghole recombination and low stability, respectively. Therefore, this study aims
§} JVA «3]P 3Fe@DA modificationwhich may address both issuefluences the PC and PEC performance
of BivaQ.

BiVQ was electrodeposited on Sp0& ~&dKe ep *SE § . e (E]-FeODH was depdZited hy
impregnation method [3]. Raman spectroscopy ardEX C  J((E& S§]}v }Vv(]Eu -F€Q@uphasky whilet
SEM revealed flake ] | -FeOOH anoparticles (570 nm) on the BiVgsurface. The effect of this modification on the
PC and PEC degradation of most abundant pharmaceutigadsacetamol (PCT), sulfamethoxazole (SMX), and
carbamazepine (CBZ) was investigated. In each experiment 6 mimgfl2@olution was irradiated by a 400 nm diode
(200 mW/cmd) in frontillumination mode. In PEC experiment, an external bias of 0.8 V vs. Ag/AgCI (1M KCI) was
applied.

Figure Ishows § Z §¢OOH madification of BiV@&nhances the photocatalytic degradatiof PCT and SMX. The
results of studies with the probe molecule (terephthalic acid) indicate that more hydroxyl radicals are formed in
BivQ | -FeOOH systems, and their concentration remains unaffected by deaeration. Thus, unlike banreviiitd
generateshydroxyl radicals via superoxide intermediatesBiVQ | tFeOOH produces them directly from water or
hydroxyl ions.

In the PEC process, the modification of BiVO] § ZF4OOH results in a .8 2.5fold increase in the current
density and enhanced stdity. For bare BiVgthe current decreases by 580%, while it only drops by 135% for
BivQ | -FeOOH. Nevertheless, in photoelectrocatalytic degradation, an opposite effect has been identified. The
modification of BiVQeither reduces degradation efficiep or shows no improvement in performance. Furthermore,
energy consumption is either higher or unchanged for BiM&eOOH compared to bare Biv@1.43 kWh/ni for
PCT, 1.22 and 2.40 kWhiifior SMX, and 1.12 and 1.74 kWHfor CBZ).

Fig. LInfluenceof t-FeOOH modification on photocatalytic and photoelectrocatalytic degradation of paracetamol (a), sulfamethoxazole (b) and
carbamazepine (c).

In summary, the modification of BiVOA]$ ZFdOOH leads to different effects on photocatalytic and
photoelectrocatalytic processes, improving the performance in former case and reducing in the latter. The reasons
for this discrepancy will be discussed.
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The production of green hydrogen through water electrolysis is viea® a promising sustainable solution to
mitigate climate change and the depletion of conventional fuel sources. In addition, hydrogen is an important
feedstock for the chemical industry and its production through electricity will increase the sustaynabilieveral
industrial processes for the production of chemicals. Perovwdldased materials are highly efficient functional
materials which are deeply studied in various electrochemical applications due to their robust physicochemical
properties and flaibility in chemical composition and electronic properties [1]o 3& sC@ sF& 20s.w(BSCF) is an
excellent electrocatalyst for oxygen evolution reaction (OER) in alkaline media and its properties such as high
availability of catalytic active sites and fast kinetics distinguish BSCF from other materials in the perovskite family [2].

Fig 1.Engineering BS@fased materials through combined exsolution and galvanic replacement.

Yet, BSCF contains a significant amount of cobalt (Co), which is accompanied by severe environmental an
geopolitical implications. Our main aim is to reduce thee@uent, but at the same time improve its OER activity. We
achieve this by engineering BSCF through the methods of exsolution and galvanic replacement. The exsolution proce:
introduces multiscale lattice strain in the base material and results in thedton of exsolved nanoparticles,
embedded on the surface of the host perovskite, that are more functional and stable [3, 4]. Later,-hynfirge of
the exsolved nanoparticles with low amounts of noble metals through galvanic replacement, we furthacerthair
OER activity (Figure 1) [4, 5]. Thet®te-of-the-art OER catalystsot only show an increase in their intrinsic catalytic
activity, but they do so by a decrease in their Co content. Finally, the practical applicability of our developed and more
sustainable BSfased catalysts is evaluated in photovoltaic (PV) draegn-gap alkaline electrolyzer
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As Net Carbon Zero and the development of the circular economy become critical global environmental issues,
developing alternative green energy resources for fossil fuels are an area otaigniéisearch activity. Bioenergy is
potentially one of the most promising green energy resources due to the large annual global output lignocellulosic
biomass originated from forestry and agricultural residues[1]. As a key component of lignocellulogsdidignin,
which is comprised of various aromatic monomer units, is a potential feedstock for value added chemical production.
The method and mechanism of the cleavage of the linkages between monomers to obtain high value products,
however, requires sigificant investigation as it a complex and Afatile process.

dZ & (}JE U 3Z]e 3y C (} pue » }v 8Z %Z}3} 5 oC3] 1IVvA E-]}v5jitkage]Pv]v
which is one of the key components of the lignin structure. In this worlag found that a greater yield of aromatic
%E} u e A e} 3]v (Elu 3Z %Z}$} 5 lgdsinoddhcAm@uidwsing ¢arbon nitride (CN)

AZ v Ju% E& &} A}v]l Wi 3]5 vipu ]}E] -~ dPKiedel dampdendEghetodonveions Z  t
were determined and €€ bond cleavage was observed byl8& It was also determined that the solvent participated
in the reactions due to the introduction of a cyano group to one of the products. Radical quenching experiments
revealed that superoxideadicals participated in the CN photocatalytic conversion. The above results reveal for the
(JE+S SJu SZ % E} U S v %o}ee] 0 u Z v]eu }( SZ %Xrh&del conopBuinds SRV * (} ¢
a CN photocatalyg2].
In future work, a PhotoelefE} Z u] o oo Aloo e v d]KTl&dK % Z}8}5%gnin AJoo

JVA E+]}v v eJupod v }ue ZC E}P v P v E §]}vX ,C E}P v v EPC ]+ }v
decarbonization strategy in the coming years, aiming to provielercsolutions for transportation, power generation,
and industrial application§].

Fig. 1.Schemetic oft-5 photocatalytic lignin conversiofReproduced with permission[2]. Copyright 2025, WN&yH.
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Photocatalysis is an efficient and sustainable approach for degrading toxic molecules present in wastewater or for
energy applications (e.g.oHC1 production). Among the different semicondustarailable, titanium dioxide remains
the most commonly used semiconductor in photocatalysis due to its abundance, good chemical stability and suitable
band edge potentials for Hproduction [1]. However, TiDalso presents a very high recombination raté o
photogenerated carriers (electrehole pairs) limiting its intrinsic activity.

One way to enhance the efficiency of photocatalytic materials is to develop aspistédcatalytic processes. In
this respect, charge separation can be driven by the ete@gid built in the depletion region as a result of the energy
discontinuity at the semiconductor/electrolyte interface. Tuning the electronic band structure in the interfacial region
is a very effective approach to enhance charge separation efficieampefectric polarization is a promising strategy
to modify band structures and charge transport performance in heterojundtim¢ed semiconductors. Generating
such spontaneous polarization by addition of a ferroelectric material to the photocatalystdpsoa strong
opportunity to enhance the charge separation [2, 3].

The objective of the present study is therefore to build optimized ferroelectrie/E&niconductor systems
considering BaTias the ferroelectric material. In order to distinguish betweggure heterojunction effects and
enhancement due to ferroelectricity, either cubic paraelectric (fiemoelectric) BaTi@or tetragonal ferroelectric
BaTiQ will be considered to obtain BaTdiO, systems. Evaluation of the ferroelectric beneficial effen the
photocatalytic performance will be considered considering both photooxidation reactions or hydrogen evolution
reaction.

Barium titanate was obtained through a gl process using titanium butoxide and Ba(O&h precursors
followed by a hydrothermal step at 200°C for 24 h. The resulting material was then washed with acetic acid, water
and ethanol before being dried at 80°C for 12 h. Formation of BAT® systems was obtained through the addition
of Ti butoxde to various BaTigXamples followed by calcination at 500°C for 2 h. The final relative gaigmolar
ratio was varied from 1/0.125 to 1/3.

First experiments were performed in order to selectively obtain either cubic paraelectric BarTi€@ragoral
ferroelectric BaTi@without modifying size or shape. In this respect, the addition of ethanol to thgedadynthesis
during the preparation of barium titanate selectively controls the exclusive formation of the ferroelectric phase.
Removing ethanol o the opposite leads to the formation of a pure cubic phase as confirmed by XRD and Raman
spectroscopy. Moreover, increasing the temperature used for the hydrothermal step also allows to favor the
formation of a ferroelectric BaTiOphase. Finally, sinceh¢ BaTi@ ferroelectric phase is expected to be
thermodynamically metastable, control experiments were also performed to verify that the final calcination
treatment used during the BaTi@iO, preparation does not influence the final proportion of ferroetiec phase
obtained.

BaTiQ/TiO; photocatalytic systems were then synthesized using both ferroelectric offerwoelectric BaTi@
substrates considering various proportions of Jd@posited onto BaTi§ Attention was paid to avoid any carbon
contaminaton coming from the sejel approach and potentially biasing photocatalytic activity evaluation. Results
indicate that at iseamount of TiQused, employing a ferroelectric Bati€bstrate leads to a strong increase of the
activity by 80% for the photocalytic degradation of formic acid. Optimization of the ferroelectric effect will also be
presented through determination of the optimized amount of Fi®be added and description of the characteristics
of the BaTi@TiO; interface by TEM analysis. Figalhfter addition of Cu metallic NPs onto the various BdTiO»
systems, the beneficial effect resulting from ferroelectricity will also be evaluated for the hydrogen evolution reaction.
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The detection of herbicides like diuron (DIU) and atrazine (ATZ) in water bodies is concerning scientists related tc
their environmental and health risks [1]. The potential risks @&#g, since current water treatment techniques are
not effective with these kinds of pollutants. Photocatalysis is a promising method that can be used for water treatment
[2,3]. Titanium dioxide (T#pis a photocatalyst with good performance under UVgerand its commercial form is
commonly known as P25 that is a combination of 80 % anatase and 20 % rutile phase. However, to use the sola
spectrum better, it is necessary to have photocatalysts that are active under visible range, as in solar speétrum 42
is visible light and only 5% is UV. In this case we doped P25 with Pt nanoparticles to reach better light absorption, an
to analyze the interaction of their atoms and evaluate their photocatalytic activity for degradation of herbicides. P25
was impregated with different percentages of Pt (0.2%, 0.5% and 1%). XRD showed that Pt with 1% loading contains
Pt:04 and most probably the Pt particles are also entering in the P25 lattice. For all the samples it was possible to
identify a band gap and Valence Ilghthat correspond with TiPand PtQ, supporting a heterojunction behavior.
Photocatalytic activity was evaluated under visible light using white LED light. The best photocatalytic DIU removal
was observed for the sample impregnated with 0.2%PtP25 react20§6 degradation in comparison with ~7 %
removal of the P25 in 5 h irradiation time. While for ATZ degradation during 5 h irradiation 0.2%PtP25 sample made
~7% degradation in comparison with ~1% removal of the P25. Based on experiments, the photocatlg&ible
and can be reused. Pt impregnation on P25 creates a heterojunction structure that improves their photocatalytic

performance under visible light making these photocatalysts useful for water treatment applications.
Fig. 1.Graphical abstract.
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Solar fuels and, in particular, hydrogen production through solar water splitting using a photoelectrochemical
(PEC) cell, are considered one of thestqaromising ways for storing large quantities of solar energy over long periods
of time [1]. The high cost and low efficiency of PEC systems are the two main obstacles to their devel@mient |
the key component of a PEC cell, research has focused on the manufacture-péHigimance, sable and scalable
photoelectrodes. However, at present, no single material meets all these requirenf@ntEhank to doping, co
catalyst, surface and morphology control, photoelectrodes based on metal oxides nearly reached their theoretical
conversion efficiency limits4. This has led to a shift in research focus toward studying the complete PEC system,
scaling it up, andssessing its performance under real operating conditidhs [

Like all other solar and electrochemical systems, PEC cells are highly sensitive to operating conditions such &
temperature. To ensure optimaperformance and longevity, PEC devices must operate within a controlled
temperature range. Additionally, for effective scaip, the cell configuration and design have to be sufficiently
studied and optimisedd]. Recently, metal oxides photoanodes such adoped I + » ¢ g — 7and

<« ghave been investigated to assess the impact of temperature on photocatalytic performance. Within the studied
temperature range, typically between 25°C and 65°C, these semiconductor photoanodes exhibit a positive correlation
between photocurrent desity and temperatureq t11]. Some recent studied 1,13 have shown that the efficiency
of <« gphotoanodes on FTO is improved with increasing temjpeea between 20°C and 50°C, and even more so at
low anodic potentials13]. Understanding the effects of temperature on PEC cells is crucial for both fundamental
research and practical applications. Temperature influences key processes such as charge carrier dynamic:
recombination rates, reaction kinetics, and mass transporgfaithich directly affect overall efficiency. Furthermore,
longterm stability and material degradation under varying thermal conditions remain critical challenges for PEC
deployment.

In this study, our main objective is to measure gbased PEC cell efiéency between 20 and 80°C. Secondly, we
aim to quantify the effects of temperature on key parameters, including photoanode optical absorption,
recombination rate, kinetics and onset potentials of the hydrogen and oxygen evolution reaction (HER/OER) and
electrolyte resistance. Lastly, we will assess the stability and durability over extended operation. To achieve these
objectives, we will employ characterisation techniques such as/id\&pectroscopy, linear sweep voltammetry,
chronoamperometry and photoetgrochemical impedance spectroscopy. Additionally, we will develop an equivalent
electrical circuit model to represent the system components, including the photoanode substrate andgathaltgst,
electrolyte and cathode. The model enables the evaluatibnthe temperaturedependant behaviour of each
individual component. This experimental study aim to provide a deeper understanding of how temperature influence
the efficiency, stability and fundamental processes within a PEC cell, contributing to thesapimiof PEC devices
for practical solar hydrogen production.
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Advanced oxidation processes (AOPs) are very successful technologies that use highly reactive oxygen specie
primarily hydroxyl radicalsiQH), to break down organemntaminants in water and provide a sustainable solution to
environmental issues. Among them, the phdtenton process stands out due to its unique ability to generate highly
reactive hydroxyl radicals that enable the rapid and efficient degradatiormafia range of pollutants. The stability
and activity of photeFenton catalysts can be enhanced by adopting strategies like metal doping, and support
modification, making them more suitable for sustainable applications in wastewater treatment.

In this study we synthesized a series of bimetalliclaiphoteFenton catalysts by varying the Cu/Fe metal ratios
on silica and alumina supports to investigate the role of metal ratios and support materials on the structure and
activity of the catalysts. Fe was inporated into the supports at a molar ratio of 0.005 (Fe/Al or Fe/Si), while Cu was
loaded at varying molar ratios of 0.005, 0.01, and 0.02 (Cu/Al or Cu/Si}b3sied CtFe catalysts were prepared by
direct synthesis followed by calcination, while alambased CtFe catalysts were prepared from an ammonium
dawsonite precursor followed by wet impregnation and calcination. To investigate how the metal ratios and supports
influence the properties of the catalysts, such as phase formation, porosity, elaingistribution, and electronic
properties, a comprehensive characterization of the catalysts was carried out using the following technicmes: X
diffraction (XRD), Nphysisorption, scanning electron microscopy (SEM) with elemental analysis (EDAsX)igs&om
electron microscopy (TEM), WXis diffuse reflectance spectroscopy (DRS), stéite photoluminescence (PL), time
correlated single photon counting (TCSPC) and electron paramagnetic resonance spectroscopy (EPR).-The phot
Fenton catalytic actiwt of the samples was investigated in a batch slurry reactor using coumarin as a probe for
detecting hydroxyl radicals.

XRD analysis confirmed the amorphous nature of silica with distinct CuO peaks, whose intensity increased with Ci
loading for silicesupported catalysts. In contrast, alumirsupported catalysts showed onlyAbO; phases with no
visible metal oxide peaks of Cu and Fe, indicating high dispersion and strong interaction between the metal species

V SZ *p%%}ESX dZ % E -+ was coffimed in koth supported catalysts using EPR spectroscopy.
Catalysts supported on alumina showed more refined hyperfine splitting, indicating highersnpdrt interactions.
TEM analysis revealed homogenous metal distribution in most samplésthgiexception of CuO aggregation in high
Culoaded silica catalysts, illustrating the effect of metal loading in dispersion. Based on DRS spectra, both supportec
catalysts showed absorption in the visible region due to Cu clusters and charge transsitidrs. Surface defect
related emissions were identified from PL spectra, and TCSPC tests showed that the catalysts had short lifetimes the
should be optimized for improved photéenton efficiency. Gie catalysts on alumina support showed higher agtivi
than those on silica support due to better metal dispersion, stability, and efficient charge transfer dynamics, with the
optimal Cu concentration promoting coumarin degradation. It was shown that the generation of hydroxyl radicals by
H.O, activation, éther in the dark or under visible light, strongly depends on the interactions between copper and
iron-containing phases. The results show that the phBtmton activity of multicomponent catalysts can be enhanced
by varying metal ratios and support maiss.
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Metal-organic framework (MOHM)ased photocatalysts can be tuned through varistrsictural modifications for
enhancing their photocatalytic performance. Very recently, we figured out that €uabedded in Ui@6-(COO)
(called UiG66-(COOH}Cu) undergo am-situ restructuring during photocatalytic formic acid (FAc) dehydrogenation
under simulated solalight.l Herein, multivariate (MTV) UiG6 derivatives with varied linker ratios (BDC:BTCA)
represented as (x:y) were synthesized (fig.1A) and-puttlated with Cu to assess the impact of these functionalities
on Cu coordination andts in-situ restructuring. The reaction mechanism was investigated using complementary
operandotechniques, including Fourier Transform Infrared spectroscopy (FTIR)-@yda¥sorption spectroscopy
(XAS), which allow monitoring the chemical structureletron of UiG66(COOH)}Cu, as well as changes in Cu
oxidation states during the reaction. Results showed that the activity increases with the increase of BTCA
concentration (fig.1B). Also, a concurrent formation of anhydride between two free carboxytatpywas observed
on the surface (fig.1C). The evolution of this anhydride showed an increase with the rise of BTCA ratio (fig.1D). The
a linear correlation between the sample activity and the amount of anhydride (fig.1E) was demonstrated.
Furthermore, RS reveals that the Cuspecies initially coordinated to the free carboxylate groups undémegitu
restructuring to Ctiand Cd under solarsimulated light in the presence of FAc (Fig.1F). DFT calculations highlight the
influence of free carboxylate groups spatial arrangement on Cu coordination stability, thereby affecting the rate and
yield of the restructuring process. This camlpensive study underscores the significance of metal coordination in
influencing the photocatalytic activity, paving the way for novel photochemical approaches to nanosynthesis of metal
clusters in MOFs.

Figure 1. (A) Schematic
illustration of MTWUIO66
derivatives, (B)
Photocatalytic performance
of different samples in FAc
reforming, (C) IR spectra
(1900 t 1700 cmt) of (0:12)
sample and (D) Anhydride
band area evolution vs. time
of the various samples, (E)
Correlation of steagstate
anhydride band area with the
activity, and (F) Time
resolved Cuy E ~ v
evolution (inset) during FAc
dehydrogenation under
Al*] o 0]PZ& ~, H idi vueX
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The increase in the average concentration of greenhouse gases (GH&s)edbsver the last 50 years makes it
urgent to find new ways to reduce the level of 0 the atmosphere.[1] Among the possible strategies, Carbon
Capture and Utilization (CCU) began to attract increasing attention because of its involvement not thdy in
permanent storage of the captured g®ut also in its utilization and conversion into new sources and products, such
as chemicals or renewable fuels.[2]

In this respect, photocatalytic G@duction represents a more sustainable alternative to conigeral thermo
catalytic approaches.[3]

A possible application of this approach is the one suggested in thBdE@nder project DAM4CO2,[4] which
aims to capture and convert Gdto G-G renewable fuels through the synergetic integration of two reacsiom
cascade (Reverse Water Gas Shift and Fistimgysch) over catalysts embedded in Mixed Matrix Membranes
(MMMSs). As a project requirement, no critical raw materials according to EU regulation should be used in the catalyst
formulation, leading to the ésign of innovative materials featuring only Eaatiundant and low supply risk elements.

In this perspective, different catalysts based on metal oxides of edbtindant elements (such as Fe, Ni and/or
Cu) were synthesised and tested under photothermaiditions (206250 °C, atmospheric pressure, under dike
irradiation). The catalysts in powder form were firstly characterised by coupling basic characterisation (sual as X
diffraction and volumetry) within situ IR spectroscopy (Figure 1) to stuthg nature of the interactions occurring
between the reagent/products and the catalyst surface. Various MMMs combining different cafabjgiseric
matrices were then prepared, tested and characterised to investigate the properties of the compositeafsateri

Figure 1.Schematic representation of the sep used during thén-situ IR measurement (a) and IR spectra of commercidili catalyst undet:1
CQ:H; feedat 200 °C andurtlike irradiation (b).
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A sustainale method for the production of renewable solar fuels is the photothermal catalytic conversion of

E }v J}E] ~ K38t usSZv ~, X /v 3Z]e *SHuCUA E %}ES 32 A 0}%ou
(}JE& §Z %Z2}5}5Z Eu o u §Aevnilfijoonditions. Thevcatalyst consists of a heterostructure composed
W(ucCv]l]s o S$E] ~itTo6W « v d]JK u}]J(] Al]8Z u $ov v}i% ES] o+ ~&

Mayenite electride (Figure 1) is selected because of its goodriecconductivity and electrodonating capacity.

dlK A « ue . *U% % IES U S E] 0 8} ee]ed A]S3Z %Z}3}P v E § Z EP -
and keep its structural stability [B], while transition metals are introduced to provide$]A +]§ « (}E K 5]/
and hydrogenation.

§ 0C3] % E(}EuUvV A« (}JEU ]v Jvdlvulpne (0}A P o %Z » E S}E p
hs Joopulv S§]}v v u} & S SZ Eu o ]v%lpposit€l data®d showedsigdy ]S wSoC Z]PZ &
production rates compared to the unmodified mayenite electride and moratallic systems, evidencing a synergistic
effect among the caleposited metals. Structural and morphological characterization (XRDEBEYIconfirmed the
retention of the mayenite crystal phase and a uniform metal dispersion on the surface. Thermogravimetric analysis
(TGA) demonstrated the thermal stability of the mayenite electride under the photothermal operating conditions used
in this study. The preparatiorf mmayenite electrided ]JK ~ Ju%o}*]13 « u} ](] Al]S8Z u 8 0o v v}% E3]
surface areas and extended light absorption, which enhanced catalytic performance.

This research showcases the potential of surfaalified mayenite electrides as efficiephotothermal catalysts
(JE K us38Z v 3]}vX &UESZ E *Sp ]+ E upv EA C 3} JukE}A pv E-3
u Z v]eus C o0}}I]vP § S§Z wuelateE ¢lexfronio JfPapsrties and surface spectroscopic analyses,
highlighting tte distinct contributions of each metal component to methane formation.

Fig.1. EC+*S 0o *SEN SPE }(u ¢ v]Ss o SE] -~ o K W X
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Polymeric carbon nitride (PCMN) in an attractive and unique organic polymer. This-tmst heptazinebased
polymeric semiconductor exhibiting outstanding stability and ability to efficiently drive photocatalytic oxidation and
reduction reactions under light irradiation represents oofthe best candidates for photocatalyst for sefaels
production. A particularly interesting class of PCN is represented by ionic PCN, also known as poly(heptazine imide
(PHI). Following recent research in our group on this material cle®s \de have investigated various approaches to
improve the efficiency of PHIs in hydrogen peroxide productiosOfH HO; is a versatile chemical with manifold
applications in disinfection, chemical synthesis, or textile industry.

In our studies, we show the capéity of PHIs, synthesized using a hard template method utilizing different
mesoporous silicihased materials (SBE5) and Si@spheres, to oxidise alcohols, producing the corresponding
aldehyde and simultaneously,®&. By introduction of alkali and tran&in metals, we were able to enhance the
structural understanding of the resulting PHIs and tune their reactivity. With the insights acquired from these studies,
future photocatalytic material designs are greatly enhanced [4, 5].

Fig. 1.Synthesis rowgs for new ionic carbon nitrides (PHIs).
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Theexcessiveoncentration of Cein the atmosphere israalarning environmentathallenge, contributing to the
climate change and the rise of the oceans Pjotocatalytic C&xreductiondriven bysolar lightappears as a potential
contribution of synthesizingsolar fuels by usingCQ [2]. Nevertheless, until now, the efficiency remains still low,
hindering large scale applications. It is admitted that plasmonic nanoparticles can direct reactions towards specific
routes, and raise both reaction rate and selectivitwsrds some productf3].

Experimentally, bmetallic dasmonic photocatalystdNP size= 3 nm (Fig. 1. avgre synthesized by depositing
bimetallic copper and platinum nanoparticles on titanium diox{eeatase, absorhing in the UV region with a band
gapof 3.2 ev)4]. Two synthesis techniques have been attempted, aiming at 1wt.% of total (Cu+Pt) metal loading and
varying Cu/Pt ratio: (¥hemical cereduction of both metal precursor$bPtCé.xHO, Cu(N€)2.xHO, or (ii) chemical
sequential reduction ofhe Ptsalt followed bythe Cusalt in an aqueous dispersion of the suppdithe UWIS study,
reveals from the absorption around 600 nm that Cu species (resulting from theedaoed route) are essentially
CuQ, howeverthe CuQis a minority phase for the other synthesis rolt@der visible light illuminatiog, E00 nm
and a C@H,0 (98/2) flow mixture,methane is produced with 100% selectivity, regardless of the synthesis route and
the composition of the bimetallic photocdtest. The study of the surface composition of the materials by XPS shows
that platinum is present mainly in its metallic form?But for copper it is difficult to differentiate between Cand
Cu*). For the cereduction synthesis route the quantity of Cuat the surface and in the bulk are almost similar
regardless of the composition of the bimetallic, but for sequential reduction the surface is enriched with tGe
photocatalysts with low nominal content of Cu. Thus, it can be an explanationddigher quantity of CHproduced
for the coreduction compared with sequential reductiorThe general trend, by increasir@u/(Cu+Pthominal
content, is a decrease ithe visible photocatalytic activitprobably due to the diminution of thimtraband transitions
of Pt with the lower amount of P# synergistic effect is observed for the,@Ri o/ TIO, composition, which exhibits
a significantly higher average gbtoduction rate compared to the weighted average productions observed over the
monometallic referenceéFig. 1. b.).

In conclusionthe photocatalytic activitycan be enhanced by tuning and finding an optimum @Q®@/Pt ratio.

The different resulting material have been characterized by means of bulk, surface, structural and optica
characterizations. Structure/activity correlations will be presented.

Fig2. a. TEM image of Cu0.2Pt0.8/%i2 CH, production as a function of nominal copper content in the photocatalysts tested u
Al*] o JEE 1] 8]}v , E 8ii vu ~'E GW WU ou W pU E W +Jupos
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Introduction.

Rapid global populatiogrowth exacerbates water and air pollution issues, leading to the proliferation of disease
carrying airborne microbes, and harmful pollutants like nitrogen oxides (NOXx). The eradication of these pollutants is
crucial for maintaining public health. Recestudies in photocatalysis have been directed towards developing
environmentally friendly solutions, such as nanocomposite photocatalysts, which offer high surface and improve
efficiency. In this work, we present the design and synthesis of nanostructueni, heterojunction film coatings
to produce layered photocatalytic systems able to eliminate contaminants from the environment.

Materials and Methods

Photocatalysts were grown on borosilicate and ITO glass substrates using chemical vapour depa&ditjon (C
methods. N gas was used as the carrier gas and introduced to the reactor through a baffle manifold to ensure laminar
flow.

CVD synthesis of WQVG; photocatalysts were synthesised through aereassisted chemical vapour deposition
(AAVDC) using a euursor solution, composed of tungsten hexacarbonyl (W(CO)6) dissolved in a 2:1 mixture of
acetone and methanol. This solution was aerosolised using an ultrasonic humidifier and transported into the reactor
at a flow rate of 4 L mih The reactions wereonducted at a temperature of 355°C.

CVD synthesis of LidiQ, photocatalysts were synthesised via atmosph@riessure chemical vapour deposition
(APCVD). Titanium tetiaopropoxide (TTIP) was heated to 120°C, achieving a vapour pressure of appetyxbat
torr. The vapours were directed into the reactor at a flow rate of 3 Liramd reactions occurred at 450°C. Various
TiQ film coatings were produced with specific reaction times: 30 seconds, 1, 2 y 4 minutes.

CVD synthesis of WDIO; heterojunctionsTiG heterojunctions were fabricated on the different glass substrates
through the sequential chemical vapour deposition (CVD) of ®0 TiQ, as detailed earlier.

Results and discussion.

Nanostructured W@TiO, heterojunction systemdhave been nanoengineered and synthesized to enhance their
surface and photogenerated charge carrier separation. The uniqueness of this research work relies on the coordinatec
approach to improve material’s design and synthesis by growing nanostructuredT¥Q3heterojunctions onto
different glass substrates (silicmated and ITO glass substrates) to generate highly active photocatalytic materials
(Figure 1). Interestingly, the nanostructured WDO; heterojunction presented in this work showed unprecetlen
photocatalytic activity for a thin film coating in the degradation of a model organic pollutant (stearic acid). Such
approach can potentially represent a major breakthrough in the design of highly active photocatalytic systems, by
maximizing their surfae area without altering the homogeneous light irradiation and photonic efficiency within the
photoreactor, enhancing the photocatalytic process.

In summary, the nanostructured WQ@iO, heterojunction film coatings will undergo assessment for their
effectiveness in photocatalytic and photoelectrocatalytic remediation applications. This evaluation aims to eliminate
various contaminants, including bacteria, viruses, and NOXx.

Fig. 1.a) Bottom. Scheme of the synthesis of nanostructuredsWWiQ, heterojunction coatings. Top: SEM and TEM images of/WO,
Z 8§ E}ipv 8]}v } §]vPeX « WZ}8} § 0oC§] §]A18] » ~tU u}o po » P@ofdiffeeen®lajand v % Z} 3}
Z § E}ipuv 8]}v } 8]vPeX dC%] o 1 Acanedilin((5 wWi¥d dispérdion) is JWeduded for reference.
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The removal of volatile organic compounds (VOCSs) is essential for improving indoor air quality. Cerium dioxide
~ K e« Z actedSo@hsiderable attention due to its redaxtive surface and its ability to generate reactive oxygen
species under UV irradiation. However, the complete mineralization of toluene remains challenging. The aromatic
ring-opening step requires high activah energy. It often leads accumulation of partially oxidized intermediates and
causes to photocatalytic deactivation.

In this study, we utilize metairganic frameworks (MOFs) as precursors to engineer oxygen vacancies in nano
o]l K X DK&-e+ viseocorfolEover the formation of oxygen vacancies during thermal decomposition
through their porous structures and highly organized mdigdnd frameworks. These vacancies play a key role in
enhancing catalytic activity by providing active sites for erygolecule activation and increasing the generation of
reactive species. The defecvP]v & K A£Z] ]S +]Pv](] vSoC vZ v %0 Z¥&in S 0C:
stability in gaseous toluene degradation. It maintained stable performance durpeated cyclic tests under high
toluene concentrations and it effectively decomposed toluene with removal efficiency of approximately 80% for 24
hours in a continuous gas flow system. Notably, its high photocatalytic activity was sustained even under 5% of

u]l]vs K }v v3E 3]}vX dZ]e Z A]}E ]+ « E] §} 8Z % @& v }( pv vS§
internal oxygen reservoirs and alleviate surface oxygen depletion during extended photocatalytic operation. Position
resolved EELS analysE A o o A 3 O }v VSE 3]}ve v}3 }voC 3§ 3Z pCE( TR
indicating the formation of deegeated oxygen vacancy sites. Furthermore, surface and bulk oxygen vacancies
facilitate reactive species generation and chargeasation supporting stable toluene mineralization even in oxygen
deficient conditions are confirmed with EPR and PL analysis. These results highlight the potential of oxygen vacanc

}vSE}oo K e E} peS %Z2}S} S o0Ce+S (I&HerVs.®EHs high doralilly gadpp@fpiinarck}v
under lowoxygen conditions make it a promising candidate for VOCs removal in real indoor environments.

Fig. 1.Longterm performance for toluene degradation.
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In semiconductor photocatalysis for water splitting, one important factor remnote efficient charge separation
within the catalyst after photoexcitation. This can be achieved by adding a nanopartickatgst on the surface of
the semiconductor, which extracts the photogenerated electrons/holes while also providing a suitdslgtic site
for the desired reaction, it being hydrogen evolution reaction (HER) or water oxidajion

Over the last decades, a new method of forming nanoparticles supported on metal oxide materials has emerged:
redox exsolution. Rather than depostiithe cacatalyst directly onto the surface from a solution or the gas phase, its
elements are embedded in the oxide lattice (usually a perovskite) through doping. With thermal treatment, usually
under reducing conditions, oxygen vacancies are createbeastirface, which leads to the diffusion and reduction of
the most easily reducible metal in the lattice (in this case the desiredatalyst material) and the formation of
nanoparticles on the surface [2Lompared to predeposited cecatalyst nanopatrticles, exsolved nanoparticles are
socketed into the lattice, leading to a strong metaiide interaction and making the particles more resistant to
agglomeration. In addition, the metal can beabsorbed intahe host lattice under oxidising conditions and exsolved
again later. This unique property would allow to regenerate thecatlyst, further enhancing the lifetime of the
material. Because of these properties, exsolution is quickly gaining interesnathad to prepare oxidesupported
nanoparticles for catalysis [3, 4].

In this work, we apply the idea of exsolution to generate a dynamic photocatalysstadyst couple based on Cu
doped SrTig(STO) and Gdoped SriFe.xOs (STF). Both perovskite mates are first produced, whereas the particle
size and composition of the mixed oxides are tuned systematically. We trigger exsolution of Cu by standard reductive
conditions, but also investigate the possibility to exsolve Cu via photoreduction. We skeoability of exsolved
Cu/STO and Cu/STF to catalyst HER under UV and visible light and compare their performance with benchmark Cu/S
and Cu/STF photosystems prepared using conventional methods such as photodeposition.
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Water contamination by pathogenic microorganisms is a growing global concern. Advanced Oxidation Processe:
(AOPs) are widely studied for water disinfection, wit®;1P25 showing good photocatalytic performance under UV
light [1]. However, its UV dependence limits practical use, highlighting the need for materials that can work under
visible irradiation [2]This study investigates the photocatalytic inactivatioree€herichia co(E. colj using bismuth
oxyiodide (BiO,l;) photocatalysts synthesized through a lewergy consuming pldependent ceprecipitation
method[3]. The performance of gl,was compared to the welstablished Ti@P25 benchmark. Inactivation assays
were conducted in aqueous solutions v uSE 0 %o, X E }8o eal(bitied pxteldtional antibacterial properties,
achieving over 99% bacterial inactivation within just 10 minutes of irradiation under visible Wdtite( LED),
demonstrating its remarkable efficacgince no ROS formation was detectsthe bismuth oxyiodide photocatalysts
through DMPO spitrap EPR experiments, ron-ROSmediated photocatalytic bacterial inactivation mechanism is
proposed This mechnism suggests a direct proceskere photogenerated electrons and holgg, together with
bismuth ions in solution, interact with and disrupt bacterial cellular components

Fig. 1.E.coliinactivation under visible light using bismuth oxyiodide@Bj) photocatalysts.
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Indoor air quality (I®) in healthcare facilities plays a pivotal role in ensuring patient safety, protecting the health
of medical staff, and maintaining overall environmental quality. One of the most critical aspects affecting I1AQ in
hospitals is the performance of heatinggntilation, and air conditioning (HVAC) systems. Poorly designed or operated
HVAC systems can lead to inadequate ventilation rates, allowing the accumulation of pollutants, including volatile
organic compounds (VOCSs), sarlatile organic compounds (SVQGsarticulate matter (PM), and bioaerosols [1].
Additionally, the infiltration of outdoor air pollutants into indoor spaces can exacerbate IAQ challenges [2], especially
in urban settings with high external pollution levels [3]. It is crucial to considepnly ventilation factors and the
Jv(op&E }( £S5 Ev o ]J]E %}loops v8e us o-} ]8]}v o 0 u v8e ep Z < 357
patterns, the area or volume where sampling is conducted, and the materials comprising the furpiimts,
equipment, and the building itself [4].

Within this context, the FOTOAIR group at CIEMAT is devoted a depth characterization study of the indoor air
pollutants in the framework of the European projecHEALTHInAIR ("Knowledge for Improving IndéiorQuality
and Health"). This interdisciplinary research initiative aims to deepen the understanding of chemical and biological
indoor air contaminants that impact health. Through a rigorous approach based on data collectioniorieal
environments, pblic health monitoring, and the analysis of particularly vulnerable groups, the project seeks to
investigate correlations between indoor air quality characterization and its adverse health effects. Within this
framework, air quality has been characterizedive areas of a hospital over the course of one year: Outdoor, Hall,
Intensive Care Unit (ICU), Pathology Department, Waiting Room, and Hospitalization Ward. In parallel, continuous IA(
monitoring was carried out using air quality sensors, whose agific and performance have been previously
described and validated [5]. While these sensors present certain limitations inherent to the technology, they offer
higher temporal resolution and enable the detection of dynamic events that may affect indammalitions. As such,
they are proposed as a complementary tool to support interpretation and enrich the findings obtained from the main
sampling campaigns, which remain the primary and most robust source of data in this study.

The results presented derivieom the characterization of IAQ in the aforementioned areas of a hospital in
Barcelona, with a comprehensive assessment of three contaminant categories: chemical pollutants, microbiological
agents, and suspended particulate matter. Detailed findingdeifirovided regarding the presence of volatile organic
compounds (VOCs), including the classification of the sampled areas based on total VOC (TVOC) concentrations, whi
range from 74.80 to 11.231 pg/m3. The concentrations of potentially harmful micagiaal agents, such as bacteria
and fungi, will also be reported. In addition, suspended particulate matter levels, known for their association with
adverse health effects, will be measured. These data will enable an evaluation of the combined impasgeof th
contaminants on hospital staff health and facilitate the identification of hospital zones where mitigation strategies
could be implemented to reduce airborne pollutant exposure. This comprehensive study will make it possible to
determine the most apprpriate technology for efficient indoor air treatmemtwhether filtration, adsorption, or
photocatalysiss depending on the specific characteristics of the pollutants identified.
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Recently, conversion of furfural and the related compounds derived from inedible biomass has been investigated
extensively. However, margf them require severe conditions such as high temperature and/or high pressure. Since
there is a need for more environmentally friendly reaction systems, we focused on a photocatalytic reaction, which
can be operated under a mild condition. Previously, fasend that furfural could be selectively hydrogenated to
furfuryl alcohol (FOL) using titanium oxide (i@ a photocatalyst and alcohol as a hydrogen source under ambient
temperature and pressure conditions [1]. On the other hand, hydrogenation ohftireys (ring hydrogenation) is
difficult, i.e., Pd/Ti@ which was effective in the ring hydrogenation of furan without functional groups, caused the
decomposition of the hydroxymethyl group of FOL [2]. In this study, we prepared various kindswit T i€»-catalyst
(M/TiO) and found that Tiewith Rh cecatalyst was effective for the ring hydrogenation of FOL.

1 wt% M/TiQ was prepared using the photodeposition method. Z{DAYCA, MT50A) powder was suspended
in 50 vol% methanol solution containingreetal source (PdgIRhG, RuG, HPtCs, HAuCGL AgNQor CuG) in a test
tube. Each test tube was photoirradiated using a kpgéssure mercury lamp (KOIKE). MA{&D mg) was suspended
in 5 cn¥ of methanol containing FOL (40 umol) in a test tubed ¢hen photoirradiated under argon (Ar) with the
same highpressure mercury lamp. For an adsorption experiment, MfJTZD0 mg) was suspended in 5 Twof
methanol containing FOL (100 pmol) in a test tube, and then stirred under Ar in the dark.

Table showshe results of ring hydrogenation of FOL and adsorption experiments of FOL with,MTi@e case
of unloaded Ti@ ring hydrogenation of FOL and ptoduction did not occur. In the case of Ru, Pt, Au, Ag and Cu
loaded Ti®Q, hydrogenation of furan ringdid not occur, while kHproduced by proton reduction. In the case of Rdd
Rhloaded Ti@, ring hydrogenation of FOL occurred and the conversions of FOL were >99% and 62%, respectively. Fc
metals other than Pd and Rh, the adsorption amounts were less or equal to the amount of TiQindicating that
FOL was not adsorbed on these metals. These results indicate that the activity of ring hydrogenation is determined by
the adsorption of FOL on the metal-catalyst. In Pd/Tig) the selectivity of tetrahgrofurfuryl alcohol (THFA) was
about 46%, while byproducts, 2methylfuran (2MF) and 2methyltetrahydrofuran (2MTHF), were produced. In
contrast, in Rh/Ti@ the decomposition of hydroxymethyl groups was significantly inhibited, and the selectivity of
THFA reached about 96%he reason for the difference in selectivity between the tweceatalysts was investigated
in detail.

TableResults of photocatalytic conversion of FOL in methanolic suspensions of,Mfder irradiation of UMight for 10 min and the amount of FOL
adsorbed on M/Ti@(FOLgg in methanolic suspensions in the dark for 20 h.
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In recent years, the consequences of fossil fuel overuse and the detrimental impacts on both envirandhelimate

have become more prevalent than eveEfforts have been made to investigate sustainable alternatives for both
energy and fuel generation. Within the photocatalytic community green hydrogen has gained great attention as it
possesses a high emgy density and can be generated solely with light and under ambient cond®fdasthermore,

the field of photoreforming has gained increasing recognition. This process involves the conversion of carbon
containing waste (such as microplastics or bios)asto solar fuels and valuable chemicals by utilising light to drive
chemical reaction$.

This studydemonstrates the commercial potential of P25 FiGwards photocatalytic upcycling gfolyethylene
terephthalate (PETinicroplastics by systematic exphtion of theeffect of cecatalyst, reaction temperature and
atmosphere on the generation of solar fuels and higiue liquid productsWe demonstrate that while neat P25
yields minimal K evolution, increasing the reaction temperature enhances its production significantly, and the
addition of Pt further boosts +Hyeneration by four orders of magnitude resultinglf.35 pumol/h of Hand apparent
quantum yield (AQY) values up to 0.45 %.p@nwith b, we observe generation of GHom the reaction mixture,
which we conclude to originate directly from PET rather than hydrogenation reacti@psdphase analysis reveals
diverse oxidation products, including acetic acid, oxalic acid, andnethwith selectivity influenced by catalyst
composition and reaction conditions. The feasibility of lasgale application of the process is further validated
through prolonged irradiation tests using seEimulated light and an upscaled setup, whigmnnstrate remarkable
AQYs reaching 0.84 %. These findings commence PET photoreforming as a promising route for producing solar fue
and valuable chemicals, paving the way for sustainable plastic processing and upcycling.

Fig. 1.Schematic illustratiowf the experimental protocol followed to conduct the photoreforming studies.
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Along wit the environmental pollutionthe rising demand for energy hdmcomea significant environmental
threat. As a rich source of nutrients, metals, and energy, wastewater presents great potential for resource and energy
recovery[1]. Photoelectrocatalysi@PEC) has gained significant attention as an innovative technique for eliminating
pollutants andrecovering resources recovery from wastewatg¢R]. Various electrodes have been explored for
A3 ASESE Suvs v E «}JuyE E JKB®BCUE]Wop AvBod]K WS E]-bmsed]l tK
compound$3,4]. These semiconductors are favored for their effectiveness, affordability, and potential in various
applications. InPECcells, key parameters such as electrode type, cell potentiatent density, and pH critically
impact the efficiency of the proce§d. The primary goal of this study is to examine the potential of nanoengineered
electrodes in a photoelectrochemical reactor to break down organic contaminants, inckatitgminantof emerging
concern,CECs, and concurrently extract valuable resources such as hydasganclean energyutrients such as
phosphate, and metals from wastewater. Initial research focused on utilizing titania nanotube photoanodes, created
by anodizing itanium metal in the presence of fluoride ions. The morphology and presence of nanotubes were
confirmed using FSEM analysis. The photoanodes were tested for photocurrent response. In addition, we explored
combining electrochemicalgssisted precipitatio to collect precipitated materials, with the goaf removing
phosphate from wastewater angtcovering calcium phosphate for use as fertilizer. Future investigations will address
the anode and cathode reactions, and on designing -t@mpartment photoeleatbchemical cells toremove
contaminants aneénhance energy and resource recovery.
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CsPbs semiconductor perovskiteare consideredis a promising material ithe researchandthe development
of new types of solar celldHowever, its leadrelated toxicity raises several concerns, such as oxidative stress,
carcinogenicity, developmental toxicity. One of the possibilitteeeduce heir toxicityis by replacing Pb with other
metallic elements.

In the present work, GSnk leadfree perovskite was synthesizelly solvothermal methodat different
temperatures (120 °C, 150 °C and 180 °C) with the aim to investigate the environmental impact of the differently
synthesized nanoparticles. The material structure, morphological and opticglegies of the samples were
characterized by XRD, SEM and DRS material analysis methods.

The samples were stable in air for the duration of the test, but in contact with wateapid decomposition
followed, and the material lost itsrystal structureThis process was partially reversible, as the material recrystallised
from its medium after drying-urther dissolutiorcrystallization sequences also resulted in a decrease in crystallinity,
due to the loss of iodine content, and the material containextéasing amount of Csl

An important criterion for environmentally stable materials is that they retain their original forufiffarent
media.For unstable materials, the releaseafrious chemical speciesay be responsible for toxicity, therefore it is
of particular importance to investigate the effects of thesethe environment.

In the toxicological experiment, habitats with increasing concentrations of a selected sample were established to
monitor the population changes of the isopodBdrcellio laevisand the stability of the released material in the
environment.The protocol was to follow the life cycle of 15 individuals (10 adults and 5 developing individuals) for
one month. The soil was amendedtiwD, 0.1, 0.5 and 1.5 wt% perovskite and the living conditions (soil thickness,
water, food source, calcium source) were adapted to the species. No mortality occurred in the control experiment (0
wt%). Significant declines in numbers were observed irfthheand 0.5 wt% experiments, and 100% mortality in two
weeks in the 1.5 wt% experiment.
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The conversion of GGnto products of interest in the energy and chemical sectors, is considered a promising
solution to address the growing demand for energy and reducee@1sions. In this work, we propose the synergistic
combination of thermal and photonic (photothermatptalyst activation to improve both energy efficiency and
performance under milder operating conditions in methanol (MeOH) synthesis froma@® H. A series of
Cu/ZnO/AJO; catalysts have been selected as promising candidates for photothermal catady$iiese systems
achieve high levels of conversion and selectivity to MeOH inh@@rogenation through thermal activation, but
require high temperature and pressure [1], and the copper and zinc phases also present optical activity by generating
e7h* pairs that can participate in charge transfer processes modifying the activity.

ZnOALO; support was prepared by microemulsions method, incorporatingQAIl(Aldrich) in the final
microemulsion. The resulting solid was dried and calcined at’@®ifferent GO loadings were incorporated by
impregnation with a copper salt. Electronic and structural properties were analysed by different characterisation
techniques: M adsorption/desorption isotherms, elemental chemical analysisQES, UVisible absorption, Xay
diffraction (XRD) anith situX-ray absorption spectroscopy (XAS) during temperature programmed reductiorP(Ry).

The catalytic activity tests were performed at ambient pressure using a glass tubular reactor that allows heating and
lighting simultaously. The gas mixture, H CQratio 1:3, was fed with a total flow of 40 ml/min and the reaction
products were analysed by gas chromatography at different temperatures-(@00Q°C) while applying light ON/OFF
cycles. The influence of a preduction treatment of the catalyst was also analysed. Mechanistic insights were
obtained throughoperandonear ambient pressure-My photoelectron spectroscopy (NA#PS) using different gas
mixtures and light ON/OFF cycles, aperandodiffuse reflectance infrard Fourier transform spectroscopy (DRIFTS)
coupled with the periodic modulation of external illumination (light ON/OFF cycles). Application of modulated
excitation spectroscopy (MES) with phasnsitive detection (PSD) to DRIFT spectroscopy has proventigbfor

the detection of reaction surface intermediates and their discrimination from reaction spectators, providing sensitive
and selective information for mechanistic and microkinetic studies.

The main products of the thermal reaction were MeOH and Tt latter is due to the reverse water gas shift
reaction, RWGS, favoured at high temperatures and low pressures. Cu content modulates the activity (Figure 1A) an
the catalyst with intermediate Cu loading presents the highest yield and selectivity@HWgloreover, the reduction
pre-treatment led to a broader temperature window where MeOH was produced and an improvement in its
selectivity, although conversion decreased (Figure 1B). In addition, light had a positive effect on both activity and
selectivily, improving total C&conversion and favouring MeOH production.

This change cannot be explained only by thermal effects, suggesting that light is also inducing charge transfe
processes that favour MeOH production. Furthermore, the improvement in MeO#luption was suppressed when
applying visible light, while CO enhancement was maintained, which implies different effects in the reaction
mechanism depending on the wavelength used. The electronic properties of the active centres were studied by in situ
XASduring TPR. Different redox properties as a function of the Cu content were observed: increasing %Cu led to ¢
faster reduction and decreases the amount of intermediate specie¢s@haracterisation under reaction conditions
by NARXPS experiments showedht induced charge transfer phenomena between Zn anderes. It was also
possible to analyse the species adsorbed on the surface of the catalyst and their evolution as a function of the reactive
atmosphere, temperature and light. MEBSD DRIFTS expeents confirmed the NABbservations and provided
complementary information on the reaction mechanism and how light interferes.

Fig. 1.A) Conversion of GOB) Ratio between methanol and CO production.
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Indoor air quality (IAQ) has become an increasing concern due to the presence of volatile organic compounds
(VOCs), which can causesalth problems such as irritation, respiratory issues, and {emm effects on the nervous
system [1]. Photocatalytic oxidation has emerged as a promising method for removal VOCs, offering a potential
method to enhance IAQ [2]. In this work, different ¢ypf photocatalysts, exhibiting different colours, were
implemented on different construction materials and were tested under different irradiation sources [3] evaluating
the removal of VOCs by the different photocatalytic systems. As VOCs emittergetg @aicommon household
productsv cleaners, insecticides, and air freshenerlave been used. VOC concentrations were measured using a
photoionization sensor (VGTRAQ) and mineralization were monitored by measuringf@@ation. The influence
of key enuvionmental and experimental parameters, such as temperature, humidity, and flow rate on the
photocatalytic processes, as well as the potentiality of this technology for this application, are analysed and the
discussed.
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Faceted metal oxide nano/microcrystals have gained significant attention in fields like sensing, catatysis,
energy conversion. Recently, the focus has shifted to the exposed facets of these crystals, which are more critical fo
achieving enhanced catalytic performance compared to other characteristics such has their size, or shape. Howevel
a major challengén harnessing facelependent performance lies in the successful synthesis of polyhedral crystals
with well-defined Miller index facets. Each facet exposes a unique atomic arrangement, and it directly influences
surface energy, electronic structure, arghctivity, ultimately impacting the catalytic behaviour. Metal oxide crystals
have different facets depending on their Miller indices, which can be categorized indadi@x and highindex facets.
Lowindex facets, such as (001), (111), and (110), areentoermodynamically stable, however featuring less
reactivity, while higkindex facets, like (012), have higher surface energy, making them more reactive and offering
more active sites. Achieving a balance between these properties is essential for dgsigiénials that optimize both
performance and durability in photo/electrochemical (PEC) water splitting, réduction and alcohol oxidation
reactions [1].

Faceted metal oxides, particularly indium oxide@4) and iron oxide (R€s), are crucial in vawus applications,
including catalysis, energy storage, and photoelectrochemical processes [2]. In our work, we successfully synthesize
FeO; (hematite) cubes with exposed (012) facets angdDitubes using a solvothermal methokid. J [3], [4] and
characterized by SEM, HRTEM and temperature dependent XRD. Both nanostructures feature narrow size distributior
and high uniformity, which has been difficult to achieve before. We further explore photocatalytic properties of the
FeOs; cubes towards lightlriven alcohol oxidation, primarily focusing on methanol oxidation. In future work, we plan
to utilize facetedin,O; cubes modified with cacatalytic Pd, Ag, etc. for electrochemical.@&luction. Overall, these
findings offer valuable insights into the desigh facetedin,Os and FeO; materials for advanced energy and

VA]JE}vu v3 0 % %0] $§]}ve AZ]Jo o0} &E] P]JvP 8Z ~u 8 E] 0* P %o_ JU%}CE
world applications [5].

Fig. 1.SEM images of (012) & and InO; with average size of 250 nm and 2.5 um respectively.
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Photocatalytic overall water splitting is regarded as a promising approach for green hydrogen generation. Despite
over 50 years of research on various materials, fundamental catalytic research is still indispensable to understanc
important details in photoatalytic systems. SrTi@ a prominent photocatalyst and benchmark material due to its
suitable band edge positions and versatility regarding aliovalent doping [1]. Recently, immobilized Ap&riGes
have been used on a 10(?scale for green hydgen generation under solar light irradiation [2]. Despite first steps
towards commercialization, research on Sgli@aterials has mainly focused on simple (nano)particulate systems.
From a synthetic point of view, morphological diversity is difficult thi@ee due to high calcination temperatures.
Therefore, porous SrTiOnaterials or other advanced morphologies have only been studied poorly. Msékn
syntheses have been dominating the field because of high crystallinity of the resulting materialsnaablé facet
exposures [3]. However, side phases like the layered perovskitd$QSpr SgThO; might form at calcination
temperatures close to 1000°C [4]. Furthermore, Sr8Gan ubiquitous surface species on SgTa@d common in
syntheses that use aexcess of strontium precursor [5].

Herein, we present a new sgkl synthesis that allows for more control over doping rates, targeted s3i0©
phase formation, and lower calcination temperatures. Not only is this approach reducing the energy uptaige dur
calcination by 71%, we also show that a Sr€l@e phase leads to an increase in photocatalytic overall water splitting
activity under UV light irradiation. We attribute this increase to the formation of a gEH0OQ heterojunction.
However, the effet can be overlooked very easily due to low amounts of carbonate present on most Safrigles
and the low but relevant solubility of Srgi@ water.

Moreover, aliovalent doping of Sri@t the T#* lattice position with either & or G&* ions can be tsidied
precisely by adding suitable Al or Ga precursors to the initial sol. Interestingly, both dopants show a very similar
influence on the photocatalytic activity. Higher amounts of dopants ultimately lead to & Side@hase and a sudden
increase in potocatalytic overall water splitting activity.

Furthermore, our findings include results on porous S¢Ti@terials and show that doping is possible at
calcination temperatures as low as 550 °C. Overall, these results fill important gaps gr&@#Rh and contribute
to greater morphological diversity in the future.
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The development of fype semiconductor photoelectrodes is gaining increasing attention as they have
animportant role in sustainable energy conversion, namely photoetettemical (PEC) water reduction. Among
them, CuBIO, appears to be promising photocathode material for saléwven reduction reactions due tits suitable
bandgap £ 1.8eV) and exceptionally positive photocurrent onset potential {#vs RHE). Additioralit is composed
of earthrabundant elements and exhibits favourable optoelectronic properties for visible light harvesting. The
essential material properties of CuBi photocathodes, relevant to PEC water splitting (light optical absorption,
charge carier transport, reaction kinetics and stability), were recently reported by Berglund et al. [1], e. g. flatband
potential y1.275V vs RHE and light penetration depth of 244 (for light at 55(m). INNaSQ electrolyte solution,
CuBiO, undergoes reducti® photocorrosion, which limits its use as a prot@uucing photocatalyst [2].

In this work, we investigated the photoelectrochemical properties of fuBhotocathodes. PEC measurements,
as well as stability experiments were conducted inM.NaSQ electrolyte saturated with various gasesxQ@ir or
Ny). First, the conduction band potential was calculated and critically evaluated with respect to the possible reduction
of various species in the electrolyte (fVQG: (263, G (4e?), HO,) or semiconductor itself. Particular attention was
given to the twoelectrode oxygen reduction reaction (ORR), which enables the productibydedgen peroxide
(H0). Such reduction reaction has not yet been studied in detail, on the contra@, s beernreported as an
electron scavenger [3Fig. 1shows that the longerm stability of CuBO, under irradiation (100nW cm*®) was highly
sensitive to the type of gas with which the electrolyte was saturated. Under oxygen bubbling, the photocurrent
remained rearly constant over one hour irradiation, indicating stable photoelectrocatalytic activity. Air saturation
resulted in an initial slight decrease in photocurrent, followed by its stabilization. In contrast, nitrogen saturation led
to rapid photocurrent derease, suggesting partial degradation or deactivation of the DaBhotoelectrode over
time. In this respect, Cul8l shows better performance than @D, where even oxygen concentration corresponding
to air bubbling was not sufficient to eliminate thelfseeduction of CpO to Cu and maintain the stable photocurrent

[4].

Fig. 1Time dependence of current density of C{Bi%. Z}3} $Z} BVv8 Alg/AgCl, Pt sheet as a counterelectrode. The electrolyte
0.1M NaSQ was saturated with various gases(@ir or N). The irradiance was 166Wcm?® (AM 1.5).

The Faradaic efficiency of the tvadectron reduction of @to HO, was evaluated. The influence of factors such
as the applied potential, electrolyte composition and/or surface modification (Aca=adyst or heterojunction with
0-GN4) was investigated.
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In the current work, we focused on the synthesis 0§GiMXene and its impact on the photocatalytic activity of
benchmark reference P25 TiGFrirst, an irsitu method was attempted to produce HF to synthesize MXenes, but the
product was unfortunately contaminated. &tighest yield (78%) and satisfactory purity was achieved by mixing the
precursor powder in a 40% HF solvent during the hydrothermal synthesis (Fig. 1.a) [1]. The products were then heate
at 60 °C for 24 h, washed with distilled water, and dried undeuwuen. The precursor wassAIG in all cases.

After successfully obtaining thes;T MXene, a physical mixture was prepared with P25, BiOvarious mass
concentrations and examined the evolution of photocatalytic performance of the samples. The mdd&rmiohas
phenol. Preliminary findings indicate that there is an optimgl;léoncentration which enhances the activity of P25
(Fig. 1.b). The samples, which are containing in one and five mass concentraBiategiaded the model pollutants
concentraton nearly two times faster, than the P25 alone.

Fig. 1.SEM picture of the synthesized@iMXene (a) and photocatalytic degradation of phenol (b).

After investigating the physical mixture o MXenetP25 TiQ composites, the attention of the psent work
shifted to determine whether similar outcomes can be achieved by establishing chemical bonding between the
composite components. For this purpose, another set of composites was prepared -ggl snthesis. The
amorphous products were calcined & tube furnace at 500 °C for 4 hours in oxygen atmosphere.

The effect of modifying P25 withsG prepared via atomic layer deposition (ALD) will also be investigated. The
samples will be further characterized using XPS, SEM, IR, and Raman measulemséntise ecotoxicology of the
will be tested on isopods.
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The presence of pharmaceuticals, such as paracetamol in wastewater has become a significant issue, exacerbate
by a 198% increase in paracetamol consumption during the GO8/fiandemic [1]. Photocatalysis is effective for
removing @racetamol, with titanium dioxide (T¥Dbeing a common photocatalyst due to its unique properties.
However, the wide band gap of Tildnits its activation [2]. Bismutrich oxybromides exhibit visible light activity, and
BiO4Br, identified as one of thenost effective photocatalysts in our previous study [3], was selected to form a
heterojunction with Ti@nanobelts to enhance photocatalytic performance.

TiGnanobelts (NB) were synthesized using the aligtirothermal method, starting with 1 g of P2ED¥powder
dispersed in a 10 M NaOH solution. The mixture was treated hydrothermally at 180°C for 24 hours and then calcinec
at 600°C for 2 hours to crystallize the nanobelts. To synthesize the\BiBEOsBr composite, Bi(Ngs-5H0 was
dissolved in ethigne glycol, mixed with a KBr solution, and combined with NiDto form a suspension. MBH was
added, and the mixture was heated at 160°C for 18 hours in an autoclave. The resulting solids were washed with
deionized water and ethanol, then dried at 80/ 24 hours. The composite was prepared at varying ratios and
analyzed using XRD, BET, FTIR, Raman, XPS, FESEM, EDXjsXBIRSURL, and EIS.

Prepared Ti@nanobelts have monoclinic structure. Raman and XPS analyses confirm strong interactiorsbetwe
BsO4Br and Ti@NB, with shifts in binding energies and spectral overlaps supporting the formation of a heterojunction.
FESEM studies show even distribution gDEr nanosheets and Ti@anobelts (Fig. 1a). UVis DRS results show
improved visible giht absorption and narrower bandgaps in@Br/ TIQNB composites compared to pure FXB.

The composite with the ratio of 2:1 gBuBr:TiQ) was the most effective in paracetamol removal. This was due to the
enhanced charge carrier separation, efficient charge transfer, and slower elémdterrecombination, as confirmed

by PL (Fig. 1b), EIS (Fig. 1c), and-teselved PL (Fig. 1d). The tralipH of paracetamol (6.5) was optimal for
degradation and 89 % removal efficiency was obtained. Increasing photocatalyst dosage uf.® @14improved
removal efficiency to 96 % without hindering light penetration. However, higher initial poll@antentrations
decreased efficiency, resulting in 89 % removal at 10 mg/L and 55 % at 20 mg/L. Temperature increase enhance
degradation, with optimal performance reached at 35 °C (97 % removal efficiency). The results of stability and
recyclability experments showed that the composite retained 66% removal efficiency after four cycles, and structural
stability was maintained as confirmed by XRD and FTIR andlf)gasineralization degree of paracetamol was tested

by total organic carbon (TOC) analysisAlte (}uv 3$Z § @E}uv fAd09 v 61 9 }( dK A « o]u]v
and 0.4 g of photocatalyst was used. ThH@Cexperiments were done at neutral pH of paracetamol, 10 mg/L of
paracetamol, room temperature, and without presence of any scavengers.

Fig. 1. (@) FESEM, (b) PL, (c) EIS, and (dijetimleed PL.

References

[1] Tian, J. et all. Hazard. Mater. 2015, 299, 1853.

[2] Abdelhaleem, H.N. et al. CleanProd. 2022, 379, 134571.
[3] Ahmadi, S. et all. Environ. Chem. Eng. 2024, 114319.



F-39/P-39
Water based green sejel synthesis of Tigsol for photocatalytic water and air
purification coatings with selcleaning nature

M. AyyazbB. Aksik M. J. Mateo® M.P. Pedeferfd M.V. Diamant? S. Suaréz

aDepartment of Chemistry, Materialsv = Z u] o vP]v &E]vP ~'luo]} E §§ _U W}o]sS v]} 1]
7, 20131 Milan, Italy.

bFOTOANKEIEMAT, Energy and Environmental Devices Unit, Energy Department, Avda. Complutense 40, Madrid,
Spain.

Environmental pollution is a pressingnoern of modern society, as air, water and soil contamination caused by
progressing industrial societies are directly affecting the ecosystem. The European Union (EU) is also committed for
sustainable environment by reducing the pollution to safe le¥etshuman health and ecosystem. The EU Green
Claims Directive [1] and EU Green Deal vision 2050 [2] raise critical concerns for sustainable science of materials as
strict the verification rules under the EU Green Claims Directive to use economic aiffideadty processes and
protocols for materials synthesis. In pursuit of sustainable environmental remediation technologies, TiO
photocatalyst coatings have garnered significant interest of both industrial and researcher community. Numerous
methods have ben employed by researchers for synthesis of, i@sed coatings for environmental remediation.
However, most of these methods involve harmful reagents such as organic solvents, strong acid catalysts and som
other additives which pose a serious threatttoth human health and ecosystem [3].

This research presents the effect of temperature and aging time on greegeksynthesis of Ti3sol for the
preparation of highly uniform and adherent coating. Titanium tetraisopropoxide (TTIP) was used as the precursor,
with water as solvent/hydrolysing agent and acetic acid as catalyst/chelating agent servingfesretlp reagents
under mild caditions. TiQ layers were immobilized on glass substrates viacdigting technique, evaluating their
properties for Rhodamine B photooxidation in water and formaldehyde in gas phase und@r itddtiance.
Moreover, the selcleaning properties were evalted according to 1SO 27448:2009 standard by the
photodegradation of oleic acid under tA/exposure [4]. The results revealed a critical sensitivity of thesbildo
ambient conditions, which significantly affected sol aging behaviour, quality and mtatgtic activity of coatings.

TiQ sols synthesized at ambient conditions between 289 characteristic of summer season in Mediterranean
countries and aged progressively, developed sufficient stability and activity after 21 days. DLS revealed fofmation
nanoparticles (14.00 nm) in these sols with an increasing trend over aging time indicating particles growth and
colloidal instability. These sols yielded highly uniform and efficient coatings with excellent photodegradation of
Rhodamine B. Converselyhen the synthesis method was performed at temperatures ranged between a®

during winter season, the resulting sols remained low viscous leading to inefficient coatings with lower amoust of TiO
(@.026Mg/cn?). DLS confirms the presence of nano sgelgicle distributions. Various attempts to get efficient
coatings were unsuccessful even by increasing ditunt and varying layer drying or the annealing temperature.

To overcome this issue, an accelerated aging protocol was opted by incubatingdghe $qdfo®21 hours. This
controlled heating triggered partial oligomerization with, increasing the viscosity of the sol, leading to formation of
homogeneous and adherent coatings with 0.106 mg/emount of TiQ. A singldayer coating of this sol exfited
exceptional degradation of formaldehyde in gas phase (10 ppm) undek loNddiance with 100%, 73%, and 56%
removal at 300, 500, and 700 mL.riitow rates, respectively. All coatings showed a photoinduced super hydrophilic
behaviour with the watercontact angle measurements with values below 10° after 180 min undek Exposure,
confirming effective surface activation and strong s#faning nature. These findings underscored the critical
connection between aging conditions and sol rheology prtesifor fabrication of efficient photoactive coatings.

This study emphasizes on temperaturediated aging as a decisive factor for reproducibility and performance of
green solgel derived Ti@coatings. The proposed strategy of accelerated aging suppaisiple and scalable route
to prepare TiQbased green photocatalytic materials for indoor air purification and other environmental remediation
technologies.
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The application of photocatalysis for the disinfection of water has been extensively reported over the past 30 years.
Titanium dioxide (Tig) has been the most widely and successfully used photocatalyst to date; however, it is not
without its limitations. Frequently observed long lag times, sometimes up to 60 min, before bacterial inactivation
begins and the presence of residual microorganisimsgexample, up to 104 colony forming units, remaining after
treatment are ongoing challenges with this particular photocatalyst. It is therefore important to find alternative
photocatalysts that can address these issues. In this study, we compareditifeation capacity of Tigwith that of

zinc oxide (ZnO) using Escherichia coli as a model organism in both a suspended and immobilized catalyst system. C
results showed that ZnO was superior to Jiia number of areas. Not only were bacterial ratededtruction much
quicker with ZnO, but no lag time was observed prior to inactivation in suspended systems. Furthermore, complete
bacterial destruction was observed within the treatment times under investigation. The greater efficiency of ZnO is
believedto be due to the decomposition of the bacterial cell wall being driven by hydrogen peroxide as opposed to
hydroxyl radicals. The results reported in this paper show that ZnO is a more efficient aseffecte photocatalyst

than TiQ and that it represats a viable alternative photocatalyst for water disinfection processes.

Fig. 1.a) SDR. A peristaltic pump circulates the water around the vessel and cooling water around the water jacket. (b) U\$ laEBcsieih to the
bottom of the lid of the reator. (c) Image of the internal view of the SDR with aTi@ated disk held in place by the central metal rod.
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Silver (5 wt%) was reduced othe surface of barium titanates (Ba®)Qo investigate their effect on the
properties and photocatalytic activity of the support. The samples were characterizeddyydifractometry, diffuse
reflectance spectroscopy, photoluminescensteady stateand time-resolved, transmission electron microscopy
linear sweep voltammetry, and-bdy photoelectron spectroscopy. Their photocatalytic activity was evaluated by
phenol degradation under UV light irradiation. A commercial Bawitout silver was used as reference. Nominal
silver amounts were consistent with the measured ones in the samples contait®ngt®o silver; however, at high
nominal amounts (45 wt%), the measured silver content was decreased significantly (~1.3 wt%). Samples containing
largersilver particles had higher photoactivity than samples containing smaller silver particles. The sample containing
5 wt% silver performed the best, reaching a phenol degradation rate &2 st, over an order of magnitude
higher than that for the nossilvercontaining reference sample (B410% st). The enhanced photoactivity was
associated with the larger silver particles covering less of the Batiiface, leaving more active sites available, and
with the silver hindering charge recombination by trapping the electrons and thus increasing the efficiency of holes
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In the pursuit & sustainable technology and energy transition, photo(electro)catafRIEC) K JVA E-]}v
presents a promising strategy for utilizing renewable energy to mitigate climate cliahdtowever, a key challenge
limiting efficiency is the rapid recombinati@f photogenerated charge carriers at low external Hiak Constructing
direct Zscheme heterojunctions has proven effective in extending charge carrier lifetimes100®93], enhancing
catalytic performanced Z]s % E}i & Jues 3} ]u%{&E$tho)comversio ¢figiency by addressing gaps in
understanding reatime charge dynamics and surface activity iascheme catalytic powders and filmBo elucidate
the impact of morphology and extent of heterojunction contagcEnFe K@ d ] Knanocomposie powders with
different ZnFeO, morphologies and varied Ti@ ZnFeO, wt.% ratioswere first synthesized and then characterized
by XRD, Raman, FTIR, DR,-§B8, XPS, etc.

d} Z£ ulv 3Z Ju% § }( d]JK u}E%Z}o}PC Wl nxt fabsicate (el wharadterie
photoelectrode films on two Tibased supports (1) Untreated Ti foil, with a dense layer of ZeBg@TiQ
nanoparticles, and (2) Treated Ti foil, which has M#Dotubes grown on its surface before depositing Z2ak€eTime
resolved PL spectroscopy will track charge carrier dynamics, while DMP®agpiimg EPR will analyze reactive
species under visiblkght irradiation, with and without electrical bias, irffdrent solventsFinally, thephotocatalytic
activity of powdersand selected films will be evaluatedf successful, this work could drive advancements in
renewable energy utilization for sustainable chemical production, significantly contributing natelichange
mitigation.
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To date, itanium dioxide (Tig-based sekcleaning coatings oglass substrates that decompose the organic
pollutants from the glass surface throudiieir photocatalytic and hydrophilic propertiesave attracted significant
interest[1]. TiG has been known as the ideal semiconductor for-skdfining applicatios due toits activity under
UV, its stability, low toxicity, low cost, and ease of depositiblowever,its relatively large band gap &2 eV limits
sunlight absorption, and the rapid recombination of photogenerateth ¥ pairs reducesfficiency.To address these
challenges, doping TiWith foreignelements, such as silver, has been explored to reduce recombinatienower
the band gap, andhus enhance visible light absorptid@]. This study investigatethe role of Ag onthe activity of
TiQ films towards thedecompositionof stearic acid focusingon how the Ag loading and varying the deposition
parameters influence the film's roughness and thickness and, thus, the photoactivity.

TiQ films were doped withvariousamounts of Ag (0.1, 0.5, 1, 1.5, 2, and 5 wt%) synthesized vigelsspin
coating and employed for the photocatalytic oxidation of stearic agdide 1.5 wt% Ag/Tifilm roughness and
thickness were changed by applying a rangspifi speed$500-7000 rpm) and also by sequentially depositing one to
ten layers on top of one anotheFourier transform infrared (AFRTIR) spectroscopyas used to monitor stearic acid
concentration before and after UV illuminatioX:ray photoelectron spectroscopy (XPS) and phattucedforce
microscopy (PiFM) wereised to characterize the coatings dnto quantify any remaining stearic acid after
photocatalysisXRD andDRSUV spectroscopwere also used to characterize the coatings.

Fig. 1. (a) shows thatcorporating Ag into TigXilms enhances the photocatalytic activity. The 1.5 wt% Ag film
exhilits the highest photoactivity. In contraskiQ films doped with the highest amount of Ag (5 wt%) are less active
than undoped filns. The catalytic coatings demonstratecellent reusabilittand longterm stability for at least three
cycleswithout any treatment or washing between cycles, as shown in Fig.1. (b).

Fig. 1.(a)Effect of Ag loading on the activity of Tims; (b) reusability test; (c) XP spectra of photocatalytic behaviour of 1.5
wt% Ag/TiQcoating

XRD and DRBVis data confirm that all films consist of anatase only, and there sgmificant variation in the
band gap after loading different amowsf sliver

XPS and PiFM indicate that there is no remaining stearic acid on the 1.5 wd®péd) TiQ surfaceafter the
reaction. The C 1s XP spectra, Fig.1. (c), showed sighificant amount of carbds removedrom the surfaceafter
photocatalysis and the PiFM data confirmed that the rapid decomposition rate of stearic acid is attributed to the
adsorption d the carboxylic functional group to the photocatalyst surface. Water contact angle results reveal that the
photocatalytic coatings are hydrophilic even after being exposed to a 365 nm LED light for 60 min.

Increasing the spin speed from 500 to 7000 maduced the film thickness from 2@ 120 nm According to our
findings,changing the spin speeaffectsthe film thickness but haso noticeable impact on the photoactivityn
contrast, pin coating 1 to 10 layers at 3000 rpmisedthe surface roughnesgom 2.7to 8.4 umand atrend of
decreased photocatalytic reaction rate for rougher films (RMS roughness > cavéagropserved.

Thisstudyconcludes that optimising film roughness and doping with a catalysh asilver, rather tha adjusting
the thickness, is the most effective approach fwoducingpractical sekcleaning coatings.
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Water and energy are indispensable resources for human life. However, rapid population growth and industrial
expansion have led to the contamination of water bodies and the accelerated depletion of fossil fuel resources, which
remain the primary energy soces [1,2]. In this context, semiconducting metal oxides are promising catalysts for both
the photodegradation of organic pollutants in wastewatera®@ % @&} 4 S]}v }( Zga @&alde splitting [3].

To develop an efficient material for these proce U ]JsK u &P ¢« « +«SE}vP suitable shemicals} ]S
and physical properties, as well as itandgapenergy of approximately 2.6 eVCombining metal oxides wita
persistent luminescent (PelL) matertes emerged as a new strategy for gozing more efficient photocatalysts.
These composites can continue the degradation process after the irradiation has céag&ed P*] K W nug U Cu

is a suitable option, as it exhibits a broad and intense emission centered at 470 nm, long pergis&énbg and a

ZIPZ Z P <S}E P tii%d y)SZysdd«+/lv $Z]e «Sp CU §Z ]sK I"DAK Z § E}ipv §
via microwave ¢e¢]*$§ usz} W & (opkE *Cv3Z Fptate}sgnthdsKfor SMSO. Structural analysis
using XraC J((E S8]}v ~yZ ¢ v Z UV *% SE}* }%C }v(]EuU §Z (}&u 38]1}v }(
(melilite) SMSQ both recognized as highly active for photocatalytic applications. Scanning electron microscopy (SEM)
images revealed a micrometric elongat u ] u}E%Z}o}PC (}E ]sK U AZ]lo ~D" K ] V]
morphology. The synthesized system was evaluated for the photocatalytic degradation of tetracycline (TC) under
simulated sunlight for 120 minutes. To assess the persistent photoluminescehSMSO and its effect on the
heterojunction, the system was subsequently kept in the dark for an additid28l minutes. Hydrogen
photogeneration was also tested under visible light irradiation for 4 hours. To further investigate the role of SMSO
photoluminescence in charge separation and its ability to sustain hydrogen production, the system was monitored for
an additional 4 hours in the dark. The photocatalytic degradation of TC achieved approximately 80% efficiency, while
hydrogen generation yielded@® }uv ifii ..u}o Z + P =U u Jvs Jv]l]vP 3]A]JSC A v (38 & 3
dZ ¢« (]Jv JvPe Z]PZo]PZS SZ %}S vS] o }( §$Z (thHedegradatidl of oiyadic ppilutaiig and} E
the production of sustainable energy
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Innovation in advanced oxidation process technologies is based on the direct use of solar raftiation
photochemical conversion applications, with particular emphasis on the treatment of micropollutants in water. This
process relies on the production of radical species capable of degrading organic matter and micropollutants present
in small quantitiedn water. Solar photexidation makes it possible to develop an autonomous and ecologically
compatible process using solar radiation as the main energy source, making processes more sustainable, less cos!
and less energyintensive. Nevertheless, the fituations and intermittency of the solar resource affect its
performance and processing capacity. Indeed, solar energy is subject to seasonal cycles and diurnal/nocturna
variations, geographical disparities.

In this research project, the aim is to devela bifunctional adsorbent/photocatalyst composite as a promising
solution to overcome the limitations inherent in the use of solar energy. Zinc oxide (ZnO) was combined with activated
carbon (AC), which provides a means of storage during phases of Idighsuconditions and facilitates the
concentration of micropollutants on the catalyst surface, thus increasing the chances of contact witlgehet@ted
charges (Fig.1).

First, three types of activated carbon were selected to assess their respectptoacafficiencies, this evaluation
allowed for the accurate determination of the activated carbon with the best adsorption properties. The adsorption
experiments showed that the kinetics followed a psetsgmondorder model, and the adsorption isothermseve
well fitted using Langmuir isotherm theory. Thus, Né@ is the most appropriate material to be combined with ZnO
in a complementary compdsi. The kinetic constant ke was found to be 0,8x1® g/mg-min, and the sorption
capacity, determined frorhangnuir parameters, had a.gxvalue of 121,95ngg™.

Second, in this part, three key functionalities are analyzed in order to optimize the performance of AC/ZnO
composites developed: optical properties using a transmittance measurement bench maimdyutraviolet range
aimed at maximizing the use of light energy; sorption capacity, assessing pollutant storage as well as
adsorption/desorption kinetics; and photodegradation efficiency, determining the material's ability to effectively
break down coreminants under irradiation. The feasibility of the AC/ZnO composite preparation approach was
validated by controlling the AC amount from 1 to %@0in order to investigate the effect of composition. The results
obtained using phenol as a target pollutant lecule, revealed that the prepared materials exhibit both sorption and
photocatalytic properties which vary with the AC/ZnO composition. The photodegradation efficiency was close to that
of unmodified ZnO, while the composite's adsorption capacity was eoafyte to that of Norit as a reference. This
was followed by an evaluation of their photodegradation performance, emphasizing their high sorption capacity.

This part allowed us to show the adaptability of the AC/ZnO preparation for a wide range of veatnent
applications. The functional properties of these materialghich are essential to know in order to consider their
integration within a photoreactor have been determined by a theoretical approach coupled with experimental
measurements.

Fig. 1 Fluctuating and intermittent resources.
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One of the major challenges in contemporary society is energy production, accompanied by theemissan
of 31.5 billion tons of Crom fossil fuel combustion, a primary greenhouse fids Photocatalytic C&reduction
emerges as a promising strategy for mitigating these emissions, as it solely relies on solar rEgjidtiowever, this
procesgemains inefficient due to the complexity of photophysical and photochemical reactions involved. The desired
products, methane and methanol, require more electrons thasplyducts such as carbon monoxide, formaldehyde,
and formic acid. Additionally, wateplitting competes for electrons in reductive environments, leading to hydrogen
formationwhich is particularly attractive as a clean and sustainable energy cg8fier

The dissolved GOspecies play a crucial role in photocatalytic reductjdh CQ exsts in equilibrium with
bicarbonate and carbonate, with its concentration governed by pH. This study investigates the influence of carbon
species equilibrium on product yields in a Z$0spension system under UV irradiation. The goal is to identify aptim
conditions for C@photocatalytic reduction.

Experiments were conducted in a stirred batch photoreactor(tiL) containing a 1 gliTiQ (P25) suspension,
illuminated by an 8 W Hg lamp, £ 254 nm). The photocatalyst was suspended in NaONastC@solutionswith a
concentration of 0.2 MCQ or He was bubbled into the suspension for 25 min before irradiation, ensuring saturation
and air removal. The reactor was sealed at 120 kPa, and gas samples were analysed using gas chronveitbgraphy
barrier discharge ionization detector (BIDQH measurements werdone before and after saturation, and total
dissolved inorganic carbon (DIC) was quantified via(Tot@l Organic Carboahalysis.

The esults indicate that NaHG®olutions saturated witlCQ producethe highestyields ofCO, Clj andH,. Upon
CQ saturation, both the NaHG@nd NaOH systensabilize at pH 6.7, witthe carbonaceous speciegjuilibrium
comprising approximatel\38% dissolved GCand 62% NaHGOThe enhanced yield correlategith higher DIC
availability from both NaHG@nd CQ capture. In contrast, NaHG®olutions saturated with He result in higher pH
(7.9) andcontainonly 2% dissolved GQeading to lower yields.

In conclusion, increasing total dissolved inorganic cab@nCQ saturated NaHC® solutions and favouring
carbonaceouspecies in equilibrium ddbwer pHsignificantly enhancethe efficiencyof photocatalytic C@reduction.

This is attributed to the elevated concentrationdifsolved C@ the key reactant for TiE@mediatedphotoreduction
under UV light.

Fig. 1.A) DIC concentration after gas saturatiand B)Products yieldsate varying the carbon source dissolved in the
photocatalyst suspension
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The immobilization of photocatalysts onto stable, reusable supports is crucial for advancing wastewater treatment
technologies, particularly in addressing pharmaceutical contaminants. In this study, we develop and evaluate a novel
nanocompositebased photocatalytic system, where sily@tosphate nanodiscs and iron oxide nanopartigles2]
are integrated with carbon nanubes/cellulose fibre onto flexible ceramic paper. The ceramic paper support ensures
mechanical stability, reusability, and efficient photocatalyst immobilization, preventing particle loss and secondary
contamination. The photocatalytic efficiency of timmobilized nanocomposite was assessed under visible light
irradiation for the degradation of pharmaceutical pollutants. Compared to conventional $laggd photocatalysts,
this immobilized system enables continuous operation in glmle applicationwith minimal catalyst leaching. Using
ceramic paper as a support material enhances durability, while alternative substrates, including polymer membranes
and fibrous materials, are being explored for further optimization. Additionally, the incorporatiaromfoxide
nanoparticles facilitates magnetic separation, offering an efficient recovery strategy. These findings highlight the
potential of immobilized photocatalytic nanocomposites for sustainable pharmaceutical wastewater treatment.
Future work will foas on optimizing support material properties, improving photocatalyst adhesion, and evaluating
system performance under real wastewater conditions in a pilot plant setup.
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Basic bismuth nitrate (BBN) is relatively new yet very promising material in the group of photocatalysts, however,
there are not many reliable studies on its detailed properti#s [t is well known that Zcheme heterestructured
photocatalysts can provide the dual advantage of a wide range of light absorption and strong redox ca@ability [
Therefore, the present study aims at combining the new BBN with different forms of titania, which are well recognized
to be photocatalyticallyighly efficient.

To achieve composite materials, the "classical" P25, pure rutile, pure anatase, and natural ilmenite (iron titanate)
were applied in the subsequent hydrothermal procedure using relatively low reaction time and temperature (8h,
120°C). Tenlighten both the structure and the morphology ofpiepared materials, XRD, SEM, TEpMadorption,
and DRS were applied for physidoemical characterization.

The photocatalytic efficiency of the prepared samples was evaluated in a cimtittrphotoreactor by measuring
the degradation rates of two organic pollutants under UV and visible light illumination: the organic dye Plasmocorinth
B and the pharmaceutical ibuprofen. The pollutant concentrations were monitored usingvas\$gectrophotometer
for the organic dye and higperformance liquid chromatography (HPLC) for the pharmaceutical. Among all the
samples,d ] KBBNdemonstrated the highest photocatalytic activity, surpassing that of standard P25 when degrading
ibuprofen. Complete degradation washieved in just 20 minutes under UV illumination and 30 minutes under visible
light. These results indicate that modifying Fiith BBN enhances its photocatalytic activity under visible light.

Fig. 1.Schematic model for the photocatalytic composite
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Thesevere lydric deficit and the inadequatdistribution of water resources are crucial problerhat require the
development ofsustainable solutions. The ENERGICA project, funded by the European Commission (GA 101037428
was structured to corroborate the feasilyliof applying wetknown technologies to overcome problems within the
water-food-energy framework in developing countries. In this context, sdtaren immobilized hetergeneous
photocatalysis can bapplied as a viable tool for simultaneous disinfectaord Contaminants of Emerging Concern
(CECs) removal from different water matrices since it is an®asperate and environmentally friendly technique
for decentralized treatmentgl]. The aim of this work is the design, development, and assessof asolar
photocatalytic prototypecoupled withsets of immobilized photocatalysf2] for simultaneous disinfection anGECs
removal inthree water matrices of different complexity (isotonic water (IW), well w§#®W)and urban wastewater
(UWW).

All the asays were conducted at the facilities of Plataforma Solar de Almeria (Almeria, $pato)was selected
as faecal indicator anduantified by plate counting techniqué.imit of detection (LD) = 2 CFU/mL) to assess
disinfection efficiency. Additionally, anix of three CECs (imidacloprid (IMD), sulfamethoxazole (SMX) and
trimethoprim (TMP); at 100 pg/L eachas spiked to evaluate decontamination, monitored Wira-Perfamance
Liquid Chromatography with an Ultraviolet DieAeray Detector (UPLC/UYAD),following a previously described
methodology [3. Initially, lab scale assays were carried out in 250 mL vessel reactors (Fig. 1a) with different slurry
catalysts (1% GO0y, 5% GOTiQ, and P25TiQy) at different concentrations (50, 100, 200, 500 and 1000 mg/L).
Moreover, the reusability and stability of the immobilized PO&) onto a piece of stainless ste@fFig. 1b)was
evaluated at lakscale by the performance of diccassays (ten in IW and fourteen in UWW).

The good performance of the stainlesteel piece immobilized with PZEQ, for simultaneous disinfection and
decontamination (CECs removal > 80% and the achievemdntadliLD) triggered the scaliagp fromlab scale to
pilot-scale. A MultiStep Cascade Reactor (MSCR) was proposed firstly for the treatment of 5 L of water (Fig. 1c), in
which assays were carried out with two sets of immobilized steps at different flow rates. The good performance of
MSCR_5L mitated the construction of a second prototype for the treatment of 50 L (Fig. 1d), in which the well
known strategy of adding small amounts of(4 (50 mg/L) enhanced the disinfection rate without remarkable
variations in CECs degradation. Further assagsstll in progress with other microorganism' target and will be
complemented with a LCA study and a teckezmnomic analysis.

@ (b) (© (d)
Fig. 1.Lab scale prototypes: solarsael reactor (a)tainless steel piece coated with Bi®25(b) Pilotscale prototypes:
MSCR_5L (c) and MSCR_50L (d)
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Since 2014, when the first publication about titania nanotubes {INDs) obtained by bipolar anodization was
published[1], this topic wanly mentioned in less than ten papers. In this process, anodized sample, often called
bipolar electrode (BPE), iminersed in electrolyte between driving (feeder) electrodes, and on its two extremities
}E] 8]}v v E p 3]}v E 3]}ve E EJA v C 5Z R&E DJeudthit s codtlastto] (( G
conventional anodization process, bipolar anodizatallowsto obtain gradienichanging NTs, characterized by
different physicochemical and photoelectrocatalytic properties. In this regartthisrwork the local characteristic of
cylindrical, separated titanium(IV) oxide microstructures depending amligive position to driving electrodewas
examined Moreover, for full understanding the relation between process parameters as well asTé@norphology
and photoelectroactivity, central composite design (CCD) factorialyéaestablished. Four amtization variables:
time, voltage, HO content, and sample dimensions were optimized on three different levels. After calcination, each
of 26 tests were cut onto 1 cm x 2 cm parts and characterized using UV/Vis spectroscopy, Raman spectroscopy ar
SEMobseavationsin at least two different points. Photoelectroactivity was determined using IPCE method, showing
the relation between applied potential, light wavelength and obtained photocurrent.

Fig. 1.SEM images captured at different places of $aenple anodized according to the bipolar protocol; here: anodization
time: 3 h, voltage: 140 V, water content: 10%, the sample dimensions: 2 x 6 cm
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Microplastic (MP) pollution poses a serious threaatuatic environments due to the widespread use of plastics
and the limited effectiveness of conventional removal methfidsThis work introduces a novel and scalable solution
SZE}IUPZ $Z uecodted siidksand photocatalyst, specifically desibfor the effective degradation of MPs
and advancement of sustainable water treatment technologiEse material was developed by depositing an
1%3Jull  d]H2,30}€ Go] v Vv Jv }JE%}E SR dJK E}*%Z E « §} eZThe §Z
millimetre-scale size of the sand particles helped to avoid pressure buildup and facilitated separation in continuous
flow systems. Structural and optical properties were thoroughly characterized by TEM, FESEM, EDXisuaiiffusée
reflectance spetroscopy, while batch experiments were performed to determine the optimal coating thickness. In
addition, the chemical synthesis protocol was designed to be reproducible on a larger scale, which would allow for
scalable production of the photocatalyst.

Alaboratoryscale continuous flow photoreactor was constructed with a glass column illuminated withlURDs
and filled with the scaled photocatalyst, and tested with real wastewater containing PET microp(Bigic&A)
Chemical oxygen demand (COD) lgsia revealed a 95% reduction in MPs content under UV exposure, confirming
efficient degradation driven by the combined photocatalytic activity and the intrinsic filtration capacity of the sand,
which promote a increased contact with the pollutant$=ig.1B) These results demonstrate strong potential for
treating water contaminated not only with PET but also with other types of microplastics such as polyethylene and in
the presence of additional organic pollutants.

A) B)

Fig. 1 A) Continuous flow photoreactor. B) COD measurements at he &and outlet under UMrradiated conditions.
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This study investigates the catalytic oxidation of phenol usirigparsupported purified natural illite clay catalyst,
focusing on optimizing operational parameters and elucidating the degradation mechanism to achieve high efficiency
and minimize environmental impact. The effects of pHA@®, initial phenol concentrath (20400 mg/L),
temperature (3090r C), iron content (37%), catalyst dosage (06Xfi PI>«U v , K }v vAZEnM)]}v ~0
were systematically studied. Optimal conditions were determined at pH 3, a phenol concentration of 50 mg/L, 50
C, 5% iron conte S U § 0C*S }e P }(iPI>U v 6X6 uD , KU vZv]vP ZC E}A(
kinetics. Under these conditions, the catalyst achieved a 99% degradation rate for phenol and an 83% reduction ir
chemical oxygen demand (COD), with miniinah leaching. Identification of intermediate products using HPLC
enabled the construction of a detailed stepwise degradation mechanism, shedding light on the oxidative pathways
and confirming the effectiveness of the process. The purified illite csttalgmonstrated excellent stability and
reusability over multiple cycles, maintaining performance with minimal activity loss. Comprehensive material
characterization (XRD, TGA, BET, SEM, FTIR, and laser granulometry) confirmed the structural and wedrphologi
integrity of the catalyst and provided insights into its active sites. This study underscores the potential-of iron
impregnated purified natural clays as sustainable, @ffdctive catalysts for treating phenolic pollutants in
wastewater.
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Utilizing most of the solar energy reaching Earth will suffic@ur annual energy consumption, and it is a primary
goal toward a sustainable and carborutral development [1]. Photoelectrochemical (PEC) water splitting at the
semiconductor/electrolyte interface is an efficient way to convert sunlight to cleandggr directly, and the interest
in this sustainable route is growing constantly [2]. The search for visible light absorbing semiconductors moved from
binary oxides (e.g., Wi@nd TiQ) to ternary oxides (such as Bi&hd CuW@), which offer tuneable banstructure
and band gap energy by changing the metal cations [3]. Stiatiee-art BiVQ photoanodes perform remarkably, but
still the overall solato-hydrogen (STH) conversion is limited by the 2.4 eV band gap of, BiN&ving only an 8 %
STH [4]. Coppeungstate (CuWg), a promising candidate for PEC water oxidation with high stability, has a higher
theoretical STH > 10%, but still poor PEC performance. Thus, enhancement by metal substitution (molybdenum fol
tungsten) and combination with other phototdysts (BiVG) can improve charge separation and photocurrent
efficiency [5]. In a prior work we studied the PEC performasfc€uW: »MoxOs materials with different Mo for W
substitution (x = @0.8). This study identified the x= 0.5 substituti@@u\W\ sMoo sOs) asthe best performingsample
exhibiting a 6 higher photocurrent at 1.23 V vdhe reversible hydrogen electrodeith respectto pure CuwWwQ@
Intensitymodulated photocurrent spectroscopy (IMR8yealed thathe superior PEC performance of Cy00 504
relies on themore efficient separation of photoproduced chargesmparedto CuWQ. We achieved aduither
enhancenent in the 400t480 nmwavelength rangeby couplingCuW sMoo 504 with a BiVQ overlayer [6] These
results showed thatMo doping in utK u} J(] » 15« o SE}v] *SEYu SUE U E u JvP §Z
visiblelight absorption and }p% o]vP ptK A]$3Z ]sK E 3§ o Zodld @¢inote €hadrngesSZ §
separation andeducerecombination losses.

Fig. 1.TAS spectra of layed CuWMo®@at 343 nm

Here, we directedransient absorption spectroscopy (TAS) acresstoseconds to microseconds to probe the
charge carrier dynamics in these systems with the aim of better understanding the observed effects:tQulatsp
findings reeal that CuWMo®has transient absorption spectral features (Fig. 1) similar to CuW&Xharge carriers
decay with lifetimes comparable to CuM/Qvith a moderate influence due to the film thickness. The combination
with BiVQ in the heterojunction, induces clear changes in the transient spectra and their dynamics which can relate
to PEC performance.
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Semiconductor photochemistry offers innovative strategies for functionalizing medical device surfaces with
antibacterial properties. This study investigates CINO nanocomposites, harnessing their visiigat
photocatalytic activity to enhance antibagtal performance. These composites are intended for integration into
antifouling hydrogel coatings to improve medidavicefunctionality.

Graphitic carbon nitride (€3N4) was synthesized via thermal polymerization of urea and melamine (denoted as
g-C3NHU/M)) at 550°C. Zinc acetate was combined witb3iN4(U/M) in solvents (water, methanol, or ethanol), and
Zn0Og-C3N4 nanocomposites with four distinct morphologidD nanoparticles, 1D nanorods, 2D nanosheets, and
3D nanoflowersswere prepared by tuningd, hydrothermal reaction conditions in an autoclave, and calcination at
350°C for 4 hours in a muffle furnace. Their structure and morphology were characterized using scanning electron
microscopy (SEM). Photocatalytic performance was evaluated by measoeirdggradation of methylene blue (1
Pl>e puv E > «5E]%e* ~, A 3381 vueU A]3Z & -Vi$ absordancsg ht665 .31 E A] hs

SEM analysis confirmed the successful deposition of ZnO with diverse morphologiesG8ita@J/M) surfaces.
Among he C3N4Zn0 variants, the OD nanoparticle morphology demonstrated the highest photocatalytic degradation
efficiency (84.7% in 60 minutes and 92.8% in 180 minutes under visible light), attributed to enhanced surface area anc
improved charge separation, owtpforming other morphologies. Antibacterial testing is currently in progress.

These findings highlight the potential of C3KAO nanocomposites as multifunctional materials, paving the way
for medical surfaces with superior visibight photocatalytic andantibacterial performance. Incorporating these
composites into antifouling hydrogel coatings could further enhance their applicability in medical settings. Future
efforts will focus on optimizing antibacterial properties and developing practical compmstengs.

Fig. 1.A-D)SEM imagesf C3N4ZnO(0D, 1D, 3D, 2Df) he degradation of methylene blugith all samples.
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The oxygen evolution step is stithe ofthe bottlenecks of an artificigghotosynthetic systerm To overcome these
limitations,catalystf a variety of compositionisave been investigatefbr photo-induced water oxidationHowever,
designing catalysts that are robust, efficient, and, at the same time, composed of elemenhtrdhaontoxic and
widely available on the Earth's crugtmains as a majochallenge.Taking inspiration from theactive site of
Photosystem Wwhich consist of a inorganic catalytic core difie clusterMnsCag@, in this work we have explored the
performance of CaMn.F&Qs.wperovskites, which also presents-Odvin moietiesfor the photoassistedoxygen
evolutionreaction. Accordingly, we expect these fully inorganic materials based on abundant elements asaract
effectivephotocatalysts fo this proess

Perovskiteswith two different compositionsCaMn@and CaMg 7F& 305 wwere prepared using Pechini method
and XRD analyses confirmed the formation of a single phaseG4iffe@-type orthorhombic structureXPS of these
samples reveals that redox neds are mainly present as ¥Fand Mrf* and in accordance with electroneutrality of
the lattice, a larger concentration of oxygen vacancies is expected for tdegesl perovskite.

Both perovskites act asffective catalysts for water oxidatigmproducing @ in the presence ofRu(bpy}]?* as
photosensitizer andNaS0s as a sacrificial agent. However -@@pingof the CaMnQ oxide significatively promotes
photocatalytic activity1]. Remarkablynot only oxygen production declines only very Isig after five consecutive
cycles but CaMny 7F& 305 wemainsstableunder these conditions, without any noticealithangesthus making it a
convenientreusable photocatalst.

Fig. 1.Scheme showing the basic mechanism of fii®tosensitised oxygen evolution, together with the time variation of the
production of Qupon illumination oveCaMn@ and CaMa7F&.30s.w
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For decades, global environmental pollution and energy shortage are major concerns of mankind and have
attracted extensive attention. To tackle these issues, a lot of efforts have been made to develop efficient
semiconductor photocatalysts. So far, it Heeen revealed that semiconductor materials, suchivixS, exhibit high
photocatalytic activitiesespecially in fHproduction However,MoS shows poor photocatalyticefficiency for the
utilization of visible light due tdts high recombination rate of pho-generated electrons and holes. Being highly
stable and active, the lowost and nortoxic BiIOX has attracted widespread attention recentlige layered BiOX
semiconductors belong to the PbR@be tetragonal crystal system bearing a P4/nmm space gratish is built by
[BiOy] slabs and slabs of double halogen atoms along thaeiz directionSeveral strategies have been developed to
enhance thephotocatalytic behaviour and promote the separationpfotogenerated electronéoles in bismuth
based photeatalysts,including ion doping, assembling heterojunctions, controllingrphology with modifiers or
creating oxygen vacancigspecially the formation of heterojunctions by coupling semiconductors tiesonstrated
to be a successful strategy for enhamgthe photocatalytiperformance of individual semiconductors. This strategy
promoteselectrornthole separation while intensifying the internalectrostatic field. Thus, the photocatalytic ability
of a heterojunctiondepends on factors such as the intitaacontact of the semiconductorand their energy band
positions[1,2].

Here, we fabricated10S/BiOX (X = Cl, Br,dpmpositeqFig. 1y a facile onestep hydrothermal approach, and
the products showed the improved efficiency of electioole separation across théloS/BiOX hetergunction for
the photocatalytic degradation of several pollutants, such us dyes (Rhodamine B) and helficetasiprid)

Fig.1. TEM image and XRD patterns of MB8DX composites
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The energy and environmental crisis that society currently faces makes it necessary to seek sustainable
alternatives to traditional energy sources. In this context, "green hydrogen" emerges as a proposal against climate
change, and in this diotion, water splitting methods present themselves as an alternative to other traditional
methods of obtaining H For these methods to be environmentally sustainable, responsible management of the
natural resources required for their production is crucihich is especially important in recent times in the case of
water, due to its scarcity and associated pollution problems. Photoelectrocatalysis emerges as a promising advance
electrochemical oxidation process by combining both photocatalytic and elgtitroprocesses that allow
simultaneous hydrogen production and water decontamination (Scheme 1).

Schemel. Schematized photoelectrocatalytic process

In this regard, in the search for new materials for the preparation of effective photoanodes in
photoelectrocatalytic reactions, twaimensional (2D) materials are attracting increasing attention due to their
unique properties that are being widely investigated. Among the most commonly used layered semiconductors as
photoanodes, bismuth vanadates (Biy@tand out for their high photoelectrochemical stability in aqueous media
and their reduced band gap. However, they exhibit poor electronic mobility due to the rapid recombination of
electrons in the valence band, so the design of heterojunctions has pravbe &in effective strategy to overcome
the deficiencies of these processes, as they improve the movement of charge carriers in the system. In this work,
heterojunctions based on Bi\{@nd 2DTiG doped withmetalshave been prepared and their use as phatodes in
the photoelectrocatalytic reactionf some pollutant'sdegradation and simultaneous |roduction has been studied.

For this purpose, both the preparation of the electrode (type of deposition, carbonaceous material, conductive
support, etc.) andhe reaction conditions (solvent, acetamiprid concentration, and other parameters) have been
optimized.
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Photocatalytic coatings represent a promising avenue for developing functional surfaces capable of harnessing
light energy for environmental remediation and chemical transfaiors. Among various photocatalytic materials,
graphitic carbon nitride (g E U ' E+ 8 v » }us p 3} 18+ +pl8 o-lightvabserpon( EEEM&GR] o
stability, and lowcost synthesis. However, challenges remain in integrating GCN intayebakable, and patternable
coating architectures suitable for reaforld applications. In this work, we present a hybrid coating formulation
consisting of exfoliated GCN flakes and a colloidal dispersion of poly(heptazine imide) (PHI).

The GCN flakes @d in this work were synthesized through a supramolecular precursor strategy involving
melamine and cyanuric acid. The supramolecular complex was isolated, dried, and subsequently thermally treated
under nitrogen atmosphere to yield bulBRCN.To enhance ta film-forming ability and improve dispersibility, the
resulting GCN was wailled in propar2-ol using a custom bathilling setup with glass beads, producing a stable 10
wt% colloidal dispersion. This exfoliated form, characterized by reduced paitielarsd improved monodispersity,
was directly employed in the coating formulations. The methodology builds upon our prior work [1] and draws
inspiration from the supramoleculassemblyapproach introduced by Lotsch and colleagues [2].

To formulate the pritable coating mixture, the GCN flakes were combined with a colloidal dispersion of
poly(heptazine imide) (PHI), which serves as a semisoluble binder. The PHI was synthesized using an ionotherm
method adapted from Savateev and-emrkers [3] This approah yields wateiprocessable PHI colloids that exhibit
stability, mild photoactivity, and strong fikiorming capabilities. Their inclusion in the formulation not only promotes
adhesion of GCN flakes to substrates but also enhances the mechanical robustdassiformity of the resulting
coatings, crucial for reproducible screen printing and leergn photocatalytic performance.

dZ]s ZC E] } S]VP +3E S BQUlHSSE_~"EEZIS SpE U AZ E v &E(}o] &
%Z}3} S]A <N ®] BZ W,/ Jv & (puv 8]}ve e« §Z "u}ES E_ §Z § ]vs E }vv ¢
network. This design not only enhances the mechanical integrity of the coating but also ensures intimate contact
between the photocatalytic domains and thetmtrate, which is essential for efficient lighitiven processes. Such an
approach has proven effective in other fields of materials science, particularly in the development of functional films
and electrodes [4,5], and is now innovatively applied heretlierfabrication of photocatalytic layers. The resulting
composite structure offers a balance between photoactivity, structural cohesion, and processability, making it ideal
for scalable applications using techniques like screen printing.

A key advantagefdhe proposed formulation lies in the tunable rheology of the coating mixture, which can be
adjusted over a wide viscosity range by modulating thet®biNent interactions. As described in reference [3], PHI
colloids exhibit a quasi stiel transition behvior, allowing the formulation to transition between leviscosity
dispersions and gdike states depending on solvent composition, concentration, and ionic strength. This property
enables precise control over the flow, leveling, and film formation ottersstics of the coating, making it
exceptionally welkuited for screen printing. Moreover, this rheological flexibility opens opportunities for adapting
the same formulation to other patterning techniques, such as doctor blading, inkjet printing, ay slpposition,
thereby broadening the application landscape for GEBNI photocatalytic coatings.

In the upcoming presentation, we will showcase the application of this hybrid formulation in the fabrication of
photoanodes via screen printing onto fluorkdeped tin oxide (FTO) substrates. By systematically varying the coating
thicknessv controlled through screen mesh size and the number of printed layarsl applying posprinting thermal
curing, we investigate the influence of these parameters on the regujphotocurrent densities. This allows us to
assess how the structural and interfacial properties of the @CN layers affect their photoelectrochemical
performance. These findings will provide insight into the optimization of printable photocatalytiensysand
highlight the potential of this formulation for scalable, patterned photoelectrode development.
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Indoorair quality has become a critical public concern in recent decades because people spend nearly 90% of theil
time indoors, where pollutantscan often exceed outdoor levelgl]. Among the various indoor pollutants,
formaldehyde and acetaldehyde are widely recognised as two of the most essential aldehydes due to their broad
environmental presence and walbcumented health risks, justifyingehr prioritisation in air quality monitoring and
health risk assessment§2]. Both are ubiquitous volatile organimompounds(VOCs) emitted fronwood and
potentially surpasghe health guidelineq3]. Subsequently, emission of formaldehyde and aakhide from wood
is mainly due to the thermal anthemical breakdown of wood polymers, with emissions further influenced by wood
species, moisture, temperature, and processing meth@dds[5]. Engineered wood products and certain adhesives
can greatly enplify these emissions

Photocatalysis has emerged as a promising green alternative because it can degrade VOCs under light irradiatio
and mineralise them into harmless end products suc EsandH O without generating significant secondary waste
[6]. Titanium Dioxide (Oi, particularly P25) is the main benchmark of photocatalyst due to its strong oxidative power,
photostability, abundance, and low cost. HoweverKTis mainly active under ultraviolet light, which accounts for
}voC A9 }( *}o & *% SEPUU o]Ju]S]vP ]S % E S] o0 }v ]v }}E %%o0] S]}vX
carbonaceous materials such as biochar offers several advantages. Biotlwarly enhances pollutant adsorption
and electron transfer but can also extend light absorption into the visible region. The development of biddtar
hybrid photocatalysts has thus attracted increasing interest for indoor air remediation. Furthermgkoring their
activity under broaespectrum irradiation, including both UV and dual visiligét wavelengths (405 and 450 nm), is
essential to evaluate their real potential for practical indoor applications.

In this work, a Biochard ]K  Z C (E ] veld] &ifferent ratios was tested for the adsorption and photocatalytic
degradation of formaldehyde and acetaldehyde under brspdctrum conditions, including UV and dual visiigét
wavelengths (405 and 450 nm), to mimic realistic indoor irradiatiba.performance of the hybrid was systematically
evaluated using an FTIR spectrometer equipped with mass flow controllers to precisely regulate the supply of air anc
contaminants, ensuring controlled and reproducible testing conditions. Adsorption expesmesre carried out
under dynamic conditions to assess the capacity of pollutant uptakkereas photocatalytic degradation was
investigated under steadgtate conditions to ensure reliable quantification of the lighiven reactions. The hybrid
exhibited higher removal efficiency toward formaldehyde than acetaldehyde, with values of 87.5%, &8d 31%
under UVA lamps and visible light irradiation at 405 and 450 nm, respectively, while acetaldehyde removal efficiencies
were 79%, 27%, and 7% for the Biac d ] Katio of 1:9under the corresponding conditions. Notably, the shift from
UV-A to longer visible wavelengtimaproved energy efficiencgs visibldight LEDs generally provide higher electrical
to-optical conversion efficiency and lower operatibasts compared to conventional tA/lamps. In additiorthe
$§ EP § %}oopus vie A E (}uv 8} uv EP} lu%o 8§ u]v E o]e 8§]}vU Alsz
products.

In summary, the Biochdd ]JK  ZC E] +Z}A+ % E }ulfficient phdocat@yBtCoperating effectively
from UVA to visible light up to 450 nm, with higher activity toward formaldehyde and compbiteralisationinto

K v , KU ul]JvP ]§ eul]S o (}JE Jv }}E ]E %pE](] S1}v
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Water, an indispensable component of life, holds unparalleled value for all living organisms. However, its quality
is rapidly deteriorating, posing an escalating global crisis.dégradation is primarily driven by severe water pollution
stemming from industrial discharges and the relentless pressure of a burgeoning global population. Among the most
significant contributors to this pervasive water contamination are organic peitatgoredominantly originating from
the textile and food industries. These industries, through their processes, release a wide array of complex organic
compounds into water bodies, profoundly impacting aquatic ecosystems and human healaf&}. pollutbn is an
escalating global concern, largely driven by industrial expansion and population growth, with organic contaminants
from the textile and food industries being amorfe primary contributors[2]. These problemsrequire the
development of coseffective wastewater treatment techniques. While conventional methods like chemical
treatment, adsorption, filtration, and ion exchange are employed, photocatalytic oxidation is gaining significant
attention as a promising advanced approach due to its efficiemaegrading persistent organic pollutants. Among
the various wastewater treatment techniques, heterogeneous photocatalysis based on semiconductor materials
stands out as a highly promising and emerging process for the effective degradation of orgéutantsl This
advanced oxidation process (AOP) leverages the power of light source and semiconductor materials to initiate
chemical reactions that break down stubborn organic contaminants into less harmful, and often completely
mineralized, productsAlthough heterogeneous photocatalytic nanopatrticles are effective for wastewater treatment,
their practical application is often limited by difficulties in nanoparticle separation and their tendency to aggregate,
which significantly diminishes photocatalytictigity [3]. This study addresses these challenges by anchoring
semiconductor nanoparticles onto a lightweight, flexible polymeric supppdlyphenylene oxide (PP®@}o form
stable, ribbonlike structures via a liquid shedriven process (Fig. 1). PPO istipalarly advantageous due to its
ability to form nanocrystalline structures upon sorption and desorption of suitable guest molecules, enabling the
controlled integration of nanoparticles within a stable polymer matrix. In this work, the photocatalyfierpmnce
of a PPO/FZnS composite was evaluated for atrazine removal. The composite was synthesized in nanocrystalline
form with varying F&nS loadings (4%, 8%, 12%, and 16%) to assess their effect on the photocatalytic efficiency of the
PPGbased compsite materials Experimental results demonstrated that nonporous crystalline PP@Swith an
8% FeZnS loading exhibited the highest photocatalytic efficiency among all tested compositions, achieving 68%
pollutant removal after 180 minutes of UV lightadiation. This enhanced performance mhg attributed to the
uniform and stable distribution of the catalyst on the PPO support malh&. presence of a nonporous crystalline
(NC) phase is a critical factor in achieving high photocatalytic efficiBR€y/synergizes with the photocatalyst, make
it a potential candidate for largscale water purification via photocatalytic oxidation.

Fig. 1.Schematic of thelear driven processsed for composite preparation
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Microplastics (MPs), whether intentionally added to product§aymed from the brealdown of larger plastics,
are an escalatingenvironmental threat. Poor plastic waste managemeontributesto their spread in ecosystems,
where their tiny size, persistence, and ability to carry other pollutants peseusrisks to wildlife and human health.
Tackling this challenge requires improvedste management strategiesnd new technologieto reduce MP
pollution. At the same timetransformingD W e Jv8} pe (MO % E} p S o]l (o }E Z u]- o« }(
to- A o ppathwaythat supports both cleamip efforts andthe circular economyPhotocatalysis is gaining attention
as a greenenergyefficient methodfor breaking down MPs in water. Solar reforming can activate strorlg @d Q
C bonds in plastics under mild conditiomdfering a sustainable alternative to energigtensive techniqueslike
pyrolysisLately Lin et al. used-GNa supported singleatom Fecatalysts to both degrade MPs and generete Their
systemdecomposediltrahigh molecular weight polyethylene (< 5 mm) into oxygenated compounds like carboxylic
acids witha 64% selectivityat a 92% degradationate, and producedt;ata 8 T ® ... u }JrateZingler simulated sunlight
the activity beingdriven by hydroxyl radicathrough , K $]1A §]}vX dhibweeseh@u photocatalysis can
jointly tackleplasticpollution and contributeto cleanenergyproduction[1-2].

Although progress has been made in upcydiitiRs much of the researcfalls short ofrealworld relevance. Most
studiesrely onuniform, labmadeMPsthat fail to reflect the diverse weathered particles found ithe environment
In reality, eavironmental MPsare typicallyirregularin shape and sizeandundergochemical alteationsby sunlight
exposureand physical weawyith a clear impact ohowthey break{3]. Moreover, many experimental protocaslely
focus on the valorization of pretreatqaasticderived productspverlookingthe presence ofesidualMPsthat would
realistically coexist in the reaction medium. &ohance the relevance of suchsearch, it is crucial taccount for
thesecomplex,mixedphase environmentsvhere partially degaded plastics and intermediateoexist potentially
affectingthe productdistribution andthe catalytic performance,factorsthat are oftenneglectedin current studies.
In this study, we explore the photocatalytic degradation and valorizatioRobfethylene TerephthalatPEY MPs
~D1ii®under simulated solar lightsing aPt (1 wt.%)/d ] KP25referencecatalyst. To better mimic reatorld
conditions, both commercial PET and environmentally relevant parfickgsaredviagrinding and millingvere tested.
DWe A E (]JE+<$ ZC E}oCl ]vaht@ubthéused taseval@t® Hydrogen production from batie
resultingsoluble products and & remaining, partially degraded plastics. Tdgiproachenablesusto evaluatehow
mixed plastic fractions affect photocatalytic activity and product selectivity. A continflowsquartz reactor coupled
A13Z }vo]lv ..' A « péme hydBbgeh morioring, while NMR spectroscopy identified the licyitase
products. As shown in Fig. H; was generatedn both treated and untreated systemsgaching up to a rate of 4.6
mmol (K) a1 h'. This showethe photocatalyst's ability to valorize PE&Adto produce high addedalue chemicals

Fig. 1.(a) Schematitigure of PETMP ucyclingviasolar lightphotocatalysis. (b productionoverPt/ d ] K wt.%)using
untreated and pretreated MP suspensionsested across varying catalysintent(0.1ti X7 P® > =+ sload (2Wtid P®> ++X
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INTRODUCTION

Emerging contaminants (ECslich agpharmaceutical compounds includirageaminophen (ACE), diclofenac
(DCF) and metamizole (MTzave garnered increasingtahtion due to their potential environmental and health
hazards I]. The persistence of these substances at trace levels even after conventional treatment in wastewater
treatment plants highlights the urgent need for advanced treatment technolagipabé of fully removinghem. In
this regard, advanced oxidation processes (AOPs) have emerged as pramisinglogies with H,O-assisted
photocatalysis demonstrating higlepuration efficacy against biecalcitrant substance]. Extensive research has
focused on various catalytic materialaptably Febased supported photeatalysts However, the optimal
performance of these systems typically requires acidic pH conditions, which can lead to subBtleéahing B].
Biochar has shown potential to ngtte this issue by stabilizirfge species through interactions with its surface
functional groups, thereby enhancing pollutant degradation. Additionally, substitiegith alternative elements
may further reduce leaching while improving contaminant remoefficiency 4]. In this study,three catalysts
incorporating rare earth element®amely: CelLa, and Nd3upported on biochar were synthesized and evaluated in
various AOPs for the removal giiarmaceuticals

MATERIALS AND METHODS
Biocharsupported &nthanide oxides were synthesized via estep impregnation usin@€e La andNd nitrates

(0.25 wiwto 109°C overdried pine needles wasjelu % E Pv § Jlu e« A« % CE}oCl § AII®F
iiI®E lu]v (B]. CHalysts were characterized mgiXRD, BET, and SEM analysesoPaialytic degradation of
fi ® WPACE, DCF, and MTZ wasducted atcircumneutral pHunder UVA>  ~i6fi®vue A]SZ B A]SZ]

stoichiometric dosagePollutant degradation, mineralizatioR,O, consumption, and metal leaching were monitored
using HPLC, TOspectrophotometry, and ICP analysis, respectively

RESULTS AND DISCUSSION

yZ Vv 0oCe]e }Vv(]EuU S8Z (}Eu S]}v }( KCebiochazsuppoe( catayst@Hile the La
and Nd S oGS AEZ] 18 U}E % Z}pe *SEMN SUE X d spCE( E « ACE
(}JE& E U iTXi®ugl P} xgUP-lqgd@l materialsSEM images revealed the presence afuma oxide
nanoparticles on the stace of the Cdoaded material; but LandNdwere detected, indicating that the formation of
the targeted lanthaide oxide phases was not achievedeither the La nor Ndsupported catalysts showed ACE
degradation undermphotocatalytic conditions, with or without 4#0,. In contrast, theCe oxide biochasupported
catalystaddressed30% ACE degradation under UMBD KD»-assisted photocatalysis after 2 &nd only 30% was
achieved without D, dosage ]S]}v ooCU §Z]e S o0Ce*S o0¢} E «« CO6iI9 PE S]}v ]
treatment, and MTZ was completely removed within just the first 10 minutes of reaction.
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Amisulpride is an antipsychotic drug prescribed to ease the symptonthiiophrenia. Citalopram is a type of
antidepressant used to treat depression and panic attacks. Metoprolol {letzker), candesartan and irbesartan
(angiotensin receptor blockers) are applied to treat hypertension and heart fdiljrall of them areconsidered as
emerging contaminant§ECspecause otheir widespreadpresence imatural enviromrments and their potential to
provokedetrimentalecological effects. Wastewater treatment plants (WWh&)e beeridentified asthe mainroute
for ECs to entewater bodies since they aggermanenty released through treated wastewater (TWYR).

Advanced oxidation processes (AOPs) have been widely applied to eliminate organic polluteetisr iby the
generation and use of strongly oxidizing species, suchydsoRyl radicals (Off which are highly reactive, ne
selective and able tdransform harmful compounds into less dangerous produdsnong them, heterogeneous
photocatalysisand photoFenton process have been the subject of great resesmehnest due to their simplicity and
higher removal performance®hotocatalysis wessemionductorsas catalysts tproduce the OH radicals.Ti; P25
Degussas one of the most widely tested because of ptsotochemical stability, commercial availabilityontoxic
nature and low cost, high photoactivity and ease of preparation in the labor§drifenton processsesferrous ions
(Fe) as catalysts and an oxidant ¢generateOH radicals If mediated by UV radiation, Feis regenerated through
the reaction between produced ferric ions fBeand the oxidantforming more radicals But this process is strongly

% v vS 8} ]1] }v 18]}ve ~ %o, CddditioAar godts Fer%cid]fieation and later neutralizatidie
use of ligads such as nitrilotriacetic acid (NTA) or ethylenediamBé)-@isuccinic acid (EDD&} chemical additives
cansolve this problem by formingtablercomplexes with irorionsat natural pH[4]. In thiswork we haveassessd
andcompared he effectiveness of Tiphotocatalytic process anBlentonlike processat neutral pH using NaS0g
as oxidant andsolar irradiation for the decontamination of wastewater polluted with residues of five drugs
(amisulpride, citalopram, metoprolotandesartan and irbesartan

Experiments werearried out with biologically purified water (secondary treatment) collected from a modular
WWTP (AB)fE}U UPHeS*% ]V ~"% JveX &]JA Zpv E  ubwére iAtrédu@edeitiplrex gissii
vessels and maintained in continuous agitatiéfter adding the corresponding reagentke vessels were exposed
to solar irradiation durind240 min. Five treatments were assayed: i) addition of 7&hd NaSOs, ii) addition of
Fe*+EDDS (1:Bnd NaSCs, iii) addition ofFe*:NTA (1:1and NaSOs, iv) addition of Ng&&0s, andv) without reagent
addition. Water samples were taken at scheduled timesl dater analyzed by KIS following the procedure
described by Fenoll et .g5]. Results showed that photocatalytic process with;la@d NaS0s is the most efficient
treatment for compoundsremoval with degradation percentages varying from 57.1 to 99.4 % (for citalopram and
candesartan, respectivelyRegarding Fentotike treatments, degradation efficiencies ranged from 35.6 to 91.1 % for
Fe+EDDSomplex(for citalopram and dadesartan, respectiely)and22.0 to 83.3 % wheReé*:NTAwas utilized(for
citalopram and cadesartan, respectively)Finally, in treatments conducted without catalyst, degradations ranged
from 18.4 to 75.2 % for only oxidant addition and from 1.8 to 25.8 % for photdfgsisitalopram and cadesartan,
respectively)
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Despite the fact that the occurrence of pesticides in agricultural soilgiewingenvironmental problem, the
applicationof agrochemicals istill a commonly used practice to combat pests and diseases throughout the cultivation
cycle. Atthough chemical substances that are currently available on the market are less harmful, their toxic nature still
requires strategies for farm saiemediationto mitigate contamination and to further protect consumets this
sense,Advanced Oxidation Processes (AGfeshprise a group of techniquesble todestroyorganic pollutantoon
site thanks to the generation of strong oxidizing species, Hikdroxyl radcals (OH). In particular,photocatalytic
oxidationusing semiconductor oxideés an area of environmental interest for the treatment of polluted sdihong
the photocatalysts studied, TiGtands out because of its phosiability, inert nature, low cost, availabilignd
capability to adsorb reactants under efficielight activation [1] The objective of this study was to evaluate the
effectivity of TiQ photocatalysis under solairradiation in the degradation of fourstrobilurin compounds
(azoxystrobinkresoxim methylpyraclostrobinandtrifloxystrobin) in two different agricultural soil matrices.

Soil A was collected from an agricultural area of Region of Murcia (SE Spain). Tiseil Misis modified by adding
manure as organic amendment to produce soil B. Both soils wpileed with active ingredients ddtrobilurin
compoundsgo reach a individuallevel of 1000 pg k§ Experiments were conducted introducing §@f polluted soil
in Petri plates (90 x 15 mnand addingthe corresponding amounts afatalyst (Ti@ Degussa P25nd deionized
water. Thensamples were exposed to sunligham 9 a.m. to 4 p.m odifferent daysThree treatments were assayed:
(i) TIG addition and sunlighexposure(photocatalytic treatment)(ii) catalystfree soils but with sunlight exposure
(photolysis)and (ii) without catalyst addition nor sunlight exposure (darkne&g)il masture content was controlled
daily and kept constant during the photoped. Soil samples were collected in triplicates at 0, 6, 12, 24 hafurs
accumulated solar irradiatiorPesticide residudsolation fromsoil was carried oubllowing the procedure reported
by Fenoll et al. [2]. Samples were later analykgdiquid chronatography with tandem mass spectrometry using a
triple quadrupole in selected reion monitoring mode (LC/M Figure Irepresentshe degradatiorrate constants
estimated according to firsbrder decay modelpbtained forstrobilurin pesticides durinthe different treatments in
both soils As can be seen, a notorious increase in degradation rates was observed in alfocabesprocess
performed with TiQ. It was also observed a clear influence of soil characteristics in pesticides removalcatesdi
the greaterratesobserved for soil (the soil with lesser organic matter dent). This @an be explaired by organic
matter activity a<OH{scavenger and its pacity to react with OH radicals faster than soil pollutdBis

Fig. 1.Strobilurin degradatiomate constantobtained for the different treatments assayed in the two soils tested
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Efficient removal of microorganisms and contaminants of emerging concern (CEC, e.g. antibiotics) from
wastewater remains a major environmental challenge [1], 3. antibiotics enter the environment, midsial
communities can be harmed, and antibietiEsistant bacteria may continue to proliferate, which will negatively
impact the effectiveness of antibioticSeveral techniques have already been employed to elimi@&&rom aquatic
ecosystems. Among them, advanced oxidation processes (AOPs) have gained significant attention in recent years.
has been reported that carbebased materials can serve as effitiadsorbents, catalysts, or catalyst support in these
processes. For instance, in our recent study, a biochar derived from agricultural residues was shown to effectively
activate peroxymonosulfate (PMS) and degrade amoxicillin, achieving a removahefficie95.0% within just 45
minutes of treatment [3].

In this same contexthe work here presentediims tostudy an advanced oxidation process (AOP) combining PMS,
activated by biochar derived from biomass waste. The biochar was produced from the fstietidofruit widely
consumed in the worldRistacia veraU C % CE}o0Ce*]s A]SZ J(( E vS 3 U% E SuE@ ~fiil
Kg/cn?). With the biochar, test experiments were conducted to evaluate its performance as both adsorbent and
photocatalyst for the simultaneous removal &. faecalisnd Tetracycline (TC). The inactivatiorEofaecalind TC
degradation through the different photocatalytic processes studied was carried out using a batch reactor containing
100 mL of simulated wastewatenriched with 16 CFU/mL ofE. faecalisnd 10 ppm of TC. A range of biochar doses
from 0.1 g/L to 2 g/L was added to the reactor, combined as needed with PMS concentrations ranging from 0.01 to 1
mM. The experiments were conducted in 250 mL beakers uodetinuous stirring at an average speed of 500 rpm.

All photocatalytic experiments were performed using a solar simulator (SUNTEST CPS Hereaus) equipped with a 15|
W xenon lamp (0.5% of W& and 5 to 7% UX). Additionally, the device is equipped witha@nrcooling system and a
support with water inlet and outlet, ensuring that the reaction temperature remains stable between 25 and 30 °C.

The initial results from the adsorption experiments showed complete inactivation (5.4 I&g)fa&calisn less
than 60 minutes in simulated water. TC degradation reached between 25% and 30% after 120 minutes. These finding:
suggest a higher reactivity towail. faecalicompared to TC removal. Building on these promising results for the
inactivation ofE. faecalisthe study is currently being continued, particularly with tests on the photocatalytic activity
of the various biochar obtained and the combination of the biochar with PMS under solar radiation. We also plan to
carry out specific chemical surface modificatiaishe biochar to introduce more functional groups and catalytic
elements such as iron. These enhancements are expected to significantly improve both the photocatalytic
performance and the activation of PMS, ultimately leading to better simultaneous ranedboth contaminants.
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Advancesn photoelectrodematerialsare central to unlockingpotential of next-generationrenewableenergy
conversion and storage technologid4]. This work underscores how strategictdrface engineering in a
BbS/BiVQYZnO ternary heterojunction photoanode achieves remarkable enhancement in solar water splitieg.
architecture employ8D-branched ZnO nanobundles (NRBs)an efficientight absorption andelectron transport
layer, offeringa muchlarger surface area than conventional 1D nanow[@s Whereas the ] s Klayer acts ashe
secondaryphotosensitizeractive in the visible region. The.8ilayer plays as a duélinctional role, extending the
light absorption into the neamnfrared region and passivating the surface defects in underlying active layers of
BiVQ/ZnO. This passivation effect dramaticalgduces trapassisted charge recombination, enabling a highest
photocurrent density ofd X8/ u  u @ § iXT s AeX E A E-+] o DEul@E§dNiainiog ee@Erplyte~Z,
solution. This phenomenon is verified employingme-resolved absorption pectroscopy (TASand surface
photovoltage (SPVAdditionally, the staggered band arrangement between the constituent semiconductors of the
multicomponent system is revealed utilizing thkraviolet photoemission spectroscogyPShand SPV. This energy
band alignment is known for its efficient electron transfer, which is pathing Be8through BiVQto ZnQ improving
the charge separation. Furthermore, comprehensive materials characterization (ref&igto) validates the
structural, morphologicaland chemical properties of this engineered interface. In summary, this work presents the
synergistic role of spectral photoresponse extension and interface engineering for semicorbasgat photoanode
in achieving efficient solar water splitting.

Fig.1.a) Absorption spectra and b) Timesolved absorption spectra of all samples, ¢c) SEM image (inset image pertains to ZnO
NBs) and d) SPV curveB¥S/BiVQ/ZnO ternary heterojunctiophotoanode.

References

[1] Tabari, T., Kobielusz, M., Duch, ;hgliD., Kotarba, A., & Macyk, W. (2020). Design, engineering, and performance of nanorod
Fe203@rGO@LaSrFe2}vKo ~v®A®iIU i }u%}e]s & Z]S SpE W dZ €E}o }( }Hp O }E] %
hydrogen efficiency. Applied CatalysidEBvironmental, 272. https://doi.org/10.1016/j.apcatb.2020.118952

[2] Guler, A. C., Antos, J., Masar, M., Urbanek, M., Machovsk, M., Dagupati, R., & Zitnan, MN€&fiad)BiVonanoislands in ZnO
nanodendrites by twestep electrodeposition for efficignsolar water splitting. Journal of Physics D: Applied Physics, 57(355110).
https://doi.org/10.1088/13616463/ad5212

Acknowledgements

The major part of this work is supported by the National Science Cétalend(Project no. 2023/50/E/ST5/006),9with additional
funding provided bythe Ministry of Education, Youthind Sports of the Czech Republic DKRVO (RP/CPL2024) and INTER
EXCELLENCE (LTT20010).



P-67
Anaerobic thermally assisteghotocatalyticmethanol dehydrogenation in the
presence of watevapour: Engineering SrTiO3 photocatalysts

Yannik HaveBastianT. Mei

RuhrUniversity Bochum, Germany

The selective photocatalytic dehydrogenation of methanol into vadded products such as formaldetg
methyl formate, and green hydrogen offers a sustainable routatfeir productionat industrially relevant scald4].
ANEd]K ]+ A] oC +3pu ] e u] }v p S}E %Z2}8} 8§ 0oCeS pnu S8} ]85 §Z CBu o v
limitless pdential for modification[2]. However, despite over 50 years of research in semiconductor photocatalysis,
no industrially relevant applications have been realiagtich is caused by insufficient efficiencies and consequently
high costg3].

In thiscontribution, two strategies to enhance the photocatalytic activity and to control the product distribution
in methanol dehydrogenatiowill be presented. Using eontinuousflow gasphase flatplate reactorto approach
industrially relevantconditions previouly described by Deitermann [4], we will discuss the impact of the
cocatalyst/semiconductor interface using Pt a@d coretPt shellcocatalysts leading to an increase in AQY by 33%.
Moreover, we will reveal the impact of thacid + % E} % ES] surfaces@ndth& product distribution and
overall activity (Fig. 1). The catalytic data are supplemented by an extenategials characterition using UWis
spectroscopy, C@dsorption DRIFTS, TEM, EDS;ZUM1 v *% SE}* }% CU K v E, pobé U v
measurements. Overall, we will present our recent understanding of underlying struattingty correlationsin
thermally-assisted photocatalytic methanol dehydrogenationsing * (E d fKd provide guidelines for potential
optimization strategies tourther increase the activity and selectivity of the process.

Fig. 1. Modification approaches of SrTiphotocatalysts for optimization of photocatalytic activity and selectivity in MeOH
dehydrogenation
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Gas sensors play an indispensable role in monitoring and assessing air quality across various indoor and outdoc
environments. The ability to reliably detect and quantify concentrations of toxic, hazardous, and combustible gases is
crucial for applications ranging from air pollution control to industrial safety and medical diagnostics. Among the wide
array of sensing aterials, metal oxide semiconductors have emerged as particularly promising for gas sensor
technologies due to their low cost, ease of fabrication, high sensitivity, anetéongstability [1, 2]. Within this group,
SuvPe3 v SE]J}A] ~tK egrifican®ra@eardEintesdst owing to its excellent-gassing properties [3, 4].

dZ]e «Sp C (} e = }v 8Z «CvSZ ] }( tK 35Z]v (]oupyisewPacti@aidfEgqENEY %o C E
magnetron sputteringMFMS) In the spray%e CE}0 Ce]e ~"We % E} +eU tK (Joue A Elime %o}e]3

PO eo sl o83E 3+ } & AlJ8Z ~K 0 C EU pe]vP pest@MESUMR+JIE 3§ i} bQE
hours [5].In the pulsed reactive MFMS, Wfims were depositd on unheated substrate in Ar + @ixture [6].
Mu]l]o BEoCU tK (]oduypulsedEdact&yedlFMSwere annealed ad Aii® £ (}E T Z}pE+ Jv JEX

Fig. 1 Dependence of resistivity on temperature for twoil@s: 2.3 pumthick WG; layerdeposited on sod-lime glass with
SiQ underlayer and annealed at 550 °C fdn i air (left) and 0.8 pnthick WQs layerdeposited on fused silica lpulsed reactive
MFMSand annealed at 450C for 2 h in air (right).

As shown inFig. 1SZ tK o C E- %0}e]S Qulsksl ZedctiveMFMS exhibited a decrease in
resistivity with increasing temperature, which aligns with the expected behaviour of semiconducting materials.
Notably, the resistivity of films prepared by SP was apiprately fity times lower than that of the layers deposited
by pulsed reactive MFMSThis variation in resistivity is particularly advantageous forsgasing applications, as
certain target gases may either increase or decrease the resistivity of tlengematerial upon adsorption. Thus,
having access to layers with different baseline resistivities allows for better tuning of sensor response depending on
the type of analytet low-resistivity films are more suitable for detecting oxidizing gagegy. ND,) that increase
resistance, while highesistivity films may be more responsive to reducing géseg. Hor CO}hat lower resistance.
dZ o (]Jv JvPe euPP 3 3Z 8§ tK (Joues % E % E C }8Z 8 Zv]<u e-sinsing % E}
applications, with the possibility to tailor sensor properties by selecting the appropriate deposition method.
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Molybdenum disulfide D }%), a transition metal dichalcogenide has attracted considerable attention as a
photocatalyst due to its suitable bandgap (AL® eV), high chemical stability, and environmental friendliness [1].
However, agglomeration and low reusability limits its agglan on largescale photocatalytic water treatment.
Therefore, recent research has been focused on minimization of these challenges [1,2].

In the present studyD } *was synthesized using hydrothermal method. The precursor used for the synthesis are
sodum molybdate dihydrate and thiourea as molybdenum and sulphur sources, respectively. The precursors were
dissolved in deionized water and stirred to obtain a homogeneous solution. The solution was transferred into Teflon
lined stainlesssteel autoclave antemperature of 200°C was maintained for 12 h. The autoclave was cooled at room
temperature and black precipitate was collected and thoroughly washed with water and ethanol and drie@iCat 90
for 12 h. The resultind } *powder exhibited a characteristidack colour.

The photocatalytic activity of the synthesized MoS2 was evaluated by observing the degradation of a common
pharmaceutical, ciprofloxacin (CIP), in deionized water under the UV LEDs light irradiation (365 nm). The initial
concentration of CIRvas 10 mg/L, whereas the concentration of the catalyst was 0.5 g/L and the suspension was
stirred to maintain uniform dispersion. Initially, the solution was stirred in the dark for 30 minutes to achieve
adsorption-desorption equilibrium. During the photatalytic reaction, aliquots were taken at regular time interval
and analysed using a bXis spectrophotometer in the range of 2800 nm to monitor CIP concentration. Moreover,
total organic carbon (TOC) analysis was performed using a TOC analyseruttieetta rate of mineralization.
Experimental results showed approximately 50 % reduction in CIP concentration within 120 minutes of UV irradiation,
while 10 % TOC removal was observed shows partial mineralization.

The results indicates thab } has poential to degrade the ciprofloxacin but also highlight the further need for
the optimization of the properties to improve the degradation and mineralization efficiency.
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The patternillumination timeresolved phase microscopy {PM) metlod is a technique used to study the
microscopic charge carrier dynamics in photocatalgnd photovoltaic materialsThe method involves illuminating
a sample with a pump light pattern, which generates and decays charge carriers due to trapping, retiombamd
transfer processes. The distribution of phetgcited charge carriers is observed through refractive index changes
using phaseontrast imaging. In the M method, refractive index change is selectively monitored by adjusting the
focus positim and enhance sensitivity to the phase change of ptetoited charge carriers, providing the observation
of nonradiative processes, such as charge diffusion, trapping to defect/surface states, and interfacial charge transfer
of photocatalytic and photovtaic reactions. The quality of the image sequence is recovered using
statistical/mathematicalcalculation. Categorizing and mapping different types of charge carriers based on their
response profiles using clustering analysis, provides spatial infaymati charge carrier types, and the identification
of local sites for efficient and inefficient phetoduced reactions, providing valuable information for the design and
optimization of photocatalytic materials such as the cocatalyst effect.

There are seeral key points to this method: the noisy image due to plilglet imaging is recovered by
mathematical and statistical calculations called "tetatiation regularization"; the carriers trapped at the
surface/defect states are efficiently observed by tiefractive index detection, which are not observed directly by
the transient absorption or timeesolved photoluminescence; different types of carriers on a surface are
distinguished by the sign of the refractive index change and the distribution chargédscavengers (electrons /
holes).

One of our recent result is shown herEhis study investigates charge carrier dynamics in mikegtnsional
CsPbBy perovskite materials, prepared using varying molar ratios of £BBd CsBr in precursor solutionsy B
employing thePFPM method, we provide spatially and temporally resolved insights into the transition from 2D to 3D
perovskite structures. Our results reveal distinct charge carrier behavior, with 2D perovskites dominated by hole
dynamics and 3D perovsés dominated by electron dynamics. The structural transition, driven by increasing CsBr
content, leads to the formation of larger crystalline objects. Furthermore, we demonstrate that combining 2D and 3D
perovskites enhances charge separation, prolongivlg lifetimes in the 2D regiongFif. 32

Anotherstudy employghe PFPM methodto capture the intricate dynamics of charge carriers in the presence of
co-catalysts. Through meticulous experimental design and analysis, we have elucidated the mechgnigrch co
catalysts such as platinum (Pt) on titanium dioxide r&dd cobakphosphate (CoPi) on hematite influence charge
carrier behavior, including localization, distribution, and decay ratéscould clearly locate the electron accumulated
region by Pt deposition oMiQ and hole accumulation on CoPi cocatalysts on hematite by identifying the charge
carrier dynamics affected by different scaveng&fsom these results, the M method is unique and powerful tool,
which is different from the otér time-resolved techniques.

Hg. 1.A categorized map of charge carrier behavior of electrons and holes around a 3D perovskite surrounded by 2D
perovskite layers. 3D accumulated electrons, while 2D is dominated by holes.
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Photocatalyic water splittingis a possiblecontender to improve drawbacks @&lying on a single hydrogen
generation technologiedf a material is not suitable faverall water splitting @QW$, it canalsobe used for just one
part of the reactionfor example the hydrogen evolution (HER). In this case a sacrificial agent such as methanol can
be used as a hydrogesource The mainadvantageto proceedresearch inphotocatalysis is the diredtorageof
sunlight into a chemicdll]

Carbon nitrides (CN) especially graphitic carbon nitride, is one of the most discussed photoabsorbers in the
research communityTheproperties makeCNsuitable for photocatalysis due to it®lor (yellow), chemical stability,
low production costnpon-toxicity and overall resiliencg2]

Nonetheless, our recent work [3] has revealed a significant limitaftboto-induced seHdegradation in defect
rich graphitic carbon nitride containing heptazine unitn lead to ammonia release from the materidlo assess
whether this phenomenon is a broader issue within carbon nitridparticularly in the context of nitrogen reduction
reactionsvwe compareddefectrich graphitic carbon nitridevith a crystalline carbon niltle composed mainly of
triazine units, containing lithium cations and chloride ania@led PTW]. This material was theimvestigated for its
stability and photocatalytic performandB].

We willpresent the photostability and catalytic activity offéet-rich graphitic carbon nitride and compare them
with PTI lon chromatography resultshowed improved stability of the PTI in comparison to theGMN after light
exposure

To reduce charge carrier recombination, we introduced &amlyst pyrite (FeS+U «Cv3Z «Jdivottieimal
microwaveassistednethods & ‘was loaded witHl, 5, and 10 wt%nto the carbon nitridesThecombination with
the co-catalyst enhancedhe hydrogenproductionin both types of carbon nitrides. While graphitic carborridi
continues to suffer from sellegradation, the crystallinBTldemonstratesfar greater stability[5]
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Rare earth elements (REEs) as dopants draw attention for enhancing the properties of titanium ¢liaide
They can favour substrate adsorption, increase the efficiency of electron dadgéparation, and tune the band gap
due to their unique electron structure [P].

Polycrystalline weltrystallizedpowders,consisting of roundly elongated particles based ory @igped with Sm,

Gd, Th, Tm, Ydr co-doped with Sm/Gd, Sm/Th, Sm/Tm, SimA¥ere successfully synthesized using a straightforward,
template-free onestep hydrothermal method. This process employs using titanium butoxide as a precursor in
aqueous solutions, making it cesffective and environmentally friendly.

The similar morpology of undoped, moncand cedoped TiQwas confirmed by SEM analysis. Investigations of
the samples using EDS and XPS methods showed the presence of titanium, oxygen, carbon and the corresponding |
with homogeneous distribution. XRD and Raman techesgimdicated the mixed phase of anatas®okite in the
samples that can favour photocatalytic activity due to the electrons transfer from the more cathodic conduction band
of brookite to the anatase conduction band and thus, resulting in effective elettiae separation3]. The ratio
between Raman vibrational modes for doped and undoped powdessimilar, indicating that the fraction of specific
exposed facets in the samplesasmot change due to modificatiomccording to XRD analysis, nelREed scondary
phase was detected in the sampjeghich can be attributed to their small amouifithe presence of RE in the powders
in the trivalent formswas revealed by XPS analysis.

The intensity of XRD peaks for modified samples decreased compared to pri€inehich can be attributed to
structural defects and distortion in the crystal lattice. Higher angles peak shifting is observed in the XRD patterns for
all samples meaning compression and reduction in the average lattice parameters that was confircaécllations.

These changes can relate to the incorporation of the RE as oxides on the surface of TiO

It was established, that mondoping inhibited the crystallites growth (from ~ 9.1 nm to ~7.4 nm) whereas co
doping enhanced their size (up to ~11 niffat was confirmelly the Scherrer equation, the Williamsdtallanalysis
the Sizestrain plot the HalderWagner method,andtransmission electron microscopyhese results are alsogood
agreement with the BET analysie surface areas of mortmped samples lie in the range of 1894 n#/g and 156
165 nt/g for codoped powders. The type IVa of isotherms and H2b type of hysteresis loops were observed for the
samples and confirmed their mesoporous structure.

Compared to the pristine Tidthe UVtVis DRS spectra of the doped samples were shifted to the visible region.
Absorption peaks for the samples containing Tm were observed in the visible region at 685 and 792 nm, which can be
attributed to the ftf electron transition of REor 4f electron trangions of RE ions.

Photocatalytic activity of the synthesized samples was studied in the reactions of diclofenac and Rhodamine B
degradation under UV and visible light. The photocatalytic performance of doped samples was higher compared to
TiG. REbecaug their f-orbitals can form impurity bands and trap the electrons reducing recombination with holes
and prolonging lifetime of charge carriers favouring the photocatalytic activity. Among the doped powders the mono
dopedoneswere more active than cdopedones The enhancement of their photocatalytic activity relates to the
more developed porosity, higher surface agad smaller crystallites.
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Direct selective oxidation of metharl®SOM)under mild conditionsand achieving totalselectivity in methane
hydroxylation remains elusive due to the competitive;@@mation. The key to DSOM lies in tuning the band structure
W 8Z %Z}8} § 0C+8 38} v o JvEE}oo P v E §]}vI( E 3]A }ECP v *%
range [1] While metd oxides or metal/oxide catalysts are commonly useB80M these semiconductor structures
are often limited by their simplicity, making it challenging to ftoee their band structures. Compared to other
materials, MOFs exhibit wellefined structuresgexcellent light absorption and efficient charge carrier separation,
making them outstanding candidates for photocatalybisthis study, we utilizethe synergistic effecbn a formed
heterojunction between Zrbased MOF4J6-X (X=NK and H)and P25 type TiQ to significantly enhance the
photocatalytic methaneoxidation performance while effectively suppressing the formation of overoxidized
byproductssuchas K X hv E }%3sJu]l & 3h¢ W6HNPZEHaec typd heterojunctionachieved an
outstanding target product yield &675.6 ... u } @ Pwith nearly 100% selectivity, outperforming other reported
inorganic heterojunctiorcatalysts.

The U6-X/P25 samples were prepared using a in situ synthesismethod. The structurg of U6-X/P25were
characterized byXxRD, TEMXPSXAS IR, EPRRaman, UWIS, PLetc. Photocatalytic €4 oxidation tests were
conducted in éatchphotoreacor usingCH, and Air mixtures under fulkspectrum irradiation from &00 W Xe lamp
at 20 ¥. Theliquid andgaseous products were analyzed ushigR and GGespectively[2]

Fig. 1.(a) IR of UeX/P25,(b) Photocatalytic Clbxidationperformance and €) Proposed mechanism oveit-H/P25

Various characterizationshave confirmed thesuccessful construction of the corresponding heterojunctions
between U6X and P25, accompanied by the formation of théORZr interface (Fig. 1afs shown in Fidlb, P25
produces a certain amount of oxygenates but suffers from a relatively low oxygeslawivity of 55.4%. In contrast,
both U6 E, v ho (( 3]A 0C *u% % E +» K (}@Im#¢dDSQM achEi@WVAsn UBE, -
combined with P25 to form a-&heme heterojunction, the oxygenate yield increases, with the selectivity tising
75.6%. Comparedto UE , IWTAU S§Z S§C% [/ Z §-ER2pachidjes & omparable oxygenate yield, while
the selectivity further improves to 93.3%. Under optimal conditions, it delivers an oxygenate yiddd®62.. u} o
Qeat * With nearly 100%electivity.Compared to the Zcheme structure of U&E, IWTAU AZ] Z ( SuUE - E
high conduction band (CB), the type | heterojunction ofHUB25 not only enhances charge carrier separation
efficiency but also directs electrons to the lower CBWifiX dZ]e *p% % E ¢ « §Z /[ +<]A P v

(( 8JA 0oC & u « 3Z YA E}YAE] 31tv }( }AC Prhis Symerdisia effsct in &P typei |
heterojunction enables efficient methane activatiowhile simultaneously preventing evoxidation of thetarget
products.
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H, produced via photocatalytic water splitting shows great potential as a renewable alternative to fossil fuels;
however, increasing thH, production efficiency remains challenging. In this study we synthesized various graphitic
carbon nitridetPrussian blue analog (GEBA) heterostructure composites using PBAs containing different transition
metals (Ni, Co, and Fe) and analyzed theiblg-light absorption andH, production efficiency. We believe that our
study makes a significant contribution to the literature because the Gl{Ed heterostructure composite exhibited
excellent visibldight-inducedH, production efficiency, making it a promising candidate for practical applications in
solarH, production. Moreover, we propose a potential mechanism for the observed photocatalytic activity, which can
contribute to the design and optimization of efficieptotocatalysts for solaH, production, promoting the
advancement of renewable energy technologies.

Fig. 1.Schematic illustration of the proposed photocatalytic activity mechanism

The study proposes a band structure and type Il heterojunction meshafir GCMNNiFe composites to explain
their enhanced visibkight- EJA v , % E} p §]}veé¢etdlagram §EAS that the conduction band edges of
sz "E v E]& o] A 83Z & u 3]}V %}S vi]l o (JE , U AZ]o xEdon[« A o
potential of water. This alignment allows efficient separation and transport of photogenerated electrons and holes.
Under visible light, NiFe generates charge carriers that are effectively separated within thRiBE8tructure, with
electronsmiP E §]vP 8§} ' E 8} E]A , Al}ops]}vX D vAZ]Jo U 8Z Z}o « E }vepu
to the composite's high photocatalytic efficiency.
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H.O, is a versatile compound that has gained attention in various fields, including the synthesis of pharmaceuticals
and organic functional materials, as well as its potential use as an energy carrier [1] to replace hydrogen. Additionally
H.O; is considered @reen chemical due to its decomposition into water and Bowever, the current industrial
manufacturing method, known as the anthraquinone method [2], involves a 1siglfi synthesis process, the use of
toxic organic solvents, and the production of exgi@ gases. Therefore, there is a need for a simpler and more
environmentally friendly synthetic method. One promising method being studied is the photocatalytic method [3]. It
is important to continue researching and developing photocatalytic methods éetnthe demand for more
sustainable synthetic methods. Photogenerated electrons can redut®g@oduce HO, over various photocatalysts.
Visible lightdriven photocatalysts, such as \3/@re favorable because®& decomposes under UV light. In this study
we investigated the production of:8, through the twoelectron reduction of @in a 2propanol (IPA) suspension of
GN4 photocatalyst. Our findings indicate that the rate efddproduction significantly increases with a slight elevation
in temperaturedue to thermal acceleration of the photocatalytic reaction. This study aims to analyze the mechanism
of this reaction to achieve more efficient production of0d

GN4 powder (50 mg) was suspended in IPA (5 mL) in a test tube and the gas phase wawplaGedThe test
tube in a glas$ype water bath kept at various temperatures was irradiated with visible light (lambda > 400 nm) using
a Xe lamp equipped with ard2 cut filter. After the reaction, £In the gas phase and acetone in the liquid phaseawer
analyzed by gas chromatography, while a potassium iodide reagent-tVZ@R(C), Kyoritsu Chemidzheck Lab.,
Kanagawa, Japan) was used to color th@&:tih the liquid phase.

Fig. 1a depicts the time courses of photocatalyti©tproduction by Qreduction in an IPAuspension of £8l; at
different temperatures under visible light irradiation. We confirmed by blaegctions that N, and light irradiation
were indispensable for producing®. At 25°C, the D, concentration reached 3.2 mM at 4 h. Fig. 1a also shows
that a slight increase in reaction temperature significantly enhanced both the rate;@f ptoduction and the
concentration of HO,. The concentration at 60°C (22 mM at 4 h) was séireas larger than that at 25°C. Notably,
the increase in kD, concentration with an increase in temperature by 10°C from 50°C to 60°C was considerably
greater than the inease in HO, concentrations with increases in temperature by 10°C in other temperature ranges.
As shown in a figure inserted in Fig. 1aQproduction at 60°C continued after 4 h and the concentration gBH
reached ca 34 mM after 8 h, which is consad#y larger than those of previously reportegNa

Fig. 1(a) Time courses of photocatalytie® production by @reduction in a Zpropanol suspension of:8; at various
temperatures under irradiation of visible light and®4 production at 60°C for a prolonged tinfi@serted figure). (b) Durability
tests at 60°C for 8 h.
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Given the global issues mfcreasing energy consumption, depletion of fossil fuels, and environmental pollution
caused by human activities, it is crucial to explore new ways of obtaining and storing clean energy sources. Hydroge
production appears to be a very promising solutiorréplace fossil fuels with minimal environmental impact, while
also serving as a key chemical compound in various industrial processes, anuhasia synthesis and hydrorefining
[1].

Clay minerals are eefiendly materials that help adsorb contaminartsd improve the activity aianomaterials
When used as supports for semiconductor photocatalysts, clays significantly improve both the photocatalytic
efficiency and recyclability compared to standalone semiconductor nanomatekialsng clay minerals, nsaovites
from the mica group are commonly used for their chemical and physical stability as flexible ultrathin insulating
substrates, asvell as widebandgap layered semiconductors for 2D electronic deVji2ges

MuscovitesamplesMs1 and Ms2 were preparetb the particle size fraction less than 0.04 mm by milling (a
A] & 3})EC u]Joo sD8 KWA WZ E}AU 1 Z Z %p o] « 8§ ifiil E%u (}E IXA ulv
Ni(NO3)2-6H20 was supplied by the company IN&hCo., Neratovice, CzeRepublic. Muscovites were calcined at
600 °C to the Ms1/600 and M&600 samples. The NiO/muscovite composites containing about 20 wt.% NiO originated
from Ni(NO3)2-6H20 as a metal precursor were obtained by solid state thermal synthesis at 600 °C

The aimof this study was to synthesiZ€iO/muscovitephotocatalysts through variougreparation methods,
aiming tocreate stable, lowcost, environmentally friendly, and efficient materials for photocatalytic hydrogen
generation. The photocatalytic activity wawweéstigated in a stirred photoreactor under 254 nm light irradiatising
a methanoltwater mixtureas the sacrificial agerA comprehensive set eharacterization techniquesas employed,
including X-ray diffraction (XRD),scanning electronmicroscopy $EM), coupled with energdispersive Xay
spectroscopy(ED$ specific surface area analygBET),U\-Vis diffuse reflectance spectroscogy\-Vis DRS),
photoluminescence spectroscoff). The results of the photocatalytic experiments amesented in Figure 1 and
show a clear correlation with the physicochemical properties derived from these characterization techniques.

Fig. 1.Photocatalytic action ofnuscovitesn MeOH50
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Tungsten oxide is currently a widely studied inorganic isenductor known for its remarkable chromogenic
properties. It is used in the production of photochromic glass, various sensors, memory devices as well as
photocatalytic and solar cells. Typically, tungsten oxide layers are produced by costly and cecipiues under
vacuum.

The aim of this work was to prepare thin films using a modifiedyebihethod [1]. The layers were prepared by
material printing method using Dimatix printer. In the first part of the work the printing conditions were optimized.
The most suitable composition of the printing formulation was investigated applying O\Wamit theorymethod
[2] and the best treatment of the substrate itself. The surface tension and dynamic viscosity of the print formulation
were measured, and suitablelsents were explored for the chosen deposition technif@ie According to the results
of viscosity and surface tension measurements, the most suitable printing formulations were the mixtures of
acetonitrile: ethylene glycol (1:1) and ethanethyleneglycol (1:1). However, after application of the Owakiendt
theory, the most suitable composition appeared to be the formulation with ethanol: ethytgyeol.

Fig. 1. Wetting envelope diagrams for FTO glass (ink 1: acetonitrile + ethyglgra; ink 2: ethanol + ethylenglycol) _ X

The selected composition was used to prepare a series of samples where the effect of the layer thickness on the
resulting electrochemical properties was investigatéithe layer thickness was measured with a meotelni
profilometer, the crystallinity of the layers was studied usinga}( diffraction andhe surface topology was studied
by AFM The photoelectrocatalytic properties were studied by cyclic voltammetry and chronoamperometrihend
influence of layer thikness on the resulting free electron generation was compared.
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Titanium dioxidds an inexpensive, safe, and widely used material that can serve as a photocatalyst, however, its

photocatalytic activity is primarily limited to the ultraviolet range of lighih&ncing its activity under visible ligist
still one of the mosimportant issue in the field of photocatalysig1 recent years, structured layers ®fQ have
attracted increasing interest due to their unique optical properties. ©hthe methods of structuring this material

involvesaninverse opal (I0) architecture. In a classic, ideal opal, spheres with diameters ranging from several tens to

hundreds of nanometers form a fa@entered cubic (FCC) lattice. In inverse opals, the matrix materiahélioids

within the macroscopic FCC network. Owing to the highly periodic arrangement of spherical macropores, 10 structures

exhibit a photonic bandgap, i.e., a range of energies in which light propagation within the material is forbidden. This

effect entances the interaction time of photons with the material, which can be exploited to improve its
photocatalytic activity within selecteregions of the light spectruifd].

Inthe presentepy CU « E] « }( d]JK o C E+ A]S8Z /K +3¢€Etpd sqndhictide 4Rd ifsuldfifg $
substrates. The layers were prepared via-ssemblymethod using polystyrene nanoparticles of various diameters
as a template. The morphology and optical properties were characterized using scanning electron micrdsbpy (S
and UW/is spectroscopy (Figl a, b. The photoactivity of the materials was investigated through
photoelectrochemicaind surface photovoltage (Fig. lmgasurementsand photocatalytic tests, supplemented by
action spectra recorded in the 33850 nm range. Terephthalic acid hydroxylation wasdas the model reaction.

This work presents the influence of the substrate type on which the inverse opal layers were eépasitvell as
§z (( 8 }( %}E ]I }v 83Z +SEU SUE U % SE}e }%] % E}% ES] U v
previously undescribed phenomenaerithe emergence of multiple photonic bandgaps in materials with larger pore
diametersvis dscussed.

Fig. 1.SEM image of the 10 Tifayer (a) and contact potential difference (b) changes upon monochromatic light irradiation (c)
of the 10 Ti@layers loaded on the FTO, &/TO and Ti substrates.
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The growing interest in tin sulphide thfilm solar cells is due to their remarkable advantages: economy,
environmental safety, and material availability, . The chemical andmicrostructural characteristics of a
homojunction fabricated from the synthesis of SnS and SnS:Bi thin films by evaporation and annealing in a sulphu
atmosphere were studied in the present investigation. SnS and SnS:Bi films were synthesized usintg substra
temperatures of 250 °C and 300 °C, an annealing temperature of 40 °C, and an annealing time of 90 min and 120 mit
Xray photoelectron spectroscopy (XPS) andhydiffraction (XRD) techniques were used to study the influence of
the synthesis variablesn the chemistry and microstructure of the thin films. The results showed that an increase in
substrate temperature and annealing time increased the grain size of the thin films. On the other hand, an increase in
the annealing time led to the growth of atalline tin sulphide without the presence of secondary phases. In addition,
scanning electron microscopy (SEM) was performed to determine the grain morphology.
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Alkaline earth metal titanate perovskites are increasingly used in various industries due to their beneficial
properties [1t6]. Ther possible environmental impact, however, is rarely investigated, particularly on microorganisms
living in or entering surface water bodies.

In this study, calcium titanate (Cag)Ostrontium titanate (SrTig), and barium titanate (BaT#Dphotocatalysts
were prepared to assess their photocatalytic disinfection efficiency against-Gegative Escherichia coli and Gram
positive Bacillus licheniformis bacteria. The photocatalysts were characterized using XRD, SEM, DRS, BET, anc
measurements. Additionallytheir photocatalytic efficiency was also evaluated by the degradation of phenol. For
comparison, commercial alkaline earth metal titanates were used as references. Thev@& Byhthesized exhibited
significantly higher photoactivity than the CaZi&hd BaTiQ (ro = 41.60 compared to 4.28 and 10.03%2M s%,
respectively), surpassing that of the commercial references. Based on characterization results, this can be attributec
to the causal effect of the SrGEb-catalyst, higher specific surface area, and more favourable band positions, resulting
in higher hydroxyl radical generation. Photocatalytic inactivation results showed that alkaline earth metal titanates
(both the reference and hydrothermally synthe=izones) have no or negligible disinfectant effect. Our Gaan®
SrTiQphotocatalysts produced more hydroxyl radicals than our Badi@ the references. For E. coli, our catalysts
showed nearly identical disinfectant effectiveness to that ofAJNght(~80% bacterial inactivation over 2 hours). The
other catalysts reduced the disinfection efficiency of-ANight by ~4Q@70%. This was attributed to the findings that
i) these catalysts generated significantly fewer hydroxyl radicals, and ii) the cqgatyisies blocked the photons
from bacteria. For B. licheniformis, the results were similar but with higher disinfection efficiencies (100% efficiency
was observed for UM light and for the most effective samples within only 1 hour). In this case, th@gdtalytic
activity was reduced to an even greater degree (by t180%).

These results may contribute to decisioraking when evaluating risks associated with these materials.
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The advanced oxidation processes (AOPs) represent a promising alternative technology for destruction of
pesticides contained in water. The most important of these AOPs is the photocatalysis in presence of catalyst as
titanium dioxide nanopartiles.

In the present work, Methomythe active ingredient of the commercial gicide formulations Lannatés used
against many insects including spider mites on fruits and vegetables, and flies in animal/poultry houses and dairies. |
is a major ovicid, larvicide, and acaricidédhas been studied in a photoreactor containing immobilized layers of
titanium dioxide catalyst.

For immobilization of catalyst particles, glass plate has been used as support and four layers have been depositet
and dried at 475C.

Photocatalytic degradation of Methomyl was investigated under 18 W high pressure mercury lamp irradiation.
The effect of the distance between irradiation lamp and glass plate, the flowrate, UV light irradiation time, pH solution,
different type of catdysts used for Methomyl oxidizing (DT51, EL10, PC105, PC500 and P25) and inorganic ions suc
as Ca2+ were studied and optimized values were obtained.

Results showed that this process with optimal parameters may lead to an important degradation of Methomyl.
Thus, the efficiency of Methomyl elimination increased by decreasing the dose of Methomyl with an optimal flowrate
of 122 mL/min, a distance of 5.5 cm and pH = 3, an abatement of 60% has been obtained.

Even though Methomyl was slightly adsorbed on Dfitahiumdioxide catalyst (less than 5%) compared to PC105
titanium dioxide (20%) , the best degradation was observed BiTb1 titanium dioxidghotocatalyst, where the
abatement reached 80%.

Kinetic studies showed that nanoparticles of titanium dioxidé R2re very active in Methomyl degradation and
L-H model adequately described the kinetics.
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The pollution of surface rzd grand waters by organic pollutants is caused by discharges of chemical industry,
agriculture and daily activities. Organic pollutants affect hormonal or nervous system and resist to biodegradation,
which require a constant improvement of water treatmegnbcesses.

In the present work, the study focused on the evaluation of solar radiations performances on the degradation of
aqueous solution of tylosin, an antibiotic administered to livestock and poultry, in-sckale tubular reactor with a
suspension atalyst. The tubular reactor with a capacity of 0.3 liter with 26 tubes placed in series was fixed in a
rectangular plate. The reactor was positioned facing south in order to ensure maximum energy exchange between
the solar radiations and the reaction mixe that flowed out continuously in closed circuit. Tylosin concentration was
followed by an UWisible spectrophotometer at a wavelength of 290 nm.

Experimental results showed that 1 hour of adsorption, which is a physical phenomenon, 18% of tylosin was
eliminated, moreover, with the same exposure time, the abatement of tylosin during photolysis, for an inclination
optimal angle of 50°, reached 71% and 100% during photocatalysis. The photocatalysis kinetics was vesffied by L
Model. For an optimal degratian of the antibiotic, a low flowrate (120 mL/min), a catalyst dose of 0.3 g/L and a low
concentration of tylosin were recommended.

After 1 hour of photocatalysis process, the abatement of tylosin during a cloudy day (84%) was as important as
sunny day (@20%), which proves that UV radiations pass through the layers of the atmosphere. The study of interaction
between tylosin and diazinon, an organophosphorus insecticide generally used as a foliar or soil spray, at different
molar ratio[tylosin]/[diazinon] Bowed that in major cases, when both pollutants were present, tylosin started to be
oxidized and diazinon degraded more slowly when the molar ratio decreased from 2 to 1/4.
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Hydrogen peroxide (#,) has emerged as a key green oxidant, driving increasing interest detredopment of
efficient photocatalysts for its sustainable production. In this context, photocatalytic materials incorporating electron
donortacceptor architectures, such as covalent organic frameworks (COFs) and regtooimaldehyde (RF) resins,
have recently garnered attention for their favourable charge separation properties under solar irradiation and
potential in solar fuel production. However, their application in photocatalyti©:tgeneration remains limited.
Herein, we report a bipyridinéunctionalized polyimidéebased COF (REPY) as a highly efficient photocatalyst for
solardriven HO, production coupled with pollutant degradation. PBPY exhibited an outstanding® production
E S }( T6061..% whiwhs three times higher than thef its biphenylbased counterpart. Mechanistic studies,
including scavenger tests and electron spin resonance (ESR) spectroscopy, revealed a synergistic redox contributic
from the bipyridine units in conjunction with the polyimide framework. Furthermdrgedroxyl radicals generated
during the photocatalytic process enabled simultaneous degradation of pollutants, demonstrating the dual
functionality of PIGBPY. These findings highlight the potential of damoceptor engineered COFs as integrated
platforms for green oxidant production and environmental remediation.

Fig. 1.Schematic illustration of solar energyiven HO; production using PKBPY
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Inadditionto conventionaknorrionic)carbon nitrides, watesoluble ionic carbon nitrides represent a novel class
of poly(heptazine imide) (PHI) maigls that enable photocatalysis under quasimogeneous conditions. Their
*U% E]J}IE % E(}EU Vv Z e Y UlveSE $§ Jv %2}8} 8§ oCS] ZC E}P v
advantage of these materials lies in their reversible solubility: by singjlysting the ionic strength of the medium,
the dissolved photocatalyst can be easily recovered and redissolved without any loss of activity or sele@jvity [1

Recently, we synthesized wateoluble PHI materials incorporating various alkali metal ipaging the way for a
rational design approaching to enhance both photocatalytic activity and stability. The photophysical properties of
these materials were investigated using ultrafast tiresolved spectroscopy and correlated with their photocatalytic
ef(] ] v Clv, K %E} p S]}vX

Additionally, we found that watesoluble ionic carbon nitrides serve as highly effective stabilizers for ultrafine
gold nanoparticles (Au NPs) with diameters d8 2im. The stabilized nanoparticles exhibit remarkable dispiitgi
and exceptional stability even in solutions with high ionic strength. Their catalytic performance was demonstrated in
the selective reduction of-#itrophenolto 4 u]v}%Z v}io pe]J]vP E . u} o & 3]}vU Az E

Av v Zu Al ~v up EWe ¢§ ]o]lI C v /E s+« }(E , €8-X

Fig. 1. }v % & }( + 8]A +§ o]l 8]}v }( HoSE .v  psolublpfeniGcaiban nitide] vP A & E
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Graphitic carbon nitride (g%N4) is an organic semiconductor that has recently received increasing attention for
photocatalytic applications. It israetalree polymer material chemical and thermby stable, that can beactive under
visible light (bandyapvalue of ~2.7 eV}urthermore, the position of the conduction band ed@eg of g-GNa (-1.3
VvsNHEat pH 7)[1] indicates this semiconductor can attain the photocatalytic reduction of a variety of metal ions.
On this basis, oniateresting applicatiomf carbon nitrides might be the photocatalytiemovalof Hg(1l) from aqueous
matrixes Thisis a topic of great awcern due tathe high toxicityandbioaccumulatioreffects of mercuryeven at very
low concentrations 4. In the present work, §:Ns bulk wassynthesizedby thermal polycondensationf two
precursors, urea (Bul) and melamine (BulkM). The bulk samplewere further submitted to a thermal post
treatment at 450 and 50@ (ExfU and ExfM, respectively to attain their exfoliation The materials were
characterizedby XRDN, adsorptiondesorption isotherms at 77,kcanning electron microscopy (SEMPSFTIR
UV-vis DRSand photoluminescencspectroscopy The photocatalytic @actions were carried ouboth under UVA
light (Heraeus T€50lamp) andsolar simulated radiatio(Solar Box 15Q0Anaqueous solution of HgGhas usedas
the source o650 mg-L:1 Hg(ll) at natural pH §) with a photocatalyst loading of ~ 0.25g-L. Before irradiationthe
suspension was kept in the daider 30 minto allowthe adsorption of mercury on thphotocatalyst Tests were done
usingboth ultrapure waer (UW)andwater collected from the secondary effluenf awastewater treatment plant
(WWTB. Mercury concentratiorin solutionwas determinedby cold vaporatomic fluorescence spectrometry (€V
AFS).

The characterization of the photocatalysts proved dignificant influencef the precursor and the thermal post
treatment on both the physicochemical and electronic properties of the materials and their photocatalytic
performance for Hg(IPemoval As an example, Buld and BulkM showed Betvalues of 3 and 8m2-gL, respectively,
which were increased by thénermal posttreatment to 99 (ExfU) and 28m2.g1 (ExfM) (Fig.1d). This increase is
related to the separation of the stacked layers, also proved with XRD results. In additi@xfofiation induced a
slight incrementn the band gap (ca. 7%1) the melamine sampldsut not in the ureaderived samples.

Figl. (a) Adsorptiordesorption N isotherms for synthesized @Ns; (b) Hg(Il) uptake from WWTP water after 3 h @fatéon;
(c) XRD diffractogram for Exfbefore and after 3 h of photocatalytic reduction5df mg-t* Hg(ll) with UV irradiation.

TheHg(ll)photocatalyticremovalwas attained with all the materials by addition of methanol as hole scavenger in
those reactons carried out in the UW matrix, and with nho scavenger in the water matrix WANIrP Compared to
the samples produced from melamine, those obtained from urea displayed a superior activity for Hg uptake, showing
ExtU the best performance in both wateredia. It was attained the complete removal of 5@-L1 Hg(Il)after 3 h in
WWTP water, with some contribution of adsorption to the uptake of merckiy 1b). The presence of Hg(ll) reduced
species over the photocatalyst Bxfafter reaction wamvestigated by XRFig 1c), which shoved the formation of
calomelane (Hg(l)), and thus the successful pbatalyticreduction of Hg(IL)
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In recent years, significant attention has been directed toward tremendous concentration pinCibe
atmosphere, which significantly contributes to climate change and global imgrmccording to the International
Energy Institute, in 2023 the highest worldwide JGnission that crossed 40 giga tonnes, came from energy
consumption, particularly from the combustion of fossil fuels (87%).addition, the existing technologies are
insufficient to fulfil required reductions in G&missions. To address this challenge, novel and environmentally friendly
solutions can be proposed that enable the reuse of this gas for producing addieel products (CGtéchnology)?
Among these, one othe promising, futureoriented method is photocatalytic reduction, which involves the
adsorption of atmospheric GGnd its conversion under solar light illumination by using water as the hydrogen
source?

Our approach focuses on the material study ofueed Ctbased titania and titania/polymeric carbon nitride
porous composites for photocatalytic €f@duction under mild conditions in presence of water vapor, conducted in
our custommade photoreactor. The presented study was centred specifically onrobgareduced form of copper
on assynthesized anatase and its composite with polymeric carbon nitride under hydrogen or nitrogen flow under
elevated temperature. The importance of this study is essential to optimize the reduction conditions of impregnated
copper(ll) source, as hased catalysts are reported to be the most promising in phatal photo(electro)reduction
of CQ toward addedvalue products such as alcohols and aéil¥oreover, the broad studies conducted by several
scientists showed that ohining specifically copper(l) oxide by this method is challenging as the mechanism of
reduction of copper(ll) requires first nucleation and then formation of reduced phase, where the latter step can result
in direct formation of metallic copper rather thaduwO due to kinetic§2 Furthermore, the reported findings were
usually based on copper oxide species or in presence of commercially available titania rather than synthesized porou
anatase. Our catalysts were characterized Byay Diffraction, RamanMVis and photoluminescence spectroscopy,

H, temperatureprogrammed reduction and further tested for photocatalytic reduction of GYDwater vapor.
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Over the years, many researchers in the field of photocatalysis have employed various batch reactor systems sucl
aspetri dishesto screen and study the properties of novel photocatalysts using model pollufahtSubsequently,
employ external characterisation techniques such as ultraviakble (UWis) spectrophotometric measurements to
evaluate the extent of photodegradatiorsa function of timd2]. Recently, several studies have reportesing high
throughput photocatalytic screening approaches to eliminate single sample measurementgeamé multiple
samples to provide large amounts of data for machine learning algoritfitms systemkack integration obperando
optical characterisationi.e.,sample trays needed to be transferred to an absorbance detection instrutrtbois
limiting the effective throughpuf3]. To resolve these limitations, a novel fastreening photodalytic reactor system
(FaSPhoReS) using simulated -aiass 1.5 global terrestrial sunlight was demonstrated. The system offers the
following advantages: i) it is coupled with a-AM¥NIR spectrometer and utilizes automated BalEW software to
control and facilitate data measurements and simultaneous recordings, ii) eliminates the need to physically transfer
the sample to the spectrophotometer, iii) is capable of processing 32 samples at once, iv) utilises a familetacn
sensing technique based aptical fibres to detect light signals through the sample during the photodegradation
process and v) its vertical geometry for absorbance measurements alleviates any artefacts on measurement accurac
caused by evaporatiorthe @pability, applicability, ash repeatability of the system are validated in operando via i)
photolysis tests of 12 watesoluble organic dyes to investigate the photostability under simulated sunlight; and ii)
photocatalytic degradation of the photostable dyggdentified in the photolysi3 t using Ti@thin films prepared by
atomic layer depositiolfALD) The applicability of the instrument was also demonstrated: i) to work with ffa@o-
powders t without the need for stirring; ii) for the isitu detection of reactive oxym speciesFigure 1 presents an
illustration of Fa$?hoReS and the degree of photodegradation of methyl orange (MO) witiT ik Ehin films after
360 min [5]. It was observed thaémoval efficiency of 90% with Ti@m, while almost zero under photoligs FaS
PhoReS system exhibits consistent and repeatable resliftss, Fa®hoReS demonstrated a new perspective
approach to evaluating photocatalytic materials.

Figure 1 Overview of thdFaSPhoRe&nd degree of photodegradation without and with Ti@in films.
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Nowadays there is a justified enhanced interest in sustainable technologies that intedifaterdi renewable
resources. In this context, the development of processes for the valorisation of spent liiiubatteries (LiBs) is
an urgent issue [1]. In the current work graphitic carbon nitrid€ds) has been enriched with a methhsed ce
catalyst obtained from the mixture of anode and cathode powders (black mass (BM)) contained.iB® (see Figure
1). gGNs possesses optimal characteristics as a photocatalyst even under solar irradiation, and its coupling with
various materials as graphe [2,3] or Ti@[4,5] improve the Hproductivity by photoreforming. On the other hand,
the reuse and valorisation ofldBs is an urgent issue [4].

The photoreforming technology is aimed to obtaipftdm water and simultaneously oxidizing organic males
to higher addeevalue substances in the presence of semiconductorsslds[2,3]. In this research, BM fromLdBs,
containing mainly Co, and lower amounts of Ni and Mn, has been used pristine or activated alongGlithtigat
was prepared by caleation of melamine, urea, thiourea or dicyanamide. Various sets of composites has been
prepared by different strategies to obtain GN+/BM photocatalysts with an amount of BM enough to bring to the
composite a content of BM in the range 0.5 to 2 % w/\we Bbtained materials were tested forldroduction by
photoreforming of aqueous solutions of ethanol, glycerol, triethanolamine or real wastewaters containing organics
irradiated with UV light. Photoreactivity tests were performed in the absence or iprisgence of 1% Pt.

Fig. 1.Spent L-batteries (sLiBs) contaifBlack masgBM) rich in metals. They can bpened and the contertecycled as co
catalysts to prepare composites withG8N4 The black mass was ball milled before been used.

Thepresence of small amount of BM enhanced the carbon nitride activity in photoreforming of aqueous solution
of organics. In particular, thbest resultin terms of H productivity was obtained for the photoreforming of an
aqueous solution of ethanol (0.36 My usingas catalysg-GNa with a contentof BM-reducedequal t00.5 % w/w In
the presence of this catalyst, tHeghest amount of Hobtained was 4592 umolhgl.
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This work studies the efficiency of a novel photocatalyst, based on hydrochar (HC) modified with hydrozincite
(HDZn), in degrading pollutants in wastewater. The HDZn was created using a chemieaigitation mehod
involving thermal urea hydrolysis, without any prior activation or calcination. The HC modified with different weight
percentages of HDZn (A5 wt%) was synthesized through a hydrothermal process at 300°C in acid medium. These
materials were not calned or thermally treated possynthesis [1]. The photocatalytic activity of these materials was
evaluated based on the photodegradation of metoprolol (5 ppm) and thiacloprid (5 ppm), using UVC radiation and
solar light simulator (solarbox). The charactation of this catalysts showed that heterojunctions and oxygen
vacancies play a key role in the photodegradation reaction mechanism, reducing the likehood of ehetéron
recombination and enhancing the photocatalytic activity. The material with thieeisigphotodegradation efficiency
contained 10% hydrozincite by weight (see Figure 1), suggesting that these materials could be a promising option fo
decomposing pollutants in wastewater. It achieves substantial degradation and mineralization percedgesd
82% for metoprolol and thiacloprid, respectively, using solar light simulator, and, 83% and 72% for metoprolol and
thiacloprid, respectively, using UVC light.

Fig. 1.Concentration profile versus time of photodegradation of pollutants using UVC radiation and solar simulation.
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Water contamination due to synthetic dyes from textile, paper, and other industries is a significant environmental
concern. These dyes are often highly stable,-b@mdegradable, and toxigQosing risks to aquatic ecosystems and
human health. Conventional wastewater treatment methods, including physical, chemical, and biological techniques,
often fail to achieve complete dye degradation. Therefore, advanced oxidation processes (AOPs)lagarticu
photocatalysis, have gained attention as effective and sustainable solutions for dye removal.

Zeolites have been widely studied for their adsorption and catalytic properties in wastewater treatment. Their
high surface area, tuneable pore structureydaionexchange capacity make them suitable as catalysts or catalyst
supports in photocatalytic applicationdRecent studies have reported promising results in zeolite supported
CdS/TiO2/Ce02[1] achieving 86% degradation of methylene blueCa®@ NaXin photocatalytic degradation of
brilliant green dy§] and methyl orange degradation of about 95.83% The integration of CeO2 as photoactive
catalyst onto zeolite frameworks has been explored to enhance the efficiency of synthetic dye degradation in
watewater. In this context, the main motivation of this work is to evaluate whether it is possiblecjoape zeolite
based catalysts with a low cerium content that offer competitive performance iplindocatalyticdecomposition of
methyl red in water.

Incorporating cerium into zeolites further enhances the photocatalytic degradation of methyl red bgvimgp
several key properties. Cerium increases light absorption, enabling more efficient use of visible light. In addition, it
acts as an electron trap, reducing chaigg@rier recombination and thereby boosting the overall reaction efficiency.
Moreover,the combination of cerium and zeolites improves adsorption capacity: the porous structure of the zeolites,

Julv AlS8Z EJuul[e cuE( Z E S E]*S] *U ( ]o]s8 8§« 5Z %oSUE }( u 8
degradation. The synergisticefféc} ( E]Jpul[s E }AE % E}% E $xchangesc@patity tepEls4d mpre
effective pollutant breakdown, making these materials highly promising for sustainable wastewater tredEigme
1).

Fig. 1.Photocatalytic degradation dflethyl Redon Ceriumbasedmaterialssupported onbeta zeolite catalysts in agueous
phase after 1h reaction under UV illumination (365 nm).
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As climate change and global warming are among the biggest challenges in the gearighe main objective
is to develop and use renewable energy sources like wind, solar and sea water to mitigate their impact. In our modern
society, ammonia is considered as an unavoidable commodity chemicals, as well as an;ideabdgé and
transpatable material due to its green and high energy realease capacity. This work consists in the use of solar powel
to catalytically produce N¢Wwith low carbon emission, as the widespread conventional H&lmsch process requires
so far high temperature angressure conditions (typically 400°C and -0 atm), which is responsible of 300 million
tons of C@emission annually. Thereby the leemperature photocatalytic Nfixation/reduction has become a hot
topic in the recent years by allowing a green andimnmentallyfriendly way of production for ammonia using &
cheap abundant reactants and photons as immaterial reactant under far milder and more sustainable conditions than
the HaberBosch process.

In nature, the nitrogenase enzyme can convertdNNH; at ambient conditions. The nitrogenase contains two key
proteins, an Fédased protein and a MoHeased protein, working in tandem to convert b NHs. The Febased
protein hydrolyses the adenosine triphosphate (ATP) to adenosine diphosphate (ABE®) benerating electrons
that are subsequently transferred to the MobBased protein where Ns reduced to Nk As a consequence, our work
is inspired from the natural enzymatic process based on the nitrogenase with MoFe active cluster sites for the
development of novel photocatalytic systems forfiXation/reduction to synthesis NfHunder mild conditions.

This study deals with the assement of both-gaase photocatalytic and photthermal N reduction using either
HO or B as H provider. Two diffent complementary methods were used to monitor the Nptroduction,
respectively (1) a classical approach using indirect colorimetric tests (indophenol method) after accumulation in liquid
phase and (2) a less common method based on direct measuremeasphgse NHproduction.

The present presentation will be focused on the elaboration, characterization and photocatalytic evaluation of
Fe/Mo bimetallic TiQ-supported systems for both photocatalytic and phdt®rmal NH production from N
reduction. Structure/activity correlation will be discussed tuning the total metal (Fe+Mo) content, thkld-e
proportion and the Mo and Fe surface oxidation states.
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One of the emerging challeeg in advanced societies is related to the reduction of pollution in waker .supply
of safe and clean water will be one of the major issues in the decades to come. Consequently, the development of
new, inexpensive, environmentally friendly methodologiesl materials for wastewater remediation is desired.

In the present work, we report on the synthesis and properties of Au/TiO2 nanowires (NWs) grown by seed
assisted thermal oxidatiofil-4]. NWs arerealizedby annealing (in air at 750 °C) a thin Au fdeposited onto a
metallic Ti substrate. The material shows a peculiar structure composed of TiO2 NWs with Au nanssRitien
top as shown in Figure 18he NWs length sbout 1-2 um while the diameter ranges between 50 and 100 nm. The
material is deeply characterised optically, structurally and electrochemically [1,2]. Moreover, it demonstrates
remarkable photocatalytic activity in the degradation of water pollutants, which allows it to be profitably used for
water remediation [3,4].

Despite the ptential use in the environmental remediation field and the research commaumtigyest, the growth
mechanism of the NWs realized by sessbisted thermal oxidation is still unclear. Experiments to disclose this
mechanism will be presented. We observed ttia presence, before the annealing, of a micithick TiO2 layer over
the Ti substrate, hinders the formation of the NWs. Moreover, the presence of the Au NPs metal is mandatory for the
NWs' growth. We investigated in detail the effects of the substrtte, TiO2 thickness and the oxidation time on the
formation of the NWsWe identified a possible growth mechanism, involving the Ti intersti(iEls)diffusing from
the Ti substrate to the Au NPEhis is schematically presented in Figures 1a and 1lcurlentvoltage characteristic,
measured with a Conductive Atomic Force Microscdp#EM) on a single nanopatrticle, evidences filienation of |
a nanometric heterojunction at the TiO2/AuNP interfa@égure 1c). We speculated that the interface Au/TiO2
attractsthe Tiinterstitials boosting the oxidation rate and leading to the formation of TiO2 NWs.

Fig. 1.a) Crosssection SEM image of the TiO2 NWs withMyuon top. A schematic representation of the Ni&/s
superimposed to SEM image. Thedlstrate and Ti interstitials (Ti+) diffusing from the Ti substrate to the NWs, are also
represented. b) Schematic representation of theMps/TiO2Nws. The brighter region represents the depletion layer due to the
Au/TiO2 heterojunction. Black arrowdlinate the interstitials diffusion. The&FM tip is also schematically represented. C) 3D
morphology superimposed to the current map (in the inset) akdcharacteristic measured on a single nanoparticle (blue) and the
background (black). The rectifyibghaviour of the nanéneterojunction is apparent.
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Respiratory diseases are among the top five risks to public health, causing a large number of deaths per year. Airborn
transmission is the main vector of spread and ikelihood of infection is much higher at indoor environments. There

is a need to develop innovative sanitary technologies that enable safe environments and help providing preventive
devices to contain the transmission of infectious diseases. To this emdyr@pose new air purifiers based on
photocatalytic filters that inactivate viruses and bacteria by oxidative stress, inhibiting their ability to infect cells.

Zinc oxide nanoparticles exhibit antimicrobial activity due to the photoproduction of reackiygen species
(ROS). However, the recombination rate of photogenerated elednaa pairs decreases their photocatalytic
performance [1]. The use of zinc oxideerium oxide nanocomposites has been proposed, since the formation of
suitable heterojunctio’e v & n §Z Z EP €& }u ]v S]}v % E} e+ ¢ Vv ]v 181}vU
E }£A Z E 8§ E]*S] 828 v vZv §Z P v E 3]}v }( *H Z ZKAX NMv §Z
the types of exposed faces [2], the influerafadifferent ceria morphologies on the behaviour of nanocomposites has
been analyzed, observing that the heterojunction with ceria nanocubes, presenting highest proportion of exposed
(100) faces, results in higher inactivation. Several characterizatiomigues (TEM, XRD, Raman, DRIFTS, EPR,
XPS/UPS, BET, M8, fluorescence lifetimes) were used to analyze the structure and morphology of these
nanocomposites, as well as their optoelectronic properties. Viral titration assays to evaluate the antfeirgl s
well as inactivation tests of both Grapositive and Grammegative bacteria, were performed. Different assays have
been designed to elucidate the photocatalytic mechanism and the inactivation process.

In addition, the actual viability of viruses aerosols has been assessed in a specifically designed chamber. It
allows the generation of bioaerosols with viral load, feale in situmonitoring of suspended particles and sampling
of bioaerosols, which makes it a powerful tool to study the efficieaf air purification systems. A prototype of the
air purifier has been built and tested inside the chamber, using a filter with the most active photocatalyst, obtaining
very promising results such as a drop of 7 logarithmic units in the concentratidrusés with infective capacity in
the aerosol, and 3 logarithmic units in the viruses physically retained in the filter (Fig. 1c).

Fig. 1.a) Aerosol chamber (CORINA). b) Interior of CORINA with the photocatalytic air purifier prototype. Inside £ORINA,
stable aerosol containing viral load was generated. The aerosol was recirculated through the illuminated photocatalginclfilte
subsequently both the virus retained in the filter and the portion remaining in the air or aerosol were analyzed. ts)&esul
airborne inactivation against phi29: both the concentration of viruses that can continue to infect by viral titration aotathe
concentration of virus (with and without infective capacity) were analyzed byACR.
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The accelerating global pursuit of clean energy has spotlighteddolan hydrogen production as a key paay
toward sustainable fuel alternatives. Among various approaches, photocatalytic water splitting and/or wastewater
treatment with simultaneous hydrogen production using solar energy presents a highly promising yet technically
challenging solution due tissues related to efficiency, material stability, and scalability.

This study investigates soldriven hydrogen production by leveraging advanced photocatalyst systems
modified Cadmium Sulfide (CdS) and Covalent Organic Frameworks Y@OE&)junction vith innovative solar
reactor designs that enhance light harvesting and process scalability. While CdS and COFs offer suitable band gaps
visible light absorption, their broader application is limited by photocorrosion, reduced stability, and enviraiment
concerns.

To overcome these constraints, this research introduces material innovations such as CdZnS composites (via Zr
modification of CdS)and COF/gE  ZC €] *U AZ] Z /AZ] 15 Ju% E}A Z EP + %holE 3]}v
recombination.Crucially, the study integrates these materials into a sgitot-scale solar reactor syste(aee Fig.1)
engineered to maximize solar photon utilization through optimized geometry, enhanceeniigtatrial interaction,
and uniform light distbution across the photocatalytic surfacethe impact of several critical parameters on
photocatalytic hydrogen production was systematically studied. These include catalyst type, light intensity and
wavelength, concentrations of catalyst and-catalyst (platinum nanoparticles), electron donor concentration
(ascorbic acid), and flow rate. Optimization of these variables in both batch and flow systems led to a significant
improvement in hydrogen evolution rates and letegm operational stability under @ sunlight conditionsAn
example of the effect of light intensity and catalyst concentration is illustrated in Fig. 1 (b) Furtherrnonsparative
evaluation of batch versus continucélew operation modes was investigated. While batch reactors arglsinand
ideal for initial screening, continuous flow reactors offer superior scalability, improved photon utilization, and
consistent reactant exposure, making them more suitable for4@nm solar applications.

Fig. 1.Scaling up solar hydrogen praction unit.

Experimental findings from both ledrale and solar reactor trials reveal notable improvements in hydrogen
evolution rates and operational stability in the lab using artificial light sources as well as under real sunlight conditions
These reslts underscore the synergistic role of material engineering and solar reactor design in advancitg-solar
hydrogen energy conversion. This work contributes actionable insights toward the practical deployment -of solar
integrated photocatalytic systems fgreen hydrogen production.
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0 & Ga
Photocatalytic water splitting t@roduce green hydrogen@®* 1 Jlll.mi * o E 1gAs a possible answébp the

energy and climate problems. Various groups are working on the development of catalysts to make better use of
sunlight and increase catalytic activity for this reactidiowever, immobilization of the photocatalyst is essential for
largescale apptiation, and the choice of immobilization method is crucial for the activity and stability of the
photocatalytic film.

In this contribution, the titanium dioxide (T#Dmodification PC500 was used as a photocatalyst and decorated
with platinum (Pt)nanoparticles by photodeposition, because Pt@Tisocshows a very high activity for water
reduction using ethanol as the sacrificial agent [1]. The photocatalyst was immobilized on stainless steel ptates (3
x 3 cm) by various methods including electrophoretic deposition (EPD, no binder), drop coatinyafitin or
polyhydroxyalkanoate (PHA) as organic binders (polymers), and tigelswiethod (Si@as the binder). Imddition,
the photocatalyst was immobilized on a filter paper using cellulose (biopolymer). PHA and cellulose have been already
tested agpossible binders for the immobilization of photocatalysts [2,3].

The activity of the photocatalytic films was measured in a top irradiation setup (365 RbhEDY (Figure 1, left)
and gas phase composition after 1 h irradiation was determined by gas ctography. The film stability was
determined by recycling test, measuring the weight loss after individual runs.

Figurel: Setup for photocatalytic measurements (a: photoreactor, b:LlBD, and c: thermostat) (left) dueellulose
immobilized Pt/Ti@ rcsodbefore, #0) and after recyclirtgst (#1-#5) (right).

The main objective was to compare the different immobilizations methods for the same photocatalyst, varying
not only the immobilization method but also the ratad binder to photocatalystThequality of the films and the
performance of the photocatalysts vary with the method and amount of binBBD produces homogenous films but
the activity (less photocatalyst) and stability of the film is lower compareda@ther methods. The activity decreases
when the ratio of binder to catalyst is increased, which was observed in particular with tgelsokethod. 5o much
SO, in the film reduces the light accessibility of thhotocatalyst and thus the activityWith Nafion and PHA, the
photocatalytic activity is also lower at higher binder concentrations, but the effects are less than with el sol
method. In addition, the different hydrophobicity of the two polymers seems to play a role, as a binder that is too
hydrophobic prevents water adsorption on the photocatalyidte least effect on activity was observed with cellulose,
but the stability of the films is not good (Figure 1, right), as already known [2].
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Aquaculture is projected to become one of tfe} Eo [+ u}*3 Ju%}ES v3 (}} %BiEarthelddsiv « 3}
has been anticipated that aquaculture productiooulddecrease in the future owing to some challenges and major
constraintssuch aghe availabilityof quality water[1] and the biosecuritpf wastewater dischargg?].

Concerning wastewater treatments, one of thavailable strategiesis heterojunction photocatalyst.
Heterojunctionstructures are proven to be extremely efficient for the preparation of advanced photocatalysts due to
their feasbility and effectiveness in spatial separation of the photogenerated eledtaa pairs Several have
demonstrated encouraging performance in photocatalysigch agiQ/NiO, BP/gGNs, C&HCw0, among other§3].

In this context, gallium oxidé&5g0;s) has emerged as a promisingaterial, offeringhigher redox capabilities and
longerterm stability than conventionaitanium dioxide TiQ)[4]. 08 Z} u P had bKen the dominant photocatalyst
due to itshigh efficiency, strong oxidation power, low coshvironmental benignity, and excellent chemical and
photochemical stability5«U §Z (}Eu S]}vtd(K 'ZK E}ipv S]}v Z -« V %0 E}%o}e o o3
enhance photocatalytic performancEor instanceit has shown improved efficiency in the photocatalytic degradation
of toluenel[6].

This study aims to investigateZt % Z}3} & 0C3] % E(}E]K Z}& EXuv $]}ve AlsZ
composition ratios under U¥X irradiation, targeting water treatment applications. This work is part of a broader effort
to evaluateefficient photocatalytic materials tailored to agaulture contexts. Here, we present preliminary results
on the inactivation oEnterococcus faecalia biological indicator of fecal contamination. Future stages of this research
will include theevaluation oftetracycline degradation, a contaminant of enging concern (CEGs well as testing
under real aquaculture water matrices.

Experimentswere conducted in &l00 mLbatch reactor system equipped with continuous magnetic stirdagr
120 minutes, both in the presence and absenceU JE E ] & B@5 nm) The photocatalysts evaluated
Jv op %UE ' K v d]K ~ 1}8Z 3§ IXitB]KeW DIERI AS]}VeKeCVvEZ ]I v 7
and 70:30 mass ratio&.faecalisnactivationwas quantified through colonyforming unit (CFU) cots Tetracycline
removalwill beanalysed using an Agilent 1100 series Highformance Liquid Chromatography (HPLC) system

Preliminary results indicate that the photocatalytic process significantly enhanced the inactivatitfaexfalis
compared to darkconditions. The highest disinfection walsserved A8 Z %o 1 @chigViKgalB55 log reductiorat
30 minutes (3,95 log reduction at 120 minutés) (oo} A 0} oC t€]KZZ'SKE}iuv 3]}v Al8Z 61!
which reached a 3.94 lagductionat the end of the treatmentThe 50:50 and 30:70 heterostructures showed log
E p 8]}ve }( TXABD v IXBiU E «% S]A oCU AZ]Jo %uE ' K Z] A X1
conditions, inactivation was minimal across all matksy;i with log reductions not exceeding 0.88.

These results confirm thpotential of heterojunctionphotocatalyst in pathogen inactivation and highlight that
although the 70:30 heterostructure shows promising efficiency, not all heterojunctions outpetfoenmdividual
materials. This suggests that photocatalytic activity strongly depends on the composition and interfacial
characteristics of theneterostructure dZ € (}E& U (PESZ E AR EZSFIIE} (Y vy ] v
focusing on understanidg charge transfer mechanisms, optimizing material ratinsynthesis methodologyand
testing under real aquaculture water conditiomsto guide their development as effective photocatalysts for
aquaculturewater treatment applications.
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Despite extensive research on photocatalytic water puatfan, practical applications remain scarce. One major
challenge is the lack of durable photocatalytic materials that can function in water over long periods. However, the
demand for photocatalytic water treatment is significant, particularly for drinkvager purification using sunlight in
developing countries. To meet this need, it is essential to develop photocatalytic materials that are as maintenance
free as possible, safe, and capable of kegn use.

To address this issue, we have developed a ffi@nolithic ceramic photocatalyst composed solely ofaTuhich
exhibits high durability for lonterm application. Here, economic feasibility is a crucial consideration, especially for
use in developing countries. While Fi8@ an inexpensive material, its photocatalytic function depends on light
exposure. Noffunctional areasi(e., existence of shadowrea) reduce economic efficiency. Therefore, we designed
a photocatalyst configuration in which thin, briskaped Ti@ceramic pieces are enclosed within a glass tube and
connected in series. This design ensures uniform light exposure from all dire@gmsning implementation in a
parabolic trough (PTR) or compound parabolic concentrator (CPC) system, thereby minimizing shadowinga@ffects.
the synthesis of photocatalyst ceramic, we used a commercially available titania sol derived from titaniuchealkox
To enhance viscosity and introduce porosity, the sol was mixed with cellulose, forming a precursor sol. This sol wa:
then injected into molds cut by CNC machining based e@&D designs from calcium silicate, gypsum, and terracotta
ceramic plates. Aér drying, the gel was calcined and aJé€ramic photocatalyst was obtainetihecrystaltransition
temperatures of Ti@for each mold were anatgd using XRD and TG/DTA. The resulting Géfamics were packed
into glass tubes (Fig. 1), and their cgtl activity was evaluated by measuring the photocatalytic degradation rate of
1 mM formic acid in a closedrcuit reactorirradiated by
UV-> o]PZS ~, A iof vue (@Hig2)oo JE S]}ve

XRD and TG/DTA analyses indicated that, TiO
crystallizes fromits amorphous state into anatase at
appro>_(imately 400°C. Lot@mperature _calcined TiD_ Fig. 1 Brickshaped Ti@ceramic monolithic
was highly porous, and this structure is good for high photocatalyst in a Glagsbe.
activity. However, it became fragile due to waiaduced
swelling in its porous structure in a water phase
balance mechanical robustness and photocatalytic
performance, we determined thatcalcining at a
temperature slightly below the anatasdo rutile
transition despite a decrease of specific surface area
results in an optimal photocatalytic material withoth
durability and high activityThe catalyst weight did not
decrease but rather slightly increased after 6 months of
continuous 200 mL/min tap water flow test. The ceramic
catalyst was not degraded at all by the water flow, and
this is thought to be du¢o impurities in the tap water
remaining on the catalyst surface.
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Layered double hydroxides (LDHs) are an emerging class-gfitmemsional (2D) layered materials from the family
of hydrotalcitelike compoundsThe structure of LDHs is also described based on the stacking of charged-likacite
layers[1]. LDHs are represented by the general formula /of{x/ 3% (1 *)2]** [ # yn.m *2 1]* where ME*and M3+
are divalent and trivalent metal cations whilé- A an exchangeable interlayer anion of valencérig. 1).The
structural features of LDHs can be tailored by tuning the types2féig. M@+, Zr#*, C@*, Mn2* etc.) and M* (e.g.
AR+ Fet, CB+, Cé* etc.), the molar ratio of M/M3*, the nature of interlayer anions (e.g. RCCI, CQ%, SQ? etc.)
and preparation temperaturéo meet the requirements for the application arefd. The interlayer distance (basal
spacing) in LDH structure is infled by the ionic radius, charge densiyd electronegativity of metal catiopas
well as the nature of the interlayer aniansDHs can be considered suitable adsorbent materidissovariousguest
molecules between the layers [3]. This enalifesformation of probable interactionsuch as electrostatic attraction
and hydrogen bondingith the target molecules.

Fig. 1.LDH structure

LDHs are transformed into layered double oxides (LDOs) upon thermal treahemd above 500°CThe
decomposition of the layered structure of LDHs by calcination initiates the formation of mixed metal a}ides.
photoactivity of LDs is attributed to tke formation of photoinduced defects on the surface oxidekich can act as
active centers for surface reactions.is alsonoted that LDOs exhibit improved photoactivity for dye degradation
compared to LDHs, owing to the formation of mixed metal oxidet &s ZnO and Fe203, basedthe nature of the
metal cations in the structureDespite the excellent properties of LDHs and LDQ@&lsorption and photocatalytic
processes, there are still drawbacks that limit their practical applicatiothis study,a supported catalyst system
(M2t/M3+-Support) is prepared. Zeolitic structures are utilized as support materials in the matrix. The structural
properties of the agprepared catalysts are examined using XRD, SEM and BET analysis. Thereafter, theirradsorptio
abilities in the dark and photocatalytic performances under UV irradiation are evaluated in the degradation processes
of probe molecule(s).
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Gallium phosphide is a wadktablished photoelectrode material forldr O; evolution from water, but particle
based GaP photocatalysts foydrogenevolution are very rare. To understand the reasons, we investigated the
photocatalytic Hevolution reaction (HER) of suspendetype GaP particles with iodide, sulfite, fesranide, ferrous
ion, and hydrosulfide as sacrificial electron donors, and using Pt, RisCaind NiP HER cocatalysts.

Arecord AQE of 14.8% at 525 nm was achieved after removing charge trapping states from the GaP surface, addir
a NP cocatalyst taeduce the proton reduction overpotential, lowering the Schotbiarriers at the Gafeocatalyst
and GaHiquid interfaces, and adjusting the electrochemical potential of the electron donor. The work showcases the
main factors that control charge separatian suspended photocatalysts, and it explains why most known HER
photocatalysts in the literature are based oftype and not ptype semiconductors.

Fig. 1.Band bending in a)-@aP and b)+type GaP photocatalyst at the semiconduetarcatalyst (M) ad semiconductor
liquid interfaces and corresponding charge separation under illumination.
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Graphitic carbon nitride (sN4) has been investigated in the past years as an organic photocatalyst for potential
application such as remediation (organics degradation), &ftficial photosynthesis and for water splitting under
light irradiation [1]. However, its applications are limited due to low utilization of the visible solar energy, low specific
surface area and high recombination of photogenerated electrole pairs [2]. Tarefore, carbonitridebased
nanocomposites with engineered heterojunction and/or doping-@si. with elements such as B, C, N, O and F have
been investigated. Few studies focused on the fluorination &Ny and with limited doping using mainly
hydrothermal methods with F(via NH4F or analogues) [3]. Recently, L. Sun et al have exploreg(thltéd) gas
approach to prepare fluorinated -G3N4 (F content of 7.05 at. %) with drastic structural distortion due to
transformation of sp2 hybridization carbcatoms to sp3 and enrichment of nitrogen defects [4]. It results with the
improvement of absorption in the visible range and of the photocatalytic performance.

In order to extend the fluorination content and to investigate the resulting photocatalytipgties, carbonitride
base materials were fluorinated with pure Bas at room temperature. The pristine materials were defective
carbonitrides (CN and CNO) prepared from melamine decomposition a@\a ganocomposites embedding carbon
nanodomains (CQNerived from the melamine/carboxylic adduct route [5]. The resulting highly fluorinated materials
(FIC at ratio up to 0.96), after stabilization due to their explosive character, were characterized by a large panel of
techniques such as-Ray DiffractionFTIR, XPS, diffuse reflectance spectroscopy (DRS), EPR in dark and visible mod
and thermogravimetry analysis coupled with magpctroscopy (T®S). The photocatalytic properties of fluorinated
materials were explored by studying the photodegradatiamekics of methyl orange using a Xe lamp. A significantly
higher kinetics of degradation was observed for all fluorinated materials compared to their pristine counterpart.
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Plastic packaging waste is increasingly threatening the environment due to the still insufficient recycling policies
and to the fact that production still relies mainly on fossil sources. Stalpiemising alternative in this regard, as
it is an abundant natural polymer possibly deriving from low cost, renewable, and biodegrada#tsoagriastes [1].
However, starch is water sensitive, lacks mechanical resistance, and undergoes degradatdetialy low
temperature. Introducing TiO2 as nanofiller in starch based nanocomposites is not only a viable way to increase
mechanical stability, but also to endow the final material with phistduced properties. Moreover, the addition of
antioxidant nolecules of natural origin has been proposed to prevent microbial growth or oxidative damages, thus
extending the shelf life of the packagéabd products However, often natural extracts or essential oils from plants
like rosemary [2], containing a huge variety of antioxidant molecules, have been used to this aim, thus limiting the
knowledge on the interaction of these compounds with the starch matrixrabkecular level.

In the present contribution, starch based nanocomposites containing three different antioxidants (cinnamic acid,
caffeic acid, and ferulic acid), TiO2 as the nanofiller, and glycerol as the plasticizer, have been produced by a simpl
casting method in the form of films. The films have been characterized by solid state NMR;VR sg¥ctroscopies,
and Xray diffraction. Out of the three antioxidants investigated, caffeic acid introduces a certain degree of crystallinity
in the starch matrix. Moreover, due to the strong electronic coupling of caffeic acid with the surface of TiO2, the
nanocomposites containing caffeic acid show the highest stability under irradiation, limiting the light induced
formation of CO2 and displaying the highastioxidant ability.
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Graphitic carbon nitride ¢g E « ]- %0 E } u ] «fleePsemicdonauctor consisting of carbon and nitrogen
elements. This gives it clear adwages over other metabased photocatalysts. The material has a narrow band gap
(2.7 eV), good stability, and its structure and properties can be easily modified [1]. This has attracted increasing
attention in recent years in the field of photocatalydishas also been successfully applied in hydrogen production
(Elu A EBU K & u 3]}vUu v &z PE S]}lv }( }EP v] %o}o eefféctivd.e X /S
It is typically prepared via thermal condensation of nitrogih precursors sth as melamine or urea.

The advantagesofg E ]Jv opu 3Z A Jo ]o]3C }( ] o uvse ~ E }v v V]SE}F
potential for largescale production. Despite these benefits, bulk g& /EZ] 15 « A E o o]Juls §]}veV
surface area, limited absorption in the visible light range, and a high recombination rate of photogenerated charge
carriers. However, these drawbacks can be effectively mitigated through various modification strategies [2].

By introducing porosity into gitocatalytic coatings, it is possible to achieve higher effectiveness thanks to better
light absorption, larger surface exposure, improved transport processes, and stronger structural support. Thanks to
the shortened migration paths of charge carriers,célens and holes in porous materials can reach the surface more
easily, minimizing their recombination and increasing quantum efficiency [3][4].

This study focuses on the development and characterization of \dgilieactivated photocatalytic coatings
based on graphitic carbon nitride(g E « A]$Z v ]Jvd PE 3§ %o} E}e *SEMU SUE X dZ %o}
camphor as a porogenic agent, which was removed from the structure through sublimation. The resulting thin films
were applied to substrates usingrious techniques. Analytical methods such as SEM, XPS, FTIR;\dA&iddkfirmed
their structural and chemical integrity. Subsequently, the efficiency of a selected porous sample was compared to that
of a compact one in the degradation of tetracyclinea photomicroreactor. The results demonstrate that improved
photon accessibility to the active surface of coatings with macroporous morphology leads to an increased oxidation
rate, representing a significant contribution to the treatment of water contaaéd with pharmaceuticals.
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limenite (FeTi@) has been studied as semiconductor photocatalyst for removing different contaminants from
water using visible light, due to its bandgap €E2.52.9 eV) [1]. However, phenomenon such as electiole
recombination could significantly reducdéa efficiency of photocatalytic processes. To address this drawback,
heteropolyacids (HPAs) have been supported on the surface of semiconductor materials, acting as a trap for
photoexcited electrons [2].

On the other hand, the removal of arsenic speciesrfiwater sources has special relevance due to their serious
implications on human health. Specifically, As(lll) species can be 60 to 100 times more toxic than As(V) species, ar
usually, conventional treatment techniques are less efficient at degrading))Asimpared to As(V). Consequently,
arsenic removal processes often imply the oxidation of As(lll) to As(V), followed by adsorption or precipitation of the
less toxic As(V) [3].

In this work, phosphotungstic acid (PTA) was supported on natural iimémiceigh a wet impregnation process
[4]. The effect of the nominal weight ratio PTA/ilmenite (0.2/1.0, 0.3/1.0 and 0.4/1.0) on the impregnation efficiency
was analysed by UVis spectroscopy and AAS. It was established that above 0.3/1.0 a supersatufaibA m the
medium affects the stability of phosphotungstic anions and leads to low impregnation efficiency. SEM micrographs
showed random dispersion of the PTA anions on the surface ilmenite. Zeta potential tests showed that, after
impregnation, the sudce of the materials had a negative charge.

The photocatalytic performance of the materials under visible light showed that the modification allowed an
increase in the oxidation efficiency of As(lll) to As(V) between 1.6 and 2.6 times. In addition, iadsstpdies
revealed the high renewal capacity of the adsorption sites on the surface of the obtained materials. Finally, the
photocurrent response of the materials shows the ability of PTA anions to act as electron cages and their impact on
enhancing eleiton-hole pair separation.

Fig. 1. aAs(lll) oxidation to As(V) after 1 h of illuminatibnAdsorption/photooxidation/desorption cycle of the obtained
materials.
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The interest in mitigating greehouse gas emissions, such as carbon dioxide, associated with the use of fossil fuels
has increased significantly over the last years. Nonetheless, the photoreduction & €fllenging due to the high
stability of this molecule, which requires considerable energy input to break its bonds. Thereby, new alternatives have
been evaluated as possible strategies that could lead to obtaining valuable products from contaminasisiges by
means of renewable technologies [1]. The photocatalytic conversion pfi@merged as a feasible and sustainable
strategy for simultaneously addressing environmental and energetic issues, considering that solar fuels can be
obtained as prodats [2]. In this regard, the semiconductor photocatalyst plays a crucial role to assure the efficiency
of the process. Bearing in mind that £i© an acidic molecule and must be adsorbed on the photocatalyst surface,
alkali treatment of the semiconductorals been proposed as an alternative modification for improving the affinity
towards CQ@[3, 4]. Recently, our research group has thoroughly explored the use of natural ilmenite JjFa&5iO
photocatalyst due to its optical, photophysical and electronic prtps, and its photeoxidative and photereductive
capabilities have been proven-[3.

In this work, natural ilmenite obtained from a Colombian black sand deposit was modified by impregnation with
hydroxides (NaOH, KOH) and carbonates@@ KCQ) inaqueous solution, using different concentrations (1.0, 3.0,

5.0 wt.%). Zeta potential measurements and proton affinity distributions allowed to identify the modification on the
surface hydroxyl groups induced by the alkali treatment. These results wefienced by FTIR spectroscopy, which

also evidenced the presence of carbonate and bicarbonate ions in the materials obtained using carbonate solutions.
NaO and KO binding in modified materials were evidenced by Na 1s, K 2p and O 1s XPS HR spgttyasGi@tion

curves showed the improvement on g€@dsorption capability after alkali treatment given by the increasing on
hydroxylation grade and/or carbonate and bicarbonates ions added on the surface. Photocatalytic tests were carried
out on ultrapure waterand acetaldehyde (m/z=45) and methanol ions (m/z=76 and m/z=77) were identified by MS
when NaOH at 1.0 wt.% and 5.0 wt.% and@@ at 5.0 wt.% were used. In those materials, it was also evidenced a
band gap displacement which could infer the presencedditional energy levels that could avoid electioole
recombination and favour the formation of carbon products.

Fig. 1.CQ physisorption curves of bare FeF#@hd treated with NaOH and KOH.
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Photoelectrochemical water splitting to generate hydrogen using semiconductor nanomaterials is a green
technology which could fulfil the growing energy need of the futufangsten oxide has received considerable
attention in photoassisted water splitting due to its great advantages such as absorbance in visible region and stability
in acidic and oxidative conditions. Electrochemical modification of titanium and tungstdasowith copper oxide
has been proposed as a facile route to produce phzathodes for hydrogen evolution under visible ligh#4[1

In the present paper, preparation and characterization of phcathodes based on coppéungsten oxides is
reported. Brefly, porous tungsten oxide was synthesized via anodization in sdlfatgade electrolytes at constant
voltage (60 V) and different process durations4(B) followed by thermal treatment at 500 °C. Doping of tungsten
oxide with copper oxide was perfoed via potentiostatic electrodeposition at different negative potentialsX i-Y
0.4 V) in 0.04 M Cug€8 M CHCH(OH)COOH with a pH of 9.00+0.1 at 60°C. The thicknessaemthirelemental
composition of the studied modified oxides was estimated via @sgharge Optical Emission Spectroscopy. Phase
composition of the oxides was characterized bsaX diffraction and Raman spectroscopy, whereas surface chemical
composition t with XPS. Electronic properties of the oxides were estimated usingfi@ghency capacitance-
potential measurements in 0.1 M KMOThe results are interpreted by contemporary models for the
semiconductor/electrolyte junction. Spectral characteristics of modulated photocurrent are also registered to
estimate the optical band gap of inbes. Photeinduced carrier dynamics in the oxides was assessed by intensity
modulated photocurrent spectroscopy (IMPS) (Fig. 1). Electrochemical impedance spectroscopy was employed tc
study the ionic and electronic processes in the same electrolyte ifde knge of potentials. Based on the multi
method characterization, conclusions are drawn on the pkaltsorbing and photeatalytic properties of the anodic
oxides depending on anodization and copper oxide electrodeposition conditions.

Fig. 1.Intensty modulated photocurrent spectra in 0.1M Kb#D light energy of 3.14 eV (395 nm) for a range of applied
potentials ¢1 X i-9.6 V) , of photecathodes obtained by anodic oxidation of W (60 V / 4 h), thermal treatment at 500 °C, and
copper oxide electrodepsition at-0.3 V for 0.5 h at 60 °C. Parameter is frequency in Hz.
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Access to safe and sustainable sanitation is a critical global challenge. Among ertreaimgnts, plasma
activated water (PAW) have gained attention fisrpotential to inactivate microbial contamingwithout the need
for complex infrastructure. PAW is produced by exposing water tethermal plasma, generating a rich mixture of
reactive oxygen and nitrogen species (RONS) with antimicrobial propértiesantimicrobial effect of the PAW can
be inceased with different radiation sources like solar disinfectiS@DIBor UVC. Both radiations uses different
range ofUV radiation to damage microbial DNA, offering a-twst, energyefficient disinfection approach. While
each of the three disinfectioprocedure have shown promise individually, their combined application remains
underexplored. This study investigates the synergistic effect of P®DWISand UVC in the inactivation of
Enterococcus faecalia common fecal indicator bacterium and knowntpagen, in wastewater. Understanding the
interaction between PAVWgenerated RONS arttie additionalradiation could lead to the development of more
efficient hybrid disinfection strategies. The goal is to enhance microbial reduction while maintaining ttiaaisty
and affordability of the treatment procesJhis work contributes to the ongoing search for innovative,-tmst
solutions for water safety and public health protection in resodicgted environments.

Plasma activated water is produced witHaav consumption spark jet discharge above the water surface. The
treatment times are for 1 hour with a treated volume of 1 litre. Different aqueous matrices have been evaluated, like
deionized (DPAW) or tap water (TPAW). Solar radiation have been gatharaeolar chamber from bratdERAEUS
and UVC was generated with a lafilips TUV 6W G6;Twith an irradiance in the sample @&fl W/n?. E. faecalis
was evaluated with the plate recount method willanetzBartleyas a culture medium, and 48 hours at 36°C in the
incubation chamber.

In this work different proportions and of activated water (DPAW and TPAW) have been evaluated in combination
of solar radiation and UVC radiation dosedFigure2A, the interaction between solar radiation and DPAW is shown,
as it can be seen, the presence of both agents reduces treatment time for more than 30 minutes. As it can be seen ir
Figure2B the efficiency evolution of the DPAW along the time and longer times of storage of the DPAW does not
affect the efficiency of the treatment, but reduces the treant required time. InFigure2C, the influence of the
different doses of DPAW in the treatment is shown, as it can be seen the best doses conditions are withf&@ose o
% DPAW. When UVC is added, the treatment times required is reduced to less than 5 minutes.

Although the results achieved with PAW are promising, combining it with different types of radiation significantly
enhances the antimicrobial capacity of theter, while also ensuring that no bacterial regrowth ocdarthe PAW
matrix.

Figure2. Information relativeE. faecalisnactivation. In a reactor of 100 mL. A) Interaction of PAW and SODIS. B) Evolution of
the efficiency of DPAW with time. C) Influence of the dose of DPAW
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The enwonmental problems accompanying the use of fossil fuels demand new ways of energy produgisoan H
important energy carrier and is seen as a fuel of the future. However, current methods to progace éhergy
consuming making them uncompetitive toroventional energy production. Photocatalysis is considered as an
environmentally friendly way of producing fuels utilizing the almost unlimited supply of energy from the sun while
using simple setups.[1]

Although particulate photocatalysis setups havebéntensively studied in recent years, they exhibit major
drawbacks, like difficult scalability. Due to the weight of water the production of thin panels is necessary, but the
stirring of thin water layers is impractical making an equal distribution efctitalyst and an efficient transport of
educts and products challenging. Furthermore, the recovery of the catalyst by centrifugation or filtration adds
another problem leading to additional pollution.[2] The immobilisation of photocatalysts is thereémessary to
allow future largescale applications for photocatalytic production.

Recombinant spider silk can be a possible candidate for the immobilisation of photocatalysts. While being a
biomaterial with high toughness and tensile strength, it is hisolegradable making it an ideal material to avoid
further pollution through (micrgplastic waste. Genetic modification of the proteins implement binding motifs
allows bonding between the fibres and the catalyst.[3]

In this work we will present meshes of recombinant spider silk proteins acting as support material for
photocatalysts. Meshes were fabricated by electrospinning of the polycationic prot&inP z”~ & 0.~Goid
decorated TiO2 nanoparticles were covalgniiound to the fibres by a cysteine tag. We will show that catalyst
particles are distributed homogeneously on the fibre confirming the successful bonding of the catalyst. Photocatalytic
measurements show stable photocatalytic production ofuider 300W ¥ lamp irradiation in watemethanol
mixture. Finally, meshes were used in a flow reactor setup demonstrating the successful use -twdilmilu
membranes supporting flow rates up to ImL/min.
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Silicon is the most popular material used in electronics and opttrelgics due to its semiconducting properties,
its natural abundance, and its competitive price. The development of thin andthitisSi foils has marked the future
of flexible optoelectronics, particularly in the field of photovoltaics.[1] In additidina-thin Si foil fabrication enabled
the possibility of substrate reuse after foil detachment, which results into a further advantage as 30% of the overall
expenses for a silicabased solar cell are attributed to the silicon materl.Porous silicorfree-standing foilsare
typically prepared via electrochemical etching of tubular macropores patterned through photolithogaagHyrther
sintered at high temperature. Alternativelyleetrochemical etching of megporous silicorusing a HF aqueotsased
electrolyteallows fabrication of foils through more affordable approach with a wider synthesis window in terms of
pore size/type and porosity tunability.

Over the last few decades, the formation of a low porosity / high poroslgy@r stack has beeemployed to
produce such frestanding sintered porous silicon foils, but oxidation of the porous core and poor surface quality (for
both the foil top/bottom surfaces and the parent substrate) has hindered its commercialization and its potential for
parentsubstrate reuse.[3]

In this contribution we demonstrate the design and fabrication oflay&r structure with variable porosity using
modulated electrolyte composition, that produced oxittee, flexible freestanding foils through a "seamless"
detachmen from the substrate. Resulting sintered porous silicon foils are prepared over the range 402
micrometers thick (Fig. 1a), exhibit low top roughness (RMS = 0.89 nm) that permits epitaxial growth (Fig. 1c) anc
reasonable roughness of the parent sulasé for straight reconditioning (RMS = 8.71 nm) and reuse (Fig. 1d). The
free-standing foils are highly flexible (Fig. 1e) and can be detached without cutting the parent substrate using
commercial celldape even before sintering (Fig. 1@he novelty othis work resides in th@otential use of these
foils as crystallographic templates in 11l/V photovoltaics, as well goiential to design protocols to improve the
design of detachable foils of other related materisih asGe and GaAg!]

Fig. 1.(a) Crossectional SEM image of sintered porous silicon foils with "seamless" detachability. (b3&rtasal inage of
the surface of the porous silicon foils showing the pla®s surface with a protecting native oxide layer of approximately 10 nm.
AFM images of (c) top of sintered porous silicon foil and (d) parent substrate surface after detachment. (e) Imaugthlechigh
flexibility of freestanding sintered porous silicon foils. (f) Image of a porous silicon foil that is readily detachable even before
sintering just using celttape.
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The global population increase and tlkensequentdemand forfood sources have driven the expansion of
recirculatingaquaculturesystems (RASs a sustainablalternative for fishproduction [1]. This approach, however,
is based on the intesive water recirculation and the need for a very water qualitgyvanced Oxidation Processes
(AOPs) have emerged as powerful alternatives for wdisinfection by the generation of highly reactive species
which interact with waterborne pathogerjg]. Photocatalysis, as a heterogeneous AOP, emerges as a key solution for
the integral water treatment that RASs requird.Z]s «Sp C JvA «3]P § « §Z  %J%Qphotddatalydis,’ K
and its intensification with peracetic acid (PAA), for the disindecof Enterococcus faecaliemployed as a model
u] E}}EP v]eu u 3} 18 E ]85 v v vA]E hemergingseicondictor n¥atérialdffers
a wide bandgap and chemical stability, making it a suitable candidate fairil/dh disinfetion processes.

An UVC batch system, equipped withPdotolabLED268.1er/cbUV-C Lamp (Apria Systems, Ltd.), and operating
in a 0.52.5 W/n? irradiance range is employed for the treatment of simulated aquaculture water, spiked with a 10
CFU/mL concentration dt. faecaliS)ATCC 29212, Scharlab).,Ga(SigmaAldrich) and peracetic acid A&Os,
Panreac) were used as photocatalyst and oxidizigent, respectively, without further purification.

dz JeIv( S]}v % & (}E WWCwag first Essessed under varying catalyst dosages. At an optimal

}v vSE §]}v }( 1XiTfE.Faeealigndctihation reachedletection limit(DL= 10 CB/mL) within7.5 minutes

of treatment, significantly outperforming UV o}v X /v & <]JvP 8§Z ' K }e P Clv S8Z]e %o
further improvements, likely due to light scattering or catalyst agglomeratianenhance the process, PAA was
into 4 X dZ 'UWC/PAA system demonstrated synergistic effects. In particular, the combination of 0.025 g/L
" K v iXiAuD W o §} }u%o &E.fhecalhAnddriabrhihutes, with all testedmproving the
' K/UV-C disinfection kirtics. The results highlight the key role of boAAand photocatalys presence in
acceleratingbacterial inactivation

dz ' KV-C v ' KUWC/PAA systems show strong potential for advanced water disinfection, offering
rapid and efficient inactiviion of E.faecalisinder mild conditions. The PAAtensified system achievesignificative
disinfection with minimal oxidant dosage and short reaction times. Future work will focus on comprehensive
evaluation of the optimizedystemconditions, includingeactive species identification via scavenging experiments,
performance in real aquaculture water matrices, assessmemaifix effects, and monitoring of ionic composition
and total organic carbon (TOM)the effluent These studies aim to validate the process for-reaitld application in
aquaculture water treatmentas a first step to its scalep.
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Graphitic carbon nitride (GCN) is a mdtale photocatalyst that has beeunsed for several applications (e.g.
environmental remediation, H% &} u S]}vU K € u S]}vU v }EP v] *CVvSZ ¢Je
preparation costs and easy access to raw materials. In organic synthesis, GCN has proven to be an aff¢ctve c
for the production of aldehydes under visible light and at mild operation conditions, while traditional methods often
require harsh conditions, hazardous oxidizing agents and generate plenty of tepiiodaycts[1].

Although GCN exhibits a relatively wide band gap (~2.7 eV), it holds low charge carrier mobility and a limited
number of surface redeactive sites, which hinder its photocatalytic performance. On the other hand, perovskite
materials, such as €BbBry (CBB), have emerged as promising photocatalysts with interesting photoelectric properties
[2]. Therefore, in this work, GCN/CBB composites were used to syntipeaigsaldehyde (AAD) from the oxidation
of anisyl alcohol (AAJGCN was produced ltfie thermal decomposition of dicyandiamide at 553 under airflow,
and CBB was synthesised by mixing the £zstt BiBs precursors with N,Mlimethylformamide in continuous stirring
at 60 &. The composites with different quantities ®CN (5t 95 %) were obtained by adding GCN one hour after
starting CBB synthesis.

The photocatalytic production of AAD was performed using 1! g@fLcatalyst for 4 hours under visible LED
irradiation.High-Performance Liquid Chromatograpivas used to idntify and quantify the different aromatic species
to assess the activity and stability of the catalysts.

A synergetic behaviour between both semiconductors was noticed with an exceptional increase of activity, even
for catalysts with low amounts of CBBhen compared with GCN. The 70% GCN/CBB composite revealed the best
balance between photocatalytic activity and stability, allowing a more sustainable production of AAD.
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JoupsZ A v § ~ ]sK ¢« ] % E}u]e]vP %Z}8} vl u § E] o (}E %Z}3} o §
its favourable band gap~(2.4 eV) and visiblight absorption. Howeverpoor charge carrier mobility and
recombination losses often limits performance [1,2]In this work, westudied the s CvS§Z <]« } (trajspdrent
photoanodes via an optimized electrodeposition process, followed by a mild thermal treatment to control oxygen
vacancies. Structural characterization byay diffraction yZ « }v(]@&ue §Z (}Eu 8]}v }( EC*S O
characteristic peaks observed after 1.5 h depositiol2#& V vs. Ag/AgCIFig. 1) The PEC performance of the
electrodeposited ]s K v}l <+ J]* }Ju% E -coatdd ctunterparts, highlighting thaifferences of
electrodeposition in tuning film morphology and electronic properfiés

Beyond fundamental characterization, we explore the versatility of these photoanodes in energy and
environmental applications. In collaboration with Ricerca Sisterardetici (RSE), we investigate their use in PEC
A S E +%0]33]vP (}JE , % E} p 8]}v v Jv 8Z }YA] §]}v }( YEP v] }vs u]v v:

Fig.1XE C J((E S]}v ~yZ « % $5 Ev }( o SE} %}°*]S s Kat 26 ¥ ws }Ag/&gitvhose E i X
photo is reported on the right side. The characteristic peaks of eitherkand FTO substratare identified

Ongoing characterization efforts include linear sweep voltammetry (LSV) to assess the photocurrent density under
simulated solar light in the presence of hole scavengers or for direct water splitting and the charge transport
properties of the material. Additionally, IPCE measurements will allow determining the spectral response of the

0 SE} %o}e]s ] s K Iy{ we a]ra 1@ wptimize these photoanodes by incorporatiogant atoms (e.g. Mo)
to enhance charge transport amb-catalysts taboostsurface kinetics and charge separation efficiency.

Integrating heterojunctions with complementary metal oxides is alswler consideration to furtheimprove
charge separation and performangePEC applicatiorjd]. These modifications will be explored for both setwiven
hydrogen production and organic pollutant degradation, highlighting the adaptability of the system for sustainable
energy and environmental remediation.
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Hydrogenperoxide (HO,) isattractingattention asmild, sustainablexidant forenvironmental remediatiomnd
organic synthesisgs well adiquid fuel. However, thelominant production method vianthraquinone autoxdation
process is highly energgtensiveand environmentallycostly, involving significant solvent use and relea3éus,
there is strong interesh more sustainablecosteffectivesynthesis [1 Inthis contextphotocatalyticH,O, production
stands out asit uses water and oxygen as raw matésiand solar light as energgput. Additionally, it enables
simultaneous pollutant degradation, with the latter acting as proton donors (sacrificial agents).

Graphitic carbon nitride (g3N4) is a promisingphotocatalystfor energy and environmental appétions,being
visible lightresponsivederivedfrom Earthabundant elementwviafacile synthesis, and possasghigh stability and
suitable electronic structure for eduction[2]. Yet,its performance is hindereby a low specific surface area (<10
m?2 g1), poor conductivity,and rapid electronthole recombination which are responsible for low photocatalytic
performances. To overcome these issues, various strategies have been explored, including exfoliation into
nanosheets, defect and nanoarchitecture engineeringard/soft templating, metal/nosmetal doping,
copolymerization, and coupling with carbon materials or other isemductors.

Thiswork investigates the efficiency ofRodified g E % Z}S} § 0CeSe (}E , K ¢CVSZ ] (
oxygen under solar lighT.he photocatalystsvere obtained by thermal polymerisation of melamine at 550°C for 4 h
(5°C/min heating ratein the presence ofadium hypophosphiteas phosphor sourcelhe catalysts were denoted as
XP-GCN, where x refers to thewt.%contentin the Pmodifiedg- E %0Z}S} S 0CeSe

This workprovedthe ability of Pmodified gGNs 3} «Gv3Z «]1 , K ef&Bgd axyyes under solar light. The
effect of phosphorus content on the nanostructured propertiesis discussedandthe activity is assessed in terms
}, K C] o /gerulov %% E vS I]v §] }ve§ v3e (}EnY &d decmpasignv(mittD |u]
Controlled phosphorincorporation into theg-GNa structure significantly enhances photocatalytic performance,

}}e8]1vP §Z |, K (}Eu $§]}4.58@nes whife m#intdihing a low decomposition rate. K synthess under
Ale] o 0]PZ3 -sdifekitheweontribution of visible wavelengttesthe overall solar activity. To understand
better the reactional pathway, wenching experimentare conducted using AgN@nd pbenzoquinoneas electron
andQ{ « A VP E+U E +% 3$]A onMithbutthe bole Gavdnger BA.

Fig. 1.Effect of Phephorus content in §sNs photocatalysts on (a) 4. production and (b) both apparent rate constants for
H.0: formation (k) and decomposition gk under solar light. Conditions: [Cat] = 1 gA05C + 5°Glsopropyl alcohol, IPA] = 5 vol.%
; 10mL/minair flow bubbling; 500 W n? Xelamp (Suntest XLS+ reaction champpH:0;] determinedby iodometry.
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Zinc oxide (ZnO) nanorods (NRs) thin films are promising materials for photocatalytic and antiviral applications
due to their high surface area, tuneable morphology, and excellent optical properties.[1,2] In thisAi@)Rs were
synthesised via three distinct methods: g@l, hydrothermal, and aerosaksisted chemical vapour deposition
(AACVD). The influence of different seeding approaadipscoating and drogcasting»as systematically evaluated
to optimise NR orietation, coverage, and crystallinity. Dgpating led to exis texturing but exhibited uneven
coverage, while drofgasting provided uniform layers with improved homogeneity, particularly when combined with
hydrothermal synthesis. AACVD was explored ataystfree alternative, achieving high crystallinity ZnO NRs with
well-defined morphologies and enhanced preferential growth along the [001] direction.[3,4]

Structural and optical characterisations were conducted using SEM, GIXRD, -&isl $péctroscop AACVD
derived ZnO films displayed superior crystallinity and phase purity compared to sehats@a approaches, with
minimal defecirelated absorption and a wetlefined bandgap near 3.3 eV (Fig. 1). Photocatalytic antiviral tests using
the MS2 bactenphage under ambient white light={000 lux) demonstrated that AAC\$9nthesised ZnO NRs
achieved a 4og (99.99%) reduction in infectivity within 2 h, outperforming soluti@sed methods, which achieved
only a 2log reduction under identical conditionkif. 3. The enhanced performance of AACVD films is attributed to
their higher crystallinity, reduced carbon contamination, and improved charge carrier dynamics.

Fig. 1.Absorbance in the visible range and tauc plot (inset) of selected ZnO NSs filngswedth rodlike nanostructures.
Dotted black lines represents the absorbance of the glass substrate, the red arrows indicate the bandgap of crystadim& ZnO,
the orange arrow indicates the bandgap of amorphous ZnO. Viable counts of bacteriophagtevi8gpasure to standard
laboratory white light (1000 lux) of ZnO film coatings produced by wet chemistry methods (HT, green rod) and AACVD processes
(purple rods)

These findings highlight the critical role of fabrication techniques in determining tbpatalytic and antiviral
efficiency of ZnO coatings. AACVD emerges as a highly scalable and efficient approach for prodyménfp higdince
ZnGObased photocatalysts, offering a promising route toward the development of-gemération antimicrobial
surfaces for realvorld applications.
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In previous studies, it was found thaitile ismore beneficial for reduction targetsvhereas anatasés optimal
for oxidation targets [1]. Because this study was performed on powder samples it was impossible to eliminate the
influence of the surface area. Herein, similar investigations were performed using thin films of titania.

In this wok, the thin layers containing anatase and rutile compositions were designed to investigate how the
architecture influences the reduction/oxidation in photocatalytic propertif®e influence of synthesis conditions on
the thickness, morphology, and crydiaé form of TiQ nanolayers on a silicon substrateas investigatedTiQ
coatingswere synthesized using the sgél method andlip-coatingfollowed by calcination at temperatureanging
from 500 °Cto 1000 °C The correlation of the crystatructure with the thickness of theoatingwas possible by
controlling the number of immersions in the sol and the calcination tithevas found, thatimiting the coating
thickness to the nanometer scale changes the crystallization conditions andtsntiiei growth of crystallites,
preventing the phase tragition from anatase to rutileThis results in a change in the thermodynamic stability of TiO
polymorphs, related to the surface energy and grain §2eThe phase transition depends not only orettype of
substrate as previously proposed by Miszczak and Pietrzyk[3], but alseeathickness of the thin filmThe design
of thin films enables the control of the oxidation/reduction properties of titania coatings.
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The answer tacurrentchallenges in the search for sustainable energy soussegar fuels, which can be provided
by photocatalysis. Methanol photoreformirtas emerged as a promising technatpgnd in comparison to water
splitting, ithas significantly lower reaction energyaking it more available [1]. In this cagegphitic carbon nitride
reveals interesting, as it is very stable, cheap, and enables harvesting visible light. Howevese oéésuimitations,

e.g. fast recombination of electrelole pair, it did not meet the expectations of efficient technology. To overcome
disadvantages, one of the promising options is to design nanocomposites, creating efficient heterojunctions, which
allow to reach high hydrogen productivity [2].

A simple synthesis of-@Ns-CaOy was developed, in which primary CoO microcrystals turn into nanoparticles
while the thermal polycondensation of the host matrix occurs. The study of the process revealed that depending on
the amount of initial CoO, two concurrent processes occusitingrowth of g-GNs and oxidation of CoO toCaOs
with accompanying combustion gfGNs. These processes were analyzed in detail usitey aliaSEMEDS, BET, FTIR,
XRD,and XAS The photocatalytic activity of synthesized composites was tested in methzimaibreforming,
revealing that the +3xidation stateof Co plays a key role in boosting hydrogen evolution. It was found that the
methanol photoreforming follows mainly the direct oxidation pathway.

Fig. 1.SEM image d-GNs+-CaO, nanocomposite (leftand corresponding elemental map
of oxygen (middle) and cobalt (right).
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While the development of photocatalytic materials has done large steps in terms of efficiency and working range
from their inception in the 1970s, the application of these materials hasn't followed the {dgnd

Herein, we explore several attempts to immobilize @as photocatalysts (mostly TiCbut also ZnO, CuO and g
CN) onto various substrates. These range from the most used glass all the way to the more structurally adaptive
common polymers. Immobilization of nanoparticles using a reasonably priced and iatlydtiendly processes is
desired especially if the technology is to achieve the fboged widespread use across multiple industries. While
adhesion to thesubstrate is of utmost importance, in case of a multilayered system the cohesion forces alscebecom
important. A robust adhesion substantially relies on interfacial wetting. However, strong adhesives usually improve
cohesion but compromise interfacial properties, i.e., highly viscous polymeric adhesives make their penetration or
wetting to the substrag kineticallyslow under application conditions. Additionally, direct contact between the
adhesive and adherend substrate is desired and it is achieved by the interaction between the substrate surface group:
to and the adhesive functional groups clear &ample is shown in Fig 1 where two PET foils exhibit different surface
chemistry and show dramatically different adhesion properties of an exemplaptSit@solsuspension.

In this regard, fundamental aspects regarding the choice of substrate and, mpartantly, the design of
photocatalytic sekuspension will be discussed. The applicative side of the research will be focusedaeaseify
surfaceq2], air remediation devicel8] and surfaces for water disinfection reactg#3, [5].

Fig. 1.A TiQ tSiQ sol suspension immobilized via dipating onto three different substrates (left) and AFRIR spectra of the
two PET foils tested for coating
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A composite photocatalyst was prepared using vanadium pentoxig®s\And strontium titanate (SrTgDto
investigate the compositicdependence of photocatalytic activity. Th@nsples were characterized by-r&y
diffractometry, diffuse reflectance spectroscopy, photoluminescence spectroscopy, Raman spectroscapy, X
fluorescence spectroscopy and linear sweep voltammetry. The photocatalytic activity of the samples was evaluated
by phenol degradation under UV light irradiation. A commercial Si¥ithout V-0s was used as a reference. The
composites contained Ds in the following concentrations: 0, 1, 2, 4, 6, 8 and 10 wt%. The results showed.@at V
had a positive effect on thphotocatalytic activity of SrTiCtherefore it is an excellent cocatatyunder the applied
conditions
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CsPbG semiconductor perovskiteare consideredis a promising material ithe researchandthe development
of new types of solar celldHowever, its leadrelated toxicity raises several concerns, such as oxidative stress,
carcinogenicity, developmental toxicitPne of the possibilitie® reduce heir toxicityis by replacing Pb with other
metallic elements.

In the present work, GSnk leadfree perovskite was synthesizeby solvothermal methodat different
temperatures (120 °C, 150 °C and 180 °C) with thetaimvestigate the environmental impact of the differently
synthesized nanoparticles. The material structure, morphological and optical properties of the samples were
characterized by XRD, SEM and DRS material analysis methods.

The samples were stable @ir for the duration of the test, but in contact with wates,rapid decomposition
followed, and the material lost itsrystal structure This process was partially reversible, as the material recrystallised
from its medium after drying-urther dissolutin-crystallization sequences also resulted in a decrease in crystallinity,
due to the loss of iodine content, and the material contained increasing amount.of Csl

An important criterion for environmentally stable materials is that they retain their oridioan in different
media.For unstable materials, the releaseafrious chemical speciesay be responsible for toxicity, therefore it is
of particular importance to investigate the effects of thesethe environment.

In the toxicological experiment, béats with increasing concentrations of a selected sample were established to
monitor the population changes of the isopodBofcellio laevisand the stability of the released material in the
environment.The protocol was to follow the life cycle of I#ividuals (10 adults and 5 developing individuals) for
one month. The soil was amended with 0, 0.1, 0.5 and 1.5 wt% perovskite and the living conditions (soil thickness
water, food source, calcium source) were adapted to the species. No mortality oddnrtiee control experiment (0
wt%). Significant declines in numbers were observed in the 0.1 and 0.5 wt% experiments, and 100% mortality in two
weeks in the 1.5 wt% experiment.
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The high production and short lifespan of plastics have led to a surge in plastic waste (PW), with approximately
72% of PW being incinerated or landfilled, posing a continuous threat to biodiversity and ecosystem balance. In China
over 90% of PW is compax of highly chemically inert polyolefins-(C }v. v EPC C 186, |:Ju}loW EPC C
414 kJ/mol), which needs to be effectively degraded under harsh conditions such as high temperatur€j>Biah
pressure (>2@&tm), and strong acid or alkali. ®othermalcatalysis, as a technology that synergistically utilizes heat
and light energy and combines the advantages of photocatalysis and pyrolysis, has become a new par@digm.
nanospheres loaded with dual atoms (DACs) with different RuCu ratios designed and constructed for
photothermalcatalysis of polyethylene. €6 used as a weak oxidant to-degrade with polyethylene into synthesis
gas. When the ratio of Ru to Cu is 2.5:10, the degradation rate is the highest, ang @it ittio is 2.75.

Fig. 1.Reaction mechanism of photothermalcatalysisRuCu DACs@TiQ
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Tungsten oxide is a nexic inorganic semiconductor with excellent photocatalytic activity under ultraviolet and
visible light iradiation. This is due to the lower bandgap of under 2.8 eV, in comparison with more widely used
titanium oxide [1]. Such properties establish tungsten oxide as an interesting candidate for environmental
applications, like photocatalysis, phettectrodes dyesensitized solar energy devices and solar cells [2]. However,
metal oxides composites and thin layers are usually prepared using complicating and often environmentally unfriendly
methods.

Semiconductor photocatalysts are generally synthesized irdifferent ways: disintegration of crude material by
mechanical processing (tddown), or assembly of atoms and molecules into desired nanoparticles (batigmEach
of these methods have their own advantages and disadvantages. Combining these two futalgmdifferent
methods into one could bring out advantages and reduce disadvantages of each, while creating new properties. Sucl
dualphase material would be consisting of tafmwn prepared nanoparticles ("bricks") and bottdup prepared
amorphous matriX"mortar") [3].

The aim of this work was to prepare thin films of tungsten oxide using different deposition methods from aqueous
WG; composite to accommodate a greater need for environmentally friendly materials. For this purpose, combination
of wet baltmilled WQ nanopatrticles and solution of amorphous precursor ammonium metatungstate (AMT) were
deposited on fluorinedoped tin oxide glass substrate. The Wtnoparticles withmultimodal distribution act as
building blocks, while the amorphous binder fi[sace between them ancbnnecting nanopatrticles to each other, as
well to the FTO glass substrate. Templating agents were added into the composition to obtain a porous structure by
removing them during calcination. Final compositions wagposited usingarious coating methods and annealed at
high temperatures to obtain thin layers.

The effect of differently prepared compositions on the physicochemical properties of deposited layers
wasstudied, as well as the effect of different coating processes orr lthyiekness, structure and photocatalytic
properties. The layer surface was analysed using scanning electron microscope and the layer thickness usin
mechanical profilometer. The photoelectrochemical properties were studied using linear sweep voltammetry
and chronoamperometry using sources with different wavelengths.
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Plastic pollution and itearmful environmentakffectshave been recognized for decaddsit they have recently
become a global concern. According to Plastics Eufdpe413.8 million tonnes (Mt) of plastic were produced
worldwide in 2023v 43 Mt more than in 2018However only dout 10% (< 40 Mt) wasffectively recycleéh Europe,
primarily through mechanical recyclingwhile more than 20% evaded waste management systeoimately
polluting the environment. Onceeleased plasticsundergo fragmentation and degradatiosia abiotic and/or biotic
processesjeading to the formation obmaller and more reactive particles. Fragments < 5 mm (along their largest
dimension) areclassified asnicroplastics, which can further degrade imangplastics (<L0O00 nm)and oligomers
~DiiUiii[Q). Athough wasteater treatment plantgemove approximately 90% of the microplastics, themain
a major sourceof plastic contamination in freshwater and marine ecosystg¢8jsTo address this issuaumerous
strategies have been proposed to degrade or transform plastievater, including photocatalysis.

This study aims to developefficient photocatalytic systems for the degradation of nanoplastisd
submicrometic oligomer particlesin water. Photocatalysts based on commercial;Ti@eroxide® P25and gGNa,
combined with MetalOrganic Frameworks (MOFs), were explorBi P25 washosenas a benchmark due to its
well-documented photocatalytic activity, stability, and optimal arss#o-rutile ratio. Meanwhile, gGNs was
selected asa promisingalternative since it can be activated hysible light,is synthesized from Earthbundant
elements through simple methodand exhibitshigh physicechemical stabilityalong witha unique electronic band
structure [4]. Additionally, MOFbased photocatalystsffer several advantages, including high porositymerous
charge transfer pathwaysbundant active sitegnd efficientadsorptiondesorption channel§s].

The crystalline structurand optical propertie®f the photocatalystavere characterizedy Xray diffraction(XRD)
andUVvisdiffusereflectancespectroscopy(DRS), respectivelyhBtoelectrochemical properties wernalyzedising
transientphotocurrent (TPQneasurementsn athree-electrode cell configuratioworking volume: 50 mL) with 0.1
M N&SQ as the electrolyte. A graphite felt (4 énrtoated with the catalyst served as the working electrode, while a
graphite rod and an Ag/AgCl electrode were used tlas counter and reference electrodes, respectively.
Measurements were conducted using/eetrohm Autolab PGSTAT1pttentiostat under LED illumination 865 nm
(Mightex LED BLS 13040, 415 nm Thorlals M415_P2), and 450 nmThorlats M450LR2).

The photoatalytic performance of the different catalytic systems was evaluated for the degradation of soluble
polymers, specifically lovnolecularweight plyethylene glyco{(PEG) andgolyvinyl alcoho(PVA, in abeakertype
glassslurryreactor. Reactions were c¢éed outunder optimized LED irradiation conditions, determined from the DRS
and TPC analyses. Polymer degradation was monitored by total organic carbon (TOC) and chemical oxygen demal
(COD) measurements.

The results provided insights into the key fastimfluencing polymer breakdown under photocatalytic conditions,
including catalyst properties, charge transfer dynamics, and irradiation wavelefbifistudy contributesto the
developmentof advanced photocatalysts for mitigating plastic pollution in aquatic environments.
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Surfaces with antiviral and also antibacterial function have become modern and in demand. Surface sterilization
is a onetime action, usually followed by the colonization of surfaces by viruses and bacteria when people touch them.
All touch screens have beme hazardous and have started to be fitted with special films that are supposed to have
an antiviral and antibacterial function.

We present a selfdhesive printed film with an antiviral and antibacterial function, acting thanks to organic
biocides in &tremely low concentration, but thanks to the synergistic effect of photogenerated singlet oxygen. The
thin printed layer ofl to 3 microns thickness on the sefidhesive film contains a twoomponent polymer system
with chemically bonded zinc phthalocyari These layers were printed on polyethylen terephtalate, polyvinylchloride
and polyethylene foil.

Prior to consumer testing, the printed photocative layer had to undergo numerous tests to verify all
microbiological and mechanical properties. The vastanitgj of the tests are extremely time and labour intensive.
These include antimicrobial tes((sSO 27447 and 1SO 22196), antiviral tests (ISO 21702), mechanical tests according
to ISO 15184 and ISO 2409:2007.

However, the quickest test to indicate the ploaghemical activity of the photoactive layer is the test for the rate
of singlet oxygen formation on the irradiated surface. For this purpose, an apparatus was constructed with a
measuring cuvette with a sample of a film with a photoactive layer on theofétle cuvette irradiated by two LEDs
with a wavelength of 650 nm. Perpendicular to the direction of irradiation, the absorbance of the reaction solution
was measured using a fibre spectrophotometer. The rate of change in absorbance of the reagenttig dire
proportional to the rate of singlet oxygen generation, and thus a measure of the ability of the photoactive layer to
destroy bacteria and viruses on its irradiated surface. At the same time, the kinetics of singlet oxygen generation was
studied usingseveral organic reactants and dyes (dliBhenylisobenzofuran, resazurin and others)
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Treatment of various dermatoses with UVB radiation is very successful, but not without risk. Exposure to this
radiation for too long causes problems similar to sunburn from normal sun exposure. It is therefore up to the physician
to correctly determine the duration and therefore the dose of radiation for each patient based on their phototype,
and the radiation dose must also be adp according to the individual patient's response.

The moment erythema appears on the skin, it is certain that the radiation dose was too high. This should never
happen. Measuring radiation doses between zero and the appearance of erythema directly idhadiigtion using
instrumentation is not always possible. A simple radiation dose indicator is suitable for this purpose. In the case of the
use of a disposable UVB dosimeter, the main advantage is the ease of use under any conditions. The mail
requiremerts for a dosimeter are that it is easy and cheap to manufacture and use, that it gives a clear indication of
the dose achieved, that this indication is irreversible and that it does not depend on the intensity of the source but
only on the dose.

Common pheotypes in our environment include phototype | and Il. These people have very fair skin and are
sensitive to sunburn, even their recommended therapeutic dose of radiation will be low. In general, 500 and
1,000 u:| & are recommended for them, respectively

Disposable UVB dose indicatotdU\-B dosimeterst were prepared from a polymer matrix, photosensitive
substance, acithase indicator, auxiliary and calibration compounds. They were tested using a PhipSwWi01
narrow-band mercury lamp with maximummission at 313 nm. The mixture was scrgeimted on a RokuPrint 05
semiautomatic machine using a 1481Y screen with a theoretical ink transfer volume of 12.5 jgri#, corresponding
to a wet film height in umthat is12.5 pm.

Tests were carried out fahe insensitivity of the dosimeter to radiation with a wavelength greater thanr840
and simultaneously for the reciprocity of radiation doses, i.e. that the colour change of the dosimeter depends only
on the abstracted dose of UVB radiation and notlom intensity of this radiation.

Our disposable UVB dosimeter was prepared by printing in two sensitivity variants, with a colour change after
absorbing a dose of 500 and 1000-cnd?.
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Photonic crystals, particulariypverse opals, have been applied in optical fields for decades [1]. More recently,
many studies have focused on their application in photocatalysis due to high photocatalytic activity, achieved by a
unique feature of slow photon effect [2,3]. Additionalysiblelight photoactivity is recognized as an important path
for the development of photocatalysis. Therefore, this study aims to obtain iégbleactivity based on titanium(I1V)
oxide (TiQ, titania) inverse opal (I0OT). In this regard, noble metish as gold nanoparticles (Au NPs), have been
incorporated in 10T structure to utilize visidlght activity arising from the localized surface plasmon resonance (LSPR)
effect [4].

The procedure of this study includes the fabrication ofl @films, their characterization, and the evaluation of
resultant photocatalytic activity. The initial step involves fixing IOT on a substiatbasic platform for further
processes. Although, the synthesis of IOT involves usually at least three stef§, djgal template formation, (ii)
inverse opal formation, and (iii) crystallization, here two first steps have been combined bgss@mbly method.
Titania infiltration proceeds simultaneously with the formation of polystyrene (PS) opal. Accordasglfgrination
of IOT with high quality and without extra cracks (caused by capillary force during infiltration) has been succeeded.
Moreover, the second step, i.e., the removal of PS opal template combined with TiO2 crystallization, eliminates
additional eat treatment. Furthermore, to obtain golehodified IOT, a novel threphase ceassembly method has
been developed to combine PS opal template,;Tiftration, and Au NPs' deposition.

The synthesized Au/IOT film exhibitsvell-orderedfacecentred-cubic structure as shown in the SEM image (Fig.
1a). The photonic bandgap (PBG) of IOT was illustrated in the transmittance spectra in Fig. 1b, which alsbedisplay
LSPR absorption peak measured frabsobance of Au NPs suspension. Biizing angledependent property of
PBG, the regtdge of PBG can be tuned to overlap with the LSPR peak.

Photocatalytic performance has been evaluated by measuring hydradigals'generation under full spectrum
irradiation while the incident angle was adjusted as itets shown in Fig. 1c. Interestingly, radicals' generation rate
is highly related to the incident angl&he optimal incident angle 80°, which can be attributed to the matching of
the PBG redbdge and LSPR absorption peak (Fig. 1c). Samples measdtad@10 (I0TF0° and IOTF10°) show lower
activity due to the intensive reflectance of PBG that hinders the photoabsorpti@ontrast, PBG of ICB0° and I0F
40° are out of the LSPR absorption region, leading to higher hydroxyl radicals' genegaa¢ion r

Goncluding,synergisticcoupling of slow photon effect and LSPR effect results in enhanced Jiglitlectivity.

Briefly, electronggeneratedthrough LSPR excitation transfer from Au NPs to conduction band piié@nwhile, the
slow photon effecimprovethe photoabsorption in the range of LSPR anuplify the visiblelight activity.

Fig. 1.a) SEM image of Au/IOT, b) transmittance spectra of IOT and LSPR absorption region from Au NPs suspension, c¢) angls
dependent photocatalytic performance obAOT through hydroxyl radicals' generation, the insets are angle adjustment.setup
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Lignin, a complex aromatic polymer and a major component of lignocellulosic biomass, poses a significant
challenge for anaerobic digestion due to its high resistance to biological degradation [1]. To improve its
biodegradabilityand enhance methane yields, effective fireatment strategies are required.u}vP §Z uU d]K
based photocatalysis offers pomising method for lownput approach for breaking down recalcitrant organic
compounds under mild conditions [2].

This study ingstigates the use of photocatalytic pteeatment to decompose lignin and improve its conversion
efficiency during anaerobic digestion. The photocatalytic decomposition of lignin was performed in a batch quartz
glass photoreactor (680 ml, Fig. 1a), usingla* % ve]}v }( 8ii uo wu]v € o]l A2 adobgioP }(
coffee grounds. The suspension was stirred (350 rpm) and purged with heliumt{PZ50kPa) for 30 minutes. After
sealing, a gas sample was collected priorte UYE E ] 5] }v254,nm)Ay the peray lamp, which was vertically
positioned inside a quartz tube in the reactor center. Gas samples after 48 irradiation hours were analyzed using G
(Shimadzu Tracera GC 2010Plus) with a barrier discharge ionization detector (B[Q)EajvP §Z (}Eu S§]}v

, U v KX }vE3E}o A% EJu vis AJEZIUS $Z %Z}5} 35 0C*3 ~%Z}5}0Ce]ee /
residues were separated, dried (8 h at 40 °C), and analyzed for residual lignin content to evaluate degradation
efficiency. Subsequently, the solids were tested for biochemical methane potential (BMP) to assess biogas yielc
enhancement after photocatalytic pieeatment prior to anaerobic digestion. The BMP test (Fig. 1b) was conducted
under anaerobic conditions atemperature of 40°C for a duration of 35 days. The results demonstrated enhanced
methane yields, confirming the potential of photocatalytic yireatment as an effective strategy for valorizing lignin
rich biomass in biogas production.

Fig. 1.(a)Batch quartzglass photoreactor, (b)<dgerimental setugor the BMP test.
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Charge recombination is the main factor limiting the photoelectrochemical and photocatalytic efficiency of
electrodes, including tungsten trioxideased photoanodes. This problem can be mitigated by nanostructuring of the
active material, which leads @ decrease in charge diffusion path and enhances minority charge injection from the
semiconductor to the electrolyte. An interesting route to further improve the separation of phatoced charges
involves the formation of a twphase layer with a gradi¢wariable phase composition. Such a gradient is expected
to provide a multitude of local heterojunctions along with a continuous change in reduction/oxidation behaviour
across the active layer, leading to enhanced charge separation.

The liquid phase demition (LPD) is a promising method for obtaining metal oxide thin films [1]. It is based on the
slow hydrolysis of a metdluorine complex, and the rate of the reaction is controlled by a fluoride ion scavenger like
HsBQG; or Al. The reaction occurs at ambient conditions and therefore can be competitive with other chemical
deposition processe®.g., sotgel or hydrothermal methods. Moreover, LPD was shown to be suitable for fabricating
gradient layers [2].

In this studythe photoactive layers of W§were deposited byhe LPD metho@n bare and anataseoated FTO
glasssubstrates, andthen o Jv Jv JEX /v % v VvS }( *n *SCE S U SZ } S ]v (}loue
WGQB structure andwere composed of thin ptes (thickness < 100 nm) forming dessedelike aggregates. On the
other hand, the quality of the layer (surface coverage, adhesion to the substrate, presence of agglomerates) and the
morphology of aggregates depended not only on the-peatment of the substrate but also on the concentration of
the tungstenfluoride complex in the reaction solution. The optical band gaps derived from diffuse reflectance spectra
were below 2.85 eV. The optimized films revealed maximum incident photon to current mfficef 1620% at
potentials above 1 Vs RHE. Photocurrent doubling effect was observed in the presence of methanol, indicating that
hole injection kinetics at the semiconductelectrolyte interface could be improved. Dessavse morphology seems
to weaken adhesion of the film to the substrate, which consequently limits the photoelectrochemical efficiency of the
electrodes. On the other hand, such a morphology can be beneficial for photocatalytic reactions, which was verified
through the photocatalytic Ydroxylation of terephthalic acid. The performed experiments are the first step towards
the fabrication of gradient layers.
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This study investigates the fundamental mechanisms governing photocatalytic activitsbanadots (CDs) by
examining the impact of surface chemistry and strategic heteroatom incorporation. Through systematic analysis of
both nonmetal (N, S) and metal (Cu, Zn, Ag, Au) doped CDs, we elucidate the distinct roles of energy and electrol
transferpathways in reactive oxygen species generation. All synthesized CDs underwent rigorous purification before
comprehensive characterization.[1] Photocatalytic singlet oxygen production was quantified via endoperoxide
formation,[2] while hydroxyl radical geretion was assessed through peroxidssisted hydroxylation of terephthalic
acid.[3] Our findings reveal a mechanistic differentiation where certain dopants selectively enhance either energy or
electron transfer processes. Fluorescence lifetime analysisodstrated that extended photon emission generally
correlates with increased singlet oxygen production, with variations dependent on the specific heteroatom
incorporation. Notably, our results revealed distinct mechanistic patterns across dopant typesalhietaldoped
samples facilitated energy transfer processes, only copjogred CDs exhibited significant electron transfer capability.

In contrast, the normetal doped series demonstrated more complex behavior without a clear trend in mechanism
preference. Transmission electron microscopy (TEM) arad/Xhotoelectron spectroscopy (XPS) analyses confirmed
that partial crystallinity and specific configurations of surface functional groups including@HQandtCOOH, serve

as critical determinants ahe predominant photocatalytic pathway. This investigation advances our understanding
of the key factors that regulate photocatalytic mechanisms, either energy or electron transfer processes, in carbon
dot systems.
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The increasing presence of emerging @minants such as tetracycline (TC) in aquatic environments poses
significant ecological risks. To address this issue, the study explores the transformation of agricultural waste (water
caltrop shells) into higiperformance graphendike biochar and iodinand nitrogendoped composite photocatalysts.

This approach aligns with circular economy principles and provides a sustainable method for environmental
remediation. Graphenelike biochar was prepared via hydrothermal treatment and pyrolysis att300 ¥ with

varying residence times. The composite photocatalystsTEH) were synthesized by incorporating iodine (0.5 wt%)
and nitrogen using sajel and hydrothermal techniques. Structural, surface, and functional analyses were conducted
using TEM, BET, andrface charge measurement. Photocatalytic activity was assessed by TC degradation under
visible light (410 nm) at different pH conditioraphenelike biochar exhibited a significantly enhanced surface area

of 1529.1 m?/g at 700¢ and 6 hours of hydrothenal treatment, demonstrating improved graphitization and reduced
defects (/I = 0.80). Photocatalytic tests revealed that the composite photocatalyst achieved a 99% TC degradation
efficiency within 120 minutes under neutral conditions (pH 7). The iodimknitrogen dopants effectively extended

the electronhole recombination time, enhancing the photocatalytic activity. The combination of biochar (5 wt%) and
iodine (0.5 wt%) yielded optimal degradation results, supporting the potential of this systesustainable water
treatment.
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GNsS (TMT) is organic semiconductor with ambipolar properties. This polymer has obtained more attention due
to the visible light absorption by disulfide unit&S e+« v o} o]l 8]}v }( < }v « ]v $(@dukpd inE]vP
the reactions of oxygen reduction and photocatalytic hydrogen generatitowever, the efficiencies of these
reactionsare still not satisfactory [1] One of the possibilities afnprovementmay bea doping it with metalssuch as
Ni, Cu, or Cdwhichintroduced into the polymer act as active sites, prevent rapid recombination and increase
conductivity.

In this work we try to makemetalpolymernetwork of triazine trithiolate containing C@ue to the value of the
standard potential (Cbo/Co?*,1.82 V), cobalt in the obtained photocatalyst may help in the reaction of water oxidation
to oxygen.According toUVtvisNIR absorption spectrum CNSCo can be employed as a board spectidriven
photocatalyst for water splitting into hydrogen.

Duringthe studies three different samplegeresynthesize: Ca(TMT) hH KU} ~, d DD Bo(HTMT) hHO
[2]. All samplesvere characterized by microscopic (SEM) and spectroscopic method¥ig) IR and XPS)The
difference between synthesized samples are shown on normalized FTIR spectra (Fig. 1).

The obtainedsamplesvere used for photocatalytic water splitting and electrochemical water oxidatiath the
use ofBiVQ/M (TMT) composite.

Fig. INormalized FTIR spectra of TMT compounds with Co.
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The plasmonic properties of noble metals have the intriguing ability to catalyse cheméions in wide
bandgap semiconductors such as titanium dioxide fjTithen exposed to visible light-f]. The aim of the present
study was to obtain plasmonic T#Pt solids with different Pt loadings from 0.5 to 2 wt% using the wet impregnation
technique (TP corresponding to the pure TiO2 support, TP+0.5%Pt, TP+1%Pt and TP+2%Pt) and to investigate in def
how the increasing amount of deposited Pt affects the optical, electronic and catalytic properties of thé{TiO
materials. Special attention wagsaid to Xray photoelectron spectroscopy (XPS) to determine the height of the
Schottky barrier (SB) in the prepared materials, which forms at the interface between Pt and feéCefficiency of
the investigated catalysts in the photocatalytic degradatibbisphenol A (BPA) and coumarin dissolved in water was
analysed in a batch slurry reactor system under visible light illumination.

The results of SEMEDS analysis showed that the actual Pt loadings in the synthesisedPTiCatalysts
corresponded to thenominal loadings. In addition, the results of XRD and TEM measurements showed that the
morphology and crystallinity of the TiGupport were not affected during the wet impregnation process. The stability
of the TiQ carrier was also confirmed by the rdtsuof the N-physisorption analysis, where the measured parameters
were almost constant for all analysed solids. The average Pt particle size increased from 1.1 to 1.5 nm with increasin
Pt content, which can be attributed to the clustering effect dunmet impregnation. The UVisDR spectra of the
investigated TigrPt catalysts show that they can absorb light in the visible light range. The SB heights were 0.42 eV
for TP+0.5%Pt, 0.34 eV for TP+1%Pt and 0.16 eV for the TP+2%Pt sample. The resultaestdhelated single
photon counting (TCSPC) measurements show that the lifetime of the charge carriers in the investigated TP+P
catalysts under visible light illumination is longer when the SB is lower, resulting in higher catalytic activity. Gonversel

Z]PZ E N <Z}ES ve SZ hatpledrpns }(VSZE "y e+ §Z § 0CS] % E(}EuU v X dz
degradation experiments show that regardless of the catalysts tested, no adsorption of BPA was observed in the darl
phase. The obserdedegradation of BPA when using pure TP could be due to the presenééaf dlirface defects
in the TP. The TPt catalysts showed higher BPA degradation rates than the pure TP; moreover, the BPA
degradation rates of the Ti®Pt catalysts increased thiincreasing Pt loading. Since different reactive ROS could be
involved in heterogeneously catalysed BPA degradation, we also performed an experiment with coumarin (COUM) a:
a model pollutant. We measured the conversion of COUM dissolved in watehydr@xycoumarin (f{HCOUM) by
the reaction of COUM with the generated hydroxyl radicd@8H). The results show that the amount cHCOUM
produced by the Ti@-Pt catalysts upon illumination with visible light increases with decreasing Pt content and does
not correspond to the order of BPA degradation rates. When the+ROcatalyst is illuminated with visible light, the
U ( % 0 cu}v E *}v v (( 8} 8Z WS % ES] o » ]» SE]MmBtaectrbhsAZy Z o
holes fY) inthe Pt% (ES] o X dZ hBtelecorss E SE& ve( EE S} $Z }v u &dfar v~
overcoming the SB at the interface between Pt and,Ti®e results show that BPA reacts rapidly vgitiperoxide
anion radical§ | £ so that their conceration is low, which favours the reduction of oxygen and the consumption
} ( hoot electrons_ ~ gddfs as ar sink). As a result, a high SB height leads to a low overall activity, as everything is

§ Bulv C §Z SE ve( € }( "Z}S partisleR }o the TIEIRI FOZCONN, it is the other way
around: under the given experimental conditiossiperoxide anion radicald ¢ ; are slowly converted to hydroxyl
radicals (K,*U *} A Z A v héEelectrdns "} v gth#t want to return to the Pt particles. A high SBH value
]l* ( AJuE o ]v 82 « }( KhD }&] S8]}vU ¢ 18 %@ klegGomsSZv S ZpuCRIERE v }
hinders their recombination witih*in Pt.

The results of the study presented hesleow the complexity of heterogeneous photocatalysis when using+PiO
photocatalysts and illustrate that high catalytic activity is determined by the kinetics of the oxidation and reduction
processes and the consumption of electrons and holes on thetefght side of the SB.
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Photocatalytic technologlias demonstrated broagotential in water treatmentapplications particularly for the
degradation obrganic polltantst. Despite the potential, advancement of the technology is often slow as the majority
of research focusses on materials syntheBfigswork details the design of photocatalytic reactors optimised for water
treatment, focusing on reactor configuratiprphotocatalyst selectiadeployment and maximisinglight source
efficiencywithin the reactor While photocatalyst material development has progressed significantly over th&@ast |
years, reactor design and upscalimgs stalled, especially in relatita the Technology Readiness Level (TRL).scale
This study addresses these gaps by optimising reactor geometry, catalyst immobilisation, and light distribution, while
emphasizing reactor sizing, mass transfer, amatlellingfor enhanced performance Theprimary objectiveis to
create a sustainable, cosffective solution for dealing with global water pollution challenges.

The initial work in this project has focussed on optimising the photocatalyst coating for deployment in a modular
immobilised reactorAlow-cost spray gun method wasilisec®, replacing traditional seelcoatingmethods. Coating
solutions comprised &% (w/v) P25 Tigsuspensiorwith a SDSsurfactant(sodium dodecylsulfafe sonicated at 50
kHz for 10 minutes, and sprayed onto a+reated 20 cm x 10 cm stainless steel plate, heated atr20@o immobilise
the catalysts. The reactomodelledwith Shapr 3D software, features a recirculation systensjtun monitoring, and
a reaction body.Gravity was usedto acceleratethe flow of contaminated water, containing MCPA as a model
pollutant, overthe surface of the photocatalysbated plate whichwas irradiated from abovesinguV LEDs (370nm)
Following the photocatalytic treatment, the sample contiiue flow over the slopingeactor phte into the collection
pipe before returning to theeservoirtank. To monitor the reaction and determine its efficiency in real time, an
amperometric flow cell electrochemical senswras placed in the tank allowing re@ime monitoring of the
degradationof herbicide MCPANd the realtime datawas transmitted by the sensor to the computer control system
for analysisThe work presented here is an overview of this initial study demonstrating a robust and stable coating
capable of efficient MCPA degradation under varying conditions.

References

[1] W. Dawei, M. Miguel Angel, J. Angel Colina Marquez, Water Res, 202 120221
[2] V. Aura, O. J. Ruud van, et al, Ind. Eng. Chem. Res, 58 (2018385349

[3] D. Aida M, M. Francisca C, et al,.J. Chem. Eng, 343 (2018)&97



P-134

Characterization of PbS/C/PVE#Fased Electrodes for CO2RR into
HCOOH

Kaci Samira, Benfadel Ka#g, Anas Boussaa Sabiha, Ouadah Yahia, Talbi Lamia, Boukezzata Assia

Research Center on Semiconductor Technology for Energetic, Thin Films Surfaces and Interfaces Division, CMSI
CRTSE, 2BD Frantz Fanon, POB 140, 7 merveilles, Algiers, Algerjkaeisaihirahdr@gmail.com

In our work, Electrodes of different types, based on thin PbS ld§etkand those constructed from nanoscale
PbS powder, which was used to formulate etsyse pastes (slurry), wereedeloped and characterized using SEM,
XRD, EDS, XPS, and electrochemical techniques. All electrodes were supported by graphite as a conductive supp
and tested in a 0.5MXQ electrolyte in the presence of GO

The objective of this work was to develogectrodes capable of being used as cathodes to conduct
electroreduction reactions of G@o formic acid, while meeting certain key criteria such as high reaction current and
low overvoltage, in order to approach the recommendations for application omré- s&xd/or industrial scale.

we adopted an approach to pretreating our PhS/graphite electrodes with the aim of minimizing the parasitic
hydrogen evolution reaction (HER) which can be described as follows:1)Perform linear voltammetry (LSV) from +1.5)
to -2Vvs. Ag/AgCl: This allowed us to identify the potential ranges for PbS reduction ameldd€ion; 2) Perform
two voltammetric cycles from +1.5V #@V: These cycles serve to precondition the electrode surface. We initiated the
partial reduction of PbS tmetallic lead Pb on the electrodes and 3) Perform chronoamperometi3\ator 900s: By
applying this reducing potential for a given time, we carried out ther€@uction reaction while disfavoring the PbS
to Pb reduction reaction and the HE®ated reation. Our strategy aimed to produce metallic lead Pb, which is very
inactive in catalyzing the hydrogen release reaction. This partial reduction of PbS to Pb/graphite should reduce
parasitic HER during €€lectroreduction.

By modifying the nature of thelectrode surface to make it less active for HER, we have thus increased selectivity
toward CQ reduction, as we initially intended.

The introduction of an activation step by-&itu reduction of PbS to metallic lead for HCOOH, coupled with
favorable synggy and morphological restructuring, explains the highly active and selective behavior of the obtained
electrodes.

Remarkable performance was obtained for electrodes formed on the base of PbS/@iBséFpaste with a
90/10 ratio, which constitute the beéselectrodes studied in this work. These findings pave the way for the
development of scalable and energf (] ] v8 K WA E+]}v *C+§ us §Z 8 }po Jvs P
processes or coupled with renewable energy sources, contributing to subtaioarbon utilization technologies.
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Siliconbased photocathodes offer a promising avenue for photoelectrochemicalr&fdction (PEC CO2RR), a
process that uses solar energy to convert @@ valuable productswWhile Si itself is a promising material due to its
narrow bandga and high carrier mobility, its visible light absorption is limifed.enhance the efficiency and
selectivity of PEC CO2RR oth&ied photocathodes, various strategies are employed, includoatalyst design
and integration, nanostructuring and morplogy, light absorption enhancement, and surface engineeriBy.
optimizing these factors, the efficiency of converting solar energy into valuable products franta®Obe
significantly improvedControl over the cecatalyst and surface properties can lelmda more selective production
of desired products, such as HCOOH, oj@FHNanostructuring and surface engineering can enhance the stability
of the photocathode under longerm operation.

This paper proposes an enhanced,€f@ctrochemical reduction reaction (CO2RR) by applying pyramid/nanowire
textures to the silicon wafer. For pyramid formation, the etching process of thg@ (100) silicon wafers was
accomplished and surveyed in a mixture of KOH and isopropyl alcdhtibed1]. Incontinuing the MACE process
with Ag was applied to the preformed pyramids to realize the Si nanowirdg]. The assynthesized
pyramids/Nanowires morphology presented a uniformity in shape and distribution. After that, nanostructured lead
sulfide layers were deposited on thdoubletextured Si waferq1,2]. Therefore,PbSmodified double texturization
silicon electrodes were fabricated which will be used as photocathodes for thel@@roreduction transformation.
The results indicated thathe double texturization of silicon substrates affected the amount of formation of the
products issued from the CO2RR. This can be explained by the fact that the combined nanowire/pyramid structures
significantly reduce the light reflection of the silicembstrate over a broad range in the visible spectrum allowing the
formation ofalarge number of electronthat enter the CO2RR procesglie presence of PbS as efficientcatalyzer,
used to trap the electrons and avoiding by the way the recombinatiothe formed electrons/holes couples issued
from the light surface interactiorthecombination of the pyramid/nanowire Si and PbS makpsomising texture to
fabricate photocathodes suitable for applicationghotoelectrocatalytic synthesis

o «

Fig.1.SEM pictur€a) Before and (b) after nanostructured PbS thin film deposition on the double texturized Si
substrate(c) Cyclic voltammetry curves of working electrodes fabricated with the double texturization (pyramids + Nanowires) Si
without and with PbS nanoparticles the absence and in the presence of CO2 gas
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is primarily achieved throdgthe environmentally costly anthraquinone process. Consequently, several alternative
routes forece(E] v 0C , K +Cv8Z ¢]¢ E pv E JvA «§]P §]}vX WZ &xidaoroand] , K
O, reduction stands out as a sustainable option,tageherates no harmful bproducts[1].

Conjugated polymers, as organic semiconductor have emerged as one of promising candidates for photocatalytic
H.O, generation active under visible light in recent yefk Here, we report a facile one step synthesi Cldoped
polypyrrole (GPPy) conjugated polymer Vi E ]}o0Ce]e (}E %Z}3} 8 0C8] , K % E} u 3$]}v

(( 83} o }%]vP }v , K % @&} p S]}v v *Spu ] A E]}ue %% E u § E+ ~%,U
(( 3]JvR ,Cl]o XA Eo0o voC3] o v ZE § E]lI3]}vs Zvl<p+s AE u%o
the CEWWGC %Z}3} & 0GCe3 v ]3s GElo Jv, K PWWE J}ZXPZoGuVvEREZ 1@ %o Z}:
formation (29 mM/h) from HO and & without any sacrificial agent, under Wis illumination. Its higher
photocatalytic activity, ease of synthesis, and recyclability cosfifde % }3 vS] o (}E ep*S ]Jv 0 %Z}§
production.
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Photo flow reactors offer a scalable platform for continuous photochemical reactions by enhancing mass transfer,
light distribution, and product removal compared to traditional batch systefis.2] However, immobilizing
semiconductor photocatalysts within these reactors remains a major challenge, especially for hydrogen evolution
applications, where catalyst adhesion, stability, and light absorption must be finely balanced. In this study, we
systematically optimized slat] } S vie dlJK (Joue (}E %Z}3} (0}A E S}E }% E §

Clv }]E%}E S]vP }oo}] o "]K ~TIXA®R>®u> ++« 8§} vZ v %}E}*]SC Vv
ionic crosslinking, we achieved uniform, mechanically sta } §]vPe A]3Z d]K o} ]JvP }( 61i®RPG@
transmittance between 1.56%. The coatings, pestuv $]}v o]l Al3Z IXii®uP® u g W3S C §

UlveSE § ZC E}IP v % E} p S]tv E S « }( 6XT6®P®uU g&xaguantum efi¢iepcyues (o
0f65%. Longd Eu }% E $]}v }A & i1l Z}uE+ E «uosd Jv 3 0 % E} u 3]A1SC }(
the durability of the optimized system.

&QUESZ EUlE U % E} p S]A1SC % E pv]s dIKK ®Ze+%AIBZ § 1X ®I®PB®g}
iITA®RP® u sU E Aoffdpiieen &fBlyst density and maspecific activity. These findings underline the
importance of controlling coating thickness, porosity, and light absorption properties to maximizeref§iéh photo
flow reactors, offering a robust strategy for scalable hydrogen generation by semiconductor photocatalysis.

Fig. 1LHERcatalyst activityand light transmissiorelative to the mass of Ti@oating.
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Over recent decades, global energy demand has relentlessly increased, driven by industrialization and
urbanization, leading to heightened environmental pollution [1]. Recogniepivotal for sustainable economic
development and societal prosperity, energy usage has predominantly relied on traditional fossil fuels. However, the
combustion of these fuels releases approximately 7.8 billion metric tons of CO2 annually, alongsideanthful
gases such as CH4, SO2, and NH3, exacerbating issues like global warming.

Hydrogen (H2) is utilized as an auxiliary fuel source due to its high energy content per unit weight (122 kJ/g).
Notably, the energy yield of hydrogen is approximately52times greater than that of hydrocarbon fuelg].[
Additionally, hydrogen is regarded as an exceptionally clean energy source, as it produces only water upon
combustion, thereby emitting no harmful gases like CO2 that contribute to global warming. iBablogthods of
hydrogen production include biophotolysis, dark fermentation, phf#omentation, integrated fermentation, and
artificial photosynthesis.

Photocatalytic water splitting is considered one of the most promising methods for converting watétdrand
0O2. It involves employing a semiconductor photocatalyst to harness solar energy. This approach is appealing due t
the abundance, cleanliness, and renewability of sunlight. Additionally, it offers economic viability and simplicity in
execution B].

A wide array of photocatalysts have been explored for this process, including TiO2, ZnO, ZnS, NaTa0O3, WO
MoQO3, phosphides, sulphides, chalcogenides, transition metal carbides, among o#jer<Cdnventional
photocatalysts such as TiO2, ZnO, andiZn@ been extensively researched in the past. However, due to their large
band gap (~3.2 eV), they are now being superseded by other types of photocatalysts, includinfyeaatatalysts
such as carbobased nanomaterials. Alongsigessessing a smallband gap, carbofbased nanomaterials exhibit
unique morphologiescontrolled structuresand are norAoxic.

My research focuses on graphene oxide (GO), reduced graphene oxide (RGO), andleesiated reduced
graphene oxide (CsRGO)determinewhether GRGO can serve as an efficient photocatalyst and how to improve its
performance In thisstudy, lemploy Density Functional Theory (DFT) as implemented in the Quantum ESPRESSO cod
to investigate the structuraklectronic and opticaproperties of GO, RG, and CsRGO compounds for photocatalytic
applications.

Fig. 1.lllustration of Photocatalytic Water Splitting on Decorated Graphene Oxide with DFT Simulations
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Hydrogen has garnered significant attention as a clean, renewable emengye that offers a promising
alternativeto fossil fuel dependency and environmental degradatibime photocatalytic produmn of hydrogen is a
very attractive strategy [1]d]K ]+ (& wusedvd0dphotocatalystue to its low cost, chemical stability, and
robustness under UV illumination. Nevertheless, its high bandgap energy (I@stittsexcitation to UV light, rad
the rapid recombination of photogenerated electrémle pairs limits photofio-charge conversion efficiency. One
strategy to enhance photocatalytic performance is doping with noble metals (e.g., Pt, Au, Ag, Pd), which improves
charge separation, extendgyht absorption througtthe surface plasmon resonanadfect, and increases surface
reactivity[2]. Additionally, persistent luminescématerials show potential in prolonging photocatalytic activity after
ceasingo]PZs JEE ] 3]}vU §Zpe vZ v ]JvP v EPC -depedbparsisiént XumiAesckat] pu
VV}% ES] 0 ¢« ~W>EWeelU e Z =+« ev' K W EU -~ -idedUheasdBfrared Emissiorf}aid $Z ]
efficient energy transfer mechanisnfi3]. Although some studies have explored PLNPs in photocatalysis, they have
mainly focused on degrading dyes and organic contaminants. Thus, in thisweodesign a novel photocatalyst

tu%lte }( d]JK U ev' K W @aipidduationVifSgrégaehydrogewia triethanolamine photoreforming

pMe]vP }uu E ] o d]JK WiaA « €& ( E v X

yZ v oCe]e }Vv(]Eu ZIPZ &C*S 00]Vv]S5C Vv %Z ¢ %PE]SCX ‘wds Ju P
uv](}EuoC YA E C v KW EU Vv V% ES] o« Al3Z ] u § E+ SEEMPOSP (E
showed close contact among the particles, indicating the formation of a heterojundiptical characterizations via
UViVis diffuse refleance spectroscopyevealed enhanced visibl@nge absorption for materials containing Pt.
Hydrogen evolution was evaluated using a Peschl Ultraviolet photoreactor with UV mpdassure lamps as the
irradiation source. As shown in Fig. 1, when comparinGv3Z <]l d]K U d]K lev' K W Eu U %o}
commercial WiAnU v WTiflev' cdniérdilB2% exhibited the highest hydrogen evolution. However, upon
incorporatingof WSU u § €] o« A]SZ }UE *Cv3Z «]1 d]K «Z}Atothese with confifiergial C E
WIiAX E}S oCU SZ }u%}e]S d]K lev' K W EU IWS Je%o C lve] & oC Z
suggesting a strong synergistic effect among these materials. Although an increased hydrogen production was
expectedpost-]EE ] S]}vU 8§Z & eposSe E % E}u]e]vP }u% E S} }uu E ] o d]
photocatalyst will be pursuedThus, this work introduces a novel approach to designing photocatalysts that
incorporate persistent luminescent materiahieving high efficiency in photocatalytic hydrogen evolution.

Fig. 1.a) Photocatalyti©yydrogenevolution; b) Average hydrogen evolution per hour.
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