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Main group organometallics with appropriate design can be used as robust, air stable, neutral or 

anionic ligands for transition metals, thus providing discrete heterometallic species or coordination 

compounds of different dimensionality. Nonmetal atoms from functionalized organic groups attached 

to the metal atom or even the central main group metal atom, in low oxidation state, can behave as 

connecting centers to other metal atoms. Ditopic or multitopic tectons can be designed taking 

advantage of the nature of the main group metal and its coordination properties, the nature of organic 

groups bearing recognition sites, or the nature of the anionic groups attached to the central metal atom 

of the potential metalloligand. Recent examples of such organometallic tectons based on a main group 

metal, e.g. Sn, Sb, Bi, or Hg, will be presented as well as transition metal molecular complexes or 

coordination polymers. Supramolecular solid-state networks of different dimensionalities (1D, 2D or 

3D) and architectures based on various types of interactions will be discussed. [1-10] 
      

[{( N,Sb)-[2-(Me2NCH2)C6H4]Mes2Sb}PdCl2]       [Ag{Ph3Bi[O(O)CC6H4N-4]2}(O3SCF3)]n 
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1. Barbul I., Varga R.A., Molloy K.C., Silvestru C., Dalton Trans. 2013, 42:15427-15436. 
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Over the last two decades, there has been a growing demand for renewable feedstock as an alternative 

to finite resources such as petroleum. As a result, carbohydrates and their derivatives has emerged as 

promising building blocks for the development of cost-effective and high-performance renewable 

materials and added-value chemicals. In this prospect, the US Department of Energy (DOE) has 

published a list of 15 target molecules, starting from 300 original candidates that were considered of 

special interest for biorefinery development. [1] These compounds have been selected by taking into 

consideration numerous factors such as available processes, economics, industrial viability, size of 

markets and their possible employment as a platform for the production of derivatives. Over the years, 

due to the considerable progress in biorefinery development, this list, as well as the criteria used to 

identify bio-based products have been revised. However, among the original selected chemicals, some 

bio-based platform chemicals such as D-sorbitol, 5-hydroxymethylfurfural (HMF), together with 

ethanol and glycerol, still occupy top positions as they encompass all of the desired criteria for bio-

based platform compounds. 

D-Sorbitol is a sugar alcohol, found in nature as the sweet constituent of many berries and fruits from 

which it was isolated for the first time in 1872. Its large-scale manufacture began in the 1950s, due 

to the growing applications as humectant in cosmetology and sugar substitute in confectionery. 

Nowadays the global market of D-sorbitol is estimated around 800 kt, half of which is produced in 

China with a demand currently growing at 2ï3% rate annually. The reason of such interest relies on 

the fact that D-sorbitol has all the characteristics of a typical bio-based platform chemical in terms of 

sustainability, applications and market value. In fact, dehydration of D-sorbitol produces anhydro 

sugar alcohols, including sorbitan and isosorbide. Both these products have achieved commercial 

importance and can be used to synthesize numerous intermediates of industrial interest. [2] 

Similarly, HMF stands out as a versatile bio-based platform chemical capable of undergoing diverse 

chemical transformations, including oxidation, hydrogenation, hydrolysis, and esterification, offering 

a wide range of industrially relevant compounds. [3] As a result HMF has found numerous 

applications in the synthesis of chemicals, materials, bio-based polymers and fuels. 

However despite D-sorbitol and HMF are renewable starting materials, their derivatizations often do 

not always follow the green chemistry principles. In this prospect, this presentation will focus on the 

reactivity of D-sorbitol, isosorbide and HMF with green reagent and solvent dimethyl carbonate 

(DMC). [4] 

The reactions between these bio-based chemicals with DMC, [5] are very appealing as they 

encompass the preparation, as well as the transformation of a renewable resource into industrially 

relevant products via a chlorine-free and green approach. 

 
1. Bozell J.J., Petersen G.R., Green Chem. 2010, 12:539ï554. 

2. Aricò F., Tundo P., Beilstein J., Org. Chem. 2016, 12:2256ï2266. 

3. Jiang Z., Zeng Y., Hu D., Guo R., Yan K., Luque R., Green Chem. 2023, 25:871-892. 

4. Tundo P., Musolino M., Aricò F., Green Chem. 2018, 20:28-85. 

5. Aricò F., Curr. Op. Green and Sustain. Chem. 2020, 21:82ï88. 
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In the last two decades, a new class of materials known as MAX phases (Mn+1AXn) and MXenes 

(Mn+1XnTx) have been discovered (with n = 1-4, M = early transition metal, A = A-group element, X 

= carbon or nitrogen, and Tx = various surface terminations, like -O, -OH, and -F). [1ï3]  Their many 

remarkable chemical and physical features have made a significant impact. For instance, MAX phases 

merge previously separate categories of materials (ceramics and metals) by combining desirable 

attributes of both (high thermal and electrical conductivity, mechanical strength, resilience to high 

temperatures or oxidation, and low density, among others). 

Over thirty MXenes of varying compositions and more than one hundred fifty MAX phases [4] have 

already been synthesised. [5] Because of their lamellar structure, metallic/covalent bonds, and 

relatively weak bonding between the M and A layers, MAX phases exhibit unusual features. 

In order to produce MXene, 2D materials, the A elements (mainly Al) in MAX phases are etched out, 

leaving behind 2ï4 layers of MïC sheets. Many of them are good conductors like metals and are also 

hydrophilic. High conductivity is maintained even in polar fluids due to the presence of oxygenated 

terminations. [2] 

Consequently, MAX phase and MXene are extremely 

envisioned and appealing materials for catalysis due to 

their unique features; yet, despite evidences that 

promote them as catalysts, their catalytic capabilities 

were just recently explored. [6,7] (Figure 1). 

Herein we will emphasize the great potential of these 

materials to act as catalysts, as well as supports, 

creating a synergy with various active species by 

presenting few examples of successful application of 

MAX phase and MXene. To enhance the activity of 

MXenes and to introduce functional groups helpful in 

certain chemical processes, it may be able to manipulate their surface chemistry. For example, new 

acid solvent development that can depolymerize 

PET back into raw materials is of paramount 

importance right now. Sulfonated groups 

were introduced into MXenes using aryl 

diazonium sulfanilic acid's sulfonated aryl diazonium salt to graft -SO3H groups onto the surface. 

Several methods (XRD, DRIFT, RAMAN, SEM, TEM) were used to examine the modified MXenes 

and found that their lamellar structure had not collapsed throughout the sulfonation procedure. High 

acidity and efficiency as catalysts for PET depolymerization characterize the materials developed. 

MAX phase and MXene are efficient also in selective hydrogenation of C=O bond and also are able 

to produce oxidative products as a result of oxdidation reaction of key platform molecules in fine 

chemistry. 

 
1.  Barsoum M.W., Prog Solid State Chem [Internet]. 2000, 28:201ï81.  

2.  Naguib M., Kurtoglu M., Presser V., Lu J., Niu J., Heon M., et al., Adv Mater, 2011, 23:4248ï4253.  

3.  Barsoum M.W. MAX Phases: Properties of Machinable Ternary Carbides and Nitrides. Wiley-VCH Verlag, 2013.  

4.  Sokol M., Natu V., Kota S., Barsoum M.W., Trends Chem., 2019, 1:210ï223.  

5.  Verger L., Natu V., Carey M., Barsoum M.W., Trends Chem., 2019, 1:656ï669.  

6.  Wu R., Du H., Wang Z., Gao M., Pan H., Liu Y., J Power Sources, 2016, 327:519ï525.  

Figure 1. The MAX phases and MXene 
derivatives: a roadmap to potential 
applications. 
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The synthesis of porous materials is often goal of the óInorganic Phosphonate chemistô. The superior 

chemical and physical properties with respect to many carboxylate-based MOFs leads to metal 

phosphonates being the material of choice for a number of applications, particularly the inclusion and 

stabilisation of particles and guest molecules. 

The synthesis of materials with pores and channels in the nanometre regime remains challenging with 

few such materials being reported in the literature, the majority tending to be in the range angstroms. 

Their synthesis relies on the use of long chain organophosphonates, which can be difficult to 

synthesize/purify or obtain commercially as well as an ability to control synthesis conditions to yield 

a materials with a porosity that remains once the solvents are removed prior to inclusion of guest 

species, otherwise called the Ship-in-the-Bottle approach 1. 

An alternative approach to the synthesis of inclusion materials is to construct the host material around 

the (preformed) guest species; the so-called óBottle-around-the-Shipô method 2. In this paper we will 

explore the possibility of using this including a variety of guest species, including both molecular 

species and nanoparticles, in a number of well known materials whose synthesis is well understood 

and highly reproducible but whose crystal structures would exclude the possibility of a Ship-in-the-

Bottle approach. 

 
1. Zhang et al. ACS Appl. Mater. Interfaces 2018, 10:27875ī27884. 

2. Rogach et al. Part. Part. Syst. Charact. 2017, 34:1700029; Hillton R.A., Bolton J.M., Jackson K.L., J. Mol. Spectrosc. 2000, 18:145-

156. 
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Metal-based materials have been increasingly gaining ground toward a multitude of industrial and 

biological applications.  Among them outstanding are organometallic and metal-organic compounds 

with biological properties justifying their use in (patho)physiological aberrations in humans. Of the 

multitude of examples presently used in the therapeutics of human diseases, platinum, ruthenium, and 

gold emerge predominantly in the form of drugs addressing diseases, such as cancer, diabetes, 

neurodegeneration, etc.. Diabetes has undoubtedly been a disease of global proportions with a single 

molecule (i.e. insulin), a hormone, playing a crucial role in the major types of the disease encountered 

in humans of variable medical background, age, lifestyle and genetic disposition.  Efforts to overcome 

problems associated with the administration of insulin and its daily injections have prompted the 

scientific community to seek alternative drugs to lower hyperglycemia and/or a plethora of aberrant 

medical complications. To that end, vanadium and zinc have been used to investigate the aqueous 

chemistry with organic substrates capable of providing soluble species that atoxically facilitate 

glucose uptake and catabolism by mature adipocytes. 

Cognizant of the complexity of the aqueous chemistry of vanadium with organic substrates and the 

equally intricate web of interactions with cellular targets in adipocytes, the early transition metal ion 

Ti(IV) (isoelectronic to V(V)) was employed to pursue analogous aqueous chemistry with 

physiological substrates at the binary and ternary level.  To that end, the structural speciation of Ti(IV) 

with Ŭ-hydroxycarboxylic acids (citric, quinic, 2-hydroxyisobutyric, etc.) was investigated 

synthetically, leading to a well-defined web of species as function of pH and molecular stoichiometry. 

[1, 2]  The analytical, spectroscopic, and structural characterization of the resulting binary species in 

the solid state and in solution (elemental analysis, FT-IR, TGA-DTG, cyclic voltammetry, ESI-MS, 

NMR) led to the formulation of a well-defined physicochemical profile.  The latter was crucial in 

selecting the species for further biological perusal of their properties. 

The in vitro biological investigation of select Ti(IV)-(Ŭ-hydroxycarboxylato) complex species 

included a) biotoxicity exploration in a time- and concentration-dependent fashion, followed by 

morphology, migration and proliferation work, and b) cell differentiation (3T3-L1 cells) 

experimentation on immature adipocytes supported by genetic markers revealing the state of 

maturation of differentiated adipocytes capable of taking up glucose and catabolizing it. [3] Exposure 

of immature fibroblasts to select Ti(IV)-(Ŭ-hydroxycarboxylato) species showed which ones were 

atoxic and as such their biological potential in inducing cell differentiation and adipocyte maturation.  

The collective experimental data on the investigated systems reveals well-defined binary Ti(IV)-(Ŭ-

hydroxycarboxylato) complex species, the atoxic biological profile of which supports cell 

differentiation potency in producing mature adipocytes capable of fighting hyperglycemia and 

exhibiting structure-specific synergistic activity with insulin. Undoubtedly, the global profile of the 

Ti(IV) -hydroxycarboxylic acid chemistry reflects merit in the specific metal ion delivering biological 

activity as a metallodrug in Diabetes mellitus II in the future. 

 
1. Domingo J.L., Gómez M. Food Chem Toxicol. 2016, 95:137-141. 

2. Kefalas E.T., Panagiotidis P., Raptopoulou C.P., Terzis A., Mavromoustakos T., Salifoglou A. Inorg Chem. 2005, 44:2596-2605. 
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Soft materials are ubiquitous in our daily life and are key players in many industries, such as 

electronics, automobiles, environment, and robot engineering. Hard and heavy materials used 50 

years ago have been replaced by soft and light materials such as polymers, liquid crystals, gels or 

colloids. [1] Moreover, a high percentage of our body is made of soft materials having complex 

structural and dynamic properties. [2] Thus, much scientific effort has been devoted to developing 

highly functional soft materials. Among soft materials, hydrogels are a promising material platform, 

especially in view of their biomedical applications such as drug delivery, tissue engineering, ocular 

devices, and tissue and organ replacement. [3] Hydrogels can be obtained from synthetic and/or 

naturally occurring polymers through chemical or physical cross-linking processes. While a multitude 

of synthetic hydrogel materials strategies have been reported, they all come hand in hand with 

shortcomings that can limit their applicability. [4] 

In this respect, poly(2-isopropenyl-2-oxazoline) (PiPOx), has attracted increased scientific attention 

as a reactive polymer for the synthesis of advanced functional materials. [5] PiPOx is a versatile 

polymer soluble in water and various organic solvents, can be prepared with well-defined 

characteristics, and exhibits high thermal and good hydrolytic stability [6, 7]. Furthermore, PiPOx 

was shown to be biocompatible, rendering it suitable for medical and pharmaceutical applications. 

[8] The pendent 2-oxazoline group can be transformed in an efficient, mild, and selective manner, 

providing an extremely valuable toolbox for the synthesis of advanced materials. The post-

polymerization modification reaction with (di)carboxylic acids enabled access to a wide variety of 

structures with defined and controlled properties.1 The versatility of this modification method allows 

the synthesis of a wide variety of functional polymers with tunable properties from soft to hard 

materials. [9-11] 

Recent developments from our research group that illustrate the potential of PiPOx as smart 

(bio)materials will be discussed in this lecture, ranging from fundamental studies on ring opening 

addition of PiPOx with carboxylic acids to emerging applications of these polymers as biomaterials, 

nanosensors, and drug delivery vehicles. 

 
Acknowledgements. The authors acknowledge the Romanian Ministry of Research, Innovation and Digitalization, 
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In heme-containing proteins, redox-active agents such as peroxides or oxyanions of 

halogens/sulfur/nitrogen offer a rich chemistry involving high-valent iron, free radical reactions and 

small molecule activation. [1,2] By contrast, until recently our knowledge of the reactivity of 

cobalamin with oxidizing agents has been confined to processes where, especially with strong 

oxidizing agents, the corrin ring is covalently modified by oxygenation or halogenation, or where 

Co(I) or Co(II) are oxidized to Co(III) in an outer-sphere manner ï but no complexes of Co(III) with 

oxidizing agents, and no ensuing high-valent Co centers. [3] We have, however, recently reported 

that H2O2 does in fact form a stable and reversible complex with cobalamin, assigned as Co(III)-

hydroperoxo based on UV-vis and NMR spectra complemented by DFT calculations. [4] We describe 

here a combination of spectroscopic and computational results showing that m-chloroperoxobenzoic 

acid also yields a relatively stable complex with Co(III) cobalamin. Using the same experimental 

toolkit ï centered on 1H-NMR spectroscopy and DFT calculations ï we then describe a stable adduct 

of Co(III) cobalamin with chlorite ï which in contrast to the known instability of the putative heme-

chlorite complex in the catalytic cycle of the enzyme chlorite dismutase. Also described are the 

adducts of cobalamin with hypochlorite ï again more stable than their heme counterparts. Differences 

in reaction mechanisms between Fe(III) heme and and Co(III) cobalamin complexes in such processes 

are rationalized.  

 
1 Brânzanic A.M.V., Ryde U., Silaghi-Dumitrescu R., J. Inorg. Biochem. 2020, 203:110928. 

2 Brânzanic A.M.V., Ryde U., Silaghi-Dumitrescu R., Chem. comm. 2019, 55:14047ï14049. 

3 Derevenôkov I.A., Salnikov D.S., Silaghi-Dumitrescu R., Makarov S.V, Koiffman O.I., Coord. Chem. Rev. 2016, 309:68ï83. 

4 Lehene M., Plesa D., Ionescu-Zinca S., Iancu S.D., Leopold N., Makarov S.V., Br©nzanic A.M.V, Silaghi-Dumitrescu R., Inorg. 

Chem. 2021, 60:12681ï12684. 
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Laccases are oxidoreductases belonging to the multinuclear copper-containing oxidases. The overall 

outcome of their catalytic cycle is the reduction of one molecule of oxygen to two molecules of water 

and the concomitant oxidation of four substrate molecules to give four radicals. [1]  

Typical substrates of laccases are phenols and aliphatic or aromatic amines, the reaction products 

being mixtures of dimers or oligomers derived by the coupling of the reactive radical intermediates. 

For instance, these biotransformations have been exploited to isolate new dimeric derivatives of 

natural phenolic derivatives (resveratrol and its analogues, chalcones, ɓ-estradiol, totarol). [2] In these 

studies, a significant influence of the solvent on the reaction outcomes has also been observed. [3] 

In other studies, we have described the use of laccase-catalyzed reactions for the selective 

hydroxylation of ergot alkaloids and for the synthesis of the bisindole alkaloid anhydrovinblastine, 

[4] and more recently the outcomes of the oxidation of aromatic amines. [5] 

Additionally, laccases oxidation of non-phenolic groups, particularly benzyl and primary alcohols, is 

also possible thanks to the ancillary action of the so-called ñmediatorsò (i.e., TEMPO, HBT, ABTS), 

accordingly, a series of sugar derivatives and of natural glycosides have been oxidized. [6] 

 
1. a) Riva S., Biotechnol. 2006, 24:219-226; b) Bassanini I., Ferrandi E.E., Riva S., Monti D., Catalysts. 2021, 11:26. 

2. a) Nicotra S., Cramarossa M., Mucci A., Pagnoni U., Riva S., Forti L., Tetrahedron 2004, 60:595; b) Nicotra S., Intra A., Ottolina 

G., Riva S., Danieli B., Tetrahedron-Asymmetry, 2004, 15:2927; c) Ponzoni C., Beneventi E., Cramarossa M., Raimondi S., Trevisi 

G., Pagnoni U., Riva S., Forti L., Adv. Synth. Catal., 2007, 349:1497; d) Ncanana S., Baratto L., Roncaglia L., Riva S., Burton S., 

Adv. Synth. Catal. 2007, 349:1507; e) Gavezzotti P., Navarra C., Caufin S., Danieli B., Magrone P., Monti D., Riva S., Adv. Synth. 

Catal., 2011, 353:2421; f) Navarra C., Gavezzotti P., Monti D., Panzeri W., Riva S., J. Mol.Catal. B-Enzymatic, 2012, 84 :115; g) 

Gavezzotti P., Bertacchi F., Fronza G., KŚen V., Monti D., Riva S., Adv. Synth. Catal., 2015, 357:1831; h) Bassanini I., DôAnnessa 

I., Costa M., Monti D., Colombo G., Riva S., Org. Biomol. Chem., 2018, 16:3741; i) Grosso S., Radaelli F., Fronza G., Passarella 

D., Monti D., Riva S., Adv. Synth. Catal., 2019, 361: 2696. 

3. Intra A., Nicotra S., Riva S., Danieli B., Adv. Synth. Catal., 2005, 347: 973. 

4. a) Chirivì C., Fontana G., Monti D., Ottolina G., Riva S., Danieli B., Chem. Eur. J., 2012, 18:10355; b) Sagui F., Chirivì C., Fontana 

G., Nicotra S., Passerella D., Riva S., Danieli B., Tetrahedron, 2009, 65:312.  

5. Bassanini I., Grosso S., Tognoli C., Fronza G., Riva S., Int. J. Mol. Sci., 2023, 24:3524.  

6. a) Marzorati M., Danieli B., Haltrich D., Riva S., Green Chem., 2005, 7: 310; b) Baratto L., Candido A., Marzorati M., Sagui F., 

Riva S., Danieli B., J. Mol. Catal. B-Enzymatic, 2006, 39:3. 
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In recent years, main group metals have emerged as viable alternatives to more traditional, and 

sometimes more toxic, transition metals for a range of applications in organic chemistry, for instance 

as homogeneous catalysts for a variety of metal-mediated transformations or for site-selective 

functionalisations.  

Our group has been involved for nearly 15 years in the design of highly reactive, electron-deficient 

complexes based on main group metals that have often been overlooked, e.g. the large alkaline earths 

(Ca, Sr and Ba), tetrels (Sn, Pb) and pnictogens (Sb, Bi). In this lecture, the synthesis of a suite of 

unusual, highly electrophilic complexes based on these elements will be detailed. Their applications 

as molecular catalysts for dehydrocoupling reactions and for C-H activation processes will be 

discussed.  
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2. Angew. Chem. Int. Ed. 2018, 57:11747 

3. Angew. Chem. Int. Ed. 2020, 59: 9120 

4. Chem. Sci. 2021, 12:7098 

5. Dalton Trans. 2021, 50:9021 
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Proteoglycans (PGs) represent a group of proteins covalently linked to sulfated linear O-glycan chains 

called glycosaminoglycans (GAGs), primarily expressed in the extracellular matrix where they are 

responsible for crucial biological events and implicated in various interactions as well as the onset 

and/or progression of severe pathologies. [1] Although the majority of PGs contain N-glycans as well, 

GAGs represent more than a half of the PG molecular weight, hence, the properties and biological 

activities of proteoglycans are given by their glycosaminoglycans.  

Among GAGs, chondroitin sulfate (CS) and dermatan sulfate (DS) are found in a variety of PGs with 

an extensive expression in mammalian tissue. CS is composed of glucuronic acid-(ɓ-1,4)-N-

acetylgalactosamine-(Ŭ-1,4) disaccharide repeats, usually sulfated at GalNAc; however, during the 

biosynthesis, the sugar moieties may undergo modifications, thus, the glucuronic acid (GlcA) can be 

epimerized to L-iduronic acid (L-IdoA), to yield dermatan sulfate (DS). Hence, hybrid chains, in 

which DS sequences are randomly interspersed among CS motifs of regular and irregular sulfation 

patterns occur. This structural diversity gave rise to efforts for development of efficient analytical 

methods, among which, in the last decade, mass spectrometry (MS) contributed the most to the 

progress of the field. [2,3]  

In this context, we report here on the development of ion mobility (IMS) MS and MS/MS for profiling 

and detailed structural analysis of CS/DS and the introduction of this approach in glycomics of CS/DS 

from human decorin (DCN) and biglycan (BGN). The CS/DS chains were released by ɓ-elimination, 

depolymerized using specific lyases, fractionated by size-exclusion chromatography and 

subsequently subjected to detailed compositional and structural analysis by IMS MS and MS/MS. 

The present protocol, connecting IMS separation, MS screening and tandem MS, allowed: i) the 

discrimination of isobaric species by their separation according to the mobilities of their 

corresponding ions; ii) the detection in the CS/DS domains of DCN and BGN of novel over- and 

undersulfated sequences which, in view of their sulfation status are, more likely, biologically active, 

and iii) a detailed structural analysis including the identification of CS/DS sulfation code. The 

optimized IMS CID MS/MS provided a series of diagnostic fragment ions crucial for the 

characterization of the misregulations, which occurred in the sulfation pattern of CS/DS motifs in 

DCN and BGN.  

Our approach, based on an integrated technique, offered the structural analysis of CS/DS species, at 

ultrahigh sensitivity, in a single run, in high-throughput mode. By performing an online separation, 

mass analysis and fragmentation on a single instrument, IMS MS was able to cut across the traditional 

methodologies existing in MS-based glycosaminoglycomics, which assume physical coupling of 

separation instruments to MS, with the entire arsenal of shortcomings that accompany such 

procedures. Considering these results, we believe that the present concept addresses to a better extent 

the needs of glycosaminoglycomics for faster, more reliable and more sensitive methodologies on 

one side and a few of the many questions still open, related to the structure and sulfation status of 

biologically active CS/DS domains.   
 
1.  Vallet S.D., Clerc O., Ricard-Blum S., J. Histochem. Cytochem. 2021, 69:93-104. 

2.  Zappe A., Miller R.L., Struwe W.B., Pagel K., Mass Spectrom. Rev. 2022, 41:1040-1071. 

3.  Zamfir A.D., Methods Mol. Biol. 2022, 2531:163-184. 
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On the last decades, bioactive glasses have attracted great attention due to their ability to stimulate 

the body's own repair process called "osteostimulation". [1,2]  One important class of these porous 

non-crystalline solids are the borosilicates which possess a fast decomposition and adsorption rate in 

the human body. [3-5] In order to extend the knowledge on the correlation between biological activity 

and the borosilicate materials structural properties, a bunch of Ca(II) containing hybrid borosilicate 

aerogels have been designed, prepared and investigated systematically. Moreover, an in-depth 

structural characterization has been done, taking in account the effect of the used Ca(II) sources 

(CaCl2, ɓ-Ca3(PO4)2 and Ca10(PO4)6(OH)2) and PVA (mw: 13000, 49000, 83000). Complementary 

characterization method was employed to obtain information about the chemical structure (FT-IR 

spectroscopy and solid state NMR), textural properties (N2 sorption and SANS), morphology (TEM 

and SEM), elemental analysis (EDS), X-ray diffraction and zeta potential. The applicability of the 

hybrid aerogels in the field of bone regeneration was tested by viability and proliferation of 

mesenchymal stem cells.  

 
1. Ferraris S., Corazzari I., Turci F., Cochis A., Rimondini L., Spriano S., Massera J., Vernè E., Adv. Funct. Mater. 2023, 25:2200978. 

2. Del Cerro P.R., Teittinen H., Norrbo I., Latusaari M., Massera J., Petit L., Biomed. Glas. 2020, 6:1ï9. 

3. Md Zain S.K., Sazali E.S., Mohd-Noor F., Yaacob S.N.S., J. Phys. Conf. Ser. 2021, 1892:012030. 

4. Qiu D., Zhou P., Kang J., Chen Z., Xu Z., Yang H.,Tao J., Ai F., Biomed. Mater. 2022, 17:065023. 

5. Tian P., Zhao L., Kim J., Li X., Liu C., Cui X., Liang C., Du Y., Chen X., Pan H., Bioact. Mater. 2023, 26:231ï248. 
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Host-guest pairs (H:G) offer attractive noncovalent binding motifs for constructing diversified 

supramolecular systems (e.g., rotaxanes), molecular machines, and self-assembled materials. In 

recent years, our research group has been interested in the design and development of water-soluble 

photoresponsive host-guest binding pairs, envisioning potential applications in biology and materials 

science. [1ï5] We have developed and characterized photoswitchable dithienylethene (DTE) ï 

cucurbit[n]uril (CBn) supramolecular systems with sub-picomolar affinities that can be exploited for 

drug delivery (Figure 1). [1ï3] In a different approach, using as guests our groupôs well know 

flavylium/chalcone photoswitching pair, [4, 5] we have developed pseudorotaxanes, [6, 7] and 

supramolecular polymers based on homoternary HG2 complexes, these latter exploited as 

photorheological fluids. 
 

 

Figure 1. Light-controlled binding and release of a steroidal drug from a cucurbituril receptor  

using a DTE as a competitor with photocontrolled affinity. 

 
Acknowledgements. This work has received funding from the European Unionôs Horizon 2020 research and innovation 
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UIDP/50006/2020). 
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G protein-coupled receptors (GPCRs) represent a prominent class of cell surface receptors, with over 

800 members in humans, each responding to diverse ligands, including neurotransmitters, hormones, 

ions, and photons. They function as molecular switches, initiating intricate intracellular signaling 

cascades upon ligand binding. Given their ubiquitous presence in various physiological processes, 

GPCRs have emerged as crucial therapeutic targets in drug discovery, with more than 30% of the 

FDA-approved drugs targeting them as agonists or antagonists [1, 2]. 

The dynamic conformational changes within GPCRs serve as a central hub for transmitting 

extracellular signals into intracellular responses. Consequently, targeting GPCRs with small 

molecules or biologics has proven to be an effective strategy for modulating numerous physiological 

processes and treating various diseases, ranging from cardiovascular disorders to neuropsychiatric 

conditions. Moreover, the development of cutting-edge screening technologies, such as high-

throughput screening (HTS) and virtual library screening (VLS), has accelerated the identification of 

novel GPCR ligands. These approaches, combined with computational methods, have significantly 

expanded the repertoire of GPCR-targeting molecules and expedited drug discovery efforts. The 

chemistry aspect of GPCR targeting involves the rational design and synthesis of ligands that can 

selectively activate or inhibit these receptors. By implementing HTS and synthesis of ligands we 

identified and characterized GPCRs that are involved in the regulation of energy metabolism and 

demonstrated their in vivo relevance by employing genetically modified mouse models. Further 

studies entailing cellular biochemistry, molecular biology, and medicinal chemistry identified novel 

metabolites of arachidonic acids with opposing effects on vasculature and insulin metabolism [3-6].  

 
1. Hauser A.S., Chavali S., Masuho I., Jahn L.J., Martemyanov K.A., Gloriam D.E., Babu M.M., Cell 2018, 172:41-54 e19. 

2. Hauser A.S., Attwood M.M., Rask-Andersen M., Schiöth H.B., Gloriam D.E., Nat Rev Drug Discov 2017, 16:829-842. 

3. Tunaru S., Kero J., Schaub A., Wufka C., Blaukat A., Pfeffer K., Offermanns S., Nat Med 2003, 9:352-355. 

4. Tunaru S., Chennupati R., Nüsing R.M., Offermanns S., PloS one 2016, 11:e0163633. 

5. Tunaru S., Bonnavion R., Brandenburger I., Preussner J., Thomas D., Scholich K., Offermanns S., Nat. Commun. 2018, 9:177. 

6. Tunaru S., Althoff T.F., Nüsing R.M., Diener M., Offermanns S., Proc. Natl. Acad. Sci. U S A. 2012, 109:9179-9184. 
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In recent years, this issue has become increasingly relevant and is set by the media and the public. In 

May 2023, the WHO declared the end of COVID-19 global health emergency pandemic, but warned 

that the next pandemics are ñknocking on the doorò and we must be prepared for them. This is 

especially true for us ï the scientists, on whom the entire society relies to find quick and adequate 

solutions to medical crises.  

The purpose of our presentation is to summarize the main challenges to the development of antiviral 

agents.  

They are related to the nature of viruses, the peculiarities of their structure and life cycle; as well as 

testing their activity in preclinical studies in cell cultures and animal models. These include the simple 

structure of viruses, their dependence on cell infrastructure and physiology, which makes targeting 

virus-specific molecules and processes difficult, and the genetic variability of these infectious agents. 

These obstacles can only be overcome by the joint efforts of chemists, biologists, doctors and 

pharmaceutists. What are the viruses that attract the attention of the scientific and medical community 

today? Do we need to have antiviral agents if vaccines are available and vice versa? Can artificial 

intelligence help us? Examples of antivirals against influenza, HIV, SARS-CoV-2 and hepatitis 

viruses will be discussed. 

The presented interdisciplinary topic will provide an opportunity to discuss one of the leading 

scientific, medical and social challenges of our time - the fight against viral infections; will contribute 

to the next steps in the combined efforts of the biomedical and chemical scientific community to 

overcome it. 

 

Keywords: viruses, antiviral agents, drug resistance, vaccines 

 
Acknowledgments. Supported by Grant ʂʇ-06-ʅ33/2 from 13 December 2019, National Science Fund, Ministry of 

Education and Science, Bulgaria 
  

mailto:rialexandrova@hotmail.com


15 th  Edition of the Conference òNew Trends in Chemistry Research ò,  September, 21- 22, 2023 , Timisoara, ROMANIA  

 

28 

 

ANTIMICROBIAL PEPTIDES AND THEIR POTENTIAL IN BIOMEDICAL 

APPLICATION  
 

Dana-Maria COPOLOVICI 1, Andreea GOSTŀVICEANU1,2, Dana Gina RADU1, Cristian 

MOISA 1, Andreea LUPITU1, Simona GAVRILAķ1, Dorina CHAMBRE 1, Claudia 

MUREķAN1, Alina ZAMFIR 1, Lucian COPOLOVICI 1 

 
1 Aurel Vlaicu University, Faculty of Food Engineering, Tourism, and Environmental Protection; 

and Institute for Research, Development, and Innovation in Technical and Natural Sciences, 

Romania, 2 Elena Dragoi St., Arad, 310330, Romania,  
2 University of Oradea, Biomedical Sciences Doctoral School, University St., Nr. 1, 410087, 

Oradea, Romania  

dana.copolovici@uav.ro 

 

Antimicrobial peptides (AMPs) possess unique properties that make them valuable tools for studying 

membrane structure and function and promising candidates for therapeutic applications. [1, 2, 3, 4] 

AMPs exhibit diverse structural features, including amphipathic structures and specific amino acid 

residues, enabling selective interaction with multiple membranes. Their mechanisms of action involve 

disrupting lipid bilayers through different pathways, depending on peptide properties and membrane 

composition. [1] We present the development of six newly designed AMPs based on buforin II 

sequence with low toxicity to normal human cells and high antimicrobial activity against bacterial 

strains tested. Exploring AMPs holds promise for developing novel therapeutic strategies against 

infections, cancer, and drug delivery challenges. [1, 2, 3, 4, 5] 
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In the quest for a sustainable future, environmental remediation techniques play a pivotal role in 

mitigating pollution and safeguarding our ecosystems. Among the diverse array of materials 

available, zeolites have emerged as promising candidates for addressing environmental challenges. 

[1] With their unique properties, zeolites offer the potential to close the loop of remediation by 

effectively removing pollutants from aqueous solutions taking into account toxicity effects behind 

remediation procedure. [2] This contribution focuses on exploring the application of zeolites in the 

removal of pesticides and other contaminants, highlighting their pivotal role in environmental 

remediation. 

Zeolites and porous materials possess well-defined pore structures, large specific surface areas, and 

negatively charged frameworks. These features offer opportunities for incorporating various 

functionalizing phases to enhance their performance and enable tailored removal of specific 

contaminants. The combination of zeolites with functional materials, such as heteropoly acids/salts 

[3, 4], functional carbons [5], and conducting polymers [6, 7], has resulted in synergistic effects, 

enhancing the adsorption capacity, catalytic performance, and overall environmental applicability of 

these composites. Moreover, the incorporation of antibacterial agents into zeolite composites has 

shown promise in tackling microbial contamination in water systems. [8] 

Furthermore, spent zeolite adsorbents require regeneration and/or reuse. After reaching their 

adsorption capacity, zeolites can be subjected to regeneration processes, such as thermal treatment 

[9], desorption, or solvent extraction or they can be further treated to produce novel materials for 

electrochemical applications. [10] The reuse in subsequent remediation cycles and the onset of new 

applications minimize waste generation and promote resource efficiency. 

By harnessing the unique properties of zeolites, we can pave the way for efficient and sustainable 

solutions to addressing environmental pollution challenges. Understanding the adsorption 

mechanisms, catalytic and regeneration processes, and the subsequent reuse of zeolites is crucial for 

developing effective remediation strategies and achieving a cleaner and healthier environment. 
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Hepatitis C Virus (HCV) infects 55 million people worldwide. Although major breakthrough has 

been done in the standard of care by clinical use of direct acting antivirals, there are still infections 

which may not be reversed from their evolution to liver cirrhosis and hepatocellular carcinoma. Thus, 

understanding further host-pathogen interaction is needed beyond fundamental research reasons. 

Moreover, the incidence of HCV infection is increasing justifying the quest for a HCV vaccine. 

Herein, we will present several chemical biology tools developed to help address the above-

mentioned problems.  

To image the HCV assembly process, we have used genetic labeling at tetracysteine tags. Real-time 

imaging techniques have been complemented by interactomic proteomics in HCV cell culture system. 

New chemical probes which target active cysteine proteases were designed and tested. For a more 

efficient glycoprotein purification a new polyaminopolycarboxilic probe was designed. To identify 

new antiviral compounds, a targeted compound library was selected by chemoinformatic techniques.  

Using these tools, new endogenous proteins involved in HCV assembly process were identified and 

dynamics of HCV core and NS5A proteins were monitored in living cells. A more efficient HCV E2 

protein purification was accomplished using the new chelator probe. New chemical scaffolds were 

identified against NS2 protease which are able to inhibit HVC replication.  

Chemical biology will be instrumental in molecular virology research for target identification and 

validation, antiviral drug screening and vaccine development. 
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Although hydrogen is a zero-emission energy carrier, its current global production still heavily relies 

on fossil fuels. Current momentum on renewable energy and environmental remediation is 

unprecedented because of fast climate change. We all know that the world is hurrying up to achieve 

the United Nations Sustainable Development Goals (SDGs) by 2030 without pausing even during the 

COVID-19 pandemic. One of the important SDGs is Goal 7: Affordable and Clean Energy. As a 

replica of natural photosynthesis, a semiconductor-based artificial photosynthetic system is regarded 

as one of the most economically viable, highly efficient, and environmentally benign chemical 

processes to generate green hydrogen energy from solar water splitting. [1-2] However, to harness 

solar energy efficiently, it is necessary to enhance the visible-light-driven photocatalytic performance 

of the existing materials and to discover novel visible-light-active materials. Mixed-anion compounds 

offer new opportunities in this regard. As a 600 nm-class photocatalyst, BaTaO2N has received 

particular attention due to its small bandgap (Eg = 1.9 eV), suitable band edge positions for visible-

light-induced water splitting, chemical stability, and nontoxicity. [3] BaTaO2N is routinely 

synthesized by a two-step method: (i) the synthesis of a corresponding oxide precursor and (ii) its 

high-temperature nitridation under an NH3 atmosphere for a prolonged period. This two-step method 

leads to the formation of various defects that negatively affect the water splitting performance. 

Therefore, we have (i) applied an NH3-assisted direct flux growth approach to reduce the defect 

density of BaTaO2N, (ii) engineered the bandgap by cation substitution, and (iii) explored the effects 

of the altered morphology, size, and porosity on the visible-light-induced water oxidation activity and 

photoelectrochemical performance of BaTaO2N. The findings revealed that the photocatalytic 

activity and photoelectrochemical performance of BaTaO2N were significantly influenced by its 

morphology, size, porosity, substituent type, and substitution concentration. Particularly, the 

BaTaO2N crystal structures obtained by nitridation of oxide precursor without KCl flux exhibited a 

higher surface area and high anodic photocurrents compared to the BaTaO2N crystal structures 

obtained by nitridation of oxide precursor with KCl flux due to the high number of dangling bonds 

acted as nucleation centers for the highly dispersed CoOx cocatalyst nanoparticles. Also, an NH3-

assisted direct flux growth approach reduced the density of intrinsic defects in BaTaO2N crystals, 

leading to a substantial enhancement in water oxidation activity. The Mg-substituted BaTaO2N and 

Al -substituted BaTaO2N independently exhibited the highest amounts (in 5 h) of evolved O2 (503.6 

ɛmol) and H2 (117.4 ɛmol), respectively, whereas the Zr-substituted BaTaO2N showed the high 

photocatalytic activities in both O2 (446.8 ɛmol) and H2 (80.4 ɛmol) half-reactions due to the altered 

potentials of the valence and conduction bands and an increased density of charge carriers. 

 
1.   Nozik A.J., Annu. Rev. Phys. Chem. 1978, 29:189ï222.  

2.   Gratzel M., Nature 2001, 414:338ï344. 
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Heteroaylazo compounds [1] have been recently reported as a promising class of photoswitches. [2] 

Initially developed as alternatives to the widely known azobenzenes in order to overcome their major 

drawbacks, such as such as incomplete conversion between the isomers or rather short half-life of the 

least stable isomer, the field of heteroayl azoswitches has steadily grown, each heterocycle reported 

in the structure displaying novel features. However, there are still unanswered questions regarding 

their structures, properties and mechanisms of actions relationships. 

The presentation refers to work regarding novel (hetero)arylazo compounds involving various azole 

moieties [3] moieties (i.e. 1,3,4-oxadiazole, 1,3,4-thiadiazole, pyrazole) from synthesis to study of 

the main parameters that characterise a photoswitch. In the design of the compounds, we considered 

grafting the heterocyclic cores with functional groups known for providing enhanced features (i.e. 

fluorine). Besides thorough structural characterisation of the new compounds (e.g. NMR, XRD), we 

used UV-Vis and NMR spectroscopies to determine the absorption properties, photostationary states, 

fatigue resistance and thermal stability of the metastable isomer at irradiation. Our results indicated 

interesting behaviour of the compounds with respect to previously reported structures, with 

improvements in band separation or thermal stability.  

 
Aknowledgments. This work was supported by a grant of the Romanian Ministry of Education and Research, CNCS - 

UEFISCDI, project number PN-III -P1-1.1-TE-2019-1003 and PN-III -P2-2.1-PED-2021-2529, contract 609/PED, within 

PNCDI III. The University of Bucharest - UniRem project is also gratefully acknowledged. 
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Water and sunlight are often regarded as the most pristine, highly sustainable, and plentiful resources 

available on our planet. Photocatalysts have the capability to harness solar energy and facilitate the 

decomposition of water into its elemental components, namely oxygen and hydrogen. The latter refers 

to a type of environmentally friendly fuel that is now being developed as a potential substitute for 

fossil fuels. Its purpose is to mitigate carbon dioxide emissions. 

The pursuit of cost-effective and scalable photocatalysts with exceptional stability for hydrogen 

generation has been a longstanding aspiration of the scientific community. However, despite 

extensive efforts, there are presently no commercially accessible materials that satisfy all the 

necessary criteria for widespread implementation. These criteria include high light quantum 

efficiency, stability, safety, and affordability. From a cost analysis standpoint, the production of H2 

using photocatalysis is now projected to have a cost of ~ $10 per kilogram, with the primary cost 

driver being the photocatalyst itself. Simultaneously, the production of H2 using fossil fuel 

reformation, which is considered environmentally unsustainable, incurs a cost of around $1 per 

kilogram. In order for photocatalysis to achieve competitiveness, a significant reduction in its price 

is necessary, on the order of magnitude or greater. This reduction is crucial for the realization of a 

solar-H2 world economy. 

Based on these premises, in this study [1], we provide findings on the synthesis of one-dimensional 

lepidocrocite-based sub-nanofilaments (NFs) with a cross-section of around 5 × 7 Å2. These NFs 

have the ability to produce H2 when exposed to simulated sunlight in a combination of water and 

methanol (80:20 v/v). The NFs exhibited stability when kept in such mixtures for durations exceeding 

4,300 hours, with 300 hours of the period involving irradiation. Quantum yields reaching a notable 

magnitude of 11.7% were successfully achieved. 

Based on the findings obtained from the analysis of deuterated water, it can be inferred that water 

serves as the source of H2. Moreover, the analysis did not reveal any presence of CO2 resulting from 

the process of photocatalytic destruction of methanol. Hence, these novel materials demonstrate the 

necessary characteristics of an efficient photocatalyst, including proficient charge separation, rapid 

charge transfer, and notably, enduring stability in aqueous surroundings. The findings of this study 

provide novel opportunities for investigating energy generation systems utilizing one-dimensional 

NFs derived from inexpensive, environmentally safe, and widely available source materials through 

a straightforward, cost-effective, and easily scalable synthesis approach. 
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Novel nitronyl nitroxid ligands, HL1 and HL2, have been synthesized starting from 2-hydroxy-3-

(hydroxymethyl)-5-methylbenzaldehyde (HLa) and 2,6-diformyl-p-cresol (HLb), respectively, [1] 

following the synthetic protocol reported in the literature. [2] Using the ligand HL1, three 2p-4f 

binuclear complexes, [Ln2(L1)2(hfac)4], have been obtained and characterized, where Ln = Gd, Tb, 

Dy and hfac = hexafloroacetylacetonate anion (Figure 1a). [3] Moreover, 2,6-diformyl-p-cresol (HLb) 

can be used to obtained the corresponding diradical. Its synthesis and crystal structure are known in 

the literature, [4] and, more recently, a copper trinuclear complex has been reported. [5] In this work 

we show that the monoradical HL2 can be also synthesized and further employed as a ligand. 

  

Figure 1 Perspective view of the 

molecular structures of (a) 

[Ln2(L1)2(hfac)4] and (b) 

[Ln2(L2)2(hfac)4] (monoclinic crystal 

system). Florine and hydrogen atoms 

have been omitted for clarity. (c) 

Structures of HLa and HLb aldehydes. 

Hence, a new family of of 2p-4f binuclear complexes, [Ln2(L2)2(hfac)4], has been obtained and 

characterized bearing similar features (Figure 1b). X-ray diffraction studies on single crystal and on 

powder reveal that these compounds present polymorphism as they are crystalizing both in a 

monoclinic and a triclinic crystal system. Due to the fact that HL2 has a free formyl group, Schiff 

bases with primary amine could be formed, enhancing the number of heteroatoms from the molecule 

available for coordination. Thus, several diradicals have been synthesized using 1,3-diaminopropane, 

2,2ǋ-(ethylenedioxy)bis(ethylamine), 4-amino-TEMPO. A tripodal triradical has been synthesized 

using tris(2-aminoethyl)amine, and it was characterized via X-ray diffraction on single crystal. The 

polydentate paramagnetic ligands have been reacted with different 3d and 4f 

hexafluoroacethylacetonato complexes giving rise to mono- and oligonuclear complexes with 

exciting properties. 

 
1. (a) Xie R.G., Zhang Z.J., Yan J.M., Yuan D.Q., Synth. Commun. 1994, 24:53-58; (b) Serra S., Alouane A., Le Saux T., Huvelle 

S., Plasson R., Schmidt F., Jullien L., Labruère R., Chem. Commun. 2018, 54:6396-6399. 

2. (a) Osiecki J.H., Ullman E.F., J. Am. Chem. Soc. 1968, 90:1078ï1079; (b) Ullman E.F., Call L., Osieki J.H., J. Org. Chem. 1970, 

35:3623ï3631; (c) Ullman E.F., Osiecki J.H., Boocock D.G.B., Darcy R., J. Am. Chem. Soc. 1972, 7049ï7059; (d) Luneau D., Eur. 

J. Inorg. Chem. 2020, 1ï9; (e) Spinu C.A., Pichon C., Ionita G., Mocanu T., Calancea S., Raduca M., Sutter J.P., Hillebrand M., 

Andruh M., J. Coord. Chem. 2021, 74:279ï293. 
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Cucurbit[n]urils (CBn) became popular macrocyclic receptors in supramolecular chemistry because 

they can recognize complementary guest molecules with high affinity in aqueous environments. CBn 

selectively bind positively charged guest molecules, including ionizable ammonium cations which 

frequently display much higher affinity than their neutral counterparts. This selectivity for the 

protonated species is translated into an increase in the basicity of encapsulated guest: in other words, 

CBn stabilize the protonated form of guest molecules and then increase the pKa value of the conjugate 

acids of amines. [1ï3] Despite being very rare, negative pKa shifts can be observed for specific guests. 

Following a previous work from our group [4] reporting slightly negative pKa shifts for flavylium 

and chalcone dyes featuring N-diethylamino substituents (ȹpKa = ī 0.2), in this communication we 

report a systematic study on the complexation of N-dialkylaminochalcones with CB7. The results 

show that the pKa shifts of these host-guest complexes can be rationally tuned by the nature of the N-

dialkylamino groups and also by target substitutions on the skeleton of the dye, allowing design of a 

CB7 1:1 host-guest complex with a ȹpKa = ī 0.6 (Figure 1). 

 

 

Figure 1. Schematic representation of the complexations of N-dialkylaminochalcones with CB7 and 

their corresponding pKa shifts observed by our group.  
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Products of microbial origin in combination with para-aminobenzoic acid (PABA) derivatives can be 

the basis for organic farming and plant resistance to unfavorable environmental factors inducing, as 

well as for the crop yield increasing. The article presents the results of the study of efficiency of fruit-

cultures and potato plantations treatment with aqueous suspensions of entomopathogenic bacteria 

Bacillus thuringiensis subsp. kurstaki and Bacillus thuringiensis var. thuringiensis with addition of 

para-aminobenzoic acid derivatives solutions in concentrations 10-2, 10-4, 10-6 mol/l. An increase in 

the average weight of fruits and tubers and a reduction in disease and insect damage were observed 

in all variants of the experiment compared to the control. The studied derivatives exhibited higher 

biological activity at the lower concentration than PABA. The best trial was treatment with a mixture 

of Bacillus thuringiensis subsp. kurstaki with the addition of an aqueous solution of PABA at 

concentrations of 10-4 and 10-6 mol/l. It was shown that the use of Bacillus spp. with the addition of 

the para-aminobenzoic acid derivatives solutions, leads to an improvement in the functional state of 

plants, contributing to the activation of the active resistance mechanisms to the action of the stress 

factors. The results obtained demonstrate the possibility of using entomopathogenic bacteria in a tank 

mixture with PABA for the creation of biological preparations as alternatives to pesticides and the 

development of biological methods of plant protection. 
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The production of activated carbons (ACs) starting from economic precursors using eco-sustainable 

synthesis processes appears to be a particularly interesting research field nowadays [1], allowing the 

reintroduction of waste materials into the economic system, transforming them into a new resource.  

Peach pits represent an interesting possibility for the production of ACs through synthesis processes 

with low environmental impact. The resulting activated carbons, in fact, show interesting 

nanostructure in terms of specific surface area (SBET), total pore volume (VT) and an excellent 

microporosity that make them functional for a wide range of applications, such as supercapacitors, 

gas storage (e.g. H2, CH4, CO2 etc.), filters, sensors, etc. In the present experimental work, ACs were 

produced by pyrolysis, through two main phases, i.e. carbonization and physical activation of the raw 

material [2]. The main goal was to study how the key process parameters (gas type and temperature) 

and the starting form of biomass influence the structural properties and, consequently, the hydrogen 

adsorption capacity. Chemical and morphological properties were investigated through different 

energy dispersive x-ray (EDX) analysis, Fourier-transform infrared spectroscopy (FTIR), scanning 

electron microscopy (SEM) while textural features and H2 adsorption capacities were determined 

using volumetric techniques. All porous carbons derived from peach pits through the optimization of 

synthesis process own high specific surface area up to 1317 m2/g, total pore volume up to 0.6 cm3/g 

with microporosity percentage (< 2nm) between 85-100% and excellent H2 adsorption capacity at 

low pressure (wt% =1.85 at 77 K and 1 bar). 

 

Figure: Left ï Scanning electron microscope image of PPAC_POW_CO2_973 sample on a 2 mm 

scale; Right - H2 adsorption isotherms at 77K up to 1 bar. 
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While tomato (Solanum lycopersicum) is one of the most produced vegetables in the world, with 189 

million tons in 2021 [1], itôs processing also produces large amounts of waste that can be further 

recycled. Waste composition and its evolution in time can be characterized by NMR metabolomics.  

Metabolomics is a rapidly emerging field that studies the small molecules (metabolites) 

biosynthesized in a living organism. For metabolomic studies there are two main techniques broadly 

used, i.e., Mass Spectrometry (MS) and Nuclear Magnetic Resonance Spectroscopy (NMR) [2]. NMR 

can provide quantitative information on the targeted metabolites while also providing an untargeted 

profile of the sample with a minimum sample preparation prior to analysis. 

Although there are studies done on the characterization of tomatoes varieties [3] and during various 

growth stages [4], to our knowledge there are no metabolomic studies regarding tomato juice 

degradation.  

This study follows the concentration profiles of 26 metabolites during a period of 224 days in various 

simulated conditions. The presentation will focus on ɔ-aminobutyric acid (GABA) (Figure 1) in 

degrading tomato juice monitored by NMR spectroscopy.  

 

Figure 1. analysis of ɔ-aminobutyric acid during tomato juice degradation in various conditions 

shown different concentration profiles that varied with oxygen. 

 

Figure 1. ɔ-aminobutyric acid concentration (mmol/L) evolution during tomato degradation in aerobic 

(DA) and anaerobic (IA) condition. 
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In this work, a series of five flavylium spirolactone dyes were successfully synthesized and 

spectroscopically characterized. [1] Their acid-base behavior and abilities to evolve into leuco forms 

in certain media were studied by UV-Vis's absorption spectra. The thermochromic properties were 

evaluated in the presence of weak bases/acids and water-insoluble solvents. The thermochromic dyes 

were encapsulated through an in-situ polymerization process using an appropriate surfactant as an 

emulsifier agent and a resin as a shell coating of the emulsion droplets. This leads to the synthesis of 

thermochromic pigments. The spirolactone flavylium dyes were used as colour formers. Weak bases 

and acids were used as colour developers, and different co-solvents as phase change materials. The 

encapsulated materials were printed on a self-adhesive matt inkjet paper, Figure 1. These printed 

films are visual thermal sensors (which fall in the definition of smart labels) for the industry of 

temperature indicators where cold chain market is targeted. [2, 3] 
 

 

Figure 2. The experimental pathway that led to the development of reversible thermochromic smart 

labels. 
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Polymeric materials play a critical role in many current technologies. Particularly, the dynamic bonds 

introduce unique properties, such as self-healing and injectability, to materials and thus provide 

exciting opportunities for various future technologies. ñSignificant efforts have been made to 

synthesize a variety of dynamic linkers, creating a diverse library of materials. In addition to the 

development of new dynamic chemistries, fine-tuning of dynamic bonds has emerged as a technique 

to modulate dynamic properties.ò [1] This gives grounds for further research, both fundamental in 

materials science and applicative in various domains. [2] 

The imine bonds are often chosen for hydrogel manufacturing, being the key ingredient. The interest 

in these bonds in biomedical technologies relies on the two critical advantages of these systems: they 

are (1) injectable and (2) self-healing hydrogels. The former is a highly suitable solution for 3D 

printing and clinical challenges, since it is based on an in situ crosslinking reaction, which occurs 

fast, easyly and safe. The latter is most promising for cell encapsulation and tissue engineering 

applications. Our focus, however, has been on the controlled drug delivery and wound dressing. 

The active interest in hydrogels as a prime choice for modern applications is owing to their structural 

versatility, as well as their advanced performance, as numerous studies have revealed. Moreover, the 

hydrogels features are determined to a large extent by their polymeric components. The innate 

properties of natural polymers, i.e., proteins and polysaccharides, highly recommend them for 

medical applications. [3] 

Our report is an assessment of some of the most relevant aspects of imine-based hydrogels. First, we 

used our experience in polysaccharide and protein chemistry to tune the structure (and available 

moieties) of these polymers, with focus on the selective oxidation of polysaccharides (i.e., cellulose, 

pullulan, starch etc.). Second, we varied the hydrogels properties by optimizing the two fundamental 

components of the imine bond: the amine and the aldehyde. We tuned the amine/aldehyde ratio, the 

polymer components, and the crosslinking conditions. Therefore, various systems were obtained 

using selectively oxidized polysaccharides as aldehyde bearing component; for the amine bearing 

counterpart, we have explored compounds with low and high molecular weight, namely dopamine, 

chitosan and gelatin. Third, different characterization techniques were employed for structural (FTIR 

and NMR spectroscopy), morphologic (SEM) and functional evaluation (swelling, injectability etc.). 

From our point of view, based on literature reports and on our own achievements, the research on 

imine-based hydrogels is reaching a pinnacle and ongoing development of innovative chemical 

functionalization techniques can lead to materials with advanced properties suitable for biomedical 

applications. 
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Hydrogels are three-dimensional networks of crosslinked hydrophilic polymers capable of absorbing 

large amounts of water and have emerged as promising candidates for drug delivery applications due 

to their biocompatibility and their ability to preserve and deliver the activity of pharmacologically 

active compounds.[1] However, the existing hydrogels face challenges regarding biodegradability 

and potential toxicity of crosslinking agents, which often hinder their applicability in the biomedical 

field. Poly(2-isopropenyl-2-oxazoline) (PiPOx) recently emerged as a novel and versatile platform to 

develop advanced functional materials, showing high potential to be used in the development of 

hydrogels. [2-7] 

In this study, we explore the use of poly(2-isopropenyl-2-oxazoline) (PiPOx), a biocompatible 

polymer with favorable characteristics such as increased hydrophilicity, thermal stability, and 

immuno-modulative properties, to develop synthetic degradable hydrogel materials for drug delivery 

applications. PiPOx was crosslinked with natural, nontoxic dicarboxylic acids to obtain a library of 

hydrogels. Stability studies and drug release experiments were conducted in several simulated body 

fluids, to prove the versatility of the hydrogel material as a drug delivery system. The degradability 

of the hydrogels was assessed using various methods, demonstrating their potential for drug release 

under physiological conditions. Experimental results indicate successful modification reactions 

(crosslinking) and reveal the influence of the crosslinker's nature on hydrogel degradation. Moreover, 

the drug release rate was found to be influenced by the choice of the crosslinker. This study presents 

PiPOx-based hydrogels with tunable water uptake, drug release profile, and degradability, offering a 

promising approach for drug delivery applications. 
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Pesticides are heterogeneous chemicals widely used on farmland and private gardens, but also in 

some industries. Pesticide use is expected to increase based on world population growth and the need 

for more food supplies. Furthermore, many pesticides are chiral compounds and commercial products 

are mixtures of enantiomers, even though the enantiomers are known to usually have distinct 

biological activities. Consequently, it is necessary to evaluate the effects of pesticides taking into 

account their enantiomers and even their metabolites on both human health and the environment. In 

this study, some herbicides and fungicides are considered, and their effects on human health and the 

environment are evaluated taking into account their enantiomeric forms and combining a 

computational and an experimental approach. The experimental approach revealed that the pesticides 

studied usually decreased the activity of soil enzymes, changed the population structure of soil 

microorganisms and affected organisms living in the aqueous environment. The computational 

approach highlighted that the investigated pesticides were capable of producing multiple types of 

toxicity in humans and that enantiomers typically have distinct toxicological potential in humans and 

distinct interactions with soil enzymes. 
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 Magnesium is a mineral important for the good health of the organism as it contributes to keeping the 

heart rhythm and blood pressure in normal ranges as well as maintaining the bones strong. In addition 

to this, magnesium deficiency was correlated with higher inflammatory markers. There are also some 

medical drugs, particularly those used in treating acid reflux, known for lowering the magnesium 

level in organism.  

Recommended dietary magnesium doses for adults range between 300-450 mg/day. These doses may 

be easily filled up from natural foods including vegetables with leaves (e.g. spinach), nuts, beans, and 

whole-grain cereals [1]. However, there are currently several magnesium products available as food 

supplements or over-the-counter pharmaceuticals. These products include either magnesium alone as 

metallic ion, or in combination with other ions like calcium and zinc. Human use magnesium is 

conditioned either as inorganic salt (e.g. oxide, chloride, hydroxide, carbonate) or organic salts (e.g. 

citrate, orotate, lactate, aspartate) the organic ligands presumably enhancing the body absorption.  

High doses of magnesium and its organic ligands from supplements can interact with some medicines, 

including some types of antibiotics, and in some cases even with diagnosis of some disease.  

NMR metabolomics is an emerging field allowing simultaneous identification and quantitation of 

several metabolites in biological fluids. We have previously applied this technique for both 

pharmacokinetic studies [2] and medical diagnosis [3, 4]. 

The present study describes preliminary pharmacokinetic results on follow-up of an organic 

magnesium medicine by NMR metabolomics. Our findings show a total clearance of the organic 

ligand in 26 hours after a single dose of 1/3 of daily recommended quantity of the medicine.  
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Nowadays, the field of smart polymeric materials is witnessing a continuous expansion and 

undergoing studies focused on fulfilling three main requirements: functionality, adaptability, and 

autonomy. [1] Thus, new synthesis methods are being developed, while current ones are being 

adapted to synthesize materials that encompass all three characteristics. Generally, smart polymeric 

materials can be obtained by either polymerization of functional monomers or by post-polymerization 

reactions with functional moieties, while both methods come hand in hand with advantages and 

disadvantages. [2] The synthesis of functional monomers, although a straightforward approach to 

preparing functional polymers, can often be laborious, requiring advanced purification techniques, 

while post-polymerization reactions are dependent on reactive groups availability and organic 

functional precursors. 

2-Isopropenyl-2-oxazoline (iPOx) is a monomer with dual polymerizable groups, that can undergo 

cationic polymerization via the oxazoline ring, [3] and radical or anionic controlled polymerization 

via the isopropenyl group. [4] The first approach enables the preparation of a poly(N-acyl ethylene 

imine) with the retention of the vinyl functional group, while the second approach enables the 

preparation of well-defined poly(2-isopropenyl-2-oxazoline)s (PiPOx) with the retention of the 

oxazoline functional ring. PiPOx has recently emerged as a versatile platform to develop new 

functional polymeric materials based on the post functionalization chemistry between the oxazoline 

sidechain rings and (di)carboxylic acids. [4-7] The simple post-polymerization conditions, the high 

reactivity of iPOx units towards carboxylic acids, and the lack of catalysts and by-products generated 

during the reaction has inspired the herein monomer synthetic approach from iPOx. Therefore, an 

oversimplified bottom-up synthetic procedure to design functional monomers with both reactive 

polymerizable groups and stimuli responsive groups was developed from 2-isopropenyl-2-oxazoline. 

The reaction takes place in mild conditions with a high chemical rate and allows the design of diverse 

functional monomers based on the large number of commercially available carboxylic acids. Thus, 

monomers containing specific responsive units such as azobenzene, terpyridine, pyrene, 

indomethacin, and others, were obtained and characterized, while their responsive properties 

regarding different stimuli have been investigated. 
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5-bromosalicylaldehyde has a great potential of forming various ligands, due to the possibility of 

Mannich and Schiff functionalizations [1], as well as conversion of formyl groups into nitronyl-

nitroxide free stable radical moieties [2] (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

In this work, three Mannich reactions were conducted, starting from 5-bromosalicylaldehyde, 

resulting in simple, double, and triple condensation products. The amines employed were N-

methylpiperazine, piperazine, and tris[2-(methylamino)ethyl]amine. Further, Schiff bases were 

synthesized, using amines bearing one, two, or three NH2 groups, leading to compartmental ligands. 

Alternatively, the Mannich bases were also functionalized as nitronyl-nitroxide radicals, such ligands 

having paramagnetic properties. The new ligands have been characterized by NMR spectroscopy and 

mass spectrometry. Complexes of Mannich, Schiff-bases, and nitronyl-nitroxide radicals with Cu(II), 

Ni(II), and Mn(II) metal ions were obtained. Their structures were determined by single-crystal X-

ray diffraction measurements (Figure 2). 
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Figure 1. Functionalization of 5-bromosalicylaldehyde 

 
Figure 2. Coordination compounds of: a) a tripodal Mannich base with Mn(II); b) a imino-

nitroxide radical with Ni(II); c) a Schiff base with Cu(II). 




