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INTRODUCTION	

	

Dear	LUCES	members,	

I	am	very	happy	to	welcome	all	of	you	to	the	1st	Global	Action	Meeting	(GAM)	of	our	COST	
Action	CA22131	 -	 Supramolecular	 Luminescent	 Chemosensors	 for	Environmental	 Security	
(LUCES).	

As	some	of	you	know,	arriving	to	this	point	was	a	long,	sometimes	disappointing,	process	that	
required	a	lot	of	effort,	but	we	made	it!	Fortunately,	along	the	way	we	have	welcomed	new	
colleagues,	with	scientific	expertise	very	relevant	to	achieve	our	main	goals.	

I	hope	we	can	be	all	committed	to	this	engaging	project	devoted	to	developing	sensors,	based	
on	chemical	inputs	(mainly	optical)	for	the	detection	of	contaminants.	Strengthening	efforts	
and	working	together	will	make	us	a	reference	community	worldwide	on	this	topic.	

I	 am	 so	 proud	 to	 have	 exceptional	 people	 directly	 supporting	 this	 project,	 in	 the	 Steering	
Committee	and	in	the	Core	Group,	working	group	co-leaders	and	also	super	relevant	people	
ensuring	 the	 administrative	 and	 financial	 management,	 and	 others	 that	 can	 appear	 as	
invisible,	but	also	supporting	important	tasks	such	as	website	maintenance.	

I’m	sure	that	all	together,	with	the	Management	Committee	members	and	all	of	you	involved	
in	the	different	Working	Groups	(extremely	relevant	for	the	running	of	the	project)	will	make	
this	Action	a	success.	

I	hope	you	all	to	enjoy	this	first	GAM	and	take	advantage	of	the	opportunity	to	discover	the	
scientific	expertise	that	we	have	in	our	group	and	that	will	help	us	improve	science	and,	in	
particular,	applied	research.	

	

Laura	Rodríguez	
Action	Chair	
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PROGRAM	–	18	April	2024	

	
	
09:00-09:30	 Opening	&	Welcome	words	 	

Chair:	João	Carlos	Lima	

09:30-10:30	 Plenary		Amilra	P.	de	Silva	(Queen’s	U.	-	UK):	From	Supramolecular	Chemistry	to	
Medical	Diagnostics	and	Information	Processing	

p.	7	

10:30-11:00	 Coffee	break	 	

Chair:	Antonella	Dalla	Cort	

11:00-11:20	 C1		Luciano	Boesel	(EMPA	-	CH):	Nanostructured	Luminescent	and	Colorimetric	
Sensors	for	pH,	Ammonia,	and	Volatile	Amines	

p.	8	

11:20-11:40	 C2		Wim	Dehaen	(KU	Leuven	-	BE):	New	boron	chelated	pyrrole-derived	dyes	:	
potential	for	fluorescent	sensors	?		

p.	9	

11:40-12:00	 C3		M.	Concepción	Gimeno	(U.	Zaragoza	-	ES):	Exploring	Luminescence	in	Group	
11	Metal	Complexes	

p.	10	

Chair:	Kari	Rissanen	

12:00-12:30	 Flashes:	Paula	Bosch	(P5),	Estefania	Delgado-Pinar	(P8),	Elizabeta	Dimitrieska	
Stojkovikj	(P9),	Sabrina	Knospe	(P18),	Nele	Konrad	(P19),	George	Mousdis	(P21),	
Ignazio	Roppolo	(P27),	Nikola	Sakac	(P28)	&	Mustafa	Tabakci	(P31)	

	

12:30-13:30	 Lunch	break		 	

13:30-15:00	 Poster	session	 p.	28	

Chair:	Stefan	Kubik	

15:00-15:20	 C4		Enrico	Dalcanale	(U.	Parma	-	IT):	Ultra-sensitive	Proteomics	with	Cavitands	 p.	11	

15:20-15:40	 C5		Ariadna	Lazaro	(Karlsruhe	Institute	of	Technology	-	DE):	Novel	on/off	
Hydrogel	Functionalized	with	Cyclometallated	Ir(III)	Complexes	for	in	Vitro	Cell	
Imaging	in	3D	Platforms	

p.	12	

15:40-16:00	 C6		Gilles	Bruylants	(U.	libre	de	Bruxelles	-	BE):	Colorimetric	Sensing:	a	Golden	
Age	of	Silver	

p.	13	

16:00-16:20	 C7		Ivo	Grabchev	(Sofia	U.	-	BG):	Metal	Complexes	of	Modified	Dendrimers	with	
1,8-Naphthalimide	Luminophores	and	Their	Sensor	and	Microbiological	Activity	

p.	14	

16:20-16:50	 Coffee	break	 	

Chair:	Antonio	Frontera	

16:50-17:10	 C8		Georgios	Vougioukalakis	(U.	Athens	-	EL):	Synthesis	of	Tailor-Designed	
Photoactive	Molecules	for	Possible	LUCES-related	Applications	

p.	15	

17:10-17:30	 C9		Andrea	Pinto	(Glasgow	U.	/Barcelona	-	ES):	Supramolecular	Gold(I)	
Assemblies	as	Singlet	Oxygen	Sensitizers	

p.	16	

17:30-17:50	 C10		Demeter	Tzeli	(U.	Athens	-	EL):	Accurate	Computational	Studies	of	
Photophysical	Processes	of	Chemosensors	

p.	17	

17:50-18:10	 C11		Riccardo	Marin	(U.	A.	Madrid	-	ES):	Pushing	the	Limits	of	Luminescence	
Nanosensing:	From	Material	Optimization	to	Machine	Learning	

p.	18	

19:30	 Dinner	 	
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PROGRAM	–	19	April	2024	

	
	

Chair:	Sophia	Hayes	

09:00-09:20	 C12		Ivo	Piantanida	(Ruđer	Bošković	Institute	-	HR):	Trarylborane:	Novel	Type	
of	Dye	for	Sensing	Biomacromolecules	

p.	19	

09:20-09:40	 C13		Josef	Hamacek	(U.	Orléans	–	FR):	Tetrahedral	Lanthanide	Cages	as	Sensors	
for	Anion?	

p.	20	

09:4010:00	 C14		Luca	Sanfilippo	(Systea	S.p.A.	-	IT):	Luminescence	Based	Measurement	
Technologies	Available	for	LUCES	Project	Applications	

p.	21	

10:00-10:20	 C15		Roberto	Penasa	(U.	Padova	-	IT):	Chiroptical	Enhancement	of	Chiral	
Dicarboxylic	Acids	from	Confinement	in	a	Stereodynamic	Supramolecular	Cage	

p.	22	

10:20-10:40	 C16		Romain	Carpentier	(U.	libre	de	Bruxelles	-	BE):	Development	of	
Supramolecular	Calixarene-based	Systems	for	the	Slective	Binding	of	Primary	
Ammoniums	in	aQueous	Environment	

p.	23	

10:40-11:10	 Coffee	break		 	

Chair:	Anife	Ahmedova	

11:10-11:30	 C17		Aaron	Torres	Huerta	(U.	libre	de	Bruxelles	-	BE):	Liposomes	as	
Nanoreactors	for	the	Controlled	Assembly	of	Metal-Organic	Structures	for	Sensing	
Applications	

p.	24	

11:30-11:50	 C18		Ales	Ruzicka	(Charles	University	-	CZ):	Oligocyclophosphazenes	Substituted	
by	Amines:	Quest	for	Universal	Sensors	

p.	25	

11:50-12:10	 C19		Riina	Aav	(Tallin	U.	of	Technology	-	EE):	Homomeric	and	Chimeric	
Hemicucurbiturils	

p.	26	

12:10-12:30	 C20		Vladimir	Sindelar	(Masaryk	U.	-	CZ):	Bambusurils:	Macrocycles	with	High	
Anion	Affinity	

p.	27	

12:30-13:30	 Lunch	break		 	

13:30-14:00	 WG4	meeting	 	

14:00-15:30	 Open	discussion	with	industrial	partners	 	

15:30-16:30	 WG1&2,	WG3	parallel	meetings	 	

16:30-17:00	 Coffee	break	 	

17:00-17:50	 WG	leaders	reporting	&	Conclusions	 	

18:00-19:30	 MC	meeting	 	

19:30	 Dinner	 	
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From Supramolecular Chemistry to Medical Diagnostics 
and Information Processing 

AP de Silva 

School of Chemistry and Chemical Engineering, Queen’s University, Belfast BT9 5AG,  

Northern Ireland 
contact a.desilva@qub.ac.uk  

 
One of the main principles underlying fluorescent sensors is based on photoinduced electron 
transfer (PET), according to which a switching ‘on’ of fluorescence in response to chemical1 and 
biochemical2,3 analytes can be designed. Since its generalization in Colombo, Sri Lanka, it has 
now grown to involve >1200 laboratories around the world. Some of these sensor systems are 
serving in critical care units in hospitals and in ambulances, performing blood diagnostics (Figure 
1). These form the basis of a half-billion-dollar industry4. Other sensors visualize intracellular 
players. Yet others map species distributions in nanometric spaces near membranes5. These 
spaces are too small for the tiniest silicon-based wireless devices to enter. Our introduction of 
molecular logic gates6,7 from Belfast, Northern Ireland, allows us to build more complex sensors 
and micro-object identification systems8. More complex logic operations9-11 and even human-
scale computations, e.g. edge detection of objects12 and outline drawing (Figure 2)13, are now 
achieved by molecular systems. >1700 laboratories have contributed to this field so far. A short 
video is available at www.youtube.com/watch?v=sLGnZDP5Ecg. 

1. Daly, B., Ling, J. and de Silva, A. P. Chem. Soc. Rev. 2015, 44, 4203.  
2. McLaughlin, B., Surender, E. M., Wright, G. D., Daly, B. and de Silva, A. P. Chem. Commun. 
2018, 54, 1319. 
3. Wright, G. D., Yao, C. Y., Moody, T. S. and de Silva, A. P. Chem. Commun. 2020, 56, 6838. 
4. www.optimedical.com and www.idexx.com. 
5. Uchiyama, S., Fukatsu, E., McClean, G. D. and de Silva, A. P. Angew. Chem. Int. Ed. 2016, 55, 
768. 
6. Yao, C. Y., Lin, H. Y., Crory, H. S. N. and de Silva, A. P. Mol. Syst. Des. Eng. 2020, 5, 1325. 
7. de Silva, A. P. Molecular Logic-based Computation, Royal Society of Chemistry, Cambridge, 
2013. 
8. Yao, C. Y., Ling, J., Chen, L. Y. H. and de Silva, A. P. Chem. Sci. 2019, 10, 2272. 
9. Daly, B., Moody, T. S., Huxley, A. J. M., Yao, C. Y., Schazmann, B., Alves-Areias, A., Malone, J. 
F., Gunaratne, H. Q. N., Nockemann, P. and de Silva, A. P. Nature Commun. 2019, 10, 49. 
10. Yao, C. Y., Lin, H. Y., Daly, B., Xu, Y., Singh, W., Gunaratne, H. Q. N., Browne, W. R., Bell, S. E. 
J., Nockemann, P., Huang, M., Kavanagh, P. and de Silva, A. P. J. Am. Chem. Soc. 2022, 144, 4977. 
11. Yao, C. Y., Lin, H. Y., Daly, B., Chen, Z. Q., Crory, H. S. N., Gunaratne, H. Q. N., Anslyn, E. V. 
and de Silva, A. P. Front. Org. Chem. 2023, 10, 1570. 
12. Ling, J., Naren, G. W., Kelly, J., Moody, T. S. and de Silva, A. P. J. Am. Chem. Soc. 2015, 137, 
3763. 
13. Ling, J., Naren, G. W., Kelly, J., Fox, D. B. and de Silva, A. P. Chem. Sci. 2015, 6, 4472. 

 

Object Image Object Image 

Figure  1.  Blood  electrolyte  analyser Figure  2.  Molecular 
outline  drawing 

	Plenary	
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Nanostructured luminescent and colorimetric sensors for pH, ammonia, and 
volatile amines 

L. F. Boesel 

 Empa, Swiss Federal Laboratories for Materials Science and Technology, St. Gallen, Switzerland 
luciano.boesel@empa.ch    

 
The expertise of my group lies in the development of fluorescent sensing chemistry for the 
detection of analytes in liquid and gaseous environments; the use of ductile polymer optical fibers 
as substrates for physical, chemical, and biosensors; and the incorporation of chromophores 
(DASAs) into polymers (membranes, coatings, nanoparticles) to achieve sensors with potential 
in the environmental monitoring (VOCs, NH3, ions, etc.). In this abstract, I will briefly cover three 
of our recent works in topics within the field of the COST Action LUCES. 
i) We are working on a method to increase the response of fluorescent sensors by using 
nanoparticles. We developed a method for promoting the interaction of clay-fluorophores through 
dye conjugation with a biopolymer before the deposition on clay and defined the physical and 
chemical mechanisms that take place upon dye-clay interaction [1]. We observed, e.g., an up to 
60-fold fluorescence enhancement [1,2]. Such an approach could also be potentially used in 
environmental sensors to detect contaminants. 
ii) We have developed a unique polymer co-network platform suitable for the incorporation of a 
range of luminescent molecules. These are amphiphilic polymer co-networks (APCNs) with 
defined domain sizes in the nanoscale (5-20 nm) [3]. We prepared materials with fluorescent dyes 
and nanoparticles [4,5], pH- or light-responsive units [3]. These molecules are especially 
interesting for biomedical applications, as their pH response matches the changes occurring in 
pH during wound healing. We also investigated how the small size, opposite phylicities, and high 
surface area of the nano-domains could be used to steer the optical properties of fluorescent 
dyes. We incorporated hydrophilic and hydrophobic dyes in the corresponding domains and used 
the high interfacial area and close domain-domain distances to induce high energy transfer 
between dyes that are otherwise immiscible. FRET efficiencies of up to 75 % were observed, with 
a total energy transfer efficiency of about 99 %. [4,5] 
iii) Moreover, my group has been investigating for years the development, properties, and 
applications of DASA-polymer conjugates.[6,7] We investigated the behavior of DASAs in such 
matrices and how the matrix properties influence the performance of DASAs. One potential 
application is as sensors with potential in environmental monitoring. We took advantage of the 
spontaneous reaction between furan adducts (FAs) and secondary amines and of the increased 
surface area of electrospun membranes to detect amines at very low concentrations. With an 
adequate choice of FA type, mesh morphology, and polymer physical properties, we could design 
sensors with a limit of detection of only 10 ppb for diethylamine. They could be used to detect 
volatile amines arising from food spoilage or ammonia from bacterial diseases. [8] 

1. Giovannini, G.; Rossi, R. M.; Boesel, L. F. Nanomaterials. 2021, 11, 1–16.  
2. Giovannini, G.; Garoli, D.; Rupper, P.; Neels, A.; Rossi, R. M.; Boesel, L. F. Sensors 2021, 21, 
2655. 
3. Ulrich, S.; Osypova, A.; Panzarasa, G.; Rossi, R. M.; Bruns, N.; Boesel, L. F. Macromolecular 
Rapid Communications. 2019, 40, 1900360 
4. Huang, C.-S.; Jakubowski, K.; Ulrich, S.; Yakunin, S.; Clerc, M.; Toncelli, C.; Rossi, R. M.; 
Kovalenko, M. V.; Boesel, L. F. Nano Energy. 2020, 76, 105039. 
5. Huang, C.-S.; Yakunin, S.; Avaro, J.; Kang, X.; Bodnarchuk, M. I.; Liebi, M.; Sun, X.; Rossi, R. 
M.; Kovalenko, M. V.; Boesel, L. F. Advanced Energy Materials. 2022, 12, 2200441. 
6. Rifaie-Graham, O.; Ulrich, S.; Galensowske, N. F. B.; Balog, S.; Chami, M.; Rentsch, D.; 
Hemmer, J. R.; Read De Alaniz, J.; Boesel, L. F.; Bruns, N. JACS. 2018, 140, 8027–8036. 
7. Clerc, M.; Sandlass, S.; Rifaie-Graham, O.; Peterson, J. A.; Bruns, N.; Read de Alaniz, J.; 
Boesel, L. F. Chemical Society Reviews. 2023, 52, 8245–8294. 
8. Ulrich, S.; Moura, S. O.; Diaz, Y.; Clerc, M.; Guex, A. G.; de Alaniz, J. R.; Martins, A.; Neves, N. 
M.; Rottmar, M.; Rossi, R. M.; Fortunato, G.; Boesel, L. F. Sensors and Actuators B: Chemical. 
2020, 322, 128570. 

C	1	
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New boron chelated pyrrole-derived dyes : potential for fluorescent sensors ? 

Wim Dehaen1 , Thanh Chung Pham,1 Jianjun Huang, Daniel Escudero1  

1 Department of Chemistry, KU Leuven, Belgium 
contact  wim.dehaen@kuleuven.be 

 
BODIPY is a well-known boron chelated dipyrromethane-derived fluorescent molecule. 
Many applications in sensing have been described [1] and the synthetic versatility is great 
due to the many possibilities for postfunctionalisation [2]. 

In the last years, we have described a number of alternative boron (bis)chelated 
structures that share some of the characteristics of the BODIPY dyes, such as the 
bischelated BOPHY, which are readily prepared from simple pyrrole-2-aldehyde building 
blocks [3] 

More recently, we described BOPAHY and BOAHY chromofores available from the same 
aldehydes after bischelation or monochelation with difluoroboron. Some sensing behavior 
of BOAHY derivatives towards hypochlorite and applications in bioimaging of 
mitochondria were described [4].  

The latest addition to the bron chelated pyrrole derivatives to be reported from our group 
was the BOPAM stem. Again, a straightforward on pot method allows to prepare BOPAM 
derivatives which can be postfunctionalized or modified to become NIR-dyes. [5] 

These new dyes have a great but as yet unexplored potential to be used in fluorescent 
sensing, we will show the synthetic possibilities and look forward to any discussion about 
collaborations in the framework of this COST action.  

 

 
 
References 

1. N., Boens, V., Leen, and W., Dehaen Chem. Soc. Rev. 2012, 41, 1130-1172. 
2. N. Boens, B. Verbelen, M. J. Ortiz, L. Jiao, W. Dehaen, Coord. Chem. Rev. 

2019, 399, 213024.  
3. S. Boodts, J. Hofkens, W. Dehaen, Dyes and Pigments 2017, 142, 249-254 ; S. Boodts, E. 

Fron, J. Hofkens, W. Dehaen, Coord. Chem. Rev. 2018, 371, 1-10. 
4. BOAHY and BOPAHY : S. Pookkandam Parambil, F. de Jong, K. Veys, J. Huang, S. P. 

Veettil, D. Verhaeghe, L. Van Meervelt, D. Escudero, M. Van der Auweraer, W. Dehaen, 
Chem. Commun. 2020, 56, 5791-5794; J. Huang, D. Zheng, Y. Fang, W. Dehaen 
Spectrochim. Acta, A: Mol. Biomol. Spectr. 2023, 303, 123201; J. Huang, X. Zhao, D. 
Escudero, L. Van Meervelt, D. Zheng, Y. Fang, W. Dehaen, Dyes & Pigm. 2024, 221, 
111826 

5. BOPAM : J. Huang, F. d., Jong, D. M. E. v., Raamsdonk, J., Vandenwijngaerden, A., Inoue, 
D., Escudero, L. V., Meervelt, M. V. d., Auweraer, W., Dehaen Adv. Otp. Mater. 2023, 
2301328 

C	2	
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Exploring Luminescence in Group 11 Metal Complexes  

M. Concepción Gimeno,1 Olga Crespo1 Departamento de Química Inorgánica. Instituto de Síntesis 
Química y Catálisis Homogénea (ISQCH), CSIC-Universidad de Zaragoza. E-50009 Zaragoza, Spain.  

 

1 Departamento de Química Inorgánica. Instituto de Síntesis Química y Catálisis Homogénea (ISQCH), 
CSIC-Universidad de Zaragoza. E-50009 Zaragoza, Spain.  

contact gimeno@unizar.es  
 

In recent years, research into light-emitting materials has witnessed significant growth, emerging 
as a pivotal domain within transition metal chemistry. This surge in interest stems from the diverse 
applications of luminescent compounds in sensors, OLEDs, photocatalysis, medicine, and 
various other fields. Among these compounds, luminescent metal complexes stand out for their 
unique optical properties and remarkable sensitivity to environmental changes. 

These complexes exhibit dynamic alterations in luminescence properties—such as intensity, 
wavelength, and lifetime—in response to shifts in pH, temperature, metal ions, gases, solvents, 
and biological molecules. Such changes act as discernible signals, rendering these complexes 
highly promising for sensor development across diverse applications. 

The design of effective luminescent sensors hinges upon the meticulous selection of metal ions, 
ligands, and structural motifs that exhibit selective and responsive behavior towards target 
analytes or environmental factors. By fine-tuning the properties of metal complexes, researchers 
can engineer tailored responses to specific stimuli. 

Our focus lies particularly on the synthesis of luminescent metal complexes featuring group 11 
metals. The versatility inherent in altering the metal, oxidation state, and the myriad ligands with 
diverse donor centers capable of coordinating to metals across various oxidation states allows for 
precise tuning of emission energy. This tuning spans the entire visible spectrum, facilitating the 
customization of properties for application in sensing technologies. 

 
 
 

C	3		
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ULTRA-SENSITIVE PROTEOMICS WITH CAVITANDS 
E. Dalcanale, R. Pinalli, A. Pedrini 

Department of Chemistry, Life Sciences and Environmental Sustainability, University of Parma, 
Contact: enrico.dalcanale@unipr.it  

 
Chemical sensing represents one of the key enabling technologies which will deeply impact our 
society, because of its foremost relevance in point-of-care diagnostics,1 environmental 
monitoring,2 industrial quality control and security. The major hurdle to overcome for the full 
exploitation of chemical sensing is the lack of selectivity in the currently available technologies, 
which leads to an unacceptable frequency of false positive and false negative responses.3 The 
exploitation of molecular receptors as sensing materials is particularly attractive to address the 
selectivity issue. The progress made in designing synthetic receptors enables the modulation of 
the sensor selectivity towards different classes of compounds by mastering the weak interactions 
occurring between the sensing material and the analytes.4 In this presentation the following case 
will be discussed: 

N-methylated amino acid sensing in histones: Based on our results in the specific detection 
of N-methylated amino acids in water,5 sarcosine (biomarker of aggressive forms of prostate 
cancer) in urine,6 designer drugs7 and DNA G-quadruplexes8 we studied tetraphosphonate 
cavitands as selective ligands for the detection of lysine methylation in histones.9 Histones have 
positively charged amino-terminal tails that are exposed on the outside of nucleosomes. These 
tails are subject to several post-translational covalent modifications, including methylation. 
Histone post-translational modifications (PTMs), as lysine methylation, are important for many 
cellular processes including transcription and DNA repair. The ability to reliably detect PTMs is 
crucial to understand epigenetic processes and the functions of histone PTMs in human diseases. 
The identification of PTMs across the proteome is currently performed via mass spectrometry 
(MS). MS requires an enrichment step generally performed using antibodies, but these have 
several limitations including high costs and batch-to-batch variability. A cost-effective, fast and 
efficient tool overcoming the current limitation is presented. It consists in ferromagnetic 
nanoparticles (FeNPs) functionalized with molecular receptors able to selectively enrich, after 
proteolytic digestion, peptides containing mono-methylated lysines for subsequent epigenetic MS 
analyses. The developed tool outperforms antibodies, in terms of number of recognized peptides 
and sensitivity. 

1. Pinalli R., Pedrini A. and Dalcanale E. Chem. Soc. Rev. 2018, 47, 7006-7026. 
2. Pinalli R., Pedrini A. and Dalcanale E. Chem. Eur. J. 2018, 24, 1010-1019. 
3. Wolfbeis O. S. Angew. Chem. Int. Ed. 2013, 52, 9864-9865. 
4. Pinalli, R. and Dalcanale, E. Acc. Chem. Res. 2013, 46, 399-411. 
5. Pinalli, R. et al. J. Am. Chem. Soc. 2016, 138, 8569-8590. 
6. Valenti, G. et al. Faraday Discuss. 2015, 185, 299-309. 
7. Biavardi, E. et al. Angew. Chem. Int. Ed. 2014, 53, 9183-9188. 
8. Chen, J. et al. Nat. Chem. 2021, 13, 488-495. 
9. Bontempi N. et al. Nanoscale 2017, 9, 8639-8646. 
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Novel on/off switch hydrogel functionalized with cyclometallated Ir(III) complexes 
for in vitro cell imaging in 3D platforms 

A. Lazaro1, F. Fiorini2, E. Longhi2, L. De Cola1,2,3 

1 Institut für Funktionelle Grenzflächen (IFG), Karlsruhe Institute of Technology (KIT), Eggenstein-
Leopoldshafen 76344, Germany. 

2 Department of Pharmaceutical Science, Università degli Studi di Milano, Milan 20133, Italy. 
3 Department of Biochemistry, Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Milan 20156, Italy. 

contact ariadna.palacios@kit.edu  
 
Three-dimensional (3D) cell culture has shown to better mimic cells natural environment and to 
allow cell proliferation in a more realistic manner, compared to two-dimensional substrates in 
which cells are cultured on traditional flat substrates and adapt to this synthetic 2D environment, 
often becoming flattened and showing a non-natural behaviour. Therefore, the direct visualization 
of living cells growing onto 3D platforms in real-time promises to be a powerful tool to reveal 
information for biomedical investigation. However, cell staining often requires tedious sample 
preparation and can induce alterations of the natural cell cycle. Thus, the incorporation of a 
luminescent probe for cells visualization within 3D hydrogels, which combines the advantages of 
emission detection and hydrogel for 3D in vitro cell proliferation, is highly desirable for opening 
new paths for in vitro imaging techniques.1 

 

Amongst the most studied emitters, cyclometallated Ir(III) complexes are very appealing as bio-
imaging reagents for cellular visualization.2 Besides their outstanding photophysical properties, 
they exhibit the possibility to easily tune the excited state energy over the whole visible 
electromagnetic spectrum, from the ultraviolet to the near infrared region by ligand modification.3 
In addition, the complexes emit from a triplet excited state displaying a very long excited state 
lifetime, in the microsecond range. These characteristic results in increased sensitivity and 
possibility of implementation of time-gated techniques with elimination of short-lived fluorescence 
background (∼ns), rendering cyclometallated Iridium(III) complexes optimal candidates as 
luminescent bio-probes.4 

Herein, we introduce a novel hydrogel for in vitro cell study, with covalently incorporated 
cyclometallated Ir(III)-luminescent probes. An Iridium(III) complex was designed with a “off/on” 
emission response versus different environments. In particular, this turning on and off of the 
emission relies on the interaction of an Ir(III) complex, covalently anchored to the hydrogel, with 
the cells plasma membranes or with its position in the water phase. Such a change in the 
environment, from aqueous solution to lipid layer, causes the turn on of the emission of the iridium 
complex. 

The mechanism for the off/on switching from water to the lipophilic environment of the cell’s 
plasma membranes is studied in detail, demonstrating that this novel luminescent probe-
incorporated scaffold is a very interesting 3D platform for in vitro real-time investigation of cells. 

 
 

1. Langhans, S. A. Front. Pharmacol. 2018, 9, 6. 
2. Zamora, A., Vigueras, G., Rodríguez, V., Santana, M. D., Ruiz, J. Chem. Coord. Rev. 2018, 360, 
34-76. 
3. Jayabharati, J. Thanikachalam, V., Thilagavathy, S. Coord. Chem. Rev. 2023, 483, 215100. 
4. Ho, P. Y., Ho, C. L., Wong, W. Y. Chem Coord. Rev. 2020, 43, 213267. 
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Colorimetric Sensing: a Golden Age for Silver 
B. Gosselin,1,2 M. Retout,1 I. Jabin2 and G. Bruylants1 

1 Engineering of Molecular NanoSystems, Université libre de Bruxelles 
2 Laboratoire de Chimie Organique, Université libre de Bruxelles 

Contact gilles.bruylants@ulb.be  
 

In the search for more effective colorimetric reporters than traditional gold nanoparticles, silver 
nanomaterials (AgNMs) are of particular interest due to their superior plasmonic properties.1 
Silver nanostructures could therefore lead to more sensitive sensing devices than their gold 
counterparts. However, their use has not been 
widely reported due to their poor chemical and 
colloidal stability in complex media or over time. 
Indeed, AgNMs are very sensitive to oxidation 
and their conjugation with biomolecules is 
difficult to achieve without significant particle 
loss or degradation. Their dispersion in 
biological media also remains a challenge. 

We have recently reported a new nanoparticle 
functionalization strategy that exploits the 
remarkable properties of calix[4]arene-
tetradiazonium salts.2 It has been shown that 
thin layers of these molecular platforms can be 
strongly and irreversibly grafted to the NP 
surface via the reduction of their diazonium 
groups, leading to the formation of multiple 
covalent bonds (Fig 1, Top). Furthermore, it has 
been shown that the composition of mixed 
layers on NMs can be controlled,3 thus allowing 
to control the coupling density of different 
biomolecules on their surface.4 This strategy could be extended to the synthesis of silver - as 
silver nanoplates (Fig 1, Bottom) - and alloyed gold-silver nanostructures5 which show high 
colloidal and chemical stability despite the thinness of the organic layer. These Ag nanostructures 
could be functionalized with targeting ligands and used to detect biomarkers of interest (the Mdm2 
oncoprotein, anti-SARS-CoV-2 antibodies, Troponin) using lateral flow or turbidimetric assays 
with improved LoDs compared to traditional gold nanoparticles.6 We believe that this strategy 
could pave the way for the development of many other biosensing systems based on AgNPs 
coated with a calixarene layer as robust and efficient colorimetric reporters. 

 

1. Y. Han et al. Anal. Chem., 2011, 83, 5873. 
2. Troian-Gautier L. et al. Chem. Commun. 2016 52, 10493. 
3. Valkenier H. et al. Langmuir 2017 33, 8253. 
4. Retout M. et al. Bioconjugate Chem. 2021 32, 290–300; Retout M. et al. Langmuir 2022 38, 9301. 
5. Retout M. et al. ACS Omega 2021 6, 19675; Retout M. et al. Nanoscale 2023 15, 11981. 
6. Retout M. et al. ChemPlusChem 2021 87, e202100450; Gosselin B. et al. Anal. Chem. 2022 20, 

7383–7390; Gosselin B. et al. Sensors & Diagnostics 2024 3, 248. 
 

 

Fig 1. Top: Schematic representation of the 
calixarene coating of the nanostructures. 

Bottom: pictures of calixarene coated silver 
nanoplates of different sizes. 

Calixarene 
coating

C	6	

	 	



	 14	

Metal complexes of modified dendrimers with 1,8-naphthalimide luminophores 
and their sensor and microbiological activity  

Ivo Grabchev, 1* Desislava Staneva 2  
 

1 Sofia University “St. Kliment Ohridski”, Faculty of Medicine, 1407 Sofia, Bulgaria 
2University of Chemical Technology and Metallurgy, 1756 Sofia, Bulgaria 

* i.grabchev@chem.uni-sofia.bg 
 
Dendrimers are a particular class of synthetic polymer having a highly branched, three-
dimensional structure and low polydispersity. They exhibit specific functionality due to their high 
number of functional groups in the dendrimer core or periphery. Low toxicity and structural 
advantages allow them to play an essential role in the new advanced scientific fields such as 
nanotechnology, pharmaceutical, and medicinal chemistry. Polyamidoamine (PAMAM) and 
polypropylene amine (PPA) dendrimers are the most investigated dendrimer structures due to 
their commercial availability and good possibility for structural modifications. Dendrimers 
containing chromophore fragments have been developed for their vanguard applications in 
different scientific fields such as medicine, biology, sensors, and optoelectronics.  
Very promising organic fluorophores are 1,8-
naphtalimide derivatives, emitting fluorescence 
with different colours and intensities depending 
on their molecule polarization. On the other 
hand, 1,8-naphtalimides are valuable 
compounds with diverse pharmacological and 
biological activity. Dendrimer modification with 
biologically active 1,8-naphthalimides opens 
possibilities for their diverse biomedical and 
sensing applications. Our laboratory has 
investigated PAMAM and PPA dendrimers modified in 
the periphery with 1,8-naphthalimide units.   

Those modified fluorescent dendrimers have shown the potential of effective sensors for metal 
ions and protons detection. It has been found that the sensor activity depends strongly on the 
chemical structure of the substituents at the C-4 position of the naphthalene nucleus. Metal 
complexes with biologically vital metal ions such as Cu(II) and Zn(II) have been synthesized, and 
the microbiological and anticancer activity of the metallodendrines have been described. The 
introduction of metal ions into such dendrimer systems has emerged as a promising research 
area since, in this case, the properties of the dendrimer matrix complement those of  
the metal complex. 
This work describes the evolution of PAMAM and PPA dendrimers subjected to modification with 
1,8-naphthalimides. Their photophysical characteristics, sensor ability, and microbiological 
activity have also been discussed. 
 
Acknowledgements: The authors acknowledge Grant КП-06-H49/2, Scientific Research Fund, 

Ministry of Education and Science of Bulgaria. 
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Supramolecular gold(I) assemblies as singlet oxygen sensitizers 
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Population of the triplet state in chromophores is an important aspect that plays a key role in many 
numerous applications such as photodynamic therapy, bioimaging, photocatalysis, light-emitting 
diodes (OLEDs) and oxygen sensing among others. In particular, singlet oxygen production stays 
at the forefront of research due to its reactivity as a synthetic reagent, as an intermediate in 
oxygenation reactions of polymers or as a reactive oxygen species (ROS) for biological purposes. 
Molecules acting as photosensitizers must have a populated triplet excited state higher in energy 
but close to the lower excited state of the oxygen, 1O2. Thus, molecules with populated triplet 
excited states are of great relevance in this field and this can be managed by the presence of 
heavy atoms. Metal complexes containing heavy atoms, such as gold(I) complexes, are scarcely 
explored in this field and deserve their investigation.[1] 
 
On the other hand, supramolecular chemistry and thus, intermolecular contacts, are of great 
importance in these studies. This is particularly relevant in gold(I) complexes due to the possibility 
of establishing Au···Au contacts that may increase the intermolecular contacts and that also play 
a key role in the population of the triplet state and photophysical properties.[2,3] 
 
In this way, we have explored the photophysical properties of a series of gold(I) complexes and 
its capability to produce singlet oxygen in different media (e.g. solution, thin films and 
microspheres). [4] 
 
 
 
 

1. Pujades, M and Rodríguez, L. Coord. Chem. Rev., 2020, 408, 213179–2131200. 
2. Aguiló, E., Moro, A.J., Gavara, R., Alfonso, I., Pérez, Y., Zaccaria, F., Fonseca Guerra, C., Malfois, 
M., Baucells, C., Ferrer, M., Lima, J.C. and Rodríguez, L. Inorg. Chem. 2018, 57, 1017−1028. 
3. Pinto, A., Svahn, N., Lima, J.C. and L. Rodríguez, Dalton Trans., 2017, 46, 11125–11139. 
4. Pinto, A., Llanos, A., Gomila, R.M., Frontera, A. and Rodríguez, L. Inorg. Chem. 2023, 62, 7131. 
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Accurate Computational Studies of photophysical processes of Chemosensors 
D. Tzeli1,2, C. E. Tzeliou1,2, E. Papamichalis,1 I. D. Petsalakis2, G. Theodorakopoulos2 

1 Department of Chemistry, National and Kapodistrian University of Athens, Greece 
2 Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, Greece 

tzeli@chem.uoa.gr 
 
The development of stand-alone luminescence-based chemosensors which exemplify selectivity, 
sensitivity, and applicability is hot research area1. Up to now supramolecular luminescent sensors 
have solved significant problems in a variety of research areas, for instance in food and 
agricultural safety,2 in biological imaging,3 medical diagnostics,4 national security,5 and 
environment6. 
Theoretically, the accurate calculation of the electronic structure, absorption, and fluorescence 
spectra of luminescence-based chemosensors candidate and the prediction of the most 
promising ones is not a routine task. 
In this presentation, the photophysical properties of chemosensors of Ca2+, Na+, Hg2+, Zn2+, and 
Sn2+ will be discussed and analyzed. Some of these sensors also can serve as molecular logic 
gates.7-9 Additionally, key factors for the accurate prediction of the absorption and fluorescence 
spectra of chemosensors will be analyzed.8-10 Finally, structural characteristics of molecules that 
can make them ideal molecules as sensors will be discussed.9-10 

 
 

1. Mako, T. L., Racicot, J. M. and Levine, M. Chem. Rev. 2019, 119, 322. 
2. Zhou, J.-W., Zou, X.-M., Song, S.-H., Chen, G.-H. J. Agric. Food Chem. 2018, 66, 1307. 
3. Reineck, P. and Gibson, B. C. Adv. Opt. Mater. 2017, 5, 1600446. 
4. Chaudhary, S., Umar, A., Bhasin, K. K. and Singh, S. J. Biomed. Nanotechnol. 2017, 13, 591. 
5. Sun, X., Wang, Y. and Lei, Y. Chem. Soc. Rev. 2015, 44, 8019. 
6. Liu, L., Liu, P., Ga, L. and Ai, J. ACS Omega, 2021, 6, 30189. 
7. Tzeli, D., Petsalakis, I. D., Theodorakopoulos, G. Phys. Chem. Chem. Phys. 2016, 18, 32132. 
8. Tzeli, D., Petsalakis, I. D., Theodorakopoulos, G. Inter. J. Quantum Chem. 2020, e26181. 
9. Tzeliou, C. E. and Tzeli, D. J. Chem. Inf. Model. 2022, 62, 6436. 
10. Tzeli, D., Mercouris, Th., Theodorakopoulos, G. and Petsalakis, I. D. Comput. Theoret. Chem. 
2017, 1115, 197. 
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In nanoBIG, we develop solutions based on luminescent nanomaterials for imaging and 
sensing purposes to push the boundaries of nanotechnology applied to the biomedical field. It is 
specifically in the field of nanothermometry where we have put most of our efforts over the past 
years1,2 – albeit currently we are also exploring the use of luminescent nanoparticles to sense 
mechanical pressure.3 Our workhorses are lanthanide-doped nanoparticles4 and semiconductor 
nanocrystals,5 whose optical properties we tailor for maximum performance in terms of 
brightness, biocompatibility, and response to physical cues of interest. This is what we refer to as 
upstream action, whereby we design luminescent nanosensors leveraging our longstanding 
experience in the use of nanoparticles in in vivo animal models.6 As of late, we have realized the 
need to introduce a complementary downstream action, which entails the use of advanced 
algorithms to analyze the calibration datasets – i.e., the sets of emission spectra or luminescence 
decay curves collected while varying the parameter of interest. Via this approach, we were able 
to overcome longstanding issues that affect luminescence nanosensing, like reduced readout 
precision in situations of low signal level and simultaneous sensitivity towards multiple 
parameters.7,8 

In this talk, I will provide a bird-eye view of the recent advancements we were able to 
achieve in the field of luminescence nanosensing through upstream and downstream actions. 
Examples of control of the nanosensor composition, architecture, and surface chemistry will be 
presented both in the case of lanthanide-doped nanoparticles and semiconductor nanocrystals. 
On the other hand, I will showcase some of our most recent successes in the implementation of 
machine learning algorithms to push the boundaries of luminescence nanosensing. Future 
directions of the research in this complex and rewarding field will be discussed. 

 
Figure. Representation of the upstream and downstream actions of material optimization and 

advanced data analysis to improve the performance of luminescence nanosensing. 
 

1. C. D. S. Brites, R. Marin, M. Suta, et al. Adv. Mater. 2023, 35, 2302749. 
2. J. Zhou, B. del Rosal, D. Jaque, et al. Nat. Methods. 2020, 17, 967-980. 
3. L. Aldaz-Caballero, U. R. Rodríguez-Mendoza, V. Lavín, et al. Adv. Sens. Res. 2023, 2, 2300078. 
4. T. Cheng, R. Marin, A. Skripka, F. Vetrone J. Am. Chem. Soc. 2018, 140, 12890-12899. 
5. L. Ming, I. Zabala-Gutierrez, O. G. Calderon, et al. Opt. Mater. 2023, 141, 113940. 
6. I. Zabala-Gutierrez, C. Gerke, Y. Shen, et al. ACS Appl. Mater. Interfaces. 2022, 14, 4871–4881. 
7. E. Ximendes, R. Marin, L. D. Carlos, et al. Light Sci. Appl. 2022, 11, 237. 
8. L. Ming, I. Zabala-Gutierrez, P. Rodríguez-Sevilla, et al. Adv. Mater. 2023, 35, 2306606. 
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Low molecular weight fluorescent probes are frequently used tools in most molecular biology or 
biochemistry experiments today.1 Due to problems related to covalent attachment of dye to 
biomolecule, non-covalently binding molecular probes that readily recognize and distinguish 
between different types of biomolecules are of huge interest.2 However, the small size of a 
molecule presents a significant challenge in the design of selective probes, particularly in well-
explored fluorophore families. Thus, development of a novel structural motif represents a valuable 
contribution. Here we report the development of a novel family of dyes based on the triarylborane 
system, which showed remarkable features in the interaction with biomacromolecules (Scheme 
1., DNA, RNA, proteins).  

 
Scheme 1. Some applications of triarylborane dyes: LEFT: fluorescent response differing 
between DNA and protein,3 or RIGHT: dual sensing of DNA or protein by fluorescence and 
SERS.4 
Namely systematic structural variation (mostly linkers between two triarylborane units) revealed 
high tunability of a system in respect to emission response and Raman (SERS) response, also 
promising photo-bioactivity and intriguing DNA, RNA or enzyme-staining properties. 
ACKNOWLEDGEMENTS The financial support of the Croatian Science Foundation project HrZZ 
IP-2022-10-9829, the DAAD, and the Julius-Maximilians-Universität Würzburg are gratefully 
acknowledged. 
REFERENCES 

1. R. B. Silverman, in The organic chemistry of drug design and drug action, Elsevier Academic Press, 
Amsterdam, 2nd edn., 2004. 
2. M.-A. Mycek, B. W. Pogue, in Handbook of Biomedical Fluorescence, CRC Press, 2003. 
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Griesbeck, A. Kendel, S. Miljanić, I. Piantanida and T. B. Marder, Chem. Eur. J. 2021, 27, 5142. 
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A successful building of supramolecular receptors for sensing purposes requires a good 
stereochemical and thermodynamic control of the self-assembly process between ligands and 
metal ions. Simultaneously, this scaffold should provide (i) well-defined recognition sites for 
analytes, and (ii) a readable signal reporting on the quantity of bound analyte, which is globally a 
complex task. In this contribution, we present a sensing strategy exploiting the use of tetranuclear 
tetrahedral assemblies containing lanthanide cations Ln(III). Interestingly, these complexes form 
cationic cages,1,2 which may accommodate neutral and negatively charged guests. Moreover, the 
specificity of recognition can be tuned with the cage size, i.e., by changing the linker length in 
ligands. How can we detect binding events? It can be quantitatively determined with NMR, for 
instance, but also by measuring Ln(III) luminescence modulated by the interactions of the edifices 
with guests. Several tetranuclear Ln(III) cages were previously characterized due to a 
combination of structural and physico-chemical techniques. The self-assembly of our tripodal 
ligands with Ln(III) is “templated” with perchlorate anions inside cage.3 The exchange kinetics 
with several anions of interest will be thus shown and discussed. Promising applications of these 
“cage” sensors will be presented. 

 

 
 
 

1. El Aroussi, B., Guénée, L., Pal, P., Hamacek, J., Inorg. Chem. 2011, 50 (17), 8588-8597, DOI: 
10.1021/ic201156q.  

2. Hamacek, J., Poggiali, D., Zebret, S., El Aroussi, B., Schneider, M. W., Mastalerz, M. Chem. 
Commun. 2012, 48, 1281, DOI: 10.1039/C2CC17322K. 

3. Hamacek, J., Sokolov, J., Šindelář, V. Chem. Eur. J. 2021, 27, 5492-7, DOI: 
10.1002/chem.202005140. 
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Luminescence based measurement technologies 
 available for LUCES project applications 

L. Sanfilippo1, S. F. Bodini1, E. Moscetta1, P. Moscetta1 
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The safeguard of the environmental quality and hygiene of water bodies involves the integration 
of chemical and biological monitoring tools. A new line of discrete analyzers for fully automated 
toxicity measurements based on luminescent bacteria was developed by Systea in the last 
decade for on-line, laboratory and in situ application. The Easychem® TOX Early Warning is a 
random-access on-line analyzer managed via dedicated software, with a refrigerated reagent 
plate and a luminometer integrated on a 80-position thermostated cuvette rotor and an automated 
washing station. Two analytical procedures, based on lyophilized bacteria, were designed and 
tested to comply with ISO 11348-31, using Aliivibrio fischeri, and GB/T 15441-19952, using a 
proprietary Photobacterium phosphoreum strain. Long term unattended use is allowed by the fact 
that toxicity can be measured on-line by using automatically or manually incubated A. fischeri 
which is able to preserve a measurable bioluminescence signal and an unaltered sensitivity to 
reference compounds for more than two weeks. Instead, unprecedented analytical throughput 
allowing for 15 measurements per hour (one sample every 4 minutes), each including blank and 
sample runs, is achieved using the fast-reacting Photobacterium phosphoreum. Both instrument 
models allowed for low-cost through-put for toxicological assays and offered the possibility to run 
at any time quality control cycles in association with sample analysis, avoiding false positives and 
false negatives. Analytical results were highly repeatable and reproducible, as percentage 
deviations of blank and sample replicates were mostly calculated to be lower than 3 %3. 
Automated luminescent toxicity analysis was demonstrated to be truly applicable for offline and 
online measurements. The Easychem® TOX Lab is a robotic system based on the same 
automation concepts but adapted for benchtop analysis by introducing 64 refrigerated positions 
for sample analysis fully replicating the regulated manual standard assay. Additionally, Micromac 
SmarTox is a portable device for rapid field detection. 
The use of ATP to rapidly detect live microorganisms and indicate locations of microbial 
proliferation can prevent both infrastructural, ecological and health damage depending on the 
scope of use. Because the ATP test is so rapid, providing almost instant results, it is ideal for 
prevention purposes. It is useful in the following areas: evaluation of the ecological quality of sea 
water, determination of microalgae and plankton in sea water, desalination and sterilization 
systems for sea water, ballast water treatment systems in ships, microbiological analysis of 
drinking water, wastewater purification, including hospital wastewater, and quality control of 
purified water. In addition, it has recently been demonstrated that the variation of the ATP content 
of a given inoculum in the presence of toxic substances might be used as an 
alternative/supplementary acute toxicity test to the analysis of bacterial luminescence. The ATP 
method is particularly suitable for this type of analysis precisely because ATP, being a measure 
of living biomass, is an excellent indicator of toxicity. Recent studies conducted on sewage sludge 
and water purification techniques have confirmed this potential. In summary, Systea started this 
year a new research project funded by Lazio regional Government which aims to develop a new 
line of online, laboratory and portable analyzers capable of determining the total microbial load 
through measurement of ATP and acute toxicity through reduction of ATP activity. 
Our scope is to verify within the LUCES project the possibilities of automation of new innovative 
methods for water analysis, to satisfy the current market demand of control of emergent pollutants 
under the frame of EC regulation. 

1. ISO 11348-3 (2009) Water quality Determination of the inhibitory effect of water samples on the 
light emission of Vibrio fischeri (luminescent bacteria test) 

2. GB/T 15441 (1995) Water quality Determination of the acute toxicity Luminescent bacteria test  
3. Bodini, S. F., Malizia, M., Tortelli, A., Sanfilippo, L., Zhou, X., Arosio, R., Bernasconi, M., Di Lucia, 

S., Manenti, A., and Moscetta, P. Ecotoxicol Environ Saf. 2018, 157, 335-342. 
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Chiroptical Enhancement of Chiral Dicarboxylic Acids from 
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E-mail: roberto.penasa@phd.unipd.it  

 
The fundamental implications that chirality has in science and technology require continuous 
efforts for the development of fast, economic and reliable quantitative methods for 
enantiopurity assessment. [1] Among the different analytical approaches, chiroptical 
techniques in combination with supramolecular methodologies have shown promising results 
in terms of both costs and time analysis. [2,3]   Within this work, a tris(2-pyridylmethyl)amines 
(TPMA) – based supramolecular cage is able to amplify the Circular Dichroism (CD) signal of 
a series of chiral dicarboxylic acids also in the presence of a complex mixture (Figure 1). [4] 
This feature has been used to quantify tartaric acid in wines and to discriminate different 
matrixes using Principal Component Analysis (PCA) of the raw CD data. Finally, a TD-DFT 
computational investigation have been carried out to clarify the origin of the dichroic signal of 
the cage induced by the chiral guests.  

 
Figure 1. Chiroptical output of the chiral dicarboxylic acids confined within the TPMA-based 

supramolecular cage. 
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There is a strong interest in the selective detection of ammonium ions in aqueous environments 
as several are known pollutants (i.e. aromatic amines) or biomarkers (i.e. spermidine).1,2 The 
recognition and complexation of charged species in aqueous media is however particularly 
challenging due to the competitive nature of water.3  

An appealing strategy for the design of ammonium ion receptors consists in using calixarene-
based systems, which provide ethereal oxygen atoms and an π-electron-rich pocket that can 
participate in the binding of the guest through H-bonds, cation−π and CH−π interactions while 
ensuring size and shape cavity-based selectivity.4 Homooxacalix[3]arenes and calix[5]arenes 
have been widely studied in organic solvents for their selective binding of primary ammoniums.5,6 
They can furthermore easily be functionalized on their upper and lower rims with hydro-
solubilizing groups.  

We present here our recent work on the selective complexation of primary ammonium ions in an 
aqueous environment by homooxacalix[3]arene 17 and calix[5]arene 2.  Both receptors can be 
directly solubilized in water, following the deprotonation of their carboxylic acid groups but exhibit 
different complexation properties as only receptor 2 binds primary ammoniums.  However, when 
incorporated in DPC micelles, binding of primary ammoniums is observed with both systems. 

Through extensive 1H NMR (DOSY, PRE) and molecular modeling studies, we have been able 
to unravel the role of the microenvironment on the recognition properties.  

 
Figure 1.  Homooxacalix[3]arene 1, calix[5]arene 2 and schematic representation of the recognition of 

primary ammonium in micelles. 

1. Gheni, S.A., Ali, M.M., Ta, G.C., Harbin, H.J. and Awad, S.A. J. Chem. Health Saf. 2024, 31 (1), 8-21. 
2. Ahmad, A., Imran, M. and Ahsan, H. Pharmaceutics 20233, 15(6), 1630. 
3. Escobar, L. and Ballester, P. Chem. Rev. 2021, 121 (4), 2445-2514.  
4. Calixarenes and Beyond; Neri, P., Sessler, J.-L. and Wang, M.-X. Eds.; Springer International 

Publishing: Cham, 2016.  
5. Lambert, S., Bartik, K. and Jabin, I. J. Org. Chem. 2020, 85(15), 10062-10071. 
6. Arnaud-Neu, F., Fuangswasdi, S., Notti, A., Pappalardo, S. and Parisi, M.F. Angew. Chem. Int. 1998, 

37, 112-114. 
7. Carpentier, R., Lambert; S., Brunetti, E., Jabin I., and Bartik, K. J. Org. Chem. 2022, 87, 12749-12758. 
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MOFs are extended networks of metal ions or clusters connected with organic linkers. MOFs are 
used in many applications, such as gas storage, catalysis, bioimaging, optics, sensing, etc.1 
Lanthanides-based MOFs are particularly attractive materials due to their optical properties, 
which include pure colour emission, narrow bandwidth signal, and various lifetimes.2 However, 
current challenges rely on the fabrication of nano-MOFs (NMOFs) with monodisperse particle 
sizes in aqueous solutions, which is crucial for bioimaging and sensing applications.3  
To address these issues, we have developed an innovative approach that involves the pre-
encapsulation of metal ions inside liposomes and the controlled transport of carboxylate anions 
through the phospholipid membrane using an anion carrier. 
Our current results showed the successful formation of Tb-BDC@Liposome materials, where the 
formation kinetics of the NMOFs was modulated by varying the transporter concentration. These 
materials have been characterized by luminescence spectroscopy (Figure 1b), corroborating the 
coordination between the Ln3+ and the organic linker. In addition, DLS measurement showed that 
composites have a narrow particle size distribution and long-term colloidal stability. Finally, Tb-
BDC@Liposome materials were tested for their ability to sense various inorganic salts, organic 
anions and nitroaromatic compounds.  

 
Figure 1: a) Schematic representation for the assembly of Terbium-BDC inside liposomes using 

a molecular transporter. b) Emission spectra (λex= 254 nm) of Tb-BDC@Liposome solution. 
 
 

1. H. C. Zhou, J. R. Long, O. M. Yaghi, Chem. Rev., 2012, 112, 673-674. 
2. Y. Tang, H. Wu, W. Cao, Y. Cui, G. Qian, Adv. Optical Mater., 2021, 9, 2001817-2001831. 
3. F. D. Duman, R. S. Forgan, J. Mater. Chem. B, 2021, 9, 3423–3449. 
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Phosphazene derivatives have found applications in various fields due to their interesting 
properties from flame retardants to medicine or optoelectronics. Phosphazenes substituted by 
one or more amino functions are geometrically rigid and have the possibility of interaction with 
protonating agents or metal ions. We have already succeeded in partially verifying this 
assumption by preparing and studying the structure of tris[(1,8-diamino)naphthyl]cyclotri-
phosphazene hydrochloride (Fig. 1 - right). The hydrogen atom in this compound quaternizes 
the imine nitrogen of the ring and forms tubular structures. An interesting feature is that the 
phosphazene columns interact only through hydrogen bonds and thus create a porous material 
with solvent cavities of approximately 12 x 16 Å occupying 52% of the crystal volume. In our 
opinion, this type of substance is suitable for the adsorption of gases and small molecules as 
well as HOF, COF and MOF materials. In addition, these materials exhibit interesting 
fluorescence (Fig. 1 - left) properties, and as such could be used as multi-stimuli responsive 
sensors. 
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Homomeric and Chimeric Hemicucurbiturils  
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We have demonstrated approaches for the synthesis of chiral homomeric 
cyclohexanohemicucurbit[n]urils (n = 6, 8, 12) in solution or via mechanochemical agitation in the 
solid state.1-4 The supramolecular properties of hemicucurbiturils (HCs) are appealing, as they 
can bind both anions and organic compounds5,6. Additionally, functionalization of HCs can be 
easily achieved either through the incorporation of biotin monomers7 or by derivatizing already 
formed macrocycles.8 We have utilized chiral hemicucurbituril complexes with Zn-porphyrins to 
prepare an enantioselective electronic nose sensor9 and are currently exploring the properties of 
chiral materials derived from HCs. This presentation will focus on the binding of organic guests 
and the spectroscopic properties of chiral hemicucurbiturils synthesized in our laboratory. 
 

 
Figure 1. Structures of homomeric and chimeric HCs.  

 
1. Aav, R., Shmatova, E., Reile, I., Borissova, M., Topic, F., Rissanen, K. Organic Letters, 2013, 15, 

3786−3789. 
2. Prigorchenko, E., Öeren, M., Kaabel, S., Fomitšenko, M., Reile, I., Järving, I., Tamm, T., Topic, 

F., Rissanen, K., Aav, R. Chem. Commun., 2015, 51, 10921−10924. 
3. Mishra, K. A., Adamson, J., Öeren, M., Kaabel, S., Fomitšenko, M., Aav, R. Chem. Commun., 

2020, 56, 14645−14648.  
4. Kaabel S., Stein R. S., Fomitsenko M., Jarving I., Friscic T., Aav R., Angew. Chem. Int. Ed., 

2019, 58, 6230 –6234.  
5. Ustrnul, L.; Kaabel, S., Burankova, T., Martõnova, J., Adamson, J., Konrad, N., Burk, P., 

Borovkov, V., Aav, R. Chem. Commun. 2019, 55, 14434-14437. 
6. Shalima, T., Mishra, K. A., Kaabel, S., Ustrnul, L., Bartkova, S., Tõnsuaadu, K., Heinmaa, I., Aav, 

R. Front. Chem. 2021, 9:786746. 
7. Method of preparation of chimeric hemicucurbit[n]urils, derivatives, and uses thereof, Riina Aav, 

Elina Suut-Tuule, Tatsiana Jarg, Tatsiana Nikonovich, Dzmitry Kananovich, Lukáš Ustrnul, Patent 
application EP23181344.5; Priority date: 26.06.2023. 

8. Dalidovich, T., Mishra, K. A., Shalima, T., Kudrjašova, M., Kananovich, D. G., Aav, R. ACS 
Sustainable Chem. Eng. 2020, 8, 15703–15715. 

9. Magna, Gabriele; Šakarasvili, Marko; Stefanelli, Manuela; Giancane, Gabriele; Bettini, Simona; 
Valli, Ludovico; Ustrnul, Lukas; Borovkov, Victor; Aav, Riina; Monti, Donato; Di Natale, Corrado; 
Paolesse, Roberto ACS Applied Materials & Interfaces, 15, 30674−30683. 
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Bambusuril macrocycles are characterized by an electron-deficient cavity, which is formed by six 
glycoluril units connected by six methylene bridges (Figure 1).1 Bambusurils can form very stable 
complexes with inorganic anions of different sizes starting from small F– and ending with large 
SbF6

– not only in organic solvents but also in water.2,3 In this presentation, we want to briefly 
introduce the supramolecular properties of bambusurils. We will present approaches leading to 
modification of the bambusuril structure in order to modulate their binding affinity and selectivity. 
We will mention development of enantiomerically pure bambusurils and show their discrimination 
for chiral organic carboxylates. We will also summarize examples of bambusuril-based systems 
for sensing and extraction of anions including toxic perchloride. The main purpose of this 
presentation is to attract the attention of possible collaborators to develop optical sensing devises 
based on bambusurils for the detection of inorganic anions in aqueous media.  

 
Figure 1. General structure of bambusurils with an anion bound inside their cavity. 
 
 

1. Lízal, T.; Šindelář, V. Isr. J. Chem., 2018, 58, 326. 
2. Yawer, M. A.; Havel, V.; Šindelář, V. Angew. Chem., Int. Ed., 2015, 54, 276. 
3. Chvojka, M.; Madea, D.; Valkenier, H.; Šindelář, V. Angew. Chem., Int. Ed., 2024, 63, 
e202318261. 
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Fluorescent metal complexes and metallosupramolecules with application in 
cancer therapy or imaging 
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In this poster will be presented three recent topics that the group from Faculty of Chemistry and 
Pharmacy of Sofia University in Bulgaria is working on, in collaboration with the relevant experts, 
as showcases for the areas of our expertise and instrumental availability. 

The biomedical use of metallosupramolecular systems has been our topic of interest for some 
years as they are becoming increasingly popular for cancer chemotherapy [1]. Jointly with 
synthetic chemists from Tokyo-Tech, we have discovered that their M2L4 capsules (with M= Pd(II) 
or Pt(II)) exert very high cytotoxicity against human cancer cells (HL-60, SKW-3, HT-29, and T-
24) [2]. The trends in the anticancer activity of the capsules and their host-guest complexes 
correlate very well with their stability in presence of glutathione, which was estimated by NMR-
based kinetic experiments. The disassembly-triggered fluorescence was used for imaging the 
treated cancer cells along with ICP-MS estimation of the Pt uptake. Our results suggested the 
glutathione-triggered disassembly of the capsular structures as a potential activation pathway for 
the observed cytotoxicity [3].  

We further used the studied host-guest phenomenon to design new pyrene containing guest 
molecules with intrinsic anticancer activity. Mono- and di-substituted pyrene-butyrate complexes 
of Pt(IV) showed anticancer activity in the nanomolar concentration range that we attempted to 
correlate with the structural and reactivity characteristics of the complexes [4]. Similarly, 
complexes’ reactivity in presence of biological reductors was followed by 1H- and 195Pt NMR and 
the Pt uptake was estimated by ICP-MS measurements of treated cancer cells.  

Based on our earlier survey on Copper chelators to be implemented as radiopharmaceuticals for 
theranostic purposes [5] we ended up with the synthesis of the sarcophagine bicyclic chelator, 
which recently was introduced in the design of fluorescent sensors [6]. Despite the poor sensoring 
potential of the particular sarcophagine-linked fluorescent system, this excellent bicyclic chelator 
for various metal ions is available for synthetic modifications with numerous potential areas of 
application. 
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efficient electrochemiluminescence in aqueous media. 
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A family of thermally activated delayed fluorescence luminophores has been synthesized and 
characterized. Their electrochemical and photophysical properties were investigated as was their 
application in ECL. We have shown that ECL performance is mainly related to the electrochemical 
reversibility of the redox processes rather than to their photophysical properties in terms of 
photoluminescence quantum yield and excited-state lifetimes. Some compounds showed 
extremely high efficiencies in ECL, surpassing the Ru(bpy)3 standard with a record value of 28x 
when using benzoyl peroxide co-reactant (reductive-oxidation mechanism) and 38x under co-
reactant-free conditions, we have also shown that the latest efficiency strongly depends not only 
on the applied potential in term of absolute number, but also on the order of the applied potentials. 
Furthermore, the imidazole group present in the structure can be conveniently alkylated allowing 
the insertion of (bio)conjugable groups, such as carboxylic acids, thus making them suitable for 
practical applications. Increasing the acceptor strength anodically shifts the reduction potential 
allowing ECL in the presence of TPA as coreactant (oxidative reduction mechanism) reaching an 
efficiency almost double respect the standard Ru(bpy)3. By inserting sulfonate groups in the 
scaffold, it is possible to obtain water soluble emitters enabling ECL in aqueous media. 
 
 
 
 

1. Pavan, G., Morgan, L., Demitri, N., Alberoni, C., Scattolin, T., Aliprandi A., Chem. Eur. J. 2023, 
29, e20230191. 
2. Morgan, L., Pavan, G., Demitri, N., Alberoni, C., Scattolin, T., Roverso, M., Bogialli, S., Aliprandi, 
A., RSC Adv., 2023, 13, 34520. 
 

P	2	

	 	



	 32	

A methodology to assess contaminants released from waste collection centers  
 

V. Canaletti, A. Bonetto, A. Brunelli, E. Semenzin, A. Marcomini, E. Badetti 

DAIS - Department of Environmental Sciences, Informatics and Statistics, Ca’ Foscari University 
of Venice, elena.badetti@unive.it 

 

The different categories of waste delivered to waste collection centers are collected into 
containers according to the material type, waiting for the subsequent recovery or disposal steps. 
One of the main critical issues relating to the storage phase, concerns the potential release of 
contaminants from the containers in which they are stored. In fact, the storage method for non-
hazardous waste does not require watertight containers that, when placed outdoor, are subject to 
various atmospheric phenomena, including rain (Fig. 1). Rainwater could potentially produce 
leachate from the deposited waste that will consequently accumulate in various receptor bodies 
(i.e. surface waters, sewage systems, soils), specific for each eco-center. These runoffs, before 
being discharged into the eco-center's receiving body, are conveyed via drains towards an oil 
separator for the removal of sludge, oil and fat, and then they are disposed as wastewater 
according to Directive 2008/98/EC. However, these measures allowed to manage only specific 
classes of substances potentially released from the stored waste, while others could be 
discharged into the environment. In this context, this work aims at identifying the most critical 
types of waste by investigating hazardous substances potentially released by them (e.g., metals, 
surfactants), to improve the sustainable management of the investigated eco-centers, and the 
quality of the water leaving the plants. Emerging pollutants will also be considered. 

 
Figure 1 Schematic representation of the pollutant leaching process 
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The predicted shortage of fossil resources leads to the search for a “greener” and renewable 
alternative to produce high-value chemicals. The valorisation of waste biomass, in particular lignin, 
is proposed as a valid solution for replacing current non-renewable sources. However, the complex 
and irregular structure of this biopolymer poses a challenge for obtaining target aromatic organic 
molecules.  In recent years, a series of catalytic methods of lignin degradation have been developed, 
but always without reaching high levels of selectivity. Among these, some of the most relevant are 
photocatalysis and the use of complexes with transition metals.1 Licini’s research group has recently 
developed a new vanadium-based aerobic catalytic system for the oxidative cleavage of 1,2-diols 
(simple lignin models) working in organic2 and micellar systems,3 yielding the corresponding carbonyl 
derivatives with high Tons (up to 81,000) and Tofs (up to 4100 h-1). 

In this communication we report preliminary results obtained in the photo-induced aerobic C-C-bond 
cleavage of 1,2-diols using a vanadium aminotriphenolate complex as catalyst (Figure 1). The 
influence of different reaction parameters (ligands, temperature, solvent, wavelength, substrate) on 
the reaction course will be described as well as preliminary results on the photoactivated oxidative 
mechanism of the reaction, supported by experimental and computational studies. 

 
Figure 1. Photoinduced C-C bond oxidative cleavage of 1,2-diols catalyzed by V(V) aminotriphenolates 
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In this work, microwave-assisted functionalization reactions are presented as facile, green, rapid 
and versatile strategy to functionalize polymeric surfaces with different environmentally-sensitive 
probes. The method is presented as to show the possible variations in terms of: type of materials, 
type of probes and type of device shape/architectures. 
The approach involves the inclusion of different reactive functional groups in the material as the 
substrate for further modification steps. Acrylic polymer surfaces are obtained by 
photopolymerization reaction with tunable functional groups, depending on the composition of the 
formulation. Post-polymerization functionalization reaction with a variety of organic molecules is 
conducted in a two-step procedure, exploiting the presence of these remaining functional groups 
on the surface. Other already preexistent polymeric surfaces can be also functionalized slightly 
modifying the first step of the procedure. 
Microwave-assisted reactions, are classified as green technologies because they minimize 
energy consumption and reaction times, they avoid the use of solvents (or they use ecofriendly 
solvents, such as water or ethanol) and they eliminate purification steps. As a consequence of all 
of this, secondary product formation is minimized, so yields are considerably increased. 
In this work, a description of the general approach for functionalization of different polymeric 
surfaces is detailed, as well as the characterization techniques employed. Examples for the 
preparation of a microfluidic device bearing two different fluorescent probes, functional coatings 
and prefilters for air-conditioning equipments are described in detail (Figure 1). 
 

 
 
Figure 1.- Examples of (A) fluorescent microfluidic devices, (B) concentric arches filters, and (C) 
grid geometry filters 
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Figure 1. TPMA-based molecular cages with different R substituent. 
 

Metal complexes of tris(2-pyridylmethyl)amine (TPMA) ligands have gained interest in sensing 
applications due to the seminal contributions of Canary1,2 and Anslyn.3 Recently, these complexes 
have been exploited by our research group as building blocks for the synthesis of novel molecular 
cages.4 These architectures are obtained through imine bond formation from the self-assembly of a 
modified TPMA-based metal complex bearing three aldehyde groups and diamine linkers.4,5 

The present work illustrates the synthesis of new TPMA-complexes and the corresponding novel 
molecular cages (Figure 1).  Furthermore, the synthesis of new chiral hydrolytically stable cages, 
exploiting a method recently published by our research group,6 is described. The goal of this project 
is to obtain new chiroptical properties like, for example, an amplification of circular dichroism (CD) 
and circularly polarized luminescence (CPL) signals. In order to achieve these aims, chiral cages 
could be employed together with fluorophore guest molecule appropriately functionalised. 
Otherwise, the fluorophore could be embedded in the chiral cage structure as in the case of the 9,9-
dihexylfluorene unit.  

1. Canary, J. W.; Allen, C. S.; Castagnetto, J. M. and Wang, Y. J. Am. Chem. Soc. 1995, 117, 8484-
8485. 

2. Zahn, S. and Canary, J.W. Science. 2000, 288, 1404-1407. 
3. Joyce, L. A.; Canary, J. W. and Anslyn, E. V. Chem. - Eur. J., 2012, 18, 8064-8069. 
4. Bravin, C.; Badetti, E.; Licini, G. and Zonta, C. Coord. Chem. Rev. 2021, 427, 213558. 
5. Bravin C.; Badetti, E.; Scaramuzzo, F.A., Licini, G. and Zonta, C. J. Am. Chem. Soc. 2017, 139, 

6456-6460. 
6. Begato, F.; Penasa, R., Wurst, K., Licini, G. and Zonta, C. Angew. Chem. Int. Ed. 2023, 62, 

e20230449. 
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With antibiotic resistant bacteria responsible for a rising number of fatalities, new avenues to 
limit the spread of infection must be developed1. The infection inducing pathogen 
Pseudomonas aeruginosa (PA) causes a significant proportion of hospital acquired respiratory 
tract infections, which can be fatal for individuals with chronic lung conditions such as cystic 
fibrosis and chronic obstructive pulmonary disease2,3. To address the concern of antibiotic 
resistant pathogens, the Byrne group is developing multivalent glycoconjugates which can 
target characteristic carbohydrate-binding proteins secreted by bacteria (lectins). Modifying 
galactosides (e.g. multivalency, variation of linker length; altering rigidity/flexibility, 
incorporating adjacent aromatic groups4) has been shown to increase lectin affinity; such 
modifications are being probed by the Byrne group. Glyco-functionalised hydrogel surfaces 
have been prepared (Fig. 1a) revealing modest anti-adherent activity against PA. Further, the 
competitive interplay between glyco-structures, lectins, and a fluorescent boronic acid probe5, 
has been examined for the development of PA sensing materials/films. The materials’ physical 
properties are currently being optimised for use as medical device coatings (e.g. urinary 
catheters, endotracheal tubes) which can signal for bacterial contamination (Fig. 1b).  

 

Independent research avenues through Queen’s University Belfast include the use of boronic 
acid dynamic covalent bonding interactions for bacteria responsive disassembly of materials/ 
coatings, leading to a fluorescent output (Fig. 1c). This approach aims to deliver therapeutic 
agents in response to contamination on a material surface, or simply to allow for the early 
identification of opportunistic infections, sparing the administration of antibiotics.  

 
1   C. P. McCoy et al., J. Photochem. Photobiol., B, 2023, 241, 1-11. 
2J. F. Guest et al., BMJ Open, 2020, 10, 1-11. 
3 G. I. Parameswaran, S. Sethi, Future Micro., 2012, 7, 1129-1234. 
4 K. Wojtczak, J. P. Byrne, ChemMedChem, 2022, 17, 1-24. 
5 S. Xu, A. C. Sedgwick, S. A. Elfeky, W. Chen, A. S. Jones, G. T. Williams, A. T. A. Jenkins, S. D. Bull, J. S. Fossey, T. 
D. James, Front. Chem. Sci. Eng. 2020, 14, 112–116. 
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One of the biggest problems facing chemistry arises from the everyday increasing pollution of the 
environment. Pollutants range from toxic or radioactive metal ions and anions to chemical 
products like herbicides, pesticides or drugs. Supramolecular complexes offer a new and efficient 
way for the monitoring and removal of many pollutant substances [1]. Polyamines have been 
chosen as recognition units since it is possible to modulate their binding affinities by changing the 
pH and pyridoxal moiety as fluorophore because its lack of toxicity (acts as a coenzyme of 
different enzymes) and their solubility in 100 % aqueous solution. 

 

 

Here, the synthesis, acid base behaviour and heavy metal (Hg2+, Cd2+, Pb2+ and UO2
2+) 

coordination chemistry of two polyamine containing pyridoxal as the sensing unit have been 
studied by potentiometric and NMR. Furthermore, the variation of their photophysical properties 
has been fully analysed. 

 

 

 

 

 

1. Albelda, M. T.,  Frías, J. C., García-España E., H. Schneider. Chemical Society Reviews, 
2012, 41(10), 3859-3877. 
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The complexity of environmental research requires a multidisciplinary approach which assumes 
involvement of diverse scientific disciplines and professional backgrounds. The research groups 
from the Faculty of veterinary medicine – Skopje, related to environmental contaminants, 
comprise researchers with background in analytical chemistry, environmental engineering and 
veterinary science. Quality of analytical results acquired from the research activities are valorized 
by methodology accreditation according to ISO 17025. The research is dedicated on several 
topics, and on this occasion summarized overview on peer-reviewed results will be presented.   
Radiological examination of soil. The research was focused on measuring primordial and 
fission radionuclides in cultivated and uncultivated agricultural soils by gamma-spectrometry, 
following their vertical distribution [1]. Besides activity concentrations of 226Ra, 232Th, 40Ʉ�DQG�137Cs 
in soils, absorbed doses by the population following the pathway of out-door exposure were 
estimated, and radionuclide’s transfer to food commodities was predicted [2, 3]. 
Environment protection by applying environmentally friendly livestock production. 
Quantification of gas emissions, soil and waste water contamination from livestock housings are 
in the focus of this research topic [4]. Specific gas sensors are utilized to measure the emissions 
of carbon dioxide an ammonia in the livestock housings and the local environment. The severity 
of chemical contamination in soil and wastewater are analyzed with UV-Vis spectrophotometry. 
This research in our faculty is in its infancy, and strives on developing methodology procedures 
intended for research on environmental contaminants emerging in water and soil. 
Bioindicators for environmental contamination. By measurement of contaminants levels in 
bioindicator samples, such as wild game tissues and honey, the environmental contamination 
was assessed. Wild game tissues from hunting areas in North Macedonia were exploited as 
bioindicators for Pb, Cd, As and Hg contamination of the environment, utilizing atomic absorption 
and ICP-MS techniques [5, 6]. Current research strives on expansion the scope to other chemical 
elements as bioindicators and their deployment in the environment. Testing of honey samples for 
pesticide residues with UHPLC-MS/MS unveiled not only presence of residual pesticides from 
bee hives treatment, but also encompassed those from contaminated environment [7].   
The environmental contamination research in FVMS is carried out with analytical techniques 
suitable to detect analytes at ppb and sub-ppb level. However, most of them require preliminary 
sample pretreatment, therefore, are not feasible for rapid on-site contaminants testing. 
Nonetheless, as reference methods, they may be valuable external assessment tool for 
developed luminescent chemosensoric device(s) under the LUCES COST Action. 

1. Angjeleska, A., Angelovski, Lj., Uzunov, R., Dimitrieska Stojkovic, E., Stojanovska Dimzoska, B., 
Hajrulai Musliu, Z., Arsov, Lj., Agriculture&Forestry. 2016, 60(3), 97-106. 
2.  Angjeleska, A., Dimitrieska Stojkovic, E., Hajrulai-Musliu, Z., Bogoevski, S., Boskovski, B., 
Stojanovska Dimzoska, B. Uzunov, R., J. Environ. Prot. Ecol. 2016, 17(3), 1177–1184. 
3. Angjeleska, A., Dimitrieska Stojkovic, E., Hajrulai Musliu Z., Crceva-Nikolovska, R., Boshkovski, 
B., MJCCE. 2020, 39(1) 77-87. 
4. Legal requirements on ammonia emissions from animal production buildings in European countries 
and in countries at the Eastern Mediterranean, In book: Technology for Environmentally Friendly 
Livestock Production, Bjarne Berg et al., 2023, Springer. 
5. &RNRVNL�� .��� %HXNRYLü�� '���0DOHWLü�� 9��� 3RORYLQVNL� +RUYDWRYLü��0��� 9XNDGLQRYLü�� 0��� 'LPLWULHVND�
6WRMNRYLü��(���(QLPLWHYD��9�� South-East European Forestry. 2023, 14(2), 235-243. 
6. &RNRVNL�� .��� %HXNRYLü�� '���0DOHWLü�� 9��� 3RORYLQVNL� +RUYDWRYLü��0��� 9XNDGLQRYLü�� 0��� 'LPLWULHVND�
6WRMNRYLü��(���(QLPLWHYD��9�, Šumarski List. 2024, 3-4, in press. 
7. 'LPLWULHVND�6WRMNRYLü��(���$QJMHOHVND��$���6WRMNRYLü��*���8]XQRY��5���6WRMDQRYVND�'LP]RVND��%���
Hajrulai Musliu, Z., Agriculture&Forestry. 2016, 62(2), 243-253. 
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In the presented study, g-C3N4 (CN) s a prom s mg cand date to ampl fy the mpact of 
v s ble l ght n as new photocatalys s, g-C3N4 (CN). Recent efforts to enhance the 
photocatalyt c performance of CN have focused on ut l z ng rare earth metals as 
dopants, leverag ng the r d st nct ve electron conf gurat ons. In th s current 
nvest gat on, pure and vary ng concentrat ons of Ho-doped g-C3N4 (HoCN) 
photocatalysts were successfully synthes zed v a the one-pot method employ ng urea 
as a precursor. The morpholog cal, structural, opt cal, and v brat onal character st cs of 
the synthes zed photocatalysts were analyzed through SEM, EDX, XRD, TGA, XPS, 
FTIR, PL, Raman, DRS, and BET techn ques. Furthermore, theoret cal computat ons 
ut l z ng dens ty funct onal theory (DFT) were conducted to eluc date the alterat ons n 
the structural and electron c propert es of g-C3N4 upon holm um dop ng. The 
photocatalyt c eff c ency of the pure and doped g-C3N4 photocatalysts was evaluated 
by mon tor ng the degradat on of methylene blue under v s ble l ght. The f nd ngs 
demonstrate that holm um dop ng has enhanced the photocatalyt c performance of CN 
samples. Part cularly noteworthy s the observed enhancement n the photocatalyt c 
act v ty of the 0.2 mmol doped CN sample, exh b t ng tw ce the eff c ency compared to 
the pure counterpart 
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Appropriately designed supramolecular receptors can be highly interesting for selectively 
recognising given substrates and for facilitating their transport through synthetic and natural 
barriers.[1] These systems can be applied in drug discovery and delivery, pollution remediation, 
catalysis and in many other areas.  

Among the novel drug targets, epigenetic alterations, including histone modification, 
nucleosome remodelling and other non-coding mediated structures[2] have attracted the attention 
in the last decades because of the development of drug resistance. One of the most attractive 
non-coding structures in anticancer drug development are G-quadruplexes (G4s). DNA and RNA. 
G4s are non-canonical nucleic acid structures formed in guanine-rich sequences, in which four 
guanine bases held together by Hoogsteen hydrogen bonds form a G-quartet, and then two or 
more G-quartets stack to form the G-quadruplex structure retaining sodium or potassium ions in 
a central core channel.[3] Strikingly, a large number of putative G-quadruplex forming sequences 
have been identified in the genomes of human, microorganisms and viruses, and evidences 
suggest their pivotal role in key biological processes. In particular, telomeres are regions enriched 
with putative G4-forming DNA sequences and have been associated to ageing and cancer. 
Telomere sequences comprise hundreds of TTAGGG repeats which form a superstructure 
constituted by multiple G4s, termed as multimeric G4s (multG4s). Therefore, multG4 structures 
are currently tested as a therapeutic target to block telomere elongation in cancer cells.  
Herein, we present a family of linear, macrocyclic and cryptand polyamine ligands containing 
triphenylamine moieties able to interact with G4s and multG4s.[4] Several biophysical assays 
(FRET melting, fluorescence spectroscopy and gel electrophoresis) have been used to 
characterise the interaction towards monomeric G4s and multG4s. Furthermore, we evaluated 
the encapsulation ability of our ligands for anionic species such as cell-staining agents and drugs 
by potentiometry and NMR. 
Within the series, cryptand-like ligands arise as potent and selective G-quadruplex binders of 
multimeric G4 structures as well as capable of encapsulate molecules.  
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(Project PID2019-110751RD-I00) and the Conselleria de Innovación, Universidades, Ciencia y 
Sociedad Digital of the Generalitat Valenciana (PROMETEO Grant CIPROM/2021/030) is 
acknowledged 
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One of the most sensitive methods used in environmental analytical chemistry is stripping 

voltammetry. Measurements can be carried out by anodic stripping voltammetry, adsorption 
stripping voltammetry or cathodic stripping voltammetry, depending on how the analyte to be 
determined is accumulated on the electrochemical sensor and the subsequent recording of the 
analytical signal. For many years, mercury electrodes have been the main choice for voltammetric 
analysis of metal ions. Recently, safety and environmental protection considerations have limited 
their use and encouraged the search for alternative materials that are more environmentally 
friendly. Our scientific work deals with analytical issues, with special respect to the trace and 
speciation analysis using various electrochemical sensors in voltammetric methods. 
Electrochemical sensors convert the information associated with electrochemical reactions (the 
reaction between an electrode and analyte) into an applicable qualitative or quantitative signal 
related to the current intensity. To date, we have developed dozens of voltammetric procedures 
for determining trace concentrations of selected ions using the following electrochemical sensors: 
-  renewable mercury film silver based electrode (Hg(Ag)FE). This electrode is designed in such 
a way that the thin liquid layer can easily be regenerated before each measurement cycle. A small 
amount of the silver amalgam, tightly sealed inside the electrode corpus makes the electrode safe 
to use both in the laboratory and in onsite conditions [1]; 
- bismuth solid microelectrode [2-3]; 
- bismuth film, lead film, copper film generated on different base surfaces such as glassy carbon 
electrode (GCE), multi-walled carbon nanotubes/spherical glassy carbon electrode 
(MWCNTs/SGCE) and  multi-walled carbon nanotube modified screen-printed carbon electrode 
(MWCNTs/SPCE). 

MWCNTs/SGCE was developed  in our laboratory using a mixture of multiwall carbon 
nanotubes, glassy carbon spherical powder, and epoxy resin. The MWCNTs/SGCE has already 
been successfully used as a competitive substrate to the glassy carbon electrode to create 
bismuth or lead films applied in determination of Cd(II) Ti(IV) and Ga(III) [4-6]. 

Screen printed electrodes are more and more popular in recent years. They are easily and 
cheaply produced in large quantities and much more convenient to use under environmental 
conditions since one small strip contains the three electrodes necessary for voltammetric 
measurements. The range of screen-printed electrodes produced is very wide with different 
modification. In our works MWCNTs/SPCE, which was further modified by applying a copper film, 
was used for the determination Cd(II) and Pb(II) [7,8].  
 
References: 
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Abstract 

Redox–active complex containing Co(II) with terpyridine (TPY) and dipyrromethene 
functionalized anion receptor (DPM-AR)1,2 was created on the gold electrode surface. This 
host–guest supramolecular system based on a redox-active layer was used for voltametric 
detection of chloride anions in aqueous solutions. The sensing mechanism was based on the 
changes in the redox-activity of the complex observed upon binding of the anion to the 
receptor. The electron transfer coefficient (α) and electron transfer rate constant (k0) for the 
modified gold electrodes were calculated based on Cyclic Voltammetry experiments results. 
On the other hand, sensing abilities were examined using Square-Wave Voltammetry. More 
importantly, the anion receptor was selective to chloride, thereby resulting in the highest 
change of Co(II) current intensity and allowing to distinguish chloride, sulfate and bromide. The 
proposed system displayed the highest sensitivity to Cl- with a limit of detection of 0.50 fM. The 
order of selectivity was: Cl->SO4

2->Br-, which was confirmed by the binding constants (K) and 
reaction coupling efficiencies (RCE).  

 
 
Fig. 1. Structure of anion receptor (DPM-AR). 
 
1. Kaur, B.; Erdmann, C.A.; Daniëls, M.; Dehaen, W.; Rafiński, Z.; Radecka, H.; Radecki, J. Highly 

Sensitive Electrochemical Sensor for the Detection of Anions in Water Based on a Redox-Active 
Monolayer Incorporating an Anion Receptor. Analytical Chemistry 2017, 89, 12756-12763. 

2. Malecka, K.; Menon, S.; Palla, G.; Kumar, K.G.; Daniels, M.; Dehaen, W.; Radecka, H.; Radecki, 
J. Redox-Active Monolayers Self-Assembled on Gold Electrodes—Effect of Their Structures on 
Electrochemical Parameters and DNA Sensing Ability. Molecules 2020, 25, 607. 

Keywords: voltammetric sensor, anion recognition, host-guest interaction, terpyridine- Co(II)-
dipyrromethene complex, chloride sensing 
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Polymer materials for real-time potentiometric sensing of inflammation and 
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M. Hrubý1, H. Zhukouskaya1��1��-DQLü1, J. Pánek1, E. Tomšík1 
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We describe new polymeric materials for use in an electrochemical multisensor, which will provide 
a potentiometric response upon contact with selected analytes, such as pH changes, presence 
of reactive oxygen species, free iron ions, etc., selectively detecting and distinguishing multiple 
biomarkers of bacterial and sterile pathologies in real time. The sensor electrodes also include a 
non-biofouling layer to minimize interferences. The target application of the new materials is the 
integrated potentiometric biosensor for early indication of the presence and the type of 
inflammation. They are to be used in devices for in vitro sensing of inflammation-related analytes 
in body fluids, such as synovial liquid, directly on-site in the operating room during the surgery. 
Alternatively, electrodes in such a sensor might be miniaturized and integrated into an implant 
with a wireless data transfer device with an external readout to allow in situ sensing without the 
necessity of invasive intervention. Our general “big picture” concept of the prosthetic joint 
infections detection is based on several (finally miniaturized) sensors and the presented partial 
sensors enable implementation of it into such a multisensor with a shared reference electrode. 
More detailed information can be found in the cited references1-4. 

M.H. Thanks to the Ministry of Education, Youth and Sports of the Czech Republic (grants # 
LM2023053 EATRIS-CZ and LUAUS24272). The study was co-funded by project New 
Technologies for Translational Research in Pharmaceutical Sciences/NETPHARM, project ID 
CZ.02.01.01/00/22_008/0004607.   

 
1. Tomsik, E., Gunar, K., Krunclova, T., Ivanko, I., Trousil, J., Fojt, J., Hybasek, V., Daniel, M., Sepitka, J., 
Judl, T., Jahoda, D. and Hruby, M.  Advanced Materials Interfaces, 2023, 10(5), Article # 2201878, pp. 1-
10.  

2. Tomsik, E., Dallas, P., Sedenkova, I., Svoboda, J. and Hruby, M.. RSC Advances, 2021, 11(31), pp. 
18852-18859.  

3. Urbanek, T., Ivanko, I., Svoboda, J., Tomsik, E., Hruby, M. Sensors & Actuators: B. Chemical, 2022, 
363, Article # 131827, pp. 1-12. 

4. Ismail, R. Sedenkova, I.. Cernochova, Z., Romanenko, I., Pop-Georgievski, O., Hruby, M., Tomšík, E. 
Biosensors, 2022, 12, Article # 446, pp. 1-14. 
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Pillararenes – Cage Molecules with a Potential for CO2 Capture  
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Pillararenes are cage like molecules formed by self-assembly from 1,4-dialkoxybenzene and 
paraformaldehyde in a Lewis acid catalysed process.1,2 A template solvent helps control the 
process towards the desired ring sizes.  The R-group strongly affect the self-assembly and only 
a few substituents allow the formation of pillararenes, favouring ring sizes of either 5 (P[5]A) or 6 
(P[6]A) monomers. Deprotection of methoxy groups with BBr3 releases the hydroxy groups and 
allow modifications of the rim of the pillararene providing a possibility to tune the physical 
properties.  Similarly, deprotection with ceric ammonium nitrate (CAN) form pillarquinones that 
can be further modified.  

HO

OH

H
H

n

O

O

H
H

n

R

R

Lewis acid

Template solvent
O

O
R

R
n=5,6

CAN

O

O

H
H

n

BBr3

 
In a project targeted towards CO2 capture, we are exploring the absorption properties of 
pillararenes3 towards CO2 and other gas mixtures. Aided by computational studies we will make 
modified pillararenes to enhance the host-guest complexation abilities and uptake of guest 
molecules and hopefully verify the potential of these materials to capture CO2 through absorption 
and adsorption methods under realistic conditions.                                         

 

 

 

 

1. Ogoshi, T.; Kanai, S.; Fujinami, S.; Yamagishi, T.and Nakamoto, Y. J. Am. Chem. Soc. 2008, 130  
(15), 5022. 

2. Boinski, T. and Szumna, A. Tetrahedron 2012, 68(46), 9419. 
3. Tan, L.-L.; Zhu, Y.; Jin, Y.; Zhang, W. and Yang, Y.-W. Supramol. Chem. 2018, 30(7), 648. 
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,Q� WKLV� LQYHVWLJDWLRQ�� QDQRSDUWLFOHV� RI� FREDOW� IHUULWH� DQG� ]LQF�JDOOLXP�VXEVWLWXWHG� FREDOW� IHUULWH�
�&R)H�2���&)2��&R���=Q���)H�2���&)2B=Q��&R)H���*D���2���&)2B*D��ZHUH�V\QWKHVL]HG�XVLQJ�
VROYRWKHUPDO� PHWKRG�� ZLWK� GLK\GURFDIIHLF� DFLG� �'+&$�� DV� D� VXUIDFWDQW�� WR� H[DPLQH� WKHLU�
DSSOLFDELOLW\� IRU� HOHFWURFKHPLFDO� GHWHFWLRQ� RI� JDOOLF� DFLG�� $GGLWLRQDO� PRGLILFDWLRQ� RI� VXUIDFH�
FKHPLVWU\� RI� QDQRSDUWLFOHV� ZDV� SHUIRUPHG� E\� DQQHDOLQJ� DW� ���� �&� LQ� DLU�� ;�UD\� GLIIUDFWLRQ�
UHYHDOHG�WKDW�VWUXFWXUH�RI�DOO�VDPSOHV�FRUUHVSRQGV�WR�WKH�FXELF�VSLQHO�SKDVH��ZKLOH�WUDQVPLVVLRQ�
HOHFWURQ�PLFURVFRS\�KDV�VKRZQ�QRQ�DJJORPHUDWHG�DQG�VSKHULFDO�QDQRSDUWLFOHV�ZLWK�DQ�DYHUDJH�
VL]H�RI�����QP��7KH�SUHVHQFH�RI�'+&$�RQ�WKH�QDQRSDUWLFOHV¶�VXUIDFH�ZDV�FRQILUPHG�E\�)RXULHU�
7UDQVIRUP�,QIUDUHG�6SHFWURVFRS\��,W�ZDV�FRQFOXGHG�WKDW�'+&$�ELQGV�WKURXJK�ERWK�FDUER[\O�DQG�
FDWHFKRO� JURXSV� WR� WKH� VXUIDFH� RI� QDQRSDUWLFOHV��+RZHYHU�� DQQHDOLQJ�RI� QDQRSDUWLFOHV� FDXVHG�
VWUXFWXUDO�WUDQVIRUPDWLRQ�RI�'+&$��ZKLFK�LV�FRQILUPHG�E\�FKDQJHV�LQ�WKHUPDO�GHVRUSWLRQ�SURILOH�
RI�&2� DQG�&2�� LQ� WHPSHUDWXUH�SURJUDPPHG� GHVRUSWLRQ�PHWKRG�� 7R� H[DPLQH� HOHFWURFKHPLFDO�
GHWHFWLRQ�RI�JDOOLF�DFLG��PRGLILHG�JODVV\�FDUERQ�HOHFWURGHV��P�*&(��ZHUH�IDEULFDWHG�XVLQJ�&)2��
&)2B=Q��DQG�&)2B*D�QDQRSDUWLFOHV��$OO�RI� WKH�DQQHDOHG�VDPSOHV�H[KLELWHG�JRRG�UHYHUVLELOLW\�
IRU� >)H�&1��@������ V\VWHP�� 2SWLPDO� HOHFWURQ� WUDQVIHU� HIILFLHQF\� ZDV� DFKLHYHG� IRU� VDPSOH�WR�
9XONDQ�� PDVV� UDWLR� RI� ������� UHVSHFWLYHO\�� P�*&(� ZLWK� &)2B=Q� GHPRQVWUDWHG� WKH� KLJKHVW�
VHQVLWLYLW\�WR�JDOOLF�DFLG��LQ�%ULWWRQ�5RELQVRQ�EXIIHU�DW�S+ ����7KHVH�UHVXOWV�VKRZ�WKH�LPSRUWDQFH�
RI� VHOHFWLYH� IXQFWLRQDOL]DWLRQ� DQG� VXUIDFH� PRGLILFDWLRQ� RI� QDQRSDUWLFOHV� IRU� HQKDQFLQJ�
HOHFWURFKHPLFDO�VHQVLQJ�SURSHUWLHV��
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Conjugates of transition metal complexes and amino acids or peptides attract significant attention 
in recent years. In particular, the unique combination of properties of metal complexes and 
biologically relevant amino acids can result in the development of new selective catalysts as well 
as new tools for medicinal chemistry. 
In this communication, examples of recent advances in bioinorganic chemistry and 
stereochemistry, with applications in homogeneous catalysis and medicinal inorganic chemistry 
will be presented. Particular emphasis will be laid on inorganic stereochemistry of 
hexacoordinated metal complexes with tridentate ligands.1 Potential biological applications will be 
highlighted by electron transfer in biologically active late transition metal complexes and turn-on 
fluorescence of ruthenium pyrene complexes in response to bovine serum albumin (Figure 1).2 In 
addition, a novel approach to metal complexes for in cellulo catalytic applications will be 
discussed.3  
 

 
Figure 1. Ruthenium pyren complexes, 1 (mono complex) and 2 (bis complex). 

 
Acknowledgement: Support by the European Regional Development Fund (KK.01.1.1.04.0013) and the 
Croatian Science Foundation (IP-2022-10-8456) is gratefully acknowledged. 

 
1. a) Pantalon Juraj, N.; Tandarić, T.; Tadić, V.; Perić, B.; Moreth, D.; Schatzschneider, U.; Brozovic, 
A.; Vianello, R. and Kirin, S. I. Dalton Trans. 2022, 51, 17008-17021; b) Pantalon Juraj, N. and Kirin, 
S. I. Coord. Chem. Rev. 2021, 445, 214051. 
2. a) Jakopec, S.; Pantalon Juraj, N.; Jadreško, D.; Vianello, R.; Brozovic, A.; Tadić, V.; Milić, L.; 
Perić, B.; Raić-Malić, S. and Kirin, S. I. Appl. Organomet. Chem. 2024, accepted, doi: 
10.1002/aoc.7415; b) Opačak, S.; Pernar Kovač, M.; Brozovic, A.; Piantanida, I. and Kirin, S. I. Dalton 
Trans. 2023, 52, 11698-11704. 
3. a) Gourdon-Grünewaldt, L.; Bakija, M.; Wild, L.; Perić, B.; Gasser, G.; Kirin, S. I. and Cariou, K. 
Helv. Chim. Acta 2023, 106, e202300078.; b) Bakija, M.; Perić, B. and Kirin, S. I., unpublished 
results. 

P	17	

	 	



	 47	

Cyclodextrin-induced Aggregation of Surface-modified Gold Nanoparticles 
 S. Knospe, S. Kubik 
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Our group recently described mixed monolayer-protected gold nanoparticles that can be used 
for the optical sensing of sulfate, phosphate and nucleotides.[1,2]  The analyte-induced 
crosslinking of the nanoparticles led to a color change of the solution that could be easily 
followed with the naked eye. In addition, the solution remained homogeneous, allowing 
complex formation to be followed by UV/Vis spectroscopy. Previous work has shown that the 
aggregation of nanoparticles can be influenced, among other factors, by varying the receptor 
content on the nanoparticle surface. To gain a better understanding of this relationship, the 
cyclodextrin-induced aggregation of gold nanoparticles containing adamantyl residues is now 
investigated.  

 
Figure 1. Schematic representation of the functionalized gold nanoparticles (right) and 

bis(cyclodextrin)-induced nanoparticle cross-linking (left). 
 

The investigations showed that the aggregation behavior can be influenced by the structures 
of the ligand and the bis(cyclodextrin), as well as by the ligand ratio on the nanoparticle surface. 
But what happens when different nanoparticles are mixed? Is it possible to precipitate only one 
species while the other remains in solution? For example, is it possible to mix silver and gold 
nanoparticles and precipitate only one, which could lead to self-sorting nanoparticles? 

References: 

1. L. Reinke, J. Bartl, M. Koch, S. Kubik Beilstein J. Org. Chem., 2020, 16, 2687–2700S. 
2. L. Reinke, M. Koch, C. Müller-Renno, S. Kubik Org. Biomol. Chem., 2021, 19, 3893-3900. 
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sulfoxide[6]uril and silica nanohelices 
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D-biotin-L-sulfoxide[6]uril (BU) is a chiral cucurbituril-type macrocycle1. Its amide coupling with a 
corresponding tetraphenylporphyrin derivative affords a novel bulky and chiral hexakis(Zn-
tetraphenylporphyrin)-D-biotin-L-sulfoxide[6]uril ((ZnTPP)6BU), in which six achiral porphyrin 
moieties are linked to the chiral macrocycle via flexible side chains. Metalloporphyrins possess 
unique spectral and coordination properties which make them excellent chemosensors2. 
Therefore, combination of the chiral structure of BU reinforced by the specific features of 
porphyrins enables extraordinary binding and chiroptical properties to (ZnTPP)6BU. The 
conformational flexibility of (ZnTPP)6BU side chains allow assembling of “super-structures”, in 
which the host-guest interactions are led by the porphyrin units. It has been shown that BU 
derivative coupled with only one porphyrin unit3 can bind silica nano helices4 with organic core 
(i.e. hybrid helices). Moreover, enantiodiscrimination towards hybrid helices by such macrocycle 
was observed. 

In this work, we show complexes between silica nano helices without organic core (i.e. inorganic 
helices) and six porphyrins containing (ZnTPP)6BU. Such complexes exhibit attractive chiroptical 
and binding properties, including promising circularly polarized luminescence (CPL) signal. 

 
Figure. Structure of (ZnTPP)6BU and schematic representation of silica nano helix. 

 
 
 
 

1. Andersen, N. N.; Eriksen, K.; Lisbjerg, M.; Ottesen, M. E.; Milhøj, B. O.; Sauer, S. P. A. and 
Pittelkow, M. J. Org. Chem. 2019, 84 (5), 2577-2589.  
2. Konrad, N.; Horetski, M.; Sihtmäe, M.; Truong, K-N.; Osadchuk, I.; Burankova, T.; Kielmann, M.; 
Adamson, J.; Kahru, A.; Rissanen, K.; Senge, M. O.; Borovkov, V.; Aav, R. and Kananovich, D. 
Chemosensors 2021, 9 (10), 278. 
3. Anfar, Z., Kuppan, B., Scalabre, A., Nag, R., Pouget, E., Nlate, S., Magna, G., Di Filippo, I., 
Monti, D., Naitana, M. L., Stefanelli, M., Nikonovich, T., Borovkov, V, Aav, R., Paolesse, R. and Oda, 
R. J. Phys. Chem. B 2024, 128, 1550-1556. 
4. Delclos, T.; Aimé, C.; Pouget, E.; Brizard, A.; Huc, I.; Delville, M-H. and Oda, R. Nano Lett. 2008, 
8 (7), 1929–1935. 
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Modified Photochemistry in the Strong Coupling Regime
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Light-matter  interaction  is  a  fascinating  topic  with  a  wide  range  of  practical  applications.

Famililar phenomena, such as fluorsescence and photochemical reactions, typically happen in

the weak in the coupling regime where the light-matter interaction can be treated pertubatively.

However, when the light mode is tightly confined in a nano-cavity, the quantum properties of

light become relevant and the light-matter coupling can be signifcantly increased. When the

coupling strenght surpasses all decay processes, the strong coupling regime is reached. Here,

the light field and the molecular degrees of freedom can hybridize – in a similar way as atomic

orbitals hybridize to form molecular orbitals – and the molecular properties are heaviliy modified.

The first experimental realisation of this effect was demonstrated on a ring opening reaction of

Spiropyran [1]. The photochemical reaction rates were significantly modfied within an optical

cavity. Since then this effect has been demonstrated for many other reactions, such as the

triplet-triplet anhiliation [2]. However, this fascinating effect is not fully understood yet and still

subject of many ongoing experimental and theoretical investgations.

In this contribution I will present excperts from our theoretical work on photochemical reactions

in the strong coupling regime. Over the last few years my group has studied the photo chemistry

under  the influcene of  strong light  matter  coupling and its  possibilities.  A few examples of

photochemical  processes  that  we  have  studied  are,  chemolumienscence  [3],  non-radiative

decay in BODIPY [4], and the photoinduced hydrogen abstraction of pyrole [5]. I will give a brief

introduction into the topic and present some of the above named examples.

1. Hutchison, J. A.; Schwartz, T.; Genet, C.; Devaux, E.; Ebbesen, T. W. Modifying Chemical 
Landscapes by Coupling to Vacuum Fields. Angew. Chem., Int. Ed. 2012, 51, 1592

2. C, Ye, S. Mallick, M. Hertzog, M. Kowalewski, K. Börjesson, “Direct Transition from Triplet 

Excitons to Hybrid Light-Matter States via Triplet-Triplet Annihilation”, J. Am. Chem. Soc., 2021, 
143  , 7501  .

3. M. Gudem, M. Kowalewski, “Cavity-modified Chemiluminescent Reaction of Dioxetane”, J. Phys. 

Chem. A, 2023    127  , 9483  .

4. Rafael C. Couto, M. Kowalewski, “Suppressing non-radiative decay of photochromic organic 

molecular systems in the strong coupling regime”, Phys. Chem. Chem. Phys, 2022,   24  , 19199  .

5. M. Gudem, M. Kowalewski, “Controlling the Photostability of Pyrrole with Optical Nanocavities”, J.

Phys. Chem. A, 2021,   125  , 1142  .
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Metal nanoparticles (NPs) with sizes of a few nm can form colloidal solutions that show 
characteristically strong luminescence. The peak position and intensity of their luminescence 
depend on the size and environment of the nanoparticles. Gold nanoparticle (AuNP)- based 
sensors have the potential to detect toxins, heavy metals, and inorganic and organic pollutants in 
water rapidly with high sensitivity, and they are expected to play an increasingly important role in 
environmental monitoring1. The main problem with these nanoparticles is their stability, as they 
tend to aggregate and precipitate. To avoid precipitation, auxiliary stabilizers such as surfactants, 
functionalized polymers, inorganic solids, or organic ligands were used.  

Block copolymers with amphiphilic character may lead, via self-organization, to well-defined 
structures such as polymer micelles. The properties of such micelles can be tuned by the nature 
and molecular architecture of the blocks. The block polymers in these micelles can have a dual 
role as templates for solubilizing and stabilizing nanoparticles and for their interaction with the 
environment. 

Metal nanoparticles of Au and Cu of some nm radius were prepared and stabilized by block 
polymers2. These colloidal solutions showed strong and stable luminescence. 

The interaction of the outer part of the stabilizing polymers with possible pollutants is expected to 
change the polarity of the NPs environment and change their optical properties, giving the ability 
to detect water pollutants. Additionally, the prepared stable colloidal solutions can be used for the 
tracing of water flow in various systems. 
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Total fluorescence spectra of Au (A) and Cu (B) nanoparticles 

1. C. Wang and C. Yu. Rev Anal Chem 2013, 32 1–14. 
2. A. Papagiannopoulos, G. Mousdis, S. Pispas. Macromol. Chem.  Phys . , 2017, 218 , 

1600439 
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Responsive nanoparticles constructed to function as sensors are particularly attractive, as they 
enable monitoring of physical quantities (concentration of an analyte, pH, temperature, etc.) in 
small enclosed spaces, inaccessible to larger devices (e.g., inside a human body)1. 
Nanoparticles exhibit versatility — their surface can be modified to include different 
functionalities on one particle, which presents an advantage over single molecular sensors or 
probes. Enzyme substrates can be attached to the surface of nanoparticles to track enzyme 
activity. To construct such sensors, a better understating of enzyme activity on the nanoparticle 
surface is required2. 
We synthesized mesoporous silica nanoparticles with parallel orientation of pore channels. The 
particle surface was modified with organosilanes and fluorescein was covalently grafted onto 
the surface. The fluorophore was rendered non-fluorescent by acetylation of the hydroxyl 
groups to yield fluorescein diacetate (FDA). The system was stable in aqueous medium in 
absence of the esterase — the nanoparticles remained white and non-fluorescent. Upon 
addition of the esterase, the ester bonds of the grafted FDA molecules were hydrolyzed, which 
converted the particles into colored and fluorescent. Two enzymes, namely porcine liver 
esterase (PLE) (168 kDa) and lipase from Aspergillus niger (LAN) (45 kDa) were incubated with 
free fluorescein diacetate (FDA) and with FDA grafted onto the mesoporous silica. We observed 
the following order of rates for free FDA hydrolysis: 1x PLE ~ 1x LAN < 5x LAN < 10x PLE < 10x 
LAN as depicted in Figure 1A (the number preceding the x refers to the relative concentration). 
In the case of grafted FDA we observed a different order of rates: 1x PLE < 10x PLE < 1x LAN 
< 5x LAN ~ 10x LAN as depicted in Figure 1B. The hydrolysis was slower with PLE than with 
LAN in the case of silica-grafted FDA, while comparable in the case of free FDA. This difference 
points to the effect of nearby nanoparticle surface on the enzyme ability to catalyze the 
hydrolysis of the grafted substrate. 
Further investigations are underway to explore the effect of different pore sizes and surface 
organic functional groups on the enzyme activity near the particle surface, substrate 
transformation and ultimately fluorescent response of the systems. 

 
Figure 1. Fluorescence intensity over time for free FDA (A) and silica-grafted FDA (B) in the 
presence of different concentrations of the enzymes PLE and LAN. 

1. Abdel-Karim, R., Reda, Y. and Abdel-Fattah, A. Journal of The Electrochemical Society. 2020, 
167, 037554. 

2. Algar, W. R., Jeen, T., Massey, M., Peveler, W. J. and Asselin, J. Langmuir, 2019, 35, 7067–
7091. 
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The protein tertiary structures and the iconic DNA double helix demonstrate the significance of 
hydrogen bonding (H-bonds) for the stability, structure, and operation of the basic building blocks 
of biosystems. They also provide chemists with ideas for creating synthetic, non-covalent 
constructs. Due to its strength and directionality, the H-bond is arguably the most adaptable non-
covalent interaction exploited in supramolecular chemistry. Thanks to the reversible nature of H-
bonds, the utilization of rigid molecular scaffolds and tautomeric equilibrium allowed for the design 
and synthesis of new stimuli-responsive H-bonding monomers with a variety of self-assembly 
pathways and structural characteristics. Herein, several unique methods to obtain new types of 
dynamic supramolecular tubular aggregates and polymers assembled from very small and thus 
easily modifiable chiral H-bonding bicyclic building blocks will be discussed.  

 
 

1. A. Jozeliūnaitė, A. Neniškis, A. Bertran, A. M. Bowen, M. di Valentin, S.Raišys, P. Baronas, K. 
Kazlauskas, L. Vilčiauskas and E. Orentas "Fullerene Complexation in Hydrogen-Bonded Porphyrin 
Receptor via Induced-Fit: Cooperative Action of Tautomerization and C-H•••π Interactions" J. Am. 
Chem. Soc. 2023, 145, 455. 
2. Dovilė Račkauskaitė , Karl-Erik Bergquist, Qixun Shi, Anders Sundin, Eugenijus Butkus, Kenneth 
Wärnmark, Edvinas Orentas. “A Remarkably Complex Supramolecular Hydrogen Bonded Decameric 
Capsule Formed from an Enantiopure C2-Symmetric Monomer by Solvent-Responsive Aggregation.” 
J. Am. Chem. Soc. 2015, 137, 10536. 
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Fluorescent chemosensors designed for the detection of ions and neutral analytes have found 
extensive applications across diverse fields, including biology, physiology, pharmacology, and 
environmental sciences. The recent proliferation of such chemosensors underscores their utility 
in identifying biologically and environmentally significant species. While substantial progress has 
been achieved in this domain, the burgeoning potential of chemosensors is particularly promising 
for both established and emerging biotechnologies [1]. 

Moreover, the comprehension of sensing mechanisms through computational studies has 
garnered significant attention. This approach facilitates the development and synthesis of 
molecular systems endowed with specific signaling units tailored for the detection of gases, ionic 
contaminants, and residual drugs in aqueous environments, soil, or food matrices. Recent 
investigations into novel Boron-based fluorophores, such as BOPAM and Boron tetracoordinate 
complexes of 8-quinolinolato (BTQ), have revealed compelling photophysical properties, 
including high fluorescence emission quantum yield, photostability, and large Stokes shift [2]. 
Computation studies have delved into the electronic excited states of these fluorophores, offering 
fresh insights into kinetic (non-)radiative decay processes. 

In this study, we endeavor to design and synthesize innovative chemosensors based on boron 
complexes, specifically BOPAM and BTQ. The emission characteristics of BOPAM-based 
chemosensors were found to be augmented in the presence of protons, while those based on 
BTQ exhibited decreased emission in the presence of copper cations. Computational studies 
unveiled a novel mechanism of ON-OFF fluorescence for these chemosensors. These findings 
not only showcase the potential applications of these chemosensors in biological and natural 
environments but also contribute to the development of new molecular designs for fluorescent 
chemosensors. 

 
 
 
 

1. N., Boens, V., Leen, and W., Dehaen Chem. Soc. Rev. 2012, 41, 1130-1172.  
2. J., Huang, F. d., Jong, D. M. E. v., Raamsdonk, J., Vandenwijngaerden, A., Inoue, D., Escudero, 
L. V., Meervelt, M. V. d., Auweraer, W., Dehaen Adv. Otp. Mater. 2023, 2301328 
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 Dynamic covalent chemistry (DCC) has, in recent years, provided valuable tools to 
synthesize molecular architectures of increasing complexity.1 Our group took also advantage of 
imine DCC chemistry to prepare TPMA-based supramolecular cages for molecular recognition 
applications.2 However, the versatility of this approach has as a major drawback: the intrinsic 
hydrolytic lability of imines, which hampers some applications.  
 
 We present herein a synthetic strategy that combines the advantages of a 
thermodynamic-driven formation of a supramolecular structure using imine chemistry, together 
with the possibility to synthesize chiral hydrolytically stable structures through a [3,3]-
sigmatropic rearrangement.3 A preliminary mechanistic analysis of this one-pot synthesis, the 
scope of the reaction and the supramolecular applications of the newly synthesized structures 
are also discussed. 
 
 
 
 

 
Figure 1. Diaza-Cope rearrangement  

 
 
 
 
 
 
 
 

1. J. Rowan, S. J. Cantrill, G. R. L. Cousins, J. K. M. Sanders, J. F. Stoddard, Angew. Chem. Int. 
Ed. 2002, 41, 898-952; H. Wang, Y. Jin, N. Sun, W. Zhang, J. Jiang, Chem. Soc. Rev. 2021, 50, 8874-
8886. 
2. C. Bravin, E. Badetti, F. A. Scaramuzzo, G. Licini, C. Zonta, J. Am. Chem. Soc. 2017, 139, 6456-
6460;   C. Bravin, J. A. Piękoś, G. Licini, C. A. Hunter, C. Zonta, Angew. Chem. Int. Ed. 2021, 60, 
23871-23877. 
3. F. Begato, R. Penasa, K. Wurst, G. Licini, C. Zonta, Angew. Chem. Int. Ed. 2023, 62, e20230449. 
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An exciting research challenge in supramolecular chemistry is to design, synthesize, and 
characterize nano-sized architectures with applications in biology, chemistry, and materials 
science.[1] Predicting and designing non-covalently bound supramolecular complexes and 
assemblies is difficult because of the weakness of the interactions involved, thus the resulting 
superstructure is often a compromise between the geometrical constraints of the building blocks 
and the competing weak intermolecular interactions.[2] 

  
Our research interest has been focused on the studies of 
weak non-covalent intermolecular, viz. supramolecular 
interactions as the driving force in self-assembly and 
molecular recognition, especially in the solid state by single 
crystal X-ray diffraction. The lecture will highlight some of our 
recent studies on halogen bonded systems[3], anion…S 

interactions[4] and metal ion coordination[5] in molecular 
self-assembly and molecular recognition in various systems 
such as rotaxanes, M4L6 tetrahedra, M8L6 cube, spheres, 
knots, etc.. 
 
 
 

 
1. Hof, F.; Craig, L.S.; Nuckolls,  C.; Rebek Jr, J.  Angew. Chem. Int. Ed. 2002, 1488. 
2. Desiraju, G.R. Nature, 2001, 397. b) Steiner, T.  Angew. Chem. Int. Ed. 2002, 41. 
3. a) Turunen, L.; Warzok, U.; Puttreddy, R.; Beyeh, N. K.; Schalley, C. A.;  Rissanen, K. Angew.  

Chem. Int. Ed. 2016, 14239; b) Turunen, L.; Peuronen, A.; Forsblom, S.; Kalenius, E.; Lahtinen, 
M.; Rissanen, K. Chem. Eur. J. 2017, 11714; c) Turunen, L.; Warzok, U.; Schalley, C. A.;  Rissanen, 
K. L. Chem 2017, 861; d) Warzok, U.; Marianski, M.; Hoffmann, W.; Turunen, L.; Rissanen, K.; 
Pagel, K.; Schalley, C. A. Chem. Sci. 2018, 8343; e) Ward, J. S.; Fiorini, G.; Frontera, A.; Rissanen, 
K. Chem. Commun. 2020, 8428; f) Yu, S.; Kumar, P.; Ward, J. S.; Frontera, A.; Rissanen, K., Chem 
2021, 948; g) S. Yu, J. S. Ward, K.-N. Truong and K. Rissanen, , Angew. Chem. Int. Ed. 2021, 
20739; h) S. Yu, E. Kalenius, A. Frontera and K. Rissanen, Chem. Commun. 2021, 12464; i) E. 
Taipale, J. S. Ward, G. Fiorini, D. L. Stares, C. A. Schalley and K. Rissanen, Inorg. Chem. Front. 
2022, 2231; j) R. Puttreddy, J. M. Rautiainen, S. Yu and K. Rissanen, Angew. Chem. Int. Ed. 2023, 
e2023073. 

4. a) Giese, M.; Albrecht, M.; Krappitz, T.; Peters, M.; Gossen, V.; Raabe, G.; Valkonen, A.; Rissanen,  
K. Chem. Comm. 2012, 9983; b) Albrecht, M.; Wessel, C.; de Groot, M.; Rissanen, K.; Lüchow, A. 
J. Am. Chem. Soc. 2008, 4600. 

5. a) Inokuma, Y.; Yoshioka, S.; Ariyoshi, J.; Arai, T.  Matsunaga, S.; Takada, K.;  Rissanen, K.; Fujita,  
M. Nature 2013, 461; b) Bunzen, J.; Iwasa, J.; Bonakdarzadeh, P.; Numase, E.; Rissanen, K.; Sato, 
S.; Fujita, M. Angew. Chem. 2012, 3161; c) Ayme, J.-F.;  Beves, J. E.;  Leigh, D. A.; McBurney, R. 
T.;  Rissanen, K.; Schultz, D. Nat. Chem. 2012, 15;  d) Meng, W.; Breiner, B.; Rissanen, K.; 
Thoburn, J. D.;  Clegg, J. K.;  Nitschke, J. R. Angew. Chem. 2011, 3479; e) Mal, P.; Breiner, B.; 
Rissanen, K.; Nitschke, J. R. Science 2009, 1697. 

 

 
Fig. 1. The X-ray structure of the  

pentafoil knot.[5a] 
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3D printing is predicted to revolutionize the production process, exceeding mass production and 
economy of scale, and thus our life. Nevertheless, it is still perceived as a hobby tool or, in the best 
case, as a technology for niche applications. One of the main reasons that still prevents the 
complete development of 3D printing is the limited number of printable materials, which restricts 
the available applications fields. In particular in light-based VAT 3D printing technologies, such 
as SLA and DLP, the few available materials limit the use of these technologies to rapid 
prototyping, jewelry, hobby and few others. The most common approach for modifying the 
materials‘ properties consists in playing with the monomers/oligomers or adding fillers. However, 
other strategies could be undertaken for widening the palette of functionalities. 
 
Here we present how an engineered use of the dye in the printable formulation, which is commonly 
used for limiting light penetration and thus for improving the printing precision, could be employed 
for imparting new functional properties to the printed objects1, obtaining functional devices such 
as sensors, 2,3 photoluminescent4 or light responsive devices.5,6,7  
 

 
Figure 1 Examples of 3D printed structure with light-responsive fillers fabricated @PoliTO 

 
1. Gastaldi M., Cardano F., Zanetti M., Viscardi G., Barolo C., Bordiga S., Magdassi S., Fin A., 

Roppolo I. ACS materials letters. 2021, 3, 1-17.  
2. Tosetto B., Gastaldi M., Renno G., Pirri C.F., Barolo C., Fin A., Roppolo I. Polymer Chemistry. 

2023, 14, 1213-1223.  
3. Frascella F., Gonzalez G., Bosch P., Angelini A., Chiappone A., Sangermano M., Pirri C.F., 

Roppolo I. ACS Applied Materials & Interfaces. 2018, 10, 39319-39326.  
4. Gastaldi M., Roppolo I., Chiappone A., Garino C., Fin A., Manachino M., Sirianni P. Viscardi G., 

Scaltrito L., Zanetti M., Bordiga S., Barolo C., Additive Manufacturing. 2022, 49, 102504.  
5. Gastaldi M., Spiegel C.A.., Vazquez-Martel C., Barolo C., Roppolo I., Blasco E. Molecular 

Systems Design and Engineering. 2023, 8, 323-329.  
6. GIllono M., Roppolo I., Frascella F., Scaltrito L., Pirri C.F.,Chiappone A. Applied Materials Today. 

2020, 18, 100470.  
7. Roppolo I., Chiappone A., Angelini A., stassi S., Frascella F., Pirri C.F., Ricciardi C., Descrovi E. 

Materials Horizons. 2017, 4, 396-401.  
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Surface active agents, or surfactants, are organic compounds that reduce the surface tension of 
water. They consist of a hydrophilic head and a hydrophobic carbohydrate-rich tail. There are four 
types of surfactants: anionic, cationic, nonionic and amphoteric. Anionic surfactants make 2/3 of 
the global surfactant market and are used as detergents for washing and cleaning at home and 
industry.1 Cationic surfactants are used as antiseptics, disinfectants, bactericides, corrosion 
inhibitors and cleaning agents in home products, hospitals, industry, as oilfield chemicals and in 
agronomy. Nonionic surfactants are used to enhance properties of other surfactants. The global 
surfactant market is expected to increase by 4.5% in the period from 2020 to 2025 due to high 
demand and standard growth.1 

Surfactants can cause skin irritation, reproductive and respiratory problems; and represent a 
threat to the environment. For this reasons it is important to establish reliable analytical tools in 
surfactant monitoring.  
Classical methods of quantification include two-phase titration and methylene blue active 
substances (MBAS) method. Both are time consuming, use toxic organic solvents for extractions, 
and the reproducibility depends on the analyst experience. Instrumental methods for surfactant 
analysis include variety of chromatographic methods with different detectors. They require expert 
personnel, use toxic solvents and are expensive to operate. An alternative to mentioned methods 
are chemical sensors for surfactants. Potentiometric surfactant sensors are low-cost analytical 
devices, ion-selective electrodes which are sensitive to the surfactant concentration change in 
liquid samples. The mechanism is described by the Nernstian equation and is based on the ion-
pair dissolved in a high lipophilic organic PVC/plasticizer sensing membrane. These sensors 
prove to be low-cost, simple to operate, don`t use toxic solvents, they are robust, selective and 
sensitive, with limits of detection ≈10-8 M.3 Potentiometric surfactant sensors are used for 
surfactant analysis of commercial detergent samples, but also industrial and wastewater analysis. 
Challenges in development of optical chemical sensors for surfactants will be discussed. 
 
 
 
 

1. MarketsandMarkets, available at https://www.marketsandmarkets.com/Market-Reports/natural-
surfactant-market-25221394.html 

2. ISO 2271; International Organization for Standardization Surface Active Agents, Detergents, 
Determination of Anionic-Active Matter by Manual or Mechanical Direct Two-Phase Titration 
Procedure. ISO: Geneva, Switzerland, 1989. 

3. Sakač, N., Madunić-Čačić, D., Marković, D., Hok, L., Vianello, R., Vrček, V., Šarkanj, B., Đurin, B., 
Della Ventura, B., Velotta, R., Jozanović, M. Chemosensors. 2022, 10, 523.  
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Figure 1. Synthesis of a TPMA-based molecular cage. 

In the last few years dynamic covalent chemistry has been increasingly used for the self-assembly 
of supramolecular cages.  This work presents the synthesis of a novel imine-based bimetallic 
molecular cage built from two tris(2-pyridylmethyl)amine (TPMA) zinc complexes bearing 
aldehyde groups, which are connected by ethylenediamine linkers1 (Figure 1). 

As TPMA-based complexes have been previously employed by the groups of Canary and Anslyn2 
and also by our research group3 for sensing application due to their capability to bind carboxylic 
moieties, the encapsulation of dicarboxylic acids of various length has been investigated. In 
particular, both thermodynamic properties of the formed cage and the kinetics of assembly and 
disassembly in presence of a guest have been explored. While the binding constants of the acids, 
and in a similar way the rates of assembly, show a pseudo-Gaussian profile, typical of recognition 
phenomena in confined spaces, the rates of disassembly have an unexpected trend varying with 
the length of the guest. Knowing the kinetic properties of the templated cage, it is possible to 
modulate both the formation and the hydrolysis processes: in particular, an unprecedented 
method to enhance the hydrolysis rate has been developed. The knowledge of these kinetic 
properties could open the possibility to time molecular functions such as delivery, structural 
reorganization and stimuli programmed molecular events. 

 
 
 

1. Bravin, C.; Badetti E.; Scaramuzzo, F. A.; Licini, G. and Zonta, C. J. Am. Chem. Soc. 2017, 139, 
6456-6460. 

2. Joyce, L. A.; Maynor, M. S.; Dragna, J. M.; da Cruz, G. M.; Lynch, V. M.; Canary, J. W. and 
Anslyn, E. V., J. Am. Chem. Soc. 2011, 133, 13746-13752. 

3. Scaramuzzo, F. A.; Licini, G. and Zonta, C. Chem. - Eur. J. 2013, 19, 16809−16813. 
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Mesoporous materials are defined as materials containing pores in diameter between 2 and 50 
nm according to IUPAC. With well-defined, ordered porous structure, which could be 
additionally modified with various organic compounds through covalent bonding (surface 
functionalization), they present an interesting material for different applications including 
sensing1,2. The properties of the mesoporous materials can be varied by changing the synthesis 
procedure: selection of synthesis pathway, the choice of the precursor, the temperature and pH 
of reaction mixtures, addition of swelling agents, etc.1 as well as additional post synthetic 
covalent and non–covalent functionalization with different groups1,2.  
We synthesized mesoporous materials with different morphological, structural and textural 
properties characterized using nitrogen sorption, XRD analyses and transmission electron 
microscopy. These materials provide basis for further introduction of different functionalities on 
their surface and development of gas sensors, indicators and gate materials. 

 
Figure 1: TEM micrographs of the silica-based mesoporous materials with different defined pore 
diameters1.  
 
 
 
 

 
References: 

1. Švara Fabjan, E., Nadrah, P., Ajdovec, A., Tomsic, M., Drazić, G., Mazaj, M., Zabukovec Logar, 
N., Sever Škapin, A. Colorimetric cutoff indication of relative humidity based on selectively 
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detection: From small species to large bio-molecules, Sensors. 2022, 22, 261. 
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Antibiotics are an important group of drugs used in the treatment of diseases in humans and 
animals. The increase in the use of antibiotics in recent years has led to an increase in the 
presence of drug substances in the environmental ecosystem, especially in aquatic environments 
through wastewater. This poses a significant potential risk to the health of living organisms. 
Therefore, it is crucial to minimize the risk by controlling discharges and releases from human 
activities. Metronidazole (MET) is an antibiotic and antiprotozoal used in the treatment of 
Entamoeba histolytica, Giardia lamblia, Gardnerella vaginalis and Trichomonas vaginalis. 
However, inappropriate use of MET has potential risks of teratogenicity, carcinogenicity and nerve 
mutagenesis.1 Therefore, high-sensitivity and specific quantitative detection of MET is crucial and 
its control in food and pharmaceuticals is a serious issue for human health and food safety.  
Several analytical techniques for MET measurement have been reported so far. At this point, 
ultraviolet-visible (UV-Vis) and fluorescence (FL) spectrometry stand out as the most suitable 
techniques for detecting and visualizing low levels of analytes in various media. FL spectrometry 
is a superior technique to UV-Vis for the detection of analytes due to its sensitivity, simplicity and 
applicability. The organic molecule-based fluorescence sensors are seen to be in the forefront 
due to some of their superior features such as high inherent sensitivity, convenience, remarkable 
detection selectivity, operational simplicity, cost-effectiveness, fast and easy signal detection.2 
Different polymer or synthetic molecules can be used in these organic-based sensor systems. 
Among these molecules, calixarenes, a popular member of supramolecular chemistry, are 
macrocyclic compounds with unlimited derivatization capability, three-dimensional structure and 
the ability to complex with different molecules.3  
Several studies have been carried out to find calixarene-based sensors selective for certain 
species. In these studies, interesting fluorescent receptors for both ionic and molecular specific 
analytes have been reported, which were specifically developed by designing calixarene 
derivatives bearing fluorescent organic groups.4 However, to the best of our knowledge, no study 
on the preparation of calixarene-based fluorescent materials to detect MET has been found in the 
literature. Therefore, this work introduces a highly selective and sensitive calix[4]arene-based 
fluorescent sensor with 1H-phenanthro[9,10-d]imidazolyl fluorophore for the detection of MET on 
various substances such as ionic or pharmaceutical species (Fig. 1). 

 
Fig. 1. Plausible interactions between calixarene-based fluorophore and MET. 

 

1. Okuda, M., Lin, Y., Wang, C., Kakiuchi, T. and Kikuchi, S., Helicobacter 2019, 24, 1-6. 
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Ion-selective electrodes (ISEs) are the largest and most popular group of electrochemical 
sensors. At the end of the last century, a new version of their design was introduced, which 
involved the removal of the internal electrolyte solution. Thanks to this, these sensors called solid 
contact permanent contact ion-selective electrodes (SCISEs) have become easier to handle, use 
and transport. Moreover, miniaturization of ISEs has become possible. For this type of electrodes, 
it is very important to select the appropriate material that will act as an ion-electron transducer, 
thus enabling the proper operation of the electrodes, by ensuring appropriate stability and 
reproducibility of the potential. There are many materials used in the role of a solid contact. The 
most popular materials include carbon based nanomaterials such as carbon nanotubes and 
nanofibers, conductive polymers, metal and metal oxide nanoparticles, and ionic liquids, among 
others. Our research group has been dealing with the topic of potentiometric sensors for many 
years. The latest research concerns the use of composite and hybrid materials for the 
development of solid contact ion-selective electrodes. We study the quality of the obtained 
sensors using various electrochemical techniques such as potentiometry, chronopotentiometry 
and electrochemical impedance spectroscopy. It has been proven that composite materials often 
have better mechanical, thermal, electrical, optical and chemical properties than the original 
components [1]. With regard to their use in the construction of ion-selective electrodes, it is 
particularly important to increase the capacitance and surface area of the material, which makes 
them more effective in the process of charge transfer between the polymer membrane and the 
substrate material. This allows to obtain sensors with better analytical and operational 
parameters. So far we successfully developed electrodes sensitive to nitrate, chloride, potassium, 
lead and copper ions using various nanocomposite based on carbon nanomaterials and ionic 
liquid [2-4], polyaniline nanofibers [5] nickel-cobalt nanoparticles [6] and copper oxide 
nanoparticles [7].  
The poster will explain why it is so important to use a solid contact, what composite materials are 
and what types of this materials are known and utilized. The results of research on the impact of 
a composite material based on carbon nanotubes and other components on the most important 
parameters of selected ion-selective electrodes with solid contact, i.e. the slope of the 
characteristics, the limit of detection and the range of linearity, stability and reversibility of the 
potential. The electrodes we have developed can be analyzed in real samples such as natural 
water, food and pharmaceutical preparations. Examples of such applications will also be 
presented on the poster. 
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