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Cyclodextrins (CDs) are water soluble, biocompatible macrocyclic oligosaccharides, made of α-D-

glucopyranose units joined by α(1-4) linkages. Since their discovery in 1891 they have been studied 

worldwide and nowadays a large number of technologies based on CDs are available also in the 

biomedical field. Not only monomers and their derivatives but also CD-based polymers (pCDs) have 

been studied as pharmaceutical excipients, drug carriers and more recently, active principal 

ingredient (API). Compared to their monomeric models, CD polymers display superior behavior in 

terms of aqueous solubility and solubilizing power towards guest molecules incompatible with 

biological fluids. Also, they allow the combination of more than one type of guest molecules in the 

polymeric system.  

In this context we exploited UV Visible light as a most effective 

tool (1) to interrogate interactions of CDs with guest molecules, 

(2) to implement light-responsive therapeutic systems for 

photodynamic therapy (PDT), and (3) to prepare new 

compounds following a green chemistry approach.  

I will present some recent results for each type of exploitation 

of light. They concern the study by means of circular dichroism 

of new CD dimers acting as drug able to capture cytotoxic 

cholesterol metabolites;[1] the successful combination of 

different types of drugs, antitumoral and antibiotics, with 

photosensitizers of interest for photodynamic therapy under 

hypoxic conditions; [2] the preparation of new organic 

endoperoxides in water by means of homogeneous 

photocatalyis using CD polymers as reaction vessels. [3]  
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Light is an ideal reagent for organic synthesis. It provides energy to overcome activation barriers of 

reactions or even enable endothermic transformations. Photons can be used in large excess to drive 

a reaction to completion, but they will leave no trace. And visible or UV-A light is safe and non-toxic 

and easy generated with modern light sources, such as LEDs. The last two decades have seen the 

development of many synthetic methods that use sensitized or direct photochemistry to enable 

organic reactions at milder conditions, typically close to room temperature, but also open new 

reaction pathways which are impossible in thermal chemistry.[1] In this lecture we will focus on 

organic reactions that can only be performed photochemically, which produce products that are 

higher in energy than the starting materials[2] or enable reaction with better predictability and overall 

efficiency. The first class of reactions we discuss are redox-neutral reactions that need light energy 

input to proceed, such as alkane dehydrogenations and redox-neutral carboxylation reactions.[3-5] 

Next, we have a look at carbonyl Umpolung by photochemistry[6] and how classic cross-coupling 

reactions benefit from photocatalytic strategies.[7] The examples illustrate the many opportunities 

that arise from combining catalysis with photochemistry. The future for better catalysis is bright! 

 

 
 
Fig. 1. Concept of adaptive dynamic homogeneous catalysis (AD-HoC) in cross coupling. 
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Planet Earth sustains all its life forms by exploiting photosynthesis, a paramount biological process 

performed by plants, algae, and some bacteria. Photosynthesis is the sole biological process able 

to fix energy on Earth by harvesting sunlight. The planetary relevance of such metabolic process 

was clear to Giacomo Ciamician who delivered a visionary in 1912 speech [1] on the urgency of 

substituting fossil fuels with “The enormous quantity of energy that the Earth receives from the sun”, 

anticipating by more than one century what is now an almost universally shared opinion. 

Two wars, the availability and handiness of fossil fuels, and many skeptical world leaders have 

pushed the much-needed deadline for leaving carbon-based energy production further and further. 

Eventually, spurred by the vision of Ciamician, at the end of 

the last century the idea of artificial photosynthesis for 

producing sustainable energy kicked in the scientific 

community. Twenty some years and many attempts later, 

awareness struck: complexity is the key to harness the 

energy from the Sun and, no matter how hard you try, you 

cannot outdo the primary energy transducers fine-tuned by 

billions of years of evolution. 

More recently, the possibility to use whole, metabolically 

active photosynthetic organisms in technological 

applications is gaining momentum in the scientific 

community. Results appear interesting and promising. In 

other words, if you can’t beat photosynthetic organisms, join 

them! 

The recent attempts made in our laboratory to harness light 

and exploit it [2-3] are a useful little roadmap to employ 

photosynthetic bacteria in environmental applications. These 

results will be presented with a larger vision toward 

sustainability and circularity in view of the Sustainable 

Development Goals settled by UNO. 
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Halide perovskite semiconductors can merge the highly efficient operational principles of 

conventional inorganic semiconductors with the low-temperature solution processability of emerging 

organic and hybrid materials, offering a promising route towards cheaply generating electricity as 

well as light. Following a surge of interest in this class of materials, research on halide perovskite 

nanocrystals (NCs) has gathered momentum in the last years. While most of the emphasis has been 

put on CsPbX3 perovskite NCs, more recently the so-called double perovskite NCs, having chemical 

formula A+
2B+B3+X6, have been identified as possible alternative materials, together with various 

other metal halides structures and compositions, often doped with different elements. This talk will 

also discuss the research efforts of our group on these materials. I will highlight how for example 

halide double perovskite NCs are less surface tolerant than the corresponding Pb-based perovskites. 

Other topics that will be covered are the role of surface ligands on stabilizing the NCs, doping, and 

our ongoing research on various other metal halides. We will also show our recent results on the 

synthesis and advanced characterization of heterostructured nanocrystals in which at least one 

domain is a halide perovskite. 
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Natural and artificial autonomous molecular machines operate by constantly dissipating energy from 
an external source to maintain a non-equilibrium state. The in-depth study of these dissipative states 
is highly challenging as they exist only as long as energy is provided.1 
We reported on a series of supramolecular pumps that use light to shift a closed reaction network 
away from (local) thermodynamic equilibrium thanks to an energy ratchet mechanism transducing 
light energy into chemical energy.2 Moreover, these pumps realize the unidirectional transit of a ring 
along an axle.3 
In this talk the structural, kinetics, and energetic aspects of this family of supramolecular pumps will 
be discussed along with the advancements of the analytical techniques required to reach an 
unprecedented insight in the non-equilibrium behavior of (photo)chemical reaction networks.  

 
Figure 1. Closed reaction cycle travelled clockwise by the pump during operation (dashed arrow). 
Z-complex is kinetically accumulated away from its (local) equilibrium concentration. 
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Persulfurated benzenes compounds, also called asterisks,  are well known aggregation induced 

emission chromophores. [1] These compounds are non-emissive in solution, but phosphorescence 

is turned-on in the solid state or when rigidity occurs from restricted molecular motions.[2]   

A strategy to enhance the emission in solution is to generate a supramolecular structure by 

coordination of a proper functionalised persulfurated asterisk with metal ions. The generated system 

is highly selective and sensitive for Pb(II) and Cd(II) ions in aqueous solution.[3] 

Another strategy is to rigidify the structure by encapsulation of persulfurated benzenes 

chromophores into silica nanoparticle or synthetize a persulfurated molecular cage.[4] In both 

examples the mobility of the system is drastically reduced, and the resulting locked structure is 

enough rigid to turn on the phosphorescence, suppressing the pathway of the non radiative 

deactivation of the excited state. The resulting systems could be used as an oxygen-sensitive sensor 

due to the phosphorescence quenching as a function of the oxygen concentration in solution. 

 
Fig. 1. Supramolecular assembly by metal ion coordination of a persulfurated benzenes. 
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In response to the world energy crisis which is looking for renewable energy sources, primarily solar 

energy, as a viable solution, singlet fission (SF) has recently aroused deep interest. As for the down-

conversion of high-energy photons simultaneous to the multiple exciton generation (MEG, from one-

photon to two-exciton), the SF implementation onto photovoltaic devices promises to boost the solar 

cell power conversion efficiency beyond the Shockley-Queisser limit. However, SF is a very rare 

photophysical process so that it has been observed in a rather limited number of chromophores. In 

addition, the tangled SF mechanism, which is extremely sensitive to the type of molecule in which it 

occurs, makes its study a truly daunting challenge. 

Aiming at expanding the pool of SF-capable materials, the possible occurrence of such MEG process 

has been gazed in several classes of small organic push-pull molecules through the combined effort 

of the more conventional and advanced spectroscopies together with quantum mechanical 

calculations. Each class of investigated compounds has allowed some of the most controversial SF 

open issues to be addressed and deepened.  

With the fluorene-derivatives, a new class of potential SF-candidates for hybrid (as sensitizers) and 

organic (as electron donors) photovoltaics has been identified showing high-energy triplet excitons 

(ca. 2 eV), higher than any other literature SF material, generated via a peculiar mixed INTRA- to 

INTERmolecular SF mechanism mediated by intramolecular charge transfer.1,2   

Thanks to the case studies of the stilbenoid compounds, the competition between SF and internal 

conversion (IC) has been unraveled by exploring the role of low-lying singlet excited states of Ag-like 

nature. Interestingly, a new simple experimental method has been developed to approach the energy 

binding within the correlated triplet pair, the most important SF intermediate, which allows to predict 

the effective completion of the SF phenomenon and, thus, to rationalize the SF/IC relative 

efficiencies.3  

A new Total Internal Reflection Fluorescence technique, specifically built for the study of highly-

concentrated fluorophore samples beyond ordinary concentration limits, has cleared the role of 

excimer formation and lateral substitution in 9,10-bis(phenylethynyl)anthracene (BPEA) derivatives.4 

Dimeric and trimeric BPEA molecules have been also investigated to verify whether the effect of 

chromophore multiplication could possibly promote the SF process. 

Although the road to optimized SF photovoltaic devices for meeting the world’s enormous demand 

for renewable energy sources is still quite long, critical steps forward have been taken in 

understanding the rare SF process and its intricate mechanism, contributing with alternative 

structural motifs to expand the pool of potential new SF-materials. 
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Cage compounds, mimicking natural enzyme binding pockets, are versatile platforms with 
applications in molecular recognition within confined spaces [1]. In this study, we examined a 
covalent molecular cage, a novel host constructed from a dimer of a triphenylureido-calix[6]arene, a 
macrocycle well-known for its exceptional inclusion properties [2]. The nanocapsule characteristics 
were thoroughly assessed using UV-vis and electrochemical techniques, with a focus on its affinity 
for bipyridinium axles [3]. The cage retains the inclusion properties of the calix[6]arene monomer as 
it can host two bipyridinium axles, with binding affinity influenced by the counterion nature. Notably, 
the inclusion of the second axle deviates from the behavior observed with the first one, revealing an 
intriguing interplay between the two guests within the cage. Our findings suggest that the two 
recognition sites are not entirely independent, as the presence of one guest within the confined cage 
environment impacts the behavior of the other, thus providing insights on the intricate binding 
properties of this molecular cage system. 
Fig. 1. Chemical structure of the covalent cage and the bipyridinium axle, and typical UV-vis spectral 

variations induced by the complexation of the axles to the cage. 
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The pressing necessity to mitigate human-induced CO2 emissions has driven research into 

innovative approaches for converting it into value-added products. [1] Recent findings in designing 

molecular catalysts for the CO2 reduction reaction (CO2RR) have focused on metal complexes with 

ligands showing a significant degree of electronic delocalization, a feature instrumental in reducing 

overpotential and enhancing selectivity over the competitive hydrogen evolution reaction (HER) [2]. 

In this context, we have recently reported on the catalytic activity towards the CO2RR in 

water/acetonitrile mixtures of two molecular catalysts based on Co(II) and Fe(II) metal ions and the 

same redox non-innocent DBPy-PyA ligand (1-([2,2’-bipyridin]-6-yl)-N-([2,2’-bipyridin]-6-ylmethyl)-N-

(pyridin-2-ylmethyl)-methanamine) under both electrochemical and photochemical conditions [3]. 

Interestingly, while the cobalt complex still shows preference towards the HER, the iron analog 

behaves as a selective catalyst towards CO formation. In this communication, I will address how the 

catalytic performance of the Fe(II) complex under photochemical conditions can be improved through 

the careful assessment of diverse dyes and proton donors. Systematic rationalization of the 

photochemical results using time-resolved spectroscopy will be finally discussed. 

 

 

Fig. 1: schematic representation of the photochemical system. 
 
 
References: 

[1] H. Takeda, C. Cometto, O. Ishitani, M. Robert, ACS Catal., 2017, 7, 70-88. 

[2] C. J. Chang, et al, J. Am. Chem. Soc., 2020, 142, 20489-20501. 

[3] F. Droghetti, A. Amati, F. Pascale, A. Crochet, M. Pastore, A. Ruggi, M. Natali, ChemSusChem, 

2023, e202300737 

  

mailto:federico.droghetti@unife.it


IPM2023  OC3 

Decoration of luminescent iron complexes with organic moieties, a 

strategy to increase the luminescence lifetime 

S. Genovese1,2,  A. M. Cancelliere1, F. Puntoriero1, S. Campagna1 

1ChiBioFarAm, University of Messina, Viale Ferdinando Stagno d’Alcontres, 31, 98166, Messina, 

Italia. 

2DCBB, University of Perugia, Via dell’Elce di sotto, 8, - 06123, Perugia, Italia 

salvatore.genovese1@studenti.unime.it  

 

Photoactive rare metal-based complexes have found a crescent number of applications ranging from 

solar energy conversion to phototherapy [1]. This derives from their intriguing properties that can be 

modulated through an accurate choice of the metal-ligand couple. In the last decade, a lot of effort 

has been put into the development of systems based on more abundant and less expensive metal 

complexes, for example the iron ones, that traditionally suffer from fast and non-radiative 

deactivation processes [2]. Recently, an iron(III) complex reported in literature has shown a record 

emission lifetime of about 2 ns [3]. To increase this important parameter, two new iron complexes, 

have been synthesized, characterized and their photophysical and redox properties investigated. 
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Investigation of the adsorption of different species on graphene has been thoroughly studied before, 

since this methodology avoid significant damage on the structural electronic properties of graphene 

itself. Various works focus their attention on the changes that adsorption cause on graphene 

properties [1], while other works study the effect on the adsorbed species [2]. In this work, fluorescein 

isothiocyanate (FITC) adsorption on graphene and graphene oxide has been studied. FITC is known 

for its high fluorescence quantum yield [3], and the adsorption effect on graphene sheets has been 

carried out by investigating changes on the fluorescence properties of the chromophore. For this 

reason, solutions of FITC with different graphene concentrations have been prepared and 

characterized. To further investigate the phenomena, the effect on the fluorescence properties has 

also been investigated in different media, such as gels and films.  
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Dyes showing thermally activated delayed fluorescence (TADF) are attracting growing interest due 

to their peculiar emission properties. TADF phenomenon occurs if the energy gap between singlet 

and triplet excited state is small, which can be observed in case of spatial separation of the HOMO 

and LUMO levels.[1] Generally, this condition is reached by designing molecules bearing donor and 

acceptor groups not directly conjugated to each other. Although many TADF organic emitters in the 

blue-green region have been already reported, the palette of TADF chromophores emitting in the 

red and near-infrared region is quite limited.[2,3] Several polymorphs showing TADF have been 

reported, but they are generally based on planar donor units exhibiting two conformations such as 

phenothiazine and 9,10-dihydro-9,9-dimethylacridine (DMAC).[4,5] Examples of polymorphs with 

triphenylamine are quite rare. 

Here, we report the luminescent properties of a donor-acceptor-donor dye based on triphenylamine 

showing polymorphisms. The obtained three polymorphs exhibit orange to near-infrared emission 

and TADF characteristics. Besides, the molecule forms long (> 100 µm) amorphous fibers with TADF 

emission with maximum at 620 nm (Figure 1). 

 

 
 

Fig. 1. Self-assembled fibers showing TADF emission. 
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Metalloporphyrins, thanks to their rich photophysical behaviour and interesting electrochemical 

properties, have been widely studied as coordinating sites in supramolecular receptors. Interestingly, 

their redox potentials and photophysical properties can be tuned by modifying the lateral 

substituents, making them good candidates in the design of multicomponent systems where 

photoinduced electron transfer (eT) processes can be exploited.[1] In particular, it was recently 

showed that the association of porphyrins to N-acridinium chromophores in supramolecular 

conjugates brings to ultrafast eT processes from the porphyrin donor to the acridinium acceptor, 

which quench the fluorescence of both units.[2,3] 

Among recently designed acridinium-porphyrin receptors, bis(acridinium-porphyrin) tweezers (1 and 

2, Figure 1) are of particular interest as multi-responsive arrays since they contain two Zn(II) 

porphyrin coordinating sites, and two acridinium ions as switching units.[3] Their complexation with 

a photoactive guest can lead to interesting photoinduced functions. In this context, we report here 

on the complexation processes involving the tweezers 1 and 2 and a meso-(5,10,15,20-tetra(4′-

pyridyl)porphyrin, TPyP, (Figure 1) in different solvents; the observed photophysical behaviour will 

be discussed. 

 

 
 
Fig. 1. Chemical structure of the tweezers 1 and 2 and scheme of their encapsulation 
process with the TPyP guest.  
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Photoswitches are compounds that upon absorption of light undergo configurational changes 
between their isomeric forms [1]. One of the most commonly used isomerising bonds is the C=C 
double bond. The spatio-temporal control over double bond isomerisation via light triggering plays a 
key role in multiple interdisciplinary fields such as photopharmacology, smart materials and 
molecular machines [2]. Including chirality in photoswitches opens new avenues in the control of 
chiral information upon light triggering that can be useful in for example catalysis and the design of 
photoswitchable porous solids [3-4]. An emerging class of photoswitches is derived from the naturally 
occurring dye indigo, which photoisomerism was first shown by Wyman [5]. The molecule upon light 
irradiation forms a metastable state after rotation about its C=C bond. Similarly, its derivatives 
thioindigo, hemithioindigo and indirubin show the same photoisomerisation [6-7]. The sulfur-based 
derivatives of indirubin, thioindirubins, were extensively studied by Dube and co-workers [8]. Here 
we present a derivative of indirubin where in the top half of the molecule the heteroatom is substituted 
for a phosphorus, bearing chiral information. In this contribution, we will show the synthesis, 
photophysical and photochemical characterization of this new class of chiroptical photoswitches, 
supported by computational analysis of the results. 
 

 
Figure 1. On the left (A) several derivatives of indigo-based photoswitches are shown and on the 
right (B) the phosphoindirubin derivatives with substituents are shown in coloured circles. 
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With the aim to overcome the well-known limitations associated with the actual cancer treatments 
and increase the range of treatable cancers, novel strategies have been proposed in recent years. 
In this respect, photoactivated chemotherapy (PACT) is an emerging and fascinating light-assisted 
treatment of cancer.  
The mechanism of action of PACT anticancer prodrugs involves chemical changes upon light 
irradiation generating active drugs in the excited state that can act with novel or poorly understood 
mechanisms of action.  
It is worth underlining that the knowledge of the mechanisms of action allows the design of new 
efficient light-activated therapeutic agents to be used in PACT therapy and computational 
approaches are an excellent tool for accomplish this aim. 
Currently, several types of coordination compounds containing Pt(IV), Re(I), and Ir(III) together with 
Rh(III) and Ru(II) are under investigation for their application in PACT. Photoactivatable Ru(II)-
centered complexes and in particular polypyridyl ruthenium compounds are very promising 
candidates for their application in PACT. It has been shown that these complexes can undergo ligand 
dissociation after photo-irradiation and the resultant “uncaged” metal compounds, the Ru(II) aqua 
complexes, can bind to DNA in a manner similar to cisplatin and induce cell death. Here, the 
outcomes of a thorough density functional theory (DFT) investigation, performed adopting a new 
computational work-flow set up for the study of the photoinduced activation mechanism in PACT 
therapy, are reported. All the photophysical properties of a recently synthetized Ru complex, [1] 
[Ru(dpp)(bpy)(mtmp)]2+ (Fig. 1) have been explored and the photodissociation mechanism has 
been elucidated in detail.   

 
 

Fig. 1. Schematic representation of the Ru complex under investigation. 
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The peculiar electronic properties of isocyanides have been exploited in reactivity patterns such as 

nucleophilic, electrophilic, and carbenic behaviors as well as in coordination complexes [1]. 

Conversely, the addition of open-shell species achieved via their somophilic nature has been poorly 

explored, excepting for a handful of intramolecular cascade transformations [2]. The recent 

impressive progresses of visible light driven methods have been marking the dawn of a new era in 

the rich history of isocyanide chemistry [3,4]. Recently, we disclosed the ability of aromatic 

isocyanides to harvest photons’ energy, reach an electronically excited state and promote radical 

formation via single electron transfer oxidation (SET) events from suitable precursors [5]. This lecture 

will discuss our latest results and the future challenges in the field [6,7].   

 

 

 
 
 
 
References: 
[1] V. Nenajdenko, Isocyanide Chemistry: Applications in Synthesis and Materials Science; Wiley-
VCH, Weinheim, Germany, 2012.  
[2] M. Minozzi, D. Nanni, P. Spagnolo, Curr. Org. Chem. 2007, 11, 1366. 
[3] C. Stephenson, T. Yoon, D. W. C. MacMillan, Visible Light Photocatalysis in Organic Chemistry, 
Wiley-VCH, Germany, 2018. 
[4] C. Russo, F. Brunelli, G. C. Tron, M. Giustiniano, Chem. Eur. J. 2023, 29, e202203150. 
[5] C. Russo, J. Amato, G. C. Tron, M. Giustiniano, J. Org. Chem. 2021, 86, 18117. 
[6] C. Russo, G. Graziani, R. Cannalire, G. C. Tron, M. Giustiniano, Green Chem. 2022, 24, 3993. 
[7] C. Russo, G. Donati, F. Giustiniano, J. Amato, L. Marinelli, R. J. Whitby, M. Giustiniano, Chem. 
Eur. J. 2023, e202301852. 
  

mailto:mariateresa.giustiniano@unina.it


IPM2023  OC10 

Continuous flow synthesis of β-lactones through a doubly 
photochemically-activated Paternò Büchi reaction 

Federica Minuto,a Emanuele Farinini,b Serena De Negri,a Riccardo Leardi,b Davide 
Ravelli,c Pavlo Solokhaa and Andrea Bassoa 

a Università degli Studi di Genova, Dipartimento di Chimica e Chimica Industriale, Via 
Dodecaneso, 31, 16146 Genova – Italy 

b Università degli Studi di Genova, Dipartimento di Farmacia, Viale Benedetto XV, 7, 
16132 Genova – Italy 

c Università degli Studi di Pavia, Dipartimento di Chimica, PhotoGreenLab, Viale Taramelli, 
12, 27100 Pavia– Italy 

federica.minuto@edu.unige.it 
 
The novel methodology reported in this contribution was developed for the synthesis of β-lactones. 

It involves a [2+2] cycloaddition reaction between ketenes and benzils, characterized by an unusual 

double photochemical activation triggered by visible light (Fig. 1) [1]. An investigation of the optimal 

reaction conditions was performed using a Design of Experiments (DoE), a multivariate method that 

allows to study and define the interactions between the variables of the system performing a 

reasonable number of experiments, differently from the One Variable at Time (OVAT) method [2]. 

This is an uncommon approach employed in organic synthesis, even though it entails various 

advantages under different points of view [3]. 

This study started from defining the process variables playing an important role in the reaction. Once 

a first screening in batch has been carried out, an optimization in a continuous flow system was 

performed. Many ad hoc designs were realized to identify the interaction between the process 

parameters and the optimal reaction conditions, resulting in moderate to good yields of the 

corresponding β-lactones. The reaction was also successfully tested with different diazoketones and 

mixed benzils, showing remarkable versatility and a complete regioselectivity. Furthermore, a 

thorough computational analysis allowed to elucidate the mechanism of the reaction and justify the 

observed diastereoselectivity. 

 

 

 

 

 

 

 

 

 

Fig. 1. General doubly photochemically-activated Paternò-Büchi Reaction. Study of the reaction 

between diazoketones 1 and benzils 2 to β-lactones 3 in two different systems (batch and flow) 

and the corresponding investigated conditions. 
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Allenes are the simplest example of cumulenes, with two contiguous C=C bonds, and exhibit unique 

physical and chemical properties. [1] Given the presence of an unsaturated system, allenes, and in 

particular electron-poor derivatives, can be used as interesting traps to intercept radical 

intermediates. [2] Herein, we present a methodology for the photocatalyzed functionalization via HAT 

(Hydrogen Atom Transfer) [3] of electron-poor allenes (2 in the scheme below). This strategy is 

based on the use of a polyoxometalate, tetrabutylammonium decatungstate (TBADT, 

(nBu4N)4[W10O32]), as the photocatalyst. Upon absorption of a photon, this compound is able to 

cleave homolytically (often with high chemo- and regioselectivity) the C–H bonds in a variety of 

organic derivatives R-H (1 in the scheme below). [4] Accordingly, the C-centered radicals 

photogenerated from aliphatic oxygenated derivatives (e.g., tetrahydrofuran, 2,2-dimethyl-1,3-

dioxolane, oxetane, etc.) have been trapped by the allene reaction partner, via C–C bond formation 

at the central carbon atom of the cumulene structure. The resulting radical adduct presents an allyl 

radical-like structure, that is well represented by two resonance structures (3a and 3b). This leads 

to the possible formation of two isomeric products (4a and 4b) via a back-HAT step, thus restoring 

the photocatalyst. Interestingly, the ratio of products 4a/4b is dependent on the substituents attached 

to the allene scaffold. The versatility of the process is further demonstrated by the possibility to 

implement a continuous flow protocol. 

 
 

Fig. 1. Mechanism of the hydrogen atom transfer (HAT) process studied in this work and 
molecules used as hydrogen donors (R-H) 
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Azobenzene and its derivatives are the most studied photochromic systems. They found huge 

interest in several fields, including photopharmacology and photoresponsive materials[1,2]. However, 

azobenzenes usually rely on UV light to generate the metastable (Z) isomer, limiting their use in the 

previously mentioned fields. The rare cases showing large ratios of the (Z) isomer under visible light 

irradiation need either the use of a photosensitizer or the functionalization of the azobenzene 

structure[3,4]. 

Our work has focused on the analysis of several azobenzene/quantum dots hybrid architectures. We 

synthesized azobenzene appended with a dihydrolipoic acid chain which was subsequently grafted 

onto the surface of CuInS2 quantum dots (CIS-QDs) (Figure 1). Interestingly, all these hybrid systems 

show quantitative photoisomerization to the (Z) isomer under visible light irradiation (e.g., 533 nm), 

while no back photoisomerisation was observed. 

We demonstrated that this peculiar effect was also noticed for physical mixtures of CIS-QDs and 

azobenzene dyes without the need for any grafting. 

Our photophysical studies revealed that this phenomenon can be ascribed to a direct interaction of 

the (Z) isomer N=N function with CIS-QDs. We showed that this interaction leads to the bleaching 

of the absorption bands of the (Z) isomer in the visible spectrum, preventing its back 

photoisomerisation. 

 

 
 

Fig. 1. Schematic depiction of the isomerization process of an azobenzene derivative when it is 
irradiated with visible light in the presence of CIS-QDs.  
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Environmental pollution from plastics is exponentially increasing due to human activities. In 

particular, the plastic fragments below 5 mm – the so-called micro- and nanoplastics (MNPs) – are 

ubiquitous: in water, sediments, soil, and air. Their small dimensions make them more easily 

bioavailable and ingestible by animals, reaching humans through the food chain. The detection of 

MNPs is a great challenge, since existing protocols are unsatisfactory for microplastics and mostly 

absent for nanoplastics. In this framework, fluorescence-based methods could represent a possible 

solution for MNPs identification and quantification, since they are fast, easy, cheap, and sensitive 

[1]. Fluorescence has found application in identifying plastic debris using fluorescence microscopy 

after staining them with suitable dyes, such as Nile Red (NR), which has proven to be a valuable 

choice for staining different types of microplastics in water. However, its inclination to aggregate in 

aqueous environment can lead to the emergence of fluorescent objects that can be mistaken for 

MNPs, causing “false positives” [2]. 

To avoid this problem, which often affects molecular lipophilic dyes used for MNPs staining, one 

strategy could be the conjugation of a fluorophore to a biopolymer soluble in water, such as 

hyaluronic acid (HA). When HA is functionalized with a fluorophore, even in very small amounts, 

there are great changes in its colloidal behaviour, solubility and photophysical properties [2]. These 

properties can be controlled by acting on the fluorophore nature and on the amount of molecular dye 

conjugated to the polymer. In this way, we can obtain a fluorogenic material with tuneable adhesive 

properties for different surfaces, with a very weak emission intensity in water, but that can recover 

its brightness when adsorbed onto MNPs (Fig. 1). Preliminary studies confirmed that HA-NR 

accumulates on various MNPs driven by a very high affinity, making them luminescent and so 

detectable by confocal microscopy. Moreover, FLIM images showed that the average fluorescence 

lifetime of the excited state of the probes depends on the plastic type, making possible a 

discrimination of the nature of MNPs. 
 

 
 

Fig. 1. Schematized interaction of hyaluronic acid functionalized with Nile Red and MNPs. 
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The interest for symmetric multi-branched electron donor–acceptor dyes has considerably increased 

over the last decade. These compounds are usually characterized by a large two-photon absorption 

cross-section and have also been introduced as promising chromophores for thermally activated 

delayed fluorescence providing low singlet–triplet gap. Additionally, these multibranched dyes can 

be viewed as simple models of organic conjugated polymers and are particularly useful for 

understanding the electronic excited-state properties of these materials. Whereas, as expected for 

compounds that do not possess a permanent electric dipole moment, their absorption spectra show 

almost no solvent-dependence, their fluorescence spectra display a strong solvatochromism 

suggesting a dipolar S1 state. This behavior was rationalized in terms of a break-up of the symmetry 

in the excited state driven by structural and solvent fluctuations [1, 2]. In this regard, the aim of our 

research has been the investigation of three symmetric and multidonor-acceptor compounds bearing 

one or two C-C triple bonds per branch (Figure 1). 

 
Figure 1. Molecular structures of the multimodular push-pull systems investigated. 

Specifically, in this work, these compounds were investigated in a wide set of organic solvents, to 

evaluate the impact of the medium, the nature of the donor group and the presence of multiple C-C 

triple bonds on their excited state dynamics. The first part of this study was carried out by means of 

steady-state and advanced spectroscopic techniques, such as nanosecond and femtosecond UV-

Vis transient absorption and femtosecond broadband fluorescence up-conversion as well as non-

linear two-photon excited fluorescence. Despite useful information on the excited-state lifetime, the 

data collected by electronic spectroscopies do not present any clear feature that could be assigned 

to the transition from a symmetric and quadrupolar excited state to an asymmetric dipolar state. For 

this reason, we decided to employ, for the first time in this kind of multimodular push-pull compounds, 

the Time-Resolved Infrared Spectroscopy to resolve the spatial distribution of the excitation within 

the molecules and then to follow the occurrence of the Excited-State Symmetry Breaking. 

References:  
[1] F. Terenziani, A. Painelli, C. Katan, M. Charlot, M. Blanchard-Desce, J. Am. Chem. Soc., 2006,                                       

     128, 15742 

[2] B. Dereka, D. Svachkarev, A. Rosspeintner, A. Aster, M. Lunzer, R. Liska, A. M. Mohs, E. 

Vauthey, Nat. Comm., 2020, 11, 1925 



IPM2023  OC15 

PHOTOELECTROCHEMICAL C-H ACTIVATION WITH DYES ENABLING 

PROTON-COUPLED ELECTRON TRANSFER 

 
Elena Rossin, 1 Yunshuo Yang,1 Giulia Volpato,1 Catia Nicoletti,1 Ruggero Bonetto,1 Elena 

Colusso,1 Luca Dell’amico,1 Serena Berardi,2 Elisabetta Collini,1 Stefano Caramori,2 
Stefano Agnoli,1 Andrea Sartorel1  

 
1 Department of Chemical Sciences University of Padova (Italy)  

2 Department of Chemical and Pharmaceutical Sciences, University of Ferrara (Italy)  
elena.rossin.1@studenti.unipd.it 

 
 
Dye-sensitized photoelectrochemical cells are an appealing technology for exploiting solar light 

towards the activation of small molecules. During the last years, oxidation of organic compounds, in 

particular alcohol oxidation, [1] has emerged as an alternative anodic route to the traditional water 

oxidation to oxygen. [2] In this work we have developed dye-sensitized photoelectrodes with an 

organic and commercially available quinacridone (QNC) dye for the oxidative activation of C-H 

bonds. [3] The photoanodes shows absorption in the visible region (450-600 nm) and ultrafast 

photoinduced electron injection (<1 ps as display by transient absorption spectroscopy) of QNC dye 

into the semiconductor. QNC operates through a proton-coupled electron transfer, converting the N-

H group into a N centered radical, capable of hydrogen atom abstraction from allylic and benzylic C-

H groups. The key reactivity parameter is the Bond Dissociation Free Energy of the N-H bond in the 

quinacridone dye (80.5 Kcalmol-1) and of the C-H bonds in the organic substrate. 

 
 
 
Fig. 1. Photoelectrochemical C-H activation through quinacridone dye-sensitized SnO2 
electrodes (left) and IPCE response of the SnO2|QNC electrode at 0.49 V vs Ag/AgCl, 
superimposed to the absorption spectrum of the QNC dye in DMSO solution (orange) and 
of SnO2|QNC electrode (purple)(right). 
 
 
References: 
[1] (a) Natali, M. et al. Front. Chem. 2022, 10, art. 907510. (b) Bruggeman, D. et al. Angew. Chem. 
Int. Ed., 2022, 61, e202200175. 
[2] (a) Bonchio, M. et al. Nat. Chem. 2019, 11, 146-153. (b) Volpato et al. Chem Commun. 2020, 
56, 2248-2251. 
[3] Yang, Y. Rossin, E. et al. ChemSusChem 2023, e202201980. 
  



IPM2023  OC16 

An autonomous system for NADH photoregeneration 
 

Alberto Biancoa, Carlo Giansanteb and Giacomo Bergaminia 
 

a Department of Chemistry ‘Giacomo Ciamician’, University of Bologna, Via Selmi 2, Bologna, Italy 
b CNR NANOTEC, Istituto di Nanotecnologia, Via Monteroni, Lecce, Italy 

alberto.bianco5@unibo.it 

 
 
 
The widespread use of oxidoreductases in enzyme catalysis, a powerful tool for fine synthesis, is 

hindered by the high cost of the reduced cofactor forms, NADH and NADPH. To address this 

challenge, a wide array of regeneration systems has been developed over the past decade.[1] Above 

all, thanks to their inspiration from natural photosynthesis, the photochemical ones seem to be the 

most promising.[2] Most of these use triethanolamine (TEOA) as sacrificial electron donor.[1] In a 

couple of recent works, Grzelczak demonstrated the ability of glycolaldehyde (GA), a TEOA oxidation 

product, to directly reduce NAD+ to NADH at a specific pH.[3,4] In addition TEOA, like other aliphatic 

amines, undergoes an auto-oxidation mechanism in presence of molecular oxygen O2.[5] Taking 

into account the advantage of performing chemical reactions in microfluidic reactors,[6] such as the 

increased interface area between non-miscible phases, e.g. gas-liquid, we developed an 

autonomous gas microbubble generation flow system for NADH regeneration based on the 

employment of a new class of photoactive materials, Bismuth Chalcohalide nanocrystals,[7] which 

are able to photo-oxidize TEOA, thus producing GA that converts NAD+ into NADH. The system has 

been tested in different gaseous atmosphere, observing a huge dependance on the type of injected 

gas and obtaining an increment in NADH regeneration using molecular oxygen. 

 

 
Fig. 1. Schematic representation of the developed autonomous system for NAD(P)H 

photoregeneration. 
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Water is an essential element for life to prosper on Earth, but in recent years the availability of fresh 

water is diminishing. One of the main issues concerning the reuse of water is the presence of 

pollutant compounds due to anthropogenic activities [1]. Nowadays, the concentration of 

pharmaceutical compounds is increasing dramatically and compounds such as promethazine and 

furosemide can easily be detected in water as they are widely used, the former as antihistaminic and 

the latter as loop diuretic. Here, we propose a photodegradation method to remove them from 

aqueous solutions using a series of photocatalysts based on silica. Three different silica 

nanoparticles were prepared with different morphologies and were tested for the photodegradation 

of the two aforementioned drugs, then they were doped in different amounts with magnetite. The 

photodegradation tests were followed by means of UV-Vis absorption spectra of the solution through 

time. Then, the influence of the pH on the degradation processes was evaluated since it can affect 

the adsorption of the pharmaceutical compounds on the surface of the materials. The results 

obtained from those tests are an encouraging starting point to use this kind of cheap and non-toxic 

materials for the removal of pollutants from wastewaters. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Examples of silica stellate morphology on the left and of photodegradation tests. 
 
 
 
 
 
References: 
[1] Rana Sabouni, Hassan Gomaa, Environmental Science and Pollution Research, 2019, 26, 5372. 
  



IPM2023  OC18 

The photobehaviour of curcumin in biocompatible hosts: the role of 
H-abstraction in the photodegradation and photosensitization 

Francesca Laneria, Claudia Conteb, Cristina Parisia, Ovidio Catanzarob, Aurore Fraixa, 
Fabiana Quagliab, Salvatore Sortinoa 

 
a PhotoChemLab, Department of Drug and Health Sciences, University of Catania, I-95125 

Catania, Italy 
b Drug Delivery Laboratory, Department of Pharmacy, University of Napoli Federico II, I-

80131 Napoli, Italy 
francesca.laneri@phd.unict.it 

 
 
Curcumin (CUR) is a vegetable pigment widely studied in literature for its therapeutic properties [1] 

and delivered by suitable nanocarriers to enhance the very low water solubility. Its strong absorption 

in the blue region has encouraged the application as a phototherapeutic agent in infections and 

cancer treatment approaches [2]. However, although the photobiological activities are undeniable, 

the mechanisms behind them are not fully understood. In this contribution, we present an 

investigation of the photobehaviour of CUR encapsulated within different biocompatible nanocarriers 

and in human serum albumin, as a representative biomolecule [3]. Spectroscopic studies indicate 

that in all the host systems, rich in abstractable H atoms, the diketo form of CUR prevails in its 

tautomeric equilibrium with the enolic form. Upon photoirradiation, the lowest excited triplet state of 

CUR leads to intermolecular H-abstraction from the hosts, with the formation of the corresponding 

ketyl radical. In contrast, no detectable formation of singlet oxygen was revealed. Overall, the 

presented results highlight the strict dependence of CUR primary photochemical pathway on the 

microenvironment. 
 

 

 
Fig. 1. Schematic photochemical processes of irradiated CUR in a biocompatible host. 
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Azobenzene tetramers were originally developed to address the challenges associated with the 

photoisomerization of azobenzene in the solid state. Indeed, due to the lack of sufficient free space, 

the trans-cis interconversion is prevented in plain azobenzene crystals [1]. 

TetrAzo molecules, characterized by a central tetrahedral node functionalised with azobenzene 

moieties, display a “slack” crystalline structure with varying degree of extrinsic porosity depending 

on the ortho substituents, which ultimately provide sufficient room for photoisomerization to occur in 

solid state. 

Indeed, analysis of solid thin film confirms the occurrence of photoisomerization, along with the loss 

of crystallinity in favour of an amorphic structure as a consequence of the formation of the cis isomer. 

The complete reversibility of the isomerization process is confirmed as recrystallization occurs 

following high-temperature thermal annealing of the sample [2].  

The encouraging outcomes obtained from azobenzene tetramers pave the way for an expansion on 

the TetrAzo structural motif to develop new families of shape-persistent, multiphotochromic 

azobenzene-based architectures. In fact, a new class of materials can be designed by extending the 

binding motif present in simple TetrAzo architecture two higher generations (Fig 1). 

The resulting compound will exhibit a three-dimensional arrangement consisting of a tetrahedral core 

and successive generations of azobenzene units organized in an “inner” and an “outer” layer. It is 

anticipated that the photoisomerization properties of these layers can be adjusted and made distinct 

through strategic chemical modifications. 

 
 

Fig. 1. Synthetic route and molecular formula of a second-generation TetrAzo dendrimer.  
 
 
References: 
[1] T. Naito, K. Horie, & I. Mita; Macromolecules, 1991, 24, 2907–2911. 
[2] M. Baroncini, S. d’Agostino, G. Bergamini, P. Ceroni, A. Comotti, P. Sozzani, I. Bassanetti, F. 

Grepioni, T. Hernandez, S. Silvi, M. Venturi & A. Credi, Na 

  



IPM2023  OC20 

COLORLESS DYE SENSITIZED SOLAR CELLS FOR BUILDING 
INTEGRATION BASED ON LOW COST NIR DYES 

 

Donato Pascullia, Ana Yancy Segura Zaratea, Simone Gallianob, Matteo Bonomoa, Nadia 
Barberoa,  Marco Giordanoa, Guido Viscardia, Raffaele Borrellib, Waad Naimc, Fionnuala 
Grifonic, Fabio Matteoccid, Vijay Challurie, Pauline Chotarde, Sylvain Ceurstemonte, Franck 
Barathe, Aldo Di Carlod, Frederic Sauvagec, Claudia Baroloa.  
aDipartimento di Chimica, NIS Interdepartmental and INSTM Reference Centre, Università degli 
Studi di Torino, Via Pietro Giuria 7, 10125, Torino, Italia. 
bDipartimento di Scienze Agrarie Forestali e Alimentari, Università degli Studi di Torino, Largo Paolo 
Braccini 2 - 10095 Grugliasco, Torino, Italia. 
cCNRS, UPJV, Université Picardie Jules Verne, LRCS, Laboratoire de réactivité et Chimie du Solide, 
UMR 7314, Amiens, France. 
d CHOSE- Centre for Hybrid and Organic Solar Energy, Department of Electronics Engineering, 
University of Rome “Tor Vergata”, Via del Politecnico 1- 00133 Roma, Italia. 
e G-LYTE SAS – Picardie, Amiens, France. 

e-mail: donato.pasculli@unito.it 
 
The development of integrated PV in windows/facades on buildings take us deeper in different 
aspects like aesthetics, stability and performance, because even if the color is one of the principal 
characteristics of the DSSC, with this technology is possible to offer a sustainable option for 
transparent and colorless windows, due to their versatility in the selection of dyes [1,2]. Our group 
synthesized some polymethine dyes (cyanines and squaraines) focusing on the  photosensitizer in 
a wavelength-selective NIR-DSSC [3], and the synthesis of these dyes were done in a one-step 
reaction under microwave heating, saving time and money in the process, and even increasing yields 
and purity. A simple crystallization of the crude products yielded a very low cost and industrially 
scalable product. Until now, some different chromophores (NIR dyes) have been investigated for 
DSSC devices with promising results in terms of transparency and performance. Due to the joint 
efforts of different research groups within the IMPRESSIVE project, fully transparent and colorless 
DSSC were built reaching 80 % transmittance in complete devices [2]. This project results are the 
starting point of the new CANVAS project, whose aim is to create a library of NIR dyes in order to 
increase the device’s efficiency and stability without loosing transparency.   
Acknowledgements: This project has received funding from the European Union’s Horizon 2020 
research and innovation program under Grand Agreement n° 826013. 
This study is a result of the research project “nuovi Concetti, mAteriali e tecnologie per l’iNtegrazione 
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N-substituted 2-chloromethylpyrrolidines represent a family of biologically active molecules with anti-
tumour properties [1]. Among the protocols available for the synthesis of this class of compounds, 
Liu et al. recently proposed a light-mediated intramolecular chloroamination of unactivated alkenes 
using t-BuOCl as chlorine source and a manganese complex, Mn2(CO)10, as photocatalyst [2].  
 
In a recent work, our group has developed a visible light photoinduced chloroamination-cyclization 
of allenes, yielding 2-(1-chlorovinyl)pyrrolidines and related heterocycles. N-chlorosuccinimide 
(NCS) was employed as the chlorine source and [Ru(bpy)3](PF6)2 as the photocatalyst.[3] 
Considering the possibility of promoting chloroamination-cyclization using NCS, we decided to 
replace the allene with an unactivated alkene, namely N-tosyl-(4-pentenyl)amine (1), to obtain the 
same chlorinated amines described by Liu, but without the photocatalyst and using NCS and other 
N-chloroimides as chlorine sources. In our optimisation study, we tested different bases and solvents 
under visible light irradiation, also considering different wavelengths and lamp powers. From a 
mechanistic point of view, we observed the formation of a species in which the chlorine atom is linked 
to the nitrogen atom of the substrate (2), which was identified by 1H-NMR as an intermediate capable 
of being converted into the desired pyrrolidine under irradiation. 
 

 
 

Fig. 1. Visible light driven 2-steps intramolecular chloroamination-cyclization for the 
synthesis of chloro-substituted pyrrolidines 
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In this work, we report about the synthesis of a series of highly stable visible light responsive 

cadmium sulfide photocatalysts that were successfully prepared by hydrothermal synthesis varying 

the precursors [1,2]. Although these materials show similar structural and morphological properties, 

optical and photoelectrochemical characterization evidenced noticeable differences. In detail, when 

the mixture L-cysteine/thiourea is used as sulfur precursor, we obtained a material green in colour 

(green CdS-HTa) rich in sulfur vacancies: these could act as intra band gap reservoir for electrons, 

thus decreasing the reductive ability of the material. On the other hand, the sample with only thiourea 

as sulfur precursor, yellow in colour (yellow CdS-HTa), has shown very pronounced reductive 

abilities. 

With these results in mind, we employed these two materials for the demanding 

photocatalytic hydro dehalogenation of 2,2-dichloropropionic acid (Dalapon), a disinfection 

byproduct of great concern, with visible light under ambient conditions of pressure and temperature.  

C/C0 profiles over time reported in Figure 1a show that green CdS-HTa and yellow CdS-HTa 

have very different behavior: in fact, while no hydro dehalogenation occurs with green CdS-HTa, on 

the contrary, yellow CdS-HTa showed significant photoreactivity toward Dalapon conversion. 

Moreover, its activity is very similar to commercial CdS. During the irradiation 2-PrOH is both the 

hole scavenger and the source of protons needed for hydrodehalogenation. HPLC-MS analysis 

showed the formation of 2-chloropropionic acid and its subsequent transformation to propionic acid, 

thus confirming complete dehalogenation (Figure 1b).  

In addition, the synthetic hydrothermal approach enhances the photostability of photoactive 

materials, which do not undergo structural changes and can be reused repeatedly. This study opens 

up the possibility of providing photoactive materials that are responsive to the visible and can perform 

challenging reductive transformations through appropriate tuning of their properties. 

 

 
Fig. 1. a) C/C0 ratio of Dalapon vs. time profile obtained upon irradiation ( > 400 nm) of CdS-HTa green, CdS-
HTa yellow and CdS (commercial), b) Schematic illustration of the possible reaction mechanism. 

 
[1] M. Milani, M. Mazzanti, G. Magnacca, S.  Caramori, A. Molinari, Nanomaterials, 2023, 13, 413.  

[2] M. Milani, M. Mazzanti, C. Stevanin, T. Chenet, L. Pasti, A. Molinari, submitted. 
  

a green

yellow

a) b) 



IPM2023  OC23 

Localized Crystallization of Calcium Phosphates by Light-Induced 
Processes 

 
Arianna Menichettia, Patricia Besirskeb, Marco Montaltia, Juan Manuel García-Ruizc, Martin 

Winterhalderb, Johannes Boneberg b, and Helmut Cölfenb 
 

a Department of Chemistry “G.Ciamician”, University of Bologna, via Selmi 2, 40126, Bologna, Italy 
b Physical Chemistry, University of Konstanz, Universitatsstraße 10, 78457, Konstanz, Germany 

cLaboratorio de Estudios Cristalográficos, Instituto Andaluz de Ciencias de la Tierra, CSIC-
Universidad de Granada, Av. De las Palmeras 4, 18151-Armilla (Granada), Spain 

 

arianna.menichetti2@unibo.it 
 
The use of light to obtain solid materials with high spatial control is at the basis of many advanced 
technologies, such as micro and nano patterning and dentistry, and it is usually related to the 
production of polymeric resins [1]. Very recently, we demonstrated for the first time that it is also 
possible to precipitate inorganic materials by means of a photoreaction, using photoactive molecules, 
that, once irradiated, release specific functional groups, triggering the precipitation of the desired 
material [2]. In this work, a novel application of our method led to calcium phosphate precipitation 
induced by light. This process was possible using 4-nitrophenylphosphate (4NPP), a photolabile 
molecule that released phosphate ions under UV light irradiation (Fig.1A) [3]. This release allowed, 
in water solution with calcium ions and alkaline pH, to precipitate amorphous calcium phosphate. 
The same process has been also performed in a gel matrix, irradiating with a laser at 355 nm, and 
led to lithography-like calcium phosphate patterns (Fig. 1B) with precise spatial control. The 
possibility to locally induce calcium phosphate precipitation by light paves the way for the 
development of new materials for dentistry applications, substituting the polymeric resins currently 
used for restoring tooth structure. 
 

 
 
Fig. 1. A) Irradiation of 4NPP with UV light, leading to the byproduct 4-nitrophenol (light blue) and 
phosphoric acid (grey) that forms calcium phosphate in presence of Ca2+. B) Schematic illustration 
of the irradiation and localization process of the gel: (1) glass slide; (2) gel matrix; (3) slit mask; (4) 
irradiation source (355nm); (5) irradiated regions; (6) SEM/EDX image of calcium phosphate patterns 
(scale bar 1mm). 
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The development of new drugs that could fight bacterial multidrug resistance is one of the major 

challenges for researchers nowadays. One promising strategy involves compounds capable of 

releasing nitric oxide (NO) upon light stimuli, known as NO photodonors (NOPDs) [1]. However, the 

limited solubility of these compounds in biological environments must be circumvented to achieve 

effective systems with favorable biological properties. In this context, the cyclodextrins polymers 

(CDPs) emerge as suitable carriers since they have the ability to accomodate NOPDs within their 

multiple compartments, improving the solubility and enhancing NO photorelease performances [2,3]. 

 

Figure 1. Molecular structures of hydrophobic nitroso-nitroaniline NOPD and β-cyclodextrin 

polymers. 
 
In this work, we investigated the incorporation of a hydrophobic nitroso-nitroaniline NOPD with 

different β-CDPs carriers to assess whether their photochemical properties could be affected after 

irradiation in blue light region. The results were compared with the behavior of this NOPD in organic 

solvent and in a well-known polymeric micellear delivery system. Additionally, preliminary 

antibacterial tests were also conducted on resistant gram-positive and gram-negative bacteria in 

order to determine correlations between structure of β-CDPs polymers and antibacterial effects.  
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Micrometric and nanometric control over morphology and texture of inorganic crystalline materials 

it’s a hot trend of the current research [1]. About that, “carbonate-silica biomorphs” are self-

assembled microstructures composed by nanocrystals of carbonate (aragonite, strontianite and 

witherite), that growth in a highly oriented fashion in a silica matrix, displaying a biomimetic and non-

crystallographic shape, as worms, sheets, and helixes, which resembles the one of living organisms, 

[2]. Currently, the mineralization of a selected morphology is still challenging, since a lot of different 

shapes appear in a single reaction batch, without a control over the number, the dimension, and the 

forms of the micro-assemblies. In this study, we report that bovine serum albumin (BSA) 

demonstrated to have a big control over the precipitation process of witherite-silica biomorphs: the 

presence of the protein in solution inhibited the mineralization of classical carbonate-silica biomorphs 

morphologies, whereas the selective synthesis of new anisotropic microstructures, with a jellyfish-

like shape (Figure 1), was observed at water-air interface. A high-resolution morphological evaluation 

and chemical characterization was performed by SEM-EDS analysis. Also, a mapping of the 

complex, but well-organized, distribution of the protein content was obtained through scanning 

confocal fluorescence microscopy analysis of biomorphs grown in presence of BSA labelled with a 

fluorescent molecule (Rhodamine B). This study demonstrated that proteins could act as promising 

additives to tune the morphology of aggregates based on nanocrystals, promoting a different 

organization of the crystals in the space.  

 

 
 

Fig. 1. SEM picture of jellyfish-like biomorphs 
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Nanoparticles have been the subject of extensive research since the last century, owing to their 
exceptional properties. The ability to tailor their composition, size, and shape allows the selection of 
specific features, making them very relevant in technological innovation and in a wide number of 
applications. Noble metal nanoparticles (MNPs), in particular, have attracted considerable scientific 
attention due to their notable technological implications. This increasing interest is primarily ascribed 
to the localized surface plasmon resonance (LSPR) effect exhibited by MNPs. Plasmonic 
nanoparticles, therefore, possess the capability to enhance interactions between light and matter.  
Furthermore, they can be synergistically coupled with other materials for applications such as 
sensing, catalysis, and energy storage [1]. 
Plasmon enhanced photocatalysis is an implication of LSPR effect due to the occurrence of 
phenomena induced at MNPs surface. Consequently, after the incidence of LSPR upon irradiation, 
plasmon decays through radiative (i.e. scattering) or non-radiative processes, namely energetic 
charge-carriers generation, enlarged near-field electric field (NFEF) and heating [2]. These 
phenomena are boosted by coupling MNPs fields and generating the so-called “hot spots” [3]. 
Among the contributions to the photocatalytic behavior of plasmonic nanoparticles, heating 
(photothermal effect) has been proven to be extremely relevant [4]. 
This work aims to evaluate the photothermal effect of properly synthetized MNPs by changing their 
size and composition (Au or Ag) [5] and to correlate the findings. The proposed photothermal 
experiments consist on a series of spectroscopical analyses to investigate the heating rate of MNPs 
dispersed in octadecane (ODA). The samples are prepared in different concentrations and are 
systematically irradiated by an incoherent light source. UV-vis spectra are collected at set times to 
investigate the plasmon-induced phase transition of ODA. The acquired data are correlated through 
a coefficient obtained by comparing the melting times of the investigated sample with the tabulated 
thermodynamic parameters of ODA. 

 

 
 
Fig. 1. Graphical representation of the proposed experiments: the sample is irradiated to 

promote PCM melting via plasmonic heatiing. 
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Carbon nitride (CN) is a semiconductor with promising photocatalytic properties. Its light-driven 

reactivity has been exploited to promote a wide variety of reactions, ranging from H2 production to 

C-C and C-heteroatom bond formation. In this context, either native or photoinduced paramagnetic 

species are believed to play a key role [1]. Therefore, a deep insight into the identity and the 

mechanisms of formation of such species is an essential requisite to understand their properties and, 

possibly, design more efficient systems to harness solar power. In this perspective electron 

paramagnetic resonance spectroscopy (EPR), in combination with optical spectroscopy, offers the 

unique opportunity to pinpoint paramagnetic species (native radical defects, light-induced free 

carriers, bound excitons and triplet states).  

 

We have investigated the influence of morphology and light excitation on the chemical nature of 

radical defects and their spatial distribution [2]. Furthermore, combination of EPR and optical 

spectroscopies allowed to characterise the energy and wavefunction delocalisation of metastable 

photoexcited states.  

 

Therefore, the combined application of 

different EPR and optical spectroscopies 

allows to investigate, both at a local and long-

range level, the structural and electronic 

features of native and photogenerated states 

in polycrystalline inorganic materials, which 

is key to tailor their photocatalytic properties. 
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Rare earth-based inorganic phosphors are one of the most promising materials in the areas of 

luminescence. They consist of a host matrix in which rare earth ions, the luminescent center, are 

introduced at low molar concentrations by doping.  Due to the peculiar electronic structure, they 

are currently applied in advanced technological applications, such as field emission displays 

(FEDs), tri-color lamps, emergency lighting, WLEDs and so on [1,2]. Among these materials, we 

focused our attention on europium-based phosphors [3,4]. In this work red-emitting europium (III)-

doped silicate powders have been synthesized through hydrothermal and ball milling strategies. 

Their luminescent properties have been tuned by changing the synthetic conditions and the molar 

concentration of dopants. The as-synthesized solid materials are then dispersed into different 

polymeric matrices, in particular PEGDA and PVA hydrogels. While using PVA cryogels the 

luminescent properties of the solid powders remain almost unchanged, in PEGDA chemical 

hydrogels we noticed a great blue-shift of the emission band of the luminescent materials (red to 

cyan), along with an increasing in their luminescent intensity. The luminescent properties of the 

samples will be presented and discussed in terms of possible in-situ reduction process of the 

luminescent Eu centers. 

 
Fig. 1. Schematic representation of the europium (III) - europium (II) radical reduction. 
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Melanins are natural pigments differing for composition, occurrence and functions, having common 

origin from the oxidative polymerization of phenolic derivatives.[1] Prompted by the peculiar 

photoreactivity of these pigments, this study aims at exploring the role of synthetic melanins as 

heterogeneous photocatalysts, triggering reductive dehalogenation reactions.[2] These materials 

have been prepared from:[1] 5,6-dihydroxyindole (DHI melanin), 5,6-dihydroxyindole-2-carboxylic 

acid (DHICA melanin), 1,8-dihydroxynaphthalene (DHN melanin) and dopamine (PDA melanin). The 

reduction of α-bromo and α-chloro carbonyl derivatives has been chosen as model reaction (see 

Fig.1), including diethyl bromomalonate (1-Br), phenacyl bromide (2-Br) and diethyl chloromalonate 

(1-Cl). The main objective of this study was to find the optimal reaction conditions (in terms of: 

irradiation wavelength, solvent, additives, etc.) to trigger the desired conversion and assess the 

reactivity offered by the different melanin samples screened. 

The best performing melanin is DHICA melanin allowing to obtain 95% and 40% product yield in the 

reduction of 1-Br and 2-Br, respectively. On the other hand, a different reaction outcome was 

observed for 1-Cl, which underwent a net reduction process in competition with the desired 

dehalogenation. Further applications of synthetic melanins in heterogeneous photocatalytic 

processes are currently under study in our laboratories, representing a promising tool both in terms 

of synthetic applications and for decontamination purposes.[2] 

 

 
Fig. 1. General scheme of the dehalogenation reactions of -halo carbonyl substrates using melanins in the 

role of heterogeneous photocatalysts studied in this work. 
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The thioether class is renowned among sulfur-containing scaffolds for its chemical versatility and 

vast applications in the pharmaceutical field as bioactive moieties.[1] 

Numerous synthetic protocols have been developed for the construction of C-S bonds. Among them, 

the thiol-ene reaction is considered to be a core methodology in modern chemistry to access anti-

Markovnikov thioethers due to its robustness.[2] Traditionally, the straightforward coupling of an 

unsaturated C=C bond and a thiol requires highly energetic UV light (< 300 nm) to generate the 

reactive thiyl radicals, arising major challenges related to sustainability and chemoselectivity.[3] 

Recently, despite the considerable efforts that have been made to accomplish hydrothiolation 

reactions promoted by visible light,[4] there is still a need for costly photocatalysts and radical 

initiators to harvest its energy.[5] 

In this context, we unveiled a new activation mode based on the formation of a key photo-active 

complex between the thiol and its conjugated base, thus developing an innovative catalyst-free 

approach for the synthesis of anti-Markovnikov thioethers employing visible light (390 nm). Here, we 

describe a new thiol-ene reaction of unactivated alkenes with two optimized reaction conditions, 

producing 30 thioethers with high tolerance to several labile moieties, and up to quantitative yields. 

Furthermore, depending on the alkene structure, water can be employed either as an additive or as 

the alternative solvent to dichloromethane, thus increasing the sustainability of this methodology. 

 

 

Fig. 1. Catalyst-free hydrothiolation reaction of alkenes mediated by purple light for the 
synthesis of anti-Markovnikov thioethers. 
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Applications for quantum dots have emerged recently in a variety of sectors, including medicine, 

optics, depollution and catalysis.[1] Heavy metals (Cd, Pb) dominated the initial generations of 

quantum dots, which restricted their use in the field of biology.[2] Alternative biocompatible 

semiconductor nanocrystals, including ternary copper-indium-sulfur quantum dots (CIS-QDs), have 

been recently reported.[3] Synthesis in organic media of CIS-QDs is well reported in the literature 

with different methods[4] while there is a seldom reported preparation of water-soluble CIS-QDs with 

modulable optical properties.[5] In this work, we report the synthesis of different analogues of water-

soluble CIS-QDs containing different copper to indium ratios as well as various metal dopants. We 

showed that the different ratios between the metals (Cu and In) leads to a fine tuning of the optical 

properties including absorption and emission (see Fig. 1). Furthermore, we demonstrated that the 

doping of CIS-QDs by small amounts of metals can be beneficial in certain cases. For instance, 

doping with Mn2+ results in a substantial rise in photoluminescence quantum yield, whereas doping 

with Tb3+ considerably extends the excited state lifetime of CIS-QDs. 
 

A 

 

B 
 

 
 

Fig. 1. A) Emission spectra of water-soluble CIS-QDs containing various Cu:In ratios. B) 
Photography of water-soluble CIS-QDs solutions containing various Cu:In ratio under UV light. 
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The photophysical behaviour of phosphorescent rigidification induced emission (RIE) dyes is highly 

affected by their micro- and nanoenvironment. This unique characteristic may give access to 

information related to polymer microstructure influencing dye intermolecular motions and, 

consequently, its radiative decay. In this framework, we are proposing to use a highly 

phosphorescent rigidification induced emission chromophore, namely hexakis(4-methyl-1-

phenylthio)benzene (A6Me, a persulfurated benzene-cored asterisk), as molecular probe in polymer 

matrices. This chromophore is non-emitting in solution at room temperature, while it exhibits a very 

high quantum yield in the solid state at 298 K (~100%) or in a rigid matrix due to restriction of 

intramolecular motion (RIM)[2,3]. A6Me was blended with different glassy polymers, i.e. polystyrene 

(PS), polyvinyl acetate (PVAc), and polylactic acid (PLA), and the photophysical properties of the 

chromophore were monitored after accelerated physical aging and during mechanical stretching. In 

physically aged polymers, a tangible increase of A6Me lifetime was recorded, ascribable to the free 

volume reduction favoring RIM mechanism. An opposite response was obtained when polymers 

were subjected to tensile deformation, where a significant reduction in A6Me lifetime was recorded 

during the elastic deformation regime, possibly resulting from the activation of A6Me intermolecular 

motions induced by an increase in free volume. These outstanding results demonstrate for the first 

time that the lifetime measure of RIE dyes dispersed in polymers represents an effective approach 

to gain valuable information on polymer free volume and thus develop materials potentially able to 

self-monitor physical ageing and mechanical stresses. 
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Quantification of biomarkers is an important research area due to its impact on the early treatment 

and diagnosis of diseases. However, the detection of these analytes with simple and accurate 

methods is still an open issue due to their ultralow levels [1,2]. In this context, luminescence-based 

techniques and electrochemiluminescence (ECL), appear as powerful tools because of their 

selectivity, sensitivity, and versatility [3]. In particular, in ECL processes redox-active species 

generated at an electrode surface undergo electron transfer reactions to form excited states that 

emit light without the need of an external light source. This analytical technique has remarkable 

features such as a wide dynamic range, high sensitivity, low background signal, low cost, good 

temporal and spatial controllability, simplicity, and rapidity [4,5].  

In recent years, great attention has been dedicated to coupling nanotechnology and ECL 

measurements to improve their performances. Many luminescent nanomaterials were developed 

and integrated into ECL and luminescence techniques improving their sensitivity.  Among many 

nanomaterials, dye-doped silica nanoparticles (DDSNPs) are versatile systems because of their 

versatility, brightness, and quite simple fabrication procedures. The brightness of DDSNPs depend 

on many factors such as the size, dye(s) distribution, and silica structure. In this work, we tried to 

investigate the effect of size, doping dye, and dye distribution on the photophysical and ECL 

properties of a few sets of ECL-active silica nanoparticles doped with different Ru(II) complexes. We 

synthesized Ru(bpy)3
2+ and Ru(bpy)2(BPS) DDSNPs (BPS, bathophenanthrolinedisulfonate) with 

different sizes (from ~20 to ~120 nm) by a reverse microemulsion method. The surface of the NPs 

was functionalized with amino groups to prevent aggregation and enable bioconjugation. These two 

sets of DDSNPs are spherical, highly monodispersed, and their phosphorescence quantum yields 

and lifetimes are greater than that of their respective free dyes in aerated aqueous solutions. We 

have demonstrated that their ECL emission signal is stronger for smaller nanoparticles and it also 

depends on the dye distribution within the nanoparticle, which is strongly influenced by the dye 

charge. Therefore, these results are valuable insight for the fabrication of ECL nano labels based on 

DDSNPs. 
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In building applications, daytime radiative cooling has emerged as a promising passive cooling 

approach for Urban Heat Island mitigation [1]. However, so far sub-ambient daytime radiative coolers 

typically possess whitish or silver colour with limited aesthetics and applications [2]. For this purpose, 

this work proposes the introduction of lead-free halide perovskites as low-cost luminescent and 

tunable colour layers towards the sustainable integration of radiative coolers in the built environment. 

Firstly, three different lead-free perovskite nanocrystals (NCs) have been investigated to properly 

optimize the brightness and spectral frequencies of the photoluminescent behaviours in blue-green 

and red region of the spectrum. Then, different polymers were selected and compared as matrices 

for best-performing NCs to guarantee stability and efficient response in MIR wavelengths of the 

atmospheric windows. The produced samples were also analyzed towards the production of large-

scale photoluminescent layers for radiative cooler applications. 
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In our industrialized society, most of the energy demand is satisfied by the use of fossil fuels, 

producing huge CO2 emissions. This leads to the well-known detrimental consequences on the 

environment, thus it is of pivotal importance to reduce the concentration of CO2 in the atmosphere 

[1]. To this end, one of the most pursued strategies is the conversion of CO2 to useful chemicals 

(e.g., carbon monoxide, alcohols, hydrocarbons). When assisted by sunlight, this process can be 

particularly virtuous, as a smaller energy input (or null in the best scenario) would be required. The 

greatest challenge in the development of such system for the photo-assisted CO2 reduction is the 

identification of a suitable photoactive material, with good light-harvesting properties, good catalytic 

activity towards CO2 reduction reaction (CO2RR) and low costs of fabrication. 

Copper (I) oxide (Cu2O) is a p-type semiconductor that meets all these requirements [2, 3]. Moreover 

it can be prepared by straightforward and readily available techniques, e.g. by means of 

electrochemical deposition of suitable precursors on either conductive glass or Cu metal substrates 

[3, 4]. However, pristine Cu2O suffers from photocorrosion when illuminated under cathodic biases. 

Thus, in this contribution we will report on the post-functionalization of nanostructured Cu2O with 

different polymeric layers, namely poly(vinylidene fluoride-co-hexafluoropropylene) and 

PEDOT:PSS, with the double aim of: (i) protecting the semiconductor from (photo)corrosion, and (ii) 

providing a platform for the further embedment of a CO2 electroreduction catalyst. Metallic 

complexes such as iron(III) porphyrins or cobalt(II) phthalocyanines will be preferentially used, with 

the final goal of developing molecular photocathodes, hopefully displaying selectivity towards target 

CO2 reduction products. 

The morphological characterization and the photoelectrocatalytic performances, both in terms of 

photocurrent output and faradaic efficiency, of the resulting hybrid interfaces will be discussed.  
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In the last decade heteroaryl azoswitches (i.e., azobenzene having heterocyclic rings in place of one 

or both phenyl groups) have attracted a great deal of attention, since the presence of heterocyclic 

rings greatly expands the range of possible functionalities which can be added to the structure.[1] 

 

The work hereby reported focuses on the investigation of a new class of photoswitches, the azo-
oligothiophenes[2], in which the extend of the π-conjugation of the electro-responsive thiophene 
moiety was increased according to two strategies (Fig. 1a.): (i) introduction of α-linked thiophene 
oligomers; (ii) introduction of fused oligothiophene subunits. The presence of the thiophene 
hetorocycle infers a possible photo-induced charge mobility modulation at the single molecule level. 
Upon disclosure of the photochemical properties of the azo-oligothiophene compounds, a new azo-
oligothiophene was synthesized (Fig. 1b.) to be studied in the solid state (i.e., spin-coated thin film 
and crystals), which possess a dithienothiophene moiety and a three-dimensional bulky group, 
where the former ensures good electrical conductivity properties and the latter prevents a tightly 
packed disposition and allow photoisomerization in the solid state.  
 
In light of the outstanding solid-state photoreactivity observed, this work suggests that it could be 
possible to realize a new light-effected semiconductor material based on azothiophene 
photoswitches in which the interplay between photoisomerization and electrical conductivity 
properties occurs at the single molecule level. 
 

 
Fig. 1. a)  Molecular structure of the classes of azo-oligothiophene photoswitches studied. b) 
Molecular structure of the three-dimensional variant of the azo-oligothiophene studied in solid state. 
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Dye-Sensitized Photoelectrosynthetic Cells (DSPECs) represent a class of devices capable of 

storing solar energy in chemical bonds, mimicking the natural process of photosynthesis. From the 

outset, several efforts have been made to investigate the water splitting reaction owing to its 

abundance and safety; however, its oxidation is constrained by the requirement of four hole-

equivalents to produce O2. Recently, several alternative anodic pathways have been explored, 

including the hydrohalic acid (HX) splitting and the generation of new high-value carbonyl 

compounds, such as benzaldehyde production [1]. In this study, we present a new family of Zn(II) 

porphyrins, CLICK-3, CLICK-4 and BETA-4, involved in the oxidation of benzyl alcohol to 

benzaldehyde, mediated by the TEMPO radical (Fig. 1). These sensitizers were modified according 

to previous findings [2], to enhance the excited state directionality, and the charge separated state 

when anchored onto SnO2/TiO2 semiconductor. BETA-4 emerged as the most efficient sensitizer, 

exhibiting a unitary regeneration efficiency, an injection quantum yield of 10%, a photocurrent density 

of ≈800 mA/cm2 and a unitary Faradaic Efficiency (FE%) for benzaldehyde production. 

 
 

Fig. 1. (a) Scheme of the working principles of a DSPEC. (b) Structures of the sensitizers employed 
in this contribution. 
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Six purely organic push–pull systems have been designed and synthetized bearing naphthalimide 
as the electron acceptor and phenothiazine or phenothiazine dioxide as the electron donor, arranged 
in dipolar or octupolar molecular structures and showing either a single bond or a phenyl spacer as 
the linker between units [1]. A detailed investigation of the structure–property relationships, performed 
through a joint advanced time-resolved spectroscopic and TD-DFT computational approach, has 
been carried out to understand the key factors enabling thermally activated delayed fluorescence 
(TADF) in these fluorophores. The ultrafast spectroscopic results showed larger push–pull degree 
for the phenothiazine compared to the phenothiazine dioxide derivatives, which exhibit a more rigid 
and planar geometry [2]. This resulted in negligible energy gap between the intramolecular charge 
transfer S1 and the naphthalimide localized T1 excited states, and thus lead to effective reverse 
intersystem crossing and TADF only in the case of the oxygen-free compounds [3]. Higher 
fluorescence efficiencies have been detected in the octupolar systems as well as in the phenyl-
bridged with respect to the compounds with less conjugation and single bond linkers. The red TADF 
of these luminophores, less common and more difficult to achieve than green and yellow TADF [4], 
was found to be enhanced in their aggregates produced both in water dispersions and in thin films. 
The observation of intense red TADF in the solid state makes these new all-organic materials highly 
promising for applications in third generation OLED devices. 

 
Fig. 1 Comparison between the photophysical properties of the phenothiazine-based (left) and the 

phenothiazine dioxide-based (right) compounds due to their different excited state energies. 
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Hydrogen is widely recognized as future energy vector for the sustainable energy transition. In its 

production by water splitting, two reactions are involved: Hydrogen Evolution Reaction (HER) and 

Oxygen Evolution Reaction (OER), both with efficiency issues. In a previous work, [1] our group 

demonstrated the possibility to enhance H2 production through photocatalytic reforming of HCOOH 

on Pt-TiO2 nanoparticles (bipyramids) under Controlled Periodic Illumination (CPI) in respect to 

continuous illumination, at the same time-averaged incident photon flux. In this work we further 

investigated this phenomenon demonstrating that duty cycle and metal co-catalyst have key roles in 

boosting HER under CPI. According to our hypothesis, this is due to the material’s behavior at 

different light-time/dark-time ratios and affinity for H respectively. Till now we have found CPI 

affecting HER only for metals with optimal affinity (Pt, Rh, Pd). 

As revealed in other studies, [2] metal surface-hydrogen interaction strength is strongly dependent 

on the potential at the metal nanoparticles. We observed that CPI induces oscillations in catalyst’s 

potential, but HER rate is improved only when metals with low Tafel slope are employed. We 

suppose low-affinity metals to be ineffective because of high Tafel slopes and weak potential 

responsiveness to variations of the light intensity. 

 
Fig. 1. (left) Graphical description of the Controlled Periodic Illumination technique. (right) 
Depiction of the supposed behavior of the material for HER under CPI. 
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Semiconductor quantum dots have become a highly adaptable material system, possessing distinct 

physico-chemical properties that can be tuned through a variety of methods. [1] Specifically, they 

have been studied in optoelectronic devices such as light-emitting diodes, photovoltaics, displays, 

lasers, and they have been extensively studied as biological labels as well. [2,3] Their 

interdisciplinary research led to significant advancements in the field of quantum dot applications 

since their discovery in the early 1980s. [4] This breakthrough earned Moungi Bawendi, Louis Brus 

and Alexei Ekimov the prestigious Nobel Prize in Chemistry in 2023. 

After the synthesis, QDs are capped by ligands with long aliphatic tails to provide colloidal stability 

and to passivate defects. The ligand exchange procedures are known to impact the surface 

chemistry of QDs leading to changes in their properties such as colloidal stability, trap formation or 

passivation. [5] Generally, QDs are treated and studied under nitrogen conditions since their optical 

characteristics could be irreversibly degraded when they are exposed to oxygen for long periods. [6] 

The encapsulation of QDs in silica shell offers several advantages, engineering water soluble and 

biocompatible capsules with facile surface modification and high oxygen protection from oxygen. [7] 

In this work we will discuss the stability and optical properties of CdSe and PbS QDs with different 

capping ligands. Then we will perform the encapsulation of the inorganic nanocrystals in oil/core 

silica/shell nanocapsules, additionally bolstering the oxygen protection by oil media having 

unsaturated bonds that acts as oxygen scavenger. [8]  

The double protection of the system through oil media and silica encapsulation, allows to develop 

luminescent solid-like materials with an excellent air-tolerance. 
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Cancer therapies usually suffer from poor targeting ability and serious side effects. Photoactivatable 

cancer therapy has the significant advantage of a high spatiotemporal resolution, but most 

photoactivatable prodrugs require decoration with stoichiometric photocleavable groups, which are 

only responsive to ultraviolet irradiation and suffer from low reaction efficiency. To tackle these 

challenges, we proposed a photoactivation strategy with biogenic riboflavin as the photosensitizer to 

promote the in situ transformation of noncytotoxic dihydroalkaloid (DHA) prodrugs into anticancer 

alkaloid drugs, i.e. chelerythryne CHE and sanguinarine SAN, which can efficiently kill cancer cells 

and inhibit in vivo tumor growth. The proposed photoactivatable transformation mechanism was 

clarified on the basis of a joint experimental and computational exploration [1]. The photo-triggered 

transformation of dihydroalkaloyds (Scheme 1) into the active drug alkaloyds by oxidation of tertiary 

amine moiety by singlet oxygen was investigated as well [2,3]. Moreover, the possible alternative 

action of alkaloyds as intercalating agents and how the spectroscopic properties are influenced by 

DNA intercalation were addressed by means of molecular dynamics and time-dependent density 

functional theory simulations. 

 

 

Scheme 1 
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The construction of supramolecular architectures able to respond to external stimuli is stimulating a 

huge interest due to their potential application in nanotechnology. [1] In particular, photoresponsive 

devices are highly relevant because the use of light as an external stimulus enables a clean 

operation, with a fine control in terms of time and space. [2] We study liposome vesicles 

functionalized with an amphiphilic molecule including a photoactive azobenzene unit embedded 

within the lipid bilayer (Fig.1a). Surprisingly, this modified liposomes spontaneously form bigger and 

more complex structures within 24h, while stored in the dark: both the formation rate and the 

morphology of these larger structures are concentration dependent. Upon irradiation and 

subsequent trans-cis isomerization of the azobenzene units, the liposome vesicles revert back to the 

original spherical distribution. Upon back cis-trans isomerization (either in the dark or upon 

irradiation) the cycle re-starts (Fig. 1b). Achieving macroscopic outputs through molecular scale 

engineering could be a starting point for nanomedicine application, as liposomes are widely used as 

model systems of natural cell membrane. [3] 

Fig. 1. a) scheme of the functionalized liposome. b) light-responsive behaviour scheme: 
when freshly prepared, the liposomes appear as monodispersed individual spheres; after 
24h in the dark they form more complex structures; after irradiation at 365 nm the trans 
azobenzene isomerizes to its cis form and the liposomes revert back to their original 
morphology; upon irradiation at 546 nm the azobenzene isomerizes back to the trans isomer 
and the cycle can restart. 
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Nitric oxide (NO) plays a multifaceted role in the regulation of many physiological and 

pathophysiological processes [1]. The strict dependence of biological effects on its concentration [2] 

has made the development of precursors and strategies to activate NO release by excitation in the 

therapeutic window highly desirable. In this contribution, we demonstrate that one-photon red-light 

excitation of Verteporfin (VTP), a clinically approved photosensitizer (PS) for photodynamic therapy, 

triggers NO release from an otherwise blue-light activatable NO-photodonor (NBF-NO) with an 

improvement of about 300 nm toward longer and more biocompatible wavelengths [3]. NO 

photorelease is photosensitized by the lowest triplet state of the PS and occurs even when the two 

components are co-entrapped within polymeric nanoparticles (NPs). Moreover, as a result of the 

spectroscopic prerequisites and the restricted environment of the NPs, an intermolecular Förster 

resonance energy transfer (FRET) process is observed between the PS and the green emissive 

photoproduct NBF, formed concomitantly to NO photorelease. It results in an enhancement of the 

red emission of the PS offering the possibility of a dual colour optical reporter useful for the real-time 

monitoring of the NO release through fluorescence techniques (Figure 1). The suitability of this 

strategy was evaluated through biological tests and the obtained results confirm that the proposed 

strategy provides a valuable tool for generating NO without requiring any chemical modification and 

the use of sophisticated irradiation sources. 

 

 
 
Fig. 1. Schematic representation of the photosensitized NO release and its monitoring. 
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Nowadays, the most accurate in vitro diagnostic tests are still mainly based on pathogens’ Nucleic 

Acid (NA) detection by real-time PCR assays. However, PCR-based methods are typically quite 

complex and slow, requiring NA extraction and purification, and expensive devices. Thus, the 

purpose of this project is to design a nanobiotechnological platform that could detect pathogens with 

a sensitivity and selectivity comparable with the one of PCR-techniques, using a faster process. To 

this aim, a novel electrochemiluminescence (ECL)-based biosensor was developed, starting from a 

procedure previously optimized for the PCR-free detection of Hepatitis B Virus (HBV).[1] In fact, ECL 

is a highly sensitive analytical technique exploiting light emission from an excited state chemical 

species, generated upon application of potential. Here, it was combined with a recognition strategy 

based on surface cooperative hybridization (Fig. 1), using an ECL luminophore, i.e., 

[Ru(phen)2dppz]2+, which becomes emissive only when intercalated into double-helix NA. In this way, 

it was possible to selectively detect, e.g., SARS-CoV-2 RNA, reaching a LoD of 1.16 aM, without 

any NA amplification. Thus, this biosensor opens the possibility to obtain point of care devices for a 

simple, fast and efficient detection of various infective agents, reaching extremely high sensitivity. 

 

Fig. 1. Scheme of ECL strategy: a) immobilization of probes and of b) 6-mercapto-1-hexanol 
on Au; c) recognition of NA, d) intercalation of [Ru(phen)2dppz]2+, e) NA ECL detection. 
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Antimicrobial photodynamic therapy (aPDT) has emerged as a promising strategy to improve 

antimicrobial treatments and to face the bacterial resistance to conventional antibiotic therapy [1]. 

Among the different photosensitizers, Near Infrared (NIR) polymethine dyes (Squaraines, SQs and 

Cyanines, CYs) have attracted considerable attention due to their high Reactive Oxygen Species 

(ROS) production although their poor aqueous solubility and reduced thermal- and photo-stability 

still limit their application [2]. Their incorporation inside nanoparticles (NPs) or into electrospun fibers, 

could help to prevent dye aggregation, protect their photochemical properties, and, therefore, those 

dye-loaded nanocarriers can play a key role in infection treatment. 

Cys and SQs were characterized before and after the incorporation into polymeric nanoparticles or 

nanofibers, showing improved optical properties and photostability [3]. In addition, their ability to 

produce ROS, responsible for bacterial death, was evaluated, proving that the ROS generation ability 

is preserved after their incorporation into nanoparticles or nanofibers. Furthermore, in vitro 

antimicrobial studies against Gram- positive bacterial models showed a superior antimicrobial effect 

after irradiation, confirming the potential of these nanophotosensitizers for aPDT in the 

spatiotemporal treatment of infections.  
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ABSTRACT 
 

The production of hydrogen from the water splitting using solar energy is a key goal of 

photoelectrochemistry, since solar is one of the most appealing and widely distributed energy 

sources.  

Metal oxides such as WO3 and BiVO4 are good candidate photoanodes for water oxidation. BiVO4, 

is a semiconductor that can be prepared in a nano-structured form with interesting spectral 

absorption characteristics (Egap ca. 2.5 eV) and values of the valence and conduction bands that 

make it suitable for applications in photo electrolysis for the production of solar hydrogen [1]. 

Unfortunately, the low mobility of the charge carriers and the less than ideal stability under 

polarization and illumination conditions 

preclude its effective use as a single 

junction. The formation of n-n junctions on 

porous materials such as WO3 is a 

promising approach to solve the problem 

of poor mobility of BiVO4 carriers. Efficient 

charge separation in the n-n junction still 

requires additional positive potential to 

counter carrier recombination.  A 

common approach to reduce the need for 

such strong positive potential is the 

exploitation of a molecular catalyst on the surface of the photoanode to acts as a hole transfer 

medium, contributing to decouple electrons and holes.  The [LCu]2- complex stands out among one 

of the scarce number of complexes whose activity has been unambiguously demonstrated to be 

molecular in nature, and that can work at pH 7. Given the robustness displayed by the [LCu]2-
 as a 

WOC, we decided to develop a homologue that could be anchored on semiconductive surfaces by 

placing a thiophene group at the macrocyclic ligand backbone without modifying the intrinsic 

electronic properties of the original metal center. p-[LCu]2- modification of WO3/BiVO4 photoanodes 

produces substantial improvements in both the onset potential and stability in neutral conditions. [2] 

In order to obtain kinetic information on the mechanisms of electron and hole recombination and 

transport, transient absorption spectroscopy (TAS) was used, on a time scale ranging from 10-4 to 

0.5s, under polarisation. The role of the catalyst is supposed to be to accelerate the kinetics of water 

oxidation by decreasing the lifetime of the hole in the p-[LCu]2--modified n-n junction, but no such 

effect was observed, rather an increase in the lifetime was detected. 
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Singlet Fission (SF) is a multiple exciton generation process through which it is possible to generate  

two triplets by absorption of one photon.1,2 This process is highly interesting for photovoltaic 

applications. The focus of this work has been the photophysical study of a series of para-

Azaquinodimethane derivatives, with different lateral aromatic units and side chains (Figure 1.a, 

1.b).  

 
Figure 1. Structures of the methoxyphenyl derivatives (a) and the thiophene derivatives (b); decay 
associated spectra (DAS) from fs TA of a mixed D-A film (c). 
 
The femtosecond transient absorption (fs TA) measurements in thin films detected the presence of 
the double triplet, the peculiar intermediate of SF, for the five thiophene derivatives, suggesting the 
occurrence of intermolecular SF (xSF). Differently, the two methoxyphenyl compounds were found 
to return to the ground state just through internal conversion and fluorescence. The peculiar spectral 
overlap between the stationary absorption and emission spectra of the SF and non-SF compounds 
opens up the possibility of exploiting Förster resonance energy transfer (FRET) to sensitize SF. In 
particular, the non-SF compounds acted as energy donor (D) relative to the SF acceptor (A) 
compounds when close to each other in solid state aggregates.3 The evidence of FRET sensitized 
SF was obtained through the photophysical study of thin films prepared from spin coating a mixed 
solution of the D and A compounds on a cover glass. The quenching of the donor emission as well 
as the ultrafast dynamics in these mixed films highlighted the effectiveness of FRET. Indeed, the 
photoinduced energy transfer occurred in less than few picoseconds, after which it was possible to 
identify just the SF dynamics of the acceptor taking place in hundreds of ps, as reported in Figure 
1.c. The investigation of all the molecules enabled to better understand the structure-property 
relationships and choose the most solution-processable FRET couple within the series, which is thus 
more promising for the production of SF-based photovoltaic devices. 
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Due to their energetic efficiency, LEDs represent the present and the future of essentially all lighting 

applications. However, the sustainability of their production and disposal is still undermined by the 

need to employ rare earth-based colour down-converting filters. A valuable alternative is offered by 

bio-hybrid LEDs, based on fluorescent proteins (FPs) as sustainable and tuneable emitters, in which 

the fluorophore prosthetic group can be designed to obtain the desired photophysical features [1]. 

An ideal FP emitter should display high fluorescence quantum yield values and good photo- and 

thermal stability, to ensure long lifetime, compatible with the required applications. In particular, such 

features have still not been achieved for FPs with emission in the red region of the visible spectrum. 

We recently reported on the use of squaraine dyes (SQ), in combination with Lactococcal multidrug 

resistance Regulator (LmrR) as protein host, towards the preparation of deep-red bio-hybrid LEDs 

[2]. Here, we explore the versatility of fluorophores based on other molecular scaffolds, namely 

naphthalene diimide (NDI), 2,1,3-benzothiadiazole (BTD) and tetrahydroquinoxaline-difluoride boron 

complex (TQ). Through the introduction of suitable functional groups, it is possible to adapt the 

fluorophores to interact with the protein through the formation of a covalent bond or a host-guest 

complex. 
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Dyedauxiliary groups are moieties that impart both colour and photoreactivity to the compounds they 

are tethered to. Arylazo sulfones belong to this class of compounds, they are easily synthesized from 

anilines[1], giving access, with the use of visible light, to highly reactive intermediates (aryl[2], 

diazenyl[3] and sulfonyl radicals[4]) useful for chemical transformations under mild conditions. An 

operationally simple, visible light–driven photocatalyst-free divergent difunctionalization of styrenes 

with arylazo sulfones was achieved. Accordingly, arylazo sulfones can serve as diazenylating, 

sulfonylating, and arylating agents. This enabled us to develop a green, efficient, and regioselective 

synthesis of various α-sulfonyl arylhydrazones and 1,2-alkoxyarylated derivatives in moderate to 

excellent yields. In addition, these difunctionalized products could be used as key building blocks for 

the synthesis of various heterocycles. Mechanistic studies reveal that the divergent reactivity of the 

radicals generated by the photocleavage of arylazo-sulfones primarily relies on the substitution 

pattern of the styrenes. 

 

 

 
Fig. 1. Orthogonal double functionalization of sp2 bonds employing arylazo sulfones and visible light.  
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In the past twenty years, the utilization of photoredox catalysis has grown significantly and has 
proven to be an asset in the field of organic synthesis. Traditionally, the favored choice as 
photocatalysts has been transition metal complexes based on ruthenium(II) or iridium(III) due to their 
well-established and favorable photophysical characteristics.[1] However, concerns about the toxicity, 
abundance of these metals in nature, and the associated expenses, gave rise to the research on 
alternatives such as earth-abundant metal complexes and organic compounds. [2] Organic molecules 
exhibiting thermally activated delayed fluorescence (TADF) have become the focus of this rapidly 
developing research field in recent years, being employed as a class of functional materials as well 
as photocatalysts. Cyanoarenes have gained recognition as appealing organic photocatalysts 
following the initial publication by Zhang's team, where the photocatalytic capabilities of 2,4,5,6-
tetra(9H-carbazol-9-yl)isophthalonitrile (4CzIPN) and similar compounds in photoredox/Ni dual 
cross-coupling reactions was introduced.[3] The recent focus has been on examining the stability and 
reactivity of cyanoarene based photoredox catalysts, as it plays a critical role in determining the 
actual participants in photoredox processes.[4] In certain instances, exposure to light leads to the 
production of new photocatalysts in the solution, possessing enhanced redox properties, enabling 
complex transformations. Herein, we introduce the 
photodegradation of TADF photocatalyst 
3DPAFIPN (1) into 2DPAPhCzDCN (2) which also 
shows peculiar photophysical properties. We 
conducted a photophysical and electrochemical 
analysis of compounds 1 and 2 to understand and 
provide a well-reasoned explanation for how the 
cyclization impacts their electronic characteristics. It 
was found that 2 possesses potent reducing 
properties and was effectively used in the cobalt-
mediated allylation of aldehydes where TADF 
compounds, such as 4CzIPN and 3DPAFIPN, were 
unable to efficiently drive photocatalytic processes 
for this reaction. We also investigated the 
photochemical mechanism of the allylation reaction, 
and the proposed mechanism has been elucidated.  
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Calixarenes are a class of non-symmetric macrocycles, and calix[6]arenes have been shown to form 

pseudorotaxanes with organic cations (such as viologens) in apolar media [1]. During the formation 

of such complexes, the threading process can occur from the two different rims of the host, potentially 

in a selective way. Efforts have been devoted to the study of the directionality of this process [1], due 

to the importance of controlled movements for the design and operation of molecular machines. 

When the guest is non-symmetric as the host, (pseudo)rotaxane orientational isomers can be 

obtained; these isomers are usually characterized by similar properties and their distinction is non-

trivial. 

It has been recently demonstrated that stilbazolium salts, a class of cationic dyes, assemble with 

calix[6]arenes to form (pseudo)rotaxane orientational isomers with different photophysical 

properties[3]. This feature represents a powerful tool to discriminate the two isomers by 

spectroscopic methods, and to get insight in the complex formation. For this reason, novel 

stilbazolium dyes characterized by different substituents were investigated (Fig. 1). These axles 

exhibit a stopper at one extremity, i.e. a bulky unit which prevents the threading in the calix[6]arene 

cavity. The investigation reveals the selective formation of only one of the two possible orientational 

isomers (Fig. 1), which is formed through upper or lower rim threading, depending on the position of 

the stopper. In other terms, the system assembles in a selective way and the choice of the guest 

substituents allows to select between the two possible reaction pathways. This high degree of control 

over the assembly is an important achievement for the realization of pseudorotaxane-based motors. 

 

Fig. 1. Schematic representation of the assembly between two of the investigated stilbazolium axles 
and the calix[6]arene, to form the Up pseudorotaxane isomer. The structure of the Down 
pseudorotaxane isomer is also reported. 
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We present the high optical pure synthesis of non-natural amino acids by exploiting a tandem flow 

reaction merging heterogeneous photocatalysis and organocatalysis. Inspired by literature,[1] in 

which a ketone was installed directly into an imine by an asymmetric Mannich-type addition, we 

decided to propose a multi-step synthesis in flow, starting by the amine precursor. The imine was 

prepared by a photocatalyzed oxidation step of the corresponding amine occurring inside an 

irradiated column packed with carbon nitride and glassy beads and subsequently, using an in-series 

packed-bed column with supported asymmetric Ley organocatalyst, the amino-acid of interest was 

formed by an asymmetric Mannich addition with cyclohexanone. The multi-step synthesis of organic 

compounds from simple precursors is one of the excellent results and one of the ongoing challenges 

of organic chemistry research.[2] Compared to normal batch processes, flow processes can offer 

countless advantages such as increased mass and heat transfer, improved safety, efficiency and 

much more. Therefore, flow chemistry allows a better control of the reaction conditions, allowing 

easy monitoring and analysis of the reaction kinetics, resulting in high quality products, and 

significantly streamlined processes.[3] The synthesis of arylglycine-analogue amino acids proceeds 

smoothly without significant formation of by-products, allowing the formation of the desired product 

with high yields (> 90%) and high optical purity (ee > 90%). The optimization of reaction conditions 

and the assembly of the entire system is now well defined, while the scope extension is now ongoing 

varying starting amino acids and ketones. 

 

 
 

Fig. 1. Tandem Photo-Organocatalyzed flow process. 
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Azobenzene (AB) is a notorious organic dye, and its photophysical properties in solution are well 

known, in particular, the fast photo-isomerization that competes with the fluorescence [1] and lower 

drastically the fluorescence quantum yield [2]. However, when AB is adsorbed onto solid surface, 

the isomerization is blocked, the fluorescence is enhanced, and its lifetime increased by ten times 

than in solution [3].  

In this study different samples that consists in azobenzene adsorbed on graphene or graphene oxide 

(GO) film, were obtained starting from a dispersion of graphene or GO and a solution of AB. These 

films were optically characterized, through UV-VIS reflectance, luminescence, time-correlated single 

photon counting. The films present a broad absorption band in the range 550 – 400 nm, and an 

emission spectrum centered at 615 nm, which presents a decay time of few nanoseconds.  

These results, which present a different behavior of the adsorbed AB respect to the solutions, are 

discussed in terms of nature of the interactions between graphene-like materials and AB molecules 

[4]. 
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This project stems from a growing interest in the use of organic photocatalysts and, more specifically, 

of conjugate systems, consisting of a polymer donor and a molecular acceptor, for hydrogen 

evolution. We have tested the photocatalytic activity of a double-cable polymer composed of P3HT, 

the donor, in the backbone and pendant C60, as molecular acceptor.   

In this regard, we have developed a new synthetic strategy: the idea is to form Pt nanoparticles 

through photoreduction of its precursor and then to nanoprecipitate covalent P3HT-C60. Ascorbic 

acid was used as sacrificial electron donor, after optimizing its concentration.  

Recently, other research groups conducted photocatalytic studies on similar systems, where, 

however, the donor and acceptor are not covalently bound [1,2]. The nanoparticles were synthesized 

by co-precipitation of the donor and acceptor and decorated with Pt nanoparticles, obtained, in that 

case, by photodeposition.   

Comparing our results with those reported in literature, the use of a covalent system and the 

development of the new synthetic strategy for Pt nanoparticles formation introduce important 

advantages. On one hand, the spectroscopic characterization (UV-vis absorption and emission 

spectra) and DLS reveal a greater stability of our nanoparticles. On the other, the hydrogen 

production rate, after two hours of irradiation with a white lamp, is significantly increased, as shown 

by gas chromatography results.  

 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Representation of the nanoprecipitation strategy of covalent P3HT-C60. In the right 
inset there is a scheme of the photocatalytic system, consisting of covalent P3HT-C60 NPs 
decorated with photoreduced Pt, for hydrogen evolution. 
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Metal oxide semiconductors, prominently TiO2, monoclinic WO3, and α-hematite (α-Fe2O3) have 

attracted considerable interest in photocatalysis and photoelectrochemistry due to their chemical 

and photochemical stability, relative abundance, environmental safety and band gap energetics 

suitable for the production of charge carriers with sufficient free energy to drive a variety of redox 

reactions. There are many reports on the use of oxide semiconductor photoelectrode for water 

splitting, [1] CO2 reduction, [2] or chemical degradation. [3] What is still challenging nowadays is 

applying these materials for barely oxidizable materials, such as the C–H bond activation, opening 

up to the synthesis of various valuable chemicals. Sayama and coworkers recently reported on the 

photo-electrochemical oxidation of cyclohexane to produce cyclohexanol and cyclohexanone (KA 

oil) with high partial oxidation selectivity (99%) and high current utilization ratio (76%) using a porous 

WO3 photoanode. [4] 

Here we further investigate the mechanism and electron-transfer dynamics of this 

photoelectrochemical process in different catalytic environments, by means of multiple spectroscopic 

techniques (EPR, Laser-Flash Photolysis). 
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Carbon-dots (CDs) are highly emissive nanomaterials characterized by solubility in water, good 

stability and low toxicity, that can be prepared through hydrothermal or pyrolytic bottom-up 

approaches from organic and bio-organic sources [1]. The proprieties of CDs (dimension, shape, 

emission, quantum yield) depend on both starting substrates and reaction conditions; in this work, 

we investigated the photophysics and photochemical behavior of different types of CDs synthesized 

from various precursors. Initially, we tested amorphous CDs doped with nitrogen, prepared with a 

hydrothermal treatment from citric acid and diethylenetriamine (DETA), in visible light photocatalyzed 

1,2-difunctionalization reactions of olefins via Atom-Transfer Radical Addition (ATRA) processes [2]. 

Subsequently we decided to compare different types of CDs as photocatalyst in the photoreduction 

of triaryl sulfones [3]. The reducing power of carbon dots in the excited state makes them efficient 

photocatalysts, then considering their low cost and the possibility of being able to synthesize them 

starting from bio-based waste, makes them potentially very interesting both in the field of 

photocatalysis and in the circular economy. 

 

 
Fig. 1 CDs as photocatalyst in ATRA processes (a) and photoreductions of triaryl sulfones (b) 
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Carbon nitride-based materials (general formula: C3N4) are commonly used as photocatalyst (PCs) 

working via single-electron transfer (SET) in several applications, ranging from fuel productions to 

synthesis due to their ease of preparation, low cost and light absorption in the visible light range [1]. 

Heterojunction design can improve the redox properties of C3N4 (in particular, the carrier lifetime) 

and metal halide perovskites (MHPs) resulted to be effective semiconductors to be coupled to C3N4 

in composites [2]. Herein, we devised and prepared the C3N4/Cs2AgBiCl6 double perovskite system 

considering the good energy alignment between the two semiconductors and the efficient 

photocatalytic activity of Cs2AgBiCl6 [3]. Samples have been synthesized by ligand-assisted 

reprecipitation (LARP) method and fully characterized in terms of crystal structure and optical 

properties. 

We have then tested the prepared composites (including parent compounds) in the role of 

heterogeneous photocatalysts for synthetic purposes under visible light irradiation. Specifically, we 

have tested their competency in the 1,2-difunctionalization of olefins via Atom-Transfer Radical 

Addition (ATRA; see figure 1) with a range of alkyl bromides [4]. 

 

 
Fig.1 Carbon Nitride-perovskite composites as heterogeneous photocatalysts under visible light 

irradiation in synthetic applications for ATRA processes between olefins and alkyl halides.  
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Photocatalyzed Hydrogen Atom Transfer (HAT) is a well-known and valuable method for the 

activation of aliphatic C–H bonds under mild conditions [1,2], although two major limitations affect its 

wide application, including the lack of selectivity in complex substrates and the difficulties associated 

to the cleavage of strong bonds [3]. A novel strategy developed to face these drawbacks aims to 

obtain the desired radical species exploiting a fragmentation process, involving engineered hydrogen 

donors (R-X-H, Fig 1a), that should be characterized by two fundamental traits: the presence of an 

easily cleavable X-H bond after an initial HAT process and the spontaneous fragmentation of the 

resulting radical R-X. thanks to the concomitant release of X as stable compound(s) [4]. 

Combined experimental and computational studies showed how α-alkoxy aldehydes and mixed-

formic anhydrides (Fig 1b) can be considered valid substrates for the designed process. These 

compounds contain a formyl hydrogen, which can easily undergo a photoinduced homolytic cleavage 

followed by CO, CO2 or carbonyl compounds loss. In particular, these hydrogen donors have been 

conveniently employed in Giese reactions to functionalize several electron-poor olefins, upon 

irradiation with near-UV light in the presence of the inorganic photocatalyst TBADT 

(tetrabutylammonium decatungstate). 

 

 
 

Fig. 1. a. Proposed mechanism for the photoinitiated radical fragmentation, leading to alkyl radical 

generation; b. Suitable classes of hydrogen donors studied for this process. 
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The low turnover of new anticancer drugs and the Multi Drug Resistance effect emerging for 

conventional drugs call for an urgent shift of attention to other “unconventional” therapeutic 

modalities. Photothermal therapy is a recently developed strategy based on the controlled released 

of heat. It possesses desirable properties: it’s a transient and versatile species that restrict its activity 

close to its generation area and is able to interact with several biological targets, and consequently 

they do not suffer from antimicrobial resistance. Moreover, it can be generated under light stimulation 

that allows an excellent control of the treatment in terms of location, time, and dosage. Gold 

nanoparticles (AuNPs) can be used for a photothermal therapy application against cancer and 

antimicrobial resistance.[1,2] 

Despite the reported synthesis of anisotropic AuNPs, none of them is realized in green conditions, 

which is essential for their in vivo application.[3,4] The aim is to elaborate synthetic routes involving 

the principles of green chemistry for the formation, under light irradiation, of a biocompatible and 

anisotropic AuNPs in a single step. Light will offer the unique advantages: to be a clean reagent that 

can be easily controlled in terms of intensity and energy, and that allows the production of heat. The 

system will be composed of a branched -cyclodextrins polymer to be use as templating and 

stabilizing agent for the AuNPs and as enhancer of curcumin’s solubility, a plant extract used as 

green reducing agent. The latter, once irradiated, will initiate the nucleation of gold nanoparticles. 

The characterization of AuNPs synthesized (absorbance, size, size dispersity and zeta potential) 

and their photothermal properties were investigated. In UV/Vis absorbance spectra, two 

characteristics bands of anisotropic AuNPs at 580 and 750 nm were observed. With a near-infrared 

irradiation, a repeatable augmentation of the temperature of 7-8 °C have been achieved (Fig. 1).  

 

Fig. 1. Blue visible light-induced green synthesis of the gold nanoparticle from curcumin 
degradation, reducing HAuCl4•3H2O. Followed by a near-infrared irradiation of AuNPs for 
an application in photothermal therapy. 
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Self-healing hydrogels (SHHs) are becoming increasingly important in biomedicine because of their 

similarity to biological tissues and their ability to recover from damage autonomously. Because of 

these characteristics, SHHs can serve as ideal 3D scaffolds for regenerative medicine [1].   

So far, such hydrogels have been processed mainly via extrusion-based technologies, limited in 

design and resolution [2]. In order to obtain more complex objects with better resolution, in this study 

light-induced 3D-printing (Digital Light Processing – DLP) technique has been exploited.  This 

research work deals with the development of a biocompatible, self-healable and photo-reactive 

hydrogel, able to be 3D printed through DLP. The printed structures were characterized mechanically 

and chemically, to find possible application in cartilage tissue engineering. A commercial DLP printer 

and water-soluble, commercially available materials were used to fabricate the hydrogel. In 

particular, thiol-ene polymerization has been exploited in the printing process, while boronate-ester 

bond chemistry plays a role in self-healing ability. The printing process was optimized by adding a 

natural radical scavenger based on tannic acid. In such conditions, complex 3D objects containing 

up to 85% water were printed (Fig. 1). The ability to self-repair was evaluated by cutting the 3D 

printed specimens and bringing the two ends together: after 48h, the specimen is capable of self-

standing, while after 72h, it withstands up to 75% elongation (Fig. 2).  Up to 3 cycles of breaking and 

self-healing on the same specimen have been performed, although the maximum elongation is 

reduced to about 20%. The resulting hydrogel was characterized in terms of NMR spectra, 

rheological properties, swelling abilities, resistance in aqueous environments, tensile and 

compression characteristics. Finally, biocompatibility and cytocompatibility tests will be performed to 

verify applicability in tissue engineering. 

 

                                
Fig. 1. 3D printed structure            Fig. 2. Self-healing ability after 72h at room temperature                       
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Bacteriorhodopsin (bR) from Halobacterium salinarum is a light–harvesting membrane protein that 

has been used for technological applications such as photocatalysis, photoelectrochemistry, and 

bioelectronics in general. bR and its mutants have been employed as a sensitizer for TiO2
1-3 for 

technological applications such as photovoltaic and photoelectrochemical cells to convert solar 

energy into electricity or chemical fuels, such as H2. bR presents favorable properties to these 

applications, showing great stability in highly concentrated salt solutions (up to 5M NaCl), thermal 

stability to high temperatures (up to 80°C), and high quantum yield (~0.64).4 In this work, Quantum 

Mechanics/Molecular Mechanics (QM/MM) methods were applied to investigate the most probable 

long-range Electron Transfer (ET) pathways in the isolated bR and in four different bR/TiO2 hybrid 

systems. The goal of this work is to acquire knowledge about the ET mechanism from the Retinal 

Protonated Schiff Base (RPSB) to the TiO2 semiconductor. 

The bR/TiO2 hybrid systems were previously generated in our laboratory using a combination of 

Steered Molecular Dynamics and Molecular Dynamics SMD/MD simulations and QM/MM 

calculations.5 Mulliken Population Analysis (MPA) and Spin Density (SD) values were computed to 

investigate the key redox amino acids involved in the long–range ET. 

Additionally, the quantitative evaluation of the ET rate constant (KET) involving the RPSB and the 

amino acids identified based on the SD delocalization (Tyr147, Tyr150, Phe153, Phe154, Phe219, 

and Phe230) is ongoing in our laboratory. Marcus’s equation for KET (eq. 1) will be solved for each 

step of the ET and then for the full ET pathway of the isolated bR and each of the bR/TiO2 hybrid 

systems.  

𝐾𝐸𝑇 = √
4𝜋3

ℎ2𝝀𝑅𝑇
𝑯𝑨𝑩
2 𝑒𝑥𝑝 {−

(∆𝑮°+𝝀)2

4𝝀𝑅𝑇
},  (1) 

The electron coupling term, HAB, of the KET will be solved through a combination of Green’s function 

techniques and perturbation theory.6  

Such understanding would drive the design of novel punctual mutations for bR to produce potentially 

more efficient bR–variants/TiO2 hybrid models with enhanced ET properties. 
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High intensity and long-lasting room temperature phosphorescence from molecular solids is 

regarded as one of the most intriguing properties for molecular materials, due to their countless 

application in information security, biological imaging, optoelectronic devices, and intelligent 

sensors.[1] Despite the relatively large amount of known and available organic phosphors, the design 

of emissive solids at room temperature and the full comprehension of the photophysical phenomena 

affecting the lumincescence performances of such emitters still represent a challenging task. Phenyl-

substituted persulfurated benzenes have been reported as strong organic phosphorescent emitters 

in the solid state at room temperature.[2-3] Recently, we have taken into account a family of phenyl-, 

alkyl-, and polycyclic substituted persulfurated benzene in order to rationalize their behaviour as 

organic emitters.[4] We investigated in detail the photophysical properties of these materials, 

highlighting their remarkable dependence on the physical state of the sample (crystalline vs. 

amorphous phases; low vs. room temperature). The analysis of the luminescence of amorphous 

samples at low temperature has evidenced an intricate combination of several factors – i) presence 

of intermolecular interactions, ii) conformational disorder, and iii) nature of the electronic transition 

involved – that has been elucidated with the help of theoretical calculations. Furthermore, the 

interaction with Ag+ ions allows the formation of solid-phase emitting coordination polymers, able to 

show peculiar photophysical properties dependent on the structural geometry adopted. 
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Diversity-oriented synthesis (DOS) is a highly successful approach to biologically active scaffolds 
directed to create an enormous exploratory space in pharmaceutical lead discovery [1]. Among the 
common compound collections for drug discovery, the introduction of spirocyclic elements presents 
an attractive strategy for increasing molecular complexity and 3D character without increasing 
molecular weight [2]. Among them, the spiroindol(en)ine framework stands out as a privileged 
scaffold, represented not only in natural products but also in other bioactive compounds [3]. 
In this context, we have explored the one-pot four-step synthesis of 2-amino 3,3’-spiroindolenines 
using tertiary amines, electron rich anilines and isocyanides as starting materials. 
Our synthetic process involves the oxidation of tertiary amines, such as N-aryl 
tetrahydroisoquinolines, generating iminium ion 1 [4]; the three component Ugi-type reaction of an 
electron rich aniline, an isocyanide and 1; the subsequent oxidation of the Ugi-type product 2; and 
the final cyclization (Scheme 1). 

 
Scheme 1. Highlights of the project 

In this work, Graphene Oxide (GO) or a combination of blue LEDs (451 nm) and 
bromotrichloromethane (BrCCl3) are used to selectively oxidize the C-N bond to an iminium ion. 
Once the ion is formed, both the multicomponent reaction and the cyclization occur spontaneously. 
While GO and light were able to lead to the Ugi-type product 2 [5], only the light gave the 
spiroindolenine compound 3. 
The photochemical approach thus has been further explored and optimized and the scope of the 
reaction was tested to create a small library of molecules. 
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The formation of an Aryl-Carbon bond under sustainable conditions is still one of the main challenges 

in synthesis. We recently investigated a class of photoactive compounds, namely arylazo sulfones, 

able to generate aryl radicals (Ar•, Scheme 1), upon visible light irradiation [1]. Such peculiar 

reactivity has been exploited by our research group in arylation processes under both metal and 

catalyst- free conditions [2]. By adopting such approach, a wide range of synthetic targets including 

(hetero)biaryls (path a) under solar-flow conditions [3] has been carried out. Furthermore, a strategy 

for the selective visible light induced preparation of deuterated arenes (path b) via arylazo sulfones 

has been also investigated [4]. 

 

 

 
 

Scheme 1.  
 
 
 
References: 
[1] S. Crespi, S. Protti, M. Fagnoni, J. Org. Chem. 2016, 81, 9612. 
[2] D. Qiu, C. Lian, J. Mao, M. Fagnoni, S. Protti, J. Org. Chem. 2020, 85, 12813. 
[3] P. E. da Silva Júnior, H. M. Amin, A. M. Nauth, F. da Silva Emery, S. Protti, T. 
Opatz, ChemPhotoChem 2018, 2, 878. 
[4] H. M. Amin, C. Raviola, A. Amin, B. Mannucci, S. Protti, M. Fagnoni, Molecules 2019, 24, 2164. 
  

mailto:hawrazibrahim.mohammedamin01@ateneopv.it


IPM2023  P12 

The use of new isocyanides in the GBB three-component reaction for 
the synthesis of novel organic fluorophores 

 
Cristina Martinia, Andrea Bassoa, Chiara Lambruschinia, Rodolfo Lavillab and Ouldouz Ghashghaeib 
 

aDepartment of Chemistry and Industrial Chemistry (DCCI), University of Genoa, via Dodecaneso 
31 16146 Genova (GE) 

bLaboratory of Medicinal Chemistry, Faculty of Pharmacy and Food Sciences, University of 
Barcelona and Institute of Biomedicine UB (IBUB), Joan XXIII 27-31 08028 Barcelona 

e-mail: cristina.martini9698@gmail.com 

 
Novel structural modifications of already extensively studied fluorescent compounds have 

been investigated. The introduction of the isocyanide group on 1,8-naphthalimide[1] and coumarin-

based[2] cores allowed us to perform a Groebke-Blackburn-Bienaymé reaction (GBB)[3],[4] in order to 

obtain potentially fluorescent complex heterocyclic molecules 5a and 5b. Fig.1. 

 
Fig.1: synthesis of GBBR adducts with 1,8-naphthalimide and coumarin-based isocyanides. 

 

The synthesis of the isocyanides has been deeply studied also from the perspective of 

fluorescence, with the characterization of all the intermediates. This led to the understanding of the 

structure-photophysical properties related to the nature of the functional group (-NH2, -NHCOH, -

NC). 

Since organic fluorophores hold a huge importance for different applications, such as bio-imaging 

and innovative luminescent materials, we decided to pursue our set goal following the synthetic 

pathway above represented. The optimization of the GBB reaction for the proposed starting material, 

allowed us to synthesize some of our target molecules. 
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Photocontrolled molecular tools provide powerful means to manipulate and interrogate biological 

functions with high spatiotemporal precision and low invasiveness. Our research efforts in the field 

have focused on the design of reversible photoswitchable compounds to photocontrol enzymes, 

GPCRs, and ion channels. Recently, we have developed a fast photoswitchable tethered ligand of 

ionotropic glutamate receptors to enable activation of the auditory neurons with light. This compound, 

named TCPfast, induced photocurrents in untransfected neurons upon covalently tethering to 

endogenous glutamate receptors and activating them reversibly with blue light. We applied it to the 

ultrafast synapses of cochlear auditory neurons that encode sound and provide auditory input to the 

brain. TCPfast functions as a molecular prosthesis that bypasses the neurotransmitter-encoded signal 

with a photonic signal. Photosensitization of cochlear spiral ganglion neurons (SGNs) by locally 

administered TCPfast enabled temporally precise light-evoked firing up to a rate of approximately 1 

kHz, matching the fastest optogenetic SGN stimulation. Hence, TCPfast shows that 

photopharmacology might serve as an alternative tool for the development of optical cochlear 

implants for hearing restoration [1]. The main results of all these studies will be presented. 
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The discovery of palladium-catalysed reactions represented a milestone in organic chemistry history, 

allowing transformations considered impossible until then. However, this chemistry has some 

limitations, and the most relevant is its incompatibility with alkyl electrophiles due to (i) the electron-

rich nature of the C(sp3)-halogen bond, which hampers the oxidative addition step; and (ii) the 

unsolicited β-hydride elimination, which interrupts the catalytic cycle. The overcoming of this limit is 

one of the challenges that organic synthesis is currently facing, and the expansion of Pd catalysis to 

saturated alkyl systems is of crucial importance. 

Recently, visible light-induced transition metal catalysis has emerged as an innovative approach, 

where a transition metal complex plays a dual role by harvesting photon energy and enabling bond 

forming/breaking reactions [1]. In this contest, it has been reported that visible light can enable the 

oxidative addition of Pd to alkyl electrophiles through a barrierless SET (single electron transfer) 

mechanism [2]. 

Starting from this evidence, we envisioned that the use of visible light might be the trick for the 

expansion of the well-known isocyanide insertion chemistry to alkyl electrophiles (figure 1). Herein, 

we report the development of this transformation, that to the best of our knowledge it has never been 

disclosed. 

 

Figure 1. Insertion of an isocyanide to an alkyl iodide. 
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The use of huge amounts of toxic and nonrenewable organic solvents is often the determining factor 

in the cost, environmental impact, and safety of chemical and pharmaceutical processes: minimizing 

or avoiding their usage and disposal thus play a critical role in greening chemistry. Water as a 

reaction medium is an ideal green alternative: it is inflammable, incombustible, nontoxic, cheap, 

readily available, polar, and easy to separate from nonpolar immiscible organic solvents. In addition, 

water is unique for its exclusive ability to trigger new reactivities relying on unconventional reaction 

pathways, especially under visible-light photocatalytic conditions.[1] Solubility issues of most of the 

synthons used in drugs’ manufacturing limit, however, the actual use of water as a green solvent; 

aqueous micellar catalysis offers a huge opportunity to overcome this limitation and perform in water 

reactions. We therefore combined micellar and photoredox catalysis in a photomicellar catalyzed 

synthesis of amides from N-methyl-N-alkyl aromatic amines and isocyanides.[2] The mild reaction 

conditions enabled a wide substrate scope and a good functional groups tolerance, as further 

highlighted in the late-stage editing of complex bioactive scaffolds. The efficient recycling of the 

micellar aqueous medium and the effectiveness of the reaction under sunlight irradiation further 

supported the greenness of the protocol. Moreover, solution 1D and 2D NMR experiments 

performed, for the first time, in the presence of paramagnetic probes, allowed the study of the 

reaction environment at the atomic level, providing experimental data to suggest a reverse polarity 

principle as key to identify the photocatalyst/surfactant pairing with optimal catalytic efficiency.  

 

Fig. 1. Photomicellar catalyzed synthesis of amides from isocyanides. 
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The battle against global warming and the proliferation of greenhouse gases represents one of the 

most urgent challenges that necessitate immediate action. Consequently, the development of 

advanced technologies capable of reducing the concentration of CO2 in the atmosphere and 

transforming it into beneficial, low-carbon fuels is imperative. In recent years, cuprous oxide (Cu2O) 

has emerged as one of the most promising nanomaterials for CO2 photo-reduction under visible light 

conditions [1]. Studies have also indicated that the morphology of Cu2O nanoparticles significantly 

influences the selectivity of the photo-reduction product towards the most reduced species, such as 

CH3OH, CH4, C2H6, and others [2]. 

Furthermore, it has been widely documented that the Rhombic Dodecahedra shape demonstrates 

the highest level of activity in CO2 adsorption and reduction reactions due to its lower band bending 

and the presence of a more catalytically active surface [3]. 

In this study, well-defined rhombic dodecahedral nanoparticles are synthesised through an extensive 

optimisation screening process, followed by testing the catalytic activity using Infrared, Raman, and 

EPR spectroscopy. 
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Over the past five decades, the exploration and utilization of Terahertz (THz) radiation have seen 

significant progress. This improvement has ranged from creating appropriate THz radiation sources 

to its potential use in diverse fields, including detecting tumor cells [1, 2]. THz radiation has also 

found practical applications in areas like security, bio-sensing, and quality control [1, 3, 4]. Another 

future significant application for which THz is the main candidate is the sixth generation of 

telecommunication technologies (6G), which will be released in 2030-2035, and promises to connect 

the digital world, the physical world, and the human world, enabling the creation of a deeply 

interconnected reality [1, 5, 6]. 

 

However, our knowledge about how THz radiation interacts with materials is still lacking, especially 

for polymeric materials. To address this, we conducted experiments on various photocured polymers 

with different chemical compositions. Those materials were selected because they allow an easy 

tailoring of chemical composition and physical features, since they are based on the mixing of liquid 

precursors, which can then be rapidly transformed into solid polymeric materials via light irradiation 

[7]. The goal was to understand how these polymers react to THz radiation, to create a complete 

database, and to explore the potential uses of those kinds of polymers. The materials we studied 

included acrylates, methacrylates, and thiol-ene resins, each designed to assess the impact on THz 

interaction of different functional groups and chemical components in their molecular structure. Our 

analyses revealed a strong and univocal correlation between the material chemical structure and 

THz interaction, such as a higher polymer's carbon content leads to a higher THz transparency. 

 

This database lays the foundations for developing 3D printable metamaterials that can interact in a 

programmable way with THz radiation, and pave the way to constructing next-generation intelligent 

objects compatible with 6G technology and capable of dialoguing with its environment. 
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