
1 
 
 

 

Book of abstracts 
International Conference on Interfaces 

September 21st – September 25th 2021 – Santa Margherita di PULA (CA), Sardinia, 

Italy 

 

 

Università di Cagliari  

 
 

 



2 
 
 

COMMITTEES: 

Chairs: 

 

Tommy Nylander – Lund University (Sweden) 

Andrea Salis – University of Cagliari – CSGI (Italy) 

 

Scientific Committee: 

 

Björn Lindman – Lund University (Sweden) 

Francesca Baldelli Bombelli – Politecnico di Milano (Italy) 

Karen Edler – University of Bath (UK) 

Giovanna Fragneto – Institut Laue-Langevin (France) 

Emiliano Fratini – University of Florence (Italy) 

Krister Holmberg – Chalmers University of Technology (Sweden) 

Plinio Innocenzi – University of Sassari (Italy) 

Edmond Magner – University of Limerick (Ireland) 

Maria Miguel – University of Coimbra (Portugal) 

Chiara Neto – University of Sydney (Australia) 

Ulf Olsson – Lund University (Sweden) 

Marie Paule Pileni – Université Pierre et Marie Curie, Paris (France) 

Olle Söderman – Lund University (Sweden) 

Frederik Tiberg – Camurus (Sweden) 

 



3 
 
 

Organizing Committee: 

 

Piero Baglioni – University of Florence – CSGI (Italy) 

Massimo Bonini – University of Florence – CSGI (Italy) 

Cristina Carucci – University of Cagliari (Italy) 

Flaminia Cesare Marincola – University of Cagliari (Italy) 

Gerardino D’Errico – University of Naples – CSGI (Italy) 

Francesca Mocci – University of Cagliari (Italy) 

Maura Monduzzi – University of Cagliari – CSGI (Italy) 

Drew F. Parsons – University of Cagliari (Italy) 

 

 

 

 

 

 



4 
 
 

Table of Contents 
Daily program .................................................................................................................................................. 12 

Plenary lectures ............................................................................................................................... 19 

PL1 Françoise Brochard-Wyart ........................................................................................................................ 20 

Crossing boundaries from mesoscopic physics to biological functions: Aspiration and fusion from granules 

to multicellular hybrid aggregates................................................................................................................... 20 

PL2 Björn Lindman ........................................................................................................................................... 21 

Hydrophobic interactions control the self-assembly of DNA and cellulose .................................................... 21 

PL3 Joachim O. Rädler ..................................................................................................................................... 22 

How structure of mRNA lipid nanoparticles relates to gene expression kinetics at the single cell level - A soft 

matter perspective on LNP Mode of Action .................................................................................................... 22 

Keynote lectures .............................................................................................................................. 23 

KN1 Andrea Falqui ........................................................................................................................................... 24 

In situ STEM/EDS study of cation exchange reaction between diverse nanostructures ................................ 24 

KN2 Sergio E. Moya ......................................................................................................................................... 25 

Biological Fate of hydrid Nanocarries for drug delivery: Biodistribution, Degradation and surface 

Interactions of Nanomaterials in biological Environments. ............................................................................ 25 

KN3 Francesca Baldelli Bombelli...................................................................................................................... 26 

Fluorinated Branched Reporters as Innovative Bio-Tools in Medicine ........................................................... 26 

KN4 Giovanna Fragneto ................................................................................................................................... 27 

Planar lipid bilayers as model biological membranes for structural neutron studies. .................................... 27 

Oral presentations ............................................................................................................................ 28 

O1 .................................................................................................................................................................... 29 

Physico-Chemical Challenges in 2D and 3D Extrusion Printing of Composites, Polymeric Dispersions and 

Hydrogels ......................................................................................................................................................... 29 

O2 .................................................................................................................................................................... 30 

Perspectives of Carbon dots as efficient fluorescent nanomaterials. ............................................................. 30 

O3 .................................................................................................................................................................... 31 

Insights into biologically-relevant calciprotein particles: effect of stabilizing agents on the formation and 

crystallization mechanisms .............................................................................................................................. 31 

O4 .................................................................................................................................................................... 32 

Controlled decoration of plastic surfaces with gold nanostructures .............................................................. 32 

O5 .................................................................................................................................................................... 33 

3D printable magnesium-based cements towards the preparation of bioceramics....................................... 33 

O6 .................................................................................................................................................................... 34 

Polyphenols from Agri-Food Byproducts: meso- and nanoscopic determinants of the antioxidant activity . 34 



5 
 
 

O7 .................................................................................................................................................................... 35 

Spinel ferrite based magnetic heat mediator: effect of the different inorganic and organic coatings .......... 35 

O8 .................................................................................................................................................................... 36 

Instable vaterite microparticles – the effect of temperature on particles size and shape ............................. 36 

O9 .................................................................................................................................................................... 37 

Frontiers in potentiometry of metal-chelating ligands grafted on ordered mesoporous silica ...................... 37 

O10 .................................................................................................................................................................. 38 

Influence of metal oxide nanoparticles on soybean plants growth ................................................................ 38 

O11 .................................................................................................................................................................. 39 

SERS switch-on effect by specific adsorption of cationic and anionic analytes to silver nanoparticles ......... 39 

O12 .................................................................................................................................................................. 40 

Peptides on surfaces: where the interface matters ........................................................................................ 40 

O13 .................................................................................................................................................................. 41 

The effect of internal architecture on the assembly of soft particles at fluid interfaces ................................ 41 

O14 .................................................................................................................................................................. 42 

How solvent pH affects the lipase digestion of nanosized triolein, diolein and monoolein films .................. 42 

O15 .................................................................................................................................................................. 43 

Salt-dependent antibody adsorption on water/solid interfaces ..................................................................... 43 

O16 .................................................................................................................................................................. 44 

Controlled Drug Release enabled by enzymatic biofuel cells.......................................................................... 44 

O17 .................................................................................................................................................................. 45 

Chemical kinetics in mechanically activated powder mixtures ....................................................................... 45 

O18 .................................................................................................................................................................. 46 

From Molecules to Supracolloidal Atomium like Superstructures: Building from the Bottom-Up with 

Steroidal Amphiphiles ..................................................................................................................................... 46 

O19 .................................................................................................................................................................. 47 

Designing cryo-enzymatic reactions in subzero liquid water by lipidic mesophase nanoconfinement ......... 47 

O20 .................................................................................................................................................................. 48 

Heteroaggregation-assisted formulation of graphene oxide nanocomposites from aqueous sols and 

suspensions ..................................................................................................................................................... 48 

O21 .................................................................................................................................................................. 49 

Fermi level equilibration at plasmonic – molecule interface .......................................................................... 49 

O22 .................................................................................................................................................................. 50 

Quercetin loaded polymer coated MSNs as drug delivery strategy against bacteria ..................................... 50 

O23 .................................................................................................................................................................. 51 

Hydrophobin coated superfluorinated nanoparticles for 19F-MRI cell tracking .............................................. 51 



6 
 
 

O24 .................................................................................................................................................................. 52 

Lipid sponge phase as a matrix for enzyme encapsulation: structure and dynamics ..................................... 52 

O25 .................................................................................................................................................................. 53 

Lipids from algal biomass provide new (nonlamellar) nanovectors with high carrier potentiality for natural 

antioxidants ..................................................................................................................................................... 53 

O26 .................................................................................................................................................................. 54 

Poly(amidoamine) dendrimers as nanocarriers for anticancer drugs and their interactions with plasma 

proteins............................................................................................................................................................ 54 

O27 .................................................................................................................................................................. 55 

Non-lamellar lipid liquid crystalline phases as matrices for biomolecules ..................................................... 55 

O28 .................................................................................................................................................................. 56 

Effect of photosensitizer-loaded polymer micelles on membrane integrity and its link with PhotoDynamic 

Therapy efficiency ........................................................................................................................................... 56 

O29 .................................................................................................................................................................. 57 

Trodusquemine: a neuroprotective amphiphile that penetrates the outer layer of the plasma membrane. 57 

O30 .................................................................................................................................................................. 58 

Dynamics assisted druggability prediction of biomacromolecular interfaces ................................................ 58 

O31 .................................................................................................................................................................. 59 

Multicolor 19F-MRI for in vivo visualizzation of inflammation ......................................................................... 59 

O32 .................................................................................................................................................................. 60 

The nanostructured secretome needs surface science (and vice versa)......................................................... 60 

O33 .................................................................................................................................................................. 61 

Cubosomes stabilized by a polyphosphoester-analogue of Pluronic F127 with reduced cytotoxicity ........... 61 

O34 .................................................................................................................................................................. 62 

Computer Simulations of Whisky and Dilution of Spirits ................................................................................ 62 

O35 .................................................................................................................................................................. 63 

Molecular dynamic simulation of pheromones adsorption during atmospheric transport ........................... 63 

O36 .................................................................................................................................................................. 64 

Ion correlation in silica nanochannels by Molecular Dynamics:  Ion Distribution and Potential of Mean Force

 ......................................................................................................................................................................... 64 

O37 .................................................................................................................................................................. 65 

Evaluation of the interaction of potential anticancer drugs with G-Quadruplex DNA: insights from 

spectroscopic studies, in silico docking and molecular dynamics simulation ................................................. 65 

O38 .................................................................................................................................................................. 66 

The colloidal structure of a regenerated cellulose fiber ................................................................................. 66 

O39 .................................................................................................................................................................. 67 



7 
 
 

3D Neutron Reflectometry on polyelectrolyte multilayers: Revealing the single chain conformation in LbL 

films ................................................................................................................................................................. 67 

O40 .................................................................................................................................................................. 68 

Transport properties in cubic liquid crystalline phases. Self-diffusion from NMR relaxation rates. .............. 68 

O41 .................................................................................................................................................................. 69 

Microstructure and phase behaviour in AOT/brine/Squalane sponge phases ............................................... 69 

O42 .................................................................................................................................................................. 70 

Determination of glucosinolate content and myrosinase activity in Brassica oleracea var. italica and Brassica 

oleracea var. botrytis ....................................................................................................................................... 70 

O43 .................................................................................................................................................................. 71 

Jin Shofu starch-based nanostructured dispersion for the consolidation of modern and contemporary 

paintings .......................................................................................................................................................... 71 

O44 .................................................................................................................................................................. 72 

Chemical gels from Semi-Interpenetrated Polymer Networks of pHEMA/PAA: effect of pH and Copper 

complexation in the removal of bronze corrosion products ........................................................................... 72 

O45 .................................................................................................................................................................. 73 

PVA cryogels to clean artworks: tuning microporosity through liquid-liquid phase separation .................... 73 

O46 .................................................................................................................................................................. 74 

Novel Poly(Vinyl Alcohol)/Starch cryogels: Environmentally friendly tools for the cleaning of art ................ 74 

O47 .................................................................................................................................................................. 75 

Native and Oxidized Starches as Bioadsorber for Pb2+, Cd2+, and Al3+ from Simulated and Real Waters ....... 75 

O48 .................................................................................................................................................................. 76 

Adsorption of Aluminum, Cadmium, and Zinc Sulfate onto Hexanoyl Modified Chitosan ............................. 76 

O49 .................................................................................................................................................................. 77 

Horizon Europe  The new European framework programme for Research and Innovation .......................... 77 

O50 .................................................................................................................................................................. 78 

Solution properties of drug delivery polymeric matrix ”Soluplus®” ............................................................... 78 

O51 .................................................................................................................................................................. 79 

”Green” colloidal dispersions for the consolidation of historical textiles ....................................................... 79 

O52 .................................................................................................................................................................. 80 

Beyond the Hofmeister series: a theory of specific buffer effects .................................................................. 80 

O53 .................................................................................................................................................................. 81 

The Peculiar Behavior of Degassed Liquids: How Gases Can Modify the Physico-Chemical Properties of pure 

Liquids and Solutions ....................................................................................................................................... 81 

O54 .................................................................................................................................................................. 82 

Superlattice of hierarchically self-assembled nanocrystals induced by a hydrophobic coating: the case of 

cerium-oxide nanoparticles ............................................................................................................................. 82 



8 
 
 

Poster presentations ........................................................................................................................ 83 

Position and name of presenter ...................................................................................................................... 84 

P1 ..................................................................................................................................................................... 86 

Transparent porous hydrogel for charcterization of micro-particle diffusion ................................................ 86 

P2 ..................................................................................................................................................................... 87 

Cross-linked porous gelatin microparticles with tunable shape, size and porosity ........................................ 87 

P3 ..................................................................................................................................................................... 88 

Physichemical characterization of hyaluronic acid and chitosan coating liposomes ...................................... 88 

P4 ..................................................................................................................................................................... 89 

Mechanical behavior of nanoporous Au: porosity effects on Young’s modulus............................................. 89 

P5 ..................................................................................................................................................................... 90 

Rhamnolipids in surfactant mixtures: towards the design of sustainable green formulations ...................... 90 

P6 ..................................................................................................................................................................... 91 

Magnesium phosphate-based cements containing Halloysite nanotubes for cracks repair .......................... 91 

P7 ..................................................................................................................................................................... 92 

Enriched Gellan Gum hydrogel as visco-supplement ...................................................................................... 92 

P8 ..................................................................................................................................................................... 93 

Looking for Minor Phenolic Compounds in Extra Virgin Olive Oils using Neutron and Raman Spectroscopies

 ......................................................................................................................................................................... 93 

P.9 .................................................................................................................................................................... 94 

Adsorption of inorganic anions on colloid chemistry route prepared layered double hydroxides ................ 94 

P10 ................................................................................................................................................................... 95 

Anchoring ultrasmall FeIII-based nanoparticles on inorganic mesostructures for sour syngas sweetening ... 95 

P11 ................................................................................................................................................................... 96 

Extending HLD model to Cationic Surfactants ................................................................................................. 96 

P12 ................................................................................................................................................................... 97 

Instable vaterite microparticles – the effect of temperature on particles size and shape ............................. 97 

P13 ................................................................................................................................................................... 98 

Immobilization of Aspergillus Sp. Laccase on Fe-BTC and ZIF-zni MOFs ......................................................... 98 

P14 ................................................................................................................................................................... 99 

Immobilisation of Aspergillus.sp Laccase on two trimesic acid-based (Tb-BTC and Gd-BTC MOFs) MOFs and 

a macroporous (MFI) zeolite ........................................................................................................................... 99 

P15 ................................................................................................................................................................. 100 

Cementitious materials containing nano-carriers and silica for the restoration of damaged concrete-based 

monuments ................................................................................................................................................... 100 

P16 ................................................................................................................................................................. 101 



9 
 
 

Hydrogels improvements through freeze-casting and anti-freezing additives ............................................. 101 

P17 ................................................................................................................................................................. 102 

Thermosensitive polymers : Effect of electrolytes on the sol-gel phase transition of a F127/NaCMC aqueous 

system. ........................................................................................................................................................... 102 

P18 ................................................................................................................................................................. 103 

Specific buffer effect on DNA stability: from experimental data to theoretical model. ............................... 103 

P19 ................................................................................................................................................................. 104 

MSNs multifuctionalized with antibiotics, dendrimers, and copper ions as nanosystems against nosocomial 

infection. ........................................................................................................................................................ 104 

P20 ................................................................................................................................................................. 105 

Aurivillius Oxides Nanosheets for Environmental Remediation: Synthesis, Characterization, and 

Photocatalytic Testing ................................................................................................................................... 105 

P21 ................................................................................................................................................................. 106 

Electro-fermentation as a tool to control microbial fermentations with electrochemical systems ............. 106 

P22 ................................................................................................................................................................. 107 

Combined Bottom-up Top-down Approach for Cylindrical Nanoporous Gold Electrodes ........................... 107 

P23 ................................................................................................................................................................. 108 

Bifunctional and Self-supported NiFeP Layer Coated NiP Rods for Electrochemical Water Splitting in Alkaline 

Solution .......................................................................................................................................................... 108 

P24 ................................................................................................................................................................. 109 

Selective SERS detection of anionic and cationic analytes from their mixture ............................................. 109 

P25 ................................................................................................................................................................. 110 

Direct Electron Transfer of Cellobiose Dehydrogenase on Three-Dimensional Graphene Modified Electrodes 

for Biofuel Cells .............................................................................................................................................. 110 

P26 ................................................................................................................................................................. 111 

A comprehensive study of nanoparticles protein corona formation in a mimicked blood flow physiological 

environment .................................................................................................................................................. 111 

P27 ................................................................................................................................................................. 112 

Using lipids from algal biomass to obtain multicompartment nanocarriers for curcumin delivery ............. 112 

P28 ................................................................................................................................................................. 113 

Toll like receptor 2 (TRL2) decorated mesoporous silica nanoparticles against antibiotic resistance ......... 113 

P29 ................................................................................................................................................................. 114 

Solid Lipid Nanoparticles produced via Coacervation Method as promising carriers for controlled release of 

Quercetin ....................................................................................................................................................... 114 

P30 ................................................................................................................................................................. 115 

Soft materials as zwitterionic porous microparticles  with drug delivery capabilities .................................. 115 

P31 ................................................................................................................................................................. 116 



10 
 
 

A combined experimental and theoretical investigation of cholinium-based Ionic Liquids from 

hydroxycinnamic acids: a new promising class of bioactive agents .............................................................. 116 

P32 ................................................................................................................................................................. 117 

Interfaces in ionic liquid mixtures: large-scale computer simulations of microheterogeneous structure ... 117 

P33 ................................................................................................................................................................. 118 

Swelling Behaviour of Polyelectrolyte Gels ................................................................................................... 118 

P34 ................................................................................................................................................................. 119 

Structural organization of spermidine3+ molecules around the DNA double helix and at the DNA-DNA 

interface ........................................................................................................................................................ 119 

P35 ................................................................................................................................................................. 120 

Hofmeister effects on ESI-MS spectra of Hemoglobin and Bovine Serum Albumin in denaturing medium. 120 

P36 ................................................................................................................................................................. 121 

Ion-specific peaks in electrode capacitance and electrode energy determined by ionic steric interactions 121 

P37 ................................................................................................................................................................. 122 

In silico analysis of the mechanism of interaction between PEG PEI and DNA at an atomistic level ........... 122 

P38 ................................................................................................................................................................. 123 

Quadruplex DNA: insights from spectroscopic studies, in silico docking and molecular dynamics simulation

 ....................................................................................................................................................................... 123 

P39 ................................................................................................................................................................. 124 

Formulation of enriched topical skin products from Vitis vinifera L. grape marc ......................................... 124 

P40 ................................................................................................................................................................. 125 

Determination of conversion factors between five antioxidant standards, through the DPPH assay carried 

out with UV-Vis spectroscopy and EPR ......................................................................................................... 125 

P41 ................................................................................................................................................................. 126 

Solution dynamics of the natural bioactive molecule capsaicin: a relaxation study..................................... 126 

P42 ................................................................................................................................................................. 127 

Essential oils for preserving mucilage from chia seeds ................................................................................. 127 

P43 ................................................................................................................................................................. 128 

Varietal and geographical origin characterization of peaches and nectarines by combining analytical 

techniques and statistical approach .............................................................................................................. 128 

P44 ................................................................................................................................................................. 129 

Occurrence of solanesol in potato (Solanum tuberosum L.) leaves at different vegetative stages of the plant

 ....................................................................................................................................................................... 129 

P45 ................................................................................................................................................................. 130 

Combined experimental and multivariate model approaches for glycoalkaloid quantification in tomatoes

 ....................................................................................................................................................................... 130 

P46 ................................................................................................................................................................. 131 



11 
 
 

Environmentally friendly ZnO/Castor oil polyurethane composites for the efficient gas-phase adsorption of 

acetic acid ...................................................................................................................................................... 131 

P47 ................................................................................................................................................................. 132 

Adaptive castor-oil based organogels: synthesis, characterization and use for the selective and controlled 

cleaning of works of art ................................................................................................................................. 132 

P48 ................................................................................................................................................................. 133 

HistoryChem: describing the historical landscape of southern Tuscany through physico-chemical analysis

 ....................................................................................................................................................................... 133 

P49 ................................................................................................................................................................. 134 

Microplastics contamination of marine waters: modifications to the dynamics of dissolved organic matter

 ....................................................................................................................................................................... 134 

Sponsors ........................................................................................................................................................ 135 

Index of authors ............................................................................................................................. 136 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



12 
 
 

Daily program  
 

 TUESDAY Sept. 21st  

17:00 Registration  

19:30 Welcome drink 

20:30 Dinner 
 

WEDNESDAY Sept. 22nd 

8:45 Opening Cerimony  

 Chairs: Tommy Nylander and Andrea Salis 

9:00 
PL1 Brochard Françoise, Crossing boundaries from mesoscopic 
physics to biological functions: Aspiration and fusion from granules 

to multicellular hybrid aggregates  

 S1A New hard and soft materials, Functional Materials 

 Chair Raedler Joachim 

9:40 
O1 Bonini Massimo, Physico-Chemical Challenges in 2D and 3D 
Extrusion Printing of Composites, Polymeric Dispersions and 

Hydrogels 

10:00 
O2 Meloni Manuela, Perspectives of Carbon dots as efficient 

fluorescent nanomaterials 

10:15 
O3 Gelli Rita, Insights into biologically-relevant calciprotein 

particles: effect of stabilizing agents on the formation and 
crystallization mechanisms 

10:30 
O4 Ferraro Giovanni, Controlled decoration of plastic surfaces 
with gold nanostructures  

10:45 
O5 Tonelli Monica, 3D printable magnesium-based cements 
towards the preparation of bioceramics  

11:00 Coffee break  

 S1B New hard and soft materials, Functional Materials 

 Chair Soderman Olle  
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11:30 
O6 D'Errico Gerardino, Polyphenols from Agri-Food Byproducts: 
meso- and nanoscopic determinants of the antioxidant activity 

11:50 
O7 Angotzi Sanna Marco, Spinel ferrite based magnetic heat 

mediator: effect of the different inorganic and organic coatings 

12:05 
08 Sovova Sarka, Instable vaterite microparticles – the effect of 

temperature on particles size and shape 

12:20 
O9 Lachowicz Joanna, Frontiers in potentiometry of metal-

chelating ligands grafted on ordered mesoporous silica  

 
S2A Reactions and Processes at Interfaces, Catalysis and 

Electrochemistry 

12:40 
O10 Comam Cristina, Influence of metal oxide nanoparticles on 

soybean plants growth 

13:00 Lunch 

 S2A Reactions and Processes at Interfaces, Catalysis and 
Electrochemistry 

 Chair Lo Nostro Pierandrea  

15:00 
KN1 Falqui Andrea, In situ STEM/EDS study of cation exchange 
reaction between diverse nanostructures 

15:30 
O11 Leopold Nicolae, SERS switch-on effect by specific 
adsorption of cationic and anionic analytes to silver nanoparticles 

15:50 
O12 Venanzi Mariano, Peptides on surfaces: where the interface 
matters 

16:10 
O13 Vialetto Jacopo, The effect of internal architecture on the 
assembly of soft particles at fluid interfaces 

16:25 
O14 Humphreys Ben, How solvent pH affects the lipase 

digestion of nanosized triolein, diolein and monoolein films 

 S2B Reactions and Processes at Interfaces, Catalysis and 

Electrochemistry 

 Chair Venanzi Mariano 

16:40 
O15 Zoldak Gabriel, Salt-dependent antibody adsorption on 

water/solid interfaces 

17:00 
O16 Xiao Xinxin, Controlled Drug Release enabled by enzymatic 

biofuel cells 

17:20 
O17 Carta Maria, Chemical kinetics in mechanically activated 
powder mixtures 

17:35 
O18 Galantini Luciano, From Molecules to Supracolloidal 
Atomium like Superstructures: Building from the Bottom-Up with 

Steroidal Amphiphiles  
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17:55 End of session  

18:00 Poster Session / Wine & Cheese  

20:30  Dinner 

 THURSDAY Sept. 23rd  

9:00 
PL2 Björn Lindman Hydrophobic interactions control the self-

assembly of DNA and cellulose 

 S2C Reactions and Processes at Interfaces, Catalysis and 

Electrochemistry 

 Chair Zoldak Gabriel  

9:40 
O19 Mazzenga Raffaele, Designing cryo-enzymatic reactions in 
subzero liquid water by lipidic mesophase nanoconfinement 

10:00 
O20 Szabo Tamas, Heteroaggregation-assisted formulation of 
graphene oxide nanocomposites from aqueous sols and 

suspensions 

10:20 
O21 Stefancu Andrei, Fermi level equilibration at plasmonic – 

molecule interface 

 S3A Biointerfaces, Biomacromolecules, Biomembranes, 

biomedical devices and Pharmaceutical Formulations 

10:35 
O22 Carucci Cristina, Quercetin loaded polymer coated MSNs as 

drug delivery strategy against bacteria   

10:55 Coffee break 

 Chair Paduano Luigi  

11:20 
KN2 Moya Sergio Biological Fate of hydrid Nanocarries for drug 
delivery: Biodistribution, Degradation and surface Interactions of 

Nanomaterials in biological Environments 

11:50 
O23 Nazeeha Ayaz, Hydrophobin coated superfluorinated 

nanoparticles for 19F-MRI cell tracking 

12:05 
O24 Gilbert Jennifer, Lipid sponge phase as a matrix for enzyme 

encapsulation: structure and dynamics 

12:20 
O25 Clemente Ilaria, Lipids from algal biomass provide new 

(nonlamellar) nanovectors with high carrier potentiality for natural 
antioxidants 

12:35 
O26 Szota Magdalena, Poly(amidoamine) dendrimers as 

nanocarriers for anticancer drugs and their interactions with 
plasma proteins 
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12:50 End of session  

13:00 Lunch 

 S3B Biointerfaces, Biomacromolecules, Biomembranes, 

biomedical devices and Pharmaceutical Formulations 

 Chair Fragneto Giovanna  

15:00 
KN3 Baldelli Bombelli Francesca, Fluorinated Branched 

Reporters as Innovative Bio-Tools in Medicine 

15:30 
O27 Nylander Tommy, Non-lamellar lipid liquid crystalline 

phases as matrices for biomolecules 

15:50 
O28 Lonetti Barbara, Effect of photosensitizer-loaded polymer 
micelles on membrane integrity and its link with PhotoDynamic 

Therapy efficiency 

16:10 
O29 Caminati Gabriela, Trodusquemine: a neuroprotective 

amphiphile that penetrates the outer layer of the plasma 
membrane 

 
S3C Biointerfaces, Biomacromolecules, Biomembranes, 
biomedical devices and Pharmaceutical Formulations 

16:30 
 O30 Jaremko Lucasz, Dynamics assisted druggability prediction 
of biomacromolecular interfaces 

16:50 
O31 Chirizzi Cristina, Multicolor 19F-MRI for in vivo 
visualizzation of inflammation 

17:05 Coffee Break 

17:30 
O32 Bergese Paolo, The nanostructured secretome needs 

surface science (and vice versa) 

17:50 
O33 Murgia Sergio, Cubosomes stabilized by a 

polyphosphoester-analogue of Pluronic F127 with reduced 
cytotoxicity 

 S4A Theory, Modelling and Characterization of Interfaces 

 Chair Lonetti Barbara  

18:10 
O34 Friedman Ran, Computer Simulations of Whisky and 
Dilution of Spirits 

18:30 
O35 Jami Ludovic, Molecular dynamic simulation of pheromones 
adsorption during atmospheric transport  

18:45 
O36 Wang Kunyu, Ion correlation in silica nanochannels by 

Molecular Dynamics:  
Ion Distribution and Potential of Mean Force   
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19:00 

O37 Mulliri Simone, Evaluation of the interaction of potential 
anticancer drugs with G-Quadruplex DNA: insights from 
spectroscopic studies, in silico docking and molecular dynamics 

simulation 

19:15 End of session 

20:30 Social Dinner 

 

 FRIDAY Sept. 24th  

9:00 Trip to NORA 

13:00 Lunch  

 Chair Nylander Tommy  

15:00 PL3 Raedler Joakim, How structure of mRNA lipid nanoparticles 
relates to gene expression kinetics at the single cell level - A soft 

matter perspective on LNP Mode of Action  
S4B Theory, Modelling and Characterization of Interfaces 

15:40 KN4 Fragneto Giovanna, Planar lipid bilayers as model biological 

membranes for structural neutron studies. 

16:10 O38 Olsson Ulf, The colloidal structure of a regenerated cellulose 

fiber  

16:30 O39 Gutfreund Philipp, 3D Neutron Reflectometry on 
polyelectrolyte multilayers: Revealing the single chain 

conformation in LbL films 

16:50 O40 Olle Soderman, Transport properties in cubic liquid 

crystalline phases. Self-diffusion from NMR relaxation rates 

17:10 Coffee Break 

17:40 O41 Tartaro Giuseppe, Microstructure and phase behaviour in 

AOT/brine/Squalane sponge phases  
 

S5 Nutraceuticals and Food Chemistry 

 Chair Baldelli Bombelli Francesca  

17:55 O42 Consumi Marco, Determination of glucosinolate content and 
myrosinase activity in Brassica oleracea var. italica and Brassica 

oleracea var. botrytis  
S6 Colloid-Interfaces interactions for Art, Energy and 

Enviroment 
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18:15 O43 Casini Andrea, Jin Shofu starch-based nanostructured 
dispersion for the consolidation of modern and contemporary 
paintings 

18:30 O44 Guaragnone Teresa, Chemical gels from Semi-
Interpenetrated Polymer Networks of pHEMA/PAA: effect of pH 

and Copper complexation in the removal of bronze corrosion 
products  

18:45 O45 Mastrangelo Rosangela, PVA cryogels to clean artworks: 
tuning microporosity through liquid-liquid phase separation 

 Chair Olsson Ulf  

19:00 O46 Rosciardi Vanessa, Novel Poly(Vinyl Alcohol)/Starch 
cryogels: Environmentally friendly tools for the cleaning of art 

19:15 O47 Borchert Konstantin, Native and Oxidized Starches as 
Bioadsorber for Pb2+, Cd2+, and Al3+ from Simulated and Real 
Waters 

19:30 O48 Reis Berthold, Adsorption of Aluminum, Cadmium, and Zinc 
Sulfate onto Hexanoyl Modified Chitosan 

19:45 End of Session  

20:30 Dinner 

 

 SATURDAY Sept. 25th  

 
S7A CSGI Session 

 Chair Baglioni Piero  

9:00 O49 Zitelli Patrizia, Horizon Europe  
The new European framework programme for Research and 

Innovation  

9:30 O50 Mateos Helena, Solution properties of drug delivery 

polymeric matrix ”Soluplus®”  

9:50 O51 Chelazzi David, ”Green” colloidal dispersions for the 

consolidation of historical textiles 

 Chair D’errico Gerardino  

10:10 O52 Parsons Drew, Beyond the Hofmeister series: a theory of 

specific buffer effects  

10:30 O53 Lo Nostro Pierandrea, The Peculiar Behavior of Degassed 
Liquids: How Gases Can Modify the Physico-Chemical Properties of 

pure Liquids and Solutions 
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10:50 O54 Paduano Luigi, Superlattice of hierarchically self-assembled 
nanocrystals induced by a hydrophobic coating: the case of 
cerium-oxide nanoparticles 

11:10 Coffee break 

11:40 Award ceremony  

12:00 Closing ceremony 

13:00 Lunch 
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PL1 Françoise Brochard-Wyart 

Crossing boundaries from mesoscopic physics to biological functions: 

Aspiration and fusion from granules to multicellular hybrid aggregates  
 

Françoise Brochard-Wyart and Gregory Beaune  

Sorbonne Université Paris 05, CNRS UMR 168, Institut Curie, 26 rue d’Ulm, 75248 Paris 

 

We apply micropipette aspiration and droplet fusion to study the mechanical properties of biological entities, 

coacervates, and cell-particle aggregates. It has been recently discovered that in addition to membrane-bound 

organelles, cells utilize membrane-less organelles, which are formed by liquid-liquid phase separation of 

macromolecule mixtures. We characterize the mechanical properties of protein mixture droplets in the biphasic 

regime. We observe a new topology of hollow vesicle-like condensate phase, which burst like swollen vesicles. The 

hollow structures are formed by lipids or lipid-inspired di-block copolymers that feature anisotropic architectures 

with two antagonist hydrophilic-hydrophobic domains. The surprising finding is that macromolecules, which are 

intrinsically isotropic in isolation, can form hollow structures. These coacervate-based supramolecular assemblies 

can be utilized as lipid-free cargo delivery systems for biotechnological and medical applications. Cellular aggregates 

belong to the field of “Entangled active matter”, which has recently emerged to provide a unified understanding 

of the behavior of swarms of motile adhesive particles. Unlike schools of fish and flocks of birds, cells in an 

aggregate are bound by transient links and behave as active viscoelastic pastes. We derive the mechanical properties 

of these cellular aggregates using the pipette aspiration technique. We observe a reinforcement of the aggregates 

with pressure, which may lead to pulsed contractions or “shivering”. We interpret this reinforcement as an active 

mechano-sensitive response of the acto-myosin cortex. For the fusion, we find that the contact area increases non-

linearly with time, and follows the laws of fusion of jelly drops at short times. We then study the formation and 

mechanical properties of hybrid aggregates of microparticles and living cells. The size of the particles is varied 

from nanometers to few microns. 1) Nanoparticles (size 20nm) can be used as glue “nanostickers” to enable the 

formation of self-assembled aggregates by promoting cell–cell interactions. By increasing the cohesion of tissues 

and tumors, they may have important applications for cellular therapy and cancer treatment. 2) Macro-particles 

(size ≈ comparable to the cell size). These hybrid aggregates are not only important for mimicking tissues consisting 

of cells and extracellular matrix, but they are an example of a mixture of active matter at two temperatures (cold 

particles and hot cells), belonging to the field of active granular matter. As predicted theoretically, we observe an 

activation of the cold macroparticles by the cells, leading to phase separations and jamming transitions. Our study 

may have implications on processes such as cancer metastasis and development and may guide new cancer 

therapies based on inert particles 
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PL2 Björn Lindman 

Hydrophobic interactions control the self-assembly of DNA and 

cellulose 
 

Björn Lindman, Bruno Medronho, Luís Alves, Magnus Norgren, Lars Nordenskiöld 

Department of chemistry, division of Physical Chemistry, Lund University, Sweden  

 

 

Desoxyribosenucleic acid, DNA, and cellulose molecules self-assemble in aqueous systems. This aggregation is the 

basis of the important functions of these biological macromolecules. Both DNA and cellulose have significant 

polar and nonpolar parts and there is a delicate balance between hydrophilic and hydrophobic interactions. The 

hydrophilic interactions related to net charges have been thoroughly studied and are well understood. On the other 

hand, the detailed roles of hydrogen bonding and hydrophobic interactions have remained controversial. It is 

found that the contributions of hydrophobic interactions in driving important processes, like the double-helix 

formation of DNA and the aqueous dissolution of cellulose, are dominating whereas the net contribution from 

hydrogen bonding is small. In reviewing the roles of different interactions for DNA and cellulose it is useful to 

compare it with the self-assembly features of surfactants, the simplest case of amphiphilic molecules. Pertinent 

information on the amphiphilic character of cellulose and DNA can be obtained from the association with 

surfactants, as well as on modifying the hydrophobic interactions by additives. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 
 
 

PL3 Joachim O. Rädler  

How structure of mRNA lipid nanoparticles relates to gene expression 

kinetics at the single cell level 

- A soft matter perspective on LNP Mode of Action 
 

Joachim O. Rädler a 

a Faculty of Physics and Center for NanoScience, Ludwig-Maximilians-Universität München,  

Geschwister-Scholl-Platz 1, D-80539 Munich, Germany. email: raedler@lmu.de  

Lipid nanoparticles (LNPs) developed into the most powerful delivery platform for mRNA based vaccination and 

therapies. Yet the physico-chemical mechanisms of assembly, uptake, release and mRNA expression are not fully 

understood. In particular the role of ionizable lipids is of interest as electrostatic interactions play a key role in the 

architecture of the LNPs core-shell structure. As model system for the LNP bulk phase, we study the structure of 

ionizable lipid/cholesterol/nucleic acid phases using X-ray scattering. The pH dependence of the mesostructures 

hint towards possible pH dependent mechanisms of endosomal release. To this end we follow the fate of LNPs 

inside cells taking time courses of single cell fluorescence of mRNA delivery and eGFP expression.  Employing 

automated time-lapse microscopy in combination with micro-patterned surfaces, reporter signals from many 

individual cells are monitored in high-throughput. The statistics of gene expression traces yields access to mRNA 

translation efficiency, mRNA lifetime and delivery delay times. Correlating physico-chemical properties and time 

resolved activity of LNPs in living cells provides a basis to further improve LNPs for the requirements of next 

generation nucleic acid delivery.  
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KN1 Andrea Falqui 

 

In situ STEM/EDS study of cation exchange reaction between diverse 

nanostructures 
 

Andrea Falqui 

Department of Physics “Aldo Pontremoli”, University of Milan, Via Celoria 16, 20133, Milan (Italy) 

 

A cation exchange (CE) reaction occurs whenever a cationic species in a crystalline structure is partially or 

completely replaced, leaving the anionic lattice unmodified. CE is usually performed as a fast reaction occurring in 

liquid between inorganic colloidal nanoparticles (NPs) and cationic species, but the liquid environment and the 

fast reaction kinetics hinder the possibility of directly imaging the process. In the rpast we showed that an in situ 

Transmission Electron Microscopy (TEM)/Scanning TEM (STEM) approach at solid state gives a way to 

overcome these limitations [1]. In fact, when heated, spherical Cu2Se NPs having cubic crystalline phase expel free 

Cu species, forming Cu-vacancies in the cation sublattice with subsequent variations in their stoichiometry (to 

about Cu1.8Se). Such a thermally-driven expulsion of free Cu species can be exploited to perform in situ CE 

reactions at solid state between the cubic Cu2Se NPs and CdSe nanowires (NWs) deposited on a common heated 

substrate, as shown in Figure 1. When reached by the free Cu species, CdSe NWs suffer a pervasive chemical and 

structural transformation, revealing the substitution of Cd species with Cu. This leads to Cu2Se constituting the 

final, completely substituted NWs.  

While in the past we showed how this phenomenon occurs at 400○C for starting CdSe NWs with a hexagonal 

crystalline phase, here we show that it also occurs with a lowered activation temperature of less than 150○C for 

NWs with a cubic phase. In fact, the activation temperature is higher in the case of CE occurring to hexagonal 

CdSe NWs, due to the higher energy required to complete the hexagonal-to-cubic phase transition. This means 

that this temperature, acting as a threshold for CE, is strongly dependent on the crystalline phase of the CdSe 

acceptor nanostructures. Moreover, further insights were found by studying via in situ STEM-Energy Dispersive 

Spectrometry (EDS) this phenomenon: first, the free copper, before entering the CdSe NWs and then giving rise 

to the CE reaction, surrounds the wires; second, it gives rise to formation and dissolution of Cu2Se domains, 

depending on the thermal range exploited. Then, the application of the in situ STEM heating approach, combined 

with the slower kinetics of solid state CE reactions, allows to direct image the transient states leading to the final 

products of CE, which conversely would be the only observable step in the corresponding CE reactions occurring 

in liquid state.  
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KN2 Sergio E. Moya 

Biological Fate of hydrid Nanocarries for drug delivery: 

Biodistribution, Degradation and surface Interactions of 

Nanomaterials in biological Environments. 
 

Sergio E. Moya 

CIC biomaGUNE,  Paseo Miramon 182 C, San Sebastian, Spain. Email: smoya@cicbiomagune.es 

 

The successful clinical translation of nanocarriers strongly depends on their biodistribution, biodegradation and elimination 

patterns in vivo.1 However, the visualization and quantification of nanomaterials in in vivo models is highly not trivial.  A 

fundamental aspect of nanocarriers fate is their degradation.2 The stability of the nanomaterial and/or the nanomaterial 

coatings is a fundamental aspect concerning the proper delivery of encapsulated drug. A premature degradation or the loss of 

the nanocarrier coating may prevent the delivery of the drug to the targeted tissue or result in the rapid clearance of the 

nanocarrier. Overall, the study of the degradation of nanocarriers brings fundamental knowledge for the assessment of the 

efficacy of these carries in drug delivery. In this presentation issues related to the biological fate and stability of nanocarriers 

(inorganic, polymeric and hybrid) in biological matrixes will be discussed: the interaction of the nanocarriers with proteins, 

the biodistribution of the nanocarriers, their biological fate, and the stability of the core and surface coating of nanocarriers. 

The interface of nanocarriers plays a fundamental role in their translocation and interaction with the biological milieu as well 

as on nanocarrier degradation. Physico chemical properties of the nanocarriers will be related to fate and transformation in 

biological matrixes.3,4 Positron Emission Tomography and Single Photon Emission Tomography will be applied to study the 

biodistribution of nanocarriers, the stability of surface coatings and  nanocarrier dissolution in animal models, using advanced 

radiolabelling strategies. 
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KN3 Francesca Baldelli Bombelli 

Fluorinated Branched Reporters as Innovative Bio-Tools in Medicine 
 

Francesca Baldelli Bombelli 
 

SupraBioNano Lab, Department of Chemistry, Materials and Chemical Engineering, Politecnico di Milano, 
Milano, Italy 

francesca.baldelli@polimi.it. 

 

This work addresses the current need for novel sensitive, robust, and selective diagnostic tools for non-invasive in 
vivo imaging, which are able to improve the medical practice through earlier diagnosis of disease, implementation 
of targeted therapies, and localization of diseased tissues, etc. Our approach is based on the development of new 
fluorinated contrast agents enabling 19F-MRI, as a complementary tool, to be coupled with other diagnostic 
imaging techniques such as 1H-MRI, Raman and fluorescence imaging, in order to overcome their present 
shortcomings, particularly in terms of sensitivity. 19F-MRI has emerged as one of the most promising diagnostic 
tools providing hot spot imaging. This talk reports about a unique fluorinated imaging agent (PERFECTA) bearing 
36 equivalent 19F atoms and therefore showing a single, intense resonance peak. Biocompatible nanoformulations 
of PERFECTA have demonstrated excellent cellular compatibility and spectral properties (relaxation times and 
sensitivity) adequate for in vivo 19F-MRI use are shown [1-2]. In this presentation PERFECTA ability to work as 
multiscale and multimodal probe will be also shown. 
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KN4 Giovanna Fragneto 

Planar lipid bilayers as model biological membranes for structural 

neutron studies. 
 

Giovanna Fragneto 
Institute Laue-Langevin, 71 avenue des Martyrs, F-38042 Grenoble 

 

Cells, the basic units of living organisms, are well delineated and separated from the external environment by 

membranes. Capable of both enclosing the cellular constituents and allowing exchanges with the outside world, 

these membranes are only a few nanometers thick. To study the dynamics and function of these amazing objects, 

physicists first seek to understand their structure. This involves experiments on model systems, simpler and better 

controlled than real membranes, and can profit from a probe that is able to access different scales of size and time: 

thermal neutrons. 

Since the pioneering work in the seventies on cell membrane structure by neutron scattering, developments driven 

by constantly improving neutron instrumentation, coupled with development of measurement and analysis 

methods, have involved both the optimization of samples towards more biologically relevant model systems and 

include the use of more complex lipid mixtures up to natural extracts. A natural lipid deuteriation facility has been 

set-up at the ILL (http://www.ill.eu/L-Lab) and recent results on lipid production and characterisation will be 

presented. 

Recent developments in the study of the structure of membranes will be presented including neutron and x-ray 

reflectometry study of the out-of-equilibrium fluctuations of phospholipid membranes induced by the active 

transmembrane protein bacteriorhodopsin (BR). A detergent-mediated incorporation method was used to 

incorporate BR in model planar bilayers and structural modifications induced by light activation were measured. 
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O1 

Physico-Chemical Challenges in 2D and 3D Extrusion Printing of 

Composites, Polymeric Dispersions and Hydrogels 
 

Giulia Mugnaini, Monica Tonelli, Andrea Faralli, Claudio Resta, Giovanna Poggi, Francesca Ridi and Massimo Bonini 

Department of Chemistry ”Ugo Schiff” and CSGI, University of Florence, Via della Lastruccia 3, 50019- Sesto Fiorentino (FI), Italy. email: 

massimo.bonini@unifi.it  

Additive manufacturing techniques are rapidly becoming one of the most popular methods for the preparation of 

materials to be employed in many different fields, including biomedical and food applications. The main reason is 

the extraordinary flexibility of the method, resulting from both the method itself and the variety of starting 

materials. This is especially the case of processes based on the extrusion of composites, polymeric dispersions and 

hydrogels, where the distinctive characteristics of the starting materials, especially in terms of reactivity and 

injectability, are strictly connected to the properties of the final constructs. In this contribution, two recent 

examples describing the extrusion printing of a magnesium-based bioceramic1 and a photopolymerizable 

biopolymer2 will be described, especially focusing on the physico-chemical challenges typically faced in the 2D and 

3D extrusion printing process3. The strategies to overcome these challenges will also be highlighted, together with 

the characterization approaches that could contribute to the advance of the field.  
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O2  

Perspectives of Carbon dots as efficient fluorescent nanomaterials. 
 

Manuela Meloni, Luigi Stagi, Luca Malfatti  and Plinio Innocenzi   

Department of Chemistry and Pharmacy, Laboratory of Materials Science and Nanotechnology CR-INSTM, University of Sassari, Via 

Vienna 2, 07100, Sassari, Italy. email: manmeloni@uniss.it  

Carbon dots (CDs) are potentially a valid alternative to semiconductor quantum dots or luminescent rare-earth 

doped materials.  In particular, CDs with emissions in the blue/green range are nearly competitive with the most 

common semiconductor nanocrystals and are proposed as low-cost and non-toxic alternatives in many fields of 

optical technologies. However, many issues still need to be addressed, including the reproducibility of synthesis, 

low quantum yield at large wavelengths (red emission) and their incorporation into solid matrices without efficiency 

losses. In this work, we will discuss potential applications of CDs in the field of solid-state devices and bioimaging. 
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O3 

Insights into biologically-relevant calciprotein particles: effect of 

stabilizing agents on the formation and crystallization mechanisms 
 

Rita Gellia, Valentina Puccia, Francesca Ridia*and Piero Baglionia  

aDepartment of Chemistry “Ugo Schiff” and CSGI, University of Florence, via della Lastruccia 3-13, 50019 Sesto Fiorentino (FI), Italy. 

email: gelli@csgi.unifi.it  

Despite the concentration of calcium and phosphate ions in human serum is supersaturated with respect to 

hydroxyapatite, the precipitation of calcium phosphate deposits (CaPs) is typically prevented by the presence of 

proteins which bind Ca2+ and phosphate ions or the nascent CaP clusters and inhibit calcification phenomena that 

would lead to cardiovascular diseases1. Among the macromolecules involved in this process, the glycoprotein 

Fetuin-A is able to form the so-called calciprotein particles (CPPs) by interacting with CaP amorphous clusters 

and producing colloidal protein-mineral complexes2. In pathological situations, the initially formed harmless 

amorphous spherical complexes (primary CPPs or CPPI) may mature into crystalline particles (secondary CPPs or 

CPPII), which eventually lead to ectopic calcifications. Understanding from a physico-chemical perspective the 

mechanism of ripening of CPPI to CPPII and the factors affecting the process is thus fundamental to prevent the 

surge of vascular calcifications by developing strategies to delay the crystallization and precipitation of CaP in 

serum.In this work we inspect the effect of different ions, i.e Mg2+, pyrophosphate and citrate, on the formation 

and crystallization mechanism of CPPs. Synthetic analogs of serum CPPs were prepared at different concentrations 

of Fetuin-A and inhibitory ions, and their formation and ripening were followed in situ by means of turbidimetry 

and scattering techniques. The morphology of the obtained nanoparticles at different stages of the process was 

analyzed by means of electron microscopy whereas FT-IR spectroscopy and X-Rays diffraction allowed for the 

identification of the formed inorganic phases. This multi-technique approach allowed us to identify the most 

effective ions in preventing the conversion of amorphous CPPI to crystalline CPPII, suggesting novel strategies 

to inhibit and treat cardiovascular calcifications. 
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O4 

Controlled decoration of plastic surfaces with gold nanostructures  
 

Giovanni Ferraro,a Emiliano Fratini,a Veronica Lucia Rossi,b Antonio Sanesi,band Piero Baglioni,a  

a Department of Chemistry ‘‘Ugo Schiff’’ & Consorzio per lo Sviluppo dei Sistemi a Grande Interfase (CSGI), University of Florence, Via della 

Lastruccia, 3,50019 Sesto Fiorentino (Florence), Italy; b bioMérieux Italia Spa, Via di Campigliano, 58, 50012 Bagno a Ripoli (Florence), 

Italy. email: giovanni.ferraro@unifi.it 

The controlled deposition of metal nanostructures on disposable plastic surfaces is a big challenge in different 

fields, as the production of optoelectronic devices and the development of solid phases for biomedical or analytical 

applications.1 In the last decades, several approaches for the decoration of disposable devices with metal 

nanostructures were proposed. Apart from physical methods (i.e., sputtering, vapor deposition, etc.) which are 

suitable for flat surfaces or, in more in general, accessible substrates, the use of ligands or polymers for the binding 

or in-situ formation of metal nanoparticles directly on surfaces with different geometries has been reported.2–3 For 

the best of our knowledge, there are no approaches for the decoration of bare plastic using already synthetized 

metal nanostructures.  

Here, we propose the decoration of plastic substrates with metal nanostructures using an easy, maskless and 

industrial compatible method. Different commercial plastics (polystyrene, PS, polyethylene low density, PE-LD, 

polyethylene high density, PE-HD and styrene-butadiene block copolymer, SBC) were successfully decorated with 

citrate-capped Au nanoparticles and polyvinylpyrrolidone-capped Au nanorods. The entire process, in both cases, 

can be triggered and tuned by the presence of a poor solvent obtaining a controlled deposition of the metal 

nanostructures on the plastic surfaces. The approach was optimized in terms of incubation time and temperature, 

and starting concentration for the metal nanostructures dispersion thus obtaining morphologies with different 

degree of organization and coverage. All the prepared substrates were characterized by scanning electron 

microscopy and the obtained patterns were correlated with the synthesis’ parameters. We believe that the principle 

behind this approach could be expanded to other metal nanostructures obtaining a fast and simple method for the 

decoration and valorization of bare plastics.  

 

Figurae. Au nanorods (Au NRs, top), and Au nanoparticles (Au NPs, bottom) synthesis and plastic decoration. 
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O5 

3D printable magnesium-based cements towards the preparation of 

bioceramics  
 

Monica Tonelli, Andrea Faralli, Francesca Ridi, Massimo Bonini 

Department of Chemistry ”Ugo Schiff” and CSGI, University of Florence, Via della Lastruccia 3, 50019 Sesto Fiorentino, Florence, Italy. 

email: tonelli@csgi.unifi.it, monica.tonelli@unifi.it 

Magnesium silicate bioceramics recently attracted considerable attention in the field of tissue regeneration and have 

been used for the replacement and repair of damaged hard tissues since the beginning of the century, thanks to 

their biocompatibility, osteoinductive properties and good mechanical stability [1]. In this study, magnesium silicate 

cement pastes were prepared by hydration of MgO mixed with different SiO2 batches at different Mg/Si molar 

ratios. Pastes were either moulded or 3D printed to obtain set cements that were then calcined at 1000 °C to 

produce biologically relevant ceramic materials: clinoenstatite (MgSiO3) and forsterite (Mg2SiO4) [2,3]. Both 

cements and ceramics were characterized by means of X-ray diffraction, while two selected formulations were 

thoroughly investigated by means of injectability tests, Raman confocal microscopy, scanning electron microscopy, 

atomic force microscopy, gas porosimetry, X-ray microtomography and compressive tests. The results show that 

crystalline bioceramic scaffolds, namely forsterite and clinoenstatite, can be effectively obtained through the 

calcination of either moulded or 3D printed magnesium silicate hydrate cements, paving the way towards important 

advances in the field of bone tissue engineering [4]. 
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O6 

Polyphenols from Agri-Food Byproducts: meso- and nanoscopic 

determinants of the antioxidant activity 
 

G. D’Erricoa,b, L. Paduanoa,b 

aDepartment of Chemical Sciences, University of Naples Federico II, via Cintia, 83126- Naples, Italy; bCSGI, Unit of Naples 

email: gerardino.derrico@unina.it 

With their distinctive carbogenic diversity and the tunable redox behaviour, natural phenolic compounds provide 

a unique reservoir of versatile, bioaccessible, biocompatible and biodegradable antioxidant systems for control and 

prevention of oxidative stress and unwanted aerobic degradation processes in biomedicine, food and materials 

science. In this contribution, we investigate the electronic structure, mesoscopic organization and antioxidant 

activity of various phenolic polymers extracted from agri-food byproducts or biocatalytically produced from 

natural monomers. In all cases a black/dark brown and insoluble pigment is obtained, presenting broad-band 

UV/Vis absorption and a distinct electron paramagnetic resonance (EPR) signal. The last is due to free radicals 

associated with non-localized π system, stabilized by resonance in the polyaromatic centers. A deep analysis of the 

spectroscopic results shows a further stabilizing contribution to arise from supramolecular stacking, indicating that 

the mesoscopic arrangement of the polymers drives the electronic features of the pigment. The antioxidant 

properties of polyphenol-based nanostructured materials were determined using different assays. A clear 

correlation between the electron donor properties and the spectroscopic UV/Vis and EPR results was observed 

and interpreted. 

In conclusion our study demonstrate that the antioxidant activity of polyphenols is intrinsically defined by the 

degree of electronic delocalization across the planar aromatic molecules as well as by their supramolecular 

organization. Since these properties can be finely tuned by an appropriate choice of the starting raw material, our 

study paves the way to the molecular design of effective antioxidant materials based on this class of bioinspired 

polymers. 

 

 

Figure 1. Example of function-structure relationship for the pigment from polyphenols. 
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Spinel ferrite based magnetic heat mediator: effect of the different 
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Understanding and governing the complex behavior in magnetic materials at the nanoscale is the key and the 
challenge not only for fundamental research but also to exploit them in applications ranging from catalysis to data 
storage, sorption, biomedicine, and environmental remediation.1 In this context, spinel ferrites (MIIFe2O4, where 
MII = Fe, Co, Mn, etc.) represents ideal magnetic materials for tuning the magnetic properties through chemical 
manipulations due to their strong dependence on the cation distribution, spin-canting, interface, size, shape, and 
interactions.  
Furthermore, when coupled with other phases (heterostructures), they can display rich and novel physical 
properties different from the original counterparts (exchange coupling, exchange bias, giant magneto-resistance), 
allowing them to multiply their potential use.2 For example, the possibility to tune magnetic anisotropy and 
saturation magnetization by coupling magnetically hard and soft materials has found usage recently in applications 
based on magnetic heat induction, such as catalysis or magnetic fluid hyperthermia (MFH).3 Therefore, it is crucial 
to engineer core-shell nanoparticles with homogeneous coating and small size dispersity for uniform magnetic 
response and to maximize the coupling between the hard and soft phases (i.e., the interface). Nevertheless, when 
dealing with colloidal dispersions, NPs tend to form clusters, affecting their Brownian motion and, consequently, 
the heating response. Therefore, both the magnetic coupling and the colloidal stability must be taken into 
consideration through systematic studies on suitable model systems.  
In this contribution, the heating response of spinel iron oxide NPs was first studied as a function of different 
molecular coating, varying frequency, and amplitude of the applied high-frequency magnetic field, and correlated 
with the magnetic and colloidal properties, paying attention to the role of the clustering phenomena.  
Secondly, bi-magnetic core-shell spinel ferrite-based nanoparticles with different core sizes, chemical nature of the 
shell, and shell thickness were prepared to exploit the capability of exchange-coupled hard-soft ferrimagnetic NPs 
to improve the heating abilities.  
The aqueous colloidal dispersions of the three sets of samples revealed that, in all cases, core-shell nanoparticles 
showed better performances in comparison with the respective cores, with particular emphasis on the spinel iron 
oxide coated systems and the samples featuring thicker shells.  
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There are three different anhydrous polymorphs of calcium carbonate (CaCO3) – calcite, vaterite and 
aragonite. Although vaterite is the least thermodynamically stable polymorph, it attracts the most 
attention in various topics – drug delivery, tissue engineering or personal care application1. Due to vaterite 
higher solubility in water than calcite and aragonite, vaterite crystalizes into calcite in water solution2.  

The knowledge of the conditions for controlled synthesis of vaterite microparticles plays the crucial role 
for further application. In this work, precipitation of sodium carbonate and calcium chloride solutions 
was used to synthetize CaCO3 microparticles. Special reactor with precise control of the temperature 
(thermal bath) and rotation speed (mechanical stirrer) was used. The effect of temperature and time on 
formation dynamic of CaCO3 microparticles was investigated by the scanning electron microscopy 
(particles size and shape). Fourier transformed infrared spectroscopy and X-ray powder diffraction were 
used to resolve vaterite to calcite ratio. Figure 1 show synthetized particles in temperature ranging 
between 10 to 50 °C. For lower temperature, spherical shape was obtained, cauliflower and croissant 
shape for higher temperature and cubic shape for the highest temperature.  

5 m
10°C 20°C 30°C

40°C 45°C 50°C

5 m 5 m

5 m 10 m 10 m

 

Figure 1: SEM image of obtained particles within temperature range. 

The results show that both factors – reaction time and temperature – affect particle shape and size significantly 

and obtained particles are in the range from 3.5±0.8 m to 19.8±5.8 m. Moreover, longer reaction time 

promotes crystallization of vaterite to calcite. Also, smaller vaterite particles are best suited for HA growth.  These 

type of particles could be used in pharmaceutical area such as drug delivery system.  
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Metal ion chelators combined with porous nano- and/or microparticles provide effective tool for metal ions 

removal from aqueous solutions in the environment and in biological systems. Determining the competition at the 

solid/liquid interface, between chelators grafted on the surface of solid supports and other competing ligands 

present in the solution (e.g hydroxides in basic solutions), requires knowing the stability constants of formed metal 

ion-ligand complexes. In this study potentiometric titrations were used to determine metal ions complex formation 

constants, and to quantify metal-chelator content in functionalized ordered mesoporous silica (OMS). This new 

potentiometric approach allowed the physico-chemical characterization of functionalized OMS and its metal ions 

adsorption capacity from water solution. The potentiometric results were compared with isotherm models (i.e. 

Langmuir, Temkin, Freundlich) obtained by spectroscopic measurements and yielded rewarding data fitting. 

Moreover, the potentiometric metal/chelator coordination model (stoichiometry and metal binding sites) were 

confirmed by the EPR and NMR solid state studies [1]. The potentiometric method described here could be 

extended to different types of nano- and microstructured materials carrying surface ionizable groups. 

 

 

Scheme 1. Schematic representation of metal/ligand complex formation on the surface of ordered mesoporous 

silica and results that can be obtained with the use of potentiometric studies. 
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Engineered nanomaterials (ENM) are nowadays used in many branches of industry and their use has brought 

significant advances, ranging from energy production and storage, agricultural and environmental applications, to 

targeted drug delivery systems. Unfortunately, extended manufacturing and use of ENM may become an 

environmental issue, due release of significant amounts of such materials into the environment (air, water, landfills 

and soil).1,2 We have assessed the accumulation of zinc oxide and titanium dioxide nanoparticles (ZnO-NPs and 

TiO2-NPs) in soybean (Glycine max) plants grown in vitro, as well as their impact on different plant metabolites 

(chlorophylls, carotenoids, ascorbic and dehydroascorbic acids), on plant growth and plant morphology using by 

High Performance Liquid Chromatography (HPLC), inductively coupled plasma-optical emission spectrometry 

(ICP-OES) and dark field hyperspectral imaging. A clear negative effect on plant morphology, with suppression 

of plant growth was observed for exposures to ZnO-NPs of 100 and 1000 mg/L. The root morphology was 

adversely affected, with almost complete inhibition observed at doses of 1000 mg/L. On the contrary, TiO2-NPs 

showed no negative impact on the morphology of soybean plants at all applied concentrations. ICP-OES 

experiments showed that the NPs are accumulated in the soybean plant in a dose-dependent manner. A preferential 

accumulation in the roots vs stems and leaves occurred. ZnO was uptaken in much higher amounts compared to 

TiO2 (2 to 10 times, depending on the plant organ). Regarding the impact on plant metabolites, ZnO-NPs and 

TiO2-NPs showed opposite effects. On one hand, dose-dependent decreases in chlorophyll A and B levels 

compared to controls were observed upon ZnO-NPs exposure, as well as decreased levels of beta-carotene, 

zeaxanthin, and lutein. On the other hand, TiO2 exposure resulted in increased levels of both chlorophylls and 

carotenoids. The levels of ascorbic and dehydroascorbic showed a slight increase following exposure to increased 

levels of TiO2, while ZnO significantly increased the levels of the same analytes (e.g. 1.5 fold in the case of ascorbic 

acid). Such pronounced effects of ZnO-NPs on the levels of antioxidant molecules can be related to a stress 

response of the plant. To conclude, the results of our study showed significant differences between the 

accumulation and toxicity pathways of ZnO-NPs and TiO2-NPs in the soybean plant, as evidenced by the analyzed 

parameters. 
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Surface-enhanced Raman scattering (SERS) represents the drastic enhancement of the Raman signal of molecules 
adsorbed to metal nanostructures, allowing detection below micromolar concentrations. SERS combines 
molecular specificity, and increased sensitivity comparable to that provided by fluorescence emission. In SERS, 
only the molecules adsorbed to plasmonic metal nanoparticles contribute to the signal. Therefore, the controlled 
adsorption of analytes to the metal surface is determinant for the reliability of the method. Based on our recent 
SERS experimental results1-4 we proposed an adion-specific adsorption model3 which indicates that adions 
(adsorbed ions) enable control over the adsorption of cationic and anionic analytes to nanoparticles in a specific 
manner: cationic adions such as Ca2+, Mg2+, Pb2+, or Al3+ promote the chemisorption of anionic molecules, 
whereas anionic adions such as Cl-, Br- , or I- promote the chemisorption of cationic molecules to the silver surface3 
. Beside the specific adsorption, a selective SERS switch-on effect of anionic species such as citrate3- and Cl- from 
their mixture occurs in a competitive manner, as determined by the affinity of these species to the metal surface  

 
 
(Fig. 1). Fig. 1. Selective SERS turn-on of two anionic analytes. The as synthesized silver colloid by citrate reduction 
shows a blank SERS spectrum. However, after the addition of Ca2+ to the colloid, the SERS spectrum of the citrate 
capping agent is turned-on. Next, the added Cl- ions, due to the higher affinity to the silver surface, replace the 
citrate anions, leading to the disappearance of the citrate SERS spectrum and the appearance of the Ag-Cl SERS 
band. 
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The study of organic/inorganic hybrid materials formed by peptide films immobilized on solid substrates opens 

interesting perspectives on both fundamental and applicative issues, like the behaviour of organic layers at the 

molecule/solid interface and the design of biocompatible surfaces for tissue engineering, respectively.In this 

contribution we will discuss several examples of peptide films grown on solid surfaces using two approaches: i) 

self-assembled monolayers linked to gold surfaces through thiol termination,1 and ii) Langmuir-Blodgett deposition 

on hydrophilic (mica) and hydrophobic (HOPG) surfaces.2 The morphology of the peptide films was characterized 

by scanning microscopy techniques with nanometric resolution (Figure 1), while their optical and electrochemical 

properties were investigated by spectroscopic and potentiometric methods.It will be shown that the hierarchical 

nature of peptide self-assembly propagates the conformational properties of the peptide building blocks to the 

mesoscopic scale of films coating extended regions of the solid substrates. This finding represents a key fetaure in 

the design of bio-inspired devices based on organic/inorganic hybrid materials.  

 

Figure 1. Atomic Force Microscopy imaging of an antimicrobial peptide film immobilized on hydrophilic (mica) 

and hydrophobic (HOPG) substrate by Langmuir-Blodgett deposition. 
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Monolayers of soft colloidal particles confined at fluid interfaces are at the core of a broad range of technological processes, 
from the stabilization of responsive foams and emulsions, to the assembly of functional materials. [1] However, establishing 
the relation between their internal architecture, which is controlled during synthesis, and their structural and mechanical 
properties upon interfacial confinement, which define the monolayer’s properties, remains an elusive task.  

Here, we propose a comprehensive study elucidating this relation for a system of microgels with tunable architecture. [2] We 
synthesize core-shell microgels, whose soft core can be chemically degraded in a controlled fashion, yielding particles ranging 
from analogues of standard batch-synthesized to completely hollow microgels. Combined experimental and numerical studies 
show that our hollow particles have a thinner and more deformable shell compared to previous works, leading to a 
temperature-responsive collapse of the internal cavity and a complete flattening after adsorption at a fluid interface. Mechanical 
characterization shows that a critical degree of core removal is required to obtain soft disk-like particles at an oil-water 
interface, which present a distinct response to compression. In particular, at high compression, the absence of a core enables 
the particles to deform in the direction orthogonal to the interface and be continuously compressed without altering the 
monolayer structure. These findings show how fine, single-particle architectural control during synthesis determines the 
interfacial behavior of microgels, enabling new design strategies for tailored materials.  

Going a step beyond in controlling the assembly of microgels at fluid interfaces, we show that varying the composition of the 
system (e.g., oil polarity and fluid interfacial tension) greatly affects the structural reorganization of adsorbed microgels. This 
can be advantageously used to control the mechanical and structural response of the resulting monolayers. [3]  
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The triglyceride aqueous interface has an important role in many processes, none more so than lipase activity. 

Lipases, such as Thermomyces lanuginosus lipase (TLL), are responsible for the degradation of triglycerides to 

smaller components, such as diolein, monoolein, glycerol and fatty acids. TLL attracts considerable interest in the 

food and pharmaceutical industries due to the catalytic behavior it possesses.1 While the TLL hydrolysis of 

triglyceride films has previously been investigated,2,3 the influence of the reaction products on this process is poorly 

understood. 

This study utilized ellipsometry, QCM-D and ATR-FTIR to monitor the changes of a triolein film after exposure 

to TLL in TRIS buffer at pH 7 and 8.5; either side of the apparent pKa of the oleic acid product. These results are 

then compared with the TLL digestion of diolein and monoolein films, both of which are intermediate products 

of the triolein decomposition. The thickness, mass and elasticity of each film was continuously monitored over 

several hours enabling a detailed insight into the variations and similarities between the three lipids throughout the 

initial hydration and subsequent TLL digestion (Fig. 1). The influence of pH, and therefore the protonated state 

of the oleic acid product, is shown to have a significant impact on the physical changes and lipase activity. 

 

 

Fig. 2. The initial hydration presented as a swelling ratio (hydrated thickness/dry thickness) for (a) triolein, (b) diolein, and (c) 

monoolein films after exposure to TRIS buffer at pH 7 and pH 8.5 with the changes to the final hydrated swelling ratio of each film 

after the addition of 2ppm TLL presented in (d) triolein, (e) diolein, and (f) monoolein.  
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Understanding how antibodies adsorb on solid surfaces is essential for developing effective approaches to control 

this process.1-3 In our study4, passive adsorptions on the hydrophobic solid surface of a polystyrene microparticle 

(MP) of two highly similar IgG1 -type monoclonal antibodies (mAbs), rituximab, and trastuzumab, were 

examined in the presence of Hofmeister salts. To better understand the ion-specific adsorption process, salt-

dependent Langmuir isotherm parameters were obtained and correlated for two mAbs.  

In the current work, we show that passive adsorption is reduced in the presence of most salts, which indicates 

that screening of the electrostatic interactions suppresses protein adsorption. Kosmotropic salts can increase 

protein adsorption. By comparing two similar -type IgG1 antibodies, we demonstrate that while salt dependence 

of the adsorption capacities are highly similar, the salt-dependent profiles of adsorption constants are modulated 

in a protein-specific manner. We find that while their maximum adsorption capacities, qmax, to MPs are highly 

correlated (r > 0.9), the salt-dependent profiles of adsorption binding constants, Kobs, differ substantially. For 

rituximab, Kobs increases >10-fold in an ion-specific manner; for trastuzumab, Kobs remains constant. We conclude 

that even minor sequence variations among the mAbs can affect the adsorption, as well as the molecular forces 

attracting proteins to a solid surface. This difference might originate from the heterogeneous orientation of the 

adsorbed mAbs. 

Fig. 1. Correlation between mAbs parameters, trastuzumab vs. rituximab. Correlation plots mAbs in the presence 

of various concentrations of salts: a) the correlation between qmax mAbs (r = 0.90; b) the correlation between Kobs 

(r = -0.11; and c) a correlation between temperatures of transition (r = 0.97). 
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Self-powered drug delivery systems based on conductive polymers (CPs) that eliminate the need for external power 

sources, are of significant interest for use in clinical applications. Osmium redox polymer mediated glucose/O2 

enzymatic biofuel cells (EBFCs) were prepared with an additional CP-drug layer on the cathode1,2. On discharging 

the EBFCs in the presence of glucose and dioxygen, model drug compounds incorporated in the CP layer were 

rapidly released with negligible amounts released when the EBFCs were held at open circuit. Controlled and ex 

situ release of three model compounds, ibuprofen (IBU), fluorescein (FLU) and 4',6-diamidino-2-phenylindole 

(DAPI), was achieved with this self-powered drug release system. DAPI released in situ in cell culture media was 

incorporated into retinal pigment epithelium (RPE) cells. We present a proof-of-concept responsive drug release 

system that may be used in implantable devices. 
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Mechanochemistry is currently experiencing a period of significant flourishing mostly due to the new and greener 

synthetic routes to fine inorganic and organic chemicals it promises to open. 1–2 In this respect, no real application 

of mechanical processing methods can be expected without a suitable understanding of the mechanisms at work 

on the different length scales involved. To this aim, we propose a kinetic model based on the statistical description 

of the mechanical processing by ball milling. In particular, the model combines the statistical factors underlying 

the ball milling of powders with the rheological and chemical factors involving, respectively, the flow deformation 

of solid phases and the chemical transformation at interfaces. While the statistical factor accounts for the stochastic 

nature of ball milling, the rheological factor involves the generation of interfaces and the forced mixing of chemical 

species. The chemical factor is, instead, related to the intrinsic chemistry of the molecules that come into contact 

at interfaces. Overall, the model provides a flexible description of the interface generation process, e.g. taking 

advantage of mixing maps such as the ones shown in Fig. 1, and of the related chemical conversion. 3–4 

 

 

Fig. 1. Phase mixing in a volume element of binary mixture that has undergone critical loading conditions (a) 0, 

(b) 1 and (c) 11 times. Maps refer to a two-dimensional case study. 
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At the nano- and micro-scales, molecules and colloidal particles can arrange in diverse frameworks to form basic 

biological units, like cells, and extended superstructures, according to fundamental principles of hierarchical 

assembly.1,2 Within this scenario, rationally designed molecules obtained by chemical modification of natural 

steroidal surfactants allow a controlled self-assembly into supramolecular aggregates at the nanoscale (Fig. 1a,b), 

and to rationally direct the association of these and other building blocks to specific functional superstructures at 

supracolloidal level.3,4 The effort to direct the supramolecular and supracolloidal association into Atomium like 

superstructure is described (Fig. 1c,d). We demonstrate that this superstructure can be implemented by engineering 

specially customized bile salt derivative-based supramolecular tubules that exhibit a highly specific interaction with 

polymeric microgel spheres at their extremities thanks to their scroll-like structure. This design allows for 

hierarchical supracolloidal self-assembly of microgels and supramolecular scrolls into a regular framework of 

“nodes” and “linkers”. The supramolecular assembly into scrolls can be triggered by pH and temperature, thereby 

providing a colloidal smart assembly with features of center-linker frameworks as those found in molecular metal–

organic frameworks.  

 

 

Figure 1. Supramolecular (a) and supracolloidal structures (b,c) and Atomium (d). 
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Cryo-enzymology provides the possibility to develop unconventional biological reactions and detect intermediates 
in ultrafast enzymatic catalysis processes, but also illuminates the understanding of life principles at extremely cold 
environments. The scarcity of biological or biomimetic host systems providing liquid water at subzero 
temperatures inhibits the prosperity of cryo-enzymology. Here we introduce cryo-enzymatic reactions in subzero 
water nanoconfined within lipid mesophases formed by conventional lipids. We show that the ensued enzymatic 
reactions outperform the homologue catalytic processes run at standard temperatures. We use phytantriol-based 
lipidic mesophases (LMPs), within which water remains in the liquid state down to -120 °C and by combining 
crystallization and dynamic studies of confined water, we provide the fundamental understanding of the physical 
status of water at subzero temperatures, setting the stage for cryo-enzymatic reactions in these environments. In 
the model horse-radish peroxidase oxidization, the cation free-radical product is stabilized in LMPs at -20 °C, in 
contrast to the fast-consuming reactions at temperatures above 0 °C. Furthermore, the LMPs system also supports 
the cascade reaction and lipase reaction at subzero temperatures, where enzymatic reactions with both hydrophilic 
and hydrophobic substrates are successfully carried out. Our designed LMPs system opens access to the nature of 
confined water in the biomimetic environment and provides a platform for low-temperature biomacromolecules 
reconstitution and cryogenic control of enzymatic reactions in bio-nanotechnology. 
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Graphite oxide is a multilayered assembly of individual nanosheets of graphene oxide. Both nanostructures can be 

considered as the primary sources of graphene materials, which have a principal role in materials science and 

nanotechnology. However, it might be less known that the nanocomposites of these carbonaceous materials may 

bear enormously versatile roles in catalysis, environmental technology and biomedical science as well. To highlight 

some of these promising functions, we aim to demonstrate the benefit of using graphene oxide in the following 

three areas: (1) settling enhancement of semiconductor nanocomposite photocatalysts for improved processability 

of treated wastewaters1, (2) carbon-promoted photocatalytic hydrogen production using composite materials2 and 

(3) magnetically modified carbon materials for anticancer magnetic thermotherapy3. Colloid and interface science 

plays a vital role in the synthesis of these nanomaterials: composite formulation in each of the above cases is based 

on heterocoagulation of particles dispersed in aqueous media (Figure 1), offering a mild route that preserves the 

chemistry and functionality of the graphene oxide counterpart. 

 

 

Figure 1: Scheme of the simplified synthesis pathway for formulation of GO nanocomposites. 
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Despite recent promising advances in plasmonic chemistry and chemical reactions on the surface of metal 

nanostructures, it is still challenging to control the adsorption of molecules and the charge transfer processes 

occurring at the metal–molecule interface. The present study describes a simple method to control metal-molecule 

charge transfer processes by tuning the surface potential and, consequently, the Fermi energy of silver nanoparticles 

(AgNPs) in-situ.  

The strong adsorption of halide ions raises the surface potential and, consequently, the Fermi energy of the AgNPs 

sequentially, in the order: Cl–<Br–<I–, due to partial charge transfer to the metal. The increase of Fermi energy 

changes the electrochemical potential of AgNPs in solution, favoring or inhibiting charge transfer processes at the 

interface. With methylene blue (MB+) reduction to the intermediate form HMB+● as a model system, we observed 

the two energy levels equilibrate by spontaneous metal–molecule charge transfer to maintain the charge neutrality 

across the interface, when the Fermi energy is raised enough to cross the unoccupied orbital of adsorbed MB+. By 

exchanging Cl– with Br– and I– on the metal surface, we monitored the formation of increasingly more HMB+● 

molecules due to Fermi level equilibration of the metal surface with the unoccupied orbital of adsorbed MB+, using 

in-operando surface enhanced Raman scattering (SERS). 

 

Fig. 1. The reduction of MB+ on the surface of AgNPs, due to the shift of the Fermi level, monitored with 532 nm excitation. 

(A) SERS spectra of MB+ on AgNPs@Cl, AgNPs@Br and AgNPs@I. The low wavenumber region shows the surface 

dynamics of Cl– (240 cm-1), Br– (160 cm-1) and I– (130 cm-1). (B-C) Insets from (A), showing the spectral changes characteristic 

to HMB+● that appear after the adsorption of Br– and especially I–.  

 

We show a simple method to control the interfacial metal-molecule charge transfer on AgNPs, by tuning in-situ 

the electronic structure of AgNPs through chemisorbed halide ions. By raising the Fermi energy of AgNPs, 

spontaneous charge transfer from the metal surface to adsorbed MB+ is thermodynamically favored due to the 

equilibration of the Fermi level of AgNPs and the unoccupied orbital of adsorbed MB+. The reduction of MB+ to 

the intermediate form HMB+● was monitored by SERS, which allowed us to also monitor in-situ the co-adsorption 

of MB+ and halide ions on the metal surface. 
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Drug delivery systems (DDS) based on nanoparticles are gaining attention 1. Among many fields, in which 
nanodrug delivery is involved, contrast to drug resistant bacteria is under fast development 2. Mesoporous 
silica nanoparticles (MSNs) can be easily functionalized with chemical groups which allow to increase, 
delay, and localize drug release at cell targets 3. To date to increase MSNs biocompatibility and increase 
their stability polymer coated nanoparticles are under study 4. 
Here, MSNs were modified with a cationic polymer poly-L-lysine (PLL) and loaded with a flavonoid drug 
quercetin (Figure 1). The MSNs were functionalized separately with two amine groups, 
triethylenetetramine (TETA) and 3-aminopropyltriethoxysilane (APTES) to give MSN-TETA and MSN-
NH2, respectively. The structure and the functionalization of MSN, MSN-NH2, MSN-TETA. MSN-
NH2-PLL, MSN-TETA-PLL samples were characterized by a wide range of techniques including: TEM, 
SAXS, TGA, FTIR, N2-adsorption/desorption isotherms, DLS and zeta potential. Quercetin release 
kinetics were assayed at different pH always giving a release value that falls within the range of drug 
concentration (2-10 mg/mL) in plasma after an oral administration dose of 200-500 mg of quercetin. 
Preliminary results on the antibacterial effect of quercetin loaded samples were evaluated suggesting a 
major bactericidal effect on Gram positive bacteria.  

 
Figure 1: Schematic representation of MSN-PLL quercetin loaded MSN as DDS against bacteria 
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19F-MRI has emerged as a promising diagnostic tool providing hot spot imaging along with 1H-MRI. We previously 

reported a superfluorinated imaging agent, PERFECTA, bearing 36 equivalent 19F atoms and therefore showing a 

single, intense resonance peak.1 As most of the superfluorinated contrast agents, PERFECTA is highly 

hydrophobic, which makes it difficult to be used in biological environment systems. In this work, an amphiphilic 

protein, hydrophobin (HFBII), which is a natural biosurfactant with filming properties, was used to disperse 

PERFECTA in aqueous solutions2. We optimized a protocol to obtain colloidally stable formulations of 

PERFECTA. The obtained formulations were characterized by NMR, DLS, microDSC, TEM, 19F-MRI and FTIR. 

The results showed that these nanoformulations were composed of monodispersed PERFECTA nanoparticles 

coated by a HFBII shell that also have good NMR relaxation times to be used as 19F-MRI tracking contrast agents 

[Figure 1]. Cytotoxicity and cellular uptake studies also demonstrated nanoparticle biocompatibility and their ability 

to label cells. Moreover, hydrophobin protein has been shown to possess stealth properties, thereby reducing the 

attachment of serum proteins on to the nanoparticles. Thus, the obtained nanoformulation represents a versatile 

labeling agent that can also be used as delivery vector. 

 

Figure 1: Schematic drawing of the hydrophobin coated superfluorinated nanoparticle. 
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Figure 1.  Nanoparticleformulation of the superfluorinated contrast agent PERFECTA coated 

with a HFBII shell, that can be further functionalised. 
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To date, the lipid liquid crystalline sponge phase (L3) has rarely been discussed in the context of encapsulation 

matrices for biofunctional molecules. The L3 phase, however, has distinct advantages compared to other reversed 

lipid mesophases, both in terms of its increased flexibility and capacity to form large aqueous pores, which are able 

to encapsulate large active biomolecules. Additionally, the sponge phase can be dispersed into stable colloidal 

nanoparticles (NPs), in which entrapped active substances are protected from degradation, while simultaneously 

allowing control over their release and/or activity1. We have investigated the encapsulation of two key industrial 

enzymes of different sizes, aspartic protease (34 kDa) and β-galactosidase (476 kDa), in L3 phase dispersions, 

composed of diglycerol monooleate, glycerol monooleate, and the stabiliser polysorbate 80. Encapsulation in the 

L3 phase was shown to increase enzyme thermal stability, as, in both cases, the enzymes showed higher retained 

activity compared to the free enzyme solution after storage at room temperature2,3. L3 phases have few distinct 

structural features in their diffraction patterns, compared to the related cubic phases, as also seen in this system, 

therefore the dynamics are very important. We performed neutron spin echo (NSE) measurements on these L3NPs 

at NIST, USA, with the aim of revealing the dynamics of this system with and without the two enzymes, aspartic 

protease and β-galactosidase. To our knowledge, this was the first time that NSE measurements have been 

performed on sponge phase dispersions, in contrast to vesicles, which have been more widely studied. The bending 

moduli, κ, extracted from this data highlighted the specific effects of the encapsulated enzymes on the L3 phase4. 

We observed that the sponge phase becomes stiffer when the enzymes are included, with a larger increase for β-

galactosidase than aspartic protease. 
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Lipid mesophases are lyotropic liquid crystalline systems which differ from liposomes and other globular 

aggregates in dilute regimes due to their inner ordering. It is known that natural lipids enable to obtain a rich variety 

of nanosystems and many of them have been proposed as delivery agents for bioactive compounds. Due to their 

packing parameters, several classes of lipids found in natural sources are able to self-assemble into nonlamellar 

structures. Among lipids occurring in plants and algae, triglycerides display this tendency1.  

In the present study we examine new nanosystems built with lipids extracted from the marine microalga 

Nannochloropsis sp and their use as carriers for lipophilic antioxidants. The antioxidants studied, curcumin and 

tocopherol were encapsulated with high rate in the carriers2. The physico-chemical characterization of plain and 

loaded vectors showed their structure and localization site, as well as the structure-functionality relationship related 

to potential drug delivery. The results show that the cargo molecules play an active role in driving the interactions 

which characterize the overall structure of the aggregates. The systems studied showed several coexisting 

mesophases, the most predominant structure being of cubic symmetry. 

 

(a) (b) 

Figure 1. (a) One-dimensional intensity scattering plots showing complex curve on a wide q range. (b) Enlargement 

in the large region q to evidence ordered nonlamellar structures. 
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Nanomedicine is a rapidly growing field of science that exploits the unique properties of nanoparticles for potential 

biomedical applications such as cancer therapies through the implementation of controlled drug delivery systems 

(CDDS). Poly(amidoamine) (PAMAM) dendrimers are synthetic nanosized, non-immunogenic, hyperbranched 

polymeric systems. Dendrimer synthesis can be precisely controlled in size, shape, molecular mass, composition, 

and reactivity1.  The 4th generation of positively charged PAMAM dendrimer (G4PAMAM) was selected for the 

study as a potential carrier for 5-fluorouracil (5FU), a drug primarily used in treating colorectal cancer. Analytical 

techniques such as UV-Vis and NMR spectroscopy have shown that the most critical factor determining the 

PAMAM-5FU complex formation is the starting components' protonation degree. The change in the system's 

protonation degree was also monitored using the zeta potential measurement as a function of pH. Additionally, 

using the QCM-D method, the adsorption efficiency, and the number of drug molecules immobilized in the 

dendrimer structure  were determined. The tests confirmed the system's ability to attach about 20 5FU molecules 

per one dendrimer molecule for the fourth generation dendrimer. Comparing these values with the nominal 

number of amine groups present in the dendrimer structure, a system yield of 16% was obtained. Cytotoxicity 

studies (MTT and MTS tests) show no effect of dendrimers against mouse fibroblast cells (L929) and regular 

activity of the PAMAM-5FU complex against four human cell lines: malignant melanoma (A375), glioma (SNB-

19 ), prostate cancer (Du-145) and colon adenocarcinoma (HT-29). After determining the conditions for effective 

binding of 5FU molecules by G4PAMAM, the study's next step was to determine the interaction between 

dendrimer-based nanocarrier and plasma proteins. Indicating effect on the proteins structures and possible 

aggregation process are fundamental aspects in studying the potential application of dendrimers in biomedicine. 

Analytical methods allowed us to determine the influence of G4PAMAM dendrimer on proteins most abundant 

in biological fluids, such as BSA characterized by its ligand binding and transport function and fibrinogen involved 

in the opsonization process. UV-Vis spectrophotometry and Laser Doppler Velocimetry (LDV) methods made it 

possible to observe the formation of complexes between G4PAMAM and plasma proteins. Determination of the 

electrophoretic mobility of proteins’ particles in the presence of dendrimer allowed for a better understanding of 

the electrostatic interactions between the nanocarrier and protein. The size of the G4PAMAM-protein systems 

and the aggregation process were controlled using the Dynamic Light Scattering (DLS) method. The Quartz Crystal 

Microbalance with Dissipation Monitoring (QCM-D) allowed us to maintain the adsorption kinetics of the systems, 

bilayers formation on the gold surface, and prevent the conditions under which fibrinogen as an opsonin protein 

attaches to G4PAMAM-BSA-based complexes. 

Acknowledgments: This work was partially supported by project NCN OPUS 2016/23/B/02788, 

References 

1. J.M. Rae and B. Jachimska, Nanoscale, 2021, 13, 2703-2713 

 



55 
 
 

O27 

Non-lamellar lipid liquid crystalline phases as matrices for 

biomolecules 
 

Tommy Nylandera,b,c  

aPhysical Chemistry, Department Chemistry, Lund University, POBox124, 221 00 Lund, Sweden, bNanoLund, Lund University, POBox 

118, 221 00 Lund, Sweden, cLund Institute of Advanced Neutron and X-ray Science, IDEON Building: Delta 5, Scheelevägen 19, 223 70 

Lund, Sweden. email: Tommy.Nylander@fkem1.lu.se 

Non-lamellar lipid aqueous phases, such as reverse cubic or hexagonal phases, are ubiquitous in nature and they 

present a curve lipid aqueous interface on the nanoscale. The role of curvature for biomolecular interactions has 

been increasingly recognized. The curvature of the lipid aqueous interfaces in these phases and hence the size of 

the aqueous cavities depends on the composition, water content and temperature. Normally the size of the cavities 

is similar or smaller than biomacromolecules, such as large enzymes. However, the flexibility of the lipid matrix 

allows larger molecules to be entrapped with retain functionality. The lipid matrix in itself allows for the entrapment 

of lipophilic functional molecules that can move within the lipid matrix. We will demonstrate that we can form 

non-lamellar liquid crystalline surfaces of different phases on the surface. Thanks to the presence of responsive 

microgel particles, changing the temperature can regulate the hydration of the cubic phase lipid films. The 

implications for biomedical delivery systems will be discussed. 
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PhotoDynamic Therapy (PDT) is a clinically used technique based on the irradiation of a photosensitizer to locally 

generate reactive molecular species subsequently leading to cell death. We have shown that the encapsulation of 

pheophorbide-a (Pheo) in polymer micelles based on poly(ethylene oxide)-block-poly(ɛ-caprolactone) PEO-PCL 

and poly(ethylene oxide)-block-poly(styrene) PEO-PS resulted in an improvement of PDT efficiency1.  

We want to elucidate the role of the polymer in the process of cellular internalization. We focus on the effect of 

polymer nanovectors on membranes through physico-chemical studies on biomimetic membranes, and biological 

experiments on 2D cell cultures. In the case of PEO-PCL micelles, confocal microscopy images on giant lipid 

vesicles2 (Figure 1a and b) and electron microscopy images on cells (Figure 1c) show strong perturbations of 

membranes with formation of endo or exo vesicles. These perturbations are accompanied by membrane 

permeabilization as studied by leakage experiments with and without light irradiation. We demonstrated that these 

membrane modifications are related to singlet oxygen production and oxidation of the lipids, which are quantified 

and followed upon light-irradiation2,3. 

These results help to understand and rationalize the influence of the nature of the carriers on PDT efficiency, 

compared to free photosensitizer. Besides, they prove the interest of physico-chemical studies on biomimetic 

membranes giving rise to a picture correlated to the biological outcome.  

 

Figure 1. a) and b) Confocal microscopy images of lipid giant vesicles in contact with loaded PEO-PCL micelles: 

a) Pheo signal, b) DiO signal; c) Transmission Electron Microscopy image of HCT-116 cells incubated with PEO-

PCL micelles loaded with Pheo, five minutes after light irradiation (2x2 min with calibrated light 8.2 J cm-2) white 

arrows indicate endo and exo vesicles. 
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Trodusquemine is an amphipathic aminosterol that has recently shown therapeutic benefit in both tau and beta 

amyloid mouse models of Alzheimer’s disease1  but the underlying mechanism is still debated2. Trodusquemine 

(Trod) behaves in solution as an asymmetric bolamphiphile showing aggregative behaviour and moderate 

interfacial activity at physiological pH.  

To unravel how Trod affects the structure of a neuronal membrane where aberrant protein misfolding takes place, 

we studied the interactions between Trod and different models of the outer layer of the plasma membrane focusing 

on Large Unilamellar Vesicles (LUVs), Supported Lipid Bilayers (SLBs) and Langmuir monolayers with the same 

lipid composition: a two-phase (Ld-So) lipid mixture of dioleoylphosphatidylcholine, sphingomyelin, cholesterol 

and GM1 mimicking lipid-raft containing membranes. The interaction between the LUVs and Trod was studied 

by means of ζ potential, DLS and FRET experiments; the collected data demonstrated that the addition of 

increasing concentrations of Trod causes an increase of ζ until saturation coverage without major changes in LUVs 

dimensions. A Quartz Crystal Microbalance (QCM) was used to characterize the adsorption and penetration of 

Trod in SLBs obtained by fusion of the corresponding LUVs onto the QCM sensor, the results revealed that Trod 

partly penetrates the bilayer maintaining a flat-like orientation of the rigid sterol group at the interface. Surface 

pressure-area isotherms combined with Brewster Angle Microscopy (BAM) provided the thermodynamic and 

morphological information on the lipid monolayer on subphases containing increasing amounts of Trod. Trod 

interacts and penetrates in the lipid monolayer with a maximum uptake for a Lipid/Trod molar ratio equal to 3:2. 

Interestingly, the same molar ratio was also found at Trod saturation in SLBs of the same lipid composition. 

Imaging of the interface was achieved by AFM measurements of SLBs and BAM imaging of the phospholipid 

monolayers, both experiments evidenced the coexistence of disordered and condensed phase domains even in the 

presence of Trod. Statistical analysis of the condensed domains revealed that Trod preferentially adsorbs at the 

borders of the lipid rafts inducing a decrease in size without significantly affecting the thickness mismatch. Taken 

together these observations suggest that Trod influences the organization of lipid rafts within the neuronal 

membrane, preliminary experiments of alfa-synuclein interactions with model membranes were also performed to 

assess if the amyloid fibrillation process is hindered by the presence of Trod at the lipid raft boundary. 
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Finding inhibitors of medically essential protein-protein interactions constitutes a significant challenge of 

contemporary medicinal chemistry. Prediction of protein-protein interacting interfaces druggability or ligandability 

may tremendously impact the development of chemical probes and novel drug candidates. Ligandability is the 

likelihood to identify a small molecule modulator that efficiently interacts with the protein target. Druggability 

typically refers to the development of potent molecules with therapeutically beneficial efficacy and safety. The 

druggability of a given protein depends on the physicochemical and topological properties of pockets or binding 

sites on its surface, at which small-molecule ligands with drug-like properties can occupy with high affinity to exert 

a pharmacological effect. Besides the static structural information of the protein surface, the presence of protein 

dynamics, often rendering cryptic binding sites, is not an established factor to assess the ligandability of disease-

related proteins. Here we present the first experiential evidence that the druggability of structurally conserved 

proteins is tightly linked to their dynamic pattern. The BTB proteins, well-known cellular protein-protein 

interaction drivers, become attractive targets for drug development campaigns, like KAISO, MIZ1 and LRF, all 

three with established links to cancers. The extensive NMR-based fragment screening for three prominent 

examples, KAISOBTB, LRFBTB and MIZ1BTB, yielded numerous hits exclusively for the MIZ1BTB. The 

comprehensive 15N relaxation-based dynamics studies revealed that MIZ1BTB, in contrast to the remaining 

domains, turned out to experience fast and slow motions of the protein backbone localized at the identified ligand-

binding site. The extensive multiple-time scale mobility of the B2, B4 parallel β-strand contributes to exceptional 

conformational heterogeneity found for the ligand-binding region. Together, our findings underline the pivotal 

importance of molecular motions, often rendering the cryptic binding sites, thus dynamic pattern, as one of the 

crucial drivers of druggability, understood as a probability of finding interacting ligands among structurally 

conserved proteins. 
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INTRODUCTION: 
MRI is a suitable imaging tool for in vivo investigation and with fluorine nanoparticles (19F-NPs) active 
inflammation could be detected without signal background. In the present work, we extended MRI towards 
multicolor imaging by using two formulations of  19F-NPs containing two different perfluorocarbons (PFCs) in the 
experimental autoimmune encephalomyelitis (EAE) in mice, a model of  neuroinflammatory disease mimicking 
multiple sclerosis (MS). 
 
METHODS: 
Oil-in-water nanoemulsions were formulated by direct sonication of  two perfluorocarbons (PFCE and 
PERFECTA) with a Pluronic as surfactant and a fluorescent dye for confocal microscopy analysis. All in vivo MRI 
experiments were performed at 7Tesla in healthy and EAE induced in C57BL/6 mice. Animals were imaged after 
a first dose of  a 19F-NP, given at onset, and a second dose, given at peak. The signal of  19F-NPs was quantified in 
brain, spinal cord, lymphoid organs and liver. At the end, all these organs were collected for flow cytometry analysis, 
fluorescence and RAMAN microscopy. 
 
RESULTS: 
In mice treated with both nano-formulations simultaneously, the fluorine signal  from each perfluorocarbon 
measured on MR images co-localized with the same level of  intensity. Thus, both 19F tracers showed the same 
performance in vivo. Interestingly, MRI signal related to 19F-NPs uptake in the CNS was considerably increased 
with disease severity. Indeed, 19F signal correlated with the increment of  leukocytes infiltration in the CNS, as 
measured by FCM.  As also observed by Fluorescence microscopy on collected tissues, both 19F-NPs  were found 
inside immune cells. In order to specifically identify the presence of  PFCs in tissues and thus to overcome the 
possible dissociation or loss of  the fluorescence signal from 19F-NPs, RAMAN microscopy allowed to confirm 
PFC deposition in areas with a high degree of  inflammatory cells1. 

CONCLUSIONS: 
We demonstrated the potentiality of  multicolor 19F-MRI to track immune cells activation in the CNS of  a mouse 
model of  MS. The proposed 19F-NPs could be extended also to track therapeutic cells over time. In particular, 
multicolor 19F-MRI could be of  great interest to label both therapeutic cells and the circulating immune cells with 
the aim to monitor the effects on inflammation. 
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Cells have been exploiting nanoparticles far much longer than we have in our labs. For example, we’re learning 

they secrete a great variety of nanoparticles (secNPs) into the extracellular space – which range from high-density 

lipoproteins of few nanometres to extracellular vesicles and fat globules of hundreds of nanometres – and use 

them as (nano)lines of communication to regulate/mediate key physiological and pathological processes. Either 

wild or engineered, secNPs are therefore entering in the running as breakthrough cell-free therapeutics, vaccines 

and fluid biopsy diagnostics. “Made by cells for cells”, they promise to bring to nanomedicine much-needed 

circulation and targeting abilities as well as intrinsic precision and sustainability. From a wider perspective, secNPs 

might be cell-assembled building blocks for future “biogenic” surface- and nanotechnology, such as the realization 

of hybrid biomimetic systems or cell synthesis from scratch. However, current knowledge of secNPs is fragmented 

and sectorial – most of the investigations being focused on a specific biological and/or medical aspect of a given 

secNP class – and their study and engineering are not supported by adequate understanding over their peculiar 

structural, colloidal and interfacial properties. The contribution will rationally introduce secNPs in a unified 

nanoscale framework, friendly outlining their (known) biology and (promised) translation and focusing on their 

(missing) surface science.     

Figure. The nanostructured secretome sketched (adapted from Ref. 1). 
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Lyotropic liquid crystalline nanoparticles with bicontinuous cubic internal nanostructure (cubosomes) are widely 

proposed as drug delivery system in various medical applications. However, their systemic administration is limited 

to date by a certain degree of cytotoxicity they present. Intending to produce a more biocompatible formulation, 

here is discussed a new cubosomes dispersion stabilized with a biodegradable polyphosphoester-analogue of 

Pluronic F127, the ABA-triblock copolymer poly(methyl ethylene phosphate)-block-poly(propylene oxide)-block-

poly(methyl ethylene phosphate). The cytotoxic features of the formulation were evaluated against two different 

cell lines (HEK-293 and HUVEC) and human red blood cells. The response of the complement system was also 

evaluated. With respect to all the tested cell lines, results proved the poly(phosphoester)-stabilized formulation is 

significantly less toxic than an identical formulation stabilized using the classical Pluronic F127. More importantly, 

haemolysis assay and complement system activation tests demonstrated its very high hemocompatibility. This 

formulation is potentially biodegradable and should be considered as a new and versatile platform for preparation 

of functional and smart drug delivery systems for systemic administration. 
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Although made only from water and barley, whisky is a complex liquor. Initially distilled to around 70% alcohol 
by volume (abv), it is then diluted to about 40% abv. Many connoisseurs drink whisky after further slight dilution 
to enhance its taste. Whereas others will never dilute it no matter what. Using computer simulations, we modelled 
whisky as a mixture of ethanol, water and a model taste compound (guaiacol). The simulations provided atomistic 
details on the structure of the liquid mixture. We found that guaiacol is preferentially associated with ethanol, and, 
therefore, primarily found at the liquid-air interface in mixtures that contain up to 45 vol-% of ethanol. At ethanol 
concentrations of 59 vol-% or higher, guaiacol is increasingly surrounded by ethanol molecules and is driven to 
the bulk. This indicates that the taste of guaiacol in the whisky would be enhanced upon dilution prior to bottling. 
Our findings may apply to other flavour-giving amphipathic molecules and could contribute to optimising the 
production of spirits for desired tastes. Furthermore, interestingly, interactions with the water may be negligible 
already at 89 vol-% of ethanol which may be significant for the pharmaceutical industry. 
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Chemical communication is ubiquitous in insects and plants life but complete understanding of the paths taken 

by chemicals to explain the performance of these systems is not achieved. Critical gaps exist in the 

understanding of the physico-chemistry of these chemicals for their transport in the near-ground atmosphere. 

We proposed that some of them get adsorbed on aerosol surface and transported as clusters1. Therefore 

aerosols could carry chemical signals over long distances. 

The kinetic of this adsorption process is sufficiently fast to occur during the atmospheric transport of the 

pheromones1. To assess this mechanism, identification of molecular candidates and model interface leading to 

high enough adsorption free-energy is necessary. In this talk, we will present molecular dynamics simulations 

that enable to evaluate and compare the adsorption on water-air interface of an iconic pheromone (bombykol) 

and three of its derivatives with adsorption free energy between 5 to 11 kBT (13 to 26 KJ/mol)2.  These  results 

help us to gain insights in the processes that might play a role in pheromonal communication of insects and 

illustrates the importance of physico-chemistry of interfaces in chemical ecology.  

 

 

Figure 3. Steered molecular dynamics enables to evaluate the free energy of adsorption of pheromones on 
aqueous aerosol surface. 
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Understanding and predicting the behaviors of solid-liquid interfaces is the key to explanations of many 

phenomena and applications. Thanks to the contribution of theory and modelling (especially  molecular 

dynamics1), we can now make a more complete description within Stern-Gouy-Chapman model for the oxide-

water interface. This work presents Molecular Dynamics (MD) simulations dedicated to analyze correlations 

between ion and silica surface including three body effects, one particle belonging (surface site) to the surface and 

two (ions) to the solution. An extensive description of surface correlation situations is provided from simulations 

of three alkaline earth metal chlorides (Mg2+, Ca2+, and Ba2+) aqueous solutions at 1 mol.L-1 in negatively charged 

silica nanochannels. Here, three types of ions are introduced for describing Electrical Double Layer (EDL): surface-

bound, correlated, and free ions. Surface-bound ions form contact ion pairs (CIP) with surface sites which can be 

regarded as fixed ions. Correlated ions form CIPs with other surface-bound ions. Excluding the surface-bound 

ions and correlated ions, we get free ions. For doing this analysis, we provide the results of McMillan-Mayer 

Potential of Mean Force (PMF) which give the equilibrium distances of ion pairs. By computing the association 

constants as well as the Mean First Passage Time (MFPT), we also found a decreasing affinity of deprotonated 

silanol along with the series Mg2+ > Ca2+ > Ba2+, while the formation of bulk M2+-Cl- pair is in reverse order. MD 

simulations of negatively charged silica nanochannels show that the amount of surface-bound, as well as correlated 

ions, increases with the matching water affinity2. We found that 25% of non-free Ba2+ ions are actually non-surface-

bound but correlated ions. On the silica surface, over 40% of surface-bound Ba2+ ions are also correlated with 

surface-bound Cl- while other two cation systems do not show this trend. When the surface-bound ions and 

correlated ions are taken apart, the remaining free ions fit well the Poisson-Boltzmann (PB) equation. These results 

emphasize the necessity to account for three-body associations on oxide surfaces at least for divalent ions and 

offer the analyzing procedure for oxide-electrolyte modelling. 
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G-Quadruplex (GQ) is a non-canonical secondary structure of DNA that can be found in specific regions of the 

genome including the telomeric ends of chromosomes and oncogene regulatory regions, such as c-myc. 

Compounds that are capable of binding and stabilizing G-quadruplexes would be of great benefit in the anticancer 

therapy1. Eight derivatives of pyrazole[1,2-a]benzo[1,2,3,4]tetrazin-3-one that exhibited antiproliferative activity in 

vitro assays2,3, were studied by Circular Dichroism (CD) and molecular modeling, with the aim of verifying if their 

activity can be related to the interaction with GQ. We focus on c-myc DNA sequence: 

TGAGGGTGGGTAGGGTGGGTAA. Molecular docking has been carried out for the evaluation of the 

interaction and affinity of the ligands towards GQ (Figure 1). The results obtained were compared with random 

drug-like compounds with similar molecular weight. Molecular Dynamics (MD) at different temperatures has been 

carried out to evaluate how the interactions of the ligands can affect the GQ conformational stability and to 

confirm the experimental results of melting stability of the CD studies. This approach can be use in drug discovery 

as prediction of stability and de-stability of drugs having GQ as cancer therapeutic target. 

Figure 4. Docking interaction between one ligand and c-myc G-quadruplex (PDB code: 1xav). HB interaction (yellow), π-π 

interaction (light blue) and halogen bond (purple). 
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Cellulose is our most abundant biopolymer on Earth, and an important renewable raw material. Her, we present a 

combined small and wide angle X-ray scattering (SAXS/WAXS) study of regenerated cellulose textile fibers, air-

gap spun from an ionic liquid solution.1 Figure 1 shows SAXS and WAXS patterns from two fibers produced with 

different draw ratios, DR=2 and 15, respectively. Drawing the fibers result in an increased degree of orientation 

of the crystalline domains (Figure 1c and d). By analyzing the azimuthal angular dependence of the WAXS pattern, 

both the crystal degree of orientation and the degree of orientation of amorphous cellulose chains can be obtained, 

as well as their relative contributions to the total scattering. Thus, offering an accurate determination of the degree 

of crystallinity. The anisotropic cross-like 2D SAXS pattern, having scattering predominantly perpendicular and 

parallel to the fiber axis, suggests an internal colloidal structure with oriented crystalline lamellae of ca. 10 nm 

thickness, embedded within a continuous matrix of amorphous cellulose. The lamellae being oriented with their 

normal parallel with the fiber axis. 

 

 

Figure 1. 2D SAXS and WAXS patterns obtained for two different draw ratios (DR). a) SAXS for DR=2. b) 

SAXS for DR=15. c) WAXS for DR=2. d) WAXS for DR=15 together with an assignment, Miller indices (h,k,l), 

of some of the reflections. To the right is shown an illustration of the fiber orientation together with the laboratory 

frame. Here, z is the meridional direction and the equatorial scattering is recorded in the x-direction. 
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In this contribution we show that it is possible to determine an average conformation of single polyelectrolyte 

chains inside layer-by-layer grown films by combining specular and off-specular neutron reflectometry and grazing-

incidence neutron small angle scattering measurements. In particular, we determine that PSS chains in (PSS/PAH)n 

multilayer films prepared by dipping have a flattened coil conformation that is smaller in size in the direction 

perpendicular to the surface than in the direction parallel to the surface.1 This is in agreement with the fact that 

the thickness per layer of "trapped polyelectrolytes" is smaller than the size of the polyelectrolytes in solutions. 

Although the size asymmetry ratio in both directions is close to ten, testifying the highly non-equilibrium state of 

the polymer chain, it is shown that the projections of the single chain monomer density profiles in both directions, 

parallel and perpendicular to the interface, still obey Gaussian statistics. Moreover, the "gyration volume" of the 

surface-bound chains equals the one in free solution under the same ionic strength. In addition, the influence of 

different preparation methods (dipping, spin-coating and spraying) on the nanoscopic structure of the films will 

be shown. The strength of neutron scattering in reflection geometry for thin polymer films will be demonstrated 

and new analysis methods, recently developed taking into account the full 3D scattering pattern, will be presented.2 

.  
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Lyotropic liquid crystalline phases of cubic symmetry constitute an interesting class of soft materials. They can be 

formed by low molecular weight synthetic surfactants, but also by more complex lipid mixtures. Cubic phases can 

conveniently be divided into discrete and bicontinuous structures. The former is built up of discrete aggregates, 

often spherical or ellipsoidal micelles with moderate axial ratios. The bicontinuous phases have sample spanning 

paths in both the polar and non-polar constituents.  

There are several reasons why cubic phases have attracted interest within the scientific community. They are 

implicated as important material in many biological phenomena. Cubic phases are used in the context of drug 

delivery, for instance in the form of nanoparticles, often called cubosomes. Crystals of membrane bound proteins 

for structure determination can be grown in cubic phases. In many of these applications, knowledge of transport 

processes, such as self-diffusion coefficients, of the constituent molecules is a prerequisite.  

The standard way of determining self-diffusion coefficients in cubic phases is Pulsed Field Gradient (PFG) NMR. 

With this method, Mean Square Displacements of the order of microns are determined, implying transport over 

many unit cells. Self-diffusion coefficients can also be obtained from NMR relaxation rates, and these values refer 

to diffusion in one single unit cell. This is possible since the relaxation is (in part) caused by the diffusion along 

the (curved) dividing surface in the cubic structure. 

In this contribution, we apply a relaxation model developed for Infinite Periodic Minimal Surfaces of cubic 

symmetry [1] to extensive 2H relaxation data from the (reverse) cubic phase in the system DDAB/decanol/water, 

where decanol is specifically enriched with 2H in the methylene group adjacent to the carbon carrying the OH-

group. The cubic phase belongs to the space group Im3m. The volume fraction of the dividing bilayer is varied 

from 0.3 to 0.7. Self-diffusion data for the decanol molecule is obtained from the analysis. In addition, we also 

present PFG data for DDAB and water over the extension of the cubic phase.  

 

 

Figure 1. Three-dimensional representation of Im3m cubic phase. From left to right, the surfactant bilayer, the 

water channels, and the bilayer and water channels combined. Image courtesy of Thomas Meikle. 
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Squalane is a non-volatile natural solvent widely used in different fields, particularly in cosmetics. In this study we 

investigated the possibility to realize microemulsions involving this solvent by stabilizing it in the presence of AOT 

as surfactant. In short chain oils this anionic sulfosuccinate promotes the creation of water-in-oil microemulsion 

but this behavior changes using decane: in this case a triphasic equilibrium oil-microemulsion-water is stable in the 

presence of 0.51 % wt/vol NaCl, followed by inverse systems at higher salinity.1 

Using Squalane as oil, we noted the formation of equilibria involving L3 phases, similarly to what expected in the 

case of pseudo binary systems AOT/brine with a very low solubilization capacity towards the hydrocarbon. In 

particular, increasing the salt amount in brine, starting from 1.5 %wt/vol NaCl, we observed a shrinkage of the 

volume fraction of the sponge phase, expelling brine. Comparing the volumetric data of this process both with 

and without Squalane, significative differences in the phases’ volumes have been observed: the oil, solubilized in 

traces as revealed by TGA measurements, has an opposite effect respect to the salt. 

Fitting of SAXS curves allowed to get insight on the microstructure of the L3 phase, in particular, on the 

dependence of persistence lengths (ξ) on AOT volume fraction s. The experimental ξ coming from SAXS well 

agree with the one calculated from volumetric data according to the Random Surface Model for L3 phases 

(RSML3) proposed by Cates et al.2 Interpreting  as the maximum linear displacement on the surface for which 

the normal at interface vary less than a critical angle , leads to a 𝜉𝐻 ≤ 𝛼 where H denotes the mean curvature of 

the film. This, combined with the RSML3, leads to 𝐻~𝐻0 =
𝛼

𝜉
∝ 𝜙2 in agreement with the thermodynamic 

treatment of the L3 phase of Anderson et al.3 
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Glucosinolates (GLSs) are a unique class of vegetable secondary metabolites containing sulfonated oxime moieties, 

occurring in crops belonging to the family of Brassicaceae (i.e. broccoli and cauliflowers). GLSs are very stable 

molecules, but when plant tissues are damaged, myrosinase (thioglucoside glucohydrolase EC 3.2.3.1), which is 

stored separately in intracellular compartments (myrosinase grains), hydrolyzes glucosinolates, producing the 

health-promoting isothiocyanates and a variety of further decomposition products (e.g. nitriles, thiocyanates, 

epithionitriles or oxazolidine-2-thiones), that play a defensive role against plant pests.1 

Myrosinase (MYR) is an enzyme occurring in all the plants belonging to Brassicaceae family, but it has been purified 

and characterized only in a limited group of species. There are several isoforms of MYR, which seem to be specific 

both to the plant species and to the plant organs in which they are located and that show different hydrolytic 

properties towards different GLSs.2 Moreover, MYR activity is affected by different experimental conditions, such 

as the concentration of ascorbic acid, which acts as a cofactor, and the pH of the reaction medium.3 

In this study, a fast ultrasound-assisted extraction of GLSs, employing a biocompatible pH 2.0 buffer solution, is 

proposed as an alternative of the conventional extraction method,4 which provides the use of hot methanol and 

heat treatment for prolonged time. The overall procedure, optimized on different anatomical parts (inflorescences 

and stalks) of broccoli (Brassica oleracea var. italica) and cauliflower (Brassica oleracea var. botrytis) samples, resulted an 

effective methodology for the extraction of GLSs from agro-industrial residues, showing a mean recovery of the 

68%. 

In order to support the efficiency of MYR inhibition at low pH (i.e. pH 2.0), a second part of this study was 

focused on the determination of the hydrolytic activity of the enzyme, by the mean of the direct 

spectrophotometric method.2 The activity (U) of purified MYR from white mustard seeds (Sinapis alba) at different 

pH conditions (2.0, 4.0, 6.0 and 8.0) was evaluated, testing sinigrin and glucoraphanin as substrates. The Umax at 

pH 2.0 showed a decrease of the 97%, if compared to the values showed at the optimum pH (pH 6.0). 

An alternative HPLC-UV method for the determination of MYR activity was also proposed. This method allowed 

to determine the activity of MYR extracted from broccoli and cauliflower inflorescence samples, reproducing the 

natural physiological condition in plant tissues and eliminating the need of a preventive purification step of the 

enzyme. 
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Brittle and fragile paint layers constitute a major issue in the preservation of easel and canvas paintings, and current 

restoration practice still lacks appropriate consolidants. One of the most concerning cases regards modern and 

contemporary paintings, often made by unfettered experimentation with mixtures and industrial formulations, 

which led to instable and fragile layers even before natural aging and weathering. Commonly adopted synthetic 

adhesives show poor physico-chemical compatibility to the original paint components1. Starch is a promising 

candidate for consolidant formulations, but dispersions obtained from bulk polymer grains yield superficial films 

that either provide superficial consolidation or alter the aesthetical properties of the paintings. Instead, we show 

here that colloidal dispersions of starch particles in the nano-size are able to penetrate paint layers and provide 

thorough consolidation of poorly adhered/cohered pigments without altering the appearance of the paints2-3. In 

particular, Jin Shofu is a gluten-removed wheat starch with low gelatinization temperature, two characteristics that 

likely facilitate the precipitation of stable starch nanoparticles (SNPs) in a non-solvent (ethanol) after alkali 

treatment2-4 leading to the formation of amorphous SNPs with spherical shape and tunable size distribution. When 

re-dispersed in water, the SNPs form nano-sized gel-like fractal domains by the organization of smaller units in 

polymer-rich and deficient regions, as evidenced by Cryogenic Electron Microscopy. Once applied on paintings, 

the SNPs distribute homogeneously across the paint section. As a result, effective pigment re-cohesion is achieved, 

with no aesthetic alterations. Besides optimizing the syntheses of SNPs, we investigated their effect on several 

pigments commonly employed by contemporary/modern artists using an in-house testing system based on micro-

sampling, coupled with macro and microphotography, and 2D Fourier Transform Infrared (FTIR) Imaging. One 

intriguing perspective in future research regards deepening the characterization of SNPs-pigment interactions, 

where the formation of amylose- and amylopectin-metal complexes (through hydroxyl groups in the polymers) 

might enhance the consolidating effect. Overall, SNPs represent a valid example where the formulation of colloidal 

systems from biopolymers and renewable sources can improve the resiliency of Cultural Heritage to degradation 

processes, favouring the transfer of works of art to future generations. 
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The presence of dirt, soil, aged polymers or corrosion patinas can hinder the readability of artworks; in 
these cases, non-invasive and controlled removal is required. Confining cleaning fluids – such as micellar 
solution and microemulsion- in retentive matrices like gels represents one of the most powerful strategies 
to obtain greater control of the cleaning action. In particular, semi-interpenetrated networks (semi-IPNs) 
can be applied repeatedly without uncontrolled spreading of the loaded fluids and are easily removed in 
one piece without mechanical stress on the treated surface. These features are particularly advantageous 
on water-sensitive artefacts [1] or on mechanically weak surfaces, where the removal or peeling of surface 
layers (e.g. using film- forming polymeric dispersions [2]) might be risky. In this contribution, pHEMA-
based semi-IPNs were used as confining matrices for tetraethylenpentamine (TEPA), a chelating agent 
whose copper (II) complex has a stability constant four orders of magnitude higher [3] than that of other 
traditional chelators used by conservators. Moreover, to increase the system ability to uptake copper ions, 
PAA was chosed as the interpenetrated polymer. PAA is in fact known to form strong coordination 
bonds with positively charged ions at alkaline pH, thanks to the presence of carboxylate groups [4]. The 
SIPNs were swollen in water at different pH values (6, 8, 12), and in an aqueous solution of TEPA (pH 
12) and analyzed by small angle X-ray scattering (SAXS) and scanning electron microscopy (SEM) to 
investigate possible gel structural differences at the micro- and nanoscale. Differential scanning 
calorimetry (DSC) and thermogravimetric analysis (TGA) were employed to evaluate the gels’ solvent 
content and the properties of water entrapped in the polymeric networks. Fourier Transform Infrared 
Spectroscopy (FTIR) measurements were performed, using a Focal Plane Array (FPA) detector, to gain 
information on the composition and structure of the polymers in the SIPNs, and on their interaction 
with TEPA and copper(II) ions. The Cu(II) ion adsorption kinetics of pHEMA/PAA SIPNs at different 
pH values were investigated and compared, highlighting the effect of the gels’ structure and functional 
groups on the adsorption process. Finally, the SIPNs were applied on corroded bronze mock-ups, and 
their ability to solubilize and remove copper oxychlorides was probed by FTIR-FPA (Focal Plane Array) 
chemical mapping with spatial resolution at the micron-scale. 
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The cleaning of Modern and Contemporary paintings requires particular care: traditional methods are too invasive 

and risky for their clotted, water-sensitive surfaces, where mechanical action and spreading of free solvent should 

be avoided.1 The ideal systems for the task are highly adaptable and retentive gels, with a macroporous structure 

that allows the diffusion of cleaning fluids throughout the gel matrix and at the gel-substrate interface.2-3  Micron-

sized pores with different morphologies can be obtained by mixing polymer pairs that undergo phase-separation 

in aqueous solution. In this light, we prepared cryogels by combining a highly hydrolyzed Polyvinyl Alcohol (H-

PVA) with a partially hydrolyzed PVA (L-PVA), and a poly(vinyl pyrrolidone), PVP. The polymers were 

fluorescently labeled, and the systems morphology at the microscale was observed through Confocal Laser 

Scanning Microscopy (CLSM). In both H-PVA – L-PVA and H-PVA – PVP pre-gel solutions, liquid-liquid 

demixing occurs. In other words, L-PVA and PVP spontaneously concentrate in micron-sized blobs, while H-

PVA remains in the continuous phase. L-PVA and PVP blobs act as templates during the freezing process: when 

the thawed gels are finally stored in water, the polymers are partially washed away, leaving pores in the structure. 

However, L-PVA and PVP play also other roles during the gel formation: they alter H-PVA chains self-interaction 

and ability to crystallize, influencing the gels structuration and rigidity. L-PVA and PVP also affect the gels 

characteristic dimensions at the nanoscale, the gel point and the gelation mechanism. Small Angle X-ray Scattering 

(SAXS) and Differential Scanning Calorimetry (DSC) gave insights about the correlation lengths and the crystallites 

size in gels containing different polymer concentrations. The gelation mechanism was investigated through 

rheology, and the characteristic exponents were compared to De Gennes’ scaling laws derived from percolation. 

Finally, Nuclear Magnetic Resonance (NMR) was used to quantify the residual L-PVA and PVP after washing, 

highlighting how the nature of the gelation process varies depending on the porogen type. Overall, both L-PVA 

and PVP behave as porogens and structuring agents, but differently: polymer-polymer interactions in the pre-gel 

solutions, polymers hydrophilicity and physico-chemical characteristics are crucial to determine the final cryogel 

features.  
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Cultural Heritage assets are crucial to mankind, as they are drivers of welfare and economic improvement. If 

properly preserved, this patrimony can boost job creation, social inclusion and cultural identity. Unfortunately, 

degradation processes inevitably threaten works of art. 

Colloids and material science have been providing effective solutions to preserve works of art in the last decades. 

In the specific case of cleaning of painted artworks, excellent results have been obtained using highly performing 

gels based on synthetic polymers[1-2]. However, there is still large room for the formulation of polymer networks 

that retain optimal cleaning ability but have higher eco-compatibility.  

 In this perspective, we have developed and studied different biocomposite hydrogels based on poly(vinyl 

alcohol) (PVA) and rice starch (RS) obtained via freeze-thawing, with water as the only used solvent. The PVA/RS 

hydrogels have been extensively characterized from a rheological and structural point of view and have been tested 

as cleaning tools on painted mock-ups with excellent outcomes. To better understand their formation mechanism 

and the features that derive from it, we then focused on investigating the structural role played by the two polymeric 

components of starch, i.e. amylose and amylopectin. The hydrogels obtained from different binary (PVA/amylose 

and PVA/amylopectin) and ternary (PVA/amylose/amylopectin) solutions were subjected to characterization by 

means of Small Angle X-Ray Scattering (SAXS), Confocal Laser Scanning Microscopy (CLSM), Scanning Electron 

Microscopy (SEM), Differential Scanning Calorimetry (DSC) and oscillatory rheometry.   
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With progressing industrialisation worldwide, environmental contamination of aqueous ecosystems by e.g. 

mining activities, fertilizing, battery production, and metal producing industry is increasing at an alarming pace 1,2. 

Especially Pb2+, Cd2+, and Al3+ are posing severe risk already in ppb concentrations to both, aqueous ecosystems 

and human health3-5 . For water treatment, different systems, such as flocculation, membrane processes, and 

adsorption, have been tested6, whereby particularly eco-friendly biopolymers have been investigated as they are 

not contaminated with synthetic by-products leading to secondary pollution7-10.  

Starch with its natural abundance and eco-friendliness represents a potential adsorber material for the 

remediation of surface waters from contamination with toxic metal ions11. Different native starches (potato, 

corn, waxy corn, and wheat starch) and two oxidized starches (oxidized potato and corn starch) were 

comprehensively analysed for their morphological and chemical features (streaming potential and charge density 

measurements, SEM-EDX, ATR-FTIR, 1H-NMR and TGA). Subsequently, the starches were tested in batch 

adsorption experiments with CdSO4, PbSO4, and Al2(SO4)3 as simulated wastewaters, analyzed with ICP-OES 

and SEM-EDX. Furthermore, adsorption experiments with real wastewaters were conducted to prove 

applicability of the starch samples. The oxidized starches, as simplest chemical modification, and also native 

starches thereby were excellent natural adsorber materials for Al3+, Cd2+, and especially Pb2+ in the low 

concentration range. The samples were exhibiting maximum adsorption capacities of 84 µmol Al3+/g, 71 µmol 

Cd2+/g, and 104 µmol Pb2+/g. 
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Metal ion pollution is a common characteristic of mine drainage. The acid conditions of these environments 

complicate a facile separation of the pollutants from the water body. Native chitosan, which is known to be a good 

adsorber for these ions, dissolves at these low pH values. Therefore, we report a partial substitution of the amino 

functionalities with hexanoyl chloride leading to hydrophobization and subsequent reduction of solubility.1,2 

Thereby the amount of applied hexanoyl chloride is varied. The degree of substitution is determined via 1H-NMR, 

FTIR, and potentiometric titration. Further, zeta potential, charge density, and dynamic light scattering were 

conducted to investigate the solution properties. Stability against acidic media was tested with pH dependent 

solution experiments. 

Subsequently, sorption experiments with aluminum, cadmium, and zinc sulfate were preformed whereby for each 

salt the sulfate and the associated metal ion adsorption was investigated via ICP-OES, respectively. The resulting 

isotherms were fitted using the Langmuir, Sips, or Dubinin-Radushkevich model. Additionally, the results were 

supported by SEM-EDX, FTIR, and XRD measurements of the adsorbate.  
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Horizon Europe (2021 – 2027) is the 9th European framework programme for research and innovation. With a 

budget of EUR 95,5 billion and a set of modern instruments, Horizon Europe is the most ambitious programme. 

Patrizia Zitelli, project manager at CSGI, will present an overview of the new funding opportunities and schemes. 

The structure, the main novelties (such as the European Innovation Council, Missions, and Open science policy) 

and the forthcoming calls for proposal will be illustrated. A special attention will be given to the funding 

instruments specifically addressed to individual researchers, Centres for Research and Universities.   
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Soluplus® is an amphiphilic poly (N-vinyl caprolactam)-poly (vinyl acetate)-poly (ethylene glycol) from BASF used 

as a matrix polymer for solid solutions of poorly soluble drugs in oral drug delivery. A series of investigations have 

shown soluplus produces a strong enhancement of the adsorption of model drugs. However, very little information 

is known about the properties of this polymer along the oral route of administration which involves important 

changes in concentration, pH, salinity, and temperature.  

The aim of this study is to delve into the behaviour and properties of soluplus aqueous solutions, mainly by static 

and dynamic light scattering, PGSE-NMR, and SAXs at varying soluplus concentrations in the range 0.5 wt% - 20 

wt%.  

SAXS curves of the samples are accounted for by a core-shell structure of constant size regardless of concentration.  

However, NMR (Fig. A) and SAXS (Fig. B) indicate that only a fraction of the total polymer is involved in the 

formation of large aggregates (40%). The concentration of small objects remains very large (about 60% of the 

total) and is more than three orders of magnitude larger than the soluplus cmc. According to the analysis of SLS 

the interactions between aggregates follow a hard spheres prediction (Fig. C). The data are rationalized in terms of 

a thermal-activated supramolecular isosdesmic self-assembly of the micelles. 
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The natural aging of silk textiles affects the secondary structure of fibroin and worsens the fibers’ mechanical 

properties, hindering their storage, handling and preservation.1 Unfortunately, the textile restoration practice still 

relies on polymer adhesives or repairs that either lack compatibility with the artifacts or do not address the in situ 

consolidation of the fibers. 

Alternatively, we proposed a “green” consolidant based on self-regenerated silk fibroin (SRSF) colloidal 

dispersions, obtained from renewable silk scraps.2 The crystallinity/amorphousness of films cast from the SRSF 

dispersions can be tuned playing on the protein concentration in the colloidal systems, where more concentrated 

dispersions yield more ordered films. Casting the films on aged silk fibers produced different mechanical behavior, 

depending on the film’s secondary structures. Amorphous SRSF films, cast from low-concentration dispersions, 

recovered the ductility of fragile silk, possibly owing to the presence of domains with mobile fibroin chains at the 

film-fiber interface. Highly crystalline (and thus brittle) films reduced the tensile strength and elongation length of 

the fibers. 

Overall, our approach shows how colloids and surface chemistry can foster the preservation of cultural heritage 

artifacts through a circular-economy type of process, opening new paths for the conservation of textiles and for 

the development of biomaterials or composites with enhanced properties. 

 

 

Figure 1. (Left) Self-regenerated silk fibroin (SRSF) are prepared from waste silk scraps and applied onto silk 

fibers. (Right) Aged silk before and after treatment with the SRSF dispersion: SEM images and FTIR 2D Imaging 

false color maps of the 1244 cm-1 fibroin band, showing the presence of increased amorphous fibroin after the 

application of SRSF onto the fibers. Stress-Strain plots show the recovering of mechanical behavior after treatment. 
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Specific ion effects refer to variations in the behaviour of a system that deviate from the behaviour expected in 

generic salt solutions characterized solely by salt concentration. They are frequently reported in terms of a 

Hofmeister series which describes the strength of the deviation with respect to the cation or anion in the salt. 

Hofmeister effects, affecting for instance zeta potential, diffusion of colloidal particles or enzyme activity,  are 

observed in pharmaceutical or industrial contexts where it is desirable to maintain a consistent pH through the use 

of buffer solutions. Hofmeister effects in such systems are typically reported with respect to background salts, 

while the buffer itself is ignored. And yet the buffer solution itself is an electrolyte which exhibits its own specific 

ion effect, that is, a specific buffer effect. We have conducted experimental measurements demonstrating that 

buffer specific effects are significant and cannot be ignored, both in inorganic porous silica [1], and in lysozyme 

protein interactions [2]. One key observation is that buffers, configured at the same buffer strength for the same 

pH, not only shift the value of the measurement but may even invert the sign of the zeta potential (Fig.1) or 

lysozyme diffusion coefficient (Fig.2).  We are developing theory to explain these specific buffer effects considering 

the van der Waals dispersion interactions of buffer species with particles, inducing surface adsorption of buffer. 

The theory accounts for the impact of the cavity of the buffer species [3], which appears to increase the strength 

of surface adsorption compared to models of dispersion interactions used previously. 
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Fig.1. Zeta potential of NH2-functionalized silica 

in (left) tris buffer, (right) citrate buffer [1]. 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Diffusion coefficients of lysozyme in tris, 

phosphate and citrate buffers [2]. 
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Liquids spontaneously dissolve gases. Some of the most significant examples are the O2 and CO2 exchange in 

aquatic environments, the use of O2-saturated perfluorocarbons as fluids for perfusion and transport of transplant 

organs, the radical initiated peroxidation of lipids and the corrosion of metals. 

Although gases are usually considered to be inert in most phenomena that occur in liquids, but their effects are 

still obscure. The stability, distribution and properties of (nano)bubbles in water and organic liquids have been 

investigated, experimentally and through computational studies. However several important issues remain elusive 

and some extraordinary phenomena are still unexplained. Among these, the bubble-bubble coalescence that is 

either promoted or inhibited by different salts or neutral cosolutes and the change in physico-chemical properties 

upon degassing.1,2 

We report on the effect of degassing on some properties of liquids. In the case of water and its salts solutions the 

electrical conductivity drops or increases depending on the nature of the solute and on its concentration. Moreover, 

the phase separation of a water/hydrocarbon, water/fluorocarbon and of a hydrocarbon/fluorocarbon binary is 

significantly affected by the removal of the dissolved gases.3,4 Finally the effect of degassing and of saturation with 

nitrogen gas is studied through the addition of bromothymol blue that is commonly used to detect the presence 

of carbon dioxide in water. 
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Self-assembly of colloids in ordered phases is a potentially versatile platform for the creation of new 
soft materials with original physico-chemical properties. Indeed, it has recently been recognized that 
colloidal nanocrystals represent an important class of materials for solution-processed electronic and 
optoelectronic devices. [1,2] Here, through a bottom-up approach using hydrophobically coated cerium-
oxide nanoparticles dispersed in an aqueous solution through further coating of amphiphilic molecules, 
the coexistence of different tetrahedrally close packed structures was achieved. Among those, unusual 
sphere-packings, such as those named Frank–Kasper (F-K) phase, have been observed (figure 1). 
Although such structures have been observed in several materials from elements to intermetallics as well 
as self-assembled soft materials like micellar systems, the present case is one of the first examples of 
ordered phases in semiconductor nanoparticles. [1] In the present report the observed structures are 
discussed in terms of geometrical parameters including nanoparticles diameter, ligand length, grafting 
density and van der Waals attraction. In particular, the length of the amphiphilic molecules in the coating 
layer of the nanoparticles have a crucial effect in ruling the ordering phases. Yet, the superlattice 
association has a marked effect on the original physico-chemical properties of the nanoparticles making 
a remarkable change on their optical properties such as UV-vis absorption and fluorescence emission. 
Development of techniques for superlattice preparation, rationalization of phase behavior, and control 
of the assembly environment will help link fundamental research and practical applications, opening the 
door to a new generation of functional materials. 

 

 

Figure 1: Cryo-TEM image of superlattice cerium-oxide hydrophobically modified nanoparticles at different ratios of the density 

grafting on their surface and corresponding fluorescence emission.  
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Even though hydrogels are widely studied for their loading and release properties, how large object move through 

the three-dimensional (3D) porous media remains completely unknown. A better understanding of how 

micrometric objects move within these porous systems would allow a huge improvement regarding controlled 

migration processes. Processes like bioremediation, biofertilization, and microbial drug delivery rely on bacterial 

migration in disordered, 3D porous media. The main problem with the direct visualization of the dynamic motion 

in micro-porous systems is the complete opacity associated to these networks.  

  We developed a facile 3D transparent porous network of Poly(ethylene glycol) (PEG) that allows the study of 

mobility and the migration properties of microscopic objects loaded into the polymeric structure. Through 

polymerization of the acrylated-polymeric unit (PEGDA) we synthetized biocompatible hydrogels with high 

transparency but undetectable porosity on the micro-scale1. We applied the freeze-drying treatment to the hydrogel 

to succesfully induce the desired porosity in the range of microns. The structural changing did not significantly 

affect the optical properties of the polymeric substrate. Laser scanning confocal microscopy reveled the 

heterogeneity of the micrometric porous network. The low opacity of the hydrogel allowed a deep visualization of 

the structure, even over 80 μm of depth.  

  Thermo-responsive microspheres of pNIPAM (1.8 μm in diameter) were choosen to directly probe the stocastic 

motion through the polymeric network2. The stocastic motion of micrometric particles were studied by laser 

tracking system defining trajectories and mean square displacements. 

The presented system is easy to employ with a great customization capabilities. By replacing the polymeric unit 

with a different one, shorter or longer, it is possible to differentiate the final architecture. In addition, the presence 

in different amount of cross-linker can further customize the complexity degree of the hydrogel, determining 

different diffusion motion. 
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Figure 5: Confocal micrography of PEG hydrogel porous structure loaded with pNIPAM microspheres. 
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Gelatin particles are relevant to many applications in the biomedical field (e.g., as drug delivery vehicles1 or as 

scaffolds for the adhesion and proliferation of anchorage-dependent cells2), due to their excellent biocompatibility 

and versatility. The preparation of porous gelatin microparticles through double emulsion methods has been 

previously reported in the literature3-5; nevertheless, the effect of preparation parameters has not been yet addressed 

up. In particular, tailoring shape, size and surface features of gelatin microparticles is of utmost importance to 

many applications, as well as enhancing stability against dissolution through a cross-linking treatment, especially 

when the application takes place in aqueous environments at physiological temperature. We prepared porous 

gelatin microparticles from oil-in-water-in-oil (O/W/O) emulsions, modifying the gelatin/surfactant ratio and the 

stirring speed. The effect on structural properties, including surface and inner porosities, was assessed by multiple 

microscopy techniques (optical, electron and confocal Raman). Three selected samples were cross-linked with 

glutaraldehyde or glyceraldehyde and their swelling properties and stability against dissolution was evaluated, while 

the influence of the cross-linking at the nanoscale was studied by scattering of X-rays. Depending on the 

preparation parameters, particles with different shapes (irregular or spherical), radii (ca. 40-90 µm), and porosities 

(around 10 µm) were successfully obtained. The cross-linking treatment extends their stability in water from a few 

minutes up to several days, while the swelling ability and the mesh size at the nanoscale of the gelatin network are 

preserved. The analysis of the experimental results as a function of the preparation parameters demonstrates that 

microparticles with tunable architectures can be designed using a double emulsion method. 
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Hyaluronic acid (HA) and chitosan (CH) are biopolymers widely used in many biomedical applications and for 

cosmetic purposes. Their chemical properties are fundamental to work as drug-delivery systems and to improve 

synergistically their effects. 

In this work, hyaluronic acid and chitosan were used as coatings of zwitterionic liposomes. The methodologies to 

perform the vesicles coating were optimized based on specific chemical properties of the two polysaccharides1,2. 

In the case of chitosan, liposomes were first synthesized and then coated with the polysaccharide, whereas the 

coating of liposomes with hyaluronic acid was achieved by the lipidic film hydration in an aqueous solution of HA. 

The size and the zeta-potential of the polysaccharide coated liposomes were determined by dynamic light scattering 

(DLS). The chemical characterization of the coated liposomal systems was obtained by surface infrared (ATR-

FTIR) and nuclear magnetic resonance (NMR) spectroscopies. This approach allowed to confirm the efficiency of 

the coating processes, evidencing the presence of HA and CH at the liposomal surface. These data were also 

supported by time-of-flight secondary ion mass spectrometry (ToF-SIMS), which provided specific assessments 

on surface (3-5 nm) composition and structure of the polysaccharide coated-liposomes. 
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Nanoporous (NP) metals are currently attracting remarkable interest from science and engineering. Their unique 

sponge-like architecture consists of condensed irregular open cells formed by irregular ligaments and ligament 

junctions that alternate disorderly with interconnected pores. The resulting physical and chemical properties have 

no counterpart in fully dense metallic phases and show significant promise for application 1–2 

Any NP metal practical exploitation in research areas related to catalysis, energy, analytics and structural materials, 

to cite a few, cannot prescind from a deeper understanding of the relationship between porosity and mechanical 

stability, which, in turn, requires a rationalization of mechanical properties. 

To this aim, we have investigated the mechanical behavior of NP Au structures obtained by the selective Ag 

dissolution from parent Ag-Au alloys. 3–4 We fabricated NP Au structures with similar ligament size but different 

solid volume fractions and measured their effective Young’s modulus by nanoindentation. Our findings clearly 

show that the Au atomic fraction in the parent alloy determines a smooth change of the Young’s modulus over 

three orders of magnitude. To a first approximation, the observed Young’s modulus variation can be explained 

within the framework of a percolation scenario. 

 

 

Fig. 1. (a) dealloyed pellet. SEM images of NP Au structures with solid volume fraction of Au equal to (b) 0.20 

and (c) 0.35. 
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Environmental sustainability is one of the key targets of current political, technological and scientific action, 

driving the development of new strategies to remove pollutants, reduce the waste and replace the toxic chemicals 

with eco-friendly alternatives. The increased demand for raw materials, and the simultaneous shortage of them, 

prompts fine industry to choose bioinspired and/or bioderived components for the eco-design of chemical 

formulations [1]. In this framework, biosurfactants are taking high visibility as potential substitutes of synthetic 

ones [2]. These molecules are produced by bacteria, yeasts, fungi and plants and present not only a favorable 

ecological profile but also appealing technological performances. Rhamnolipids are among the most studied 

biosurfactants, biotechnologically produced and commercially available. They are glycolipids composed by one or 

two rhamnose units, linked to one or two fatty acid chains. Rhamnolipids show high surface activity; for these 

reasons, they are promising raw material for innovative detergent formulations. In this perspective, the 

comprehension of their behaviour when mixed with other components generally included in in this kind of 

products is fundamental.  In the present contribution we investigate rhamnolipids in mixtures with conventional 

surfactants. We consider both anionic (such as sodium lauryl ether sulfate, SLES) and cationic (i.e., 

cetyltrimethylammonium chloride, CTAC) surfactants massively used in detergent formulations. The mutual 

interactions determine the structural, dynamic and functional properties of these mixtures. Particularly, the strong 

synergism between the components determines the formation of bulky aggregates at low surfactant concentration. 

Our results contribute to build a scientific platform for the rational design of green formulations.  
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The repair of damaged cement structures represents an important area of the construction and cultural heritage 

fields, with dramatic structural and economic impact. Among all the available repair materials, magnesium 

phosphate cements (MPCs) are commonly used for their fast setting and hardening, low shrinkage and excellent 

bonding to aged concrete surfaces. In this work we developed a new material made of MPC doped with Halloysite 

nanotubes for the repair of cement-based structures, in particular of cultural heritage interest1. Halloysites were 

introduced in the composite for a twofold reason: i) to enhance the mechanical properties of MPCs; ii) to provide 

slow delivery of active molecules. Here, Halloysites were loaded with an antimicrobial agent, sodium salicylate, to 

achieve anti-fouling protection properties. The composites were thoroughly characterized to get a complete 

overview of the physico-chemical features of the repair material, and to unravel the effect of the inorganic 

nanotubes. We demonstrated that the incorporation of Halloysites in MPCs provides several advantages and we 

performed some preliminary applications in a real case study. This innovative composite can be effectively used 

for crack repair and the use of Halloysites as nano-carriers confers additional specific protection through the slow 

delivery of anti-fouling molecules from MPCs. 

This work was funded by H2020 InnovaConcrete Project, grant Agreement number 760858. 
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Viscosupplementation, i.e. intra-articular injection of hyaluronic acid derivatives, is considered as the most effective 

treatment for patients with mild to moderate osteoarthritis [1]. Even if hyaluronic acid is still considered as the 

gold standard, research is now focusing on the development of new products with enhanced injectability and yet 

reasonable viscoelastic behavior for OA treatment. 

A Gellan Gum (GG) hydrogel was synthesized and coated with a crosslinked polyvinyl alcohol (PVA) shell to 

protect the polysaccharide from degradation during sterilization and improve its performance for the foreseen 

application.  

Two different synthesis routes were followed. The first one, simultaneous crosslinking of PVA and GG by STMP, 

was unsuccessful, whereas the second procedure, articulated in 2 consecutive crosslinking phases, allowed to 

synthesize a product, which has proved to be potentially suitable for the foreseen application (Figure 1A).  The 

effect of PVA coating on GG-core was analyzed by thermal analysis. Thermal analyses indicated that mixed 

hydrogel showed a higher degree of structuring than the bare polysaccharide core without losing its swelling 

properties, thanks to the hydrophylicity of both coating and cross-linking agent. The PVA coating increased elastic 

and viscous moduli of the polysaccharide core conferring it a higher resistance to shear and compression and better 

thixotropic properties. Thixotrophy analysis indicated that GP_p2 is injectable and therefore usable as 

viscosupplement (Figure 1B). However, both the resistance to compression and the thixotropic behavior indicate 

a better performance of GP_p2 hydrogel in comparison with GG_core. Both hydrogels have G' and G'' values 

greater than those of the synovial fluid, and comparable with Synvisc®, which is the most commonly used 

viscosupplement. Both hydrogels are not cytotoxic and cytocompatible towards chondrocytes [2]. 

 

Figure 1: A: Synthesis of a mixed GG-PVA hydrogel; B: Storage (G') and loss (G”) moduli trend of GP_p2 

hydrogel as a function of increasing and decreasing oscillation strain. 
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Extra virgin olive oil (EVOO) is defined as a functional food as it contains numerous phenolic components with 

well-recognized health-beneficial properties, such as high antioxidant and anti-inflammatory capacity. These 

characteristics depend on their structural/conformational behavior, which is largely determined by intra- and 

intermolecular H-bond interactions. While the vibrational dynamics of isolated compounds have been studied in 

a number of recent investigations1,2, their signal in a real-life sample of EVOO is overwhelmed by the major 

constituent acids, oleic (ca. 80%), linoleic and palmitic (ca. 20%)3,4.  

In this work5, we provide a full characterization of the vibrational spectroscopic signals from commercially 

available EVOO samples using Inelastic Neutron Scattering (INS) and Raman spectroscopies. The spectra are 

dominated by CH2 vibrations, especially at about 750 and 1300 cm-1 and their profiles reveal the presence of 

hydroxytyrosol and secoiridoids. By comparing the obtained spectra obtained on EVOO samples with 

hydroxytyrosol and other minor phenolic compounds reference spectra, we individuated the best regions in which 

to look for the structure–activity information related to the minor polar compounds: at 675 and 1200 cm-1 for 

hydroxytyrosol, and around 450 cm-1 for all minor polar compounds used as reference, especially if a selectively 

deuterated sample is available. The different amounts of phenolic esters versus acids, as reflected by the relative 

intensities of the peaks at 1655 and 1747 cm-1, show a correlation with the regional origin of the EVOO samples 

investigated. 
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 In the past decades, many potential applications of layer double hydroxides (LDH) have been 
revealed in the scientific literature. Related to environmental applications, wastewater purification is one 
of the most significant fields. According to the literature1,2, LDH nanoparticles could have very 
advantageous adsorption properties. To improve the surface characteristics, synthesis methods were to 
reach better adsorption capacities in the case of Mg/Al-LDH for inorganic anions. The synthesis process 
followed the route of coprecipitation, treatment with amphiphilic molecules, calcination and rehidratation 
methods. Moreover, to describe the adsorption mechanism, Langmuir and Freundlich isotherms were 
used. To describe the adsorption properties, the amount of removed anion contaminants were 
determined by gravimetry, acid-base titration and UV spectroscopy. As the real aquatic systems (for 
instance: mine wastewaters, indurtrial feed waters) contain a wide range of anionic contaminants, the 
specific adsorption of the anions from complex anionic systems formed also a part of our investigations. 
In addition, where the apparent adsorption capacities reached unexpectedly high values, the structure of 
the adsorbent after the adsorption process was also measured with X-ray diffraction to investigate the 
possible formation of new crystalline phase. 
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The coupling of ultrasmall ironIII-based nanoparticles (1-3 nm) with mesostructured inorganic supports offers a 

new class of highly active and stable inorganic materials available for gas-solid or liquid-solid reactions 

(catalysts/sorbents for heterogeneous catalytic and adsorption processes). The ordered mesopore structure of the 

inorganic support imposes a physical limit in the particle’s growth, promoting the formation of accessible, highly 

active and homogeneously dispersed ultrasmall nanoparticles. The nature of the supports, in term of chemical 

composition (SiO2 or TiO2) and crystallinity (amorphous or crystalline), plays a crucial role in defining the chemical 

composition of the ironIII bearing active phase: ultrasmall maghemite nanoparticles form with mesostructured 

amorphous silica, while ultrasmall pseudobrookite nanoparticles (mixed TiIV -FeIII oxide) form when the 

mesostructure made up of anatase nanocrystallites is used. The resulting composites were tested as H2S sorbents 

for sour syngas sweetening at mid-temperature, permitting to overcome the typical drawbacks of conventional 

low-temperature liquid scrubbers in reducing the thermal efficiency of integrated gasification combined cycle 

(IGCC) plant. Both the sorbents were highly active and selective towards H2S, however, the difference in the active 

phase of the two composites led to remarkable differences in the H2S removal capacity with the amorphous silica-

based composite showing better performances. Noteworthy, this latter composite showed H2S removal values 

similar to those obtained in previous tests under an H2S/He atmosphere, pointing out that highly reducing 

character of the main syngas components (CO, H2) did not affect the H2S removal ability1,2,3. The limits of the 

conventionally employed techniques in studying diluted and supported ultrasmall nanoparticles were overcame by 

combining 57Fe Mössbauer spectroscopy with DC magnetometry, which were able to detect FeIII-based phases 

and their changes after repeated sulfidation-regeneration cycles. 

References 

1C. Cara, E. Rombi, A. Musinu, V. Mameli, A. Ardu, M. Sanna Angotzi, L. Atzori, D. Niznansky, H. L. Xin and C. Cannas, J. 

Mater. Chem. A, 2017, 5, 21688. 

2C. Cara, E. Rombi, V. Mameli, A. Ardu, M. Sanna Angotzi, D. Niznansky, A. Musinu and C. Cannas, J. Phys. Chem. C, 2018, 

122, 12231. 

3C. Cara, E. Rombi, A. Ardu, M. A.Vacca and C. Cannas, J. Nanosci. Nanotechnol., 2019, 19, 8. 

 

 

 

 

 



96 
 
 

P11  

Extending HLD model to Cationic Surfactants  
 

Davide Schirone,a Giuseppe Tartaro,a Luigi Gentile,a,b Gerardo Palazzoa,b  

aDepartment of Chemistry, University of Bari Aldo Moro, Orabona 4, 70126 Bari, Italy  bCenter for colloid and surface science (CSGI), Via 

Orabona 4, 70126 Bari, Italy. email: davide.schirone@uniba.it  

Cationic surfactants are primary ingredients in hundreds of home and personal care products. Quaternary 

ammonium compounds (QUACs) are active ingredients in disinfectants formulation because of their capability of 

disrupt biological membranes1.  The introduction of these ingredients in several formulation became a priority 

during SARS-CoV-2 pandemic when people changed their cleaning habits all over the world2. Formulators and 

industries faced this challenge using classic approaches such as the design of experiments (DoE) or exploiting AI 

through Machine Learning algorithms3. In the present work, we used the hydrophilic-lipophilic deviation model 

(HLD) as rationale to handle cationic surfactant mixtures. In the last twenty years, the HLD has proven to be a 

powerful tool for wisely formulating microemulsions4, however HLD model was never extended to cationic 

surfactants. For the first time we built up an HLD framework for cationic surfactants: salinity scans have been 

conducted for several binary mixture of QUACs to determine dependence upon salinity and oil type. Eventually, 

the HLD-titration experiment is here proposed as a fast and novel way to assess hydrophilic-lipophilic tendencies 

of surfactants exploiting noticeable changings in viscosity of emulsified systems induced by adjustments of 

surfactant composition. This titration approach has been used to measure characteristic values (Cc) for many 

cationic surfactants of strategic relevance: alkyl trimethyl ammonium bromides (C12-16TABs), benzalkonium 

chloride (BAC), 1-alkyl-3-imidazolium chloride and cetyl pyridinium chloride (CPC). 
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There are three different anhydrous polymorphs of calcium carbonate (CaCO3) – calcite, vaterite and 
aragonite. Although vaterite is the least thermodynamically stable polymorph, it attracts the most 
attention in various topics – drug delivery, tissue engineering or personal care application1. Due to vaterite 
higher solubility in water than calcite and aragonite, vaterite crystalizes into calcite in water solution2.  

The knowledge of the conditions for controlled synthesis of vaterite microparticles plays the crucial role 
for further application. In this work, precipitation of sodium carbonate and calcium chloride solutions 
was used to synthetize CaCO3 microparticles. Special reactor with precise control of the temperature 
(thermal bath) and rotation speed (mechanical stirrer) was used. The effect of temperature and time on 
formation dynamic of CaCO3 microparticles was investigated by the scanning electron microscopy 
(particles size and shape). Fourier transformed infrared spectroscopy and X-ray powder diffraction were 
used to resolve vaterite to calcite ratio. Figure 1 show synthetized particles in temperature ranging 
between 10 to 50 °C. For lower temperature, spherical shape was obtained, cauliflower and croissant 
shape for higher temperature and cubic shape for the highest temperature.  

5 m
10°C 20°C 30°C

40°C 45°C 50°C

5 m 5 m

5 m 10 m 10 m

 

Figure 6: SEM image of obtained particles within temperature range. 

The results show that both factors – reaction time and temperature – affect particle shape and size significantly 

and obtained particles are in the range from 3.5±0.8 m to 19.8±5.8 m. Moreover, longer reaction time 

promotes crystallization of vaterite to calcite. Also, smaller vaterite particles are best suited for HA growth.  These 

type of particles could be used in pharmaceutical area such as drug delivery system.  
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Immobilized enzymes present several advantages compared to free enzymes, such as an easier recovery, reuse, and 

a possible increase of the catalytic stability. For these reasons, enzyme immobilization is considered as one of the 

key modern industrial biotechnologies. Moreover, the particular of immobilization technique and the nature of the 

support can affect the kinetic parameters (KM and Vmax) and therefore the enzymatic overall catalytic performance.1 

Metal-organic frameworks (MOFs) have  high structural and/or compositional versatilities and an easier and faster 

synthesis compared with the several solid supports reported in the literature, such as xerogels, sand, clay, 

nanofibrous polymers, or mesoporous silica. MOFs have recently emerged as suitable and green supports to host 

macromolecules like enzymes.2  In this work the laccase (LC) from Aspergillus sp. was immobilized within two metal 

organic frameworks composed by zinc and iron as the metal source and imidazole and trimesic acid as the organic 

linker to obtain ZIF-zni and Fe-BTC MOFs, respectively. The aim was to evaluate which between this MOFs is 

the most suitable for Aspergillus sp. laccase. LC immobilization on MOFs occurred in situ under mild conditions, 

e.g. aqueous solution, neutral pH, and at room temperature (Figure 1). The immobilised biocatalysts were 

characterized through SEM, FTIR, N2 adsorption/desorption isotherms and TGA. The free LC, LC@Fe-BTC 

and LC@ZIF-zni biocatalysts were also characterized in terms of specific activity, kinetic parameters (KM and 

Vmax) and (storage and operational) stability. LC@ZIF-zni was almost 10 times more active than LC@Fe-BTC 

(1.32 µmol min-1 mg-1 vs 0.17 µmol min-1 mg-1) and only 5.8 times less active than free LC. The difference in activity 

and stability between LC@Fe-BTC and LC@ZIF-zni could be due to a lower structural stability of Fe-BTC MOF. 

These results indicate that ZIF-zni is a superior support for the immobilization of laccase. 

 

                                                    Figure 1:  Schematic preparation of the LC@MOF biocatalyst 
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Due to their low substrate specificity and their potential technological interest for green chemistry applications the 

interest in use of Laccases (LCs, benzenediol: oxygen oxidoreductase, EC 1.10.3.2) is growing steadily.1 LCs are 

multi-copper oxidases which oxidize various phenolic compounds by one electron transfer with the concomitant 

reduction of dioxygen to water. However, the use of free enzymes is often hampered by several limitations such 

as: high costs, low operational stability (extreme conditions of T and pH) and difficult recovery and reuse. Most 

of these drawbacks can be overcome through enzyme immobilization on solid supports.2 Zeolites and metal 

organic frameworks (MOFs) are solid materials which, among several applications, are presently used to host 

macromolecules, such as enzymes.  

Here, the laccase from Aspergillus sp. was immobilised on Tb -BTC and Gd-BTC MOFs and a hierarchical (MFI) 

zeolite for the first time. The immobilisation of LC on MOFs occurred in situ under mild conditions, e.g. aqueous 

solution, neutral pH, and at room temperature (Figure 1 a). The immobilisation of the laccase on MFI-Type Zeolite 

crystals with embedded macropores (Figure 1 b) was instead carried out post-synthesis. The three immobilised 

biocatalysts were characterised by SEM, FTIR, N2 sorption and TGA. The free LC, LC@Tb-BTC, LC@Gd-BTC 

and LC@ZMFI biocatalysts were also characterised in terms of specific activity, kinetic parameters (KM and Vmax) 

and both storage and operational stability. 

a)       b)  

 

Figure 1: a) Schematic preparation of the LC@MOF biocatalyst b) Schematic preparation of the LC@ZMFI biocatalyst 
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The conservation of damaged concrete-based monuments is a demanding challenge for the contemporary world 

of cultural heritage, given the great number of historic concrete-based monuments built in the last century that are 

prone to continuous damages. In this work, we developed three different cement-based formulations to address 

the repair of diverse types of damages that affect these structures, i.e. delamination problems and cracks of different 

size. Formulations were improved with various additives, in order to obtain an easy application, a good workability 

of the paste and a proper setting time, according to the specific application. Silica was included in the formulations 

to enhance the adhesion to old concrete substrates, whereas halloysite nanotubes loaded with a corrosion inhibitor 

were also incorporated in the repair materials, to address in an innovative way the problem of corrosion of steel 

rebars. The formulations were characterized with a multi-technique approach, which allowed us to get a complete 

overview of the physico–chemical features of these repair materials. In addition, the adhesion of the formulations 

to old concrete substrates was investigated, as well as the release of the corrosion inhibitor within the cement 

matrix. Given the promising results obtained, the formulations were applied at the War Memorial of Torricella 

Peligna (Italy), confirming their great potentialities in the field of historic concrete-based monuments 

conservation.[This research was funded by H2020, InnovaConcrete Project, grant Agreement number 760858] 
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Freeze-casting is a widely applied processing route for numerous kinds of materials, including gels. As 

obtained pores are a «negative» of the frozen solvent, improvements in porosity control can be achieved by 

anti-freezing macromolecules addition. Photopolymerization coupled to freeze-casting was herein 

investigated for the syntheses of poly(hydroxyethylmethacrylate)/(acrylic acid) (pHEMA/AA) hydrogels, with 

and without the addition of polyvinylalcohol (PVA) as anti-freezing additive. PVA was characterized in terms 

of ice recrystallization inhibition property and by Differential Scanning Calorimetry (DSC) to evaluate its 

thermal hysteresis. An optimal PVA concentration was considered to be 0.8 mg/mL. Gels at different water 

contents (from 10 to 50%) were prepared in the following sets: (i) blanks at r. t., (ii) with/without PVA 

isotropically at -5 °C, (iii) with/without PVA anisotropically by liquid nitrogen immersion at 6 mm/s velocity. 

Samples were then characterized by means of thermogravimetric analysis (TGA), DSC and swelling tests in 

neutral, acidic and basic conditions. Freeze-casting results to produce a higher degradation temperature of 

pHEMA/AA gels (around 370 °C) compared to literature data, possibly due to high levels of cross-linking 

and interconnectivity. PVA addition did not affect significantly the gels’ swelling while improving their free 

water content. Polydispersity of freeze-cast samples resulted smaller than references probably because the 

polymerization at low T, allowed the formation of more controlled porosity. Since the existence of cis and 

trans HEMA conformers in liquid phase has been ascertained through spectroscopic and computational 

studies, molecular dynamics simulations on these conformers in aqueous solution have been performed. The 

simulations have allowed to obtain information useful in studying properties of HEMA-based polymers. 
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An aqueous mixture consisting of Pluronic F127 (F127, MW 12.5 kDa) and sodium carboxymethyl-cellulose (NaCMC, MW 

90 kDa), in a ratio of 20/4 by weight, was characterized as a function of the addition of different concentrations of Na2SO4, 

NaCl, NaSCN salts, using different techniques.1-5  The phase diagrams of the F127/NaCMC polymer system in the presence 

of the salts were studied using the visual "inversion tube" method which allowed to obtain an estimate of the sol/hard-gel and 

hard-gel/soft-gel phase transitions’ temperatures. By increasing the concentration of salts, a progressive decrease in transition 

temperatures was observed. Rheological measurements were carried out with an Anton Paar MCR-102 rheometer equipped 

with a 50 mm plate-plate fixture, that gave detailed information on the mixture of polymers in the absence (see Figure 1) and 

in the presence of the salts at concentrations 0.05 and 0.07 mol/kg. The systems are reversible only with extremely long 

observation times, due to the presence of the viscosifying agent NaCMC. However, a significant specific effect of the salt and 

its concentration on the value of the complex viscosity was observed in the vicinity of the sol/hard-gel transition temperature: 

the viscosity of the polymers mixture decreases in the presence of salts in the order Na2SO4 <NaCl <NaSCN with more 

marked effect for higher concentrations. For the polymers mixture and for some samples containing Na2SO4 and NaCl, 1H 

NMR self-diffusion measurements and 23Na NMR relaxation measurements highlighted important aspects at the molecular 

level. The presence of salts, even at relatively low concentrations, decreases the water self-diffusion coefficients at all 

temperatures. A further decrease is observed in the presence of the polymers. The analysis of the NMR self-diffusion 

experiments, performed taking into account the obstruction due to the volume fraction of the dispersed phase, showed a non-

linear decay of the intensity of the echo signals of Pluronic F127, except in the experiments carried out at temperatures below 

20 °C. This effect is typical of viscoelastic fluids and is clearly due to anomalous diffusion induced by the structured gel 

network, clearly suggested by rheology measurements.      

 

Figure 1. Storage modulus (G’), Loss Modulus (G”) and tan  = G”/G’ for Pluronic F127/NaCMC = 20/4 w% in 

the range of temperature T = 10 - 60 °C 
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Deoxyribonucleic acid (DNA) is a genetic polymeric molecule having high polymorphism, whose structures are 

closely related to ion interactions and whose stabilization is influenced by pH, temperature, ionic strength and so 

on.1 The ion-specific Hofmeister effect on DNA stability has been studied.2 Here we study the stability of Calf 

thymus DNA in different buffers (using cacodylate, Tris-HCl, phosphate and citrate) by thermal melting curves 

registered by UV-Visible spectroscopy. The pH is fixed at 7.4 (physiological value) and the buffer concentration 

was in the range 0-100 mM, typical for biological systems3. Is it known that the composition of the electrolytic 

medium influences biological process (activity, stability and interactions) 4,5,6,7 with a specific effect that Henderson-

Hasselbalch equation cannot explain8 and this aspect can no longer be neglected. The mechanism of interactions 

between biological macromolecules like DNA and buffers need to be clarified and development of a theoretical 

explanation is still needed. In this work, the aim is to describe the experimental data with an empirical model able 

to take account of thermodynamic parameters of our systems characteristic for specific DNA – chemical nature 

buffer interactions. Ours measurements reveal that the DNA stability is depending on buffer species and their 

concentration (Fig.1). The buffer-specific melting temperature in 100 mM buffer varies from 81°C to 87°C with 

series cacodylate < Tris < phosphate < citrate. 

a)            b) 

Figure 7.  ct-DNA melting curve at pH 7.4 at a) Fixed concentration 100 mM and different buffers and b) same buffer at different 

concentrations. 
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Because of the rapid growth of antibiotic resistance, biomedical researchers are focusing their interest on 

mesoporous silica nanoparticles (MSNs) as promising drug nanocarriers to destroy bacterial biofilms and to 

contrast nosocomial infections1,2. MSNs external surface can be easily functionalized with suitable molecules. 

MSNs surface modification allows higher antibiotic loadings and effective drug release3,4. Polycationic dendrimers 

are known to penetrate in bacterial biofilms thanks to electrostatic interactions of the positive moiety with the 

negative bacteria cell walls. . Furthermore, they allow the use of metal bacteriostatic cations. Here, a novel 

multifunctional nanosystem composed by MSNs loaded with antibiotics, e.g. levofloxacin or rifampicin, and 

externally functionalized with a polypropylenimine dendrimer of third generation (G3) and copper ions is studied. 

Cu2+ ions, complexed by the tertiary amine groups, inhibit the development of bacterial resistance6,7. The so 

constructed nanocarriers were characterized by XRD, TEM, EDS, TGA, DLS, ELS, FTIR and elemental analysis. 

Antibiotic loading and release were evaluated through UV-Vis and fluorescence spectroscopies. The antimicrobial 

activity was tested against S. aureus biofilms and the results showed a synergistic effect of the antibiotic and copper 

ions. The antimicrobial activity increased, likely due to a good internalization in bacteria biofilm. 

 

Figure 8. MSN-Antibiotic-G3-Cu2+ scheme interacting with S. aureus bacteria  
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Aurivillius oxides ferroelectric layered materials are made up by bismuth oxide and pseudo-perovskite layers [1]. 

They have a good ionic conductivity [2], which is beneficial for various photocatalyzed reactions [3]. Here, we 

synthesized ultra-thin nanosheets of two different Aurivillius oxides, 𝐵𝑖2𝑊𝑂6 (BWO) and 𝐵𝑖2𝑀𝑜𝑂6 (BMO), by 

using a hard-template process [4]. A new procedure developed for BMO nanosheets synthesis gave better results 

and reliability, respect to what previously reported [4]. All materials were characterized with TEM, TGA/DSC, 

DLS, XRD, UV/Vis. The nanosheets were found to have thickness of 5-15 nm and lateral dimensions ranging 

from 50 to 250 nm. BWO and BMO were used as photocatalysts for the degradation of malachite green (MG) dye 

from water. Photocatalytic tests were carried out by dispersing BWO or BMO nanosheets in an aqueous solution 

containing MG and irradiating the dispersions with artificial visible light with a 6500 K, 100 W LED lamp. 

Photocatalytic dye degradation was highly effective, reaching 95 % and 81 % MG removal for BWO and BMO, 

respectively. 

 

 

Left: TEM micrography of BMO nanosheets. Right: Degradation of MG in water photocatalyzed by BMO. 
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Electrobiotechnologies, such electro-fermentation (EF), use electroactive microorganisms that can exchange 

electrons extracellularly with a solid electrode.1,2 In EF, electrodes are introduced into fermentation environments 

to improve microbial cell growth and density, or to increase the production yield of targeted products.1 Within this 

context, our aim is to study the influence of small electric currents on the biotechnological revalorization of carbon-

rich food wastes into value-added products (e.g., organic acids, bioethanol), using microorganisms (bacteria and 

yeasts). Initially, we used lactic acid bacteria (LAB) under EF conditions in optimized fermentation media. Recent 

examples with some LAB strains have shown efficient direct or indirect extracellular electron transfer with carbon 

electrodes.3 We used Lactobacillus plantarum and L. casei with and without soluble redox mediators (i.e., ferricyanide, 

hydroquinone and menadione) in model media (controlled composition). The redox mediators were initially tested 

by cyclic voltammetry (Fig. 1) in 10 mM phosphate buffer (pH=7.0), using carbon screen printed electrodes 

(Methrohm, Dropsens) and the PGSTAT204 potentiostat/galvanostat (Methrohm, Autolab). We ran triplicate 

experiments for each LAB strain, and we monitored the pH, microorganisms’ viability and wet biomass. We found 

no significant differences between polarised (electrochemically controlled) and non-polarised conditions. We also 

quantified the fermentation products: tartaric, malic, lactic, citric, succinic, fumaric, and butyric acids, using HPLC. 

Here, we could see notable differences in terms of yields and products ratios, depending on the value of the applied 

potentials and the nature and concentration of the used soluble charge transfer mediator. 

Acknowledgements: This work was supported by a grant of the Ministry of Research and Innovation, CNCS - 

UEFISCDI, project number PN-III-P1-1.1-TE-2019-0067. 

 

   
Fig. 1. Cyclic voltamogrammms for ferro/ferricyanide, hydroquinone and menadione. 
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Nanoporous metal materials are widely employed for a range of electrochemical applications that include 

biosensors, enzymatic biofuel cells (EBFCs) and batteries. Mesoporous gold (NPG) is of significant interest 

due to its biocompatibility, chemical stability and good electrical conductivity1. NPG can be manufactured via 

bottom-up, in which the precursors are deposited on a substrate using a template to obtain the final 

nanostructured material2 or top- down approaches where the bulk material is deposited as gold or as an alloy 

and then dealloyed using an electrochemical or chemical method3. The present work employs a combined 

approach to obtain NPG on a Cu wire. A layer of pure Au is electrodeposited on the Cu wire, whose 

electrochemical active is defined using a dielectric paste, and cleaned using an anodization and cathodization 

process in 0.1 M NaOH. Then the surface is covered with a thin Ni layer to prevent migration of Cu through 

the Au layer. The Au layer is anodized in the presence of a reductant (HCl4, glucose and oxalic acid5) to obtain 

the desired nanoporous structures. The advantage of this procedure is that enables the preparation of NPG in 

a cylindrical geometry for use in a number of applications. 

 
Figure 9 Schematic representation of the fabrication process 
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Electrochemical water splitting for hydrogen production involves the cathodic hydrogen evolution reaction (HER) 

and anodic oxygen evolution reaction (OER) and represents a green energy storage platform for intermittent 

renewable electricity sources like solar and wind energy. However, development of cheap, efficient and stable 

electrocatalysts for industrial water electrolysis remains extremely challenging. Elemental doping of materials to 

modulate electronic structure and morphology engineering have proven to be effective for enhancing catalytic 

activity. In this work, we report a facile and practical method to fabricate self-supported NiFeP coated NiP rods 

on Ni foam (NiFeP@NiP@NF) by phosphidation of the NiFe Prussian blue analogue coated on nickel phosphate 

hydrate rods grown on Ni foam. The NiFeP@NiP@NF electrocatalyst shows efficient oxygen evolution activity, 

exhibiting low overpotentials of 227 and 252 mV at current densities of 10 and 100 mA cm-2, respectively, in 1.0 

M KOH. NiFeP@NiP@NF can also work as an active electrocatalyst for HER with a low overpotential of 105 

mV at a current density of 10 mA cm-2 in the same solution. Thus, the catalyst can used for both anode and cathode 

in an electrolyzer, requiring a cell voltage of 1.64 V to afford a 20 mA cm-2 current density. Furthermore, the 

electrolyzer cell works well at a relatively high current density (~180 mA cm-2) by applying a fixed bias of 2.0 V 

with good stability over 100 h. The high catalytic activity and excellent durability of this material are attributed to 

the synergistic effect of nickel and iron phosphides on the surface and the core-shell rod structure. This method 

can be applied for the preparation of other bimetallic phosphide electrocatalysts with similar structure in the future. 

 

Figure 1. Schematic drawing of the overall water splitting and polarization curves for NiFeP@NiP@NF(+,-) 

and NiFeP@NiP@NF(+)||Pt/C@NF(-) two-electrode electrolyzer cells.  
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Cations at catalytic interfaces can greatly change the rate and reaction 

selectivity of many electrocatalytic procesess.1 However, in surface-enhanced 

Raman scattering (SERS) only the role of halide ions was preponderantly 

studied. 

Our recent results show that the adsorption of anionic and cationic species 

can be activated in a specific manner, by the type of adsorbed ion (adion) (e.g. 

Ca2+, Mg2+, Cl-, I-) on the silver nanoparticle (AgNP) surface 2-3, as described 

in our adion-specific adsorption model4. 

In this study, we present the selective switch on/off of the surface-enhanced 

Raman scattering (SERS) spectrum of anionic and cationic molecules from 

their mixture (see Figure). Cationic Cresyl Violet dye, citrate, salicylic acid and 

Cl- were used as test analytes. 

The SERS spectrum of the as-synthesized colloid shows a blank spectrum, 

indicating that citrate - the capping agent is not adsorbed on the metal surface. 

After the addition of Ca2+, the SERS spectrum of citrate is switched-on, due 

to the chemisorption of citrate anions to the silver surface, mediated by Ca2+ 

adions. As the chemisorption of anionic species to the silver surface occurs 

competitively, anionic species with a higher affinity for the silver surface than 

citrate will displace citrate from the silver surface, thereby switching-off the 

SERS signal of citrate. This effect is observed sequentially for salicylic acid 

and Cl-. Moreover, Cl- mediates the chemisorption of cationic Cresyl Violet 

on the silver surface.  

By gaining a better control on the adsorption of molecular species on the 

AgNP surface opens up the possibility of selective SERS detection from 

mixtures and increases also the predictability in SERS spectroscopy. 
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Cellobiose dehydrogenase (CDH) is a versatile oxidoreductase with two separate domains: a catalytic 

dehydrogenase domain (DH) with one flavin adenine dinucleotide (FAD) cofactor and an electron transfer (ET) 

cytochrome domain (CYT). In addition, the enzyme holds a flexible linker for ET between the two domains.1,2 

Graphene has been intensely used as the carbon support for bioelectrocatalysts because of its large surface area 

and remarkable mechanical and electronic properties.3 We have prepared a three-dimensional (3D) graphene 

modified carbon electrode to enhance direct electron transfer (DET) between Myriococcum thermophilum CDH and 

the electrode. The 3D electrode is fabricated by electrochemical reduction of graphene oxide and in-situ growth 

of a positively charged polyethylenimine (PET) adlayer on carbon papers (CPs). This surface improves electrostatic 

adsorption of overall negatively charged CDH, and facilitates the DET process and operational stability. The 

strategy leads to well-controlled PET modification and CDH immobilization. A membrane-less glucose/oxygen 

biofuel cells with the CDH as bioanode and the bilirubin oxidase (BOD) as biocathode shows an open circuit 

voltage of 0.55 V.  

 

Figure 1. (a) Cyclic voltagrammery (CV) of CDH bioelectrodes in 0.1 M oxygen-free Tris-HCl buffer containing 30 mM 

CaCl2 in the absence or presence of 25 mM glucose, Scan rate: 5 mV/s. (b) Chronoamperometry of CDH bioelectrodes with 

an applied potential of 0.1 V in 0.1 M oxygen-free Tris-HCl buffer containing 30 mM CaCl2 and 25 mM glucose. 
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In the field of nanomedicine, a deep understanding of nanoparticles (NPs) biological identity and mechanisms 

driving NPs interaction with cell membrane, is crucial for the design of safer and more efficient delivery systems 

as well as to predict possible toxicity effects. Mainly administered through systemic injection, NPs, ones in contact 

with the biological fluids, are immediately coated with two layers of environmental proteins, respectively called the 

hard corona (proteins strongly bounded) and the soft corona (proteins loosely associated). Protein corona 

complexes represent the real nano-interface interacting with the cell membrane, providing a new “biological 

identity” to NPs, able to completely change the way NPs interact with cells (i.e PC can slow down NPs degradation 

kinetic, modify their biodistribution and cellular uptake and affect the inflammation signalling).1,2 Understanding 

PC formation and characterizing its composition in dependence of the physicochemical properties of the NPs and 

dynamic bloodstream environment is thus essential to understand NP in vitro and in vivo behavior.3 However, to 

date, most of the reported studies on NP PC have been carried out in static conditions, without considering the 

high influence the dynamic nature of physiological environment has on protein corona formation and composition. 

Here we developed a successful method to study the behavior and the biological identity of a library of innovative 

theranostic PCL-PEG based NPs, under physiological blood flow conditions, using a microfluidic system. This 

method allows to efficiently isolate and characterize NP protein corona, unraveling the interplay of size and NP 

composition on their biological identity in the dynamic conditions of blood flow. 
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Figure 1. Schematic representation of the complex series of interactions between environmental proteins and NPs and then between PC-

NPs and the cell membrane.4 
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Biocompatible nanocarriers can be obtained by lipid extraction from natural sources, such as algal biomass, that 

can also be manipulated to accumulate different lipid classes depending on growth conditions. Lipid aggregates 

can be distinguished according to their supramolecular architecture into lamellar and nonlamellar phases. This 

distinction is mainly influenced by the lipid class and packing parameter, which determine the possible values of 

interfacial curvature and thus the supramolecular symmetries that can be obtained.  

The nanosystems prepared from bio-sources are able to self-assemble into different multicompartment structures, 

due to their complex and varied compositions. They also present the advantage of increased carrier-target 

biocompatibility and are suitable to encapsulate and vehiculate poorly water-soluble compounds, e.g. natural 

antioxidants. In the present work, two series of structurally distinct lipid mesophases, lamellar and nonlamellar, 

starting from algal biomasses with slightly different chemical composition were designed and characterized.  

Both types of nanocarriers were loaded with three well-known antioxidants, i.e. curcumin, α-tocopherol and 

piperine, and their carrier efficacy was compared taking into account their different structures. Following an 

integrated chemical and biological approach, the analyses of the encapsulation efficiency and kinetics of antioxidant 

capacity were carried out by means of UV-Visible spectroscopy assay, and in vitro cytotoxicity and viability tests 

after administration to model cell lines. 
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Nowadays antibiotic resistance is one of the most crucial human global health threat1. To combat antibiotic 

resistance, the search for advanced drug delivery systems is under continuous study. Nanotechnology has entered 

this scenario proposing nanocarriers able to controlled release their cargo to specific targeted sites.2 Among 

nanocarriers, mesoporous silica nanoparticles (MSNs) are a promising alternative owing to their high loading 

capability, high stability and biocompatibility.3 Moreover, MSNs external surface can be easily functionalized with 

a wide range of moieties to improve their internalization, and drug loading and release4. Among MSNs 

functionalization, proteins provide a suitable and highly compatible moiety capable of interacting with bacteria cell 

walls. Toll like receptors are an important part of the immune system5. They are specialized in recognize specific 

molecules of microbial cells before transmitting signals to the immune system. Tool like receptor 2 (TRL2) 

identifies lipoteichoic and teichoic acid greatly present in walls of Gram positive bacterial cells6. Based on this idea, 

MSNs were modified with TRL2 and loaded with the antibiotic levofloxacin. MSN and MSN-TRL2 were 

characterized by TEM, EDS, DLS, ELS, FTIR, TGA and elemental analysis. “In vial” levofloxacin loading and 

release assays were carried out. Future work will focus on in vitro studies to evaluate the recognition and 

antimicrobial capacity of this nanosystem against Gram positive bacteria. 

 

Figure 1. Schematically depiction of the TRL2 attachment strategy on MSNs against bacterial biofilm  
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The beneficial properties of foods are correlated to the consumption of various compounds that are not enlisted 

in the main nutrients, those compounds called nutraceuticals are helping on the prevention of diseases, and they 

have an overall good effect on health. As part of a diet, flavonoids are usually assimilated by the organism 

in the small intestine 1 and their rate of absorption may depend both on their structure, solubility, 

molecular size, and pKa2,3. 

Quercetin is a poorly water-soluble flavonoid with many benefits to human health. Besides the natural 
food resources that may provide Quercetin, the interest in delivery systems that could enhance its 
bioavailability in the human body had a growing tendency in recent years.  
Promising delivery systems candidates are represented by Solid Lipid Nanoparticles (SLN) which are 
composed of well-tolerated compounds and provide a relative high encapsulation efficiency and a suitable 
controlled release. In this study, Quercetin-loaded negatively charged Solid Lipid Nanoparticles were 
synthesized based on a coacervation method, using stearic acid as a lipidic core and Arabic Gum as a 
stabilizer. Samples were qualitatively characterized by Dynamic light scattering (DLS), Zeta Potential, 
Surface infrared spectroscopy (FTIR-ATR), and Time of flight secondary ion mass spectrometry (ToF-
SIMS). Encapsulation efficiency, drug release, and antioxidant effect against ABTS•+ were evaluated in 
vitro by UV-VIS spectrophotometry. 
 

Schematic representation of loaded Solid Lipid Nanoparticles: a lipidic core (blue) with loaded drug (yellow) and a 

stabilizer outer shell (orange). 
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Porous microparticles are the most used cargoes for drug delivery due to their several advantages: allow the election 

and formulation of different polymer-drug combination; are suitable to achieve delayed or controlled drug release 

of oral formulations; allow a diversification in the administration routes; improve the patient compliance; transport 

and deliver the active pharmaceutical ingredient to a specific target. Thus, the purpose of this study was to obtain 

zwitterionic porous microparticles with potential application in drug delivery. The synthesis of zwitterionic porous 

microparticles was carried out by suspension polymerization, obtaining porous crosslinked polymers, followed by 

the polymer-analogous reactions in the presence of some betaionization agents. The synthesized microparticles 

were characterized by FTIR spectroscopy, elemental analysis, particle size distribution, TG and SEM analysis. The 

soft zwitterionic porous microparticles were tested for tetracycline loading and release. The concentrations of drug 

in the supernatant solution before and after adsorption were determined using UV-VIS spectrophotometry based 

on a calibration curve. To elucidate the drug transport mechanism involved in the release process of tetracycline 

from microparticles, various models were applied.  
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Hydroxycinnamic acids (HCAs) are a group of natural phenolic products widely studied for their numerous 

biological properties such as antioxidant, anti-inflammatory, anti-microbial, anti-collagenase, and anti-melanogenic 

activity. Their attractive features have made them very popular as ingredients in cosmetic and pharmaceutical 

development. However, their low water solubility represents a major drawback for their incorporation in 

hydrophilic topical formulations and thus, the search for new formulations with enhanced water solubility is of 

high priority in current research 

Cholinium-based ionic liquids (Cho-ILs) are very attractive compounds for medicinal and pharmaceutical 

applications as bioavalaibility-enhancers in drug formulations and active components in pharmaceutical 

ingredients. In this study, we synthesized six Cho-ILs from hydroxycinnamic acids (HCA) ([Cho][HCA] ILs) and 

evaluated them and the corresponding parent acids for solubility, thermal stability, and antioxidant activity. 

Furthermore, [Cho][HCA] ILs were screened for their cytotoxicity. To rationalize the experimental antioxidant 

activities, density functional theory (DFT) calculations were performed. The theoretical approach allowed for 

identification of the most likely radical scavenging mechanisms involving HCAs and the corresponding ionic forms 

under our experimental conditions and to rationalize the observed activity differences between salts and acids. 

Overall, our results revealed a higher solubility and free radical scavenging activity for [Cho][HCA] ILs than 

corresponding HCAs, a relatively high thermal stability (melting temperature > 100°C), and negligible cytotoxicity. 

Furthermore, DFT calculations showed that both the hydrogen atom transfer (HAT) and the sequential proton 

loss electron transfer (SPLET) mechanisms are likely to occur in aqueous and ethanolic solutions. The picture 

emerging from our results supports the increasingly-expressed idea that [Cho][HCA]ILs may be good candidates 

as an alternative to HCAs in pharmaceutical field.1 
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Ionic liquids (ILs) are promising green solvents, with applications ranging from chemical synthesis to the treatment 

of industrial emissions. Binary mixtures of certain ILs and conventional molecular liquids produce interesting 

small-angle X-ray scattering (SAXS) patterns, suggesting that these mixtures, while macroscopically fully miscible, 

are characterized by nanometre-scale spatial heterogeneities.1 Large-scale coarse-grained Molecular Dynamics (CG 

MD) computer simulations were performed to study the liquid structure of one such system, consisting of the 

prototypical IL ethylammonium nitrate (EAN) and acetonitrile. The simulated computational model, the largest 

to date for systems of this type, reveals nanoscale phase separation, with EAN aggregating to form extended worm-

like structures suspended in acetonitrile. Importantly, key features of the experimental SAXS pattern are 

reproduced by the CG MD simulation, not previously possible using conventional atomistic computational 

models,2 confirming for the first time the structural origin of the intense “low-q excess” scattering observed for 

this system.3 The results raise intriguing questions as to the precise nature of the interfacial region between the 

nanoscale phases, and the implications of this particular liquid structure for solvent applications. 

 

Figure 10. MD computer 
simulation configurations of a 1:9 
EAN:acetonitrile liquid mixture. 
(a) Atomistic (AA) MD, showing 
EAN aggregation; (b) Partial CG 
MD configuration demonstrating 
the formation of an extended 
worm-like EAN nanophase. 
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The overall purpose of this project is to describe energy dissipative processes in and on polymer layers. To 

understand these processes a model system has been created of a polymer gel, but it is necessary to characterise 

the system before the friction can be investigated. This is done by observing the swelling of the polymer layer in 

aqueous salt solutions where the ionic strength, the pH and the type of salt are varied.1,2 

 

Swelling of thin polymer layers on a substrate has been described to some degree, both experimental and 

theoretical. This been done to a high degree on polymer brush systems, but the theoretical explanations for the 

observed behaviour are often based on layers with high polymer concentrations, and should therefore also be valid 

for more gel-like layers. 

 

In the figure is shown ellipsometry thickness data for a 15 layer thick polymer coating build with two alternating 

polymers (chitosan and alginate) with opposite charges. The layer is built with a layer-by-layer technique at pH 3. 

This means that at pH 3 there is charge neutrality in the layer and as the pH is increased the dissociation of one of 

the polymers makes the layer charged. This causes a characteristic shape seen on the graph at pH 9, which is seen 

for weak polyelectrolyte layers, especially for brush layers. At high ionic strength, the electrostatic screening is 

causing the layer to swell significantly from the starting point. 

 

Figure 1: Ellipsometry data for swelling of polymer coating consisting of 15 alternating chitosan and alginate layers. 
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Spermidine3+ is the natural polyamine molecule that is widely present in a living organism. The role of polyamines 

in the cell machinery is far from being completely understood, but the fact that they interact with DNA 

macromolecule and have a paramount impact on its compaction in chromatin is well established. In the nucleus 

of the cells, the DNA macromolecule is mostly shaped as a double helix with the negatively charged sugar-

phosphate backbone in the outermost part and the nucleic bases inside. In the nucleosome core particles, the 

negatively charged phosphate groups are partially neutralized at the interface of the positively charged histone core 

and the rest of DNA charge is neutralized by the positively charged metal (K+ of Mg2+) and protonated polyamines. 

The interactions of the latter with the DNA double helix has been shown to be dependent on the nucleotide 

sequence motifs, and on the width of the minor groove of the double helix, which is also related to the nucleotide 

sequence1. However, the possible binding modes of polyamine binding to DNA, and their relationship with the 

structural features of DNA are still to be clarified and require a detail study. In the present work, the distribution 

of the polyamine spermidine3+ around DNA, its binding modes and orientation with respect to the double helix 

have been studied within the framework of atomistic molecular dynamics simulations and physical models. 

To study the interaction of spermidine3+ with the DNA double helix, six different systems, each containing two 

DNA oligomers surrounded by polyamines, have been simulated. The results show that spermidine3+ molecules 

penetrate to the minor and major grooves of the double helix and bind to the phosphate groups on the outside of 

the macromolecule. In the minor groove, the occupancy of spermidine3+ molecules is higher around AATT and 

ATAT nucleotide sequences, while, for the same A-T-rich tracts in the major groove, the mean number of 

polyamines was found to be very low. At the considered spermidine3+ concentration, the polyamine molecules in 

the minor or major groove sides tend to arrange orthogonal to the helical axis. To describe the orientation of 

polyamines with respect to the double helix physical model has been elaborated. The model showed that the 

orientation of spermidine3+ to the macromolecule is determined by the electrostatic interaction between different 

polyamine molecules in the grooves of the double helix. The high concentration of polyamines in the simulated 

systems induces DNA condensation, that is also observed experimentally. The polyamine molecules, interacting 

with the double helix, form cross-links at the interface of DNA-DNA contacts, where the polyamines are localized 

parallel to the backbones of different macromolecules.  
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In this work the effect of different metal-chlorides, and sodium or potassium bromides, iodides and thiocyanates, 

added to Hb or BSA1,2 aqueous solutions at pH = 2.7, is investigated through Electrospray Ionization Mass 

Spectroscopy (ESI-MS). Different salt concentrations were used to maximize the quality of the ESI-MS spectrum 

in terms of peak intensity and bell-shaped profile. The charge state distribution, in terms of average charge Zav, has 

been related to both molecular mass and solvent accessible surface area.4  ESI-MS data, particularly peak intensity, 

exhibits a Hofmeister effect due to protein-electrolyte interactions. ESI-MS data indicated that in most cases 

proteins undergo liquid-gas phase transition upon solvent evaporation according to a chain ejection model where 

unfolded proteins come out of the droplet as a result of ion mediated charge rebalancing between the droplet and 

the protein. In the case of BSA the formation of a fragment was also observed due to collision induced dissociation, 

whose extent was strongly dependent on salt type. Fragment formation was particularly favored by chaotropic ions 

such as Rb+ and Cs+ cations or SCN- anion. NaBr, NaI and NaSCN added to Hb, caused the loss of protein ion 

and the formation of different fragments. 

 

a b 

 

Figure 1. Hofmeister parameters and standard deviations a) Hb systems; b) BSA systems. 
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When a conventional nonlinear Poisson-Boltzmann description of electrolytes is applied to electrochemical 

systems, it predicts an electrode capacitance that increases indefinitely as potential difference is increased and which 

is indifferent to the specific identity of ions forming the electrolyte. But experimentally a maximum in capacitance 

is measured [1], and the measured response depends on the specific electrolyte used. The phenomenon arises due 

to the formation of an ionic steric layer at the electrode interface with an ionic concentration cap driven by steric 

interactions. The formation of such a steric layer has been attributed as an indirect consequence of solvent entropy 

[2]. We show that it may be alternatively be derived from a direct steric interaction that contributes to the chemical 

potential of each ion, independently from the solvent.  We interpret the steric effect as a kind of representation of 

ion-ion correlations in the framework of mean-field theory, which otherwise neglects correlations. The effect is 

ion-specific, depending on the size of the counterion, with capacitance weakening as ion size increases (Figure 1). 

 We show that the steric interaction provides a contribution to the total free energy of a supercapacitor 

which at large voltages (>0.2V) becomes comparable to the electrostatic free energy. Consequently, the stored 

energy of a supercapacitor cannot be described solely by the electrostatic energy nor by the conventional formula 

½CV2.  

Keywords: capacitance, steric interaction, specific ion effect, energy storage 

 

Figure 11. Calculated capacitance  as a function of potential difference for supercapacitors with 1.2M electrolyte, showing the effect of counterion size 
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Poly ethylene glycol is an FDA approved polymer widely used in biomedical applications due to its biocompatibility 

and ability to protect bioactive compound during blood circulation. Recent studies have observed that PEG can 

weaken polycation-polyanion interactions, especially in gene carriers that utilize branched polyethyleneimine (b-

PEI), but the exact mechanism of interactions at the atomic scale are not known. To elucidate these mechanisms 

of interaction that appear in the specific case of formation of polyplexes between b-PEI-PEG based carriers and 

DNA, we used in silico simulations on three carriers with different PEG MW. It was observed that the binding 

between DNA and the gene carriers are highly influenced by the size of PEG. In order to explain the mechanism 

of interaction between PEG PEI and DNA we used a two-step MD simulation protocol, that showed, that the 

key mechanism is the hydrogen bond formation between PEI and PEG. Although computationally demanding we 

find it important to study the behaviour of the carrier prior to the addition of bioactive molecules to understand 

the molecular mechanisms involved in the forming of the polyplex.  

 

Figure 1. Schematic representation of the simulation protocol of the polyplex formation, for the three studied 

vectors represented on the left from top to bottom: PEG500, PEG1500, PEG3000. The first step of the 

simulations for PEG aimed at reproducing the aggregation of 30 vector molecules, while for PEG1500 and 

PEG3000 a single vector molecule was equilibrated in water for 10 ns before putting together 30 vector 

moleculs. Stable aggregates were obtained after 550 – 900 ns of MD simulation, depending on the size of the 

vector. 3 DNA molecules were added to the equilibrated vector, and MD simulations of in the 𝜇𝑠 timescale 

were performed 
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G-Quadruplex (GQ) is a non-canonical secondary structure of DNA that can be found in specific regions of the 

genome including the telomeric ends of chromosomes and oncogene regulatory regions, such as c-myc. 

Compounds that are capable of binding and stabilizing G-quadruplexes would be of great benefit in the anticancer 

therapy1. Eight derivatives of pyrazole[1,2-a]benzo[1,2,3,4]tetrazin-3-one that exhibited antiproliferative activity in 

vitro assays2,3, were studied by Circular Dichroism (CD) and molecular modeling, with the aim of verifying if their 

activity can be related to the interaction with GQ. We focus on c-myc DNA sequence: 

TGAGGGTGGGTAGGGTGGGTAA. Molecular docking has been carried out for the evaluation of the 

interaction and affinity of the ligands towards GQ (Figure 1). The results obtained were compared with random 

drug-like compounds with similar molecular weight. Molecular Dynamics (MD) at different temperatures has been 

carried out to evaluate how the interactions of the ligands can affect the GQ conformational stability and to 

confirm the experimental results of melting stability of the CD studies. This approach can be use in drug discovery 

as prediction of stability and de-stability of drugs having GQ as cancer therapeutic target. 

Figure 12. Docking interaction between one ligand and c-myc G-quadruplex (PDB code: 1xav). HB interaction (yellow), π-π 

interaction (light blue) and halogen bond (purple). 
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Vitis vinifera L. is one of the most important agricultural products in Italy and particularly, in Tuscany. It is well 

known from literature that grape marcs, representing a by-product of wine production, are very rich in secondary 

metabolites, that are useful as bio-active ingredients in cosmetics, showing antioxidant properties. The present 

study focused on the formulation and evaluation of bio-active properties, of emulsions for topic treatment 

obtained enriching a base skin emulsion (base control) by two different concentrations (3 and 5 %) of a bio-active 

grape marc derivative, named hydrolyzed grape fruit (Uviox®). The Uviox® ingredient was chemically 

characterized and the antioxidant capacity was determined via ORAC protocol. The new formulated emulsions 

were also chemically characterized, and the stability and packaging compatibility were assessed. Finally, the three 

emulsions were tested in vivo (on volunteers) to evaluate the moisturizing action, through the skin desquamation 

and the skin lipid tests, and the skin elastometry, through the skin elasticity test. The results of the in vivo tests were 

recorded after 15 min treatment and after 15 days of treatment and compared with the results before any treatment. 

All the topical preparations revealed a good stability, and the in vivo functional tests, confirmed that both 

formulations containing the Uviox®, 3 and 5 %, showed good activity against the skin barrier, increasing its 

hydration and elasticity (Figure 1), with respect the data obtained with the base cream and skin condition before 

any treatment. 

(a) (b) 

Figure 1: Increase in the mean percentage of (a) skin hydration and (b) skin elasticity, compared to the untreated skin (base 

cream). 
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The reactive oxygen and nitrogen species (ROS and RNS), when present in high concentration, lead to oxidative 
stress which involves cellular dysfunction and structural damages of biomolecules1. Their harmful action can be 
quenched by antioxidant substances, like polyphenols and vitamins, present in fruit and vegetables. These foods 
are well characterized in literature, but the different approaches which could be used for the quantification of the 
equivalent antioxidant capacity, bring to a difficult comparison of the results2. 
In this work, conversion factors between five different standards commonly used for the quantification of the 
antioxidant capacity (ascorbic acid, Trolox, gallic acid, quercetin and catechin) were determined to obtain an easy 
method for the comparison of the results of antioxidant capacity. The analyses were performed with UV-Vis 
spectroscopy and Electron Paramagnetic Resonance (EPR) through the DPPH· assay3. The kinetic behaviours 
between the radical and standards were analysed to obtain the EC50 values of antioxidants. 
Four varieties of salad foods (Spinacia oleracea, Eruca sativa, Valerianella locusta and Cichorium intybus) were analysed 
as an experimental case. Comparing the results with those obtained by the conversion factors, no statistical 
difference was found (Student’s t-test, p > 0.05). 
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Nuclear magnetic resonance spectroscopy is a straightforward technique for studying molecular dynamics that 

range in timescale from picosecond (motions faster than molecular reorientation) to those that occur in real-time. 

This approach is important to highlight the behaviour of bioactive molecules in solution, and to acquire 

information about action mechanisms and potential pharmacological effects. Proton and carbon-13 spin–lattice 

relaxation experiments were performed to calculate the reorientational correlation time for protonated carbons. 

Capsaicin showed complex dynamical properties and the results revealed two regions with different dynamical 

properties: the aliphatic region with fast reorientation motions and the aromatic region with slower motions (Figure 

1). The structural and dynamic properties of capsaicin are then used to obtain molecular information, such as the 

size and dynamics of the food protein receptors such as albumin and casein. The results obtained by nuclear 

relaxation investigations, allow: 

1. to discriminate the capsaicin molecular region involved in the protein-ligand recognition process; 
2. to obtain information on the capsaicin reorientational dynamics in the complex; 
3. to obtain information on the size of caseinate-capsaicin aggregates, in solution. 

 

 

Figure 1: The structure of capsaicin with the correlation time (x10-11 s), obtained by carbon relaxation rate 

experiments. 
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Mucilage extracted from chia seeds (Salvia hispanica) is reckoning an increasing interest for its mechanical and 

nutritional properties. In food processing, the combination of different physical-chemical parameters is 

encountered; therefore, a thorough knowledge of the effect of these parameters on the raw material is required. 

Starting from the effect of temperature and pH on the rheological properties of chia mucilage suspensions (CM), 

the influence of ionic strength and time were considered together with the addition of stabilizing molecules. The 

rheological analysis performed on mucilage suspensions showed a plastic behaviour of the fluid. Among the 

parameters considered, the increase of temperature and ionic strength cause a decrease in the apparent viscosity 

of mucilage suspensions1,2. 

Since freeze-dried mucilage dispersed in solvent undergoes modification, through autoxidation phenomena, that 

results in the change of the initial rheological characteristics. In order to limit the extent of depolymerization, an 

essential oil (lemongrass essential oil, LEO) is here emulsified with CM, and the rheological behaviors of samples 

in the presence and in the absence of LEO were compared. Flow curves of CM suspensions and of CM emulsions 

dispersing LEO (O/W-CM) demonstrated that both the systems can be classified as plastic fluids, and that during 

storage a general decrease of the viscosity of CM suspensions is detected, while the viscosity of the O/W-CM 

systems remaining constant3. By means of an accelerated oxidative test, it was unveiled that the short-term stability 

of CM suspensions is attributable to the reaction of oxidation, and that the presence of LEO, due to its anti-

oxidative properties, allowed for preventing degradation phenomena on the chia mucilage. 

 

 

From ref.1 
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Prunus persica L. is one of the most important fruits crop in European production, after grapes, apples, oranges and 

watermelons. Most varieties are rich in secondary metabolites, showing antioxidant properties for human health. 

The purpose of this study was to develop a chemical analysis methodology, which involves the use of different 

analytical-instrumental techniques, to deepen the knowledge related to the profile of metabolites present in selected 

cultivars of peaches and nectarines cultivated in the Mediterranean area (Southern Italy). The comparative study 

was conducted by choosing yellow-fleshed peaches (RomeStar, ZeeLady) and yellow-fleshed nectarines 

(Nectaross, Venus) from two geographical areas (Piana di Sibari and Piana di Metaponto), and by determining the 

chemical parameters for the flesh and skin that allow identification of any distinctive varietal and / or geographical 

characteristics. A combined analytical and chemometric approach was used, trough rheological, thermogravimetric 

(TGA), chromatographic (HPLC-ESI-MS), spectroscopic (UV-Vis, ATR-FTIR, NMR) and spectrometric (ToF-

SIMS) analysis. This approach allowed to identify the characterizing parameters for the analysis of a plant matrix, 

so that the developed methodology could define an easily exportable and extendable model for the characterization 

of other types of vegetable matrices. 
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Solanesol is an isoprenoid compound, consisting of nine isoprene units, first isolated from flue-crude tobacco. 

There is an increasing demand for solanesol, since it is widely used in the pharmaceutical industry as an important 

intermediate for the synthesis of coenzyme Q10, a widespread antioxidant supplement and coadjuvant in the 

treatment of cardiovascular diseases and a number of other pathologies, such as Parkinson’s disease and 

Alzheimer’s disease. Additionally, coenzyme Q10 has become an important lipid-soluble antioxidant in cosmetics.1 

A substantial portion of solanesol in tobacco leaves is esterified with fatty acid (e.g. palmitic acid, linoleic acid, 

linolenic acid, myristic acid, etc.) and phytosterols. For this reason, most of the procedures reported in literature 

for its extraction provide a saponification step for a quantitative recovery of this compound.2 

More recently, solanesol has been found also in other crops belonging to the Solanaceae family, including potatoes 

(Solanum tuberosum L.), however little information is available on its content in this vegetable.3 

In this work an ultrasound-assisted extraction method for the recovery of solanesol from potato leaves was 

optimized. n-Hexane was selected as extractant since it showed a good extraction efficiency and it resulted the 

more selective solvent. The proposed method showed a great recovery, equal to the 101 ± 4%. The 

chromatographic conditions for the quantification of solanesol by HPLC-UV were also optimized. 

The solanesol content was determined in Solanum tuberosum L. (var. Mona Lisa) leaves, collected at different 

vegetative stages of the plants. The results showed an exponential increase of the solanesol content from 11.5 ± 

0.2 mg/kg fresh weight (FW) to values of 3681.1 ± 272.8 mg/kg FW at the harvest time of the tubers (primary 

products). To verify the occurrence of the solanesyl esters with phytosterols and fatty acids, a procedure involving 

a preventive saponification step was tested on two selected samples. The results suggested that the solanesol in 

potato leaves is mainly present in the free form, since no statistical difference was revealed between the free 

solanesol and the total solanesol content (Tukey’s test, p > 0.05). Also the recovery of the total solanesol extraction 

method was acceptable, showing an average value of 94 ± 6%. 

All the findings reported above are really important if considered from the recovery point of view of solanesol 

from potato leaf by-products, since the solanesol could be extracted quantitatively with a simple solid/liquid 

extraction, without the need of further sample pretreatments. 
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The intake of tomato glycoalkaloids can exert beneficial effects on human health. For this reason, methods for a 

rapid quantification of these compounds are required. Most of the methods for α-tomatine and dehydrotomatine 

quantification are based on chromatographic techniques. However, this technique requires complex and time-

consuming sample pre-treatments. The complex changes occurring during the ripening process produce significant 

changes in the chemical composition of tomato fruits. TGA and ATR-FT-MIR analyses revealed significant 

differences in tomatoes at the different ripening stages, probably due to the variation of the macromolecule 

content, as a consequence of the enzymatic reactions occurring during fruit growth and maturation. Through 

chemometric approaches, these variations were found to correlate with the glycoalkaloid content. In this work, 

HPLC-ESI-QqQ-MS/MS was used as reference method. Subsequently, Multiple Linear regression (MLR) and 

Partial Least Squares Regression (PLSR) were employed to build two calibration models for the prediction of the 

tomatine content from thermogravimetric (TGA) and attenuated total reflectance (ATR) infrared spectroscopy 

(IR) analyses.  These two fast techniques were proven to be suitable and effective in alkaloids quantification 

(R2 = 0.998 and 0.840, respectively), achieving low errors (0.11 and 0.27 %, respectively) with the reference 

technique, representing valid alternatives for the quantification of tomatine in tomatoes, allowing to omit the pre-

treatments required for the chromatographic analyses. 
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The development of affordable VOCs adsorption materials having low environmental impact and high VOCs 

adsorption capacities is still an open challenge. Herein, a novel organic-inorganic composite system for the 

removal of acetic acid, made of zinc oxide supported and incorporated on a polyurethane derived from castor 

oil is described. According to the literature, a similar approach of designing an environmentally friendly 

compact hybrid organo-inorganic system for the efficient and stable adsorption/absorption of acetic acid has 

not been reported yet. A biomass-derived castor oil polyurethane made of castor oil and poly(hexamethylene 

diisocyanate) was employed as sustainable polymer having acetic acid absorption properties, while low toxic 

and cheap ZnO was employed as acetic acid remover through the formation of zinc acetate. The synthesis of 

ZnO/COPs was proved to be environmentally friendly basing on different green metrics and easily scalabe up 

(to kg-scale). A sequence of ZnO-castor oil polyurethane composite systems (denoted ZnO/COPs, where COPs 

stays for “Castor Oil Polyurethane”) was thus prepared using three types of ZnO, having different particles 

size distribution, ranging from 20 nm to 44 µm and different commercial availability. The adsorption capacities 

of ZnO/COPs were studied by carrying out adsorption tests in small sealed chambers with saturated atmosphere 

of acetic acid (AA) followed by desorption under vacuum. In addition, the adsorption capacities of ZnO/COPs 

were investigated in a 54 L glass reactor with low (ppmv scale) concentration of AA and in a 630 L wooden 

box naturally releasing acetic acid. The novel materials were fully characterized by infrared spectroscopy, 

thermogravimetric analysis and SEM images before and after the adsorption tests. The adsorption capacities 

obtained in the test in saturated atmosphere of AA demonstrated that ZnO/COPs could adsorb up to 0.75 g of 

AA per g of material while commonly employed activated charcoal could adsorb 0.2 g of AA per g of material. 

Best ZnO/COP sample could break down 94% of AA concentration when exposed to a ppmv starting 

concentration of the pollutant (in the 54 L reactor) while it could halve the AA concentration in the 630 L 

wooden case. The results also demonstrated a synergetic effect between the polyurethane structure and ZnO 

for the adsorption of AA. 
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Solvent-confining organogels offer a viable alternative for the cleaning of water-sensitive works of art, which 

cannot withstand the application of water, even if confined in highly retentive hydrogels1,2,3. In this work, we 

present a solvent-free and cost-effective synthesis of castor oil-based xerogels derived from natural resources using 

polyurethane crosslinking chemistry4.  

The curing mechanism was studied by Attenuated total reflection Fourier Transformation Infrared (FTIR-ATR) 

spectroscopy and rheological measurements, which illustrate the development of covalent polyurethane bonds 

during the curing process and simultaneous changes in the viscoelastic properties. Different formulations have 

been prepared, showing a significant tunability in the final properties of the obtained xerogels, whose characteristics 

can be adapted to match those required by specific applications. These xerogels can be swollen in several organic 

solvents in a broad range of polarities, such as aliphatic and aromatic hydrocarbons, oxygenated solvents (alcohols, 

ketones, aldehydes, ethers, esters), as well as halogenated solvents.  

Organogels exhibit a different swelling degree for each organic solvent and significantly increase in size upon 

solvents’ uptake, without a significant alteration in their transparency, which is an important feature for 

conservators as it allows them to visually inspect the artwork’s surface during application. The viscoelastic 

properties of swollen systems, especially the elastic modulus, can be finely tuned by varying the ratio between 

castor oil and poly(hexamethylene diisocyanate). Small-angle X-ray scattering (SAXS) and Small-angle Neutron 

scattering (SANS) were used to detail the mesoporosity and the nanoscale structure of the 3D polymeric network 

before and after solvents’ uptake. Overall, these organogels, which can adapt to surfaces having different roughness 

and be easily peeled off without leaving any residues on the original artwork, have demonstrated to be an advanced 

tool for the safe and efficient removal of unwanted coatings from modern and contemporary works of art. 
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The HistoryChem project has started in 2020, within the Regione Toscana POR-FSE programme 2014-2020; the 

aim of the research is to detect the fragile and complex historical landscape (mainly archaeo- mining and 

metallurgical) that is characteristic of the Colline Metallifere district (southern Tuscany). This goal can be achieved 

through the collection, management and analysis of different data-sets (geo-chemical, geological, archaeological 

and cartographic), evaluated in the light of the historical documentation.  

The Colline Metallifere district has been the core of many multidisciplinary projects undertaken by the University 

of Siena over the last thirty years, that have produced a considerable amount of data, making this territory 

particularly well studied. The combination of environmental and statistical analysis with historical, archaeological, 

and archival research has already produced significant results, testified by the Ar.Chi.Min project 

(http://www.archimin.unisi.it/), and, in the last years, the ERC project nEUMed: origins of a new economic union (7th-

12th centuries), coordinated by DSSBC (https://www.neu-med.unisi.it). 

The HistoryChem project in particular is based on the well-established collaboration between the departments of 

Biotechnology, Chemistry, and Pharmacy (DBCF) and Historical Sciences and Cultural Heritage (DSSBC), which 

over the years have planned numerous specific research in the district of Massa Marittima (province of Grosseto). 

The innovative character of the project is its highly multidisciplinary and experimental approach, design to obtain 

a reliable reconstruction of the historical-archaeological heritage, pivoting on different data sets already available, 

as well as on the acquisition of new on-site chemical analysis of soils. 

Thanks to the cooperation of the Massa Marittima Local Council, and particularly of the Library G. Badii that is a 

partner of the project, the research will integrate new cartographic sources, that will increase the quantity and 

quality of data available to reconstruct the main features of the ancient mining and metallurgical landscape. In fact, 

the library hosts a relevant bibliographic heritage, mostly unpublished, related to the long mining tradition of the 

area.  

The data produced by the HistoryChem project will not only increase the knowledge of the historical landscape, but 

will be made available to public and local authorities that could use them to develop enhancement projects of the 

patrimony, or environmental protection strategies in areas with high industrial impact. 
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Plastic contamination has been linked to a range of impacts on the aquatic environment. Microplastics, usually 

defined as particles below 5 mm in diameter, have an increased capacity to interact not only with macrofauna and 

benthos but also with microbial communities present in the water column. Many microorganisms live on plastic 

debris, with some so specialized in this environmental niche that they have been named the “plastisphere” 

community. The adhesion of a microbial community on a plastic particle is favoured by weathering and photo-

oxidative processes at sea that change particle properties over time and further favoured by their e hydrophobic. 

One important area that is only beginning to be addressed is the effect of microplastics on marine carbon cycling 

and how these compare to the effects related to inorganic particles typically present in ocean waters1. We studied 

the impacts of the concentrations of increased particle concentrations, both plastic as well as inorganic on dissolved 

organic matter dynamics in laboratory microcosms and ocean mesocosm conditions, within the EU H2020 Marie-

Curie Actions, POSEIDOMM2. In laboratory microcosms, natural marine organic matter was obtained by 

culturing a non-axenic strain of Chaetoceros socialis in scenarios of a particle-free environment, a particle-enriched 

system with polystyrene microplastics, and a particle-enriched system with inorganic particles (water insoluble 

SiO2). Following the diatom growth phase, filtered samples from the three flasks containing dissolved organic 

matter and bacteria were incubated separately in the dark to monitor changes in dissolved organic matter. CDOM 

(Chromophoric Dissolved Organic Matter), a bulk optical property, was monitored daily to examine changes in its 

quality and quantity and to compare degradation dynamics in the three systems. CDOM absorbance (quantity) 

remained higher in the control with respect to particle-enriched systems, suggesting that the presence of particles 

led to different rates of CDOM production and degradation. Using indicators for CDOM related to microbial 

activity, results showed a higher CDOM alteration in the particle-enriched systems. These results indicate that 

microplastics have a potential role in modifying marine organic matter dynamics, on a similar magnitude to that of 

biogenic inorganic particles3. Mesocosm experiments further confirmed these impacts on the water column 

dynamics of organic matter, pointing to the potential impact of plastic pollution on the marine carbon cycle4. 

 

Figure 1. (a) Daily a(355) values per treatment, (b) Daily cell numbers from optical density measurements, per 

treatment. Each data point is the average of three replicate measurements per culturing flask (± standard deviation) 
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