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A Note of Welcome
Dear ISPPCC 2025 patrticipants,

It is our great pleasure to welcome you to the 26" ISPPCC in Milazzo. ISPPCC has
always been the host for seminal developments of novel perspectives and research fields,
and we have no doubt that it will respect the tradition even in this occasion. We are excited
to hearing about the latest developments in the field, discussing research, and revitalizing
and starting collaborations. And — not less important, particularly in these weird times —
to offer all of us the possibility of interacting, sharing ideas and information, and reinforce
and create new friendships.

We also welcome the success of the satellite Young-ISPPCC, which gather more than
60 PhD and post-docs from all over the world and testifies for the continued attraction of
our favorite science. We are sure that all of them — as well as all the participants — will
benefit from the friendly and rather informal atmosphere of the ISPPCC. We also would
like to thank our sponsors for their unvaluable financial support and in particular the
Municipality of Milazzo, who offered us its historical theater for the conferences. Finally,
we hope that you will have the time to enjoy the lively city of Milazzo and to explore its
very interesting surroundings, including the Eolian Islands.

We wish you all a successful and enjoyable Symposium!

The Local Organizing Committee
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A Brief History of the International Symposium on the
Photochemistry and Photophysics of Coordination

Compounds (ISPPCC)
(After Vancouver edition)

The conference started as meetings among a group of friends, mainly promoted (among others)
by Vincenzo Balzani, Arnd Vogler, Nick Serpone, Morton Hoffman (sorry for disregarding other
important members of the seminal group). Important roles in promoting the first meetings (and
attending or organizing them) were played by David Whitten, Arthur Adamson, Peter Ford,
Charles Giannotti, Thomas J. Meyer, Franco Scandola, Takeshi Ohno, Masaoki Furue. Even
the same name, ISPPCC, was not used during the first editions (different names were in fact
used, like “Reaction mechanism of photoinduced processes of transition metal coordination
compounds”) and it was officially introduced only at the beginning of the 1980s. Some doubts
remain about the exact years when the first three editions were hold, but conventionally, 1974 is
now considered as the year of the starting event.

1974 Mulheim, Germany (Ernst Koerner von Gustorf)

1976 Ferrara, Italy (Vittorio Carassiti, Franco Scandola, Vincenzo Balzani)
1978 Koéln, Germany (H. F. Wasgestian)

1980 Montreal, Canada (Nick Serpone)

1982 Gif-sur-Yvette, Paris, France (Charles Giannotti)

1984 London, UK (Anthony Harriman)

1987 Elmau, Germany (Arnd Vogler, Hartmut Yersin)

participants were snowed for several days in the conference hotel in the Alps (meeting
was held in Spring in a Medieval Castle in mountain). ISPPCC becomes formally
biennial.

1989 Santa Barbara, USA (Peter Ford, Richard Watts)
The logo of ISPPCC (octahedron) was introduced. Coordination Chemistry Reviews
starts publishing ISPPCC proceedings, a tradition never interrupted.

1991 Fribourg, Switzerland (Alexander von Zelewsky, Peter Belser)
1993 Sendai, Japan (Hiroshi Kobayashi, Takeshi Ohno, Masaoki Furue)
1995 Krakow, Poland (Zofia Stasicka, Grazyna Stochel)

ISPPCC incorporates the existing “Symposium on the Photochemical and Thermal
Reactions of Coordination Compounds (SPTROCC)” which took place in Europe.

1997 Saint Michael’s College, Colchester, USA (Josh van Houten)

1999 Lipari, Italy (Sebastiano Campagna, Scolastica Serroni, Francesco Barigelletti)
2001 Veszprém, Hungary (Attila Horwath, Otto Horwath)

2004 Hong Kong, China (Vivian W.-W. Yam, Chi-Ming Che)

initially planned for 2003.



2005
2007
2009
2011
2013
2015
2017
2019

2022

2023

Asilomar, CA, USA (Patrick Hoggard, Peter Ford)

Dublin, Ireland (Han Vos, John Kelly)

Sapporo, Japan ( Moboru Kitamura, Masa-aki Haga, Osamu Ishitani)
Strasbourg, France (Chantal Daniel, Luisa De Cola)

Traverse City, USA (James McCusker, Felix Castellano)

Krakow, Poland (Konrad Szacilowski, Wojciek Macyk)

Oxford, UK (Antonin Vicek, Julia Weinstein)

Hong Kong, China (Kenneth K.-W. Lo)
Peter Ford is nominated honorary Chair and permanent member of the International
Scientific Committee.

Vancouver, Canada (Michael Wolf)
initially planned for 2021, moved for COVID.

Ulm, Germany (Benjamin Dietzek-lvansic, Sven Rau)



General Information

Venue

The 26th ISPPCC will take place in Milazzo, Italy, hosted at the historic Teatro Trifiletti and the
nearby Villa Vaccarino.

The Congress venue will be in the heart of city centre, at the “Trifiletti Theater” built in 1911 on
a project by Letterio Savoja, on the initiative of Stefano Trifiletti, an enterprising and multifaceted
entrepreneur who intended to create a multipurpose structure capable of hosting the most varied
forms of entertainment. Inaugurated on 29 June 1912, it covered an area of over one thousand
square meters in which 47 boxes and three hundred seats were included in the beautiful exhibition
hall. From 1912 to the seventies the greatest interpreters of opera, prose and light theatre passed
through it. Recently the theatre has been renovated with new seats, air conditioning, and other
useful facilities to meet more comfortable standards.

A short walk away lies Villa Vaccarino, an elegant 19th-century residence surrounded by a
charming garden. Once a private villa, it now serves as a prestigious venue for institutional and
cultural activities, maintaining its historical charm and architectural integrity.

Presentations

Speakers are required to give their ppt files to the ISPPCC technicians in advance of their own
session and check the presentation. Please note that both PC and Mcintosh computers are
available.

Poster exhibition

Posters will be displayed at the backstage of Trifiletti Theater. Panels will be provided, as well
materials to hung up the posters (maximum size: 100 cm height, 70 cm wide). Access to the
backstage will be from the main stage and from a hallway near the stage.

Posters for the Poster Session 1 (even numbers, planned for July 9 evening) have to be hung
during coffee breaks or lunch time of July 9 and must be removed before July 10, 14:50.
Posters for the Poster Session 2 (odd numbers, planned for July 11 afternoon) can be hung during
lunch time of July 11 or coffee breaks of July 11 and must be removed before July 12, 16:40.



Welcome Cocktail and Coffee Breaks

Welcome cocktail and coffee breaks for ISPPCC will be offered in the garden of Villa Vaccarino,
a nineteenth century Villa about 150 m away from Trifiletti Theater. When you exit the main
entrance of the Theater, turn left and you will find Villa Vaccarino at the end of the road.

Social Excursions

The social excursions—both on foot and by boat—will take place within the Marine Protected
Area of Capo Milazzo, a stunning natural reserve that showcases the region’s exceptional
marine biodiversity and scenic beauty.

This protected area encompasses dramatic coastal cliffs, hidden coves, and crystal-clear waters
rich in marine life, including posidonia meadows, octopuses, groupers, and, at times, dolphins.
Participants will have the opportunity to explore the “Pool of Venus”, a natural rock basin nestled
between the sea and the cliffs, steeped in local myth and legend. The walking excursion offers
breathtaking panoramic views, while the boat tour provides a unique perspective of Milazzo’s
coastline and the promontory’s volcanic origins.

The Marine Protected Area is not only a place of ecological significance but also a site of historical
and cultural interest, dotted with ancient paths, watchtowers, and traces of past civilizations.

Where to eat

Milazzo is a charming coastal town and popular tourist destination, especially during the summer
season. Just steps away from the conference venue, Teatro Trifiletti, attendees will find a wide
range of lunch options, including traditional Sicilian rosticcerie, patisseries, and restaurants
offering everything from quick snacks to full meals.

Please note that, due to the tourist season, some places may be busy during peak hours.
However, it is easy to find a local café or bar where you can enjoy a quick Sicilian granita with
brioche or a freshly made ricotta cannolo.

To make your stay more convenient, we have arranged discounts with selected restaurants and
bars near the conference venues. These discounts are available upon showing your conference
badge when ordering.

Here is a short list of participating establishments you may wish to explore while enjoying your
time in Milazzo:

RESTAURANTS

RESTAURANT “RIVIERA LIDO”

Strada Panoramica Milazzo

Cell. +39 334 258 1950 — 090 928 3456

Email: info@hotelrivieralido.it

Offer: -10% on the a la carte menu and/or €35 fixed menu

RESTAURANT “MACCHIA NERA”
Via Marina Garibaldi 275, Milazzo
Tel. 090 922 3249

Offer: -15% on the a la carte menu

RESTAURANT “DA FILIPPO”
Via Marina Garibaldi 241, Milazzo
Tel. 090 928 1951 — 392 181 0381
Offer: -10% on the a la carte menu



OSTERIA “ADAGIO ADAGIO”

Via Umberto I° 181, Milazzo

Tel. 090 914 6252

Offer: -10% on the a la carte menu and/or €35 fixed menu

RESTAURANT “PETIT HOTEL”

Via Dei Mille 37, Milazzo

Tel. 090 928 6784

Email: info@petithotelmilazzo.com

Offer: -10% on the a la carte menu and/or €35 fixed menu

OSTERIA “HYCESIA”

Via Migliavacca 3, Milazzo

Tel. 090 956 0746 — 348 510 6315

Offer: -10% on the a la carte menu and/or €35 fixed menu

RESTAURANT “MILAZZO”
Via Acqueviole 78, Milazzo
Tel. 090 922 4061

Email: info@hotelmilazzo.net
Offer: €35 fixed menu

Cafés/Pastry Shops/Takeaways/Sandwich Shops

“CAFFE NETTUNO”

Via Luigi Rizzo 4, Milazzo

Tel. 090 928 1615

Café, Pastry, Gelato, Takeaway
Offer: -10% on all products

“CHANTILLY CAFE”

Via Cumbo Borgia 43, Milazzo

Tel. 090 922 9099

Email: info@chantillycafée.it

Café, Pastry, Gelato

Offer: -10% with a minimum spend of €20

“SCOTCH BAR”

Via Cassisi, Milazzo

Tel. 090 928 2106

Café, Pastry, Gelato

Offer: -10% on all products

Sandwich Shop “STUZZIKOSA”
Via Domenico Piraino 11, Milazzo
For reservations: Tel. 347 090 9657
Sandwich and 500 ml of water €5

“RED MOON CAFE”

Via Risorgimento 191, Milazzo
Tel. 090 958 7864

Café, Pastry, Gelato

Offer: -10% on all products



Things to Do in Milazzo

Milazzo offers a unique blend of natural beauty, historical heritage, and vibrant local culture.
Whether you’re staying for just a few days or exploring the area before or after the conference,
here are some top recommendations:

1. Explore the Castle of Milazzo

One of the largest fortified citadels in Sicily, the Castello di Milazzo is a remarkable site with
layers of history—from ancient Greek foundations to Arab, Norman, and Spanish influences.
Enjoy panoramic views over the town and sea from its walls.

2. Visit the Old Town (Borgo Antico)

Stroll through the charming old quarter, with its narrow alleys, historic churches, and small
artisan shops. It's a perfect place for a relaxing walk and a taste of local life.

3. Relax at the Beach

Milazzo boasts both sandy and rocky beaches, with crystal-clear waters ideal for swimming and
sunbathing. The Ponente Beach is popular for sunsets, while the Levante side offers a quieter,
more natural setting.

4. Discover the Pool of Venus (Piscina di Venere)

This natural rock pool at the tip of the Milazzo Peninsula is one of the area's most magical spots.
A short hike leads to this secluded cove, perfect for a dip or a photo.

5. Take a Boat Tour

Explore the Marine Protected Area of Capo Milazzo by sea. Boat tours offer a chance to admire
the rugged coastline, sea caves, and maybe even spot dolphins.

6. Enjoy Local Cuisine

Savor Sicilian Street food like arancini and pitoni, or sit down for fresh seafood and traditional
pasta dishes. Don’t miss local desserts such as cassata, granita with brioche, and the
famous cannolo.

7. Day Trips to the Aeolian Islands

Milazzo is the main port for ferries to the Aeolian Islands, a UNESCO World Heritage site.
Consider a day trip to Lipari, Vulcano, or Stromboli if your schedule allows.

How to arrive

The main port connecting the mainland to the Aeolian Islands is Milazzo. As for the car, not all
islands have driveways and those who possess them, that is, Lipari, Vulcano, Salina, and Filicudi,
may be subject to restrictions, especially in summer. Also adjacent to the port of Milazzo area is
provided with a good service of guarded parking lots, for those wishing to reach the Aeolian
starting from Milazzo.

LibertyLines (http://www.libertylines.it/). Siremar (https://carontetourist.it/it/siremar)



Useful Contacts and Local Services

During your stay in Milazzo, here are some essential services and emergency contacts located
near the conference area:

e Municipal Police (Polizia Municipale)

Via XX Settembre, 98057 Milazzo (ME)

Responsible for traffic, local regulations, and public safety.
o Milazzo Hospital (Ospedale di Milazzo)

Via Francesco Crispi, 98057 Milazzo (ME)

The main medical facility in town, offering emergency and general care.
o Carabinieri Station (Stazione dei Carabinieri)

Via Giorgio Rizzo, 98057 Milazzo (ME)

National police force responsible for law enforcement and public order.
o Post Office (Ufficio Postale)

Via XX Settembre, 13, 98057 Milazzo (ME)

Services include mail, parcels, ATM access, and other basic utilities.



y-ISPPCC 2025

time July 7 time July 8

8:30 Registration y-ISPPCC 9:00-9:15 Francesca Mancini
9:40-09:50 opening 9:15-9:30 Oussama Bindech
09:50-10:05 Yoan Fréroux 9:30-9:45 Fumika Sueyoshi
10:05-10:20 Marius MuBler 9:45-10:00 | Minli Zhang
10:20-10:35 Jie Ying Chen 10:00-10:15 | Elkhansa Elbashier
10:35-10:50 Xiao Ma 10:15-10:30 | Andrea Mantovani
10:50-11:05 Noémie Chantry 10:30-11:00 | Coffee break
11:05-11:35 Coffee break 11:00-11:15 | Baldeep Sidhu
11:35-11:50 Laura Duncan 11:15-11:30 | Hirohisa Yanagikawa
11:50-12:05 Martin PiZl 11:30-11:45 | Nicold Quadrio
12:05-12:20 Dorothee S. Wagner 11:45-12:00 | Arindam Saha
12:20-12:35 Federico Droghetti 12:00-12:15 | Greta Fogar
12:35-12:50 Stefano Scoditti 12:15-12:30 | Yu Hui Lin
12:50-14:00 Lunch time 12:30-13:45 | Lunch time
14:00-14:15 Emily L. Race 13:45-14:00 | Federica Ruani
14:15-14:30 Marta Costa Verdugo 14:00-14:15 | Felix Glaser
14:30-14:45 Li-Ting Zhuo 14:15-14:30 | Luis G. Alves do Nascimento
14:45-15:00 Amelia Kacperkiewicz 14:30-14:40 | Closing remarks
15:00-15:15 Eleonor Windle

15:15-15:30 Elena Dallerba

15:30-16:00 Coffee break

16:00-16:15 Chizuru Kasahara

16:15-16:30 Sophia Lipinski

16:30-16:45 Edoardo Marchini

16:45-17:00 Simon Liedtke

17:00-17:15 Ana Karem Vega Salgado

17:15-17:30 Sergio Aranda Ruiz

17:30-17:45

Othmane Essabhili




y-ISPPCC 2025 - Program

Monday, July 7t

8:30-9:40

ISPPCC Registration

9:40-9:50

y-ISPPCC Opening

Session 1

Chair: Alessandro Amadeo (University of Messina)

yOC-1 9:50-10:05

Yoann Fréroux (Université de Rennes, CNRS, ISCR)

New antennae for photoswitchable luminescent lanthanide(lll)

complexes

yOC-2 10:05-10:20

Marius MuBler (Universitat Ulm)
“If you like it you should put a ring on it” - Rotaxanes as
supramolecular protective motifs in reductive heterodinuclear

photocatalysis

yOC-3 10:20-10:35

Jie Ying Chen (Fu Jen Catholic University)
Characteristics of photoinduced quenching
[Ru(tpm)(prbim)(NH3)]?* ions: density functional modeling and

efficient metal center state quenching mechanisms

yOC-4 10:35-10:50

Xiao Ma (University of Tokyo)

Microscopic analyses of vapochromism in single particles

yOC-5 10:50-11:05

Noémie Chantry (Université Catholique de Louvain)
Exploring substituents effects on the anti-Kasha reactivity of

binuclear Ru(ll) photosensitizers

11:05-11:35

Coffee Break

Session 2

Chair: Giuliana Lazzaro (University of Messina)

Laura L. Duncan (Durham University)

yOC-6 11:35-11:50 The development of Sulfur-containing, APTRA-derived
fluorescent probes with specific Zn?* binding
Martin Pizl (University of Chemistry and Technology
yOC-7 11:50-12:05 Prague, University of Reading)

Ultrafast time-resolved infrared spectroelectrochemistry of Ru(ll)

complexes for DNA studies




yOC-8

12:05-12:20

Dorothee S. Wagner (University of Basel)

Synthetic control over excited-state behavior of Nickel(ll)

complexes

yOC-9

yOC-10

12:20-12:35

Federico Droghetti (University of Ferrara)

Light-driven COz reduction with a heptacoordinated Iron(ll)

polypyridine complex

12:35-12:50

Stefano Scoditti (D/IPC, University of Calabria,
PMAS)

Exploring Ru(ll) photocages for cancer therapy: a theoretical

investigation of light-induced acetonitrile ligand release

12:50-14:00

Lunch Time

Session 3

Chair: Amine Assel (University of Messina)

yOC-11

yOC-12

yOC-13

yOC-14

yOC-15

yOC-16

14:00-14:15

Emily L. Race (University of Sheffield)
Ultrafast spectroscopic investigations into solvent and hetero-
atom effects on the photophysics of Platinum(ll)-based artificial

photosynthetic systems

14:15-14:30

Marta Costa Verdugo (DIPC, PMAS)
Photochemical behavior of Ruthenium(Il) complexes in Choline
Geranate (CAGE) ionic liquids

14:30-14:45

Li-Ting Zhuo (Fu Jen Catholic University)
The characteristic of photo-induced 3MLCT emission behavior for

Ru-TBPZ chromophore, a Ru-(cyclometalated) chromophore

14:45-15:00

Amelia Kacperkiewicz (University of Manitoba)
From rags to riches: enabling abundant metals to exhibit
significant photophysical and magnetic properties using efficient
ligand design

15:00-15:15

Eleanor R. Windle (University College Dublin)

Contrasting excited state processes of Zn(ll) and Cu(ll)

phthalocyanines

15:15-15:30

Elena Dallerba (Curtin University)

Unveiling the potential of Iridium complexes in tissue imaging

15:30-16:00

Coffee Break




Session 4

Chair: Arindam Saha (Université de Montréal), Martina Mazzaferro (University of

Messina)

yOC-17

yOC-18

yOC-19

yOC-20

yOC-21

yOC-22

yOC-23

16:00-16:15

Chizuru Kasahara (University Jena)
[FeFe]-Hzase mimicking complex bearing two organic

photosensitisers for photocatalytic H2 evolution

16:15-16:30

Sophia Lipinski (Technical University of Munich)
Diphosphine design enables rainbow emitting Ag(l) complexes for

light-emitting electrochemical cells

16:30-16:45

Edoardo Marchini (University of Ferrara)
A deep insight into the role of basic additives in the charge

injection of Fe(ll)-based complexes

16:45-17:00

Simon A. Liedtke (Lund University)

Reaction-diffusion simulations of photoredox processes in

solution

17:00-17:15

Ana Karem Vega Salgado (Université Catholique de

Louvain)
Key factors influencing cage escape in photoinduced electron

transfer

17:15-17:30

Sergio Aranda (University of Zurich)

Unveiling the activation pathway of the CO: reduction catalyst
trans-(Cl)-[Ru(X,X’- dimethyl-2,2’-bipyridine)(CO)2Cl] by direct

spectroscopic observation

17:30-17:45

Othmane Essahili (Mohammed VI Polytechnic
University)

Sustainable luminescent materials for next-generation smart

building integration

Tuesday, July 8"

Session 5

Chair: Federica Giorgianni (University of Messina)

yOC-24

9:00-9:15

Francesca Mancini (University of Bologna)
Supramolecular interaction in Ru-Co and Ru-Fe complexes for

efficient solar-driven hydrogen evolution and CO2 reduction




yOC-25

yOC-26

yOC-27

yOC-28

yOC-29

9:15-9:30

Oussama Bindech (Université de Strasbourg)
Combining effective hamiltonians and Brillouin-Wigner approach:
a step by step construction of energy states from perturbation

theories

9:30-9:45

Fumika Sueyoshi (Kyushu University)

Photocatalytic Hz evolution by pyridinium-tethered mononuclear

and dinuclear Platinum complexes

9:45-10:00

Minli Zhang (Uppsala University)

High-efficiency photoinduced charge separation in Iron N-

heterocyclic carbenes

10:00-10:15

Elkhansa Elbashier (University of Otago)
Altering the optical properties of Zn-porphyrin through (-

substitutions

10:15-10:30

Andrea Mantovani (University of Ferrara)
Comparison of Iridium sensitizers employed in the

photoelectrochemical generation of added-value organics

10:30-11:00

Coffee Break

Session 6

Chair: Salvatore Genovese (University of Messina)

yOC-30

yOC-31

yOC-32

yOC-33

11:00-11:15

Baldeep K. Sidhu (University of Manitoba)
Stabilizing high spin states in Fe(ll)-Namico complexes to tune

visible light absorption and excited state behaviour

11:15-11:30

Hirohisa Yanagikawa (University of Tokyo)
Novel spectroscopic approaches to evaluate the excited triplet

states of metal complexes using magnetic circular dichroism

11:30-11:45

Nicoloé Quadrio (University of Milan)
Plastics detection using hydrogels functionalized with switchable

Iridium complexes

11:45-12:00

Arindam Saha (Université de Montréal)
A bright exception: rare case of anti-Kasha 'ILCT emission from

Co(lll) complexes based on amidine-N-oxide ligands




yOC-34

12:00-12:15

Greta Fogar (University of Trieste, Leiden University)

Sn'V-porphyrins conjugates as bio-inspired models for artificial
photosynthesis

yOC-35

12:15-12:30

Yu-Hui Lin (Fu Jen Catholic University)
Examine 77 K phosphorescence of [Os(bpy)z(en)]?*: ADF

modeling and spin-orbit coupling mediated intensity stealing

12:30-13:45

Lunch Time

Session 7

Chair: Claudio La Falce (University of Messina)

yOC-36

yOC-37

yOC-38

13:45-14:00

Federica Ruani (/SOF-CNR)

Solvent-controlled photoinduced processes in a bis(acridinium-

Zn(Il) porphyrin)-tetra(4-pyridyl) porphyrin host-guest complex

14:00-14:15

Felix Glaser (Université Catholique de Louvain)
Welcome to the dark side: photoactive Iron complexes with

microsecond excited-state lifetimes

14:15-14:30

Luis G. A. do Nascimento (University of Sdo Paulo)
Investigation on one-electron reduced species of Re(l)-

naphthalimide photosensitizers

14:30-14:40

Closing Remarks
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y-ISPPCC 2025 Milazzo (ME) - Italy yOC-1

New antennae for photoswitchable luminescent lanthanide(lll)
complexes

Y. Fréroux,® S. Kiraev,” A. Banyasz,” O. Galangau,? O. Maury,? L. Norel*2 and S. Rigaut*?

@ Univ Rennes, CNRS, ISCR, Université de Rennes, UMR 6226, F-35000 Rennes, France
> Univ Lyon, CNRS, ENS de Lyon, UMR 5182, F-69007 Lyon, France
yoann.freroux@univ-rennes.fr

Lanthanide(lll)-based complexes are widely used due to their original emission features
such as long-lived and narrow bandwidth luminescence from the visible up to the near
infrared spectral range.['l Photomodulation of this emission is a fundamental challenge,
which has been mostly achieved with visible light emitting Eu(lll) complexes, whereas our
research group more recently achieved photoswitchable NIR luminescent lanthanide(lll)
complexes.?]

To this end, we have previously designed a new ligand bearing a dithienylethene (DTE)
moiety, efficient for quenching the luminescence of lanthanide(lll) complexes by energy
transfer in only one of its two states, even in the NIR region, paving the way for applications
ranging from anti-counterfeiting systems to super-resolution microscopy. However, at this
stage, these systems suffer from low brightness and present only destructive readout.?!

Here, we present a new strategy based on new boranil-based lanthanide(lll) complexes
displaying (i) an improved brightness with a high on/off intensity quenching ratio, (ii) an
antenna effect leading to lanthanide ion NIR emission (Ln = Yb, Er) with a non-destructive
readout through selective visible light excitation in the boranil centered absorption band.
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Figure 1. An Ytterbium(lll) complex combining a photochromic dithienylethene ligand and a fluorophore as
an antenna provides efficient luminescence switching with non-destructive readout behaviour.
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Alkyne bonds offer great potential as a potent spacing group in bridging ligands for key
functionalities in light-driven catalysis based on ruthenium polypyridyl complexes.!'!

While providing great co-planarity of the polyaromatic backbone, alkynes tend to undergo
hydrogenation when being exposed to reductive conditions (e.g. in presence of sacrificial
electron donors), leading to a loss in efficient communication and diminished catalysis.

Herein, we present the utilization of a macrocycle (cucurbit[7]uril; CB[7]) used as a protective
motif for the labile alkyne linkage and leading ultimately to the formation of a heterodinculear
rotaxane structure capable for NAD* hydrogenation (Figure 1). The implementation of the
macrocycle showed extended durability of the catalyst by shielding the alkyne moiety from
being irreversibly reduced.
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Figure 1: Molecular depiction & DFT structure of Hetero[2]Rotaxane.
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We synthesized the photoinduced quenching complex, [Ru(tpm)(prbim)(NH3)]?* to
investigate the excited-state relaxations between triplet metal-to-ligand charge-transfer
(3MLCT) and metal-center (3MC) states, where prbim and tpm are N,N'-propylene-protected
1H, 1'H-2,2'-biimidazole and tris-(1-pyrazolyl)methane, respectively. The complex was
characterized based on its electrochemical properties and room-temperature absorption
spectra, while no phosphorescence signal was observed at 77K. To further understand this
behavior, we developed a computational model.Electrochemical analysis revealed that the
Ru(tpm)(prbim)(NHs)]>* complex does not exhibit a reduction wave corresponding to the
coordinated prbim moiety in the low cathodic wave region. This phenomenon is likely due to
the high reduction energy of the n*-orbitals in both the prbim and tpm ligands.Furthermore,
the emission spectra at 77K were too weak to be detected, prompting an investigation into
the underlying causes. Density Functional Theory (DFT) modeling of
[Ru(tpm)(prbim)(NHs3)]?>* suggests that the transition from SMLCT to 3MC states occurs via
modifications in metal-ligand bond lengths, providing insight into the quenching mechanism.
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[Ru(tpm)(prbim)(NH3)]** Poar A

Figure 1. lllustration of the computational model for the relaxation of the 3SMLCT and 3MC excited states for
the target complex [Ru(tpm)(prbim)(NHz)J?*: (a) potential energy diagram illustrating the energy gap between
the SMLCT and 3MC excited states. (b) Natural Transition Orbitals (NTOs) of the 3SMLCT and 3MC states, with
spin density (SD) and orbital population. (c) Structural representation with labeled coordinating atoms.
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Vapochromism, which refers to the gaseous molecule-induced color or emission changes in
materials, has drawn much attention in the view of gas sensing.l'l Super-resolution
microscopes, which have been historically developed for biological cells, would be
appropriate for investigating vapochromism of solid materials, because time-dependent,
three-dimensional vapochromic behaviors can be traced with meso/micro spatial
resolutions.

Our laboratory has prepared the attachments for vapochromism of solid materials. Briefly,
the sample was initially placed on a cover glass with a frame. After a solvent was injected
into reservoirs in the frame, followed by sealing the system with a top cover. Just after
closing the top, three-dimensional luminescence images and their spectra, as well as
corresponding transmitted light microscopy images, were observed.

Using this system, our laboratory (a)
successfully  observed  the HO—
vapochromic behaviors of
[Pt(CN)2(H2dcbpy)] (Figure 1a).l
Figure 1b shows typical confocal

laser phosphorescence  Figure 1. (a) Molecular structure of [Pt(CN)2(H2dcbpy)] and

: : (b) confocal laser phosphorescence microscopy images
microscopy images overlapped overlapped with transmitted light microscopy images of its

with transmitted light microscopy  particle before and after exoosure to MeOH vapor.
images for [Pt(CN)2(H2dcbpy)]
particles before and after
exposure to MeOH vapor. After
exposure to MeOH vapor, the
phosphorescence intensities of
particles obviously increased,  Figure 2. (a) Molecular structure of fac-[Re(CO)sBr(ppt)] and
which corresponded to the three-  (b) confocal laser phosphorescence microscopy images of its
dimensional vapochromic particle before and after exposure to CHCIs vapor.

behaviors. This vapochromic behaviors reflects the amorphous-to-crystal transition of
[Pt(CN)2(H2dcbpy)] induced by MeOH vapor.

In fac-[Re(CO)3Br(ppt)] (Figure 2a), the vapochromic single-crystal-to-single-crystal phase
transitions were investigated by confocal laser microscopy. In order to observe vapochromic
behaviors within several hours, the attachment was improved, and thus, the vapochromism
was successfully observed. In the confocal laser phosphorescence microscopy images
(Figure 2b) of a particle, after exposure to CHCI3z vapor, the phosphorescence intensity
initially increased in certain regions, and then, spread over other regions of the particle,
which indicates the three-dimensional vapochromic behaviors.
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Solar energy conversion is at the basis of life on Earth through natural photosynthesis.
Therefore, chemists tried over the last decades to reproduce it. However, a caveat in natural
or artificial photosynthesis is that excited-state population by photon absorption is often
accompanied by 20-30% energy loss through vibrational relaxation (VR) and internal
conversion (IC).[M Thus, the reactive excited state is lower in energy than the one initially
formed by photon absorption. Anti-dissipative strategies were postulated to prevent these
energy losses or slow down the timescale at which they take place, allowing to trap high-
energy excited states useful for photoredox catalysis.

. At To mediate those VR and IC processes, Kasha’s rule
B - needs to be circumvented by decreasing the electronic
N%R coupling between excited states. Previous work from our
L on, | R2 groups focusing on binuclear and trinuclear Ru(ll)
e N A - photosensitizers has highlighted that an anti-dissipative
RN A DR, v behavior could be achieved by carefully controlling the
’ '; - topology of the ligand bridging the different Ru(ll) centers

1 =Rz = H (Ru-bpy)

(=cChy Ro=HRe-Mpy  (Figure 1).  All-meta (5,5’) connections led to
e Rusimayy” photosensitizers that exhibited an Anti-Kasha behavior
1=HR=CH RS0 \while photosensitizers  with para (4,4’) connections

Figure 1: Structure of the complexes behaved like conventional [Ru(bpy)s]?* photosensitizers.!?!
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In this study, we investigated other factors that could impact the anti-dissipative behavior
while keeping the weak electronic coupling scenario provided by the bridging
2,2':5’,37:6”;2""-quaterpyridine scaffold. Substituents were added on the ancillary 2,2’-
bipyridine ligands to influence the energy level of the later vis-a-vis the bridging ligand. These
changes were investigated using classical spectroscopy methods, (spectro)electrochemistry
as well as more advanced nanosecond and femtosecond transient absorption spectroscopy
(nsTAS and fsTAS, respectively). This study allowed us to unambiguously identify the
precise nature of high-energy excited states, and derive design guidelines for the
achievement of anti-dissipative behavior in oligomeric Ru(ll) polypyridines relevant for
photoredox catalysis.
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The divalent cations Mg?*, Ca?* and Zn?* are all essential for human life. Consequently,
there is great interest in monitoring their concentrations in cells and tissues, in real time,
using fluorescent probes in conjunction with fluorescence microscopy.' The binding unit of
a given probe must be tuned to target different biologically relevant metal ions selectively.
With respect to Mg?* detection, osaminophenol*N,N,O-triacetate (APTRA) is a commonly
used binding unit, despite the fact it also binds to Ca?* and Zn?* (Figure 1).2

o @ ©

(o] O, (0]
o2 j/ O Replaced o j/
N (o} N (o]
\n/\ O\)J\O@ for S \”/\ S\)koG)

) | 0
APTRA S-APTRA

Figure 1. Structures of APTRA (left) and S-APTRA (right).

Work within the group has focused on new ligands related to APTRA, but which have been
modified in such a way that the selectivity for different metal ions changes profoundly. We
have discovered that the replacement of the phenolic oxygen atom of APTRA with sulfur
gives a new ligand, o-aminothiophenol-N,N,S-triacetate (S*"APTRA), that binds to Zn?* very
strongly, and with high selectivity over Mg?* and Ca?* (Figure 1). We have devised and
implemented a synthetic route to fluorescent derivatives of S-APTRA, including a particularly
exciting example in which the ligand is connected to a rosamine fluorophore. This new
molecule possesses many of the desirable features of a bio-compatible fluorescent probe,
including the ability to excite at long wavelengths in the visible region.

We have now shown that this probe gives a 12
significant turn-on emission response upon S 10
Zn?* binding, with no interference from either £ 08
Mg?* or Ca?* (Figure 2). It also has the 3 os
advantage of improved water solubility S 04
compared to many of the other reported Zn?* § 0.2
probes, whilst the high (pentadentate) denticity 0.0

. 540 590 640 690
prevents the formation of ternary complexes Wavelength / nm
with  endogenous  biological molecules, Figure 2. Emission spectrum of St APTRA-
allowing the sole detection of free Zn?*in vivo,  osamine (black) and in its Zn2*-bound forms
This renders S-APTRA-Rosamine a reliable (green) in aqueous buffer solution (50 mM
and selective Zn2?* probe, with potential HEPES, 100 mM KClI, pH 7.21).

application in cellular imaging.
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Ruthenium(ll) polypyridyl complexes keep attracting attention for their rich photophysical,
photochemical and electrochemical properties. Theoretical approaches are widely used to
confirm and assign the experimental data. Different types of polypyridyl ligands, substituted
or non-substituted, have extensively been studied for various applications, such as the
modeling of photosystems, luminescent probes for DNA, RNA or G-quadruplexes, etc.l' The
prototype of a luminescent probe is [Ru(o-diimine)2(dppz)]?*, where o-diimine = 2,2'-
bipyridine (bpy), 1,10-phenanthroline (phen) or 1,4,5,8-tetraazaphenanthrene (tap), and
dppz = dipyrido[3,2-a:2',3'-c]phenazine. This type of complexes can intercalate into DNA
grooves with the dppz phenazine part!™ A new time-resolved infrared
spectroelectrochemical (TRIR SEC) technique capable of investigating the excited state
dynamics of in situ generated redox products with ps—ns time resolution will be introduced.

In this work, CN-substituted dppz ligands (Figure 1) were used to lower the HOMO-LUMO
energy gap. The influence of the nitrile group on the redox behavior and its IR-probe function
has been determined by electrochemical and spectroelectrochemical measurements!®! and,
more importantly, pioneering TRIR SEC measurements. Theoretical calculations have been
performed with Gaussian 16, Rev. C01 quantum chemical package. DFT calculations were
used to characterize the localization of the first three electrochemical reduction steps.

/’\

“ dppz Ry/Ra=H/H
f 11-CN-dppz Ri/Rz=—=N/H

L J/ Rz 11,12-diCN-dppz ~ Ry/Ry =—=N/—=N

Figure 1. Structures of investigated dppz ligands in [Ru(tap).(dppz-R1,R2)]**.
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Conventionally, photochemical reactions occur only from the lowest excited state of the
photoactive species while higher excited states relax on a ps timescale, and the additional
energy is lost, limiting photochemical reactivity.l'?l Here we present a molecular design
strategy to slow the relaxation of the higher 3MLCT excited states of Ni' complexes from the
sub-ps to the ns timescale.

From the excited SMLCT state, square planar Ni' complexes undergo molecular distortion
and fast deactivation into low lying 3MC states. Our approach is to suppress this nonradiative
deactivation by introducing cooperative rigidity. The excited-state behavior of three new Ni'"
complexes was probed via UV-Vis and IR fs-TA spectroscopy. The combination of a
structurally rigid tridentate chelate with a bulky mesitylene-substituted monodentate
isocyanide ligand extends the photoactive 3MLCT state lifetime by three orders of
magnitude: from 0.5 pst! (for the sterically unhindered MeCN complex) to 48 pst®! (for the
previously published isocyanide complex) to 915 ps, presented herein.

The elongated lifetime enables bimolecular photochemistry from this higher excited state,
an unusual type of reactivity minimizing energy losses. We present triplet-triplet energy
transfer quenching studies with three high energy acceptors, investigated by fs-TA
spectroscopy.
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The growing necessity to mitigate human-induced CO2 emissions has driven research
toward innovative approaches for converting them into value-added products. Recent
findings in designing molecular catalysts for the CO2 reduction reaction (CO2RR) have
focused on metal complexes with ligands that exhibit a significant degree of electronic
delocalization, a feature crucial for reducing overpotential and enhancing selectivity over the
competitive hydrogen evolution reaction (HER). [-2]

In this communication, we report the catalytic activity of a Fe(ll)-based molecular catalyst
for CO, reduction, featuring a hexadentate, redox-active DBPy-PyA ligand (1-([2,2’-
bipyridin]-6-yl)-N-([2,2’-bipyridin]-6-yImethyl)-N-(pyridin-2-ylmethyl)-methanamine), under
electrochemical and photochemical conditions. We optimize the catalytic performance of the
Fe(ll) complex through a fine-tuning of the proton donor, photon flux, and different
photosensitizers, achieving over 99% selectivity and one of the highest reported quantum
efficiencies.l¥l Furthermore, time-resolved spectroscopy and DFT calculations provide a
mechanistic understanding of electrochemical and photochemical behavior.[*5]
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The fundamental discovery of the anticancer properties of metal-based drugs, such as
cisplatin and its derivatives, has been crucial in advancing cancer chemotherapy. However,
the side effects associated with platinum-based treatments have paved the way for the
search for safer and more efficient alternatives. Photoactivated Chemotherapy (PACT) is a
promising alternative therapy that uses light to activate prodrugs, converting them into potent
anticancer agents.l'l The resulting bioactivity may stem from the dissociated ligand, the
metal-based product, or synergistic effects between both species.

Ru(ll) polypyridyl compounds have attracted considerable attention due to their favorable
photophysical properties.l?! Understanding their excited-state dynamics is key to optimizing
photodissociation efficiency and enhancing therapeutic potential. Density Functional Theory
(DFT) serves as a valuable tool for studying photochemical reactions and characterizing the
excited states involved.

In this contribution, we present a computational analysis of the photodissociation
mechanism of THCRuUACN (Figure 1), a Ru-based photocage model compound. Upon
exposure to near-infrared light, THCRUACN undergoes a photodissociation process,
releasing a nitrile group and yielding the resulting species THCRUWAT.EIDFT calculations
reveal that this process is facilitated by the metal-centered triplet excited state ((MC), where
the coordination environment and the tridentate ligand play a crucial role in the
photodissociation pathway.

S
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W
SMLCT-to-*MC Acetonitrile
THCRUACN Conversion Dissociation Hydrolysis THCRuWAT

Figure 1. Mechanism of Photodissociation of THCRUACN complex.
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Platinum-based coordination compounds, featuring donor and acceptor moieties,
demonstrate complex electronic and structural dynamics. These include formation of long-
lived charge separated states which have extensive application within artificial
photosynthesis and photocatalytic development. Specifically, increasing the yield of these
desirable states against those of other competing pathways is a current challenge. Some
success in modifying excited state lifetimes and yields has been achieved through
synthetic functionalisation and the recently introduced concept of IR-control of
photochemical pathways.['-2]

However, variation of the local environment also has extensive effects on the dynamics.
Here, we demonstrate how changes in solvent polarity can induce as much as a 10-fold
increase in singlet state lifetimes of some Pt(ll) trans-acetylide complexes, which feature
an aromatic acid anhydride or an aromatic imide as the acceptor.

Remarkably, a change from previously well-studied imides (X = N, R = alkyl) to the
corresponding anhydride (X = O) dramatically changes excited state dynamics whilst
preserving the population of the charge-separated state.

This dependence on the environment and the heteroatom was discovered using several
ultrafast transient spectroscopy techniques including transient absorption (TA), transient
infrared (TRIR), and femtosecond broadband fluorescence up-conversion spectroscopy
(FLUPS).
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Figure 1. trans-(4-ethynyl-1,8-naphthalic anhydride)Pt(PBus)2R.
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In this study, we investigate the photophysical and photochemical behavior of three model
ruthenium(ll) polypyridyl compounds: [Ru(bpy)s]** (1), [Ru(bpy)2(py).]** (2), and [Ru(tpy).]**
(3) in water!l and in unconventional solvents, such as the ionic liquid choline geranate
(CAGE IL). CAGE ILs, composed of choline and geranic acid, have been widely studied for
their ability to enhance transdermal, subcutaneous, and oral drug delivery, effectively
facilitating the release of antiviral, anticancer, and antifungal drugs without exhibiting in vivo
toxicity.[?

Herein, UV-Vis spectroscopy was employed to analyze the absorbance of 1-3 before and
after irradiation with blue and green light at varying time intervals. In water, only 2 exhibited
significant photoactivity, whereas in CAGE IL, both 1 and 2 underwent photoinduced ligand
dissociation.®l Compound 3 remained photochemically inactive in both solvents. The
influence of CAGE IL concentration in aqueous mixtures was also evaluated, revealing its
critical role in the photoreactivity of 1. Computational studies (DFT) indicated that
photoactivity of 1 in CAGE IL originated from the stabilization of the 3MC (metal-centered)
state. Additional experiments, including NMR analysis, emission spectroscopy, lifetime
measurements, and quantum vyield determinations completed the photophysical
characterization of 1 in CAGE IL compared to water.

These findings provide insights into the impact of CAGE IL on the photoactivity and stability
of ruthenium-based compounds, with potential implications for photochemotherapy and

photocatalysis.
Q/
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Figure 1. Structure of the ruthenlum compounds used in this study
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This is a rare report of Ru-(Cyclometalated), Ru-CM, phosphorescent chromophore in the
mixed ligand [Ru(bpy)2(CM)]*, type complexes for [Ru(bpy)2(TBPZ)]*, where bpy 2,2’-
bipyridine, TBPZ = Tribenzo[a,c,i]Jphenazine. The [Ru(bpy)2(TBPZ)]* complexes was
synthesized and its electrochemical and photophysical properties were characterized. In the
cyclic voltammogram scan, the first reduction potential in the negative region corresponds
to the reduction of the TBPZ-"-2. The observed absorption spectrum shows a low-energy
metal-to-ligand charge transfer (MLCT) band, which is attributed to contributions from both
Ru-TBPZ and Ru-bpy moieties based on the DFT modeling. The 77K MLCT
phosphorescence behavior of [Ru(bpy)2(ppy)l* (ppy = 2-phenylpyridine) is well-know
characteristics of Ru-bpy chromophore.l'?l The characteristics of 77K phosphorescence
observations and computational modeling in this study indicate that [Ru(bpy)2(TBPZ)]*
exhibits the Ru-CM phosphorescent chromophore
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Figure 1. The 298K absorption spectra in CH3CN and 77K emission spectra in butyronitrile glasses. (right
panels), and structure of [Ru(bpy)z(ppy)l* and [Ru(bpy)z(TBPZ)]* (left panels).
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Coordination chemistry allows one to combine the unique influence of metals on the
physical properties of molecules with the ability to further tune these properties using ligand
design. Accordingly, coordination complexes can be applied in light emitting diodes, artificial
photosynthesis schemes and dye-sensitized solar cells, magnetic materials and sensors,
and much more. From a sustainability perspective, the responsiveness of molecular
properties to those of the ligand presents the opportunity to rationally engineer the
favourable characteristics of heavier, rarer transition metal elements into complexes of more
abundant, renewable 3d metals.["

With this aim in mind, our group has sought to delineate the impact of nitrogen donor motifs
and benzannulated C=N moieties on the photophysical, magnetic, and photochemical
properties of first row transition metal coordination complexes.l?! In this presentation, | will
describe ligand motifs with amido (:NR2) character and their remarkable influence over
photophysical properties such as light absorption, excited states, and photochemistry
beginning with iron and extending to earlier metals such as manganese and chromium.

26
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Phthalocyanines are promising photodynamic therapy (PDT) sensitizers with strong
absorbance in the biological window and photophysical properties determined by the
aggregation state.[Vl This study has monitored the excited state dynamics of a regiopure
zinc(ll) phthalocyanine (1) using transient absorbance (TA) spectroscopy in different
environments from femto- to micro-second time scales. While either the fast or slow
processes have been reported on related complexes,i? this is the first study to examine this
full time range providing a full understanding of the excited state processes of 1. This has
revealed 1 to be monomeric and luminescent in DMSO with a strong ground state bleach
band, stimulated emission and transient excited state absorbances. In this environment, 1
possesses an S1 lifetime of 1.8 ns, matching the fluorescence lifetime, followed by a longer-
lived triplet lifetime of 210 ps suitable for PDT. In aqueous solution, 1 forms soluble
aggregates with rapid non-radiative decay with lifetime of 74 ps. This provides 1 with high
photothermal therapy (PTT) activity. An isotope effect was observed for 1 with a 32% shorter
lifetime observed in H20 compared to D20. With good potential for both PDT and PTT, and
the ability to modulate between aggregated and monomeric state using nucleic acids, 1 is a
promising dual-activity photosensitizer.!!

These photophysical properties have been compared to the equivalent paramagnetic Cu(ll)
phthalocyanine (2) that shows phosphorescence. 2 possesses ultrafast intersystem
crossing (T = 1 ps) in both aqueous and organic environments. Following this, a lifetime of
~20 ns is observed in both environments. The effect of varying environment on the
aggregation behaviour and excited state dynamics of 1 and 2 has been studied using
alternative organic and deuterated solvents and organic/aqueous mixtures.
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Figure 1. (a) Structure of 1 and 2. (b) TA spectra of 1 in DMSO and D20. Recovery of (c) ground state bleach
band of 1 and (d) transient band of 2 in DMSO and D20.
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The photophysical properties of transition metal complexes can be finely tuned through
chemical modifications of their ligands.l"2 For this reason, iridium complexes have been
extensively studied for cell staining applications. Nevertheless, the application of such
complexes as probes for tissue staining remains a relatively unexplored field. This
presentation will showcase whether ligand modifications can further enhance the
photophysical properties of these complexes, enabling the synthesis of probes suitable for
biological imaging. Specifically, we assessed a series of luminescent transition metal
complexes for their potential as imaging probes in brain tissue samples. Currently, the
availability of fluorescent probes for ex vivo tissue section imaging is significantly limited
compared to those designed for in vitro live or fixed cell imaging. This gap poses a challenge
for advancing neurobiological research, which relies on fluorescence microscopy to
elucidate neurological function and disease mechanisms. In this study, we utilized novel
fluorescent probes to stain brain tissue and demonstrated their imaging capabilities using
confocal microscopy.

e
800 pm

Figure 1. Microscopy image showing the staining of mouse brain tissue using an Ir(lll) luminescent probe.
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Photocatalytic H2 evolution has attracted interest from the scientific community, and
numerous efforts have been made to modify the reaction greener and more sustainable, i.e.
substitute precious metals to the earth-abundant elements. One promising compound for
the noble-metal-free catalytic centre is [(u-S)2Fe2(CO)es], the mimic of [FeFe]-H2ase’s
catalytic centre (CAT), as the enzyme is known to exhibit remarkable H2 production.!'!
Thereby, applications of [(u-S)2Fe2(CO)s] derivatives for photocatalytic H2 production have
been investigated by combining with a photosensitiser (PS).[? 3

In this contribution, we present a novel molecular catalyst (PS-CAT) which builds on our
previous joint synthetic-spectroscopic-theoretical studies* ° and covalently connects two
metal-free PSs and one CAT (Figure 1). The molecular triad structure can avoid diffusion
control interaction between PS and CAT, and (potentially) increase the probability of
accessing the excited state of PS which triggers photoinduced electron transfer (ET) from
PS to CAT. The new PS-CAT was investigated in terms of the electro- and photo-reduction
properties, combining experimental and computational approaches to achieve a
comprehensive understanding of the (photo)reduction mechanism of the new triad.
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Figure 1. Molecular structure and photocatalytic activity of PS-CAT. The reactions were performed under
455 nm irradiation in the presence of 1, 3-dimethyl-2-phenylbenzimidazoline in N-Methyl-2-pyrrolidone.
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Light-emitting electrochemical cells (LECs) are the simplest and cheapest lighting devices as they
combine a single-layered device architecture, air-stable electrodes as well as lowcost and up-
scalable solution-based fabrication techniques.!"! As the demand for sustainable electroluminescent
emitters is constantly increasing, d'° ionic transition metal complexes (iTMCs) have emerged as
more ecologically friendly and cost-effective alternatives than their Ir(lll) and Ru(ll) counterparts.
Over the last decades, the photo- and electroluminescent properties of heteroleptic Cu(l)-iTMCs
have been widely studied, while heteroleptic and homoleptic Ag(l)-iTMCs have been neglected.?!
This is related to the i) poor electrochemical stability upon reduction, i) controversially discussed
emission mechanisms and iij) lack of low-energy emitting Ag(l)-i TMCs.*!

Herein, we will rationalize the photo-/electroluminescent and electrochemical properties of a
rainbow emitting homoleptic Ag(l) series (Aem = 450-690 nm; ¢ up to 48 %) that was accessed by a
subtle modification of the diphosphine ligand without dramatically affecting the steric properties (e.g.
bite angle).®! They feature a thermally activated delayed fluorescence mechanism in crystalline
powder that has rarely been observed in cationic fourcoordinated Ag(l)-iTMCs. More striking,
dramatic changes in the emission properties (bathochromic shifts of up to 130 nm) from crystalline
powder to thin-films were found and rationalized by PXRD and DFT/TDDFT studies. This new Ag(l)
family exhibits improved electrochemical stability in solution and in LECs compared to prior art as
evidenced by CV and EIS measurements. This finally resulted in LECs that can compete in terms of
brightness and efficacy with the well-established Cu(l)-based LECs.

alel |

Figure 1. Diphosphine design toward rainbow emitting homoleptic cationic Ag(l) complexes for LECs.
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Since the pioneering contribution of Ferrere and Gregg, iron complexes have demonstrated
the ability to undergo charge injection into a semiconductor substrate, despite the low Power
Conversion Efficiency (PCE) of the resulting Iron-Sensitized Solar Cells (Fe(ll)-SScs) M.
Recently, we reported a panchromatic co-sensitization strategy based on Fe(ll)-NHC
complexes, achieving an exceptionally high photocurrent density of 9 mAcm2 [l
Nevertheless, the PCE remains limited by the low open-circuit photovoltage (Voc), which
generally is typically improved by tuning the TiO2 Fermi Level position through the addition
of an electron-rich base, such as tert-butyl pyridine (TBPy), to the electrolyte. However,
despite the injection driving force on the order of 1 eV, which suggests no thermodynamic
limitations, the presence of these alkaline additives proves detrimental in the system’s
efficiency. To date, the reasons behind the photocurrent loss remains cryptic. Herein, we
reported a deep investigation on the role of tert-butyl pyridine in Fe(l)-SSCs and its impact
on photocurrent suppression, combining photoelectrochemical analysis with ultra-fast
spectroscopy. Thermodynamics effects contribute to the performance degradation, as
depicted by the Marcus parabola trend. Nevertheless, compared to well-established
ruthenium complexes, it is not sufficient to outline the observed losses.

TiO,

Figure 1. Schematic representation of an Fe(ll)-SSC, with the absorption of TBPy onto TiO: also depicted.
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A computational method to simulate bimolecular quenching reactions in solution using
coarse-grained reaction-diffusion dynamics is presented and applied to quenching of
molecular photosensitizers in solutions.['234] The simulations are implemented to describe
photoinduced reactions involving explicit excited states of light-harvesting species, that can
be populated by a pulsed excitation, together with intrinsic deactivation as well as collision
quenching from separate quencher species (Figure 1). The presented simulation
methodology is applied to quenching of light-harvesting Fe(lll) complexes in electron
donating solvents over a wide range of quencher concentrations as a prototype system of
experimental interest for the reaction-diffusion dynamics over a wide range of
concentrations.®! The results show clear signatures for the transition from classical diffusion-
limited Stern-Volmer dynamics to close-contact quencher-photosensitizer interactions at
high quencher concentrations, and the simulations are used to assess physically realistic
photosensitizer-quenching collision interaction parameters for photoinduced dynamics
beyond the classical Stern-Volmer model.
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Figure 1: Collision quenching of donor and excited acceptor.
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The interaction between an excited-state photosensitizer and a quencher within an
encounter complex can give rise to bimolecular electron transfer, leading to the formation of
the corresponding geminate radical pair. The cage escape yield, i.e. the separation of the
geminate radical pair is key for many light induced transformations. Many factors have been
proposed to affect the cage escape process, such as the spin, the driving force for forward
or reverse electron transfer, viscosity, etc 2. One of the parameters that has been
proposed to influence the cage escape is the driving force for forward or reverse electron
transfer between a photosensitizer and a quencher 2341,

In here, we investigated the effect of spin and driving force for forward and reverse electron
transfer using 8 Ruthenium and 4 Osmium photosensitizers and using phenothiazine and
tris(4-methoxyphenyl)amine as electron donors. Quenching rate constants, determined by
steady-state and time-resolved spectroscopic techniques, ranged from 9x107 to 1.5x10"° M-
's™! in acetonitrile. The cage escape yields were determined through comparative
actinometry method, using changes in molar absorption coefficients that were determined
by spectroelectrochemistry. Clear trends with driving force as well a spin state were
observed, where cage escape yields were larger for Ru(ll) than Os(ll) photosensitizers and
were also larger when the driving force for geminate charge recombination was located
furthest in the Marcus inverted region.
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Unveiling the Activation Pathway of the CO2 reduction catalyst Trans-
(C-[Ru(X,X’- dimethyl-2,2’-bipyridine)(CO)2CI2] by Direct
Spectroscopic Observation!']

Sergio Aranda, Luka Tatarashvili, Kerstin Oppelt, Peter Hamm Department of Chemistry,
University of Ziirich, Switzerland

We report on the activation pathway (Figure 1) of a series of COz reduction catalyst, Trans-
(CN-[Ru(X,X’-dimethyl-2,2’-bipyridine)(CO)2Cl2, with a focus on Trans-(Cl)-[Ru(6,6'-
dimethyl-2,2’-bipyridine)(C0)2CI2 or Ruédmbl?], in the presence of the reductive quencher
1-{benzyl}-1,4-dihydronicotinamide or BNAH and the photosensitizer Ru(bpy)sCl2. Most
mechanistic studies of these types of catalytic systems use spectroelectrochemistry in the
IR, where the vibrational frequencies of the carbonyl vibrations report on the electron density
on the metal center. However, spectroelectrochemistry may miss short-lived intermediates,
while at the same time the spectra can be dominated by accumulating side-products, which
may play only a minor role in the reaction cycle. Transient IR spectroscopy on all relevant
timescales, from picoseconds to 100s of milliseconds, can bridge this gap, revealing a
surprisingly complex reaction pathway. That is, electron transfer from the reduced
photosensitizer is followed by a loss of a first chloride ligand, a replacement of the second
chloride ligand by a solvent molecule, and a ligand rearrangement that releases the strain
between the equatorial carbonyl ligands and the methyl group on the bpy ligand in this
catalyst. These reaction steps happen on a ten of nanoseconds to tens of microseconds
timescale. In the case of Ru6dmb, the complex is then reduced a second time from the
oxidized 1-{benzyl}-1,4-dihydronicotinamide on a significantly slower 10-100 ms timescale,
protonated and the solvent ligand is exchanged back to a chloride. The final product hence
is a hydride, trans-(Cl)-[Ru(6,6’-dimethyl-2,2’-bipyridine)(CO)2CIHE], which is stable on a
minute-to- hour timescale.
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Figure 1. Proposed mechanism for Ru6édmb as a catalyst, Rubp3 and BNAH system based on a)
experimental TRIR measurements and b) DFT calculations.
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In this work, five phenanthroline derivatives substituted with different methyl groups have
been selected to synthesize Bdiketonate-based europium complexes to check the
influence of the substitutions on the degradation effect of those complexes in poly(methyl
methacrylate) (PMMA) films. The photophysical properties of Eu(lll) complexes, including
absorbance, excitation, and emission have been carefully investigated in solution, solid-
state, and doped in PMMA film. In all these states, the complexes exhibit an impressive
red emission at 614 nm with a high photoluminescence quantum yield of up to 85%. The
films have been exposed under outdoor, indoor, and dark storage stability lifetime
conditions for 1200 hours. The photoluminescence measurements recorded every 400,
800, and 1200 hours demonstrated that the film containing europium complex with
phenanthroline ligand substituted by a high number of methyl groups (Eu(TTA)3L5)
showed good photoluminescent stability in indoor and dark conditions, and exhibited better
resistance to degradation in outdoor conditions compared to other complexes. This study
has proved that phenanthroline ligands could be tuned chemically leading to better stability
of those types of complexes in films which can be end-used for future stable optoelectronic
devices such as luminescent solar concentrators.
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Cyano (CN)-bridged ruthenium complexes, such as [Ru(bpy)xCNy], are known to form
photoactive supramolecular assemblies via cyanide group coordination to metal ions. These
complexes exhibit remarkable redox and photophysical properties, and their ability to form
polynuclear structures has been well-documented. [

In this study, we explore the potential of [Ru(bpy)2CNz] within the field of solar energy
conversion, focusing on its application to molecular hydrogen evolution and CO2 reduction.
The primary objective is to enhance the electron transfer from the photosensitizer to the
catalyst through supramolecular interaction, thereby improving the efficiency of the
photoreactions.

We investigate the formation of the supramolecular adduct between [Ru(bpy)2CN2] and
hexadentate polypyridyl cobalt and iron complexes. 34

Spectroscopic titrations were employed to monitor changes in absorbance, luminescence
intensity, and lifetimes of the [Ru(bpy)2CN2] complex upon addition of the catalyst. Our
results demonstrate the successful formation of 1:1 supramolecular adducts, exhibiting a
high association constant (Kass 0 10°M-1), which results in efficient static quenching of the
ruthenium complex emission. The photocatalytic system comprises the [Ru(bpy)2CNz]
photosensitizer, the catalyst and 1,3dimethyl-2-phenylbenzimidazoline (BIH) as sacrificial
electron donor, operating in an acetonitrile medium. Depending on the catalyst employed,
the photocatalytic cycle promotes one of the two photoreactions with highly promising
performances: hydrogen evolution in the presence of the cobalt complex and CO2 reduction

in the presence of the iron complex.
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Figure 1. Schematic representation of the photo-driven hydrogen evolution and CO: reduction mechanisms
through Ru-Co and Ru-Fe supramolecular interactions.
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The high computational cost of variational methods often drives the adoption of
perturbative approaches for determining the electronic structure of molecular systems. A
recent study("? introduced a multi-step Rayleigh-Schrodinger perturbative scheme that
sequentially constructs effective Hamiltonians, providing an efficient means to approximate
both model functions and their associated energies. In a subsequent step, the method
takes advantage of an updated partitioning of the Hamiltonian to perform a state-specific
Brillouin-Wigner energy correction, which further enhances the accuracy of the computed
results. Building on this framework, the method proposed here follows a similar step-by-
step approach for constructing the energy levels of a system, with a focus on reliably
determining the lowest-lying state energy. This strategy offers a more refined and
computationally efficient pathway for electronic structure calculations, making it especially
valuable for complex molecular systems.

The construction of the energy states is exemplified through several chemical systems,
highlighting its reliability in accurately capturing energy levels and its potential for practical
applications in spectroscopy, where precise energy state determination is essential for
understanding molecular properties and behaviors.
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Artificial photosynthesis has attracted much attention in recent years as one of the promising
approaches to solve the energy shortage and global warming. One of the interests has also
concentrated on the development of fully aqueous photocatalytic system.['l With this aim,
Pt-based single-molecular photocatalysts for H2 evolution reaction have been extensively
studied.?31 On the other hand, a recent mechanistic study revealed that dimerization of the
catalyst is a key to accelerate H2 evolution catalyzed by platinum-bipyridine type

complexes.! The
dimerization has been

) 7\ Pz
considered to play a key D_W_@_ @
cr’

role of stabilizing the
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on the metal-metal
bonding.?!
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Figure 1. The structures of Pt12* and Pt2**.

In this study, we synthesized new mononuclear
and dinuclear platinum photocatalysts (Pt12*,
Pt2**, Figure 1) to evaluate the role of
dinucleating ligand installed in Pt2*. By
adopting positively-charged pyridinium, these
complexes are designed to have high water-
solubility. Additionally, the rigid macrocyclic
chelate ligand is expected to facilitate the Pt-Pt
interaction. Pt12* and Pt2** were successfully
characterized by '"H NMR and ESI-TOF-MS
and elemental analysis. It was found that Pt1%*
and Pt2*" show photocatalytic activity for H
evolution in the presence of EDTA (Figure 2).
The difference in their photocatalytic activity
was investigated by photochemical and
electrochemical technique.
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Figure 2. Photocatalytic Hz evolution activities of
Pt12* (0.05 mM) or Pt2** (0.025 mM) in an aqueous
acetate buffer (pH = 5.0, 0.1 M) containing 20 vol %
TFE and EDTA (30 mM) under Ar. Irradiated by Xe

lamp (4 > 400 nm, 300 mW cm™2).

[11 F. Sueyoshi, X. Zhang, K. Yamauchi, K. Sakai, Angew. Chem. Int. Ed. 2023, 62 (9), e202217807.
[2] H.Ozawa, M. Haga, K. Sakai, J. Am. Chem. Soc. 2006, 128 (15), 4926-4927.
[8] K. Yamauchi, K. Sakai, Dalton Trans. 2015, 44 (18), 8685-8696.

[4] F.Wakiyama, Doctor thesis, Kyushu University 2020.

[6] K. Sakai, H. Ozawa, Coord. Chem. Rev. 2007, 251 (21-24), 2753-2766.



y-ISPPCC 2025 Milazzo (ME) - Italy yOC-27

High-Efficiency Photoinduced Charge Separation in Iron N-Heterocyclic
Carbenes

M. Zhang,? J. Schwarz,® O. Prakash,? A. llic,” K. Warnmark,? R. Lomoth?

aDepartment of Chemistry — Angstrém Laboratory, Uppsala University, SE-75120 Uppsala,
Sweden.
bCenter for Analysis and Synthesis, Department of Chemistry, Lund University, SE-22100
Lund, Sweden
minli.zhang@kemi.uu.se

Iron N-heterocyclic carbenes (FeNHCs) have, in recent years, emerged as novel
photoactive compounds and attracted tremendous attention for their potential in offering
interesting excited-state reactivities.l'!! Symmetry-breaking charge separation (SBCS) in
molecular systems has been widely investigated from a fundamental perspective and in view
of potential applications in photovoltaics and photocatalytic applications.” However, the
scarcity of bimolecular SBCS cases and the demand of solvation processes to assist the
SBCS in multichromophoric assemblies has limited the application of SBCS reactions. It has
been proven that certain Fe(lll) N-heterocyclic carbene compounds provide exceptional
properties that are capable of oxidizing or reducing the complex in its ground state by its
2LMCT excited state. Bimolecular SBCS of a Fe(ll)NHC complex was recently
demonstrated in fluid solution!® and the intrinsic driving force for charge separation makes
these chromophores promising candidates for SBCS in the solid state.[*l Herein, the
bimolecular SBCS study of several FENHCs will be presented. The ultrafast spectroscopy
and photoconductivity studies show that high-efficiency photoinduced charge separation
can be achieved in FeENHC solids despite their differences in the excited-state lifetimes and
the SBCS driving forces, which provide new insight into the consideration of the potential
applications for FeENHCs.
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Zn porphyrins, recognized for their unique optical properties, play a crucial role in photonic
and electronic applications. Four B-substituted Zn porphyrins were examined to determine
how different substituents influence their electronic transitions. An unmodified Zn porphyrin
typically features two primary absorption bands: the Soret (B) band (~420 nm) and the Q
band (5650-600 nm). However, the introduction of substituents alters the frontier orbitals and
enhances state mixing, resulting in additional electronic transitions. In derivatives containing
methoxy-trimethyl-3H-indolium (Ind) and diphenyl-pyrimidinetrione (Pyr), which are
electron-rich/neutral substituents, the porphyrin macrocycle is stabilized, promoting
localized T—11* transitions. This expansion of the UV—-Vis absorption window (400—-600 nm)
results from two distinct transitions (B’ and T, with molar absorptivities of ~40 mM~™'cm™)
observed between the main B and Q bands. Extended conjugation further broadens and
red-shifts the Q band to above 600 nm, with the Ind derivative showing a more pronounced
red shift and a lower HOMO-LUMO gap (1.86 eV) compared to Pyr. Conversely,
compounds bearing (dinitrophenyl)-methylenhydrazine (Hyd) and methylnitroethen-2-yl
(Nitro) substituents, which are electron-deficient and exhibit twisted conformations, display
a merged, broader B band (380-500 nm). Although TD-DFT predicts a strong transition
around 523.2 nm and resonance Raman spectroscopy confirms its electronic character, the
UV-Vis absorption remains weak due to spectral overlap and broadening. These findings
underscore how modifications induced by substituents can extend conjugation, introduce a
charge-transfer character, or preserve the inherent symmetry of the porphyrin core.
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Figure 1. UV-Vis spectra of the four Zn-porphyrins, indicating the main electronic transitions.
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The pressing issues of climate change need the development of sustainable
technologies.!'! Dye-sensitized photoelectrochemical cells (DSPECs) represent a
promising approach to this challenge. In this regard, great attention has been paid in the
last years towards the development of photoanodes for the water oxidation to dioxygen.
However, this reaction still constitutes a major challenge due to its strict kinetic
requirements and strategies have been recently envisioned to replace water oxidation with
more favorable reactions.[? Within this framework, the present study targets the
investigation of two different cyclometallated iridium complexes featuring highly positive
oxidation potentials as sensitizers onto TiOz2 electrodes for the light-driven oxidation of
organics into added-value products. In particular, two different processes have been
considered, namely the oxidation of benzyl alcohol to benzaldehydel®! and a Diels-Alder
reaction.[*l The critical role of the sensitizer in the formation of the target products will be
examined in details by combining photoelectrochemical measurements and optical
spectroscopy.
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Iron coordination complexes have long been sought as a sustainable replacement for
precious metal sensitizers in applications that exploit photo-generated excited states, from
luminescent materials to photoredox catalysis to dye-sensitized solar cells. The main
shortcoming of iron-based dyes is their short-lived charge transfer (CT) excited states which
result from rapid relaxation to low-lying metal centered states. Photophysics of Fe(ll)
complexes so far have been dominated by low-spin, singlet ground states, while the
photophysics originating from high spin, quintet ground states stay underexplored. This talk
will shine light on ligand design strategies to stabilize high spin ground states in pseudo-
octahedral Fe(ll)-Namido complexes while maintaining strong visible light absorption, and how
that influences the excited state behaviour of these complexes compared to their low spin
congeners.

all low-spin Fe(ll) high-spin Fe(ll)

Figure 1. Stabilizing high spin, quintet ground states in pseudo-octahedral Fe(Il)-Namido cOmplexes.
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In recent years, the photophysical or photochemical properties of the molecular
photoexcited triplet states have attracted considerable attention for developing novel
photofunctional materials. For example, room temperature phosphorescence is useful for
developing luminescent materials, such as organic electroluminescent devices. Also, singlet
oxygen produced by energy transfer from the excited triplet molecules to molecular oxygen
is a fundamental approach for photodynamic therapy. Therefore, the importance of
analyzing the excited triplet states of metal complexes possessing heavy atoms has
increased because of their large spin-orbit coupling (SOC).[!

Magnetic circular dichroism (MCD) spectroscopy
is to measure the difference in absorption between Sy, Sy
left and right circularly polarized light under an
external magnetic field. In the degenerated excited Lt
states, the dispersion-type MCD spectral shape,
called the Faraday A term, can be obtained by the
Zeeman splitting owing to the orbital angular

Spin

momenta between the degenerated excited Allodied: | ¢ Fortddhen
states.?! In addition to the spin-allowed transitions, S
our laboratory has applied the MCD spectroscopy Magnetic Field-B.=0 >0

to probing the spin-forbidden transitions by the use  Figure 1. The mechanism of MCD Faraday
of large SOC on heavy atoms and highly A term in spin-forbidden So—T1 transition.
concentrated solutions (Figure 1). Firstly, in an
iridium(ll) phthalocyanine (IrPc) complex, which
possesses the strong SOC inducing the So—T+
absorption band, a Faraday A term for the So—T+ T, T,
transition, indicating the degeneracy of the T1x and
Tiy states.Bl Secondly, in a platinum(ll)
octaethylporphyrin (PtOEP) complex, a distinct
Faraday A term was observed not only for the
So—T1 transition but also for the So—T2 transition,
which allows us to directly observe the
H H 4 >
nonluminescent, short-lived T2 state.[* 600 650  A/nm

Based on these previous studies, we applied .
MCD spectroscopy to the excited triplet states of Eﬁﬁéﬁ ?r'iJ,Zf sll/;(t:ez Irr? LidanyP’}t]erm of
octahedral hexanuclear molybdenum(ll) clusters.
We successfully observed the Faraday A term of the So—T+ transitions in Mo clusters for
the first time and analyzed their large SOC and orbital angular momenta consisting of d-
orbitals of six Mo ions. Overall, we have demonstrated the usefulness of MCD for
investigating the excited triplet states of metal complexes.
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Micro- and nanoplastics are increasingly recognized as significant environmental pollutants,
with their toxicity influenced by factors such as particle size, polymer type, and exposure
conditions. Among the deleterious effects of these pollutants we can count endocrine
disruption, inflammation, oxidative stress and metabolic disturbances. ['l Hydrogels, known
for their excellent water retention capacity, high adsorption, reversible swelling, and
biocompatibility, are promising materials for environmental remediation. 2!

In the detection of nano- and microplastics, the most exploited luminescence-based strategy
involves the use of fluorophores able to stain MPs. In this field, detection of the
solvatochromic response of organic dyes (e.g. Nile red) to their surrounding polarity is one
of the main interesting properties exploited for plastic detection. The use of hydrophobic
dyes leads to their aggregation causing low emission problems, used to monitor the
interaction with hydrophobic materials. 81 Organometallic complexes, with their color
tunability and longer exited state lifetimes, can be a solution to the limitations of organic
dyes.

In this contribution we report on neutral Ir(lll)-complexes functionalized hydrogels able to
switch on their emission upon interaction with hydrophobic plastics due to their de-
aggregation, limited oxygen diffusion and increase rigidity due to the intermolecular
interactions with the surrounding materials. The triplet state emission allows to monitor the
switch-on of the phosphorescence by time resolved measurements. 4l

We show that a simple hydrogel covalently bound to Ir(lll) complexes can indeed recognize
and interact with PET plastics, and work is in progress to differentiate different microplastics
by modulating the nature of the excited states.
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The photophysical properties of 3d metal complexes remain a fascinating field of study,
particularly when transitioning from the rare 2nd and 3rd row metal complexes towards their
abundant 1st row congeners.l'-3l Here, we present a series of novel photoactive Co(lll) metal
complexes based on amidine-N-oxide ligands. These complexes exhibit unusual anti-Kasha
type singlet emissions. Contrary to the widely accepted Kasha emitters, which emit from the
lowest-lying excited state, these complexes show room temperature fluorescence from
higher-lying states consisting of an admixture of 'n- = * and intra-ligand charge-transfer
("ILCT) character. Detailed steady state and ultrafast spectroscopy alongside extensive
theoretical calculations establish the electronic factors governing this behavior. The
structural rigidity and higher lying © orbitals of the ligands render these metal complexes
photoactive.
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Figure 1. Graph showing the absorbance and emission spectra for one of the Anti-Kasha Co(lll) complexes
(left) and schematic for the decay pathway (right)
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Photosynthesis, a fundamental biological process, involves water oxidation reaction
catalyzed by three key components: initial light absorption by the chromophore, followed by
oxidation of a tyrosine donor and reduction of a quinone acceptor, coupled with a proton
transfer through a Proton Coupled Electron Transfer mechanism (PCET). The water
oxidation, which occurs is Photosystem Il (PSll), is a far more difficult process than proton
reduction.] By taking advantage of the peculiar opto-electronic and redox properties of Sn'V-
porphyrins,? we will here show how conjugation of these chromophores to either a simple
amino acid, or a peptide sequence may provide useful models to gain insights in artificial
PCET or unidirectional electron transfer (ET). The synthesis, characterization, and
photophysical behavior of two Sn'V-porphyrin/tyrosine conjugates, which differ in the relative
position between the amino acid and the chromophore, will be illustrated (Figure, left).4l
Additionally, some preliminary results on the design and preparation of a Sn'V-
porphyrin/YALP conjugate (YALP = hydrophobic a-helical peptide with tyrosine residues,
Figure, right) will also be shown. The latter system is designed in order to achieve the more
ambitious goal of photo-induced unidirectional ET across a lipid membrane, and thus may
serve as a model of PSII.0l
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Figure 1. Example of a Sn'V-porphyrin/amino acid conjugate for PCET studies (SnCI,TPP-Tyr) and
schematic representation of a Sn'V-porphyrin/YALP conjugate for transmembrane unidirectional ET studies
(SnCI:TPP-YALP).
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In early studies, the basic optical properties of the [Os(bpy)s]?* ion were characterized.!]
Consequently, in this study, we report the 77 K emission spectra, the 298 K absorption
spectra, and the computational results of the [Os(bpy)2(en)]?* ion. The results of the 298 K
absorption spectra indicate that there are two absorption bands in the low-energy absorption
region. The singlet-to-singlet absorption transitions occur in the range of 17,000-22,000
cm1, whereas the absorption band in the range of 12,000-17,000 cm-1 is attributed to
singletto-triplet transitions. Based on the properties of the [Os(bpy)s]** ion and
computational results,? it was found that an intense singlet-to-triplet absorption band
appears in the lowest absorption-energy region only when spin-orbit coupling (SOC)
perturbations are included in the calculations. In this work, the low-energy absorption and
emission spectra of [Os(bpy)2(en)]?* ion were characterized as spin-forbidden metal-to-
ligand charge-transfer transitions, which are attributed to the mechanics of SOC-mediated
phosphorescence intensity stealing from efficient singlet states.4
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Figure 1. The 77 K emission spectra (red line, in butyronitrile) and the 298 K absorption spectra (black line,
in CH3CN) of the [Os(bpy)2(en)]?* ion are shown in the left panel, along with the T+ natural transition orbitals
(NTOs) displayed in the right panel.
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Metalloporphyrins, known for their rich photophysical and electrochemical properties, are
widely studied as coordinating sites in supramolecular receptors.l'! Notably, porphyrin-N-
acridinium conjugates exhibit ultrafast electron transfer (eT) from the porphyrin donor to the
acridinium acceptor, which quenches fluorescence in both units. Among these, a
bis(acridinium-porphyrin) tweezer (Figure 1) stands out as a multi-responsive array with
Zn(ll) porphyrin coordination sites and acridinium switching units.[>31 Here, we explore its
complexation with meso-(5,10,15,20-tetra(4-pyridyl)porphyrin (TPyP) in two different
solvents (CH2Cl> and toluene) and discuss the photophysical behavior of the formed
complex. Interestingly, the solvent polarity strongly affects the photophysical response of
the system.
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Figure 1. Effect of solvent polarity on photoinduced processes occurring in the host-guest complex.

Acknowledgments

The work is supported by the H2020-MSCA-ITN-2017-765297 project “NOAH”, by the H2020-LC-SC3-2020-
RES-RIA-101006839 project “CONDOR” and by the European Union — Next Generation EU and the Italian
Ministry of Environment and Energy Security (POR H2 AdP MMES/ENEA-CNR-RSE, PNRR-Mission 2,
Component 2, Investment 3.5 "Ricerca e sviluppo sull'idrogeno").

References

[11 V. Valderrey, G. Aragay, P. Ballester Coord. Chem. Rev. 2014, 258-259, 137-156.

[2] A. Edo-Osagie, D Sanchez-Resa, D. Serillon, E. Bandini, C. Gourlaouen, H. P. Jacquot de Rouville, B.
Ventura, V. Heitz, Cr. Chim. 2021, 24, 47-55;

[3] A. Edo-Osagie, D. Serillon, F. Ruani, X. Barril, C. Gourlaouen, N. Armaroli, B. Ventura, H.-P. Jacquot de
Rouville, V. Heitz, J. Am. Chem. Soc. 2023, 145, 10691-10699.



y-ISPPCC 2025 Milazzo (ME) - Italy yOC-37

Welcome to the Dark Side:

Photoactive Iron Complexes with Microsecond Excited-State Lifetimes

F. Glaser,? S. De Kreijger,2 G. M. Beneventi,* A. Cadranel,”¢ L. Troian-Gautier ¢

@ UCLouvain, Place Louis Pasteur 1/L4.01.02, B-1348 Louvain-la-Neuve, Belgium
b Friedrich-Alexander-Universitét Erlangen-Niirnberg (FAU), Egerlandstr. 3, 91058, Erlangen,
Germany.
¢ Universidad de Buenos Aires, Facultad de Ciencias Exactas y Naturale, and CONICET
INQUIMAE, Buenos Aires, Argentina.
Y Wel Research Institute, Avenue Pasteur 6, 1300 Wavre, Belgium
felix.glaser@uclouvain.be

In recent years, photosensitizer development based on earth-abundant metals or organic

dyes as a replacement for precious metal complexes in photoredox catalysis has obtained
significant attention.l'! Iron-based complexes are very attractive for this due to its high
abundance in the Earth crust, low toxicity and environmental impact.[>3l Up to now, the
limited excited-state lifetimes up to a few nanoseconds represent a limiting factor to their
widespread use.

One possibility to tackle this issue is the design of molecular dyads composed of a
photosensitizer and an energy acceptor. Up to now, the development of dyads mostly
focused on excited-state equilibrium to repopulate the iron-based emissive state exploiting
a so-called reservoir effect.*°! In contrast, we designed a molecular dyad composed of an
energy acceptor attached to an iron-based photosensitizer that exhibited a microsecond-
living non-luminescent excited state without repopulation of the iron-centered emissive
state.®l Photophysical characterization and comparison to the unmodified iron
photosensitizer highlighted the benefit of the energy acceptor present in the dyad. In addition
to an improved excited-state lifetime, the energy acceptor also changed the excited-state
character to triplet. This enables singlet oxygen photosensitization and led to a tenfold
increase in cage escape Yyield for bimolecular electron transfer, in comparison to the
unmodified complex. More detailed photophysical analyses uncovered that the mechanism
to populate the triplet excited state is more complex than a direct doublet-triplet energy
transfer. Our results clearly highlight the advantages of molecular dyads based on iron-
based complexes with previously short excited-state lifetimes.
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Rhenium(l) complexes are promising candidates for artificial photosynthesis studies, mainly focused
on CO; photoreduction.l'! As this photoreduction requires that the complex act as catalyst and
photosensitizer, it is very common that modifications in the organic ligands coordinated to the
rhenium center occur to improve one of those characteristics.[V In this sense, 1,8-naphthalimide dyes
reveal themselves as good ligands for this system, once the ability to suffer one or two consecutive
reversible reductions makes their structure a powerful electron reservoir.?! Based on this, this work
aims to investigate the use of two new rhenium compounds with general formula fac-
[Re(CO)s(phen)(NI)]PFs, where phen = 1,10-phenanthroline and NI = (N)-piridil-1,8-naphthalimide
(1) or 4-amino-(N)-piridil-1,8-naphthalimide (2) through its interaction with the triethanolamine
(TEOA). Once the reduction of the complex by this sacrificial reagent, to form the one-electron
reduced species (OERS), is a determinant step in the CO, photoreduction mechanism,["! a
fluorescence titration of a deaerated solution of complexes 1 and 2 in N,N-dimethylformamide (DMF)
(105 mol/L) with TEOA was carried out, and the data were treated using the Stern-Volmer equation,
obtaining the linear fits represented in Figures 1A and 1B. The complex 1 was more sensitive to
TEOA than the complex 2, with a Kg, value of 142 (1) and 2.77 (2), being higher than the precursor
fac-[Re(CO)s(phen)(Ch)] (Ksv = 3.5).I" The reason for this high oxidating potential of complex 1 is that
on the excitation wavelength (Aexc = 350 nm) we promote, simultaneously, a metal-to-ligand charge
transfer (MLCT) transition from the Re(dtr) to the m* phen orbitals and a intraligand transition
centered in the NI, while in complex 2, with a Aexc = 430 nm, the main transition observed is the
intraligand charge transfer (ILCT) of the amino-naphthalimide. Previous cyclic voltametric studies
reveal that the reduction potentials of these naphthalimides are too negative (~ -1.1 V vs NHE) to
produce a driving force for the TEOA electron transfer, which explains the low quenching constant
of complex 2. However, in complex 1, an intramolecular electron transfer from the NI~ excited
chromophore to the rhenium center (with the Re*° reduction potential nearly to 2.0 V vs NHE) can
also occur, as illustrated for the scheme in Figure 1C, explaining why low concentrations of TEOA
are necessary to quench the observed photoluminescence, again, when compared with the
.precursor fac-[Re(CO)s(phen)(CN)].l" This indicates a possible production of a two-electron reduced
specie (TERS) in one single stage, revealing a powerful photosensitizer candidate.
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Figure 1. Stern-Volmer plots of the reductive quenching of the excited state of complexes 1 (A) and 2 (B) by TEOA in
deaerated DMF at different concentrations (the complexes structures are in the figure) (B); Schematic energy diagram of
the reductive quenching of the complex 1 excited state (C)
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systems based on porphyrins

11:50 —12:10

OR3

Petter Persson (Lund University)

Photoactivation Dynamics of Abundant Transition Metal

Complexes

12:10 - 12:30

OR4

Ludovic Troian-Gautier (Université Catholique de Louvain)

Recent Progress in the Understanding and Improvement of Cage
Escape Processes using Transition Metal Photosensitizers

12:30 — 12:50

OR5

Tim Connell (Deakin University, Victoria, Australia)

Maximizing Photon to Product Efficiency in Photoredox Catalysis

Lunch Time

Chair: Benjamin Dietzek-lvansic (University of Jena)

14:50 - 15:30 | PL3 Tanja Weil (Max Planck Institute for Polymer Research, Mainz)
Nanodiamond Sensors to Control Cellular Function
15:30 — 16:00 | KN3 Renske M. Van Der Veen (Helmholtz-Zentrum Berlin fir

Materialien und Energie, Berlin and Technical Universitat Berlin)

Ultrafast excited-state dynamics of metal-complexes in solution
revealed by soft and hard X-ray spectroscopies




16:00-16:20 IR4 Keith Gordon (University of Otago)
Using metal complexes to open the door to long-lived excited
states

16:20 — 16:40 | OR6 Yasuchika Hasegawa (Hokkaido University)
Luminescence Changeable Lanthanide-mixed Coordination
Polymers for CO»-storage

16:40 —17:10 Coffee Break

Chair: Oliver Wenger (University of Basel)

17:10 —17:30

INS

Osamu Ishitani (Hiroshima University)

Application of selective photo-splitting of a Mn(0)-Mn(0) bond for
developing a highly durable photocatalytic CO- reduction using a
Mn-complex catalyst

17:30 —17:50

OR7

Christina Wegeberg (University of Southern Denmark,
Odense)

Captivating Bimolecular Photoredox Dynamics of Ligand-to-Metal
Charge Transfer Complexes

17:50-18:10

OR8

Alberto Bossi (SCITEC-CNR, Milan)

Impact of Cis/Trans Geometry on the Photophysical, Electronic,
and Structural Properties of Pt(ll) Cyclometalated Complexes

18:10 — 18:30

OR9

Christoph Kerzig (Johannes Gutenberg University Mainz)

Combining the best of organic and inorganic photochemistry with
molecular and coulombic dyads

18:30 — 20:00

POSTER SESSION 1 (even numbers)




Thursday July 10 2025

Chair: Felix Castellano (North Carolina State University)

9:00 - 9:40 PL4 Antonin Vicek (J. Heyrovsky Institute of Physical Chemistry
Prague and Queen Mary University of London)
Vibrational dynamics of electronically excited metal complexes:
relaxation, coherence, and ultrafast Raman spectroscopy
9:40-10:10 KN4 Benjamin Dietzek-lvansic (University of Jena)
Light driven molecular reactivity — electron and electron-
coupled proton transfer in complex environments
10:10-10:30 | IN6 Elizabeth R. Young (Lehigh University)
llluminating the Unexpected Excited-State Dynamics of Non-
Aromatic Pd(Il) Porphyrinoids
10:30-11:00 Coffee Break

Chair: Osamu Ishitani (Hiroshima University)

11:00—11:30 | KN5 Michael O. Wolf (University of British Columbia, Vancouver)
Stimuli-responsive  Flexible Lewis Pair Functionalized
Coordination Complexes

11:30-11:50 | IN7 Oliver Wenger (University of Basel)
New metal complexes in luminescence, photocatalysis and
charge accumulation

11:50 -12:10 | OR10 Kristoffer Haldrup (Technical University of Denmark,
Copenhagen)
Structural characterization of the Fe(CN)s = Fe(CN)sH20
photo-aquation process

12:10-12:30 | OR11 Alessandro Aliprandi (University of Padova)
Redox-Driven Photoselective Self-Assembly

12:30—-12:50 | OR12 Curtis Berlinguette (University of British Columbia,

Vancouver, and CIFAR, Toronto)

rt Covalency in the Halogen Bond

Lunch Time

Chair: Fausto Puntoriero (University of Messina)

14:50-15:20

KN6

Luisa De Cola (University of Milan and Mario Negri, Milan)

Signal amplification in electrochemiluminescent biosensors




15:20-16:00 | Joint Elena Galoppini (Rutgers University), Gerald J. Meyer
IN8+OR13 (University of North Carolina at Chapel Hill)

Gated Pathway for Photoinduced Interfacial Electron Transfer

16:00—-16:20 | OR14 Yann Pellegrin (University of Nantes)

Elucidating Chemical Engineering Principles for Achieving High
Emission and 'O Photogeneration Quantum Yields with
Homoleptic Cu(l) Complexes

17:00 EXCURSIONS




Friday July 11 2025

Chair: Javier Concepcion (Brokhaven National Laboratory)

9:00 — 9:40

PL5

Frank Wiirthner (University of Wuerzburg)

Supramolecular Engineering of Ruthenium Catalysts toward
High Water Oxidation Activity

9:40 -10:10

KN7

Max Massi (Curtin University, Perth)

Lanthanoid Sensitisation from Re(l) Triangular Assemblies

10:10 - 10:30

IN9

Ksenia Glusak (University of lllinois Chicago and Argonne
National Laboratory)

Electrochemistry of electrode/graphene nanoribbon hybrid
materials

10:30 — 11:00

Coffee Break

Chair: Luisa De Cola (University of Milan and Mario Negri Institute)

11:00 - 11:30

KN8

Sherri A. McFarland (University of Texas at Arlington)

Light-Triggered Metallodrugs:
Dynamics for Phototherapy

Harnessing Excited State

11:30 — 11:50

IN10

Cecilia Cerretani (University of Copenhagen)

Photophysical characterization and structure determination of
DNA-stabilized silver nanoclusters

11:50 —12:10

OR15

Paul Elliott (University of Huddersfield)

Photophysical properties of triazolylidene ‘abnormal’ carbene
complexes of Earth-abundant metal ions

12:10 - 12:30

OR16

Maria Erminia Alberto (University of Calabria)

The role of computational studies in identifying the distinct
features of metal-based photosensitizers for photodynamic
therapy

12:30 — 12:50

OR17

Andrea Cannizzo (University of Bern)

Photo-induced oxidation-enhancement in biomimetic

Molybdenum photo-catalysts

Lunch Time

Chair: Elena Galoppini (Rutgers University)

14:50 — 15:10 | IN11 Jeffrey J. Rack (University of New Mexico, Albuguerque)
A New Look at the Magneto-Optical Activity of Metalloporphyrins
15:10 — 15:30 | OR18 Hartmut Yersin (University of Regensburg)

Ag(l) complexes: From extremely long-lived phosphorescence
for oxygen sensing to ultra-short-lived TADF for OLEDs




15:30 — 15:50 | OR19 Paola Ceroni (University of Bologna)
Chiral metal complex for asymmetric photocatalysis
15:50 — 16:10 | OR20 Mathias O. Senge (Trinity College Dublin)
Conformational  Engineering and  Atropisomerism as
Photosensitizer Design Principles
16:10 — 16:30 | OR21 Sujoy Baitalik (Jadavpur University)
Modulation of Photoisomerization Kinetics via Multi-Stage
Switching in Ru(ll) and Os(Il)-Terpyridine Complexes
16:30 — 17:00 Coffee Break
17:00 —18:30 POSTER SESSION 2 (odd numbers)
20:30 Social Dinner




Saturday July 12 2025

Chair: Garry Hanan (University of Montreal)

9:00 - 9:40 PL6 Kazuyuki Ishii (The University of Tokyo)

Excited-State Spin  Dynamics, Chiroptical/Magnetoptical
Properties and Soft Crystals in Metal Complexes and
Supramolecules

9:40-10:10 | KN9 Ken Sakai (Kyushu University)
Molecular Catalysis of Water Splitting and CO, Reduction
10:10 —10:30 | IN12 David Herbert (University of Manitoba)

Beyond Donor Strength: Unconventional Ligand Designs for
Optically Interesting 3d Coordination Complexes

10:30 — 11:00 Coffee Break

Chair: Paola Ceroni (University of Bologna)

11:00 — 11:30 | KN10 Ally Aukauloo (University Paris-Saclay)

Photocatalytic events for CO. reduction and oxygen atom
transfer

11:30 — 11:50 | OR22 Svetlana Eliseeva (Center for Molecular Biophysics CNRS,
Orleans)

Lanthanide(lll)-based metallacrowns functionalized with
ruthenium(ll) complexes for multiplex imaging and oxygen
sensing in the NIR-II

11:50 - 12:10 | OR23 Kiyoshi Miyata (Kyushu University)

Dynamic Excited-State Jahn-Teller Distortion in the Al(lll)
Dinuclear Metal Complexes Observed by Coherent Vibrational
Spectroscopy

12:10 - 12:30 | OR24 Janusz M. Dabrowski (Jagellonian University)

llluminating new pathways in antimicrobial photodynamic
therapy: coordination metal complexes and functional materials
for enhanced selectivity and efficiency

12:30 — 12:50 | OR25 Mary Pryce (Trinity College Dublin)

Photocatalytic Reduction of CO, to HCOOH using a Porphyrin-
Rhenium Dyad

Lunch Time

Chair: Ken Sakai (Kyushu University)

14:50 — 15:10 | OR26 Damiano Genovese (University of Bologna)

Understanding mechanochromism in CuX-L hybrid coordination
polymers




15:10 — 15:30 | OR27

Sandrine Perruchas (IMN-CNRS, Nantes)

Luminescence mechanochromism of copper-based materials

15:30 — 15:50 | OR28

Mirco Natali (University of Ferrara)

Light-driven Catalysis of the CO. Reduction Reaction using
Heptacoordinated Cobalt and Iron Complexes

15:50 - 16:10 | OR29

Theodore Lazarides (Aristotle University of Thessaloniki)

Estrogen-conjugated [Ru(bpy)s]>* complexes exhibit selective
phototoxicity against breast cancer cells

16:10 — 16:40

Coffee Break

Chair: Sebastiano Campagna (University of Messina)

16:40 -17:00 | OR30

Ashis K. Patra (Indian Institute of Technology Kanpur)

Modulation of Energy Transfer Pathways in Time-Gated
Luminescent Eu(lll) and Tb(lll) Probes for Sensing and
Discrimination of Physiological Phosphates and Biochemical
Hazards

17:00 - 17:20 | OR31

Sven Rau (UIm University)

Highly efficient artificial photocatalysts mimicking Photosystem |

17:20 — 18:00

Closing
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Probing Reaction Coordinates for Ligand Field-state Interconversion
Dynamics

A. Ghosh, Y.-J. Lien, and J.K. McCusker*

Department of Chemistry, Michigan State University, 578 South Shaw Lane, East Lansing,
Michigan USA 48824 (jkm@chemistry.msu.edu)

Our research program focuses on the development of chromophores based on first-row
transition metal ions for use as light harvesting components in light-to-chemical energy
conversion. The underlying motivation stems from the question of scalability and the limited
potential of traditional second- and third-row chromophores to fill this void due to their
elemental scarcity. A key scientific issue concerns the rapid deactivation of charge-transfer
states to lower-lying, metal-centered ligand-field states, presenting distinct challenges for
the development of the use of these earth-abundant analogs for a range of potential
applications.

The presentation will highlight two of the research threads currently being pursued. The first
focuses on spin-state interconversion in a Fe(ll)-based polypyridyl complex that was
synthetically tailored to operate in the so-called “spin-crossover” regime. This approach
allowed the free energy change associated with high-spin to low-spin conversion to be
determined using variable-temperature solution-phase magnetic susceptibility, thereby
affording values for AGp as a function of temperature from an independent measurement.
The photo-induced non-radiative decay dynamics acquired for the chromophore could then
be fit to semi-classical Marcus theory to vyield

ggz‘;‘l } _______________________ | analytically precise values for the reorganization energy

100 (A) and the electronic coupling between the two states
5ol [ (He)

% 40 ;ss%z;gal m The second project concerns the use of femtosecond

23 | (R time-resolved absorption spectroscopy on Co(lll)-based

i S ——— complexes to leverage excited-state vibronic

0 500 1000 1500 2000 2500 | coherences for the identification of degree(s) of freedom

Sosy.meie) that are coupled to ultrafast intersystem crossing

Figure 1. Ultrafast time-resolved absorption data dynamics (Figure 1) The data reveal that, fO”OWing 1A1

e ey oy | — 1T4 excitation, intersystem crossing to the lowest

solution following ca. 45 fs excitation into the | energy excited state of the compound (3T4) is driven by

owest energy *As = T igandfield absorption at | symmetry-breaking, low-frequency torsional degree(s)

of freedom of the molecule (as opposed to a metal-

ligand Jahn-Teller mode that presents as the dominant feature in the experimental data).

The implications of this finding as it relates to the prospect of inducing reactivity from excited
states other than the lowest energy excited state of the system will be presented.
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Achieving Short and Long Phosphorescent Lifetimes in Two-Coordinate
Coinage Metal Complexes

M.E. Thompson, K. Biv, T.A.N. Kallungal, N. Baluyot-Reyes, P.I. Djurovich, S.E. Bradforth

Department of Chemistry, University of Southern California, Los Angeles, CA

met@usc.edu

In my talk | will discuss our research toward developing emitters for organic LEDs (OLEDs) and
sensitizers for photo-electrocatalytic reactions with two-coordinate carbene-metal-amide (cMa, M =
Cu(l) and Au(l)) complexes.[1, 2] | will begin with a discussion of how the absorption/emission
energy and lifetime can be tuned by ligand choice in cMa com plexes of Cu and Au. Our initial efforts
were aimed at achieving very short lifetimes (and high FrL).[3, 4] The cMa complexes studied here
emit via thermally assisted delayed fluorescence (TADF) and the TADF lifetime are tied directly to
the S¢ decay rate (kss) and the equilibrium constant for T1 2 S1 (Keq) and Keq is tied to the energy
difference between Si and T+ (AEst).[5] Achieving fast phosphorescence involved designing cMa
complexes with small AEst (20-40 meV) while maintaining a kss in the 10% s™ regime. | will discuss
how ligand and metal ion choices impact these parameters and the application to OLEDs.

In addition to very short lifetimes, a long excited state lifetime could be beneficial, for application as
sensitizers for photoelectrocatalytic processes for example. | will discuss our efforts to shift the
absorption profile of the cMa complexes to better cover the visible part of the solar spectrum and
increase the lifetime into the100s of ms regime. Shifting from an interligand charge transfer (ICT)
excited state to one that has mixed ICT and ligand excited (LE) character markedly increases the
lifetimes of these materials, pushing them as long as 250 ms in polar solvents. | will discuss the
design and physical and photophysical properties and these ultralong lived sensitizers.

The last topic in my talk explores the role of spin—orbit coupling (SOC) in facilitating intersystem
crossing (ISC) in cMa complexes. Prior studies have shown that ISC rates in these systems span a
wide range (10°-10"" s7").[1] However, the precise contribution of SOC to ISC, and its interplay with
TADF, is not well understood. Using a combination of transient absorption spectroscopy, lifetime
measurements, and theoretical modeling, we investigate how structural modifications in cMa
influences SOC constants (SOCCs). Through Arrhenius and Marcus—Hush theories, we
experimentally determined that substituting Cu with Au increases the SOCC from ~1 cm™to~3 cm™,
in agreement with the enhanced ISC rates. Further modifications to the ligands also lead to notable
changes in SOCC values. | will tie these SOC studies back to the observed photophysical properties
of both long and short lived cMa complexes.
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Nanodiamond Sensors to Control Cellular Function
Y. Wu, C. Ender, T. Well

Max Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz
weil@mpip-mainz.mpg.de

Nanodiamonds with lattice defects have emerged as photostable emitters and nanoscale
sensors in cell biology. However, nanodiamonds with narrow size distributions and defined
lattice defects are still challenging to synthesize. We report the preparation of narrowly
dispersed nanodiamonds with different lattice defects and their surface functionalization,
which is essential for cellular experiments. Our strategy is to equip nanodiamonds with a
functional shell that allows the stimulation and nanoscale sensing of physical parameters
and reactive species inside living cells.

In living cells, a multitude of biological reactions occur in a concurrent manner, giving rise to
an inhomogeneous distribution of different species, temperatures, radicals, and pH at the
nanoscale. The local and quantitative detection of these intracellular signals and molecules,
including transient reactive structures with limited lifetimes, is of paramount importance.
Current methodologies that allow quantification at the nanoscale are frequently constrained
to strict conditions such as low temperature or vacuum and are not suitable for living
systems. We propose surface-functionalized nanodiamond sensors capable of manipulating
and probing critical parameters in situ within the living cell. This approach offers a novel
means to elucidate cellular responses to intracellular changes, which could facilitate deeper
insights of cell-based diseases and treatments.
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Figure 1. Detecting and manipulating intracellular signals[1]
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Vibrational dynamics of electronically excited metal complexes:
relaxation, coherence, and ultrafast Raman spectroscopy
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b J. Heyrovsky Institute of Physical Chemistry, Czech Academy of Sciences, 182 23 Prague,
Czechia, and Queen Mary University of London, E1 4NS London, UK.
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Outcomes of photochemical reactions are often determined very early after light
absorption when excited-state evolution branches between different pathways such as
conversion to other electronic states, charge separation, bond dissociation or, rarely, bond
formation. These processes are largely determined by dynamics of Franck-Condon-active
vibrations together with anharmonically coupled modes, and by their coupling with electronic
dynamics. While state-of-the-art ultrafast X-ray techniques can directly follow evolution of
molecular structures and solvation after electronic excitation, time-resolved vibrational
spectroscopy provides deep insights into the behavior of individual vibrational modes,
unravelling specific structural changes and vibrational (vibronic) activation of photophysical
processes. This information and understanding are best gathered by combining ultrafast
infrared absorption (TRIR) and Raman spectroscopies, together with coherent spectroscopy
of oscillating transient absorption signals. In addition, quantum-chemical calculations aid
assigning spectral features and visualize vibrational motions.

In this contribution, we will demonstrate several important aspects of excited-state
vibrational dynamics as unraveled by ultrafast Raman spectroscopy — technique so far
applied much more to biophysical and organic systems than to transition-metal complexes.
We will show how femtosecond stimulated Raman spectroscopy (FSRS) detects short-lived
MLCT excited states ([Febpys]?*) and, in combination with TRIR, their initial evolution
(ReCI(CO)s(bpy) and W(C=NAryl)s). Finally, we will discuss in a greater detail the Ir—Ir bond
formation upon '(do*—pao) excitation of a di-iridium complex with bridging isocyanide
ligands. The latter system showed stimulated emission and FSRS signals whose coherent
intensity oscillations and periodic spectral shifts revealed how the Ir—Ir bond forms through
repeated weakening and strengthening facilitated by a network of anharmonically coupled
deformation vibrations.
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Supramolecular Engineering of Ruthenium Catalysts

toward High Water Oxidation Activity
E. Wdrthner

Universitat Wiirzburg, Center for Nanosystems Chemistry, 97074 Wiirzburg, Germany
(wuerthner@uni-wuerzburg.de)

Water oxidation catalysis (WOC) represents one of the key steps for the ambitious goal of
artificial photosynthesis and the replacement of fossil fuels by alternative energy carriers.
Ruthenium complexes have shown excellent performance for the kinetically sluggish proton-
coupled four-electron transfer process required for oxygen generation and recently enabled
the first “all-in-one” nanoparticle system for water splitting into hydrogen and oxygen without
sacrificial reagents.[1] Accordingly, a plethora of different frameworks based on mono- and
multinuclear ruthenium complexes have been reported in recent years leading to significant
enhancement of catalyst efficiency.

Herein, we present our research on multinuclear ruthenium 6,6’-dicarboxylate-2,2’-
bipyridine (bda) complexes including macrocycles,[2] linear oligomers[3] and covalent
organic frameworks[4] that are employed for chemical, electrochemical and photochemical
WOC. Our research shows how the desirable mechanistic switch towards water nucleophilic
attack can be accomplished by the organization of water networks, leading to significant rate
enhancements for proton-coupled electron transfer steps. These systematic studies for a
variety of metallosupramolecular arrays recently culminated in a mononuclear Ru(bda)
complex endowed with a suitable pocket for water organization in front of the ruthenium
center. This enzyme mimic affords turn-over frequencies comparable to those found for the
natural manganese cluster in photosynthesis.[5]
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Figure 2. Single crystal “snapshot” of Ru(bda) catalyst with pocket of organized water molecules.
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Excited-State Spin Dynamics, Chiroptical/Magnetoptical Properties and

Soft Crystals in Metal Complexes and Supramolecules
K. Ishii
Institute of Industrial Science, The University of Tokyo, 4-6-1 Komaba Meguro-ku, 153-8505
Tokyo, Japan. k-ishii@iis.u-tokyo.ac.jp

In this talk, I'll present the characteristic photophysical/photochemical properties of metal
complexes and supramolecules in terms of excited-state spin dynamics,
chiroptical/magnetoptical properties and flexible molecular crystals, i.e., Soft Crystals.
Firstly, since we investigated the excited-state spin dynamics of ZnTPP-nitpy and R2c (Fig.
1) by time-resolved electron paramagnetic resonance (TREPR), the excited multiplet state
properties will be presented.’® Next, based on our studies on circular dichroism (CD),
magnetic circular dichroism (MCD), and magneto-chiral dichroism (MChD, Fig. 2), some
attractive examples, such as the first MChD of organic compounds, the highly reproducible
rotary-evaporation induced chirality, and the direct MCD observation of the So — T>
transition will be delivered.*” Finally, we proposed the concept of “Soft Crystals” for flexible
molecular crystals,®® and thus, vapochromism studies using super-resolution spectroscopy
will be introduced.' Further, I'll show you some photobiological applications of metal
complexes.'!-12
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Figure 3. Molecular structures of ZnTPP-nitpy and R2c Figure 2. Magneto-chiral dichroism (MChD)
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Ligand-Based Oxidative and Reductive Catalysis for Water Oxidation
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Small molecule activation is at the heart of many important challenges for humanity in the
21st century. These include water oxidation to dioxygen and hydrogen peroxide, COz2
reduction to fuels and dinitrogen reduction to ammonia and other commodity chemicals. In
this presentation, the use of ligand-based catalysis for small molecule activation as a
strategy that enables the transition to earth-abundant, first-row transition metals will be
discussed. The photochemical reduction of CO2 to formate with high selectivity using metal
formyl and dihydroquinoxalinide intermediates as hydride donors will be demonstrated. The
development of synthetic procedures, as well as the initial mechanistic studies using
ruthenium complexes have been key to understanding the behavior of these systems before
transitioning to the first-row analogues.

These complexes are highly active and 100% selective in the photochemical CO2 reduction
to formate. The formyl and dihydroquinoxalinide intermediates, generated by an ET-PCET
mechanism, are the culprits in the hydride transfer to CO2. The fact that the coordination
environment remains saturated during the catalytic cycle (ligand-based) is very encouraging
in transitioning to first-row transition metals. The role of formyl intermediates in the reduction
of CO to methanol will be discussed as well.

A ligand-based approach to water oxidation catalysis based on [M(bpy)z(bi-bimH2)]"* will
also be presented. This platform includes self-healing capabilities and because it is ligand-
based, is amenable to first-row transition metals, a feature that we have demonstrated with

cobalt- and iron-based catalysts.
- 0
A Cetatio

Figure 1. Ligand-Based CO, Reduction to Formate.
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Since 2013, we have continuously developed new classes of visible-light absorbing Cu!
MLCT-based 1,10-phenanthroline-containing photosensitizers to facilitate excited-state
chemistry. Our initial work leveraged ligand structural motifs featuring cooperative steric
influence that ultimately achieved an unprecedented excited state lifetime in homoleptic
Cu(l) MLCT complexes, realizing a seven-fold increase relative to its predecessor." This led
to a thorough investigation of their ultrafast dynamics, which were shown to inform the
resultant photophysical properties and vice versa.? Computationally assisted molecular
designs generated chromophores with cooperative steric influence to maintain long excited
state lifetimes, with charge transfer bands featuring markedly enhanced visible light
absorption properties.3 Exploiting combinations of cooperative steric influence and inductive
electronic effects within the ligand structures ultimately achieved three record-setting excited
state lifetimes and photoluminescence quantum yields in Cu(l) bis(phenanthrolines) with
variable excited state redox properties.* Adopting the lessons learned from a decade of
research in Cu(l) homoleptics, heteroleptic Cu'-based photosensitizers have been designed
using the HETPHEN strategy to promote panchromatic light absorption® and to
independently possess excited state lifetimes suitable for engaging in bimolecular excited
state reactions (hundreds of nanoseconds) while exhibiting measurable photoluminescence
emission at room temperature. Our research in this area has recently been summarized.®
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Ultrafast excited-state dynamics of metal-complexes in solution
revealed by soft and hard X-ray spectroscopies
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The conversion of light energy into other forms of energy is of uttermost importance in a vast
range of fields, such as natural and artificial photosynthesis, photoelectrochemistry, or
optoelectronic device development. Excited-state energy dissipates by a variety of
mechanisms, including intersystem crossing, electron-phonon coupling, luminescence,
charge/energy transfer, or non-radiative decay in the form of heat. Depending on the specific
application, the aim is to optimize one or several of these relaxation pathways, while
avoiding others. A fundamental atomic-scale and microscopic understanding of the
dynamics after photon absorption is thus important to uncover the mechanisms of bond-
breaking and -making in photochemical reactions, to derive intricate structure-property-
photoactivity relationships, and to enhance the predictive ability of theoretical atomic-scale
models in photovoltaics, photocatalysis, and optoelectronics.

While ultrafast optical spectroscopies are very powerful for probing the electronic
population of excited states with attosecond (as) to nanosecond (ns) temporal resolution,
they often lack the spatial resolution necessary to resolve individual atoms. Our research
group at the Helmholtz Center Berlin specializes in the development and application of
time-resolved pump-probe techniques based on X-ray and fast-electron probes. The A-
nm-scale de Broglie wavelength of these probe pulses renders them directly sensitive to
the atomic-scale structure. In this talk | will present our recent results on ultrafast soft and
hard X-ray spectroscopy on metal complexes in solution. These include Ni-based
photoredox complexes and mixed-valence Fe-Co complexes. We'll show that the
combined knowledge from to two X-ray regions (soft and hard) can deliver powerful
complementary information on spin-state, charge, and structural dynamics. This enables
us to unambiguously confirm the nature of excited states that have been implied by
ultrafast optical spectroscopies and density functional theories.
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Light driven molecular reactivity — electron and electron-coupled proton
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This contribution will discuss various aspects of studying the light driven molecular reactivity
of transition metal compounds in complex environments, in which the specific function of the
compounds is envisioned to happen. The talk will consider in-situ time-resolved
spectroscopy to follow the fate of electronically excited states of a molecular photocatalysts
during photocatalysis. We will discuss the light-induced processes in a binuclear
photocatalyst operating in homogeneous solution'? and the activation of a Co-catalyst for
hydrogen evolution anchored to a NiO electrode.>® Going beyond transition metal
complexes as photoredox catalysts, we will consider the opportunity of utilizing novel Ru(ll)
and Fe(ll) complexes as visible-light activated photobases.®”’
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Stimuli-responsive Flexible Lewis Pair Functionalized Coordination
Complexes
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Coupling photo- and electroactive metal complexes to stimuli-responsive organic molecules
results in intriguing new properties in these systems which can be leveraged for diverse
applications in chemical sensing, bioimaging, and photopatterning. Flexible Lewis pair
(FlexLPs) are systems that encompass phosphine oxide Lewis bases and dimesitylborane
Lewis acids attached to a bithiophene scaffold, which can switch between an “open”
unbound Lewis pair and a “closed” bound Lewis adduct depending on the hydrogen bond-
donating (HBD) strength of the solvent.[Y Functionalization of photoactive metal complexes
with FlexLP-based ligands allows control of photophysical behavior via switching of the
ligand state.[>3 In this talk, the photophysical and photochemical properties of these novel
complexes will be discussed.
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Signal amplification in electrochemiluminescent biosensors
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Electrogenerated chemiluminescence, also called electrochemiluminescence (ECL), is the
generation of excited states upon recombination of oxidized/reduced species generated at
the electrode and reduced/oxidized species produced by a chemical reaction.

In the past decades, ECL-active molecules have been employed in many applications such
in systems for the detection of viruses/bacteria.l'' However, despite the increasing demands
for accuracy in diagnostics, the sensitivity of ECL in immunoassays, already in the picomolar
range, can still be improved by designing emitters with higher emission quantum yields or
by thinking of multiple emitter for a single analyte. The replacement of the commercial ECL
emitter [Ru(bpy)s]** with more efficient?l and easily-color tunable emitters such as water
soluble Ir(lll)-complexes,?! represents a promising tool to further improve the signal-to-noise
ratio.

The strategy to increase the sensitivity of bioassays by constructing multi-labeled systems,
such as the one developed by Roche, PolyRu, consisting of 8 units connected to the same
antibody, did not achieve the desired sensitivity. Indeed, increasing the number of emitters
does not increase the ECL signal proportionally. The reason for such lack of linear response
is related to the quenching of the excited luminophore by the neighbouring oxidized or
reduced species.

In this contribution we describe a shift in the paradigm of the research: from chasing a
longer-lasting signal from the luminescent species to developing cleavable emitting labels.
In order to realize such system, we designed and synthesized [Ru(bpy)(bpy-S-S-R)]?*, a
[Ru(bpy)s]?* derivative incorporating a disulfide moiety on the lateral chain of the ancillary
ligand. The disulfide bridge is purposely designed to be cleaved by electrogenerated
coreactant radicals, thereby releasing the luminophores into the solution, avoiding the
quenching and activating the homogeneous ECL mechanism.
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Lanthanoid Sensitisation from Re(l) Triangular Assemblies
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The antenna effect is the strategy of choice for the synthesis of highly luminescent
lanthanoid complexes with emission in the visible or near-infrared region.[! The most
common approach to sensitise lanthanoid luminescence is the use of n-conjugated organic
chromophores. However, energy transfer to lanthanoid excited states can also be achieved
from transition metal complexes, which has been particularly investigated for the
sensitisation of near-infrared lanthanoids such as Yb(lll) and Nd(lll).”) We have recently
encountered a triangular assembly featuring three Re(l) tricarbonyl tetrazolato complexes
that has proven to be a very efficient sensitiser for both Yb(Ill) and Eu(lll) (figure 1).
Sensitisation of the red-emission of Eu(lll) is particularly surprising given the energy
mismatch between the donor and acceptor excited states.l® This presentation will showcase
our investigation on the mechanism of energy transfer in these triangular assemblies.

Figure 1. DFT model structure for the Re(l) tricarbonyl tetrazolato triangular assembly, featuring Eu(lll)
cations bound to the external terpyridine ligands.
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Light-Triggered Metallodrugs: Harnessing Excited State Dynamics for Phototherapy
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Photodynamic therapy (PDT) represents a targeted approach in photomedicine, utilizing
photosensitizing agents, light, and oxygen to selectively eliminate cancer cells. While
traditional PDT agents have predominantly been organic porphyrins and their tetrapyrrole
derivatives, recent advancements have highlighted the therapeutic potential of metal-based
complexes. Among these, ruthenium-based photosensitizers have emerged as promising
candidates due to their unique photophysical properties. Notably, TLD1433, a ruthenium
complex developed in our laboratory, has achieved a significant milestone as the first
compound of its class to enter clinical trials for bladder cancer PDT. This presentation will
explore ongoing research directions inspired by the design and clinical application of
TLD1433, with a focus on understanding some of the mechanistic underpinnings of
TLD1433 that complement the known PDT pathways. This knowledge can be exploited in
novel strategies for enhancing the efficacy of metal-based phototherapy agents.
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Besides our extended studies on photocatalytic hydrogen evolution by Pt(ll)-based
molecular catalysts [1], mechanistic studies on single-site water oxidation catalysts (WOCs)
of Ru, Fe, Co, and Cu have been advanced [2,3]. Recently, the O-O coupling by a cobalt
polyoxomolybdate (CoPOM) was shown to proceed among the preinstalled oxygen atoms
in the cluster [4]. We also showed that both CoPOM and cobalt tetraphenylporphyrin
(CoTPP) WOCs effectively promote photocatalytic WO when they are physisorbed over the
photosensitizing carbon nitrides (C3N4) [5]. Our molecular-based TiO2 photoanode
fabricated by chemisorption of Ru-based polypyridyl photosensitizer and WOC (Ru-bda
catalyst) were also shown to drive photocatalytic WO at an interface [6].

Another important issue has been to fabricate artificial photosynthetic systems enabling
photocatalytic carbon dioxide (CO-) reduction into value-added fuels. By insisting in the use
of aqueous reaction platforms, our initial challenge was to gain a sufficiently high CO2
reduction selectivity versus water reduction even in fully aqueous media. A high selectivity
in CO2 reduction versus water reduction (Selco2=90 %) with a high turnover number
(TONco=4000, 12 h) was successfully achieved by us [7-9]. The high selectivity was
rationalized by the mismatch in frontier MO association of the metal nucleophile with a 1s(H")
orbital [9]. The lifetime of our water-soluble copper(l) diphosphine-diimine photosensitizer
was shown to be drastically elongated by the hydrophobic coverage of alkylammonium ions,
leading to demonstrate a new technique to improve the reductive quenching efficiency [10].

Although formate is an attractive alternative to fossil fuels due to its potential application
in reversible hydrogen storage, selective catalysts for CO2-to-HCOOH conversion are still
limited, especially when photo-driven in aqueous media. Our recent studies successfully
unveiled the mechanism of CO: reduction to formate which undergoes via the M-H attack
on COg, directly ends up with the release of formate [11,12]. Remarkably, the water-soluble
[Rh"'Cp*(dihydroxy-bpy)CI]* family was found to be the first example showing the water-
induced switching in selectivity for the CO2-to-HCOOH conversion [12].
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Photocatalytic events for CO2 reduction and Oxygen Atom Transfer
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We found that the light-driven CO2 reduction using an iron porphyrin holding urea groups as
hydrogen bonding donor in the second coordination sphere of the catalyst lead to a multifold
increase in TON and TOF compared to both non-substituted TPPFe, reaching one of the
highest values in molecular photocatalysis and importantly with water as proton source. In
contrast to the classic photocatalytic scheme where Fe?® is argued to be the species to react
with CO2, we evidenced that the RDS herein resides in the formation of the [UrFe'-CO2]
adduct. The added urea functionality plays an important role in the binding and activation of
CO; at the Fe' state enabling the faster photocatalytic conversion.’

Coupling a photoredox module and a bio-inspired non-heme model to activate O2 for the
oxygen atom transfer (OAT) reaction is under We found that the efficient oxidative
quenching mechanism between a [Ru(bpy)s]*>* chromophore and a reversible electron
mediator, methyl viologen (MV2+), to form the reducing species methyl viologen radical
(MVc+) can convey an electron to O2 to form the superoxide radical and reset an Fe(lll)
species in a catalytic cycle to the Fe(ll) state in an aqueous solution. The formation of the
Fe(Il)-hydroperoxo (Fe''-OOH) intermediate can evolve to a highly oxidized iron-oxo
species to perform the OAT reaction to an alkene substrate.?
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Important fractions of the solar energy absorbed in natural and artificial photosynthetic
schemes are dissipated via fast internal conversion (IC) processes which, in line with
Kasha'’s rule, populate the lowest-energy excited state. In contrast, chromophores that
undergo internal conversion in slow timescales allow high-energy excited states to engage
in bimolecular orlong-range reactivity, outcompeting dissipation. This provides opportunities
to improve solar-energy conversion efficiencies and perform energy-demanding

photochemistry.[ﬂ

In Ru polypyridines, the challenge is to trap either the excited hole in Ru-based orbitals
below the HOMO, or the excited electron in ligand-based orbitals above the LUMO. This talk
will address both strategies. On one hand, the focus will be on monometallic {Ru(bpy)}
complexes, where the presence of only one acceptor ligand fixed the fate of the excited

electron, and slow hole-reconfiguration (HR) dynamics were observed due to a 1000 cm™

1 barrier.I2] There, theoretical calculations revealed the geometrical changes related to
this reaction coordinate, which was exploited to tune HR-IC barriers by synthetic

modifications.[34] On the other hand, bimetallic {Ru(gpy)Ru} (gpy = quaterpyridine)
complexes will be shown, where slow intra-ligand electron transfer (ILET) allowed a high-
energy MLCT state to undergo photoinduced electron transfer, producing a high-energy

photo-reductant which prevented the dissipation of around 140 meV.[9] Temperature-
dependent ultrafast transient absorption studies were at the forefront, revealing ILET-IC

barriers of around 2000 cm_1.
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To generate solar fuels, such as green Hz, green MeOH, or green NH3 by the reduction of
respective H>O, CO2, or N2, we need green electrons and green protons, which can be
obtained through water splitting driven directly or indirectly by sustainable energy sources
such as sunlight. In photosystem I, nature uses a Mn4CaO5 cluster as the water oxidation
catalyst to generate green electrons and green protons in the form of NAD(P)H and ATP,
which in turn drive the reduction of CO2, producing biomass. In this presentation, our recent
studies on water oxidation mechanisms in photosystem Il and the missing steps in the
catalytic cycle will be discussed. Our efforts of several decades on the design and synthesis
of transition metal complex-based molecular catalysts for water oxidation, O-O bond
formation mechanisms and their assemblies in functional devices like photoelectrochemical

(PEC) cells, anion exchange membrane water electrolyzers (AEM-WE) will be presented.
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Porphyrins are key components for the construction of molecular and supramolecular
systems with light-induced functions, since they possess unique photophysical and
electrochemical properties that can be finely tuned by proper functionalization. Their
combination with organic or organometallic components leads to the exploration of a variety
of photoactive systems, with applications ranging from energy collection and conversion to
photocatalysis [1, 2].

Our interest in the study of multicomponent arrays based on porphyrins stems from the
complex interplay of photoinduced processes that can come into play and lead to the final
exploitable function. Ultrafast transient absorption spectroscopy is one of the most useful
tools to gain information on the formation and deactivation of excited states and transient
species, such as ions and radicals, formed within photoinduced reactions.

Here we will present some of our recent studies on molecular and supramolecular
multicomponent systems where porphyrins have been combined with organic units or
transition metal complexes [3, 4]. These architectures present intricate and unusual
photophysical behaviors, that have been elucidated by means of steady-state and time-
resolved luminescence techniques and ultrafast transient absorption spectroscopy. They
find application in energy collection, charge separation and photocatalytic processes such
as COz reduction.
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Using metal complexes to open the door to long-lived excited states
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Creating long-lived excited states that have the potential to act as catalytic centres is an
important research goal. One way to achieve this is to use metal complexes in which the
ligand has a triplet charge-transfer (ILCT) state that can easily be accessed because of the
presence of the metal centre. A number of these systems have been reported based on
rhenium(l) with polypyridyl ligands. The complexity of the photophysics of these systems is
challenging in terms of designing compounds. For example, we have recently demonstrated
that solvent effects can tune between differing excited states (Figure 1)' and that modest
peripheral changes to compounds can result in dramatic changes in excited state lifetime?3.

Rhenium(l) and ruthenium(ll) complexes with polypyridyl ligands with donor group
((triphenylamine, TPA) can have long-lived excited states. We report how these can be
Characterised and what design features we can learn from these studies. The challenge of
using earth abundant metals to achieve these same types of states will also be introduced.

1996

AA
1990

2050 2000 1950 1900
Wavenumber / cm”

Figure 1. Switching the excited state for a metal complex using solvent as probed by time-resolved infrared
spectroscopy.
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fac-[Mn!(diimine)(CO)3(L)]”* has attracted significant attention as a catalyst for the
photocatalytic reduction of CO..[" However, in such photocatalytic systems, the
photoexcitation of Mn complexes and reaction intermediates induces their decomposition,
which lowers the durability of these systems.?!

In this study,®! we clarified the primary process whereby the Mn complex catalyst
decomposes during the photocatalytic reaction. Based thereupon, we successfully
constructed a highly durable photocatalytic system, of which the turnover number of formate
(TONHcoo-) exceeded 1700 when fac-[Mn'(bpy)(CO)3((OC(O)OC2HsN(C2Hs0H)2) (Mn-CO--
TEOA) as the catalyst, [Os'(4,4’-dimethyl-bpy)(5,5-dimethyl-bpy).]** (Os) as the
photosensitizer, and 1,3-dimethyl-2-phenyl-2,3-dihydro-1H-benzo[d]imidazole (BIH) as the
reductant were used in conjunction with irradiation at Aex = 620 nm. In contrast, for the same
photocatalytic system, irradiation at Aex = 480 nm lowered the TONHcoo- to less than 60. The
significant difference in the durability of the photocatalytic system arises from the
dependence of the Mn(0)-Mn(0) dimer [Mn%(bpy)2(CO)s] (Dim-Mn), an intermediate
produced during the photocatalytic reaction, on the wavelength of the irradiated light for its
photoreactivity as shown in Figure 1.

Figure 1. Photochemistry of [Mn%(bpy)2(CO)e] (Dim-Mn)
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Solar light harvesting and interconversion of solar energy into either electricity or driving
force for small molecule activation reactions are critical to the production of energy and other
processes that our society requires to function. In this talk, | will discuss the photochemistry
of two non-aromatic porphyrinoid complexes: a Pd(ll)biladiene and a Pd(ll)isocorrole that
were designed for use as photosensitizer drugs for photodynamic therapy. Up until this point,
the excited-state dynamics of these new non-aromatic tetrapyrrole complexes have been
virtually unexplored. During our work on the Pd(ll)biladiene moiety, we discovered that while
excitation into the lowest-energy absorption feature of the Pd(ll)biladiene complexes
produces expected photophysics, interestingly, excitation into higher-lying excited states
resulted in an additional, unexpected lifetime. | will discuss our work to propose the cause
of this unexpected behavior. Further our work with two Pd(ll)isocorrole moieties reveals how
the substitution pattern on the ring has a profound impact on the photophysics to the point
that one complex is capable of producing cancer-killing reactive oxygen species, while the
other moiety does not.

Pd(ll) Biladiene Complexes

'
formed £ d\N /) —CeFs formed

Figure 2. Molecular structures of the non-aromatic designer tetrapyrroles presented in this talk.
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New metal complexes in luminescence, photocatalysis and charge
accumulation
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Iron, manganese, chromium, nickel, and molybdenum offer promising alternatives to
platinum group metals in photoactive coordination complexes. The first part of this
presentation will highlight recent advancements in utilizing these metals in photoactive
complexes featuring isocyanide and carbene ligands. Emphasis will be placed on how
synthetic strategies can be employed to enhance photophysical properties, such as
photoluminescence quantum yields and excited state lifetimes, aiming to achieve
performance comparable to commercial complexes of noble metals. The second part will
delve into the use of these metal complexes in photoredox catalysis and light-driven charge

accumulation.
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Gated Pathway for Photoinduced Interfacial Electron Transfer
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The talk will illustrate how careful synthetic bridge design (Galoppini) can be used to control
interfacial electron injection and recombination (Meyer) between an transition metal
photosensitizer and an oxide electrode via “structural gating.” Structural gating provides a
molecular means to preferentially transfer electrons in
one desired vectorial direction, behavior needed for
applications in solar energy conversion. At the
interfaces utilized, visible light absorption by a transition
-~ \./ metal complex opens a ‘structural gate’ by planarization
of otherwise rotating phenyl rings in p-phenylene
ethynylene (PE) bridge units. Planarization provides a
conjugated pathway for electron flow toward a
conductive oxide surface. Excited state electron
injection to the oxide restores rotation and closes the
gate for the unwanted recombination reaction. This
=Ny » structural gating results in quantitative long-distance (>
@@ 20 A) interfacial electron transfer that occurs about one
thousand times faster than transfer in the opposite
Figure 3. Mechanism for light  gi-action. Marcus-Gerischer analysis of kinetic data
initiated (1) “gated” electron transfer . ) A
(2) that promotes long distance Measured as a function of the thermodynamic driving
transfer to an oxide surface while force provided the reorganization energy and the
inhibiting  the unwanted  charge  glectronic coupling matrix element for these interfacial
recombination reaction (3). . . .
electron transfers. Electronic coupling with the
conductive oxide surface was weak and consistent with non-adiabatic electron transfer.
Smaller coupling was evident for the PE bridge units relative to insulating ionic bridges. An
approximately 0.7 eV smaller reorganization energy was responsible for the enhanced
vectorial electron injection through the conjugated aromatic bridge units. More broadly, a
small distance-dependent reorganization energy with weak electronic coupling underlies the
success of this bridge design that enables efficient long-distance electron transfer with slow
recombination.
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Modification of conductive electrodes with chemically tunable molecular catalysts represents
an interesting and relatively unexplored area of photoelectrocatalysis research. Here, we
investigated the coordination of Rh-based hydrogen evolution reaction catalyst onto the
edges of graphene nanoribbons (GNRs) to form metal-nanoribbon catalyst (Rh-GNR).2 The
electrocatalytic hydrogen evolution reaction was observed when glassy carbon electrode is
modified by Rh-GNR to form Rh-GNR@GC. The catalytic activity is maintained throughout
the entire pH region, which contrasts the behavior of the homogeneous (molecular) analog
catalyst, which becomes inactive in the basic pH. The Rh K-edge X-ray absorption
spectroscopy reveals that the molecular analog and Rh-GNR exhibit identical coordination
environment, indicating that the differences in electrochemical behavior do not arise due to
functional group differences between the two catalysts. The results of this work indicate that
the catalytic sites are located outside the electric double layer and that the observed catalytic
enhancements are not associated with field-driven chemistry. The observed improvements
for the immobilized catalyst are instead assigned to the prevention of undesired catalyst
aggregation when it is attached to the electrode surface.

Figure 4. Structure of Rh-coordinated graphene nanoribbons.
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In the past twenty years, DNA has been used as a scaffold to stabilize atomically
monodisperse silver nanoclusters. Thanks to their size below 2 nm, DNA-embedded silver
nanoclusters (DNA-AgNCs) are characterized by discrete energy levels, allowing them to
absorb and emit visible and near-infrared (NIR) light.[1]

However, the relationship between spectroscopic properties and structure is largely
unknown. Such information is not only relevant to design new DNA-AgNCs with tailored
properties, but it is also important for bio-conjugation experiments and essential for
electronic structure calculations.

The combination of mass spectrometry and single crystal X-ray diffraction of HPLC-purified
DNA-AgNCs is a powerful tool to gain insight into the atomic arrangement of silvers, the
charge of the clusters, the coordinate bonds to the DNA and the overall DNA conformation.
However, every step in the crystallization and structure determination process is neither
trivial nor guaranteed to succeed.

The structures of two different emitters are presented, along with their steady-state and time-
resolved photophysical characterization. One structure and seven mutations thereof are
related to a 730-nm emitter formed by 16 Ag atoms encapsulated by two DNA decamers
that take on a horse-shoe-like conformation. Mass spectrometry also revealed that two
chlorido ligands are present in the structure, and the overall charge of the nanocluster is
8+.[2][3] The second structure corresponds to the longest atomically precise silver nanorod
that has been solved so far. It consists of 28 silvers, of which 12 are metallic, resulting in
bright emission at 960 nm. When in the crystalline state, two chlorides are also bound to the
silver core, similarly to the previous structure.[4]

The integration of single-crystal X-ray diffraction measurements, mass spectrometry and
spectroscopic investigation is thus paramount to advancing our understanding of these
novel emitters.

References

[1] Gonzalez-Rosell, A.; Cerretani, C.; Mastracco, P.; Vosch, T.; Copp, S. M., Nanoscale Advances 2021, 3
(5), 1230-1260.

[2] Cerretani, C.; Kanazawa, H.; Vosch, T.; Kondo, J., Angewandte Chemie International Edition 2019, 58
(48), 17153-17157.

[3] Gonzalez-Rosell, A.; Malola, S.; Guha, R.; Arevalos, N. R.; Matus, M. F.; Goulet, M. E.; Haapaniemi, E_;
Katz, B. B.; Vosch, T.; Kondo, J.; Hakkinen, H.; Copp, S. M., Journal of the American Chemical Society 2023,
145 (19), 10721-10729.

[4] Romolini, G.; Kanazawa, H.; Mollerup, C. B.; Liisberg, M. B.; Lind, S. W.; Huang, Z.; Cerretani, C.; Kondo,
J.; Vosch, T., Small Structure 2025, 2500022.



| 26t International Symposium on the
Photochemistry and Photophysics of Coordination Compounds IN 1 1

A New Look at the Magneto-Optical Activity of Metalloporphyrins
J. J. Rack

Affiliations: Laboratory for Magneto-Optical Spectroscopy, Department of Chemistry and Chemical
Biology, University of New Mexico, Albuquerque, NM 87131. E-mail: jrack@unm.edu

New materials featuring optimized magneto-optical activity are needed for the emergent
quantum revolution as well as for existing telecommunications and photonics technologies.
Current materials rely upon metal oxide materials, which limit their application due to
difficulties in processing. In this talk, we will investigate the magneto-optical activity of
metalloporphyrins. We will describe how to optimize the Faraday A-, B- and (-terms for a
particular material and we will show that high symmetry pentafluorphenyl substituted
metalloporphyrins show remarkable magneto-optic effects. These effects will be described
within the Gouterman four-orbital model.
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Photoactive transition metal coordination complexes play an outsized role in modern
photochemistry, owing primarily to their ability to absorb visible light and generate useful,
long-lived excited states. Ligand design is key to efforts to control both light absorption and
the properties of excited states—including their lifetimes—through manipulation of a
molecule’s electronic structure, with ‘strong field” donors prized for their ability to destabilize
metal-centered ‘ligand field’ states in favour of more useful charge-transfer excited states.

In this presentation, two less conventional approaches to improving the photophysical
properties of coordination complexes will be discussed. First, the use of benzannulated
ligands will be introduced as a means to accessing unconventional excited states in
abundant element chromophores through controlling molecular rigidity.['! Second, molecular
architectures that allow amido donors to exert favorable influence on light absorption or
temper undesirable impacts on emission will be discussed.?! The characterization of excited
statesl®!l and their application in bimolecular photochemical reactions will also be presented.

M(t,)
: = N(2p)

M= Cr Mn Fe Co NiZn

N.mido Character to HOMO >
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Photochemical upconversion (UC) involving Triplet-Triplet Annihilation (TTA) is a fascinating
process, enabling the formation of a single high-energy photon from two non-coherent low
energy photons, and has attracted a myriad of applications ranging from biological sensing
and imaging to improved efficiency of photocatalytic reactions and photovoltaic devices.['?!

TTA-UC systems often rely on efficient triplet-triplet energy transfer (TTET) between long-
lived phosphorescent metal complexes as photosensitisers (PS) and highly fluorescent
organic molecules as acceptors (A), yielding photon upconversion efficiencies >30% under
intense illumination. Methods to improve the lower efficiencies observed under low intensity
illumination have included preorganisation of organic chromophores using supramolecular
and/or Coulombic approaches and the use of mediators for energy transfer to improve the
annihilator performance, allowing lower concentrations to be used, which can in turn limit
parasitic losses by reabsorption.!

In recent years, improvements in the overall
upconversion efficiency obtained by using two Z(AB)
(or more) chemically different annihilators has
been reported, both in solution and the solid
state, facilitated by hetero-TTA which it has
been argued can also be synergistic.*5 A
consideration of the relative kinetics involved
can reveal whether the higher energy organic
triplet state will preferentially participate in .
upconversion, or more simply act as an energy ‘B il /
shuttle to the lower energy annihilator. Herein, “—F ks
we report our analysis for one of these
systems using steady state and time-resolved . | hv,
transient absorption techniques, and provide a
kinetic model to explain our observations.

1 PS kTrA(A-A]

.3PS v '..kTTETfPS-A'l “3p

Krrenps e krierag D ———

B PS v A

Figure 1. A simplified Jablonski diagram showing the different excited states and processes involved in
homo- and hetero-TTA. S = sensitizer, A = annihilator (or mediator), B = annihilator.
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Ultrafast structural and spin dynamics in Copper(l) diimine phosphine
complexes from femtosecond optical and X-ray spectroscopies
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Transition metal complexes have been used in a plethora of light-driven processes and
applications for decades. In the quest for cheaper, scalable photosensitizers and
photocatalysts, much recent research turned toward complexes of 1st or 2nd row transition
metals. To this end, (bis)diimine complexes of Cu(l) have attracted considerable interest,
owing to their intense Metal-to-Ligand charge transfer absorption in the visible region.

The drawback of such MLCT states is that pseudo-tetrahedral Cu(l) complexes undergo
ultrafast Jahn-Teller distortion associated with the change from d'° to d® configuration of the
metal center. As was first demonstrated by McMillin and co-workers, an introduction of bulky
substituents in the diimine ligands can be used as the means to preclude such a distortion,
and control the lifetime of the excited state(s).

Here, we will discuss the results of recent investigations of Cu(l) diimine diphosphine
complexes, whereby an MLCT transition Cu-to-diimine is present, whilst additional steric
bulk is provided by the phosphine ligand.

Specifically, we investigate the interplay between
intersystem crossing and structural changes in a series of
such complexes, in solution, on femto-to-picosecond time- %7" Q

scale. The talk will discuss the results of ultrafast

broadband fluorescence upconversion (FLUPs) g A %
investigation into the rate of intersystem crossing. The  fmesecondexciation
structural and electronic changes are investigated by Cu K- YRy \“‘
edge X-ray absorption spectroscopy (XANES) and X-ray

emission spectroscopy (XES), and P K-edge X-ray

absorption spectroscopy. The results, in tandem with quantum-chemical calculations,
identify Cu-P as a likely major contributor to the reaction coordinate driving the ISC; and the

likely concerted mechanism for spin and structural change.
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Photoactivation of transition metal complexes is key to a number of light-harvesting and
photocatalytic applications, and often involves rich excited state dynamics down to ultrafast
timescales.[1] We have explored a number of innovative molecular systems where
molecular excited stated dynamics and intermolecular charge transfer reactions play key
roles for emerging photochemical applications using a combination of ultrafast spectroscopy
and computational photochemistry approaches.[2-5] Here we present recent insights into
the photoactivation and complex dynamics of several different transition metal complexes
that highlight both common problems and emerging opportunities to drive photochemical
reactions using light-harvesting transition metal complexes.

Figure 2. Photoactivation dynamics of transition metal complexes involve multidimensional motion to
activate internal conversion and intersystem crossing paths.
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In natural and artificial photosynthesis, light absorption and catalysis are separate
processes linked together by exergonic electron transfer. Light is commonly used to
drive a plethora of organic transformations, but the corresponding reaction
mechanisms are not always straightforward. A central aspect that governs excited-
state electron transfer is the cage escape process, i.e. the physical separation and
solvation of the geminate radical pair formed after excited-state electron transfer.
Here, | will present our recent advances in the understanding of the cage escape
process using coordination compounds based on rare and earth abundant transition-
metal based coordination compounds. | will present our recent findings in the
understanding of the cage escape process an correlated it to parameters that include
spin, driving force, dielectric constants and temperature to show how these factors
can be tuned to modulate the cage escape yields and thus the reaction yields.
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Visible light photoredox catalysis promises a sustainable approach for tackling challenging
synthetic problems, including carbon-carbon bond formation, late-stage functionalization
and solar fuels. The predominantly transition metal catalysts that power these reactions
absorb light to form an excited state, followed by electron-transfer with a suitable donor or
acceptor to produce potent single electron reductants and oxidants. Whilst primarily selected
based on ground and excited state properties, catalyst activity is intrinsically tied to the
nature of these redox intermediates.’

Sacrificial additives are commonly employed in photoredox catalysis as a convenient source
of electrons, but what occurs after electron-transfer is often overlooked. Productive reactions
require dissociation of a charge-separated encounter complex, in a reductive quenching
cycle this comprises reduced photocatalyst and oxidized electron donor (e.g. [PC:D™]),
however charge recombination offers a favourable but non-productive process. While both
the electron donor and catalyst are regenerated, efficient charge recombination drastically
lowers the photochemical quantum vyield.

In this work, we use in situ spectroscopic techniques to study the kinetics of charge
recombination and demonstrate how the choice of sacrificial donor plays a critical role in
controlling the productive and non-productive pathways following electron transfer.
Optimizing dissociation of the charge-transfer encounter complex significantly improves
reaction rate, yield and atom economy. These results will direct the design of improved
photocatalytic systems that exhibit higher efficiencies whilst requiring decreased energy
inputs.
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The one, two-, and three-dimensional lanthanide coordination polymers alternating
sequence of lanthanide(lll) ions and organic linker ligands exhibits remarkable
characteristics as novel organic materials with various structural and unique
photophysical properties. The organic linker ligands provide formation of their
polymeric and network structures. We have reported on luminescent Eu(ll1)/Tb(lIl)
mixed coordination polymers. The Eu(lIl)/Tb(lll) mixed coordination polymers show
luminescent color changeable phenomena for temperature and mechano sensors. [
2l Ratiometric analysis of two lanthanide luminophores is a potential method for
sensing applications. Recently, we also presented Dy(lIl)/Tb(lll) mixed coordination
polymers under single crystal connections.?!

In this presentation, luminescent Eu(lll)/Tb(lll) mixed coordination polymer with inner
cylindrical channels for CO2 storage and detection is reported. Effective CO2 gas
capture from air has been now focused of photosynthesis, modern environmental
and industrial chemistry. The cylindrical channels are composed of characteristic
amido linker, dpa (4-(diphenylphosphoryl)-N-(4-
(diphenylphosphoryl)phenyl)benzamilde). This study demonstrates a luminescence
changeable CO»-storage cylinder composed of a triple-stranded helical Eu(lIl)/Tb(lIl)
coordination polymer, [Euo.1Tbo.o(hfa)s(dpa)]s.[*!
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Figure 3. Chemical structure and CO2 capture image of Eu(lll)/Tb(Ill) mixed coordination polymer
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Captivating Bimolecular Photoredox Dynamics of Ligand-to-Metal
Charge Transfer Complexes
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An efficient photocatalytic bimolecular system (Figure 1) requires that 1) photo-induced
charge separation (CS) is faster than charge recombination (CR) of the separated charges,
and 2) CR is slower than their spatial separation via cage escape (CE). In this work, we
investigate this competitive sequence of processes by the photocycles of rhenium(ll)
complexes featuring strongly oxidizing doublet ligand-to-metal charge transfer (2LMCT)
excited states.l'-3 Intrinsic CS and CR rates were measured up to multimolar concentrations
for several electron donors to elucidate both the diffusion-controlled and close-contact
regimes over a wide range of thermodynamic driving forces. The ratio between CS and CR
rates was altered systematically by the thermodynamic driving force of electron transfer,
utilizing the fact that the processes lie in the Marcus normal and inverted regions,
respectively, and with deviations from classical Marcus behavior accounted for by using
Marcus-Jortner-Levich theory. Our study provides unique insights on the dynamics of the
charge separated pair because we directly monitor the generation and depletion of {[Re']* +
D} and it highlights the complex competition between kinetic factors controlling the
fundamental dynamics of the charge separated pairs inside the solvent cage.
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Figure 4. Photocycle between a rhenium(ll) complex, [Re]**, and the electron donor, D. kint = intrinsic decay
rate of excited [Re]?*; kcs = rate of charge separation; kcr = rate of charge recombination; kce = rate of cage
escape.
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Impact of Cis/Trans Geometry on the Photophysical, Electronic, and
Structural Properties of Pt(ll) Cyclometalated Complexes
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Research on organometallic platinum complexes is still vibrant, as it continues to deepen
the understanding of fundamental reactivity, electronic properties, and photophysical
behavior of transition metals. These insights pave the way for innovations in areas such as
optical sensors, visualization devices, catalysis, and photodynamic therapy. Pt(lIl)
complexes, characterized by square planar coordination, can exhibit cis-trans isomerism
when coordinated with bidentate or monodentate ligands. This feature can be further
exploited to design molecules with tailored properties. In this context, we previously reported
the first stable pair of Pt(ll) complex characterized by the different stereochemical
arrangement of two monoanionic bidentate ligands, the widely used 1-phenyl-pyrazole
(Hppz, as the HC”N one) and a ortho-hydroxy Schiff-base (the HO”N) one.[1] Herein, we
extend our study on cis-trans isomers by tailoring the HO”N ligand structure expanding the
n-system either at the chelating N terminus or at the O one. As the ancillary HCAN ligand, in
addition to Hppz, we employed Hppy, leading to the formation of the corresponding
complexes exclusively as single trans isomers. The optical, electronic and structural
properties of the studied systems (depicted in figure 1) reveal that complexes with the same
trans pattern show analogue behavior; however, those with different geometry display
distinct photophysical properties until the triplet emissive state shift from a mostly MLCT type
(5a-c/6a-c) to a IL one (5d/6d).
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Figure 5. Structure of the studied Pt(C*N)(O*N) complexes; summary of the optical emissions
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Combining the best of organic and inorganic photochemistry with
molecular and coulombic dyads
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Dyads or bichromophores can be designed such that unique properties for photochemical
energy and electron transfer reactions result. These properties are based on the interplay
of an inorganic chromophore, enabling quantitative intersystem crossing as well as visible
light absorption, and a covalently linked organic moiety with a long-lived triplet state. We
synthesized ruthenium complex-based molecular dyads decorated with a covalently
attached pyrene chromophore and used them for efficient photooxygenations in water,
which is a challenging solvent for such reactions.!"! The long-lived pyrene triplets in these
dyads are relatively redox-inert compared to the MLCT triplets of the parent metal
complexes. Hence, these dyads provide an efficient access to acceptor triplet states that
are otherwise very tricky to obtain, which allowed us to establish a triplet quenching
pathway control approach with molecular dyads.?! Guided by our recent study on coulomb
effects on the energy transfer kinetics, we have developed a novel strategy for obtaining
the advantages of molecular dyads without the time- and resource-consuming synthesis
of these tailored photocatalysts. Simply by mixing a cationic ruthenium complex with an
anionic pyrene derivative in water, a salt bichromophore is produced owing to electrostatic
interactions (Fig. 1). We exploited this so-called coulombic dyad for several
photoreactions in the context of light-to-energy conversion with outstanding reaction
quantum yields and turnover numbers.[“! Currently, we are about to establish that the
coulombic dyad strategy can be used for versatile applications following a toolbox
approach.
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Figure 1. Straightforward preparation of a coulombic dyad for more efficient photocatalytic reactions.
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Structural characterization of the Fe(CN)s = Fe(CN)sH20 photo-
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This talk will present very recent XFEL and synchrotron Time-Resolved X-ray Solution
Scattering (TR-XSS) studies of the photo-aquation reaction of aqueous [Fe(CN)s]*
following photoexcitation at 320 nm: [Fe(CN)s]* + hv = [Fe(CN)e]** = [Fe(CN)s]* + CN-
= [Fe(CN)sH20]*> + CN-, where the characteristic time scale of the photo-aquation
reaction is

~20 ps. Particular focus will be on the analysis of TR-XSS data, AS(Q,Atf), which yields a
structural characterization of all the hexa- and penta-coordinated species involved in the
reaction, with special emphasis on the role of the aqueous solvent.

Fe(CN)Y™
<100 fs
A mc

FE(CN): 7 20
ground state

At(ps

Figure 1. Schematic reaction scheme for the [Fe(CN)s]* + hv = [Fe(CN)sH.0]* photo-aquation reaction (left) and a
2D representation of the acquired TR-XSS data (AS(Q,At), right) showing how the reaction progresses on several
different time scales with a concordant change in the X-ray scattering as the molecular structures change.
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Redox-Driven Photoselective Self-Assembly
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Self-assembly via non-covalent interactions is key to complex architectures with advanced
functions.! Here, we couple Pt(Il) self-assembly with redox reactions. Oxidation to Pt(IV)
creates a non-emissive monomer, reducible to Pt(ll) to trigger self-assembly, forming
luminescent gels with unique pathways. UV irradiation reduces Pt(IV), generating
metastable fibers with Pt---Pt interactions, enhancing photophysical properties. These fibers
absorb visible light (up to 550 nm), enabling photoselective growth by converting
surrounding Pt(IV) to Pt(ll), promoting fiber elongation over new nuclei formation, as
observed by real-time fluorescence microscopy.?
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 Covalency in the Halogen Bond
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Halogen bonds are a highly directional class of intermolecular interactions widely used in
chemistry and chemical biology. This linear interaction is commonly viewed to be analogous
to the hydrogen bond because all hydrogen bonding models also intuitively describe the o-
symmetric component of halogen bonding. The possibility of Tr-covalency in a halogen bond
is not contemplated in any known models. We provide herein clear evidence of 1r-covalency
being operative in a halogen bond formed between chloride and halogenated
triphenylamine-based radical cations. This conclusion was reached through computational
analysis of chlorine K-edge X-ray absorption spectra recorded on these halogen bonded
pairs. In light of this result, we contend that halogen bonding is better described by analogy
to metal coordination bonds rather than hydrogen bonds. Our revised description of the
halogen bond suggests that these interactions could be employed to influence the electronic
properties of conjugated molecules in unique ways.
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Gated Pathway for Photoinduced Interfacial Electron Transfer
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The talk will illustrate how careful synthetic bridge design (Galoppini) can be used to control
interfacial electron injection and recombination (Meyer) between an transition metal
photosensitizer and an oxide electrode via “structural gating.” Structural gating provides a
molecular means to preferentially transfer electrons in
one desired vectorial direction, behavior needed for
applications in solar energy conversion. At the
interfaces utilized, visible light absorption by a transition
-~ \./ metal complex opens a ‘structural gate’ by planarization
of otherwise rotating phenyl rings in p-phenylene
ethynylene (PE) bridge units. Planarization provides a
conjugated pathway for electron flow toward a
conductive oxide surface. Excited state electron
injection to the oxide restores rotation and closes the
gate for the unwanted recombination reaction. This
=Ny » structural gating results in quantitative long-distance (>
@@ 20 A) interfacial electron transfer that occurs about one
thousand times faster than transfer in the opposite
Figure 7. Mechanism for light  gi-oction. Marcus-Gerischer analysis of kinetic data
initiated (1) “gated” electron transfer . ) A
(2) that promotes long distance Measured as a function of the thermodynamic driving
transfer to an oxide surface while force provided the reorganization energy and the
inhibiting  the unwanted ~ charge  glectronic coupling matrix element for these interfacial
recombination reaction (3). . . .
electron transfers. Electronic coupling with the
conductive oxide surface was weak and consistent with non-adiabatic electron transfer.
Smaller coupling was evident for the PE bridge units relative to insulating ionic bridges. An
approximately 0.7 eV smaller reorganization energy was responsible for the enhanced
vectorial electron injection through the conjugated aromatic bridge units. More broadly, a
small distance-dependent reorganization energy with weak electronic coupling underlies the
success of this bridge design that enables efficient long-distance electron transfer with slow
recombination.
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McMillin and colleagues elucidated the photochemical properties of homoleptic copper(l)
complexes with the general formula CulL2* in the late 1970s.[Y By utilizing the sterically
constrained neocuproine (ncup, Figure 1) as a ligand, they demonstrated that it was possible
to enhance the excited-state properties of Cu(ncup)2® by limiting the flattening of the
coordination sphere that typically occurs upon excitation. Since then, significant progress
has been made in improving their photophysical properties and applying them to
photochemical processes. One of the challenges in improving and controlling CuL2*
photophysical properties is that the relationships between substituent positions on the
phenanthroline core and their effects on the corresponding copper complex properties
remain underexplored and poorly understood.”l To elucidate these relationships, we
designed three new copper(l) complexes: C1, C2, and C3 (Figure 1). We varied both the
nature of substituents (methoxy vs. thiomethoxy in C1 vs. C2) and their positions (3,8 vs.
4,7in C1 vs. C3). As anticipated, both the position and nature of the substituents significantly
influence the overall photophysical properties of the complexes: very subtle change
determine the luminescence mechanism (TADF vs. anti-TADF) and lead to either modest
(below 0.1%) or high (6.7%) emission quantum yields. Notably, complex C1 exhibits one
of the highest emission quantum yields ever reported for such simple structures and
demonstrates an exceptional 'Oz generation quantum yield (ca. 65%) for a homoleptic
copper(l) complex. Using DFT calculations and ultrafast transient absorption spectroscopy,
we rationalize how appropriate functionalization of positions 3, 4, 7, and 8 of phenanthroline
impacts the electronic properties of the associated copper(l) complexes, endowing them
with superior photophysical characteristics.

Figure 1. Structures of the seminal Cu(ncup)2* complex and of the new complexes developed.
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Recent years have seen significant breakthroughs and advancements in the development
of novel photosensitiser complexes based on sustainable, Earth-abundant first-row
transition metal elements.["! This work seizes upon the opportunities afforded by alternative
electron configurations and excited state paradigms that exist beyond the historical
‘standard model’ represented by complexes of d® Ru(ll) & Ir(Ill) ions with their emissive and
photoreactive SMLCT states. This includes the exploitation of microsecond lifetime 2MC
states of Cr(Ill) complexes!?l and the previously overlooked and remarkably long-lived highly
photooxidising 3MC states of cobalt(lll) ions.! The now famous d® Fe(lll) imidazolylidene-
based N-heterocyclic carbene complex [Fe(PhB{Im}3)2]" exhibits spin-allowed fluorescence
and photoinduced electron transfer reactivity stemming from a 2LMCT excited state.®
Triazolylidene ‘abnormal’ carbenes are less well explored for their application as ligands for
photoactive metal complexes,®! but offer significant opportunities for the modulation of metal
d-orbital energies, through their superior o-donation, as well as modulation of ligand orbital
energies. This therefore enables considerable tuning of the optoelectronic properties of
resultant photosensitiser complexes. This talk will focus on results from recent work in our
laboratories on the photophysical properties triazolylidene-based complexes of iron, cobalt
and chromium.
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Figure 8. Generic structure of a 1,2,3-triazolylidene donor complex and absorption and
emission data for a first transition series metal ion triazolylidene complex.
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Ru(ll), Os(ll) and even Ir(ll) are garnering rising interest as potential candidates for
several light-mediated approaches, including Photodynamic Therapy (PDT). The
unprecedented hypoxia activity displayed by new Os(ll)- and Ru(ll)-compounds bearing
thiophene chains proposed and characterized in joint experimental and theoretical
studies!’? are herein presented, along with recent outcomes obtained on Ru(ll)- and
Ir(Ill)-coumarin-derivatives complexes.?4 In all these cases, DFT and TDDFT analysis
were crucial to provide fundamental insights into their dual normoxia/hypoxia activity,
demonstrating that it does not rely on a photoinduced ligand loss mechanism as the better-
known photoactivated cancer therapy (PACT or PCT) hence questioning the generally
accepted correlation between the hypoxia phototoxicity and the population of 3MC
dissociative states.

[ Ru/Os/Ir J =
comnlexes hearino 5
0 T
/ P b D
N--/ Wk " . PQ
~
T SN R
-
Figure 1.

Acknowledgments

PRIN D.D. 104/2022 PNRR M4.C2.1.1. — Project Code: 2022AN47CA — CUP: H53D23003820001, funded
by the European Union — NextGenerationEU — Project Title “LA-G4-DACA” — Grant Assignment DD 862,
16/06/2023 is aknowledged.

References

[1] J. A. Roque lil, H. D. Cole, P. C. Barrett, L. M. Lifshits, R. O. Hodges, S. Kim, G. Deep, A. Francés-
Monerris, M. E. Alberto, C. G. Cameron, S. A. McFarland, J Am Chem Soc 2022, 144, 8317—-8336.

[2] J. A. Roque, P. C. Barrett, H. D. Cole, L. M. Lifshits, G. Shi, S. Monro, D. von Dohlen, S. Kim, N.
Russo, G. Deep, C. G. Cameron, M. E. Alberto, S. A. McFarland, Chem Sci 2020, 11, 9784—-9806.

[3] E. Ortega-Forte, A. Rovira, P. Ashoo, E. Izquierdo-Garcia, C. Hally, D. Abad-Montero, M. Jorda-
Redondo, G. Vigueras, A. Deya, J. L. Hernandez, J. Galino, M. Bosch, M. E. Alberto, A. Francés-
Monerris, S. Nonell, J. Ruiz, V. Marchan, Inorg Chem Front 2025, DOI 10.1039/D4QI03369H.

[4] D. Abad-Montero, A. Gandioso, E. Izquierdo-Garcia, S. Chumillas, A. Rovira, M. Bosch, M. Jorda-
Redondo, D. Castafio, J. Bonelli, V. V. Novikov, A. Deya, J. L. Hernandez, J. Galino, M. E. Alberto, A.
Francés-Monerris, S. Nonell, G. Gasser, V. Marchan, J Am Chem Soc 2025, 147, 73607376



e e 26t International Symposium on the
[\ e /o) Photochemistry and Photophysics of Coordination Compounds 0R17

Photo-induced oxidation-enhancement in biomimetic Molybdenum
photo-catalysts
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In this study we shed light on the underlying mechanisms of photo-induced oxidation-
enhancement (PIOE) in biomimetic mono- and bi-metallic molybdenum photo-catalysts.
In particular Ru(ll)-Mo(VI) dyads show enhanced photo-activation of oxidative catalysis
of Mo(VI), with respect to isolated Mo(VI) complexes.’
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Based on femtosecond transient absorption measurements, we revealed that the PIOE
of Mo(VI) is due to intramolecular processes only occurring in ultrafast regime and it
is not preceded or accompanied by any oxidation of the Ru(Il) unit.? Instead, we observed
the coexistence of both moieties in the dyad activated. Our finding has an important impact
on modelling photocatalytic processes in bimetallic dyads not only in ultrafast timescales
but on ps and even ms timescales, since the competition between the oxidizing and
reducing agents at the Ru(ll) and Mo(VI) units, respectively, will eventually determine the
effective catalytic activity of the dyad.

Our results substantially advance our insights into the photochemistry of Mo(VI) catalysts
and define a new paradigm to describe oxo-transfer reactions in such biomimetic
molybdenum dyads. This study advances our understanding of photo-induced electron
transfer mechanisms that are of relevance to oxo-molybdoenzymes and, in perspective,
in developing biomimetic oxo-transfer catalysts.
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Ag(l) complexes: From extremely long-lived phosphorescence for
oxygen sensing to ultra-short-lived TADF for OLEDs.
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Photophysical properties of Ag(l) complexes can be modified drastically by ligand variation.
By designing compound 1, a heteroleptic Ag(l) complex of 2,9-dimethylphenanthroline
(dmp) and a neutral diphosphine (DPEphos), an extremely long-lived phosphorescence of
t(phos) = 110 ms (PMMA doped 1 wt%, ®pL(phos) = 50 %, Amax = 490 nm) assigned as
phenanthroline centered T1—So transition at large S:+-T1 gap (>1 eV, >8000 cm™) is
obtained. By replacing the DPEphos ligand with the strongly electron donating di-phosphine
ligand (P2-nCB), comprising a negatively charged nido-carborane cage (compound 2), the
characteristics of the lowest excited singlet and triplet states are altered to "3LL'MCT
character, involving both ligands and the metal. Accordingly, the singlet-triplet gap becomes
small (0.08 eV, 650 cm™), affording efficient thermally activated delayed fluorescence
(TADF).[1] Indeed, 2 shows ultra-short TADF decay of 1.4 ys at ambient-temperature with
®p (TADF) = 100 % (neat powder, Amax = 526 nm). Both compounds show milestone
properties as compared to other pseudo-tetrahedrally coordinated metal complexes. They
are both investigated by TD-DFT calculations including SOC. It is suggested to investigate
1 as highly sensitive oxygen sensor and 2 as OLED emitter.
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Chiral metal complex for asymmetric photocatalysis
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The use of light to accelerate chemical reactions or drive chemical transformations that are
endergonic in the dark has been recognized since the early days of photochemistry.['l Over
the past decade, there has been a remarkable increase in studies utilizing visible light to
promote organic reactions. Photocatalysts facilitate electron transfer processes, as
electronically excited states serve as both stronger oxidants and reductants and might be
involved in energy transfer processes.

This contribution will present chiral metal complexes containing Ir(l11)23 or Co(lll),?!
highlighting their applications in photoredox catalysis and artificial photosynthesis. The
contribution will focus on the photochemical mechanism and the discussion of the
experiments performed to shed light on it. A particular emphasis will be devoted to time-
resolved emission and absorption spectroscopy as a tool for investigating the photochemical
mechanism.
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The chemical and photophysical properties of porphyrins can be easily modulated through
variation of the macrocycle conformation [1]. Next to fine-tuning of the photoexcited
properties, appropriate manipulation of the 1-conjugated macrocycle conformation allows
access to core nitrogen atoms in free base porphyrins. Likewise, atropisomerism presents
an intriguing, but often neglected, source of structural variety in molecular systems. While
the photo- and physicochemical properties of rotamers are mostly similar, atropisomerism
offers a unique design principle for novel receptors, photoactive drugs, and sensors [2].
Using atropisomeric dodecasubstituted, conformationally designed nonplanar porphyrins we
have shown that they can serve as excellent hosts for various substrates and analytes with
highly tuneable basicity for diverse applications including organocatalysis and optical
sensing [3]. The remarkable flexibility of the porphyrin macrocycle continues to drive the
search for novel ways to impose greater complexity in deformations which allows fine tuning
of the chemical and photophysical properties. Atropisomerism provided an excellent
molecular engineering toolbox to control symmetry elements [4] and gave rise to a case
study where the inner N—H units respond to a chiral guest [5].

These concepts can also be used to enhance photosensitizer development for
photodynamic therapy and related drug developments. For the preclinical photosensitizer
redaporfin the four atropisomers could be separated and shown to exert dramatically
different therapeutic efficacies. In vitro and in vivo studies showed a significant variability of
the atropisomer phototoxicity and cellular internalization indicating that atropisomerism is a

viable design principle in medicinal chemistry to enhance drug uptake [6].
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Design of chromophores that can harvest light across the visible and near-infrared domain
for sensitization of effective photochemical reactions is an area of present-day research." It
has been realized that rational design of molecular architectures is crucial to accomplish
complicated functions.” To this end, we designed a new array of mono- and bimetallic Ru(ll)
and Os(Il) complexes based on stilbene-appended terpyridine ligands.?® All the complexes
exhibit strong absorption and emission across the visible to NIR domain with reasonably
long room temperature excited state lifetimes. They also display sequential reversible metal-
centered oxidations and ligand-centered reduction waves. The stilbene motifs facilitate
reversible trans-cis photoisomerization under alternative treatment with visible and UV light,
enabling the complexes to function as photo-molecular switches. Interestingly, remarkable
increase in the rate of photo-isomerization has been achieved via the use of suitable external
stimuli, viz. chemical oxidants, reductants, acid and base as well as light of appropriate
wavelengths. In essence, the complexes display multi-steps photo-switching which in turn
could open up the possibility towards the development of molecular based photonic devices.
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Figure 1. Multistep switching via oxidation-reduction and reversible t-t=c-c isomerization.
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Lanthanide(lll)-based metallacrowns functionalized with ruthenium(il)
complexes for multiplex imaging and oxygen sensing in the NIR-II
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Oxygen is one of the key metabolites in aerobic organisms. Oxygen deprivation (hypoxia) is
connected to various diseases, including cancers, cardiovascular diseases and strokes.!"!
Therefore, it is essential to quantify oxygen levels in biological systems in real-time to ensure
an early diagnosis of dysfunction. Multiplex imaging in the second near-infrared window
(NIR-I1, 1000-1700 nm) opens new perspectives for the comprehensive understanding of
complex biological processes and for more accurate diagnosis of diseases by enabling real-
time acquisition of images with improved contrast and spatial resolution in deeper tissues.?!
However, today, the number of suitable NIR-Il imaging agents remains highly limited.
Lanthanide(lll)-based metallacrowns (MCs) belong to a class of metal complexes that have
demonstrated unique luminescence properties and perspectives to be used as NIR-II
imaging agents.3-¢l In this work, we present synthetic pathways to generate two families of
Ln(ll)/Ga(lll) MCs functionalized with Ru(ll) complexes. Detailed photophysical studies
have been performed in air- and Nz-saturated solutions. We have shown that the
characteristic emissions of Yb(IIlI), Nd(lll) and Er(lll) in the NIR-Il range can be sensitized
upon excitation in the visible range, through Ru(ll)-centered metal-to-ligand charge transfer
states. In contrast to many fluorescent oxygen sensors for which the presence of the analyte
induces a decrease of the emission signal, the presence of oxygen leads to the
enhancement of Ln(lll)-centered emission in studied Ln(lll)/Ga(lll) MCs. NIR-II imaging
experiments using capillaries and biological tissue-mimicking phantoms have shown that
signals arising from different Ln(lll) can be detected and discriminated unambiguously.
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Dynamic Excited-State Jahn-Teller Distortion in the Al(lll) Dinuclear
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Molecular symmetry is a fundamental determinant of optoelectronic properties, yet the
dynamic interplay between symmetry and excited-state behavior remains largely
unexplored, particularly in p-block element metal complexes. We try to bridge the critical
knowledge gap by investigating novel Al(lll) dinuclear triple-helical complexes, which
combine high symmetry with twisted 11-conjugated systems to achieve exceptional optical
properties (ALPHY)." Employing transient absorption spectroscopy with a 10 femtosecond
pump pulse, we observed the ultrafast dynamics of photoexcitation-triggered Jahn-Teller
distortions in these high-symmetry p-block element complexes.

Figure 1a shows the transient
absorption spectra of the ALPHY.
Immediately after excitation,
excited-state absorption centered

-l
Q
=]

{a)
0

=
=21
@

>

1

o
b=

AADbs. (x10 ’I
=

OR23

at 570 nm was observed to rise,
and then converted into the second
spectral component centered at
550 nm with a time constant of
approximately 200 fs. Furthermore,
stimulated emission was observed
around 600 nm, indicating the
formation of an emissive state. In
addition, beat signals originating
from nuclear wavepacket motion in
the excited state were observed

107

Mbs, (

[
\
J

i
\ “'Y‘ .'\I ‘(\ A
—JU Y

1.\/\ (\'\‘ AN S ARt

Rna A
AT AU VA A WAy W,
\ Ay WA,
VAV VN

128 260 Y At e o G 2 122

T
500 1000 %500
Time (fs)

2000

Wavelength {nm)

Wavelength (nm)
%‘«
L=

(4.

o

(=]
1

|

gl

J‘ln

\‘W‘ A

5 1000
Time (fs)

T

1500

o

(92
(=]
o

T
200 400
Wavenumber {cm™’)

600

(Fig. 1b, c). Fourier transformation
of this oscillatory component (Fig.
1d) and comparison with vibrational
analysis of the Franck—Condon
state suggested that the motion
includes a vibration that flattens the
dihedral angle of one of the three ligands. Structural optimization calculation in the S1 state
revealed the dihedral angle flattening, lowering the symmetry from D3 to C2. Our research
paves the way for developing high-performance, environmentally friendly materials for
diverse optoelectronic applications, offering a fresh perspective on utilizing p-block elements

and symmetry control in advanced material design.?
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Figure 9. (a) Transient absorption with 10-fs pump pulse
centered at 400 nm. (inset) The chemical structure of the Al
complex (ALPHY), (b) beat signal observed at each
wavelength, (c) beat signal obtained by population change
subtraction, (d) beat map of the observed coherent oscillations
as a function of probe wavelength.
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llluminating New Pathways in Antimicrobial Photodynamic Therapy:
Coordination Metal Complexes and Functional Materials for Enhanced

Selectivity and Efficiency
Janusz M. Dgbrowski
Faculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30-387 Krakow, Poland.
jdabrows@chemia.uj.edu.pl

The rapid rise of multidrug-resistant (MDR) microorganisms presents a significant challenge
to modern medicine. Photodynamic inactivation (PDI) offers a promising alternative to
conventional antibiotics by utilizing light-activated coordination compounds to generate
reactive oxygen species (ROS).1-2 This study explores the impact of various metal
coordination on the photophysical and photochemical properties of porphyrin and
phthalocyanine complexes, aiming to optimize their antimicrobial efficacy.

/mummmoomcmous\ A series of novel porphyrins and
wowecuan L8 8 o P phthalocyanines, incorporating transition
e, Qv S metal ions such as Pd2+ and Zn2+ (Fig.

prse: 1), were synthesized and characterized
Y using advanced spectroscopic
upOPHILCITY Y. techniques, including transient absorption
| memmauamersass £ LOUSRY spectroscopy and time-resolved  singlet

s , W Al
‘Q\‘(f‘* !g'. .,;:~,a,',:,.; :,r ' oxygen phosphorescence. The study
. R BV evaluates how variations in ligand

* Gram (+) . ;' “Gram [-)

environment, axial substitution, and metal

Figure 10 Schematic representation of PDI using the center affect key parameters such as

aforementioned families of photosensitizers. singlet oxygen quantum vyields, triplet
excited-state lifetimes, and photostability.

Our results demonstrate that Pd2+-based complexes exhibit superior singlet oxygen

generation (®PA up to 0.93) and long triplet-state lifetimes, enhancing their bactericidal

efficiency. Structural modifications, such as axial ligands and peripheral halogenation,

further influence ROS production and bacterial membrane interactions, as confirmed by

confocal fluorescence imaging and electron microscopy studies.3 Moreover, integration with

nanocarriers and the modification of TiO, surfaces with selected metalloporphyrins

significantly improve antimicrobial performance against MDR Gram-positive and Gram-

negative strains.4 In vivo studies using murine wound infection models validate the

translational potential of these systems, demonstrating rapid bacterial clearance and

minimal cytotoxic effects. These findings provide valuable insights into the structure-activity

relationships of coordination complexes, paving the way for rational design of next-

generation photosensitizers for antimicrobial photodynamic therapy.
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Photocatalytic Reduction of CO, to HCOOH using a Porphyrin-
Rhenium Dyad
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One approach to address increasing greenhouse gas emissions is photocatalytic carbon
dioxide (CO2) reduction into valuable C1 chemicals. Porphyrins, which absorb in the visible
region of the spectrum are promising materials for photocatalytic CO> reduction. While a
number of organometallic — porphyrin dyads have been reported for selective photocatalytic
reduction of CO2 to CO, the production of formic acid is less well known for these systems.
We have assessed a range of porphyrins, including the free base porphyrin dyad (H2PorRe)
and zinc porphyrin-rhenium tricarbonyl (ZnPorRe) dyad (shown below) for intramolecular
photocatalytic CO> reduction. Time resolved infrared and transient absorption spectroscopy
were employed to probe the photophysical properties of these assemblies, and identify the
excited states populated. The fluorescence of both porphyrin-rhenium dyads was
significantly quenched compared to the porphyrin photosensitiser.

When photocatalysis studies were performed, formic acid was the predomiant product, with
negligible amounts of CO detected. Photocatalysis in this dyadleadign to the formation of
formic acid is proposed to occur by a hydrogen atom transfer pathway from the one-electron
oxidised sacrificial electron donor.

A :
7\ 1,)-<N /,N._ﬂ\ =\ _Re(COkCI
C A\ M ) 2N N=\

by L )

M= 2H H,PorRe, M= Zn, ZnPorRe
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Understanding mechanochromism in CuX-L hybrid coordination
polymers
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The quest for smart and responsive materials to self-diagnose damage arising from
mechanical or thermal stress is a challenge for fundamental and applied scientists. Among
many active materials, hybrid coordination polymers (HCPs) emerge as a smart alternative
since they can be obtained from inexpensive reagents and with sustainable methods such
as mechanochemistry, and because their photophysics show novel emerging properties
respect to analogous monomer-to-oligomer structures.[1]

We report the synthesis, characterization and inclusion in functional polymer coatings of an
HCP based on 1-dimensional Cu(l)-halogen ladder structure complexed with pyridinic
ligands, that presents a rich and responsive photophysical behavior. Its emission displays a
prominent triplet character with a marked thermally-activated delayed fluorescence (TADF);
interestingly, such emission is highly and irreversibly sensitive to mechanical forces. The
dependence on controlled mechanical stresses has been carefully analyzed and the effects
on the photophysics are here shown and discussed, highlighting discrepancies with previous
reports on structurally similar systems.[2,3] Finally, first-principles modelling of model
systems based on repeating units of the HCP crystals suggest a possible two-minima triplet
potential energy surface (PES) to explain the observed rich photochemistry.

In conclusion, an in-depth photophysical investigation on solid-state smart materials based
on a coordination polymer, accompanied by a carefully designed computational atomistic
model, is here presented to propose a novel photo-chemical framework to account for the
mechano-responsiveness of this class of materials.

Figure 11. Confocal image of mechanically stressed polymer coating containing CuX-L HCP
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Luminescence mechanochromism of copper-based materials
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Achieving mechanoresponsive luminescent materials exhibiting high-contrast luminescence

response to mechanical forces, is required for the development of technological applications.1 At
the same time, stimuli-responsive materials based on copper element are of great interest for

developing cost-effective and efficient luminescent materials.2 In this context, we report here our
investigations on the study of luminescent mechanochromic materials based on copper(l)

complexes.3 In particular, we have recently synthesized a copper iodide compound that exhibits a
dramatic switching in emission intensity and color, from red to bright green, upon liquid-to-crystal

transition, triggered by mechanical stimulations.# This reversible phase transition taking place at
room temperature, relies on the intriguing ability of the studied copper complex to form a
supercooled metastable liquid state, as illustrated in Figure 1.

Mechanical stimulus — Exalted luminescence

VEBETT IV
e W

SUPERCOOLED

Figure 1. Photos of the supercooled liquid phase at room temperature under visible light and after mechanical
stimulation (hammer) under UV showing the progressive photoluminescence switching.

In addition to the contrasted emission color changes, a 20-fold increase in the photoluminescence
quantum yield is measured, reaching the high value of 87 %. The mechanism at the origin of the
photoluminescence switching was investigated through X- ray diffraction experiments and Raman
analyses of the metastable liquid state, combined with DFT calculations. The important
luminescence changes can be attributed to modifications of the molecular structure of the complex
in the different phases.
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Light-driven Catalysis of the CO2 Reduction Reaction using
Heptacoordinated Cobalt and Iron Complexes
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Conversion of solar energy into chemical fuels, via the CO:2 reduction reaction (CO2RR),
represents a promising solution to the global energy problem. Direct conversion of CO: into
carbon-based products in protic environments is, however, not a trivial task, mainly ascribed
to the selectivity issues ensuing from the kinetic competition among different processes and
the parallel hydrogen evolving reaction (HER).

In this communication we report on the electrochemical and light-driven catalytic activity
towards the CO2RR by the Co(ll) and Fe(ll) complexes of a hexadentate polypyridine ligand,
both displaying a characteristic heptacoordinated structure, uncommon for 3d metal
ions.[1,2] In particular we will show how the selectivity towards CO vs. H2 formation can be
properly modulated by changing the metal ion or playing on the electronic effects.
Furthermore, taking advantage of the information gained by time-resolved spectroscopy, we
show how the Fe(ll) catalyst can be employed to achieve CO formation with high quantum
efficiency,[2,3] showcasing the strong (but often underestimated) potential of molecular
catalysis.
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Estrogen-conjucated [Ru(bpy):]** complexes exhibit selective
phototoxicity against breast cancer cells
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Photodynamic therapy (PDT) is a promising cancer treatment that uses
photosensitizers administered in the tumor site to generate cytotoxic reactive oxygen
species (ROS) under visible light excitation. This approach minimizes damage to
healthy tissue and avoids the use of ionizing radiation.[' However, most currently used
photosensitizers lack inherent selectivity for cancer cells, leading to undesirable
accumulation in healthy tissues. Ru(ll) polypyridyl complexes are suitable candidates
for PDT due to their readily formed triplet excited states and kinetic inertness.”! We
synthesized a series of estrogen-functionalized Ru(ll) polypyridyl complexes using
click chemistry and characterized their photophysical properties and biological activity.
Dynamic light scattering (DLS) studies revealed that these complexes self-assemble
into micelle-like structures due to their amphiphilic nature. Remarkably, two of these
complexes exhibited substantially higher light-induced cytotoxicity towards estrogen-
receptor-positive (ER+) breast cancer cells (MCF-7) compared to estrogen-receptor-
negative (ER-) cells (MDA-MB-453) reaching up to 9.6-fold selectivity. Overall, this
study underscores the potential of estrogen-conjugated Ru(ll) complexes for PDT,
particularly in selectively targeting ER+ cancer cells.?!
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Figure 1. The estrogen-Ru(bpy)s conjugates described in this study.
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Modulation of Energy Transfer Pathways in Time-Gated
Luminescent Eu(lll) and Tb(lll) Probes for Sensing and
Discrimination of Physiological Phosphates and Biochemical

Hazards
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The nucleoside phosphates (NPP) are important physiological phosphates that are vital
in energy storage, transfer and consumption, DNA synthesis, phosphorylation, molecular
recognition, cellular transduction, and regulation in crucial enzyme activities, etc.?
Therefore, designing sensitive and selective responsive receptors to monitor the level of
various NPPs and differentiating them in physiological conditions is of immense
importance in drug discovery, diagnostic medicine, and disease management." Further,
developing reliable optical sensors for extremely toxic organophosphorus nerve agents is
critical to mitigate and counter the resurgence of any public health and national security
threats.® Emissive Ln(lll) probes have great potential as optical probes due to their long
luminescence lifetime, allowing time-gated luminescence measurements thereby
avoiding autofluorescence, sharp emission bands, large pseudo-Stokes’ shift, etc., which
are valuable prerequisites for highly sensitive bioresponsive luminescent probes. We
purposefully designed luminescent Eu(lll)/Tb(lll)-based molecular receptors conjugated
to the functional antenna capable of interacting with such critical analytes and studied
their structures and photophysics with optimized modulation of sensitization pathways for
desired applications.*® Herein, | will present the bottom-up approach and key strategies
adopted to modulate the 4f—4f luminescence from the Ln(lll) probes via perturbing the
energy-transfer (EnT) pathways upon interactions with NPPs and nerve agents, EnT
mechanism for sensitization, and the involvement of the optimized excited-state
photophysics using a rational synthetic coordination chemistry approach.
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Biological photosynthesis has evolved to a highly efficient molecular apparatus where light
induced electron transfer processes are precisely tuned with regard to sequence and
direction by optimal positioning of functional units.” Photosystem 1 is generating a directional
electron flow from the P700 to the FNR-catalysis center for NADH2" formation over a bridge
of several spatially fixed FeS clusters. These highly reactive intermediates are protected by
protein environments. A functional mimic of nature’s example are multinuclear metal
complexes containing a photosensitizing Ru-polypyridyl unit, a catalytically active Rh(ll1)Cp*
unit and a bridging ligand, if containg an alkynyl linkage providing for very efficient electronic
coupling already in the "MLCT state and highly efficient photocatalysis.? However, chemical
instability of this linkage lead to a search of optimal linking units, which proved futile.3
Inspired by the design of the natural system we those developed a supramolecular
protection of the alkynyl link in from of a rotaxane. We present here the synthesis,
photophysical and theoretical characterization and the outstanding photocatalytic activities
which support the novel concept of supramolecular protection of the Achilles' heel.
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Figure 1. Photocatalysts for visible light driven formation of NADH:* and efficient protected novel catalyst
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