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Welcome 
 
 
In the Jacobean Holy Year 2022, on behalf of the Scientific 
and Organizing Committees I warmly welcome you to the 
9th Iberian Meeting on Colloids and Interfaces. RICI 
(Reunión Ibérica de Coloides e Interfases/Reunião Ibérica 
de Colóides e Interfaces) is an international joint meeting 
promoted by the Grupo Especializado de Coloides e 
Interfases (GECI) of the Real Sociedad Española de 
Química (RSEQ) and the Real Sociedad Española de 
Física (RSEF), and the Grupo de Colóides, Polímeros e 
Interfaces of the Sociedade Portuguesa de Química (SPQ).  
 
 
After the break imposed by the COVID-19 pandemics this 
conference aims to bring together the Spanish and 
Portuguese communities sharing interests in Colloids and 
Interfaces Science and Technology, by promoting 
discussion of the most recent advancements and the future 
perspectives of the related fields, and boostering scientific 
and technical cooperation and collaboration not only 
between Portuguese and Spanish scientists but also at a 
broader international level; thereby, researchers from all 
parts of the world are also welcome to join and contribute to 
this event for hepful discussion and science advances. 
 
 
The ninth edition of RICI is held in Santiago de Compostela, 
a world-heritage city by UNESCO from 1993 worldwide 
renowned for being the final destination of pilgrims all 
around the world who make the Camino de Santiago to gain 
the Jubilee. The city hosts the Universidade de Santiago de 
Compostela, USC, founded 527 years ago and being the 
fifth oldest in Spain, and which is currently one of the most 
important and dynamic universities in research and 
knowledge transfer in Spain. We are confident that this 
environment will also contribute for deep scientific 
discussion regarding the high-quality contributions that 
configure the program of this conference. It is also an 
excellent sign of scientific vitality of RICI to see that an 
important number of those communications are here 
presented by young postdoctorates who are carry on their 
scientific careers after finishing their PhD studies.  
 
 
The scientific program covers state-of-the-art topics not 
only approaching the main aspects of Colloids and 
Interfaces Science but also cross interdisciplinary fields 
such as advanced materials, nano/microdevices, energy 
and environmental technologies, colloidal biotechnology, 
medical, pharmaceutical and food applications, and 
computational modeling, among others.  
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The scientific program also benefits from the participation 
of highly reputed scientists as plenary and invited speakers; 
I want to especially thank them for their availability to join 
this event and their outstanding scientific contributions. In 
addition, I kindly appreciate the contribution of the sponsors 
and the institutions that give support this meeting. Finally, I 
would also like to personally thank all the people involved 
in the organization of RICI9, namely my colleagues of the 
Scientific Committee and the Organizing Committee, for all 
their efforts, enthusiasm and help. 
 
 
 
 
Please, have an enjoyable and fruitful RICI9 in Santiago 
de Compostela! 
 
 
 

 
 

Pablo Taboada 
President of the Organizing Committee 
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Sunday, 10th July 
Fonseca Palace                 
18:00 Registration                     
20:00 Welcome party                     
                          

Chairmen/Chairwomen 
             

  Monday, 11th Room A    Monday, 11th Room B  
 Prof. Eduardo Marques 9:00-11:00 h    Dr. Gerardo Prieto 10:15-11:00 h  
 Dr. Isabel Pastoria 12:00-13:15 h    Prof. María José Gálvez 12:30-13:15 h  
 Dr. Andrés Guerrero 15:00-16:45h    Dr. Nuno Basílio 16:15-16:45 h  
 Dr. Jordi Esquena 17:30-19:00 h    Dr. Anna Laromaine 17:30-19:00 h  
 Tuesday, 12th Room A    Tuesday, 12th Room B  
 Prof. Artur Valente 9:00-11:00 h    Prof. Alberto C. Pais 10:15-11:00 h  
 Dr. Julia Maldonado 12:00-13:15 h    Dr. Marlene Lucio 12:30 h-13:15 h  
 Prof. Pablo Taboada 15:00-17:00 h    Prof. Elena Junquera 16:00-17:00 h  
 Wednesday, 13th Room A    Wednesday, 13th Room B  
 Prof. Tito Trindade 9:00-11:00 h    Prof. Juan de Vicente 10:15-11:00 h  
 Dr. Juan José Giner 12:00-14:00 h     Prof. José P. Farinha 12:30-13:15 h   
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Monday, 11th July 

Faculty of Psychology                     
8:30 Registration                     

 Room A            
8:45 Open Ceremony                     
9:00 Plenary 1: 

Prof. Andreas Fery (Institute for Polymer 
Research Dresden) 

From bioinspired structure formation to particle-
based metamaterials 
  

9:45 Invited 1:  
Dr. Sara Fateixa (U. of Aveiro)  

Exploring interface effects on 2D-materials 
supported nanometals for optical biosensing 

 Room A Room B 
10:15 Dr. Joana R. Martins (U. of Coimbra): Photonic 

protein-based hydrogels for sensing 
applications 

Dr. Alberto Pardo (3B´s): Combining magnetically- 
and matrix-assisted 3D Bioprinting strategies to 
fabricate tendon biomimetic constructs  

10:30 Dr. Sarah De Marchi (U. of Vigo): Plasmonic 
nanorattles for in situ SERS imaging of pH 
variations in bacterial colonies 

Dr. Fernando Martínez-Pedrero (U. Complutense de 
Madrid): Transport of magnetic colloidal particles 
adsorbed at fluid interfaces 

 

 
10:45 Prof. Tito Trindade (U. of Aveiro): Dendritic 

plasmonic nanostructures for surface-enhanced 
Raman spectroscopy 

Dr. David Serantes (U. of Santiago de Compostela): 
Magnetic anisotropy in relation to nanoparticle 
agglomeration and hyperthermia 

 

 
11:00                                 Coffee Break+Poster        

12:00 Invited 2: 
Dr. Leonardo Scarabelli (ICMAB-CSIC)  

Direct Surface Growth of Plasmonic Nanoparticles 
for the preparation of plasmonic ordered arrays 

 

 Room A Room B  

12:30 Miss Rebeca Fortes-Martín (U. of Postdam): 
Water-in-oil microemulsions as soft-templates 
for the interfacial assembly of nanoparticles 

Dr. Álvaro Gallo-Cordova (I. of Materials Science, 
Madrid): Iron oxide colloidal mesocrystals: from 
their non-classical formation mechanism to their 
application in environmental Remediation 

 

 
 

 
       

12:45 Dr. Ana Belén Bonhome Espinosa (U. of 
Granada): Exploiting liquid-liquid phase 
separation to compartmentalise stimuli-
responsive nanoparticles within droplets 

Dr. Ana L. Daniel-da-Silva (U. of Aveiro): Surface 
modification of magnetic nanomaterials with 
biopolymers for water treatment 

 

 
 

        
 

13:00 Dr. Andrés Guerrero-Martinez (U. Complutese 
de Madrid): Colloidal metal nanoparticles under 
ultrafast laser pulses 

Mr. Celso E. D. Cardoso (U. of Aveiro): Magnetic 
nanoparticles for the recovery of phosphorus from 
wastewaters: a solution for pulp and paper mills 

 

 
 

13:15         Lunch                

15:00    Plenary 2: 
Dr. Luisa Durães (U. of Coimbra)  

Customizing the Surface Chemistry of Silica Aerogels 
for Water Cleaning 
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Monday, 11th July  
 

15:45 Invited 3: 
Dr. Ana Rita Oliveira-Rodrigues (U. of 
Minho)   

Development of magnetic/plasmonic lipid-based 
nanosystems for controlled drug delivery 

 

 Room A Room B  

16:15 Dr. Anna Laromaine (U. Autónoma de 
Barcelona): Colloids, biopolymers, and their 
interface evaluated on C. elegans 

Dr. Carlos Alberto Gracia Fernández (TA 
Instruments): Interfacial Rheology, new trends in 
rotational rheometry 

 

 
 

16:30 Dr. Francisco José Ostos (U. of Seville): 
Biocompatible MOFs as vehicles for enhancing 
the therapeutic effect of antiretroviral drugs in 
the HIV treatment 

Dr. Pablo F. Garrido (U. of Santiago de Compostela): 
Heat of bubble formation: surface tension and 
adsorption in Isothermal Titration Calorimetry 

 

 

 

16:45                                  Coffee Break+Poster        

 Room A Room B  

17:30 Dr. Juan J. Giner-Casares (U. of Córdoba): 
Interfacial Supramolecular Assembly at 
Air/Liquid Interfaces 

Dr. Natalia Hassan (U. Técnica Metropolitana, 
Chile): Shape and size effect of nanoparticles in their 
interaction with plasma proteins by microfluidic 
devices 

 

 

 

17:45 Miss Joana N. Martins (Associated Laboratory 
for Green Chemistry, Caparica): Light-Controlled 
Counterion Activation of the Transport of 
Arginine-Rich Peptides across synthetic 
phospholipidic membranes 

Mr. Pablo Graván (U. of Granada): Effect of 
biomimetic coatings on the nanoparticle-cell 
interactions: a comparative study of particles 
camouflaged with polymers, proteins, 
polysaccharides, or cell membranes 

 

 
 

 

 

18:00 Dr. Miguel Ángel Fernández-Rodríguez (U. of 
Granada): Trapping microgels in bulk and at 
water/oil interfaces with optical-tweezers 

Dr. Vicente Domínguez-Arca (U. of Santiago de 
Compostela): New cationic DPPC liposomes doped 
with gemini surfactants. Properties and possible 
applications 

 

 

 

18:15 Prof. Francisco Javier M. Ruiz-Cabello (U. of 
Granada): Replication and wetting analysis of 
Lotus-like and Petal-like plants 

New opportunities for European funding Spain-
Portugal Euroregion 

 

 
 

18:30 Dr. Bárbara Abreu (U. of Porto): Advanced 
1D/2D nanocomposites assembled via colloid 
chemistry and their electrocatalytic activity 
towards energy-related oxygen reactions 

 

 
 

 
 

18:45 Dr. Lucía Labrador-Páez (U. Complutense de 
Madrid): Exploring single-nanoparticle 
dynamics at high temperature by optical 
tweezers 

 

 

 

19:15 Meeting GECI (Room A)  
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Tuesday, 12th July  
 

Faculty of Psychology               

 Room A            
 

9:00 Plenary 3: 
Prof. Helmut Cölfen (U. of 
Konstantz)     

Analytical ultracentrifugation in colloid and soft matter 
analysis: new insight by a classical technique 

 

9:45 Invited 4:  
Dr. Ermelinda M. S. Maçôas (U. of 
Lisboa)   

Photoluminescence of 0D carbon nanomaterials from 
nanographenes to graphene quantum dots and carbon 
nanodots 

 

 Room A Room B  

10:15 Prof. José Paulo Farinha (U. of Lisboa): Photonic 
pigments assembled from polymer 
nanoparticles: dye-free bright colors 

Dr. Arturo Moncho-Jordá (U. of Granada): Controlling 
the structure, phase behavior and dynamics of soft 
colloids by active interaction switching 

 

 
 

10:30 Miss Nadesh Fiuza Maneiro (U. of Vigo): Recent 
progress of chiral semiconductors 

Dr. Irene Adroher-Benitez (U. of Grenoble): Modeling 
the adsorption of copolymers on heterogeneous 
surfaces and the stability of polymer coatings for 
cosmetic applications 

 

 

 

10:45 Mr. Gianluca Utzeri (U. of Coimbra): Confidor 
removal study: assessment of macro- and micro 
microscopic interactions 

Prof. Antonio Manuel Puertas (U. of Almería): Colloidal 
systems and financial markets 

 

 
 

11:00                               Coffee Break+Poster        

12:00 Invited 5: 
Dr. Ilaria Armenia (INMA,CSIC-
UNIZAR)     

Nanobiocatalysis: opportunities for remote 
enzymatic control by nanuactuation 

  

 

 Room A Room B  

12:30 Prof. Rafael Muñoz-Espí (U. of Valencia): 
Nanoencapsulation of Phase Change Materials 
in Polymer Coatings for Thermal Energy Storage 

Prof. Jorge M. C. Marques (U. of Coimbra): Energy 
landscapes and thermodynamics of colloidal clusters 
modeled with isotropic potentials 

 

 
 

12:45 Dr. Jordi Esquena (I. of Advanced Chemistry of 
Catalonia): Water-in-water (w/w) emulsions 
prepared by low-agitation methods 

Dr. Antonio Topete (U. of Guadalajara): Microfluidics-
Assisted Conjugation of Chitosan-Coated Polymeric 
Nanoparticles with Antibodies: Significance in Drug 
Release, Uptake, and Cytotoxicity in Breast Cancer Cells 

 

 

 

13:00 Dr. Bruno Medronho (U. of Algarve): 
Microrheology of novel cellulose stabilized oil-
in-water emulsions 

Prof. Juan de Vicente (U. of Granada): Rheology of 
Magnetic Colloids in Unsteady Triaxial Fields 

 

 
 

13:15                               Lunch        

Symposium in memoriam Prof. María da Graça Miguel  

15:00 Prof. Eduardo Marques 
(U. of Porto)       

A tribute to María Miguel: scientific, 
academic and personal legacy     

 

15:15 

 
Plenary 4: 
Prof. Tommy Nylander (U. of Lund) 
  

Polymer-surfactant interactions-controlling 
structrues, interactions and process 

  

 

 Room A Room B  

16:00 Prof. Alberto Canelas Pais (U. of Coimbra): 
Molecular simulation and the behavior of 
polyelectrolytes in solution and at interfaces 

Dr. Guillermo Gonzalez-Rubio (U. of Konstanz): 
Analytical Ultracentrifugation for Simultaneous 
Characterization of Compositional and Colloidal 
Properties of Multicomponent Nanoparticles 
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16:15 Dr. María del Carmen Morán (U. of Barcelona): 
Therapeutic Applications of Stimulus Triggered 
Delivery Systems 

Dr. Ana Belén Jódar-Reyes (U. of Granada): Dynamic 
Light Scattering and Nanoparticle Tracking Analysis: 
Complementary Nanoparticle Characterization 
Techniques 

  

  
 

16:30 Dr. Rita Dias (Norwegian University of Science 
and Technology): Impact of charge in disordered 
peptide tails on PAMAM-DNA binding 

Mr. Osvaldo Beltrán (U. of Santiago de Compostela): 
Biomimetic artificial nanocells for atherosclerosis 
treatment 

 

  
 

16:45 Dr. Dmitriy Moreira (U. of Porto): Amphiphiles 
as building blocks for the assembly of smart 
delivery vectors and advanced nanocomposites 

Dr. Aixa Aguilera-Garrido (U. of Granada): Solid lipid 
nanoparticles from natural plant-derived sources as 
drug nanocarriers for treatment of pancreatic cancer 

 

  
 

17:00                            Social Programme        

21:00                          Gala Dinner        

             
 

  



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

10 
 

             
 

Wednesday, 13th July  

Faculty of Psychology                 

9:00 Plenary 5: 
Prof. Verónica de Zea Bermúdez (U. of Tras os 
Montes e Alto Douro) 

Solar energy garvesting, conversion and 
management materials for architectural glazing 

 

9:45 Invited 6:  
Dr. Demian Levis (U. of 
Barcelona)     

Phase behaviour of colloidal spinners 
and model chiral fluids     

 

 Room A Room B  
 

10:15 Prof. Artur J. M. Valente (U. of Coimbra): A 
visually responsive paper for anticounterfeiting 
application 

Dr. Niccolo Caselli (U. Complutense de Madrid): 
Hydrodynamic crystals on surfactant-functionalized 
water surface 

 

 
 

10:30 Miss Lara González-Cabaleiro (U. of Vigo): 
MOFs Based Biosensor for  Detection and 
Quantification  of HER2 and EGFR 

Miss Berta Martinez-Prat (U. of Barcelona): 
Selection rules and scaling regimes in active nematic 
turbulence 

 

 
 

10:45 Miss Akmaral Sulemeinova (U. of Coimbra): 
Paper-based SERS sensor for detection of 
nucleolin 

Dr. Horacio López-Menéndez (U. Complutense de 
Madrid): A novel framework to characterize nuclear 
compaction gradients at the interface between 
lamina layer and chromatin 

 

 

 

11:00                             Coffee Break+Poster        

12:00 Keynote Lecture: 
Prof. Roque Hidalgo (U. of 
Granada)     

A historical approach to the colloidal and interface 
science in Spain. The past is a foreign country  

 Room A     Room B 
12:30 Dr. Rubén Ahijado-Guzmán (U. Complutense de 

Madrid): Plasmonic Nanoparticles for the Label-
Free Imaging of Dynamic Protein - Membrane 
Interactions 

Dr. Julia Maldonado-Valderrama (U. of Granada): 
Encapsulation of curcumin in Liquid Lipid 
Nanocapsules and in-vitro digestibility 

 

 

 

12:45 Dr. Óscar F. Silvestre (CIC biomaGUNE): Hybrid 
gold-nanodiamond particles for advanced 
optical imaging 

Dr. Isabel S. Oliveira (U. of Porto): Stimuli-
responsive hydrogels for the delivery of an 
antimicrobial protein 

 

 
 

13:00 Dr. Sergio Rodal-Cedeira (U. Vigo): Rod-shaped 
gold/silver nanorattles with tunable optical 
properties from visible to mid-IR region 

Dr. Rui M. A. Domingues (3B´s): Direct 3D Writing of 
Human Tendon In Vitro Models Within a Self-
Assembled Fibrillar Shell Matrix 

 

 
 

13:15 Plenary 6: 
Prof. Carmen Álvarez-Lorenzo (U. of Santiago 
de Compostela) 

Oligo- and poly-sacharides as components of 
syringeable and 3D printed scaffolds for 
regenerative medicine 

 

           

14:00 Closing ceremony & 
Lunch                                                           
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PLENARY LECTURES 
 
 
PL-1 From bioinspired structure formation to particle based metamaterials 

 
22 

PL-2 Customizing the Surface Chemistry of Silica Aerogels for Water Cleaning 
 

23 

PL-3 Analytical Ultracentrifugation in Colloid Analysis: New Insights by a classical 
technique 
 

24 

PL-4 Polymer -surfactant interactions - controlling structures, interactions and processes 
 

25 

PL-5 Solar energy harvesting, conversion and management materials for architectural 
glazing 
 

26 

PL-6 Oligo- and poly-saccharides as components of syringeable and 3D printed scaffolds 
for regenerative medicine 
 

27 

 
 
 
INVITED LECTURES 

 
 
I-1 Exploring interface effects on 2D-materials supported nanometals for optical 

biosensing 
 

28 

I-2 Direct Surface Growth of Plasmonic Nanoparticles for the preparation of plasmonic 
ordered arrays 
 

29 

I-3 Development of magnetic/plasmonic lipid-based nanosystems for controlled drug 
delivery 
 

30 

I-4 Photoluminescence in 0D carbon nanomaterials from nanographenes to carbon 
nanodots 
 

31 

I-5 Nanobiocatalysis: opportunities for remote enzymatic control by nanuactuation 
 

32 

 
 

KEYNOTE LECTURE 
 
 
 A historical approach to the colloid and interface science in Spain. The past is a 

foreign country 
 

33 
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ORAL COMMUNICATIONS BY SCIENTIFIC TOPIC 
 
(Bio)colloids, Nanoparticles and Vesicles 
 
OC-7 Water-in-oil microemulsions as soft-templates for the interfacial assembly of 

nanoparticles 
 

40 

OC-8 Iron Oxide Colloidal Mesocrystals: From their Non-Classical Formation Mechanism to 
their Application in Environmental Remediation 
 

41 

OC-9 Exploiting liquid-liquid phase separation to compartmentalise stimuli-responsive 
nanoparticles within droplets 
 

42 

OC-10 Surface modification of magnetic nanomaterials with biopolymers for water 
treatment 
 

43 

OC-11 Colloidal Metal Nanoparticles under Ultrafast Laser Pulses 
 

44 

Oc-12 Magnetic nanoparticles for the recovery of phosphorus from wastewaters: a 
solution for pulp and paper mills 
 

45 

Oc-13 Colloids, biopolymers, and their interface evaluated on C. elegans 
 

46 

OC-18 Shape and size effect of nanoparticles in their interaction with plasma proteins by 
microfluidic devices 
 

51 

OC-20 Effect of biomimetic coatings on the nanoparticle-cell interactions: a comparative 
study of particles camouflaged with polymers, proteins, polysaccharides, or cell 
membranes 
 

53 

OC-22 New cationic DPPC liposomes doped with gemini surfactants. Properties and 
possible applications 
 

55 

OC-25 Exploring single-nanoparticle dynamics at high temperature by optical tweezers 
 

58 

OC-28 Recent Progress of Chiral Semiconductors 
 

61 

OC-50 Hybrid gold-nanodiamond particles for advanced optical imaging 
 

83 

OC-52 Rod-shaped gold/silver nanorattles with tunable optical properties from visible to 
mid-IR region 
 

85 

 
 
 
Surfaces, Interfaces, Films and Coatings 
 
OC-4 Transport of magnetic colloidal particles adsorbed at fluid interfaces 

 
37 

OC-17 Interfacial Supramolecular Assembly at Air/Liquid Interfaces 
 

50 

OC-19
  

Light-Controlled Counterion Activation of the Transport of Arginine-Rich Peptides 
across synthetic phospholipidic membranes 
 

52 

OC-23
  

Replication and wetting analysis of Lotus-like and Petal-like plants 
 

56 
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Surfactants, Polymers, Foams, Emulsions, Liquid Crystals, Polymer Gels, Colloidal Gels and Glasses 
 
OC-21 Trapping microgels in bulk and at water/oil interfaces with optical-tweezers 

 
54 

OC-26 Photonic Pigments Assembled from Polymer Nanoparticles: Dye-Free Bright Colors 
 

59 

OC-34 Water-in-Water (W/W) Emulsions Prepared by Low-Agitation Methods 
 

67 

OC-36 Microrheology of novel cellulose stabilized oil-in-water emulsions 
 

69 

OC-37 Rheology of Magnetic Colloids in Unsteady Triaxial Fields 
 

70 

OC-51 Stimuli-responsive hydrogels for the delivery of an antimicrobial protein 
 

84 

 
  
 
Active Matter, Advanced Engineered Nano/Micro-Materials, and Nano/Microdevices 
 
OC-3 Plasmonic nanorattles for in situ SERS imaging of pH variations in bacterial colonies 

 
36 

OC-5 Dendritic plasmonic nanostructures for surface-enhanced Raman spectroscopy 
 

38 

OC-42 A visually responsive paper for anticounterfeiting application 
 

75 

OC-43 Hydrodynamic crystals on surfactant-functionalized water surface 
 

76 

OC-45 Selection rules and scaling regimes in active nematic turbulence 
 

78 

OC-47 A novel framework to characterize nuclear compaction gradients at the interface 
between lamina layer and chromatin 
 

80 

 
  
 
Theory and Computational Modeling of Complex Fluids, Colloids and Soft Matter Systems 
 
OC-6 Magnetic anisotropy in relation to nanoparticle agglomeration and hyperthermia 

 
39 

OC-27 Controlling the structure, phase behavior and dynamics of soft colloids by active 
interaction switching 
 

60 

OC-29 Modeling the adsorption of copolymers on heterogeneous surfaces and the stability 
of polymer coatings for cosmetic applications 
 

62 

OC-31 Colloidal systems and financial markets 
 

64 

OC-33 Energy landscapes and thermodynamics of colloidal clusters modeled with isotropic 
potentials 
 

66 
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Experimental Methods and Techniques in Colloid and Interface Science 
 
OC-14 Interfacial Rheology, new trends in rotational rheometry 

 
47 

OC-16 Heat of bubble formation: surface tension and adsorption 
 

49 

OC-38 Analytical Ultracentrifugation for Simultaneous Characterization of Compositional 
and Colloidal Properties of Multicomponent Nanoparticles 
 

71 

OC-39 Dynamic Light Scattering and Nanoparticle Tracking Analysis: Complementary 
Nanoparticle Characterization Techniques 
 

72 

 
  
 
Pharmaceutical, Biomedical, Biotechnological and Food Applications of Colloidal- and Interfacial-based 
Nano/Microsystems and Materials 
 
OC-1 Photonic protein-based hydrogels for sensing applications 

 
34 

OC-2 Combining Magnetically- and Matrix-Assisted 3D Bioprinting Strategies to Fabricate 
Tendon Biomimetic Constructs 
 

35 

OC-15 Biocompatible Metal-Organic Frameworks (MOFs) as vehicles for enhancing the 
therapeutic effect of antiretroviral drugs in the HIV treatment 
 

48 

OC-35 Microfluidics-Assisted Conjugation of Chitosan-Coated Polymeric Nanoparticles with 
Antibodies: Significance in Drug Release, Uptake, and Cytotoxicity in Breast Cancer 
Cells 
 

68 

OC-40 Biomimetic Artificial Nanocells for Atherosclerosis Treatment 
 

73 

OC-41 Solid lipid nanoparticles from natural plant-derived sources as drug nanocarriers for 
treatment of pancreatic cancer 
 

74 

OC-44 MOFs BASED BIOSENSOR FOR DETECTION AND QUANTIFICATION  
OF HER2 AND EGFR 
 

77 

OC-46 Paper-based SERS sensor for detection of nucleolin 
 

79 

OC-48 Plasmonic Nanoparticles for the Label-Free Imaging of  
Dynamic Protein - Membrane Interactions 
 

81 

OC-49 Encapsulation of curcumin in Liquid Lipid nanocapsules and in-vitro digestibility 
 

82 

OC-53 Direct 3D Writing of Human Tendon In Vitro Models Within a Self-Assembled 
Fibrillar Shell Matrix 
 

86 
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Colloids and Surfaces in Energy and Environmental Technologies 
 
OC-24 Advanced 1D/2D nanocomposites assembled via colloid chemistry and their 

electrocatalytic activity towards energy-related oxygen reactions 
 

57 

OC-30 Confidor removal study: assessment of macro- and microscopic interactions 
 

63 

OC-32 Nanoencapsulation of Phase Change Materials in Polymer Coatings for Thermal 
Energy Storage 
 

65 
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POSTER COMMUNICATIONS BY SCIENTIFIC TOPIC 
 
(Bio)colloids, Nanoparticles and Vesicles 
 
P-9 Surface-enhanced Raman scattering (SERS) in strong coupled Au@Ag@mSiO2 

nanorattles and J-aggregates 
 

100 

P-10 Fast A-Site Cation Cross-exchange at Room Temperature: Single-to Double- and 
Triple-Cation Halide Perovskite Nanocrystals 
 

101 

P-11 Geometrical implications of the effective uniaxial-anisotropy assumption of 
magnetite nanoparticles 
 

102 

P-16 Towards powerful nanocatalyst 
 

107 

P-19 Colloidal Stability and Photothermal Properties of Light-activatable Polymeric and 
Gold Nanoparticles 
 

110 

P-29 Role of seed aspect ratio on the growth of chiral gold nanorods 
 

120 

P-38 Enhanced surface silver nanoparticle formation in ion-exchanged soda-lime glass 
 

129 

P-39 Rod-Shaped Gold Antennas for Surface-Enhanced Infrared Absorption 
 

130 

P-43 Exploring the Interaction Effects and Magnetic Hyperthermia Response  
of Iron Oxide Nanoparticles 
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of Particle Technology, Friedrich-Alexander-Universität Erlangen-Nürnberg, 4 Department of Physics 

at Interfaces, Max-Planck-Institut für Polymerforschung 
 
Metallic nanoparticles offer a range of interesting optical and electronic effects. A prominent example 
is the localized surface plasmon resonance (LSPR) due to resonant excitations of vibrations of the 
particles’ free-electron cloud by light. Due to the LSPR, plasmonic nanoparticles provide excellent means 
for controlling electromagnetic near-fields at optical frequencies, which has led to a broad range of 
applications in various field such as surface enhanced spectroscopy, light harvesting or photonics.   
While much research has been dedicated to understanding nanoparticle synthesis and tailoring their 
LSPR on the single particle level [1-3], ordering particles on different length scales opens another 
powerful avenue towards optical and electronic functionality, as novel collective plasmonic excitations 
are occurring due to plasmonic coupling effects. 
  
We focus on achieving such ordered particle arrays via assembly approaches. Colloidal self-assembly 
indeed succeeds in achieving well-defined colloidal clusters [4] and surface assemblies [5] in which 
coupling effects can be controlled. Especially when combined with biomimetic surface structuring, large 
area assemblies are feasible. We discuss the underlying physico-chemical principles of the assembly 
process and the arising plasmonic coupling effects [6,7]. Finally, we highlight perspectives for taking 
this assembly principle to meta-surfaces with high field enhancement and/or ultra-high circular 
dichroism [6, 8]. 
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Silica aerogels are highly porous nanostructured materials with exceptional properties such as extreme 
porosity and very high surface area [1]. They also feature a tailorable surface chemistry, due to the 
panoply of organically modified silica precursors (silanes) available in the chemicals’ suppliers. Their 
surface modification with appropriate functional moieties allows the use of aerogels as adsorbents for 
several pollutant classes [1-3]. 
  
In this work, different case studies are reported, which give an insight on the role of several functional 
groups of silica-based aerogels in the adsorption process [3-6]. Modified silica aerogels were 
synthesized based on sol-gel matrices with different silica precursors, in order to enhance the 
interaction between the silica-based surface and distinct pollutants. Methyltrimethoxysilane was the 
main precursor for the adsorbents used in aromatic organic solvents and oils removal [4,6]. For the 
capture of heavy metals, dyes and pharmaceuticals, more complex silica matrices were designed relying 
on mixtures of tetraethylorthosilicate/tetramethylorthosilicate with other silanes or 
oligo/polysaccharides to introduce specific organic groups for the capture of the referred pollutants; 
aminopropyltrimethoxysilane, (3-mercaptopropyl)trimethoxysilane, β-cyclodextrin and chitosan were 
applied for this purpose [5-7]. Kinetic and equilibrium tests were performed for each adsorbent-
adsorbate pair. 
   
In general, a significant improvement of the removal efficiency after the functionalization of silica 
aerogels was observed, with removal efficiencies in some cases higher than 85%, for example for 
cooper, lead and cadmium [7]. In the case of phenol, removals near 30% were obtained; the addition 
of β-cyclodextrin in the silica matrix improved the adsorption capacity by 1.5-2-fold when compared to 
the aerogel without modification [5]. For dyes [6], amine-modified aerogels were able to almost 
completely remove the industrial dye Rubi Levafix CA from aqueous solutions, in a concentration up to 
50 mg/L, leading to ~ 8-fold higher efficiency when compared with the aerogel without 
functionalization. In all cases, it was shown that the modification of the pristine silica network with 
chosen organic moieties is a successful approach for tailoring of aerogels’ surface chemistry in order to 
enhance the adsorption efficiency regarding different kinds of pollutants.  
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1 University of Konstanz 

 
Analytical Ultracentrifugation (AUC) is a classical technique invented in the 1920’s for particle size 
analysis by Theodor Svedberg. Since the proof that proteins are macromolecules using this technique, 
a lot of interest sparked using AUC for the characterization of biomacromolecules and this became the 
focus of its application. Nevertheless, even 100 years after the invention of AUC, new methodology can 
be successfully used for the characterization of complex colloidal systems. After the development of a 
UV-Vis multiwavelength detector, full UV-Vis spectra became available for the separated species, which 
increased the information content from the experiments a lot. 
  
In this presentation, examples for the use of Analytical Ultracentrifugation to characterize complex 
colloidal systems will be given. Characterization of nucleation and early growth species will be 
demonstrated as well as high resolution particle size distributions with Angström resolution. The 
advantage of using the multiwavelength detector will be shown for CdSe and CdTe quantum dots as 
well as a multi-component protein – DNA mixture. 
   
AUC can also be advantageously used to characterize colloidal interactions at very high concentrations, 
which are of great practical relevance. Characterization of negatively charged colloidally stable silica 
spheres over a very large concentration gradient up to > 60 % in a sedimentation equilibrium 
experiment shows that the repulsive interactions at low concentrations can turn into attractive 
interactions at very high concentrations leading to gel formation. 
  
In complex fluids like octanol – ethanol – water or ethylacetate – ethanol – water the generated 
concentration gradient in the AUC sedimentation equilibrium also covers a considerable range in the 
phase diagram allowing to characterize superstructures formed near the phase boundary.  
 

 
 

Sedimentation equilibrium experiment in an Analytical Ultracentrifuge with negatively charged silica nanoparticles 
showing a large concentration gradient 
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The deposition from oppositely charged polyelectrolyte/surfactant (P/S) systems have numerous 
industrial applications such as detergency, paints, oil recovery, the pharmaceuticals, food and 
biotechnology, but also in biology [1,2]. The deposition is a delicate balance between the bulk solution 
phase behaviour of the system and the interaction with the surface (Figure 1). Generally, maximum 
surface excess from polyelectrolyte surfactant mixtures coincides with this phase separation region and 
this process is often kinetically controlled [1-3]. We will discuss how the molecular properties of a range 
of polymer can tune the complex formation [4]. This includes biopolymers, where we will highlight how 
DNA interact with cationic surfactants, lipids and PAMAM dendrimers, both as means to understand the 
behaviour of DNA in biological systems and to develop novel formulations, for example for gene therapy 
[5-7]. We will discuss how the interaction between DNA and cationic molecules can control the 
transcription of DNA [8]. The DNA and the surfactant interaction can be made specific by using 
nucleotide surfactants [9].  
 

 
 

Figure 1. Formation of polyelectrolyte–surfactant complexes on surfaces as a function of surfactant 
concentration 
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Portugal 
Smart cities require smart, sustainable and energy-efficient buildings. In the European Union buildings 
are the largest energy consumer and one of the largest CO2 emitters, being responsible for 40% of 
energy consumption and 36% of greenhouse gas emissions. The recognition that the building sector is 
a crucial pillar of the energy solution led to the so-called Nearly Zero Energy Building (NZEB) concept. 
In buildings, the envelope (external walls, floors, roofs, ceilings, windows, and doors) is responsible for 
more than 30% of the consumed energy. Windows impact dramatically on the mitigation of the building 
energy consumption. Transitioning from static to dynamic (smart) windows (SWs) is extremely 
attractive, reducing the building’s energy needs by about 40 % [1]. Dynamic windows allow adjusting 
the sunlight (visible radiation) and solar heat (near-infrared (NIR) radiation) inflow in real time, at the 
occupant’s choice, independently of the geographical location, climate region, season of the year, or 
room’s orientation, increasing the building energy performance by minimizing heating and cooling needs 
indoors, providing more visual and thermal comfort, and improving outdoors view. Since ca. 44 and 
49% of the solar energy lies in the visible and NIR regions, respectively, the incorporation of visible 
and NIR blocking/admission functions in smart windows has become mandatory to ensure high energy 
efficiency. 
 
In this contribution it is demonstrated that the combination of conducting oxides transparent in the 
visible and NIR regions [2-4,5] with suitable electrolytes (hybrids prepared by sol-gel routes [2,5], or 
seaweeds-derived k-carrageenan electrolytes [3], or nanofluids based on glucose-derived carbon dots 
functionalized with a thermotropic ionic liquid [4]) are extremely attractive approaches to produce 
sustainable SWs with unique performance: single devices (electrochromic devices (ECDs) [2a,3,5], or 
thermotropic devices (TTDs) [4]) and integrated devices (TTD/ECD [4] or ECD/luminescent solar 
concentrator (LSC)/photovoltaic (PV) [2b]).  
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Natural polymers are gaining increasing attention in the field of regenerative medicine as sustainable 
environmental-friendly alternative to synthetic polymers. Cyclodextrins and cellulose ethers are relevant 
examples of oligo- and poly-saccharides, respectively, that can develop multifunctional performances. 
They can serve as both structural and active components. Cyclodextrins can form inclusion complexes 
with a variety of active substances to regulate its release and also with structural polymers allowing for 
a fine tuning of interactions with water and with other components. Versatile reversible 3D 
supramolecular gels can be administered as syringeable scaffolds in bone and cartilage gaps for the 
sustained delivery of active substances, growth factors and even viral vectors that promote efficient 
tissue repair (1,2). Alternatively, cyclodextrins and cellulose ethers can be adapted to 3D printing 
microextrusion techniques to prepare patient-personalized scaffolds (3,4). Rheological properties of the 
supramolecular or entangled gels based on cyclodextrins and cellulose ethers play a key role on their 
processing and final performance. Preclinical evaluation of syringeable and 3D printed scaffolds is 
unveiling the still to be explored potential of oligo- and poly-saccharides in regenerative medicine. 
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Two-dimensional (2D) materials, such as graphene and derived materials (e.g. graphene oxide: GO) 
have attracted great attention due to their unique optical properties, well-defined architecture and 
tunable surface chemistry, making them excellent platforms for optical sensing applications. The 
combination of such 2D materials with metallic nanoparticles (MNPs) allows the fabrication of highly 
sensitive surface-enhanced Raman scattering (SERS) substrates for analytical purposes.[1] Herein, we 
report our research on chemical strategies for the surface modification of colloidal nanomaterials to 
produce a variety of easy-handled analytical platforms. The resulting hybrid 2D materials have been 
investigated as SERS substrates to detect trace amounts of water pollutants and molecules of biological 
interest (e.g. biomarkers). Focus will be given on the types of interfaces that result from coupling 
materials with distinct functionalities and their effects on the SERS performance. Finally, the extension 
of this research to other 2D materials will be discussed, highlighting their role and challenges in the 
development of SERS substrates that match requirements for chemical analysis in real contexts. 
 

 
 

Scheme illustrating the SERS detection of methylene blue using graphene oxide-based substrates. 
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Over the last decades, a number of strategies combining soft-lithography and self-assembly have been 
developed to incorporate plasmonic building blocks and their properties into functional devices. 
However, these well-established approaches suffer from time consuming and complex ligand-exchange, 
concentration, and assembly steps which limit their scalability and reproducibility. A robust direct in situ 
nanoparticle growth would enable to achieve a rapid on-demand integration of plasmonic building-
blocks, taking full advantage of the versatility and high-quality plasmonics of bottom-up synthesis, 
controlling particle morphology, crystallinity, and surface chemistry. However, the lacking of a 
comprehensive mechanistic understanding has limited the exploration of in situ synthetic capabilities, 
which remains an interesting challenge and an exciting opportunity. 
  
In this talk, I present a new alternative site-directed in situ growth approach using a reductant chemical 
ink and a sacrificial hydroxypropyl cellulose stencil (Figure 1) capable of producing nanoscaled ordered 
plasmonic arrays over hundreds of microns squared in a single step and within minutes (1). The 
technical capabilities of this method were demonstrated through modulation of the particle size and 
shape directly on the surface via wet-chemical synthesis (Figure 1C-D), which show how this platform 
can be used to probe fundamental synthetic aspects of in situ growth. Moreover, the use of soft-
lithography for the creation of patterns offers unlimited opportunities for the fabrication of complex 
architectures with advanced plasmonic properties. For example, ordered square arrays were 
successfully synthetized, and their collective lattice plasmonic response was measured and fully 
characterized for different geometries, spanning between the visible and the near infrared spectral 
regions (Figure 1E-F). Overall, this work opens the door for in situ growth fabrication of waveguides, 
lasing platforms, and plasmonic sensors all without cleanroom fabrication, specialized equipment, or 
self-assembly.  
 

 
 

Figure1. A: fabrication schematic. B-D: SEMs of: patterned stencil (B), gold nanoparticles (C), gold nanostars (D). 
E-F: Transmission (E), and angular dependency (F) of a 600nm plasmonic square array. 
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Multifunctional liposomes based on magnetic/plasmonic nanoparticles (NPs) are promising nanosystems 
to encapsulate, transport, and release drugs at target sites and concurrently perform thermal treatment. 
Their structural and physical properties enable synergistic behaviour between controlled drug delivery 
and dual hyperthermia (magneto-photothermia), allowing overheating cancer cells while increasing 
drug toxicity. 
 
This presentation focus the potential of magnetic/plasmonic nanocomposites with different 
nanoarchitectures (manganese ferrite/gold core/shell NPs, manganese ferrite NPs decorated with gold 
NPs and multicore magnetic NPs with gold shell) [1,2]. The structural, optical and magnetic properties 
of the prepared NPs were determined by XRD, SEM, UV/vis/NIR absorption and SQUID, respectively. 
Photothermal assays were performed to evaluate the heating capability of the magnetic/plasmonic NPs. 
The ones with core/shell structure have shown to be effective in increasing local temperature, allowing 
a local increase up to 3 ◦C under irradiation. The heating performance of the multicore manganese 
ferrite NPs, under alternating magnetic field, was also evaluated considering their potential as 
hyperthermia agents [2]. Taking the enhanced heating capabilities of these multicore nanostructures 
when compared to their building blocks, multicore cubic-shaped NPs of manganese ferrite with a gold 
shell were prepared (figure 1), aiming at an improved dual heating effect.  
 
The magnetic/plasmonic NPs were incorporated into liposome-like structures, resulting in nanosystems 
with sizes in the range 200 400 nm, suitable for biomedical applications. New antitumor thienopyridine 
derivatives were loaded in these nanocarriers with high encapsulation efficiencies. Drug-loaded 
magnetoliposomes with magnetic/plasmonic core/shell NPs have shown to be suitable for light-
triggered release in non-small-cell lung cancer [1]. These results indicate that the developed 
multifunctional liposomes are promising for triggered drug delivery combined with dual hyperthermia. 
 
Keywords: magnetic nanoparticles, plasmonic nanoparticles, multicore nanoparticles, drug delivery, 
hyperthermia 

 
 

Figure 1. Schematic representation of Au deposition on the decorating gold NPs via “seeding” method, resulting in 
multicore cubic-shaped manganese ferrite NPs with gold shell. 
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Nanographene derivatives are in the spotlight for two-photon induced biomedical applications. Over the 
last decade, 0D nanocarbons have been reported to operate as tumor markers, sensors in biological 
environment, NIR emissive labels in bioimaging, and photothermal therapeutic agents under two-
photon excitation. For such materials to have a real impact in the many technological applications 
anticipated, the two-photon absorption (TPA) must be optimized together with other application-
depend secondary properties, such as fluorescence emission, energy or electron transfer and heat or 
reactive oxygen species generation. However, the limited number of studies that focus on the TPA 
process and the large dispersion of TPA cross-section values found in the literature preclude an 
unambiguous definition of the design guidelines to produce a material with high TPA cross-section in a 
reproducible and scalable way.   
 
In this presentation we focus on the TPA properties of 0D carbon nanomaterials produced by three 
different approaches: bottom-up carbon nanodots (CND), top-down graphene quantum dots (GQD) 
and step-by-step controlled organic synthesis of distorted nanographenes (NG) (Figure 1). Based on 
our recent work, we discuss the relatively low emission yields of oxidized 0D nanocarbons produced by 
top-down or bottom-up methods, we show that the TPA cross-section of the carbon core might not be 
as high as initially anticipated and that the distortion of the sp2 network can improve the nonlinear 
optical properties.1-3  

 
 

Figure 1. Illustration of the two-photon absorption process together with the 0D nanocarbons studied. 
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It is well known that magnetic nanoparticles can act as nanoactuators. Indeed, MNPs can be activated 
as hotspots by the remote application of alternating magnetic fields (AMF) that triggers large 
temperature gradients at a length scale of few tens of nanometers from the NPs surface. So far, this 
local heating effect has been mainly explored in therapy to trigger direct cell ablation for cancer 
treatment, provide spatio-temporal control of drug or enzyme release from nanotherapeutics. However, 
although the rates of enzymatic reactions have a universal dependency on temperature, the remote 
activation of MNPs as local heating sources to enhance the catalytic activity of enzymes for their use in 
therapy or industrial bioproduction has remained practically unexplored. In this regard, during this talk 
we would focus on describing different strategies triggered by magnetic heating to: 
 
  i) provide local optimal temperature conditions for each of the enzymes forming part of multi-step-
schemes to produce from pharmaceuticals to biocommodities 
  ii) develop a novel "On/Off" switch approach for the remote conversion of prodrugs in cancer therapy 
by thermophilic enzymes of that show little activity at the body temperature. 
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This talk is about a historical approach to the Colloid and Interface Science in Spain. This science was 
from the beginning strongly connected to the Chemical School of Zaragoza, and very especially to the 
professor of General Chemistry, Antonio de Gregorio Rocasolano from 1903 to 1941. The interest in 
the economic development of the region of Aragon, mainly agricultural, led the professors of the School 
of Chemistry of Zaragoza to specialize in Agricultural Chemistry. Professor Rocasolano studied in Paris 
the nitrogenous feeding of plants by bacterial route. In 1918 he created the Biochemical Research 
Laboratory based on his studies on matter in a colloidal state. The investigated topics were: i) Brownian 
motion, ii) the stability of colloids, iii) the catalytic power of colloids, iv) the pharmacological properties 
of some colloids (silver). He presented his research results in different conferences held in Toulouse, 
Montpellier and Göttingen. Specifically, his results on the catalytic power of some metallic colloids were 
presented to the Académie des Sciences de Paris and published in the Comptes Rendus in 1920 and 
1921. The collaborations established with German groups allowed Professor Rocasolano to synthesize 
different types of colloids, generally metallic, and to have an ultramicroscope with which to follow 
aggregation processes . 
 
At the Biochemical Research Laboratory as early as 1936, there was a group that investigated in the 
colloid and interface science and it was similar to other European groups in this field. 
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Biomaterials have shown great applications in different fields, such as: medical implants, tissue 
engineering, drug delivery systems, biosensors, etc. Some of the properties of these materials include 
good biocompatibility, biodegradability, easy manufacturing and low cost of fabrication [1]. Particularly 
for biosensors, the inclusion of these biomaterials like natural-based hydrogels, can bring major 
advantages. In addition, they can be combined with photonic structures, which are suitable for real-
time and label-free detection of analytes in diverse fields as healthcare, environmental applications, 
food and biotechnology industry [2]. 
 
In this work, the fabrication of photonic crystals was based on self-assembly of poly(methyl 
methacrylate) colloidal particles through vertical deposition. In this method, the substrate is placed in 
the colloidal suspension and evaporation occurs for several days, resulting in the formation of a 3D 
photonic crystal in the substrate3. Then, a natural protein-based hydrogel was developed, and various 
crosslinking methods were studied in order to incorporate the opal structure and obtain a network with 
good mechanical and optical properties. 
 
Thus, biopolymers with structural colours are very promising to be used in biosensors since they can 
be modified to be responsive to stimulus, originating a label-free optical response that can even result 
in a naked eye colour change [3]. The main goal is to achieve high sensitivity, selectivity and 
reproducibility while maintaining an eco-friendly approach that can be used to detect numerous 
biomarkers or bioactive compounds.  
 
 
References 
1. Damborský, P., Švitel, J., & Katrlík, J. (2016). Optical biosensors. Essays in Biochemistry, 60(1), 

91–100. https://doi.org/10.1042/EBC20150010   
2. Umar, M., Min, K., & Kim, S. (2019). Advances in hydrogel photonics and their applications. APL 

Photonics, 4(12), 120901. https://doi.org/10.1063/1.5122780  
3. Vaz, R., Frasco, M. F., & Sales, M. G. F. (2020). Photonics in nature and bioinspired designs: 

Sustainable approaches for a colourful world. Nanoscale Advances, 2(11), 5106–5129. 
https://doi.org/10.1039/d0na00445f   

 
 
The authors gratefully acknowledge funding from the European Commission through the project 
MindGAP (FET-Open/H2020/GA829040), and the project CY-SENSORS (PTDC/BTA-
GES/32359/2017-POCI-01-0145-FEDER-032359), cofunded by the European Regional Development 
Fund (ERDF) through COMPETE 2020–POCI (Operational Programme for Competitiveness and 
Internationalization), and by Portuguese funds through Fundação para a Ciência e a Tecnologia (FCT).  
 



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

35 
 

OC-2 - Combining Magnetically- and Matrix-Assisted 3D Bioprinting Strategies to 
Fabricate Tendon Biomimetic Constructs 

1 Dr Alberto Pardo, 1 Miss Syeda M. Bakht, 1 Dr Manuel Gómez-Florit, 1 Mr Simão P.B. Teixeira, 1 Dr 
Rui M.A. Domingues, 1 Prof Dr Manuela E. Gomes 

1 3B´s Research Group and and ICVS/3B's–PT Government Associate Laboratory, 2 Colloids and 
Polymers Physics Group and Health Research Institute, University of Santiago de Compostela 

 
Tendon tissues are characterized by highly anisotropic physical properties that are responsible for their 
biomechanical performance and biological organization. The concept of magnetically-assisted 3D 
bioprinting with magnetic hydrogel bioinks can be exploited to fabricate anisotropic scaffolding materials 
that resemble the architecture of tendinous extracellular matrix and modulate biophysical/biochemical 
cues that influence the fate of encapsulated cells. Moreover, the remote response of magnetic 
nanoparticles (MNPs) enables their use as magnetomechanical actuators to control cellular/tissue 
behavior [1]. However, the main challenge hindering the implementation of this concept is how to 
control the arrangement of magnetic elements during layer-by-layer printing without compromising the 
fidelity/resolution of printed constructs. 
  
To overcome this dichotomy, here we combine the concepts of magnetically- and matrix-assisted 3D 
bioprinting technologies. This strategy enables the fabrication of high-resolution constructs with 
magnetic bioinks that remain liquid for long enough before gelation to allow the orientation of magnetic 
elements, thus building 3D fibrillar patterns resembling tendon microstructure. Superparamagnetic zinc-
doped iron oxide MNPs displaying extremely-high magnetization values were synthesized and 
incorporated into electrospun polycaprolactone meshes, which were subsequently cryo-sectioned to 
produce dispersed magnetic microfibers. Magnetically-responsive bioinks were prepared by mixing the 
magnetic microfibers with gelatin solutions and human adipose-derived stem cells. Exploiting the high 
magnetic power of the MNPs, low particle concentrations and weak magnetic field strengths were 
enough to align the microfibers during layer-by-layer extrusion printing steps, thus minimizing the 
toxicity/safety risks associated with these factors. The designed bioinks allowed 3D bioprinting of high-
resolution constructs when using cellulose nanocrystal-based fluid gels as suspension baths [2]. The 
anisotropic microstructure of the 3D bioprinted biomimetic composites induced an elongated growth 
and impacted the phenotypic commitment of encapsulated cells. The effect of remote 
magnetomechanical actuation on cellular constructs is currently under investigation. 
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It is well known that microbial populations and their interactions are largely influenced by their secreted 
metabolites. Non-invasive and spatiotemporal monitoring and imaging of such extracellular metabolic 
byproducts can be correlated with biological phenotypes of interest and provide new insights into the 
structure and development of microbial communities. For instance, microbial fermentation processes 
often lead to the production of acids that can lower the local pH significantly, thus affecting the 
physiological state of resident microbes [1], promote resistance to antibiotics [2] or induce enamel 
demineralization and dental caries [3]. Herein, we report a SERS substrate consisting of plasmonic 
Au@Ag@mSiO2 nanorattles embedded within an agar matrix for pH sensing in bacterial colonies. This 
multifunctional SERS substrate enabled us to efficiently perform spatiotemporal non-invasive detection 
and imaging of pH changes in colonies of Escherichia coli (Figure 1).[4] 

 
(A) Schematic representation of the multistep fabrication process of plasmonic mSiO2 nanorattles: ZIF-8 coating 
of Au@Ag nanorods, mSiO2 coating of Au@Ag@ZIF-8 nanoparticles, and ZIF-8 etching of Au@Ag@ZIF-8@mSiO2. 
TEM images of Au@Ag nanorods (B), Au@Ag@ZIF-8 nanoparticles (C), Au@Ag@ZIF-8@mSiO2 nanoparticles (D), 
and plasmonic mSiO2 nanorattles (E). (F) Spatiotemporal pH distribution map of a selected area of the 
nanorattles@LB-agar substrate supplemented with glucose after 7h of bacterial growth. (G) Representative SERS 
spectra recorded at the points 1, 2, and 3 indicated by white dots in the map shown in (F). 
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Due to the large surface energy reduction linked to the adsorption of colloids at a fluid interface, these 
micrometer particles are often used as stabilizing units in the formation of highly stable complex 
interfacial fluids, Pickering emulsions, foams and colloidosomes. In addition, they act as probes in the 
characterization of interfacial microrheological properties or as model systems in the study of different 
phenomena, ranging from the study of 2D phase transitions to transport in the low Reynolds number 
regime under confined geometries. In this presentation, we will show how magnetic microparticles 
suspended in aqueous solutions can be accurately transported at the fluid interface by developing 
Stokesian and non-Stokesian strategies. In Stokesian designs, magnetic particles are dynamically 
assembled on interfacial micromotors or conveyor belts, which are driven by remotely controlled 
generation of local hydrodynamic flows, while in non-Stokesian counterparts, adsorbed and non-
adsorbed particles are driven by itinerant magnetic potentials generated by lattices or rails of adsorbed 
colloids. In the last part of this talk, we will show how tracking the rotational-translational mechanism 
undergone by these particles, when under the influence of a rotating field, yields information on the 
kinetics and dynamics of particle adsorption in the presence of electrolytes or anionic and cationic 
surfactants.     
 

 
The image presents an easily implementable strategy wherein small microparticles adsorbed at a fluid interface 
are transported through a lattice of larger spheres, in a practically deterministic motion, by periodically inverting 
the vertical component of a precessing field. 
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In the past years, we have developed a series of hybrid nanomaterials for surface-enhanced Raman 
scattering (SERS) with potential uses in optical sensors for water quality analysis.[1,2] In this 
communication, we report recent research in this thematic (see scheme) by focusing on dendrimer 
based nanostructures comprising plasmonic colloids (e.g. Au, Ag, Au:Ag) and that show SERS activity 
for water contaminants of emerging concern.[3] Firstly, several chemical strategies are described to 
conjugate high generation poly(amidoamine) dendrimers (PAMAM) to the metal nanoparticles, in this 
case highlighting the role of the polymer in the long-term stability of the metal colloids and their 
subsequent SERS activity by tuning their composition. As an illustrative example of the advantages in 
using these dendrimers stabilized metal colloids, we have investigated aqueous based ink-formulations 
for printing paper-based SERS substrates. The versatility of this processing method has become 
apparent by the preparative parameters that can be adjusted during the inkjet printing step, allowing 
optimized SERS activity for target analyte detection using the dendrimer-metal based inks. In a second 
part of the communication, we describe our recent efforts to expand this dendrimer-based chemistry 
towards multifunctional substrates for SERS analysis of aqueous samples. Thus, the design of magneto 
plasmonic colloidal substrates is described by taking advantage of the presence of PAMAM dendrimers 
to mediate the assembly of distinct types of hybrid nanostructures. All the dendrimer-based 
nanomaterials were fully characterized and screened as substrates for SERS, namely by using Raman 
imaging methods. Selected samples have been assessed for proof-of-concept in water-quality 
monitoring using portable equipment. Finally, we discuss the many challenges in applying these hybrid 
nanomaterials in real contexts, such as quantitative measurements and analysis of complex aqueous 
matrices, highlighting the relevance of further research in this multidisciplinary field. 

 
Scheme illustrating distinct uses of dendritic plasmonic nanostructures 
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Since the magnetic response of a system of magnetic nanoparticles may change significantly due to 
agglomerate formation, as in the case of the heating performance under AC fields [1], awareness of 
the agglomeration likelihood of the magnetic colloid is crucial for several applications. The problem is 
that it is often estimated through the ratio between magnetic dipole-dipole and thermal energies, 
therefore missing the key factor that the magnetic moment may fluctuate internally and thus hamper 
the agglomeration process [2]. This is to say, that the key role of the magnetic anisotropy constant (K) 
is neglected. Here we report a theoretical approach, based on the comparison between the involved 
timescales (i.e., inner-particle magnetic relaxation vs. entire-particle rotation and displacement), about 
how the threshold size for magnetic agglomeration, d_{aggl}, is influenced by the K value [3]. In 
addition, based on the key role of the magnetic anisotropy on hyperthermia performance we also 
simulate the heating capability, as non-agglomerated particles would be desirable for the application. 
 

 
Scheme illustrating how the comparison of relaxation times may be correlated with the active part of the particle 
size distribution, and thus with agglomeration likelihood [2]. 
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Current trends in the development of new hybrid nanostructures often rely on the self-assembly of 
nanoparticles, as a bottom-up approach to enable the construction of larger-scale, nanomaterial-based 
devices. [1] In this way, new multifunctional nanomaterials can be made by combining the individual 
properties of superparamagnetic iron oxide nanoparticles and plasmonic metal nanoparticles, which is 
of interest for biomedical, catalytic and sensing applications. 
  
Nanoparticle interactions can be controlled in self-organized dispersions as soft-templates for the 
subsequent self-assembly. Especially interactions on a liquid-liquid interface can mediate the formation 
of ordered nanostructures. For this purpose, reverse, water-in-oil microemulsions were formulated by 
using Aerosol-OT (dioctyl sodium sulfosuccinate, AOT) as surfactant. Oleyl-capped nanoparticles can 
be incorporated in the continuous oil phase while polyethylenimine-stabilized nanoparticles where 
confined in the dispersed water droplets. Each type of nanoparticle can modulate the microemulsion 
properties and interactions in different ways and their combination enables synergistic effects and 
assembly in colloidal heterostructures [2]. For instance, thin films of ordered nanoparticles as filament-
like networks were formed after drop-casting and solvent evaporation of the upper water-in-oil phase 
from a biphasic Winsor type II system [2,3]. Detailed characterization proved an initial nanoparticle 
clustering and a microemulsion droplet elongation, which should guide the subsequent formation of the 
interconnected nanoparticle filaments over a surface [3]. Additionally, a magnetic heterocoagulate was 
formed at larger surfactant content. The dispersion of this coagulate in oleic acid, and then a surfactant-
assisted phase-transfer, afforded defined oil-in water nanostructures with encapsulation possibilities 
and magnetic responsiveness. [4] 
 
Herein, we demonstrated that microemulsions can be suitable soft-templates not only for nanoparticle 
synthesis, but also for their self-assembly, providing new forms of hybrid nanostructures. This will 
enable the creation of new functional nanomaterials in larger scale.  
 

 
Different compositions of surfactant mixtures with nanoparticles afforded different assemblies of nanoparticle 
heterostructures. 
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Iron oxide colloidal mesocrystals can present a magnetic cooperative behaviour that potentiates their 
heating capability and therefore their efficiency as magnetic nanocatalysts [1]. Although the structure 
and magnetic state of such superstructures have been previously investigated, the formation 
mechanism that leads to their self-assembly is still poorly understood. Here, iron oxide colloidal 
mesocrystals’ formation mechanism is studied through the polyol process in the presence of an amino 
co-solvent. The mesocrystals are formed through a multistep process involving a first conversion of the 
green-rust like precursor into primary nuclei (≈3 nm) that aggregate leading to small mesocrystals 
(≈20 nm) which grow and orientate to form large mesocrystals (≈40 nm) with perfect alignment 
between neighbouring cores that will eventually sinter. Interestingly, it was proved that a crossover of 
this non-classical pathway to a classical one can be achieved just by adjusting the amount of the amine 
(Figure 1) [2]. 
 
These particles were used for the adsorption of methyl orange (MO) exhibiting a maximum adsorption 
capacity of 280 mg/g. In addition, 100 % MO degradation yields were achieved considering a reaction 
with the material subjected to an alternating magnetic field (100 kHz, 60 mT). Finally, the 
industrialization of this process was explored by scaling up the production of the mesocrystals (up to 
grams of product) and by achieving great efficiencies on the degradation of polluted real systems like 
landfill leachate (95 % yield, Figure 1) [3]. In general, this work has served to understand the 
mechanism that entitles iron oxide nanocrystals to form these multicore superstructures and to prove 
for the first time their efficiency in the magnetic induction heating-assisted degradation of real 
wastewater samples.  
  

 
Formation mechanism of iron oxide colloidal mesocrystals and their application in the magnetic induction heating-
assisted degradation of landfill leachate. 
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A key challenge in the field of droplet technology is the practical manipulation of the droplets in a 
contactless manner, something which could be achieved by compartmentalizing field-responsive 
nanoparticles within the droplet microarchitecture. Here we aim to confine magnetite and gold 
nanoparticles within specific subsites inside droplets, so that an asymmetric response to the field or 
field-induced reconfigurability can be achieved. We choose magnetite and gold nanoparticles enabling 
response to the application of external magnetic fields and laser irradiation, respectively. Our strategy 
focuses on preparing water-in-oil droplets with internal phase separation, and the partition of the 
nanoparticles in each specific subphase. First, liquid-liquid phase separation within droplets was 
achieved by mixing solutions of polyethylene glycol (PEG) and dextran which, above a critical 
concentration, separated into a dextran-rich phase and a PEG-rich one.[1] We explored different droplet 
morphologies (Janus-shaped) by changing the ratio between the polymer solution volumes. 
Furthermore, we compartmentalised gold or magnetite nanoparticles within the PEG or dextran phases 
by appropriate functionalisation of the nanoparticle surface to increase their affinity for each phase. We 
synthesised: (i) gold nanoparticles covered with PEG-thiol polymer, and magnetite nanoparticles coated 
with Pluronic,[2] to allow compartmentalisation within the PEG-rich phase and, (ii) gold nanoparticles 
covered with dextran-amine polymer, or magnetite nanoparticles functionalised with dextran polymer 
[3] to enable preferential encapsulation within the dextran-rich phase. Once the batches of gold and 
magnetite nanoparticles were obtained, we prepared field-responsive droplets with different internal 
microstructure as follows: (i) droplets with gold-PEG nanoparticles within the PEG-rich phase, and 
magnetite-dextran nanoparticles within the dextran-rich phase; (ii) droplets with gold-dextran 
nanoparticles within the dextran-rich phase and magnetite-PEG nanoparticles within the PEG-rich 
phase. In doing so, we demonstrate tuneable confinement of field responsive nanoparticles within 
microdroplets, something which would find applications in fields such as active matter or microreactor 
technology. 
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Clean water is of crucial importance for global health and economic development. A wide range of 
emerging pollutants are frequently detected in drinking water sources, treatment plant effluents and 
natural waters at levels that may jeopardize public or ecosystem health.[1] These pollutants include 
pesticides and contaminants of emerging concern, such as pharmaceuticals and personal care products 
that disrupt endocrine systems or cause other effects. These facts highlight the need for technological 
innovation in the development of effective water treatments. 
  
Nanotechnology has provided new opportunities to enhance the efficiency of water re-mediation 
treatments and wastewater reuse through the development of surface-engineered nanomaterials for 
the adsorption of pollutants.[2,3] Nanomaterials possess increased specific surface area and unique 
surface properties such as surface chemistry and wettability of relevance for water treatment and 
contaminated site remediation.[4] Ideally, a sorbent for water remediation should fulfil the following 
requirements: specificity to the target pollutants, high adsorptive performance, rapid adsorption, cost-
effective, environmentally non-toxic, reusable and easy separation from treated water. Low toxicity and 
easy magnetic separation can be met by a simple combination of biopolymers with magnetic iron oxide 
nanocrystals. However, a rational design of the surface of the nanocrystals is needed to attain 
specificity, high adsorption capacity and reusability. Herein, novel chemical strategies for the surface 
modification of nanoparticles are discussed through several examples of systems developed for specific 
applications in water remediation. The focus will be given to the rational design of the surface of 
magnetic nanomaterials with biopolymers, aiming the development of advanced nanosorbents with 
high adsorptive performance and reusability.[5-7] 
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The vast majority of the applications of metal nanoparticles developed during the last two decades 
have arisen from their unique optical properties. Within this context, rational synthesis and assembly 
of metal nanoparticles have been the main research focus, aiming at the design of nanoplasmonic 
devices with tailored optical functionalities. The progress made in this field is thus to be ascribed to the 
understanding of the origin of the interaction between light and such nanostructures, the dynamics of 
which have been thoroughly investigated with significant contributions from short and ultrashort pulse 
laser technologies.[1]  
 
This presentation focuses on the potential of pulse lasers to provide new fundamental insights into the 
electron dynamics involved in the interaction of light with the free conduction electrons of metal 
nanoparticles, that is, localized surface plasmon resonances (LSPRs). The excitation of LSPRs with a 
femtosecond pulse laser is followed by thermalization of the metal nanoparticle electrons and the 
subsequent relaxation of the nanocrystal lattice and the surrounding environment, which generally 
results in surface melting. By contrast, nanosecond irradiation usually induces metal nanoparticle 
fragmentation and uncontrolled melting due to overlapping excitation and relaxation phenomena. These 
concepts have been exploited toward the preparation of highly monodisperse metal nanoparticles via 
femtosecond pulse laser irradiation of polydisperse colloids, or in the fabrication of hollow and alloyed 
metal nanoparticles.[1]  
 
In addition, pulse laser irradiation has been proven a unique tool for the controlled assembly and 
welding of colloidal metal nanoparticles by electromagnetic field enhancement at the hot spots of 
assembled metal nanoparticles. The combination of such gold nanostructures with pulse lasers promises 
significant chemical and biochemical advances, including the structural determination of organic 
reaction intermediates, the investigation of phase transitions in inorganic nanomaterials at mild reaction 
conditions, or the efficient photothermal destruction of cancer cells avoiding damage of surrounding 
tissue. 
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Water contamination is receiving increasing attention in recent years, leading to the emergence of 
environmental policies aiming to reduce the concentration in water of certain elements, such as 
phosphorus (P), thus contributing to improve its quality [1-2]. On the other hand, the European Union 
considers P a critical raw material and recognizes the need to find efficient methods to recover it [3]. 
In this context, the pulp and paper mills are good sources of P. Low-cost techniques and new materials 
with high efficiency in the recovery of P are important to closing the loop in the supply chain and solve 
P and water scarcity in a circular economy. Sorption is a process that has been tested for P removal 
from waters with the advantages of low-footprint, minimal waste generation and the possibility to reuse 
and recover P [4]. Here, we shall report different magnetic nanoparticles capable of recovering P from 
different pulp streams under realistic conditions of pH, ionic strength, P concentration, temperature 
and organic matter.  
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Nanoparticles (NPs) offer the possibility to chemically and structurally tune their properties, influencing 
how they interact with biological materials. Hundreds of NPs have been proposed as drug carriers and 
therapies; however, the lack of a time- and batch-efficient method to evaluate NPs and processes 
prevents establishing general fundamental principles and impedes the progress of these future drugs 
and therapies unless high throughput methods advance. Regulatory guidelines and a top-down in vivo 
platform for the rapid development of high-performing NPs in biomedical applications are in demand.  
 Caenorhabditis elegans (C. elegans) is an invertebrate, transparent worm with 60% genetic homology 
to humans. This worm’s gastrointestinal tract (GI) shares traits with humans; we will use GI as a test-
bed for the multiparametric optimization of NPs for delivery. The in vivo metrology reduces the number 
of higher animals used, complying with the 3R principle in animal testing (replace, reduce, refine), and 
speeding up the process. We will show how our group has tackled this challenge and combined 
anatomical, biochemical and genetic tools with materials science characterization techniques in the tiny 
in vivo C. elegans and at multiple biological levels (whole organism, organs, tissues, cells, and 
pathways). We believe those simple but rich in information experiments could represent a breakthrough 
in the engineering of NPs, decreasing time and cost effort.  
  

 
Scheme summarizing our C. elegans work rational (credit Amanda Muñoz-Juan). 
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The rheological characterization of thin liquid layers at interfaces is motivated by their intensive use in 
a variety of industries, ranging from enhanced oil recovery, food technology to biomedical applications. 
The most used devices for measuring interfacial properties that can be attached to a commercial 
rheometer are the Du Noüy ring, disc and bi-cone geometry. The Du Noüy ring is only suitable for 
purely viscous interfaces. The bi-cone and disc geometries can be used for viscous and viscoelastic 
interfaces, but the sensitivity is limited because this device intrinsically poses a large area in contact 
with the bulk fluids. A new double-wall ring geometry to be used with a standard rotational rheometer 
has been developed. It has the advantages of a good intrinsic sensitivity due to a small area in contact 
with the bulk phase and well-defined flow fields that enable bulk and surface contributions to be 
separated. The double-wall ring geometry has a square edged cross-section and is used with a 
temperature-controlled bottom circular channel arrangement to contain the fluid. Results on model 
interfaces show that the new geometry is able to measure viscous as well as viscoelastic interfaces in 
both continuous and oscillatory shear experiments. 
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Human immunodeficiency virus (HIV) infection can trigger profound immune deficits. The virus 
preferentially infects CD4+T cells, rapidly destroying massive numbers of such cells in the 
gastrointestinal tract and creating a systemic immunocompromised state. This leads to the development 
of acquired immunodeficiency syndrome (AIDS) and finally to death. Noticeably, Metal-Organic 
Frameworks (MOFs) are promising materials composed by metal ions or clusters coordinated to organic 
ligands, forming extended network structures. Their excellent porosity, together with their high thermal 
and chemical stabilities and structure tailorability, makes them attractive for the prevention and 
treatment of HIV infection. Amongst these biomaterials, PCN-224 and ZIF-8 were chosen and 
synthesized according to the protocols available in the literature (Figure 1) [1,2]. A triple combination 
of antiretroviral drugs (bictegravir/nevirapine + tenofovir + emtricitabin, cART) was encapsulated in 
both systems. In addition, drug release experiments were carried out. The cytoxicity of both MOFs were 
evaluated in different non-primary cell lines related to the immune system as well as in Peripheral Blood 
Mononuclear Cells (PBMCs), isolated from healthy donors and HIV-infected patients . To gain further 
information about their biocompatibility, in vitro hemolytic effect and platelet aggregation assays were 
also performed. From the results, PCN-224 showed a particle size in the micrometer scale of around 2 
µm, while ZIF-8 had an average size of approximately 60 nm. Both systems presented a good 
encapsulation efficiency, and slow controlled release, which could increase the therapeutic effect in 
HIV-infected patients.  These systems showed also a high biocompatibility in all in vitro experiments. 
Therefore, cART-loaded into MOFs, could increase the innate immune response against HIV and provide 
a further effective strategy to decrease the DNA quantity of HIV and clearance of HIV reservoirs in CD4 
cells from infected patients. 

 
3D-Crystal structure of MOFs investigated in this study (A: PCN-224 and B: ZIF-8) 
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Isothermal Titration Calorimetry (ITC) has been widely used for many years to characterize different 
types of molecular interaction processes such as ligand-protein binding, host-guest encapsulation or 
hierarchical self-assembly phenomena. The global analysis of a set of well-designed experiments can 
provide qualitative information on the interaction mechanisms, and also a reasonable quantitative 
estimation of thermodynamic parameters [1]. The distribution of the chemical species present in the 
sample as a function of the nominal concentration of the involved compounds can also be determined 
from the analysis of ITC experiments. Additionally, it has been shown a few years ago that the kinetic 
constants associated to simple binding processes can be estimated from standard ITC experiments [2]. 
In contrast to other experimental methods, ITC does not require labelling or chemical modification of 
the studied molecules to perform the experiments, which typically take place in liquid phase. We have 
recently demonstrated that ITC can be used to characterize the adsorption of molecules to liquid/vapor 
interfaces by introducing air bubbles into the sample cell at a controlled injection rate [3,4]. Using this 
method, the surface tension of water and several aqueous solutions has been accurately determined. 
We have also proved that interfacial calorimetry is sensitive to the adsorption of biomacromolecules 
such as proteins, but no systematic studies have been performed and the experimental protocol for 
these studies has not been established yet. Here we aim to contribute to fill this gap by presenting our 
first results of protein adsorption to aqueous/air interfaces by bubble injection into the sample cell of 
ITC instruments. 
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The Langmuir monolayer technique provides a unique platform for characterizing the interfacial self-
assembly processes and understanding intermolecular interactions.[1] The versatility of the Langmuir 
technique allows for the study of intriguing systems beyond classical surfactants, including 
organic/inorganic hybrid composites, complex biomolecules and functional nanoparticles, among 
others.[2]  
 
Given the growing relevance of self-assembled nanostructures displaying Aggregation-Induced 
Emission (AIE) with applications in imaging, biology and functional devices, the interfacial self-assembly 
of purposefully designed combination of amphiphilic block copolymers was studied. The copolymers 
included tunable lengths of hydrophilic polyethylene glycol and hydrophobic AIE polymer 
poly(tetraphenylethylene-trimethylenecarbonate). AIE fluorescence at the air/liquid interface was 
successfully achieved by the self-assembled nanostructures.[3] 
 
The self-assembly of a new set of amphiphilic saddle-shaped polycyclic aromatic hydrocarbons (PAHs) 
into large 2D-polymers was studied at the air/water interface. Curved PAHs are able to self-assemble 
into remarkably large sheets up to 150 μm2 as observed by TEM.  
In this direction, the role of the hydrogen bonding in supramolecular self-assembly and the formation 
of supramolecular polymers was studied by a combination of supra-amphiphiles displaying exclusively 
aromatic stacking or including hydrogen bonds mediated by amide groups as intermolecular 
interactions. The directing capability of the amide group via hydrogen bonding in the self-assembly was 
assessed. 

 
Figure 1. Sketch of inorganic nanoparticles and organic surfactants on a mixed monolayer at the air/water interface. 
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Our first question was: How the identity of a nanoparticle (NP) changes if I inject it into the 
bloodstream? Is it still the synthesized NP? Several scientists have developed this big question in the 
last ten years because nanomedicine has a significant limitation when in vitro experiments are 
compared with in vivo. By exposing different types of gold nanoparticles (GNPs) to the bloodstream, 
they are recognized by biomolecules, forming a nano-biointerface called “protein corona (PC).” The 
difficulty with the PC formation is directly related to the fact that GNPs lost their identity due to the 
protein coverage on their surface, and they cannot arrive at the target site.   
In this work, we proposed functionalizing different geometries of GNPs with polyethylene glycol (PEG) 
to prevent PC formation. Additionally, we functionalized with folic acid the GNPs-PEG surface to give 
directionality and specificity because some tumor cells have folate receptors that normal cells do not 
have.   
 
The second question is related to PC formation in dynamic conditions. Is PC formation equal to being 
dynamic and static conditions? The majority of the papers are related to the study of PC formation in 
static conditions, which is far from reality. A central aspect that has been poorly studied is the NP-
protein interaction within a dynamic environment caused by a flow. Microfluidic (MF) method provides 
to mimic the natural physical conditions that NPs could face in the bloodstream. In this sense, we 
characterized physicochemically the interaction of GNPs with different proteins through microfluidic 
using various techniques, such as SEM, UV-Vis spectroscopy, DLS, and Z potential. The previously 
designed microchips were fabricated in polydimethylsiloxane (PDMS) by soft lithography.  
The results indicated that in a dynamic regime, the interactions between different geometries of GNPs 
and proteins are diverse compared to static conditions. 
  

 
Schematic representation of the microfluidic setup. Interaction of GNPs-PEG-FA or AuNS or AuNPRs with proteins 
by microfluidic and conventional methods. Characterization of the obtained NPs by SEM. 
 
 
References 
1. García-Álvarez, R., Nanoscale 10, 1256-1264, doi:10.1039/C7NR08322J (2018). 
2. García-Álvarez, R., Hadjidemetriou, M., Sánchez-Iglesias, A., Liz-Marzán, L. M. & Kostarelos, K. . 

Nanoscale 10, 1256-1264, doi:10.1039/C7NR08322J (2018). 
3. Orellana, N.; Palma,S.;Torres,E.; Cordero,M.L.; 

Vio,V.;Ruso,J.;Juárez,J.;Topete,A.;Araya,E.;Vasquez-Contreras,R.; Kogan,M.;Hassan, N. 
Nanoscale, 2021, 13, 17807.  

 
 

This work was partially funded by ANID - Millennium Science Initiative Program - NNBP # 
NCN2021_021-Fondecyt de Iniciación 11170849 - Fondap 15130011 



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

52 
 

OC-19 - Light-Controlled Counterion Activation of the Transport of Arginine-Rich Peptides 
across synthetic phospholipidic membranes 

1 Miss Joana N. Martins, 2 Dr Javier Montenegro, 1 Prof Dr João Carlos Lima, 1 Dr Nuno Basílio 
1 Associated Laboratory for Green Chemistry, LAQV-REQUIMTE, FCT-NOVA, 2 CiQUS - Centro 

Singular de Investigación en Química Biolóxica e Materiais Moleculares 
 
The study of peptides is of great interest, not only due to the variety of functions these molecules 
present in biological systems[1] but also as tools in biotechnology and as pharmacological agents, as 
is the case of antimicrobial cell-penetrating peptides.[2] Supramolecular receptors have had a rising 
application in the transport, modulation and sensing of these biomolecules, due to the strong 
interactions they can establish with affinities up to the nM range.[3] 
   
Our work focused on the development of supramolecular amphiphilic counterion activators, SC6Azo 
and SC3Azo4 (Figure 1), for the light-activated transport of polyarginines across phospholipidic 
membranes. These transporters are based on a modular amphiphilic system, with p-
sulfonatocalix[4]arene as a receptor for cationic targets, monosubstituted in its lower rim with an 
aliphatic chain, with a photo-active azobenzene moiety integrated in the hydrophobic tail. Not only was 
it shown that both activators bind to polyarginines with comparable affinities to those of the p-
sulfonatocalix[4]arene receptor, up to the nM range, but it was also shown that these molecules 
presents an efficient light induced isomerization, with quantitative photochemical conversion from trans 
to cis, when irradiated at 366 nm, and both reaching a maximum of conversion for the reverse reaction 
above 70%, upon irradiation at 500 nm. This enabled a marked decrease in the EC50 for the peptide 
transport in phosphatidylcholine liposomes, when irradiating the cis isomers and converting these 
activators to the more hydrophobic trans isomers. For SC6Azo a marked increase in peptide transport 
upon cis-trans isomerization was observed in a single dye-displacement assay, yielding an increase of 
release of, approximately, 15%, while for SC3Azo4 the increase of release reached 50%, with little 
initial release, in the presence of cis-SC3Azo4, showing a great potential of these carefully designed 
novel supramolecular activators in drug delivery applications.  
 

 
Structure of the novel light-controlled activators, SC6Azo and SC3Azo4. 
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Nanotechnological platforms represent a new therapeutic paradigm as drug delivery systems. 
Nanoparticles can overcome physicochemical and biological barriers in the body to achieve a selective 
release of the drug, which leads to an improvement in the pharmacokinetic profile and a reduction of 
the side effects associated to conventional pharmaceutical agents. A key parameter in the design of a 
nanosystem is its surface. The surface determines the main colloidal properties of a nanosystem, as 
well as its biological identity and its interaction with the organism. In the last years, nanoparticles with 
different types of coatings have been developed to reduce the non-specific interactions that a 
nanosystem undergoes when administered, thus prolonging its circulation time, and improving its 
therapeutic outcome. In this work, we have prepared and evaluated polymeric polystyrene 
nanoparticles camouflaged with different types of coatings according to the current state-of-art: 
polyethylene glycol, bovine serum albumin, chitosan and a novel coating based on bioactive cell 
membranes extracted from the human breast cancer tumor cell line MCF-7. The prepared nanoparticles 
were properly coated and characterized to determine their colloidal behavior and stability. To evaluate 
the biological identity of the different coated systems, we tested its interaction with whey proteins and 
the subsequent formation of protein corona. Further, the comparative incorporation of the particles 
inside MCF-7 tumor cells and in the human monocyte cell line THP-1 was performed by flow cytometry 
and confocal optical microscopy. The obtained results allowed to study the colloidal characteristics and 
the nanoparticle-cell interactions of each of the coatings, showing that the nature of the camouflage 
strongly affects the colloidal stability, the interaction with serum proteins and the cellular uptake of the 
nanosystem. 

 
Graphical abstract. Schematic representation of the prepared polystyrene NPs with the different coatings 

 
 

 
The authors thank MCIN / AEI / 10.13039 / 501100011033/ FEDER “Una manera de hacer Europa” for 
funding RTI2018.101309B-C21 and RTI2018.101309B-C22 projects, the Chair “Doctors Galera-
Requena in cancer stem cell research”, and the MCIN / AEI/ 10.13039/ 501100011033 and FSE for the 
Ph.D. student fellowship (FPU18/05336). 
  



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

54 
 

OC-21 - Trapping microgels in bulk and at water/oil interfaces with optical-tweezers. 
1 Dr Miguel Angel Fernandez-Rodriguez, 2 Mr Sergio Orozco-Barrera, 2 Prof Dr Raúl A. Rica 

1 Laboratory of Surface and Interface Physics, Biocolloid and Fluid Physics, Department of Applied 
Physics, University of Granada, 2 Nanoparticles Trapping Laboratory, Department of Applied Physics, 

University of Granada 
 
Microgels are versatile nanoparticles composed of crosslinked hydrogels which typically exhibit thermo-
responsiveness. They are extensively used in applications that make use of their softness and ability to 
be swollen in an aqueous phase, e.g., as drug carriers or Pickering emulsion stabilizers [1]. In these 
applications, the systems inherit the thermo-responsiveness of the microgels [1,2]. Therefore, it is 
critical to understand the way in which the microgels collapse upon heating above their lower critical 
solution temperature (~32 ºC for pNIPAM and pVCL microgels), and how they interact with neighboring 
microgels, both in bulk and at interfaces. Furthermore, there are open debates around the way in which 
this collapse happens, whether it is a first order transition. And to our knowledge, there is a lack of a 
direct measurement of the pair potential between microgels both in bulk and when adsorbed at 
interfaces. Regarding their collapse upon heating, the usual diameter vs temperature plots produced 
by dynamic light scattering seem to hint to more complex transition phenomena than a first order 
transition [3,4]. In the present study, we use optical tweezers to trap single microgels both in bulk and 
at a water/oil interface [5]. We study the collapse upon self-heating in bulk, and the interaction between 
microgels adsorbed at a water/oil interface. The self-heating is achieved decorating the microgels with 
magnetite nanocubes that absorb radiation from the trapping laser (see Fig. 1). We find interesting 
features, such as partial collapses which produce bistable trapping dynamics, collapses that seem to 
hint to a first order transition, and interesting interplay between capillary and steric interactions when 
adsorbed at a water/oil interface. 
 

 
a) TEM image of a magnetite-decorated microgel. b) Trapping of two microgels at the water/oil interface. The 
bottom microgel is moved closer to the top one, the rest rearrange due to capillary forces. 
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Liposomes are vesicular structures made up of closed lipid bilayers, and their (bio)possible applications 
are numerous. Briefly, liposomes can be used as primitive cell models, as drug delivery and transport 
systems, as biosurface functionalizing agents, or as very useful tools in lipoplexing in gene therapy and 
vaccine technology [1].  
 
A novel formulation of cationic liposomes was studied by mixing dipalmitoylphosphatidylcholine (DPPC) 
with tetradecyltrimethylammonium bromide gemini surfactants with spacers of different alkane lengths 
attached to their ammonium head-groups [1]. The physicochemical characterization of the cationic 
liposomes was obtained by combining experimental results from DSC, DLS with molecular dynamic 
simulations, in order to understand their structural conformation. The gemini surfactants partition into 
the lipid bilayer of DPPC liposomes, the induced changes in colloidal stability in aqueous medium and 
the cationic liposomes’ phase transition were analyzed. The DPPC liposomes became positively charged 
upon gemini surfactant partition, showing increased colloidal stability. Our results show significant 
differences in structural configuration between gemini surfactants with short and long spacer lengths. 
While gemini with shorter spacers locate within the lipid bilayer with both headgroups in the same 
layer, gemini with longer spacers unexpectedly intercalate in the lipid membrane in a particular zig-zag 
configuration, with each headgroup located at a different side of the bilayer, changing the degree of 
coupling parameters of the membrane’s phase transition. 
 
The increase in colloidal stability of DPPC liposomes doped with gemini surfactants at very low molar 
ratio, as compared to pure DPPC liposomes, together with the possibility to tune the physicochemical 
properties of the membrane by control of the spacer length of the gemini, opens new possibilities for 
cationic liposomal formulations. Finally, some possible applications of these cationic liposomes as 
mimetic models of extracellular vesicles [3] or functionalized polymeric scaffolds were tested using this 
cationic liposomal system [4]. 

 
Snapshots of the simulations for doped-liposome nanosystem. Right images show the inner part of the lipid bilayer. 
DSC enthalpograms of DPPC liposomes doped with different amounts of GS14 surfactant. 
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The outstanding wetting properties of many living things surfaces have been admired by humans since 
centuries. In particular, the extreme wetting repellence and self-cleaning properties of lotus leaves 
caused this plant to be considered as a purity symbol in some ancient cultures. However, until the end 
of the XX century the wetting properties and topographic structure of this plant was not analyzed in 
detail [1]. The ability of lotus leaves to maintain their surfaces clean and dry is usually referred as the 
Lotus effect. Many other plants have similar properties than the lotus effect. In all cases, a proper 
combination of surface chemistry and roughness provide the plant with superhydrophobicity. Drops 
that fall over these surfaces are pearl-shaped and roll-off very easily. More recently, a similar effect 
that was in this case observed on the petals of some plants [2], have been reported in literature, which 
is called the rose petal-effect [3]. Here, the drops in contact with petal surfaces are also pearl-shaped 
but instead, they do not roll-off but are firmly stuck on the surface even when the surface is rotated 
upwards. This wetting behavior is also called sticky-superhydrophobic surfaces, or parahydrophobic 
surfaces. Both effects have been used as inspiration to fabricate functional surfaces or coatings. Aside 
the more obvious applications, such as water-proof and self-cleaning abilities of lotus-like surfaces, 
other proposals for this type of surfaces may been found literature:  anti-icing, anti-biofouling, nonstick 
or antibacterial coatings.  The potential use of petal-like surfaces is more related to the ability of 
surfaces to maintain its freshness or water-harvesting and even for tribological applications.   
In this work, we used living plants showing lotus effect or rose petal effects to fabricate replicas by 
mimicking their surface structure thorough a double PDMS nanocasting process: a first direct replica of 
the plant (negative replica) and a second replica of the negative PDMS replica. This second replication 
comes out with the positive replica. The same technique was used in the past to fabricate artificial lotus 
leaf surfaces [4].  As lotus-like surfaces we employed ginkgo, lily, banana tree and oxalis leaves, while 
for the fabrication of rose petal-like surfaces we employed four types of roses with different colors 
(white, pink, yellow and red rose petals). We found that, unlike the case of the lotus leaf the replication 
of lotus-like plants did not lead to superhydrophobic surfaces. However, surprisingly the negative 
replicas of petal-like surfaces were superhydrophobic while the positive replicas lead to a surface with 
very similar wetting properties than the original surface.   

 
SEM acquisition of a white rose petal and its negative replica  
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The building of self-assembled hybrid structures by the combination of 1D carbon nanotubes (CNTs) 
and 2D layered nanomaterials (e.g. graphene and its analogues) is an emerging area in material science 
and nanotechnology, posing considerable fundamental and technical challenges [1]. In parallel, the use 
of both hard and soft interfaces for the fabrication of this type of nanocomposites—by the 
functionalization of the hard surfaces through the adsorption of amphiphiles—provides further 
versatility and tunability in interactions, hierarchical organization and resulting properties. Among the 
innumerous possibilities, the applicability of the new composites as electrocatalysts for the oxygen 
evolution reaction (OER) and oxygen reduction reaction (ORR), relevant to water splitting and fuel cells, 
stands out [1]. 
 
In this work, we developed new ternary nanocomposites using a combination of CNTs with graphene 
nanoplatelets (GnPs) and the transition metal dichalcogenide MoS2, and evaluated their electrocatalytic 
performance in a progressive and systematic approach, allowing for insight on the composite features 
that influence the ORR and OER activity. First, the 1D and 2D building blocks were exfoliated and non-
covalently functionalized by surfactants and polymer/surfactant mixtures of opposite charge in aqueous 
media, using an optimized and strictly controlled methodology [2]. This step was followed by the 
assembly of the 3D composites via surfactant-mediated electrostatic interactions [3]. SEM imaging 
showed relevant structural differences between the prepared nanocomposites. The electrocatalytic 
studies evidenced a significant effect of 1D/2D ratio on the ORR and OER performance, and an 
increased activity of the composites compared to the building blocks.   
The systematic approach applied allowed for progressive optimization of the new electrocatalysts, 
paving the way to the building of new composites using a cost-effective, robust and versatile 
methodology. 
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The experimental determination of the velocity of a single colloidal nanoparticle (vNP) has recently 
became a hot topic. The thermal dependence of vNP is still left to be explored, although it is a valuable 
source of information allowing, for instance, the discernment between ballistic and diffusive regimes 
for the nanoparticle movement. Optical tweezers constitute a especially useful tool for the experimental 
determination of vNP. However, they had only been capable of determining it at room temperature so 
far. In this work, we demonstrate that it is possible to determine the temperature dependence of the 
diffusive velocity of a single colloidal nanoparticle by analyzing the temperature dependence of optical 
trapping forces. The comparison between experimental results and theoretical predictions allowed us 
to discover the impact that the anomalous temperature dependence of water intermolecular structure 
has on the dynamics of colloidal nanoparticles in this temperature range.[1] 

 
Figure. Nanoparticle velocity as a function of temperature as experimentally obtained from single nanoparticle 
optical trapping forces (symbols) in aqueous dispersion at pH = 7.9. The deviation between experimental data and 
the predictions based on the Stokes−Einstein equation (solid line) is indicated by Δv. 
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While the color of conventional dyes and pigments results from the absorption of light, and inevitably 
fades by photodegradation, structural color is due to wavelength-selective light scattering by 
nanostructures with a periodic refractive index variation, thus offering much better resistance to fading. 
Structural pigments with bright and saturated colors can be obtained from virtually any material, thus 
holding enormous potential for developing sustainable dye-free color coatings, stimuli-responsive 
coloring, dye-free colorimetric sensors, reflective displays, etc.  
We have recently developed spherical colloidal photonic pigments from the assembly of polymer 
nanoparticles (PNP) by droplet microfluidic emulsification. By changing the size of the PNPs, the 
periodicity of the structure changes, allowing us to produce colors across the entire visible spectra. [1-
3] 
  
The order of the PNP arrangement in the structures can be directly evaluated using multi-wavelength 
reflective confocal microscopy, and was found to correlate with the brightness and angle-dependence 
(iridescence) of the colors. This degree of order can be controlled by changing the self-assembling 
kinetics, or by doping the pigments with wide-spectrum absorbing nanomaterials, such as polydopamine 
nanoparticles. These not only reduce iridescence, but also absorb the diffuse light scattering resulting 
from the increase in disorder, producing more saturated colors.   
 

 
Photonic pigments obtained from assembling polymer nanoparticles with different diameters (left to right: 194 nm, 
232 nm, 260 nm and 287 nm), with increasing disorder (top to bottom) 
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We explore the microstructure and phase behavior of a different kind of active colloidal system, formed 
by confined soft colloids which can actively switch their interactions at a predefined kinetic rate. For 
this, we employ a Reactive Dynamical Density Functional Theory (R-DDFT) and reactive Brownian-
Dynamics computer simulations (R-BD), and study the effect of a two-state switching of the size of 
colloids interacting with a Gaussian pair potential in the nonequilibrium steady state. The switching rate 
interpolates between a near-equilibrium binary mixture at low rates and a nonequilibrium monodisperse 
liquid for large rates, strongly affecting the one-body density profiles, adsorption, and pressure at 
confining walls. Importantly, we show that sufficiently fast switching impedes the phase separation of 
an (in equilibrium) unstable liquid, allowing the control of the degree of mixing and condensation and 
local microstructuring in a cellular confinement by tuning the switching rate [1,2].  
Our results also demonstrate that switching activity significantly modifies the non-equilibrium dynamics 
and diffusion coefficients of the individual particles, leading to a crossover from short to long times, 
with a regime for intermediate times showing anomalous diffusion [3]. In addition, the self-part of the 
van Hove function has a Gaussian form at short and long times, but becomes non-Gaussian at 
intermediates ones, having a crossover between short and large displacements. The corresponding 
self-intermediate scattering function shows the two-step relaxation patters typically observed in soft 
materials with heterogeneous dynamics such as glasses and gels. We also introduce a 
phenomenological Continuous Time Random Walk (CTRW) theory to understand the heterogeneous 
diffusion of this system. R-DDFT results are in excellent agreement with R-BD simulations and the 
analytical predictions of CTRW theory, thus confirming that R-DDFT constitutes a powerful method to 
investigate the structure, phase behavior and the dynamical properties of non-equilibrium active 
switching colloidal suspensions. 
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Lead halide perovskites are an emerging class of semiconductors that are in expansion due to their 
inherent optoelectronic properties which are particularly suitable in device performance.1 However, its 
potential is limited due to its centrosymmetric structure, which can be detrimental to some of the 
required properties. Accordingly, recent studies have shown the possibility of breaking this spatial parity 
by incorporating chiral organic ligands into the perovskite nanocrystal framework.2,3 The induction of 
chirality, allows them to exhibit additional remarkable properties such as circular dichroism, circularly 
polarized photoluminescence, nonlinear optical effects, ferroelectricity and spintronics. However, 
despite numerous studies, their dissymmetry factors are still far from the high values obtained for 
classical QDs, and the mechanism of chirality induction is still under debate. Therefore, it is essential 
to explore new strategies to optimize the degree of chirality and its optoelectronic properties.   
In this context, we have focused on the development of new approaches to obtain chiral perovskite 
nanocrystals of controlled composition and shape. Specifically, we have focused on 2D perovskites due 
to their higher surface-to-volume ratio, which favors a higher density of chiral ligands leading to an 
increase in the degree of chirality. For this purpose, we have employed chiral organic ligands that we 
have incorporated into perovskites either by direct synthesis or by post-synthetic surface passivation, 
applying these methodologies to thin films as well as to colloidal nanocrystals. In addition, we have 
modulated its bandgap by varying the halogen mixing ratio, resulting in a corresponding signal shift. 
The comprehensive study of the behavior of chiral perovskite nanocrystals enables us to define the 
influencing factors for optimizing the degree of chirality taking a step forward for its use in device 
performance.  

 
a) CD and Absorbance of chiral perovskite nanocrystals capped with S-MBA b) CD spectra of S-/R-MBA capped 
perovskites 
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Polymers are key ingredients in most cosmetic products. In order to reconcile our daily needs with the 
preservation of a resource-limited planet, for some years now cosmetic industry has been making a 
great effort to improve sustainability and performance in new formulations. In the case of hair care, 
cosmetic performance is determined by the way polymers adsorb in the hair surface, which is highly 
conditioned by the physico-chemical properties of its external structure. However, despite the large 
amount of experimental work already done in this direction, it remains to be known which physical 
quantities play a determining role in polymer adsorption onto hair-like substrates, as well as in the 
stability of these polymeric coatings. 
 
With this aim, in our group we have worked to develop a computational framework to analyze the 
polymer adsorption dynamics in realistic surfaces and the stability of the formed layers for different 
chain composition and architecture. First, we modeled semi-flexible linear chains in which each bead 
corresponds to a monomer. With this model we aimed to study the performance of simple molecules 
of natural origin. Then, we created a branched stiff polymer model with 17 beads per monomer. This 
more complex system was intended to mimic some of the macromolecules currently used in the 
cosmetic industry.  
 
For these models we have performed implicit-solvent Molecular Dynamics simulations to study the 
quantities involved in polymer adsorption, such as chain length, polymer architecture and concentration. 
We have analyzed the structure of the resulting coating and compared the results for the three types 
of polymers. Then, we have used Brownian dynamics simulations to apply a linear shear flow on the 
adsorbed polymer layer. This way we have tested the stability of the coating and we have analyzed the 
dynamics of the polymer desorption. 

 
Computational models for the (left) linear and (right) branched polymers. Bottom pictures show a single polymer 
composed by N=150 monomers adsorbed onto an heterogeneous substrate. 
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Imidacloprid is the most widely used soluble neonicotinoid insecticide, non‒volatile and persistent in 
soil with hazardous effect for birds, honeybees and mammals. It is applied both in agriculture and 
veterinary; a recent study reports its presence in 7% of the European topsoils studied [1]. One of the 
commercial formulations is the Confidor O‒TEQ®, which in‒oil suspension confers higher retention, 
spreading and penetration capacity [2]. In this study, we synthesized porous cyclodextrin‒based 
nanosponges (CDNSs) [3] highly efficient for imidacloprid removal. α‒ and β‒cyclodextrin were 
emploied in the synthesis using hexane‒1,6‒diamine (HDA) and dodecane‒1,12‒diamine (DDA) as 
linkers, , obtaining namely αCD2‒HDA, αCD2‒DDA and βCD2‒HDA, βCD2‒DDA. The materials were 
characterized by several techniques as elemental analysis, N2‒sorption, FTIR, TGA, DLS and ζ‒
potential. It was observed that linker with longer aliphatic chain led to CDNSs with higher thermal 
stability and degree of crosslinking with more compacted supramolecular structure as assessed by SEM 
and DLS. On the other hand, αCD2‒HDA and βCD2‒HDA present a higher CDs content with lower 
degree of crosslinking and higher surface area, pore volume and diameter and a uniform size 
distribution (ca. 200 nm). These differences in the physico‒chemical properties of the materials play a 
key role in their performance as sorbent materials for Confidor O‒TEQ® with asceding order: αCD2‒
DDA (32.1%) < βCD2‒DDA (45.0%) ≤ αCD2‒HDA (45.5%) < βCD2‒HDA (92%). Indeed kinetic and 
equilibrium sorption analysis at optima conditions demonstrated the superior efficiency of βCD2‒HDA 
which reaches ca. 250 mg/g of imidacloprid sorbed per gram of sorbent. Furthermore, to deeply 
understand the effect of the monomer chain length, it was investigated the sorption performance of 
βCD, βCD‒HDA and dimeric βCD2‒HDA with imidacloprid by explicit water molecular dynamics 
simulations. 

 
Graphical Abstract 
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Financial markets have received attention from a physical point of view for more than two centuries. 
One of the first relevant results was the observation of a linear growth with time in the mean squared 
price, similar to the Brownian motion of colloidal particles. This establishes the first link between colloids 
and financial markets, that has been continued until a new discipline, known as econophysics has 
emerged [1]. Financial markets can be regarded as out-of-equilibrium systems, subject to fluctuations, 
although a general theory for them is still lacking. 
 
In this work, we discuss several general results of different financial markets using typical concepts of 
colloidal system and out-of-equilibrium statistical mechanics. We start studying the structure and 
dynamics of some markets. The distribution of fluctuations of the prices can be analyzed using the van 
Hove function derived for undercooled colloids, or granular systems; concomitantly, the mean squared 
price change shows a two-step growth [2]. Furthermore, collective motions have been recognized in 
stocks, also in agreement with undercooled systems. We then use non-equilibrium statistical mechanics 
to study the response of a market to external perturbations. For this purpose, we resort to Linear 
Response Theory, which resolves the evolution of a system after an external force is applied, in terms 
of time correlation functions. Identifying the return as the conjugate variable to the external force, the 
average response of the price and return can be correctly predicted from the equilibrium fluctuations 
[3]. These results have been found in different markets, such as stocks, currency exchange, or 
commodities. 
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The fast advance of industrialization in our society has led to an uncontrolled increase in energy 
consumption, an acceleration of the depletion of fossil fuels, and a significant environmental pollution. 
In this context, renewable and clean energies, which unfortunately have serious problems of low 
efficiency and intermittency, are highly demanded for the sustainability of our planet and our economy. 
Consequently, there is a great need to optimize the production, management, and recovery of energy 
in its various forms through storage technologies. In this context, phase change materials (PCMs) have 
emerged as an attractive field. Such materials have the ability to store thermal energy in the form of 
latent heat during a phase change, being subsequently released when the initial phase is recovered 
[1].  
 
This work focuses on the encapsulation of solid–liquid PCMs, both organic and inorganic, by using the 
miniemulsion polymerization technique. On the one hand hydrated inorganic salts were encapsulated 
in polyurethane systems prepared by polyaddition in inverse miniemulsions, stabilized by so-called 
Pickering stabilization [2]. On the other hand, alkanes and fatty acids were encapsulated in polystyrene 
or poly(methyl methacrylate) systems prepared by direct miniemulsion polymerization.  
In addition to the the encapsulation of PCMs, this work also presents the preparation of different 
coatings by embedding encapsulated PCM in polymer films. The incorporation of PCMs in coatings 
improves the structural stability and allows for an easy application and processing on the desired 
surfaces. Furthermore, the application in the form of coatings increases the resistance to fracture of 
the material and avoids leakage of the PCMs to the direct environment. Two types of coating have been 
studies here. First, polymer films were prepared by drop-casting with redispersion of the PCM capsules 
in a polymer solution. Second, PCM capsules were deposited on textile fabrics by using the layer-by-
layer (LbL) technique. The efficacy of the prepared nanocomposites for energy storage applications 
was evaluated by differential scanning calorimetry (DSC). 
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Self-aggregation of colloidal particles is a major issue in the building up process of materials with target 
properties. A detailed knowledge of colloidal clusters at the mesoscale might be insightful for promoting 
breakthroughs in this area. In general, a primary topic of investigation is, in genaral, devoted to the 
intimate relationship between the structure of the cluster and the type of interactions involved. 
Theoretically, this may be achieved by studying the energy landscape, which resorts to state-of-the-art 
global optimization algorithms for discovering the most relevant structures. On the other hand, the 
thermodynamic stability of the colloidal clusters may be evaluated by performing Monte Carlo 
calculations. 
 
In this communication, we will present computational studies of charged colloidal clusters modeled with 
simple isotropic potentials. In this type of systems there is a competition between the depletion 
attraction, which is essentially short-ranged, and a long-range repulsion due to the interaction between 
like-charged particles; hereafter, it is designated as SALR potential.  
Due to the repulsion between like-charged colloidal particles, the growing cluster tends to be unstable 
and only metastable structures can be found for large-size clusters. Such structures show peculiar 
elongated shapes, which is in contrast with the usual spherical-type structures obtained for clusters 
composed of uncharged colloidal particles [1]; examples of the elongated structures are shown in the 
Figure 1. 
 
 By employing global optimization algorithms, we have shown [1, 2] that SALR interactions lead 
preferentially to Bernal-spiral structures for clusters with a number of particles between 13 and 18. 
Above this size, the structure has a peculiar beaded-necklace shape, which essentially results from 
unrolling the Bernal spiral; branched-type structures have also been observed at large-size clusters. 
Moreover, parallel tempering Monte Carlo calculations have shown that such metastable structures can 
survive at non-zero temperatures [3]. 
 

 
Examples of the elongated structural motifs of charged colloidal clusters arising in the calculations. 
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Water-in-water (W/W) emulsions are liquid/liquid biphasic systems that consist of droplets of one 
aqueous solution, dispersed into another aqueous solution (1). Both solutions contain water as the 
common solvent, and are in thermodynamic equilibrium because of the incompatibility between two 
hydrophilic solutes. W/W emulsions can be prepared without oil and without surfactant, and thus, they 
constitute biocompatible carriers for delivery of active components (2). The main problem in formulation 
of W/W emulsions is achieving a proper colloidal stability, since interfacial tension in W/W interfaces is 
usually extremely low and adsorption of small molecules is very weak [1]. Consequently, W/W 
emulsions are prone to coalescence, which cannot be slowed down by conventional surfactants. 
However, W/W can be properly stabilized by particles adsorbed on the interface, and many examples 
of Pickering W/W emulsions have already been reported. 
 
W/W emulsions are usually prepared by simple agitation methods (i.e. Ultraturrax® agitation) and 
droplet size can be precisely controlled by microfluidic techniques. However, the former tends to 
produce large droplet sizes, and the latter cannot be applied for production at very large scale. In the 
present work, new emulsification strategies are presented, which are based on droplet condensation 
induced by phase transitions, applying a very gentle agitation. Oversaturation of the disperse phase 
leads to the formation of more homogeneous and smaller droplets, in comparison to common agitation 
methods (3). Phase transitions, and condensation of W/W droplets, can be easily achieved by changing 
temperature or pH, since the partitioning of the hydrophilic components usually is often dependent on 
such variables. As an illustrative example, Fig. 1 shows gelatin-in-maltodextrin, bicontinuous and 
maltodextrin-in-gelatin W/W emulsions. These emulsions have been obtained by condensation induced 
by pH change, while applying a very soft agitation.  
 

 
Fig. 1. Fluorescence images of gelatin-maltodextrin mixtures prepared by increasing pH to 5. (a) Gelatin-in-
maltodextrin (G/M) emulsion; (b) Unstable bicontinuous emulsion; and (c) M/G emulsion. 
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Nanoparticle-based drug delivery systems, in combination with high-affinity disease-specific targeting 
ligands, provide a sophisticated landscape in cancer theranostics. Due to their high diversity and 
specificity to target cells, antibodies are extensively used to provide bioactivity to a plethora of 
nanoparticulate systems. However, controlled, and reproducible assembly of nanoparticles (NPs) with 
these targeting ligands remains a challenge. In this context, determinants such as ligand density and 
orientation, play a significant role in antibody bioactivity; nevertheless, these factors are complicated 
to control in traditional bulk labeling methods. Here, we propose a microfluidic-assisted methodology 
using a PDMS (polydimethylsiloxane) Y-shaped microreactor for the covalent conjugation of 
Trastuzumab (TZB), a recombinant antibody targeting HER2 (human epidermal growth factor receptor 
2) to doxorubicin-loaded PLGA/Chitosan NPs (PLGA/DOX/Ch NPs) using 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) and N-hydroxysulfosuccinimide (sNHS) mediated 
bioconjugation reactions. Our labeling approach led to smaller and less disperse nanoparticle-antibody 
conjugates providing differential performance when compared to bulk-labeled NPs in terms of drug 
release kinetics (fitted and analyzed with DDSolver), cell uptake/labeling, and cytotoxic activity on 
HER2+ breast cancer cells in vitro. By controlling NP-antibody interactions in a laminar regime, we 
managed to optimize NP labeling with antibodies resulting in ordered coronas with optimal orientation 
and density for bioactivity, providing a cheap and reproducible, one-step method for labeling NPs with 
globular targeting moieties.  

 
Polymeric nanoparticles functionalized with anti-HER2 antibodies by bulk mixing and microfluidic-assisted methods. 
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Diffusing wave spectroscopy (DWS) is a powerful optical technique suitable to investigate turbid 
samples in a nondestructive and reproducible way, providing information on the static and dynamic 
properties of the system. This includes the relative displacement of emulsion droplets over time and 
changes in the viscoelastic properties. Here, novel and promising cellulose-based oil-in-water (O/W) 
emulsions were prepared and studied, for the first time, by DWS [1-3]. Cellulose plays the role of a 
novel eco-friendly emulsifying agent. The hydrolysis time of cellulose was observed to affect the 
average size of the emulsion droplets and their stability; the longer the hydrolysis time, the more 
dispersed and stable the emulsions were found to be. Additionally, a good complementarity between 
the microrheology (DWS) and macrorheology (mechanical rheometer) data was found. Our work 
suggests that DWS is a highly attractive method to investigate the stability, aging and microrheology 
properties of cellulose-based emulsions, providing valuable insights on their microstructure. This 
technique is thus highly appealing for the characterization and design of novel emulsion formulations. 
 

 
Cellulose-stabilized emulsions as seen by diffusing wave spectroscopy 
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Colloidal dispersions prepared by dispersion of magnetisable particles in non-magnetic liquid carriers 
exhibit a remarkable rheological change (so-called magnetorheological MR effect) upon the application 
of a magnetic field. The reason for this is the magnetic field-guided colloidal assembly of the dispersed 
particles. The self-assembly can be controlled through the field configuration (DC, AC or combinations) 
and most of the investigations reported in the literature focus on DC fields. In this communication we 
show that the use of AC fields alone or in combination of DC fields are capable to generate structures 
with enhanced MR effect. 
 
A triaxial magnetic field generator is built to operate up to frequencies of 4 kHz. Then, homogeneous 
and saturating toggled fields are used to form highly compact and defect-free structures close to 
minimum energy state configurations. Experimental results are shown to be in very good agreement 
with numerical simulations on model dipolar lattices. Next, precession fields in the velocity gradient 
direction are demonstrated to enhance magnetorheology by the formation of bigger aggregates. 
Experimental results are found to be in good agreement with particle-level simulations and 
videomicroscopy observations. 
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The advancement of colloidal synthesis methods has provided unprecedented prospects for 
nanoparticle fabrication, enabling their preparation with diverse dimensions, intricate morphologies and 
structures, and complex compositions. Notably, understanding the interplay between these parameters 
is critical, as they are fundamental to obtaining nanomaterials with the desired physicochemical 
features, rationally tailored for targeted applications. For such a purpose, the availability of 
characterization techniques to investigate and gain insights into nanoparticle features emerges 
indispensable. In this context, analytical ultracentrifugation is a powerful technique capable of providing 
information about the mass distribution, heterogeneity, colloidal stability, solvation degree, and 
diffusion properties of colloidal nanoparticles directly in solution [1]. Interestingly, although it was 
initially developed by T. Svedberg (Nobel Prize Chemistry 1926) for the analysis of gold colloids, in 
recent times, its utilization has been mostly limited to (bio)polymers [2]. The difficulties encountered 
in applying analytical ultracentrifugation to study colloidal nanoparticles arise from the stabilizing 
ligands that cover nanoparticle surfaces, which complicates the determination of important properties 
such as mass distributions and composition [1,3]. We propose a methodology that overcomes the 
surface ligand obstacle and facilitates the exploitation of analytical ultracentrifugation capabilities to 
characterize colloidal nanoparticles. The envisaged approach relies on matching the density of the 
solvent with that of the stabilizing ligands, together with a careful design of the analytical 
ultracentrifugation experiments, to disentangle the effect of surface ligands and different nanoparticle 
components on the sedimentation behavior. The suitability of the presented characterization strategy 
is revealed for the analysis of multimetallic nanoparticles with different core-shell heterostructures and 
compositions. Thereby, we demonstrate in an unprecedented manner that analytical ultracentrifugation 
can be exploited as a powerful tool for simultaneous observation of both nanoparticle compositional 
and colloidal properties directly in solution.  
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There exist currently two main and powerful techniques to characterize the hydrodynamic size of 
nanoparticles: Dynamic Light Scattering (DLS) and Nanoparticle Tracking Analysis (NTA), both based 
on the Brownian Motion described by the suspended particles. Nonetheless, these two techniques 
sometimes provide different results, especially when the size distribution presents different peaks, 
which supposes an increasingly important problem in the characterization of non-model nanoparticle 
systems. The reason is that the approaches of both techniques are different. In the NTA the observable 
is the mean squared displacement measured for a particle (i.e. microscopic variable), and the temporary 
control variable is the time between frames. For the DLS the observable is the fluctuation of scattered 
intensity (i.e. macroscopic variable), and the temporary control variable is the time that we allow to 
evolve the system. In this work, we will first summarize the physical foundations of the DLS and NTA 
techniques to understand in depth the problem presented. We will focus on the data that the devices 
directly provide about the Brownian Motion of the nanoparticles, and the useful information we can 
extract when we go further into the data analysis. Thereafter, we will compare different existing analysis 
of DLS and NTA size data obtained from monomodal and multimodal model systems. We will present 
the proposal of a new protocol for the standardization of NTA analysis, and we will test the new non-
linear cumulant method for DLS analysis. The combination of both analysis results in a considerable 
reduction of the discrepancies found between the results of both techniques. 
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Cardiovascular diseases (CVDs) are the leading cause of death worldwide accounting for around 30% 
of deaths worldwide [1] being atherosclerosis (AE) the main underlying origin AE is a chronic-
degenerative disease initiated by the dysfunction of the endothelial layer which leads to the 
accumulation and retention of cholesterol-containing low-density lipoproteins in the sub-endothelial 
space due to a complex interplay between activated leukocytes (monocytes, macrophages, and T cells) 
and the inflamed endothelium [2]. This phenomenon progresses through the formation of 
atheromatous plaques in the intima of arteries which often significantly compromise the residual lumen, 
thus, leading to ischemic events and even the total occlusion of the artery or the plaque rupture giving 
rise to artery diseases such as myocardial infarction or ischemic stroke. Current treatments are based 
on the systemic administration of statins to diminish the cholesterol levels in blood, but these 
compounds have severe side effects and low efficacies at tolerated doses [3]. 
  
The present work proposes the design and evaluation of biomimetic artificial nanocells (Ans)[4], that 
is, nanovesicles technologically reconstructed from the whole cytoplasmic cellular membranes of murine 
macrophages (RAW 264.7, see Figure 1), which play a key role in AE development. In these ANs, the 
statin drug pravastatin was encapsulated to high extents, taking profit of the protection provided by 
the biomimetic nanocarrier as well as the targeting ability provided by the expressed cell membrane 
receptors from the parent cells. Pravastatin-loaded ANs demonstrated to be an exciting and promosing 
biomimimetic drug delivery systems for the treatment of AE as confirmed by their selective cell 
internalization, reduction Ox-LDL uptake and reactive oxygen species (ROS) production and increases 
in cholesterol efflux levels. 

 
Figure 1. Obtaining process of artificial nanocells. 
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Cancer stem cells (CSCs) are a small population of immortal cells within the tumour, which has self-
renewal capacity, and produce the more differentiated and replicative population of tumour cells. They 
have different cell survival mechanisms, present resistance to radio and chemotherapies, and are 
responsible of relapse in patients [1]. One of the strategies to produce more effective therapies against 
cancer is targeting CSCs. In this work we have studied the in vitro cytotoxic effect of a natural plant-
derived compound (PDC, patent pending) and the chemotherapeutic drug paclitaxel (PTX) in the total 
population and in the CSCs subpopulation of the BxPC3 adenocarcinoma pancreatic cancer cell line. As 
a solution for the low solubility of PDC and PTX, we propose the formulation of PDC in the form of 
nanoparticles (NP) and its use as nanocarrier for the encapsulation of PTX. NPs improved the solubility 
of PDC up to 106-fold and increased its bioaccessibility after in vitro gastrointestinal digestion. Digested 
NPs afforded MA delivery across in vitro gut barrier models (Caco-2 and Caco-2/HT29-MTX) and Nile 
Red incorporated in NPs was capable of crossing Caco-2 monolayers being taken up by basolaterally 
located BxPC3 cells. On the other hand, we found that PTX was a potent cytotoxic compound against 
the total population of BxPC3, but had low cytotoxic effect in the pancreatic CSCs subpopulation, while 
MA had the same antitumour effect in the total and in the CSCs populations, evidencing the potential 
of this compound against CSCs. Therefore, we present a nanocarrier that combines the cytotoxic effect 
of MA and PTX in the same device and which is suitable for oral consumption and delivery of the 
bioactive across the gut barrier.  
 

 
Cellular uptake of Nile-Red loaded SLNs by (A) BxPC3 control cells, and by (B) Caco-2 cells from an intestinal 
epithelium monolayer model and basolateral located BxPC3 cells after a 4 h of incubation. Cells nuclei appears in 
blue.  
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Nowadays, counterfeiting has become a major global problem, causing adversities in different areas of 
everyday social life. Companies, governments, countries, industries, and even general citizens can be 
affected by the act of counterfeiters that operate against their rights. Since a few years ago, 
counterfeiting has been increasing drastically, causing security issues that can go from affecting a single 
company to a relevant national security problem. Different types of counterfeiting have been arising 
lately, including counterfeiting of valuable branded products, pieces of art, documents (e.g. passports), 
merchandising, pharmaceuticals and, most importantly, national currencies.  
 
The development of ever more complicated electronic anticounterfeiting systems is increasingly an 
economically relevant topic. However, such systems require expensive and often unaffordable 
measuring equipment. Thus, the development of simple probes for detecting anticounterfeiting simply 
and effectively, without the need for additional measurement systems, is of particular importance.  
In this communication, we present a paper sensor based on commercially available 1-vinyl-2-
pyrrolidone and methyl methacrylate, allowing the synthesis of twelve polymers that suffer a 
chromogenic response in the presence of nitrite anions. Small amounts of both a monomer containing 
an aromatic amine group, which is susceptible to form a derivative of benzene diazonium salt, and an 
activated ring-containing monomer, e.g., phenols, N,N-dimethylaminoanilines1, allow the color change. 
That is quickly triggered by spraying NaNO2/HCl over the paper.   
The responsive behavior of these polymers has been used as the basis of the anticounterfeiting 
application, and can be followed by visual observation or, more accurately, by using any RGB app 
installed on a smartphone.  
 
The intelligent labels are cryptographic keys belonging to the owner that can be revealed into a color 
chart to check the key's inviolability and the coincidence of the owner key with the revealed label.  
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The generation of standing waves on the surface of a vertically vibrated fluid (Faraday waves) are 
archetypes of ordering transitions on liquid surfaces [1, 2]. Wave field capable of dynamically guiding 
matter into periodic spatial structures could be used to control matter motion at liquid–gas, interface 
thus creating two-dimensional materials with remotely tunable properties [3].  
Although unbounded Faraday waves patterns have been reported in highly viscous fluids, the role of 
surface rigidity has not been investigated so far. Here, we demonstrate that ordered patterns of frozen 
Faraday waves—2D-hydrodynamic crystals—do appear in water surfaces functionalized with soluble 
(bio)surfactants endowing in-plane shear stiffness [4]. Mastering rules are inertia-imposed parametric 
resonance leading frequency-halving, together with rigidity-driven field self-focusing, that allows 
Faraday waves to localize in space and time. As a functionalization agent we employed beta-aescin, 
which forms rigid monolayers on water surface when dissolved above the critical micelle concentration 
[5].  
 
We reversibly moulded hydrodynamic crystals under parametric control of their degree of order, unit 
cell size and symmetry. Collective lattice excitations are also observed in the low frequency range (<1 
Hz) as dispersionless propagating dislocations and periodic modulations. The hydrodynamic crystals 
here presented could be exploited in touchless strategies of soft matter and biological scaffolding.  
 

 
Power spectral density spectra (left panel) and images (right panel) of hydrodynamic crystal excited at 200 Hz and 
amplitude a/g=0.32 (a), a/g=0.36 (b) to highlight the emergence of collective modes. 
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Surface-enhanced Raman scattering (SERS) nanotags have been widely used in different bio-related 
applications such as disease diagnosis or bioimaging [1,2].  Particularly, SERS tags [3] have been 
demonstrated as a promising tool for the development of ultrasensitive SERS-based lateral flow 
immunoassays (LFIA). The ideal SERS tag must offer a number of requirements such as high sensitivity, 
uniform and reliable SERS response, targeting ability, biocompatibility and stability in a long-term 
period. 
 
Herein, we propose the development of a multiplex SERS-based LFIA for the detection of HER2 and 
EGFR, two tumoral biomarkers related to breast cancer. This biosensor will allow us to overcome some 
drawbacks of traditional colorimetric LFIA such as low sensitivity and/or limit of detection/quantification 
[4]. As SERS nanotags, we will employ gold-silver core-shell nanorods (Au@Ag NRs) individually 
encapsulated within zeolitic imidazolate frameworks (ZIFs) and codified with two different Raman 
reporters (malachite green or astra blue). The ZIF-8 provides chemical and colloidal stability to the 
plasmonic core, entraps the Raman reporter close to the metal surface, as well as facilitates the 
bioconjugation. The presence of unsaturated Zn2+ on the MOF surface allows the robust and oriented 
immobilization of poly-histidine-tagged nanobodies . After the synthesis and characterization of the 
Au@Ag@ZIF-8 nanotags, their bioconjugation with his-tagged nanobodies against HER2 and EGFR will 
be carried out and their performance will be studied in a sandwich test. Firstly, both biomarkers will be 
tested individually in lateral flow strips and after that the multiplex LFIA will be performed obtaining 
the corresponding calibration curves and their limits of detection and quantification for both biomarkers.  
Keywords: SERS nanotag, LFIA, tumoral biomarker, nanobody, ZIF.  
 

 
A) UV-Vis spectra of Au@Ag NRs and Au@Ag@ZIF-8. B) TEM image of Au@Ag@ZIF-me of t8. C) Schehe 
LFIA strip. D) Analysis in the strip, only one line is observed in the control zone in the absence of  proteins and 
three lines in presence of them. 
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Active materials are out of equilibrium systems composed of particles or entities capable of converting 
chemical energy into motion [1]. The interactions of neighboring individuals with each other and the 
medium give rise to collective motion, in which big groups of active entities move together as a whole, 
and with an orientational (or nematic) order on scales significantly larger than the individuals. Albeit 
this organization, the highly-correlated fluxes show spatiotemporal chaos similar to the flows in inertial 
turbulence, where energy injection occurs at a high Reynolds number. Consequently, these flows have 
been called active turbulence and have been observed in systems as diverse as bacterial baths, 
epithelial tissues, self-propelled colloids, and active gels made of cytoskeleton proteins [2]. The pathway 
to such a ubiquitous state has remained elusive until recently, when we have experimentally studied 
the onset of the turbulent regime from a well radially aligned 2d active nematic composed of kinesins 
and microtubules [3]. The alignment enforces a pattern-forming instability that repeats periodically until 
the material arrives at the characteristic turbulent state (Fig. 1a-d). Moreover, we have further explored 
the analogy of active turbulence with the classic turbulence [4], which, as first predicted by Kolmogorov, 
is characterized by energy spectra displaying scaling laws with universal exponents. Using the same 
active nematic material at the interface between an aqueous and an oil phase, and by analyzing the 
spectra of the kinetic energy, we have found two scaling laws that had already been predicted by 
theory, and we have revealed a new scaling law that results from the coupling between the active and 
the passive fluids (Fig 1e). Our findings have revealed the fundamental role of external dissipation in 
active turbulence. 

 
Fig. 1. a-d) Route to active turbulence in an active nematic. The radially-aligned configuration in (a) is unstable, 
and a cascade of pattern forming instabilities, with well-defined wavelength (b-c), leads to the steady-state 
turbulence regime (d). e) Scaling regimes in active turbulence with external dissipation, as revealed from the 
kinetic energy spectrum extracted from the velocity distribution of an active nematic.  Scalebars in the fluorescence 
micrographs are 100 μm. 
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Surface-Enhanced Raman Spectroscopy (SERS) has been highlighted as a technique with great potential 
due to its capacity for single-molecule detection [1,2]. In this work, to the best of knowledge, we 
propose the first paper-based SERS sensor for nucleolin, a protein involved in many pathological 
processes. 
 
The sensor was assembled on a cellulose paper substrate, and the SERS amplification signal was 
combined with immune-based detection in a sandwich approach. The integration of SERS into a paper-
based device is expected to result in a highly sensitive and selective sensor that is both biodegradable 
and cost-effective [3]. Even though paper substrates for SERS have the above-mentioned advantages, 
they usually bring some challenges due to their morphological irregularity and fluorescence effect on 
Raman spectra [4]. Herein, the problem was diminished by the construction of a molecularly imprinted 
polymer (MIP) on the top of the paper, which not only reduced the fluorescence of the paper but also 
increased the selectivity by enabling the recognition of the target analyte in the MIP cavities. Moreover, 
the Raman probe was linked to silver nanostars along with antibodies, allowing the specific localization 
of nucleolin by this sandwich combination. Thus, the silver nanostars are localized only in the MIP 
cavities allowing signal amplification at these specific locations. Moreover, indirect reading of nucleolin 
quantity via Raman probe provided another advantage related to robust and stable measurements.  
In conclusion, the developed sensor displays significant advantages because it is simple, biodegradable, 
ultrasensitive, stable, and is foreseen to be applied in a point-of-care context. 
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From a structural point of view, cell nuclei can be described as formed by two different regions:  
an outer compact layer defined by the fibrillary lamin network and the associated  
heterochromatin; and the inner nucleoplasm mainly constituted by less compacted chromatin.  
This structure resembles to that from many fruits and, as we can press a piece of fruit to get  
an idea of its ripeness, we can also obtain mechanical information about cell nuclei in a similar  
way (indentation). 
 
Here, we present a novel framework for the mechanical and structural characterization of the  
cell nucleus from data obtained by optical tweezers indentation assays. We propose that there  
is no defined boundary between the nuclear peripheral layer and the nucleoplasm, but rather  
a gradient of material compaction. To characterize this gradient, we define a compaction  
parameter, Ф, which condensates the information coming from the indentation force and the  
poroelastic theory relaxation time measured at different indentations depths.  
We found that the compaction order parameter shows an exponential decay in function of the  
distance for the compaction parameter, and that decay is defined by a characteristic length, ξ;  
that resembles some aspect of spatial phase transitions. These promising results lead us to  
explore the ability to detect perturbations in the nuclear compaction gradients. Then, we  
analyzed nuclei from T- cells upon activation triggered by PHA+PMA, a process which involves  
important alterations in the chromatin organization. Our observations reveal that the activation  
process leads to a significant change of the nuclear compaction gradient reflected in alterations  
over the characteristic length, ξ. 
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Living organisms rely on dynamic macromolecular interactions to create structures on microscopic and 
macroscopic levels. To follow the dynamics of such self-assembly processes in real-time, biophysicists 
use fluorescent dyes chemically attached to the molecules of interest. More recently, high-speed atomic 
force microscopy (HS-AFM) has developed into a highly accurate but somewhat invasive alternative. 
For both methods, much care has to be taken to mitigate the distortion caused to the molecular system 
under investigation. A method to study the dynamics of cellular processes without the need for labeling 
is surface plasmon resonance imaging (SPRi) combined with electrochemical impedance spectroscopy 
(EIS). Plasmonic nanoparticles (nanoSPR) are an alternative to all those methods that also require no 
labeling and exhibit a very small and easily tunable sensing depth allowing to resolve molecular 
interactions more accurately in comparison to SPRi with a sensing depth in the order of hundred 
nanometers. We demonstrate this concept using membrane-coated plasmonic gold nanorods as point-
like sensors to record surface coverage fluctuations generated by a dynamic membrane-protein 
interaction. We monitor hundreds of plasmonic nanosensors in parallel with 30 ms temporal resolution 
to generate real-time and real-space movies of the protein waves. We demonstrate that this imaging 
nanoparticle-SPR method (‘i-nSPR’) is not only able to resolve local protein coverage changes but also 
to report on their spatiotemporal correlation. Imaging with plasmonic nanoparticles permits to measure 
the interaction indefinitely without having to worry about bleaching. Our novel i-nSPR method could be 
combined with the determination of binding constants and molecular distances and requires only 
plasmonic nanoparticles and a standard optical wide-field microscope. [1] 
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Liquid-Liquid nanocapsules (LNCs) can be incorporated into food to deliver low soluble nutrients or 
bioactive compounds such as curcumin. In LNCs, bioactives are solublised in oily cores and shelled by 
different interfacial materials. Nanotechnology and interfacial design offer the possibility to tailor the 
size, shape and protective layers of LNCs providing protection and controlled release of encapsulated 
compounds. A major function of a delivery system is to provide a protective environment to the 
encapsulated ingredient against the gastrointestinal digestion and optimal interaction with different 
biological fluids. The increasing demand of nutritional supplements in foods originates partly from a 
lack of understanding of the gastrointestinal degradation of food systems and hence, there is a need 
to specifically address this issue in the design of LNCs. In this work, we characterize different shells of 
LNCs to encapsulate curcumin. We address specifically the impact of digestive steps to demonstrate 
that interfacial conformation and interactions of the different components in the shell allows tailoring 
the degradation of the LCN which can then be rationally designed to deliver different functionalities of 
the LNCs. Interfacial engineering of nanoemulsions provides a route to improve the bioaccessibility of 
encapsulated curcumin at different stages in the gut.  
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Fluorescent inorganic nanoparticles (NPs) have emerged as an alternative to overcome some limitations 
of organic probes. However, they also have drawbacks, namely related with signal stability, blinking 
and toxicity issues in live cells [1]. 
 
Fluorescent NanoDiamonds (FNDs) and colloidal gold [2] are nanomaterials with several promising 
advantages compared with other NP probes, such as no or low toxicity. FNDs additionally present 
superior fluorescence properties, making them ideal for bioimaging. We combined gold NPs with FNDs 
(Fig.1a) and investigated the resulting hybrid assemblies with innovative photonic and plasmonic 
capabilities. Namely, we investigated surface-enhanced fluorescence (SEF) applications. SEF is a 
phenomenon that fluorophores experience under the influence of the enhanced electromagnetic field 
of metal NPs with a localized surface plasmon resonance. An enhancement of the fluorescence emission 
intensity by several orders of magnitude can take place under suitable conditions [3]. Additionally, 
under two-photon (TP) excitation, gold NPs exhibit a strong photoluminescent signal. All of this 
represents an advantage for optical imaging, resulting in improved fluorescence signal acquisition in 
complex biological environments. 
 
Our results demonstrate the formation of hybrid assemblies (Fig. 1b), with the possibility to detect both 
the FNDs fluorescence and TP gold NPs signal, from inside live cells (Fig. 1c). We propose that these 
hybrid NPs may become a nano-biosensing imaging probe to monitor biological systems for research 
and diagnostics. 

 
Schematic of the hybrid assemblies and respective b) transmission electron microscopy image. c) Confocal image 
showing the intracellular location of the hybrid assemblies inside live HeLa cells. 
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Colloidal nanocarriers transporting a bioactive cargo can be designed to selectively change their 
characteristics in response to internal physiological stimuli or externally applied stimuli. [1] Among the 
myriad systems, nanocarriers based on amino acid-derived surfactants are potentially interesting for 
this intent, due to their biocompatibility, diverse structure and capacity to elicit responsive behavior. 
Recently, we have investigated the structural properties of novel hydrogels based on lysine-derived 
surfactants and their ability to load and controllably release model bioactive molecules, with focus on 
lysozyme (LZM), an antimicrobial protein. Below their Krafft temperature, the surfactants self-organize 
into tubular structures of various morphologies (flat structures, twisted and coiled ribbons, and hollow 
tubes). [2] In particular, the tubules consist of long, multilamellar, hollow cylinders that give rise to a 
swollen entangled network in water, hence hydrogelation. Besides exhibiting temperature-driven 
tubule-to-micelle and tubule-to-vesicle phase transitions, these systems are also pH-sensitive. [3] The 
gels are efficient in entrapping LZM and display different release profiles, depending on the applied 
stimulus (temperature, pH or both). Cytotoxicity studies further show that the hydrogels have good 
levels of biocompatibility and are thus promising for biological applications. 
 

 
Representative cryo-TEM micrographs of 10Lys14/LZM system, at 3 mM surfactant concentration and 0.15 mg of 
LZM and global release profiles of LZM in pH= 5.5 and pH= 7.4. The temperature was kept constant at 35 ± 2 °C.  
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Noble metallic nanoparticles (NPs) present unique optical properties arising from the so-called localized 
surface plasmon resonances (LSPRs). LSPRs are strongly dependent on NPs shape, size and 
composition. Over the past decades, a wide range of methods based on wet chemistry has been 
developed to obtain NPs with tailored optical properties. Our group developed a strategy to combine 
galvanic replacement reaction and seeded growth methodology to fabricate different gold/silver hollow 
nanostructures [1,2]. This methodology opens new possibilities to shape control of hollow 
nanostructures beyond the morphology of sacrificial templates. In the case of Au nanorods (Au NRs), 
modifying their aspect ratios, it is possible to modulate LSPRs from 600 and 1300 nm [3]. However, 
the synthesis of Au NRs in mid-infrared (mid-IR) regions with good monodispersity and control over 
their length is not well established yet. A large number of molecules present vibrational absorption 
resonances in the mid-IR region and the interactions between plasmons and molecular vibrations would 
allow the detection of molecules by Surface-Enhanced Infrared Absorption (SEIRA).  
Herein we propose a new route to fabricate plasmonic nanoparticles with well-defined optical properties 
in the mid-IR region. The strategy is based on combining seeded growth methodology and galvanic 
replacement reaction at room temperature using core-shell Au@Ag NRs as sacrificial templates. 
Therefore, it involves first, the growth of a shell of silver on the tips of pentatwinned gold bypiramids 
(BPs) increasing the aspect ratio of NPs [4] and in a second step, the synthesis of rod-shaped gold/silver 
nanorattles in the presence of Au salt and ascorbic acid. Modulating the amount of Ag deposited on Au 
BPs we can tune the Au/Ag nanorattles LSPR from 600 to 2500 nm (Figure 1. A). These new 
nanostructures have been characterized by TEM revealing that the final morphology is dependent on 
the sacrificial template (Figure 1. B). 
   

 
Figure 1. (A) Vis-mid IR spectra of rod-shaped gold/silver nanorattles with different aspect ratios. (B) 
Corresponding TEM images of the rod-shaped gold/silver nanorattles shown in A. The color of each image 
corresponds to the color of the spectra of the nanorods. 
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Tendon pathologies are highly debilitating diseases for which current treatments have poor outcomes. 
Physiologically relevant in vitro tendon models are therefore highly needed for the study of tendinopathy 
and test of new therapies. We have previously proposed an inovative biofabrication system allowing 
the automated 3D writing of microphysiological systems (MPS) embedded into its own biomimetic 
fibrillar housing device based on self-assembled cellulose nanocrystal [1]. However, commonly used 
bioink hydrogels have limited ability to mimic the rich microenvironment of tendon extracellular matrix 
(ECM) responsible for controlling major cell behaviors. In alternative, here we explored tendon 
decellularized ECM (dECM) as bioink hydrogels to self-induce the tenogenic differentiation of human 
adipose derived stem cells (hASCs). This dECM-based bioink was directly printed within the CNC fluid 
gels used as support media for freeform bioprinting of embedded constructs with the desired 3D 
patterns. To evaluate the effects of cellular crosstalk with endothelial cells, tendon constructs were co-
printed with compartmentalized microvascular structures. The subsequent induction of CNC self-
assembly post-printing locks the living 3D structures within a permissive ECM mimetic fibrillar matrix 
that support their long-term in vitro culture. This MPS showed high cell viability, proliferation, and 
alignment during culture, demonstrating that the synergy between dECM cues and printed patterns 
induce cell organizations similar to tendon tissues. Gene and protein expression assays demonstrate 
that the biophysical and biochemical signaling of the dECM guide hASCs commitment toward tenogenic 
phenotype. Remarkably, endothelial cells could migrate toward the tendon compartment showing the 
existence of a chemoattraction effect, but did not invade it. Further cell and molecular biology analysis 
are being performed to better understand the cellular crosstalk mechanisms occurring in this tendon 
MPS.  
 
Overall, the result obtained so far suggest this might be a promising platform allowing the automated 
fabrication of organotypic tendon-on-chip models for physiological and drug screening studies. 
 

 
Figure 1: A) Bioprinted tendon-on-CNC-Chip and B) its microstructure; C) transmitted light microscopy of cell 
structure and D) fluorescence microscopy image of a tenogenic marker (green: tenomodulin) at D21. E) Co-culture 
with endothelial cells at D21 (green: F-actin; red: CD31).  
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This talk is a tribute to Professor Maria Miguel, opening a scientific session in her honor. Maria was a 
beloved scientist, teacher, colleague and friend, and the news of her passing in October 2021 came as 
a shock to everyone. 
 
Maria played a key role on the creation of scientific and friendly ties between the Portuguese and 
Spanish communities of colloids and interfaces, contributing to establish the Iberian meetings since the 
first RICI in 2005, in Salamanca. She was also an esteemed member of the European Colloid and 
Interface Society (ECIS) board between 2006-11, serving as president for 2008-09, and of the 
International Association of Colloid and Interface Scientists (IACIS).  
 
Maria got her PhD from the University of Coimbra in 1986, with a thesis on the photochemistry of the 
uranyl ion. In the early 1990’s, she started a group of colloids at the same university, one of the 
pioneering ones fully dedicated to this area in Portugal, developing many international collaborations. 
In 2005, she became Full Professor, the first woman with such position in the Department of Chemistry 
in Coimbra, inspiring the careers of many female researchers. Her interests encompassed 
photochemistry, self-assembly, DNA/amphiphile systems, and DNA gels for gene delivery — areas 
where she made significant contributions. She supervised and inspired many master and PhD students, 
and had more than 200 publications, among papers, book chapters and books. Maria and her husband, 
Prof. Björn Lindman, were visiting professors in several universities around the world, where they 
lectured and developed collaborations. Maria had a charming, unconventional and open personality, 
nurturing friendships inside and outside the academic world. She had a broad interest in arts and 
literature, creating many memorable conversations around her. 
 
Maria Miguel’s early departure left an immense void in her colleagues, collaborators, friends and family. 
She is dearly missed. 
 

 
Professor Maria Miguel 

(1949-2021) 
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In this talk we discuss the behavior of polyelectrolytes focusing on different situations that include 
confinement, translocation, compaction, and adsorption to regularly charged, finite, and mobile charge 
surfaces. 
 
Spherical confinement allows simple calculation of the free-energy penalty resulting from volume 
reduction, and indicates that the presence of multivalent ions facilitates confinement. It was also shown 
that the behavior in semi-permeable spheres is associated more to partial counterion release than to 
polyelectrolyte electrostatic rigidity.  
 
Translocation of polyelectrolytes in connected spheres suggests that, again, counterion release 
promotes the stretching of the backbone and facilitates inter-sphere translocation.   
Simulation of the action of compacting agents allows to achieve all the main conformations found 
experimentally (coils, globules, expanded globules and also results in which intrachain segregation is 
observed).  
 
Finally, diverse results are presented on the adsorption of charged backbones and polyplexes to 
surfaces bearing charges, either fixed in space or mobile, showing that several factors intervene in the 
overall behavior, including chain rigidity, and the possibility of charge correlation.    
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The very slow progress in the therapeutic effectiveness of treating severe diseases has suggested a 
growing need for a multidisciplinary approach to the design of smart materials interacting with biological 
systems. Delivering drugs safely and efficiently to prevent, and treat diseases and/or assist the body in 
healing can be achieved by designing materials whose properties can be significantly modified in 
response to changing conditions in their surroundings. Their properties can be changed via exposure 
to stimuli such as stress, temperature, moisture, pH, and electric magnetic fields [1].  
Recent studies in our lab have demonstrated that the gelation properties of gelatin, as well as the 
strong dependence of gelatin ionization with pH, make this compound an exciting candidate to be used 
for the effective delivery of active biomacromolecules. By using this approach, three levels of active 
targeting could be achieved: i) delivering the drug to specific organelles of the target cells through the 
endosomal scape approach, ii) distinguishing between different cells (tumoral and non-tumoral cell 
lines) via RGD–integrin recognition, and iii) promoting the selective delivery of the drug in the 
surroundings of a chronic wound [2-4].  
 
This project explores the physicochemical characterization of new gelatin-based nanoparticles. In 
addition, in vitro experiments have been performed to determine the in vitro cell viability, proliferative, 
and selective cytotoxicity on selected cell lines upon incubation with these gelatin-based nanoparticles.     
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The A large number of proteins in eukaryotic cells possess domains with a large conformational entropy 
named intrinsically disordered regions. DNA-binding proteins, such as transcription factors, generally 
contain ordered DNA-binding domains flanked by disordered regions. In the past decades the perceived 
role of such disordered domains has evolved from a simple linker between two binding domains to a 
picture where the flexible domain participates more actively in the binding and binding domain search 
[1-4]. 
  
By using PAMAM dendrimers as a model of (a non-specific) DNA-binding domain and conjugating them 
with disordered peptides, the impact of charge distribution of such pepetide tails have been investigated 
using both experimental techniques and Monte Carlo simulations.  
 
Dye exclusion assays and gel electrophoresis showed variations in DNA condensation ability, based on 
charge distribution on the peptide tails, with positively charged tails increasing DNA binding 
significantly. This was further supported by Monte Carlo simulations using two different length scales, 
one probing the DNA condensation and complex morphology using a bead and spring model for the 
DNA, and the other using a more detailed coarse-grained description of the double-strand showing a 
close up of the DNA – conjugate dendrimer interaction. It was also found that the adding positively 
charged peptide tails leads to the formation of more ordered DNA structures, similarly to what is 
observed by increasing the dendrimer generation [5].  
 
These results give an insight into how proteins utilize disordered tails to increase DNA binding and how 
this interaction can be fine-tuned by changing the charge distribution of the peptide tails.  
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In the frame of this tribute session, we will start by presenting a brief overview of recent work from 
our research group concerning the use of amphiphiles (surfactants, lipids and polymer/surfactant 
mixtures [1]) and the tools of colloid physical chemistry in order to build nanovectors [2] and 
organic/inorganic nanocomposites [3] for various applications. We will then focus on more specific 
results regarding the development of: (i) photosensitive catanionic vesicles for the controlled delivery 
of an anti-cancer drug; (ii) DNA-compacting nanocarriers that can controllably release DNA via light 
stimulation (with or without acidification). These particular projects result from collaborative work with 
Nuno Basilio and co-workers (Nova Univ. of Lisbon).  
 
Currently, smart nanocarriers are intensively investigated due to their ability to controllably release their 
cargo via stimuli application, thus potentially increasing the efficacy of the active principle. The 
photosensitive vesicles herein developed are composed by a novel anionic photochromic chalcone-
derivative and a cationic bis-quat gemini surfactant. Results show that the vesicles efficiently 
encapsulate doxorubicin, releasing it in a sustained manner after UV irradiation under acidic conditions. 
The development of nanocarriers of genetic material for its effective delivery into cells has attracted 
great interest in nanomedicine [2], as demonstrated by the recently developed mRNA vaccines against 
COVID-19. Herein, we will show results concerning nanocarriers composed by a cationic chalcone 
derivative and the helper lipid monoolein that are able to condense DNA and release it upon 
photostimulation. The experimental toolbox includes dynamic and electrophoretic light scattering, 
tensiometry, light microscopy, cryo-TEM, fluorescence and UV-Vis spectroscopy to study both the neat 
nanovectors, drug-containing vesicles and the photolipoplexes. 
 

 
  

Fig. 1: DNA nanocarriers formed by monoolein and the chalcone derivative. 
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Millions of tons of organic forest waste are generated every year, and most of them are usually 
discarded, or used as compost or animal food [1]. However, recent studies have exposed interesting 
compounds present in wood waste such as anthocyanins, tannins, lignin, stilbenes, and other 
biomolecules. Among them, polyphenols have exhibited important properties such as antimicrobial and 
antifungal activity, antioxidant, anti-inflammation, anti-obesity, cardioprotective, neuroprotective, anti-
allergic, etc. [2]. 
 
Deep Eutectic Solvents (DESs) are solvents generated from bio-sources compounds such as natural 
organic acids, amino acids, non-nutritive sweeteners, or natural compounds like choline or betaine, and 
which do not require the presence of any solvent and produce no waste, being considered in this way 
“green” solvents [3]. 
 
In the present research, the optimization of two analytical techniques (i.e., ultrasound-assisted and 
liquid-pressurized extractions) for polyphenols extraction from Pinus Pinaster Wood (Needles and Bark) 
has been performed. For that, different DESs mixtures have been evaluated regarding their extraction 
efficiency in comparison with "classic" solvents. In addition, six variables characteristic of each 
technique have been optimized and the maximum total phenolic content has been considered as the 
response variable.  
 
 The optimized methodologies have allowed the achievement of significant polyphenols yields, being 
the mixtures of lactic acid - chloride chlorine and levulinic acid - formic acid the most promising achieved 
the highest content. In addition, the developed methods have exhibited significant repeatability and 
intermediate precision for the extraction of polyphenols (C.V. < 10%). For last, the possibility of 
incorporating the extracted polyphenols on food preservation films or packaging biomaterials without 
altering their nature while increasing the shelf life of food or in edible capsules allowing their use in the 
daily diet with important benefits for health has been evaluated.  
 

 
Graphical Abstract 
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Going towards a sustainable approach to resource consumption, substituting fossil sources for materials 
production is determinant to achieve a circular economy. Materials such as phenolic resins, used as 
wood adhesives, coatings and insulation still rely on a fossil-derived production. Moreover, the chemical 
building blocks are based on phenol and formaldehyde, carrying health risks during production and 
even after due to formaldehyde emission [1]. In respect to this, natural molecules are gaining 
increasingly more interest as substitutes for the fossil-based components. Polyphenols, more specifically 
tannins from Acacia, have been successfully applied in the production of phenol-formaldehyde resins 
resulting in enhanced material properties as higher sheer strength and structure reinforcement [2]. 
These molecules do not necessarily need to be extracted from food sources, which would compete with 
the food sector increasing prices, since they can be extracted from residues, such as tree barks, leaves, 
fruits and shells [3]. We intend to modify phenol-formaldehyde resins ultimately with natural alternative 
molecules extracted from forestry and agriculture residues as pine dry needles and bark, peanut shells 
or carob kibbles which are common residues in the Algarve region in Portugal. Such resins might also 
be used as precursors to produce rigid foams, used in areas as transportation, packaging, insulation 
and flame retardants. As a consequence of the precursor resin, lab made tannin-based foams also 
showed enhanced properties in respect to commercial phenolic foams as higher fire resistance, lower 
cost, highly resistant to chemicals (strong acids, bases, solvents) and obviously environmentally more 
friendly [3,4]. Currently we are studying foams resulting from different degrees of phenol-substitution, 
advancing further towards formaldehyde substitution with vegetable extracts which has been 
successfully proven as a possibility [5,6]. 
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As a result of global economic activity water pollution is one of the greatest environmental concerns, 
and many efforts are currently being made towards developing materials capable of selectively and 
efficiently removing pollutants and contaminants. A series of β-ketoenamine covalent organic 
frameworks (COFs) has been synthesized, by reacting 1,3,5-triformylphloroglucinol (TFP) with different 
C2 functionalized and non-functionalized diamines, in order to evaluate the influence of wall 
functionalization and pore size on the adsorption capacity towards dye and heavy metal pollutants. The 
obtained COFs were characterized by using a set of different techniques.  Adsorption studies showed 
that –NO2 and –SO3H functional groups were favorable for adsorbate model methylene blue (MB) 
adsorption, with TpBd(SO3H)2-COF[100%] achieving the highest adsorption capacity (166 ± 13 mg g–
1). The adsorption of anionic pollutants was less effective and decreased, in general, with the increase 
of –SO3H and –NO2 group percentages. The effect of ionic interactions on COF performance was 
further assessed by carrying out adsorption experiments involving metal ions. It has been found that 
sulfonated-containing COFs are the best adsorbents and, in general, the good removal efficiencies are 
found for metal ions (Pb(II), Cd(II), Zn(II) and Cu(II)). These results highlight the effect of ionic 
interaction in the adsorption process. This has been supported by the sorption isotherms analysis. It 
has been found that Langmuir and Freundlich equations, respectively, are the best fit to the 
experimental data. Sorption kinetics experiments were better adjusted by the second order rate 
equation, also confirming the occurrence of surface interaction in the adsorption process. These results 
confirm the influence of selective COF functionalization in adsorption processes and the role of 
functional groups on the adsorption selectivity, and clearly show the potential of this new class of 
materials in the efficient and selective capture and removal of pollutants and compounds in aqueous 
solution. 

 
Fig. Schematic TFP-based β-ketoenamine COF syntheses (a), schematic structure of resulting 2D COF layer (b) 
and structures of the dyes used in adsorption studies (c). 
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The identification of the necessary conditions for the emergence of elasticity in a gel is among the most 
fundamental challenges in gelation. Recent confocal microscopy experiments of colloidal gels suggest 
that metastability emerges when particles with at least six neighbors percolate [1]. However, due to 
the lack of control over valence in experiments, it is not clear if this is the necessary condition. In this 
work, we show that for particles with limited valence and directional interactions, the onset of elasticity 
coincides with percolation of particles with three or more neighbors. This result gives support to the 
percolation of the local isostatic environment as the necessary condition for mechanical metastability 
and provides insight into the elasticity of low-valence colloid gels. To understand how the rotational 
degrees of freedom affect the onset of mechanical stability, we study the effect of bonds bending 
energy up to the limit of mobile linker on the surface of each particle. We found a non-monotonic 
dependence of the elasticity of the gel on the bonds binding energy. 
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We have developed a rapid, inexpensive, colorimetric and easy to use method able to detect living 
bacterial pathogens of zoonotic and foodborne interest. The method is based on detection of bacterial 
nucleases which cut selectively oligonucleotide probes that are designed in a way to induce aggregation 
of oligonucleotide stabilised gold-nanoparticles. We present the standardization of our method to detect 
nucleases secreted by Gram-positive (Staphylococcus aureus) and Gram-negative (Salmonella spp.) 
pathogens, not only in five different matrixes of food samples experimentally contaminated but also in 
naturally contaminated foodstuffs. Our method has shown sensitivity/specificity, detecting nucleases in 
less than two hours in supernatants from bacterial cell culture (1 CFU/mL) incubated for 15 h. The 
nucleases are detected by naked-eye inspection, and using minimal laboratory equipment. From a 
broader perspective, besides applications in foodstuff safety, we envision a potential use of our method 
to detect other bacterial and viral pathogens in the environment, and in veterinary and human health. 
 

 
Selective discrimination of S. aureus and Salmonella spp. from other bacteria nucleases. 
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The demand for increasingly efficient, reliable, and affordable solar cells has led researchers to search 
for nano/microtechnological solutions capable of improving photovoltaic (PV) performance without 
significantly increasing their production costs. Photonic structures based on wavelength-sized 
transparent conducting oxides (TCOs) are at the top of the list of such solutions, as they allow significant 
efficiency improvements by reducing reflection and capturing light inside the solar cell. In this work, 
the authors used a simple, low-cost, versatile, and highly scalable colloidal lithography process to 
fabricate and optimize wavelength-size indium zinc oxide (IZO) microstructures-smoothly patterned on 
flexible indium tin oxide (ITO) substrates coated with poly (ethylene terephthalate) (PET). Using this 
method, the authors fabricated IZO-structured flexible substrates endowed with strong light interaction 
effects, namely pronounced light scattering performance (diffuse transmission up to ~50%). In 
addition, the photonic IZO-structured mesh allowed a larger volume of TCO material in the electrode 
while maintaining the desired transparency, which led to a reduction in sheet resistance (~30%), thus 
adding also electrical benefits to the devices, due to improved contact conductance. The results 
presented here pave the way for a new class of photonic transparent electrodes with mechanical 
flexibility that offer strong potential not only as advanced front-end contacts for thin-film bendable solar 
cells but also for a much wider range of optoelectronic applications. 
 

 
Illustration of a photonic-structured IZO electrode, composed of a micro-patterned IZO layer on a flexible ITO-
coated PET substrate (a), aimed at producing effective light trapping (LT) in thin-film PV devices with a superstrate 
configuration (b). 
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Liposomes have been widely explored as drug delivery carriers, allowing to encapsulate both hydrophilic 
drugs into their aqueous core and lipophilic ones within the double membrane. Liposomes improve 
significatively the pharmacokinetic and pharmacodynamic processes of the transported drugs, by 
protecting drugs against pH changes, light irradiation, and enzymes degradation. All the above together 
with their low cytotoxicity makes them very effective drug delivery systems. [1]  
Liposomes can be synthesized using nontoxic and biocompatible amphiphilic molecules, which can be 
coated with different polymers (such as chitosan, polyethylene glycol -PEG- and hyaluronic acid) that 
enhances their properties as drug delivery systems.[2]  
 
In this work, liposomes have been synthesized by the rehydration and extrusion method, using 1,2-
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) as phospholipid, obtaining a particle size of ca. 200 
nm and polydispersity index of 0.1. Subsequently, two different types of dyes, methylene blue 
(negatively charged) and bengal rose (positively charged), were encapsulated simulating drugs. Then, 
exhaustive characterization was carried out using different techniques, which allowed to study the long-
term stability of the resulting liposomes as well as the presence of the dyes loaded.  
 

 
Scheme representative of the liposome synthesis method. 
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Superhydrophobic surfaces are used in many technological fields because of their property of anti-icing, 
anti-corrosion, anti-fogging, water harvesting, oil/water separation, self-cleaning, etc. Since many metal 
objects operate in outdoor conditions, the incorporation of non-wetting coatings to their surfaces is a 
field of research interest [1]. In this work, we propose a simple bottom-up strategy based on two 
different texturization methods: sandblasting, and zinc nanoparticles sintering, to be used on galvanized 
steel where the preservation of the zinc coating is a must. The two roughening methods, introduce a 
doubles-scale surface texture with minor damage to the zinc layer. The texture introduced on the 
galvanized steel surface led to superhydrophobicity, once it was further coated with a thin fluoropolymer 
layer. We followed two different routes to create the surface roughness: a) sandblasting followed by a 
sintering process of zinc nanoparticles and b) sintering of zinc nanoparticles on smooth surfaces alone. 
In all cases, the sintering was conducted at a temperature slightly above the melting point of pure zinc 
(around 415ºC). The surface chemistry and morphology have been analyzed using confocal microscopy, 
scanning electron microscopy, and EDX. An exhaustive analysis of the wetting properties was conducted 
using bouncing drops and tilting plate experiments to evaluate the tensile and the shear adhesion 
between a water drop and the surfaces. The formation of superhydrophobic surfaces on galvanized 
steel was developed using a simple and effective deposition-sintering process of zinc nanoparticles.  
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Strong coupling is a resonant interaction that could happen between a confined electromagnetic field 
and a molecular transition. This phenomenon occurs when the energy transfer between the light and 
the molecular transition is larger than their average dissipation. This leads to the formation of a matter-
light hybrid state (quasi-particle) whose properties are different from the original constituents [1,2]. 
Strong coupling regime can be achieved, for example, between plasmonic resonances in metal 
nanoparticles and excitonic transitions, named plexcitons. Recently, publications have evaluated the 
use of plexcitons in applications for energy collection, catalysis, or optical communications [1]. In this 
work, we move forward studying how plexcitonic nanoparticles obtained from the strong coupling of 
plasmonic nanoparticles and J-aggregates, can be used as ultra-efficient SERS nanoprobes.  
Plexcitonic nanoparticles can be obtained from the deposition of J-aggregates at the surface of a 
metallic nanoparticles. However, these new hybrids show limited colloidal stability strongly dependent 
on the dispersion medium. Therefore, in this work, we explore an alternative synthesis route with 
Au@Ag@mSiO2 nanorattles. The plasmonic nanoparticles are composed by an Au@Ag nanorod inside 
of a mesoporous silica capsule. While the role of the plasmonic nanoparticle is to interact with the J-
aggregate, the mesoporous silica shell would enhance the colloidal stability. These hybrid systems have 
been obtained by a two-step protocol: (1) diffusion of the monomers of cyanine dyes inside of the 
nanorattles through the mesoporous shell and (2) J-aggregates formation on the metal surface via 
solvent exchange. The resulting hybrids have been characterized by UV-vis-NIR spectroscopy, and 
Transmission Electron Microscopy (TEM) (Figure 1). Finally, the possibility of using these metallic 
nanoparticle-J-aggregate hybrids as SERS nanotags have been also investigated.  
 

 
a) Extinction spectra of the Au@Ag@mSiO2 nanorattles (black) and Au@Ag@mSiO2-J-aggregate hybrids exhibiting 
strong coupling (red). b) Transmission Electron Microscopy (TEM) image of the Au@Ag@mSiO2-J-aggregate 
hybrids. 
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In recent years lead halide perovskite nanocrystals (LHP NCs) have undergone a fast development 
owing to their fascinating optical and electronic properties.[1-3] The optical properties of LHP NCs are 
tunable by controlling the halide compostion that is easily controllable through post-synthetic halide 
exchange reactions. In general, these halide exchange reactions allow the precise control of the mixed 
anion composition of the NCs that may be difficult by direct synthesis methods.[4,5] This postsynthetic 
treatment has been specially studied to tune NC bandgap. However, its counterpart A-site cation 
exchange reaction remains largely unexplored to date. 
  
In this work, we report the fast A-cation cross-exchange between different A cation APbX3 LHP NCs 
(where, A=(Cs (Cesium), FA (formamidinium), and MA (methylammonium), X=Cl, Br or I). 
Interestingly, we found out that the kinetic of the interparticle A-cation exchange reaction is comparable 
to its analogous halide exchange. The controlled interparticle exchange reactions carried out under 
different ligand environments revealed that the A-cation cross-exchange is triggered by the free A-
oleate complex molecules present in the freshly prepared colloidal perovskite NC solutions. The post-
synthetic reaction enabled the preparation of double (MACs, MAFA, CsFA)- and triple (MACsFA)-cation 
perovskite NCs with an optical bandgap that is finely tunable by their A-site composition. The optical 
spectroscopy analysis together with structural analysis using XRD and atomically resolved high angle 
annular dark-field scanning transmission electron microscopy (HAADF‐STEM) indicates the 
homogeneous distribution of different cations in the mixed perovskite NC lattice. Surprisingly, unlike 
halide ions, the A-cations do not phase segregate under light illumination. Furthermore, we 
demonstrate the preparation of triple-cation mixed halide perovskite NCs with fine-tuning of their 
emission across the visible spectrum of light. 
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Due to their good biocompatibility, magnetite nanoparticles are widely investigated as magnetic 
nanorobots for a variety of biomedical applications, ranging from imaging to drug release or 
hyperthermia cancer treatment. Often, delivering the required stimulus depends on the accurate 
knowledge of the particle anisotropy, as the effective parameter linking the spin to the lattice, for 
example to convert absorbed electromagnetic energy into heat, or generate a torque.   
The issue is that, despite magnetite possesses a cubic (negative) magnetocrystalline anisotropy, it is 
generally described in terms of an effective uniaxial anisotropy. While such assumption may be 
reasonable for highly anisotropic magnetic nanoparticles, it clearly cannot be applied to more 
symmetrical particles. In this work we show, by combining theory and experiment, how the assumption 
of an effective uniaxial anisotropy may in fact be correlated with some degree of asymmetry in particle 
shape on top of the cubic contribution.  
 

 
Diagram indicating the role of either cubic, uniaxial, or the combination of both anisotropies, on the hysteresis 
loops and on the associated hyperthermia performance (SAR values). 
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Controlling the transport of micro and nano particles in fluid media is a fundamental problem which 
also has the potential to revolutionize different emerging technologies, since they can be used as 
efficient drug-delivery vectors in microfluidic and biological networks, as non-invasive microsurgey 
vehicles or as chemical biodetectors [1]. A leading strategy to achieve this goal is the use of phoretic 
mechanisms, where gradients of fields such as concentration, temperature, electric field, etc., couple 
to the surface properties of particles to create slip velocity patterns that can lead to net motion. In 
recent years, a number of proposals of microparticles moving via phoretic mechanisms have been 
experimentally realized [1]. In particular, self-thermophoresis of micrometric particles was 
experimentally observed in a landmark study of Janus (metal/dielectric) particles [2]. Despite its interest 
both from a fundamental perspective and for applications, downsizing phoretic transport to nanometric 
systems still remains an open challenge.  
 
Here we report on a theoretical calculation showing that propulsion through self-thermophoresis may 
also be achieved at the nanometer scale using well-tuned electromagnetic radiation [3]. We 
demonstrate using all-atom molecular dynamics simulations that solvation relaxation, the solvent 
dynamics induced after visible light electronic excitation of a fluorophore, can be used to propel 
nanoparticles immersed in polar solvents. We show that fullerenes functionalized with fluorophore 
molecules in liquid water exhibit substantial enhanced mobility under external excitation (see Fig. 1), 
with a propulsion speed proportional to the power dissipated into the system. We show that the 
propulsion mechanism is quantitatively consistent with a molecular scale instance of self-
thermophoresis. In addition, we prove that such mechanism avoids the limitation of optical trapping. 
Finally, strategies to direct the motion of functionalized fullerenes in a given direction using confined 
environments are also discussed. 
 

 
Mean-square displacement of the center of mass of the functionalized fullerene for free diffusion and under the 
actuation of radiation with different dipole switching periods.  
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Nanostructuring of surfaces can enhance their optical, mechanical, magnetic, catalytic, and other 
properties. The optical enhancement in photovoltaic devices results into a higher energy efficiency by 
decreasing the reflectivity and increasing the amount of light that the device can harvest [1]. Currently, 
there are different techniques to fabricate these nanostructures [2]; one of them is the Soft Colloidal 
Lithography. This technique consists in the self-assembly of a monolayer of microgels, nanoparticles 
composed of hydrogel, at the water/air interface using a Langmuir trough. After that, this monolayer 
is deposited on a solid substrate, in our case on a silicon wafer [3]. This deposited monolayer acts as 
a template when the substrate is immersed in a dispersion of inorganic nanoparticles. The nanoparticles 
are deposited between the microgels. With this technique, several structures can be created by double 
depositions of microgels on the substrate. The first microgel monolayer acts as a template where the 
microgels of the second monolayer rearrange to occupy interstitial positions [4]. In this work, we show 
the results obtained using titanium dioxide nanoparticles (TiO2) with a diameter of 78 nm with the Soft 
Colloidal Lithography technique (see Figure 1). We characterized the surfaces by means of Atomic Force 
Microscopy and performing diffuse reflectance measurements in order to characterize the enhancement 
of the diffusivity of the substrates, with potential impact on the energy harvesting of photovoltaic 
devices. 
 

 
AFM images of a. Microgel monolayer with nanoparticles occupying interstitial positions b. Same substrate after 
the incineration of the microgels c. Nanostructure of microgels by double deposition. 
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The construction of microstructures based on aqueous droplets is expected to lead to a new generation 
of materials including functional compartments, with applications in fields such as soft robotics or 
actuators [1]. Controlling the spatial distribution of the droplets is particularly interesting, enabling 
spatially modulated functions. In this regard, the use of Pickering emulsion droplets -stabilized by solid 
particles that adsorb at the oil/water interface- is especially relevant, as particles can be chosen to 
guide the droplet spatial positioning. In particular, magnetic Pickering emulsion droplets (MPED) are 
capable of responding to magnetic force fields [2,3]. We demonstrate the formation of magnetic 
Pickering microtubules (MPMT), an innovative morphology which can be obtained from the fusion of 
MPED arranged by magnetic fields. For this purpose, water-in-oil MPED stabilized by magnetite 
nanoparticles functionalized with oleic acid to achieve partial hydrophobicity (needed for droplet 
stabilization) have been used. The arrangement of these droplets is achieved thanks to spatially 
modulated magnetic fields generated by microstructured stamps [4]. The latter consist of millimeter-
sized, periodic, arrays of magnetic and nonmagnetic regions. When a magnetic field is applied in the 
direction normal to the stamp, the droplets position themselves over the magnetic bands thanks to 
magnetophoresis. Once aligned, addition of a surfactant enables partial disruption of the droplets and 
droplet fusion to obtain MPMT. To enable stable microtubules after field removal, we employ sodium 
alginate as the inner phase of the Pickering emulsion droplets, which allows crosslinking of the interior 
of the tubules. We characterize the dimensions of the MPMT for various concentrations of the magnetic 
nanoparticles and sodium alginate, as well as for different intensities of the applied magnetic field. 
Finally, we evaluate the response of the microtubules to magnetic stimuli, in the form of microtubule 
rotation or heating by induction, under application of rotating or alternate fields, respectively. 
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Thanks to their high responsiveness, microgels are gaining great importance as emulsion stabilisers, 
replacing the classical hard particles from Pickering emulsions [1]. A complete understanding of those 
stabilisation processes is vital in applications related with food industry or drug delivery. The 
electrostatic interactions play a key role in many of these applications, although the effects on the  
behaviour of the monolayers is still controversial [2]. In this work, we have analysed the conformation 
of microgels in a flat interface, as preliminary step to their study in emulsions, interacting with the 
polyoxometalate Na3PW12O40 (POM) at different concentrations.  
 
To this end, we have first characterised both bulk size, and charge of the microgels, in the presence of 
POM. To evaluate the interfacial activity, microgel monolayers were formed in a Langmuir trough. Then, 
they were deposited on a silicon substrate, and imaged with an atomic force microscopy (Figures 1b-
e). This allowed us to measure parameters such as the nearest neighbours distance (NND). After 
analysing the results, we could observe that the presence of POM decreased significantly the NND.  
Moreover, the results in 1a showed that the NND for the microgels deposited at 5 mN/m with 10−5M 
of POM , is the same that the one in the absence of salt at 20 mN/m, thus providing a new approach 
to compress the monolayer without applying external mechanical forces. Furthermore, the NND did not 
change upon variations of the microgel’s charge, as it could be expected from [2]. We can then conclude 
that the POM strongly affects the bulk properties of microgels, where the charge is very sensitive to 
the POM concentration. Likewise, the arrangement of microgels in the interface is affected by the 
presence of salt, provoking an effect which seems to be deeper than the purely electrostatic.  
 

 
a) Nearest Neighbour Distance at two surface pressures, and electrophoretic mobility, vs POM concentration. b-d) 
AFM images of the deposited microgels at two surface pressures and POM concentrations. 
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Natural enzymes are extremely efficient at catalyzing a huge variety of reactions with high substrate 
specify, activities and yields under mild reaction conditions. As a result, there has been a significant 
interest in using them for diverse applications. However, problems as low operational stability, 
sensitivity to environmental conditions, difficulties in recovery and recycling limit their applications. To 
overcome these limitations great efforts have been made to explore efficient mimetic materials of these 
natural enzymes. Although nowadays it is well established that nanomaterials mimicking natural 
enzymes, nanozymes, posse several distinct advantages over natural enzymes as well as other reported 
artificial enzymes, they still face several limitations.   
Here we introduced the covalent linkage of aptamer binding sites to nanozymes as a versatile method 
to improve the catalytic activity of nanozymes by concentrating the reaction substrates at the catalytic 
nanozyme core, thereby emulating the binding and catalytic active-site functions of native enzymes. 
Prussian blue (PB) nanozymes, consisting of cyanic-bridged cubic networks alternately connected by 
Fe2+─CN─Fe3+, were chosen as the nanozymes models because of the possibility of the synthesis of 
different structural analogues that might lead to a multienzyme activities  
The PB was functionalized with the L-hydroxy argenine aptamer binding aptamer for the H2O2-
mediated oxidation of N-hydroxy-L-arginine to L-citrulline The aptananozymes reveal enhanced catalytic 
activities as compared to the separated catalyst and respective aptamer constituents.  

 
Schematic model of the catalytic “aptananozymes” 
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Phase separation in macromolecular solutions has been widely investigated.1 Macromolecules sensitive 
to environmental conditions (e.g. T, pH or ionic strength) constitute model systems to prompt and 
study controlled phase transitions with multiple potential applications (e.g. drug delivery, fabrication of 
materials). Archetypical example is the thermosensitive polymer poly(N-isopropylacrylamide), PNIPAM, 
which is water soluble at low temperatures, and becomes insoluble at temperatures above the lower 
critical solution temperature LCST. In this work, we show how the phase separation of PNIPAM chains 
solutions can be dynamically controlled by adjusting the physicochemical environment. In particular, 
the presence of hydrophobic/associative ions (NaPh4B) limits the polymer phase separation at 
temperatures above the LCST. In these conditions macromolecule-rich droplets of relatively uniform 
size are formed and stabilized at high temperatures and reversibly disassembly at low temperatures2. 
The limited coalescence and formation of calibrated polymer drops open pathways for fine tunning of 
particle size and reversible sequestration/compartmentalization. The dynamic of the process and the 
final particle size are strongly dependent of the type of ions present and the salt/polymer concentration 
ratio. We have shown that the stability of the liquid polymer-rich droplets is governed by electrostatic 
effects; as a consequence, it is progressively limited by increasing concentration of non-adsorbing salts. 
In this work we explore the possible mechanisms underlying this limited drop coalescence by combining 
physical modeling with molecular dynamic simulations, outlining a rational method for dynamic control 
of formation and disappearance of calibrated PNIPAM-rich droplets.  
 

 
Black solid squares: average diameter of the PNIPAM aggregates versus NaPh4B concentration obtained 
experimentally by DLS. Blue solid line: theoretical prediction. Snapshot: atomistic simulation of PNIPAM particle 
interacting with Na+ and Ph4B- ions. 
 
 
References 
1. L-P. Bergeron-Sandoval, N. Safaee, S W. Michnick, Cell, 2016, 165, 1067.  
2. L. Pérez-Fuentes, D. Bastos-González, J. Faraudo, C. Drummond, Soft Matter, 2018, 14, 7818. 
 
 
We thank the support provided by the Junta de Andalucía and the European Regional Development 
Fund - Consejería de Conocimiento, Investigación y Universidad (Projects PY20-00241, A-FQM-90-
UGR20). 



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

109 
 

P-18 - Conjugation of tetrapyrrolic macrocycles with carbon nanomaterials: Exploiting 
their behaviour from solution to biological médium 

1 Dr Carla Isabel Madeira Santos, 2 Prof Dr Maria Graça Pinho Morgado Silva Neves,  
1 Prof Dr José Manuel Gaspar Martinho, 1 Dr Ermelinda Sengo Maçôas 

1 Centro de Química Estrutural, Instituto Superior Técnico, 2 LAQV-REQUIMTE, Department of 
Chemistry 

 
Photodynamic therapy (PDT) has been considered as a non-invasive treatment with less side effects 
when compared to conventional cancer treatments such as chemotherapy, radiotherapy and 
immunotherapy. In this therapeutic approach, the activation of molecules by visible or near infrared 
light irradiation at an appropriate wavelength in the presence of dioxygen is fundamental to generate 
cytotoxic reactive oxygen species (ROS), responsible by the oxidation  of  cellular constituents in the 
target tissue  provoking   the cell death. Ideally, the dyes, known as photosensitisers (PS), should be 
compounds with insignificant dark toxicity and some degree of hydrophilicity.   
Among the high number of PS that have been studied in vitro and in vivo a special attention has been 
dedicated to porphyrins, pyrroles and phthalocyanines due to their high singlet oxygen yield, low toxicity 
and unique optical and electronic properties. However, the poor water solubility of tetrapyrrolic 
macrocycles can lead to formation of aggregates compromising their use in PDT.  
To prevent aggregation, several studies have been focused on the incorporation of PS into 
nanomaterials such as carbon-based nanomaterials. The development of conjugates based on 
porphyrins and carbon nanomaterials for cancer therapy is a recent topic of research with promising 
results found for graphene quantum dots (GQDs).  
 
GQDs possess excellent optical and electronic properties coupled with high photostability, aqueous 
solubility and biocompatibility [1]. The presence of carboxyl and hydroxyl groups on their surface and 
edges enable covalent attachment, electrostatic interactions and hydrogen bonding with other suitable 
moieties [2]. In addition, the nonlinear optical response of GQDs presents great opportunities for the 
development of optical sensors operating in biological media.  
 
In the present study GQDs have been conjugated covalently and non-covalently with tetrapyrrolic 
macrocycles (pyrroles, porphyrins and phthalocyanines). The optical and structural characterization of 
the resultant hybrid materials is discussed. Preliminary studies on cellular uptake and distribution, using 
confocal and multiphoton microscopy, are presented. 
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The use of nanoparticles as therapeutic and diagnostic (theranostic) devices for different diseases has 
led to the development of a new discipline known as Nanomedicine. Recently, the application of lipidic 
nanoparticles used as carriers for mRNA vaccines against COVID-19 has provided a clear example of 
the potential of nanomedicine to diagnose, prevent and treat infective, genetical, and chronic-
degenerative diseases, including cancer. Light-responsive nanoparticles are particularly appellative as 
they allow to activate the therapy in a spatio-temporal fashion. The preclinical assessment of novel 
theranostic nanoparticles aimed to fight cancer involve the co-culture with 2D cancer cell monolayer 
culture, 3D tumor spheroids and evaluation in animal models, thus, their colloidal stability as well as 
the preservation of their functional properties (i.e., light-responsiveness) are important parameters to 
be evaluated prior the in vitro and in vivo assays. In this work, we present the preparation of pegylated 
hollow gold nanoshells obtained by a galvanic replacement method, and doxorubicin-loaded poly(lactic-
co-glycolic) acid (PLGA) nanoparticles obtained by a double-emulsion method. PLGA NPs were surface-
functionalized with indocyanine green (ICG), a near infrared photosensitizer. The colloidal stability of 
nanoparticles at different pH’s and biologically relevant media was evaluated through size, zeta potential 
and polydispersity index measurements; and the optical and photothermal properties were determined 
by UV-vis spectrophotometry and laser-activated temperature increase measurements in colloidal 
dispersion, respectively.   
 

 
Size, zeta potential, PDI and UV-vis spectra of hollow gold nanoshells in saline (0.9%) solution at different pH's. 

 
 

 
Universidad de Guadalajara, PROSNI 2022, 265180. 
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Porous Organic Polymers (POPs) are amorphous macromolecules with unique properties as they are 
custom-built through a rational design at molecular level.[1] In this project, three POPs were 
synthesized by a polycondensation reaction between melamine and C2 functionalized and non-
functionalized dialdehydes (Scheme 1)[2], using conventional heating. The presence of different 
functionalities in the aldehyde moiety allows to measure how different properties (e.g., pore size, 
surface area, surface charge and wall modification) affect the performance of the POPs in pollutant 
adsorption and catalysis. The POPs were characterized by FTIR-ATR, SEM, thermogravimetry, nitrogen 
sorption analysis, DLS and ζ-potential, showing micro and mesoporous aminal crosslinked structures, 
endowed with high thermal stability (up to 400 ºC), and being constituted by positively charged surface 
colloidal monodispersed particles. The adsorption studies of anionic dye methyl orange (MO) 
demonstrated that both nitrogen-rich POPs (T-POP1, T-POP2 and T-POP3) are excellent MO adsorbents, 
removing the pollutant from 10 ppm aqueous solutions with an efficiency higher than 99% in just 10 – 
20 minutes. The POPs were also effective in the adsorption of the cationic methylene blue (MB, 10 
ppm), with efficiencies up to ca. 99%, achieved using T-POP3, possibly due to favorable interactions 
via deprotonation of its carboxylic functional groups. Each of the adsorption equilibrium data were 
better fitted by one of three isotherms evaluated [3]: Langmuir (for MB uptake in T-POP3), Freundlich 
(for MO and MB sorption in T-POP2) or Hill (for MO and MB removal by T-POP1; and MO capture by T-
POP3) equations. Thereafter, the simultaneous removal of both dyes was also promising. The POPs 
and Cu(II)–loaded POPs[4] were used as heterogeneous catalysts in Henry reactions, and excellent 
conversions (up to 97%) were obtained always maintaining good selectivities for the nitroalcohols (up 
to 100%).  

 
Scheme 1. Synthesis of melamine-based aminal POPs for application in Henry reactions and pollutant adsorption. 
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The rational design of novel anticancer drugs or effective nanosystems loaded with drugs and/or 
bioactive molecules requires the complex knowledge of the interaction of drugs or nanosystems with 
biological media. In the case of the development of anti-cancer drugs or drug nanocarriers, their ability 
to identify the cancerous cell peculiarities and the markers or tumor receptors is highly relevant. In this 
sense, it is well known that the lipid composition of the cancerous cell membranes differs from the 
healthy cell membranes [1–4] and this fact determines the fluidity of the cell membranes.  
Langmuir monolayers at the air-water interface have been widely used to mimic cell membranes as this 
technique allows fine control over the composition and packing of the membrane model.   
In this work has been modeled a healthy cell membrane with a mixed monolayer of cholesterol (CHO) 
and the unsaturated lipid 2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) in the proportion of 
CHO:DPPC = 0.67, and a cancer cell membrane with a mixed monolayer of CHO and the saturated lipid 
sphingomyelin (SPH) in the proportion of CHO:SPH = 0.25.  
The effect of a bioactive natural compound, Curcumin, which has anti-cancer properties, on both 
healthy and cancer cell membrane models has been evaluated by mixing Thermodynamics, BAM, and 
AFM images.  
 
The most remarkable results are the evidence of strong destabilization of the tumor cell membrane 
model by curcumin, which is not evidenced in the healthy cell membrane model. The presence of 
curcumin in the healthy cell membrane model improves its cohesion.  Conversely, the presence of 
curcumin in the cancerous cell model membrane seems to impart repulsive forces in the monolayer 
causing thermodynamic destabilization and fluidizing. These results indicate that curcumin disrupts to 
a larger extent the tumor cell membrane model than the healthy cell membrane model.  

 
Scheme of Langmuir film experimental studies on cell membrane models 
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Rosiglitazone is a selective agonist of peroxisome proliferator-activated receptor γ (PPARγ), which 
induces insulin sensitization, and is commonly used as an antidiabetic drug. However, several lines of 
evidence suggest that rosiglitazone is associated with increased cardiovascular risks [1]. Therefore, the 
detection and isolation of novel natural products that may be used therapeutically via transactivation 
of PPARγ is of great importance. In this context, selective recognition elements can be tailored by using 
rosiglitazone as a model compound.  
 
 Molecularly imprinted polymers (MIPs) possess tuneable selectivity for quick and cost-effective capture 
of target biomolecules [2]. These mimetic synthesized materials can be incorporated into biosensors, 
originating simple and sensitive methods to separate and detect compounds of interest. Label-free 
optical readouts based on photonic crystals may be integrated with hydrogels, which are crosslinked 
hydrophilic polymers. Simultaneous imprinting of the hydrogel with the target molecule creates a 
photonic MIP. Opaline photonic crystals are dielectric three-dimensional ordered structures with 
archetypal properties for photonic and optoelectronic applications, which may serve as a template for 
the development of more sensitive and stable inverse opal structures whose analyte-induced changes 
of the structural colour can be used for sensing purposes [3,4].  
 
Herein, the sensor fabrication started by preparing opaline films of polymethyl methacrylate colloidal 
particles self-assembled on glass substrates. TiO2 was infiltrated as precursor and the sacrificial colloidal 
crystal template was then removed by calcination, resulting in a porous inverse opal structure. 
Introducing the inverse opal in the hydrogel matrix, polymerized in the presence of rosiglitazone, results 
in a photonic MIP. After removal of the rosiglitazone molecules, the recognition cavities provide selective 
recognition in which the reflectance properties of the photonic hydrogel vary depending on the presence 
and concentration of rosiglitazone. 
  
The development of stable, sensitive, and selective low-cost biosensors based on inverse opal photonic 
MIPs to detect PPARγ agonists may contribute to a novel separation method in drug discovery. 
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Electrochemical biosensors are devices designed to generate biochemical information in point-of-care. 
The most well-known electrochemical biosensors are the glucose strips. In general, they have a 
biorecognition element that is able to recognize/react with the biochemical compound being targeted, 
assembled on specific substrates. Substrates may be cellulose, ceramics, glass, or other polymeric 
supports combining 2 or 3-electrode systems made by conductive material. These substrates condition 
in turn the electrochemical output of these biosensors, meaning that it is important to understand which 
material is best for a given condition. In another hand, as biosensors are of single use, it is important 
that they are reproducible among them and easy to achieve, at a low cost.  
New screen-printed electrodes are produced herein by applying different types of ink on different flat 
substrates (metal; polyvinyl chloride, polycarbonate and magnetic), allowing the production of more 
than 20 screen-printed electrodes in each procedure. Several optimizations of the cleaning process 
were made, until the best electrical features in each substrate were achieved. Several electrochemical 
techniques were used for this purpose, such as cyclic voltammetry, square wave voltammetry and 
electrochemical impedance spectroscopy.   
 
As proof-of-concept, such devices are to be modified with a molecularly-imprinted polymer on the 
working electrode, targeting a given biomarker. For this purpose, the surface was modified with gold-
nanoparticles and then bulk polymerization was applied, undergoing suitable conditions.     
Overall, this study brings the possibility of manufacturing electrodes with 3 carbon electrode systems 
for point-of-care use. This approach is much less expensive than commercial systems with 3-electrodes 
made of carbon, which are expensive and take longer time to get. In addition, commercial electrodes 
tend to show some from batch-to-batch variability, which conditions the design of novel biosensors 
using these substrates. In alternative, when produced in a homemade-based approach, their 
reproducibility increases and their cost decreases as well.  
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Worldwide pollution from conventional plastics accounts for tonnes of water. Each year, about  
12.7 million tonnes of plastic are dumped into the oceans, causing serious, mostly irreversible,  
environmental consequences. [1]. 
 
 Biocomposites provide an exceptional alternative to traditional plastics. However, it is critical  
to explore novel and unprecedented sustainable combinations of polymers (used as a matrix)  
and natural fibres of plant origin as reinforcing materials, and to find appropriate  
biodegradation rates that help protect the environment. [2] 
 
 This project aims to develop specific biodegradable composites combining thermoplastic  
biopolymers of natural and synthetic origin with plant fibres obtained from the residues of  
water treatment plants of the paper industry. To achieve better compatibility between  
polymers and fibres, some physicochemical modifications of the fibres and the use of coupling  
agents have been made. These chemical and physical properties will be monitored to evaluate  
the relationship between microstructure, mechanical strength and interfacial adhesion. This  
project will help to improve the control of the properties of biocomposites made from  
biopolymers and plant fibres. Mechanical strength, thermal resistance, durability, and  
biodegradability remain important, especially when compared to composites made with  
conventional polymers. [3] 
  

 
 

Figure 1. Schematic illustration of a Biocomposite.  
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Essential oils (EO) are natural, fragrant oily liquids, extracted from different parts of plants. With 
complex composition, EO chemical richness allows them to exhibit a very interesting set of antimicrobial 
and medicinal properties, that find enforcement in the most diverse areas[ 1]. In recent years, along 
with a progressive ecological awareness, the cosmetic industry has increasingly renewed the interest 
in more sustainable, natural-based, and synthetic-free products [2]. The bioactive properties of EO, 
combined with natural and/or biodegradable ingredients, are an attractive strategy, that aims to reduce 
the global impact of synthetic ingredients, as well as contribute to a positive effect in health and 
environment [3].  
 
The main goal of this work was to stabilize some antimicrobial EO (thyme, oregano and mint) in water, 
to allow their incorporation in some cosmetic products, as well as to prevent their oxidation and 
evaporation, Scheme 1. In the first approach, sunflower oil (SO) was used as a model, and 
emulsification was promoted using a set of natural surfactants. The best results were replicated with 
the selected EO, with equivalent results. In the further steps, using SO, several combinations of 
surfactants were used to disclose the best system, and the effect of polymer addition in the 
emulsification was analysed. With several natural polymers, emulsification indexes of 100% were 
obtained, some of them with no visible phase separation after 30 days. Accelerated stability studies 
were performed, and the best combination of surfactants and polymers was accessed. According to 
these results, emulsification of the selected EO was promoted. The comparative behaviour of SO and 
EO and the stability of their emulsions will be disclosed in this communication.  
 

 
Scheme 1 
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In the last decades there has been a growing concern to design new protocols to reduce chemical 
pollution. The development of sustainable green chemistry, through the implementation of renewable 
raw materials as starting compounds, will be fundamental in a close future. In fact, the interest in this 
area can lead to the growth of opportunities to eliminate harmful substances. Hence, the development 
of new synthetic methodologies for the valorisation of used cooking oils (UCO) is not only important 
from a scientific outlook but also for the world’s circular economy. 
  
In the last two decades, pharmaceutical, biofuel and detergent industries have reported the advantages 
of enzyme catalysis in commercial-scale applications.[1] In this context, we have been focused on a 
biomimetic approach to the role of lipases for an efficient and stable conversion of UCO into fatty acids. 
The hydrolysis reaction was studied in the presence of different additives, optimized by response 
surfaces methodology (RSM) analysis, and improved with the effect of enzyme concentration and 
stirring speed.  
 
The optimized hydrolysis strategy allowed the production of fatty acids, which can be applied to the 
synthesis of biobased surfactants. Petrochemical-based surfactants can cause some environmental 
problems. Therefore, biobased surfactants began to be developed and mainly prepared resorting to 3 
strategies: using degradable or renewable raw materials; introducing degradable features into the 
products; or using long-chain surfactants, in order to decrease the amount of surfactants in the final 
formulations.[2] In this context, we have started the study of esterification and transterification 
reactions (conventional and enzymatic) of fatty acids and fatty alcohols using triethanolamine and 
glycine betaine as precursors. This allowed the production of cationic surfactants, which can be 
incorporated in new detergent formulations, after properly characterized.  
In this communication, details of these studies will be disclosed.  
 

 
Synthetic pathway to cationic and amino acid surfactants from used cooking oils. 
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Langmuir monolayers have been widely used to mimic half of a cell membrane to study membrane-
anticancer drugs and membrane-drug nanocarriers interactions under controlled conditions. Although 
it is well known that the lipid composition differs from cancerous to healthy cell membranes, replicating 
the composition of a model membrane with lipid mixtures is also an arduous task since the composition 
varies with the cell type and other components are present in the membrane. Therefore, the formation 
of Langmuir films with membranes extracted from real cells may overcome this limitation.  
As a first approach, in this work a healthy and a tumor cell membrane were modeled by mixing a 
saturated lipid dipalmitoylphosphatidylcholine and high cholesterol proportion (Chol:DPPC=0.67), and 
a lower proportion of cholesterol and an unsaturated lipid sphingomyelin (Chol:Sph=0.25), respectively. 
The effect of curcumin (Cur), which has anti-cancer properties, has been evaluated on both models by 
analyzing the compression isotherms, and by BAM and AFM imaging. The results shows that curcumin 
disrupts the cancerous model provoking repulsive forces, and causing thermodynamic destabilization 
and fluidizing, whereas it improves cohesion in the healthy one.   
These findings  were completed by means of all-atoms Molecular Dynamics simulations. The healthy 
and tumor monolayers were simulated on a water-vacuum interface and Cur molecules were placed at 
different locations of the monolayers to elucidate the most energetically favorable position of the Cur.  
As an improvement to better match the real systems, it was possible to create stable Langmuir films of 
membranes extracted from human breast adenocarcinoma cells (line MCF-7). Doxorubicin anticancer 
drug was then introduced into the subphase and the changes in surface pressure were recorded to 
observe its effect on the membrane films. This novel result confirms that it is possible to evaluate the 
interaction of an anticancer drug with real cancer cell membranes by using Langmuir monolayers.  

 
Sketch of the experimental and computational procedure to characterize the membrane-drug interactions 
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Nanomedicine as a new alternative way to treat cancer has increased expectations for the solution of 
many biomedical challenges in the fight against this disease. Whit this aim, many different nanosystems 
with high specificity, sensitivity and selectivity have been designed and approved for clinical use in the 
last decades. However, despite the considerable progress reached, there are still different hurdles that 
limit the clinical application of the nanoparticle systems (NPs). One of them corresponds to the 
physiological process known as protein corona (PC) formation. When  NPs  reach  a  physiological  
environment,  many  biomolecules  (mostly  proteins)  could  be adsorbed  to  their  surface,  giving  
NPs  a  new  biological  identity,  and  affecting  the smart functionality of the nanosystem [1].  
 
In this work, we have tried to simulate the formation of a PC on the surface of smart lipid liquid 
nanocapsules (LLNCs) based on previous preparations [2]. Briefly, LLNCs consist in an  oily  core (olive  
oil)  surrounded  by  a  polymeric  shell  that  stabilizes  the  system.  LLNCs show great potential as  
therapeutic  agents  against  cancer,  as  they  are  able  to  efficiently  encapsulate chemotherapeutical  
lipophilic drugs  and  protect  them  from  degradation.  The polymeric shell is composed by 
phospholipids, a non-ionic surfactant with hydrophilic chains and deoxycholic acid, where a monoclonal 
antibody, IgG-aHER2, is covalently attached. This antibody is specific to recognize HER2 receptors, 
which are overexpressed in some breast cancer cell lines.   
After PC arrangement, we have developed a colloidal characterization of LLNCs including size analysis, 
electrokinetic behavior and colloidal stability experiments in different media. Finally, through  confocal  
microscopy  and  flow cytometry experiments we proved that LLNCs with surface PC and loaded with 
a fluorescent probe, Red  Nile, can recognize the HER2 receptor in two  different  breast  cancer  cell 
lines (MDA-MB-231  and  SKBR-3) while the PC formation can affect the cellular uptake kinetic.  

 
Possible effects on nanoparticle stability and pharmacokinetics due to protein corona formation.  
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Chiral plasmonics [1] lies at a convergence of scientific disciplines, including physics, synthetic 
chemistry, and biochemistry. Thanks to their unique optical and plasmonic properties, tunable 
morphology, and well-defined synthesis methods, gold nanorods (AuNRs) have become the most 
popular plasmonic nanomaterials. Our group has recently reported the use of AuNRs as templates for 
the growth of chiral plasmonic nanoparticles. [2] Although high anisotropy factors were reported, the 
effect of various parameters on the chiral plasmonic response remains to be understood. Therefore, 
optimization of such parameters is expected to maximize the anisotropic response to circularly polarized 
light (g-factor), thereby facilitating the use of chiral nanosystems in biosensing.  
Chiral overgrowth was explored by using both enantiomers of 1,1′-binaphthyl-2,2′-diamine 
(BINAMINE), cetyltrimethyl ammonium chloride (CTAC) and AuNR seeds. In this work, nanorod seeds 
at a range of sizes were synthesized, and the role of seed aspect ratio and concentration on the resulting 
g-factors from chiral rods were investigated. From AuNR seeds having an aspect ratio from 2 – 6, chiral 
nanorods were obtained possessing g-factors ranging from 2 – 12 %. An alternative approach using 
pentatwinned rods was also considered to increase the library of seeds from which chiral rods may be 
synthesized, with a broader potential range of aspect ratios. 
  
 
References 
1. Vila-Liarte, D., et. al., Kotov, N. A., Liz-Marzan, L., Chem. Sci., 2021, 13(3), 595-610.  
2. González-Rubio, G., et. al., Liz-Marzan, L., Science, 2020, 368(6498), 1472-1477.  
 
 
 



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

121 
 

P-30 - Aptamer–nanoparticle complexes as promising diagnostic and therapeutic tools. 
1 Miss Laura Armero Hernández, 1,2 Dr Isabel García, 1,3 Prof Dr Luis María Liz-Marzán 

1 CIC biomaGUNE, Basque Research and Technology Alliance (BRTA), 2 Biomedical Research 
Networking Center in Bioengineering, Biomaterials, and Nanomedicine (CIBER-BBN), 3 

IKERBASQUE, Basque Foundation for Scienc 
 
DNA/RNA aptamers are single-stranded nucleic acids with high affinity to proteins or other low and 
macromolecular compounds, comparable with antibody affinity. Over the past two decades, they have 
received more recognition due to their ability at biorecognition to create biosensors and new therapeutic 
applications [1]. Systems in which DNA/RNA aptamers are adsorbed onto gold nanoparticles have the 
potential for applications in gene regulation therapies, drug delivery, sensing, and DNA scaffolding.  
Herein, we have prepared gold nanoparticles with different loading of DNA and gold nanoclusters 
designed to stabilize aptamers as sensing and delivery nanotechnology systems, respectively. However, 
evaluating the interactions between engineered nanoparticles and biofunctional surfaces for their 
respective application areas is critical. To study that, we have combined these tools with the quartz 
crystal microbalance-dissipation (QCM-D) technique [2], which allows the determination of an additional 
mass per unit area by measuring the frequency shift of the mechanical resonance of a quartz crystal. 
Different sensing QCM surfaces have been prepared to study nanoparticle interaction inflow conditions.  
As diagnostic DNA aptamer, we are working with the aptamer against the Prostate-specific antigen 
(PSA), which is widely used to detect and monitor patients with prostate cancer [3]. As a therapeutic 
DNA aptamer, we were preparing nanoplatforms to incorporate a DNA aptamer that specifically blocks 
HuR SUMOylation, a posttranslational protein modification that contributes to liver cancer progression. 
Its inhibition, alone or with currently approved therapies, will result in hepatic tumour regression [4]. 
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A Schiff base is a functional group that contains a carbon–nitrogen double bond and forms a stable 
imine [1]. Schiff bases are considered "privileged ligands" because they have the ability to form 
coordination complexes with practically all transition metals, giving rise to metal-Schiff-type complexes. 
Some of them have also a chiral structure that allows them to act as catalysts in a large number of 
asymmetric reactions [2]. To avoid the requirement of product separation processes, the immobilization 
of Schiff bases on solid supports has been extensively studied in recent decades, aiming to obtain 
heterogeneous catalysts that can be easily separated from the products [3].  
In this context, this work focuses on the preparation of catalytic nanoparticles formed by a polymer 
core and a functional corona that contains metal complexes of Schiff-base type. The nanoparticles are 
synthesized by miniemulsion polymerization and subsequently applied to the catalysis of epoxidation 
reactions of alkens. To do this, the synthesis of various polymerizable and chiral Schiff-type ligands was 
first carried out. Subsequently, the nanoparticles were prepared by miniemulsion copolymerization of 
styrene and the previously synthesized Schiff-ligands.  
In the second part of the work, the Schiff base ligands present on the surface of the nanoparticles were 
complexed with Mn(III), the presence of which was demonstrated by energy dispersive X-ray (EDX) 
spectroscopy coupled with SEM. Finally, the catalytic properties of the nanoparticles for the epoxidation 
reaction of three substrates, namely styrene, indene and naphthalene, were studied. The kinetics of 
the reactions was followed by gas chromatography (GC), and conversions greater than 95% were 
obtained for all substrates.  
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Liposomes are hollow vesicle structures that can be synthesized from bilayer forming lipids [1]. Metal 
ionophores are widely studied by its activity as transmembrane ion transporters and their possible 
applications [2]. Our aim in this work is to insert artificial magnesium ionophores into lipid bilayers and 
in HeLa cells to reproduce the transport of magnesium to its interior. For this purpose, we will use a 
lipid model of giant unilamellar vesicles (GUVs) synthesized via electroswelling. For the optical studies, 
we inserted Texas-Red in the GUVs to observe its membrane and Mag-Fluo-4 in its core, so we could 
observe when the magnesium ions entered inside liposomes or in cells.   
After colloidal synthesis, we observed an entrance of magnesium to the liposomes with the presence 
of the magnesium I and VI ionophores. These transporters were evaluated in terms of membrane 
incorporation and Mg transport. A higher efficiency of magnesium VI ionophore was quantified. Then, 
we performed a kinetic study with calcium ions using the magnesium VI ionophore in which was showed 
a less effective transport of this ion. Finally, a parallel study was done in HeLa cells, where it was 
possible to observe how the transporters were inserted into the cell membrane and an increased entry 
of ions appeared with magnesium VI ionophore compared to the cells without de ionophore. These 
results were similar as those obtained in GUVs, previously.  
 

                      
Figure A shows the magnesium transported into liposomes and Figure B shows transport of magnesium to the 
cytoplasm HeLa cells. 
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Polyurethanes (PUs) are an important and extremely versatile class of materials. They are the reaction 
product of an isocyanate and a polyol, and, depending on the type of materials used, they can be 
tailored to be rigid or flexible, for a wide range of end-user applications, including coatings and 
adhesives. 
 
 One of the biggest concerns about polyurethanes is their solvent-borne nature, due to the release of 
large amounts of volatile organic compounds (VOCs) during the formulation process and application. 
Thus, water-borne polyurethanes dispersions (PUDs) have emerged as an important alternative to their 
solvent-borne counterparts [1].  
 
Commonly, polyurethanes are highly hydrophobic, and their dispersion requires strong shear forces and 
external emulsifiers [2]. Depending on the conditions used, PUDs can be classified according to their 
appearance and particle size. Aqueous solutions have particle sizes of less than 1 nm and are colorless 
and transparent; dispersions are slightly turbid, white, and translucent with particle sizes between 1 
and 100 nm; emulsions have particles sizes higher than 100 nm and are white and turbid [3]. 
Appropriate stabilization is required in dispersions and emulsions to hinder phase separation, 
sedimentation, flotation, or agglomeration of materials. Surfactants are widely used as external 
emulsifiers to polyurethane dispersions. Also, polymers can play an important role in the stabilization 
of the dispersions, either by electrostatic or steric stabilization, or both. 
 
In this work, surfactants and polymers were used to form water-borne polyurethanes dispersions and 
their influence on the stabilization was studied. Anionic and non-ionic surfactants were used, as well as 
polymers with different hydrophilicities. 

 
Possible stabilization mechanisms of water-borne polyurethane dispersions. 
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Light scattering techniques are widely used to characterise nanoparticle size. However, the range of 
application of standard light scattering is restricted to low concentration in order to avoid multiple 
scattering. The high degree of dilution required generally limits its use for relevant systems and makes 
it impossible to study processes that occur only in concentrated media, such as gelation or phase 
separation [1]. In last years, two complementary routes overcome the limitations of traditional light 
scattering techniques with respect to multiple scattering of light: 3D Dynamic Light Scattering (3D-DLS) 
and Diffusing Wave Spectroscopy (DWS). Both techniques analyse the temporal fluctuations of the 
scattered light however overcome the undesired multiple scattering effects in different ways. 3D-DLS 
works with a two detectors cross correlation scheme [2]. DWS treats the transport of light as a diffusion 
process [3]. In this work, we will explore the scope of both techniques to measure nanoparticle size 
over a wide range of particle concentrations. We will show how DWS can also accurately measure the 
nanoparticle size although this technique is generally used to study the microrheology of the system. 
We will highlight the differences between the two techniques both in the measurement process and in 
the analysis of the experimental data. Finally, this study will allow us to establish the advantages and 
disadvantages of using each technique under different experimental conditions. 
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Microcontaminants consist of both natural and anthropogenic substances present in trace 
concentrations, mainly in wastewater. Among these pollutants especially relevant are those that 
influence the activity of natural substances in living organisms, being able to alter biochemical processes 
and affect the growth and reproduction of living organisms. These so-called endocrine disruptors can 
show effects at very low concentrations [1]. 
 
One solution to eliminate them is the use of nanosized catalysts in combination with ultraviolet or visible 
light irradiation. Classical photocatalysts, such as TiO2, have the drawback that they only absorb in the 
UV region and have very low efficiencies due to rapid electron-hole recombination. Atomic quantum 
clusters (AQCs) proved capable of modifying TiO2 bandgap, making traditional semiconductors to 
absorb into the visible region [2]. 
 
We have synthesized and characterized several SnO2/TiO2 hybrid materials as support for the 
deposition of silver AQCs. Synthesis was based on bottom-up approaches (sol-gel method, chemical 
precipitation), easy to scale up [3]. These materials were physicochemically characterized to 
determinate the crystalline structure, the morphology and their chemical composition and homogeneity.   
Silver AQCs were deposited onto these hybrid materials by incipient wetness impregnation, and 
characterized by UV-Vis spectroscopy to check the improvement in optical properties (increasing 
absorption by visible light due to the appearance of midgaps), making these materials interesting for 
photocatalytic reactions [2]. First photocatalytic studies were carried out with the degradation of 
methylene blue in water, using a solar simulator. 
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Surfactants are ubiquitously used and have become indispensable in our daily lives. However, these 
molecules are usually produced using non-renewable raw materials [1, 2]. The increasing production 
of surfactants has led to some environmental and health concerns, making the search for new 
sustainable and viable alternatives inevitable. Sugar-based surfactants derived from renewable sources 
are excellent candidates to address this issue. However, cationic sugar-based surfactants have been 
less studied, which is unfortunate because they have excellent properties compared to other types of 
surfactants, such as antimicrobial activity, high ecological and dermatological biocompatibility, and high 
biodegradability [3, 4]. In this work, new alkyl glycoside hydrochlorides were synthesized, using a two-
step procedure, and characterized regarding their physico-chemical properties in aqueous solution and 
biodegradability in river water. Glucose and galactose were used as the headgroup and amine 
derivatives, with different alkyl chain length, were used as the nonpolar part. 

 
Figure 1 - Sustainable life cycle for new generation of cationic sugar-based surfactants. 
 
 
References 
1. Holmberg, Krister, et al. Polymers in aqueous solution. 2002.  
2. M. Palmer, H. Hatley / Water Research 147 (2018)  
3. Ruiz, Cristobal Carnero. Sugar-based surfactants: fundamentals and applications. 2008.  
4. C.F. Jesus, Andreia A.S. Alves, Sónia M. Fiuza Journal of Molecular Liquids 342 (2021) 
 
 
Thanks are due to Coimbra Chemistry Centre (CQC), supported by the Portuguese Agency for Scientific 
Research and PT2020 – Sistema de Incentivos à Investigação e Desenvolvimento Tecnológico (SI 
I&DT), AVISO 13/SI/2020.  



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

128 
 

P-37 - Enhancement of the potency and efficacy of the antiretroviral drugs in HIV 
reservoirs through the use of biocompatible liposomes 

1 Miss Marta Martínez-Santa, 3,2 Dr Francisco José Ostos, 1 Dr José Antonio Lebrón, 4 Dr Manuel 
López-López, 1 Dr Eva Bernal, 1 Prof Dr María Luisa Moyá, 2 Dr Ezequiel Ruiz-Mateos,  

3,2 Dr Mohammed Rafii-El-Idrissi Benhnia, 1 Prof Dr Pilar López-Cornejo 
1 Department of Physical Chemistry, Faculty of Chemistry, University of Seville, 2 Clinical Unit of 

Infectious Diseases, Microbiology and Preventive Medicine, Institute of Biomedicine of Seville (IBiS), 
Virgen del Rocío University Hospital, CSIC, University of Seville, 3 Department of Medical 

Biochemistry, Molecular Biology, and Immunology, School of Medicine, University of Seville, 4 

Department of Chemical Engineering, Physical Chemistry and Materials Science, Faculty of 
Experimental Sciences, University of Huelva, Campus de El Carmen 

 
Liposomes are spherical structures composed by a hydrophobic phospholipid bilayer and an inner 
aqueous polar region, which let them to host both hydrophilic and hydrophobic compounds. This 
advantage together with their biocompatibility, biodegradation, high stability, low toxicity and 
immunogenicity, as well as their spontaneous formation in aqueous solutions and controlled release 
make them promising nanocarriers of different drugs [1], such as antiretrovirals. Human 
immunodeficiency virus (HIV) preferentially infects activated CD4+ T cells, leading to massive viral 
replication that can be controlled with an effective antiretroviral therapy (ART). However, HIV infection 
remains incurable due to the persistence of latent virus in lymph nodes reservoirs, where HIV is 
unaffected by ART and hidden from the immune system [2]. For this purpose, a triple combination of 
antiretroviral drugs (bictegravir/nevirapine + tenofovir + emtricitabin, cART) was encapsulated into 
phosphatidylcholine (PC), cholesterol (CHO) and ruthenium(II)-based liposomes (PC:CHO and 
PC:CHO:RuC19C19) and drug release assays were carried out. Both systems presented a good 
encapsulation efficiency and slow controlled release of these drugs, which could enhance their 
therapeutic effect in HIV-infected patients. In addition, the cytoxicity of both liposomes was evaluated 
in human monocyte and T-lymphocyte cell lines as well as in Peripheral Blood Mononuclear Cells 
(PBMCs), isolated from healthy donors and HIV-infected patients. Their hemolytic and platelet 
aggregation effects were also investigated in vitro. Both systems showed high biocompatibility in all in 
vitro experiments up to a concentration value of 37 µg•mL-1. Furthermore, PC:CHO:RuC19C19-based 
liposome showed fluorescent properties that will make it easy to follow in future in vitro and in vivo 
experiments. Therefore, cART-loaded liposomes, could be considered promising platforms to increase 
the ability of the drugs to home HIV reservoirs and decrease HIV DNA production in CD4 cells from 
infected patients. 
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By immersing soda-lime glasses in a molten nitrate mixture including AgNO3, the sodium ions of the 
glass surface are replaced by silver ones. This ion exchange (IE) allows the fabrication of optical 
elements such as waveguides or microlenses. Simultaneously, silver nanoparticles sometimes form in 
the glass, which can cause light losses or surface-enhanced Raman scattering (SERS) due to a plasmon 
resonance peak [1]. As they can be harmful or beneficial depending on the application, their control is 
of great interest, but their formation is not fully understood.  
  
We hypothesize that their formation is related to glass hydration [2, 3, 4]. To verify this, we carried out 
experiments consisting of three steps: a hydration or a prebake of the glass sample, an IE, and an 
annealing in normal or wet air at 90ºC. Then, the optical spectrum of each sample was measured to 
detect silver nanoparticles or silver oxide by their absorption peaks at 415 and 550 nm, respectively.  
Nanoparticles were profusely created during annealing, especially in wet air. This humidity slightly 
modifies the spectrum with respect to dry air, which suggests a relative increase in silver oxide. On the 
contrary, an immersion of the sample in boiling water before the IE or especially a prebake in air just 
above the molten salt reduces the nanoparticle formation in the last step. The salt composition or 
temperature during the IE (provided the diffusion time was adjusted to keep the same amount of 
exchanged silver) seemed to have no influence. We suspect that the storage time between the second 
and third steps also plays a role.  
 
The nanoparticles formed in this way can be easily removed by gently swiping the samples, showing 
that they remain on the glass surface. Therefore, they are ideal for SERS applications. 

 
Optical density of glasses that have undergone an ion exchange in a silver molten nitrate mixture including AgNO3 
for 30 minutes at 340 ºC and a subsequent heat treatment at 90 ºC for 2, 6, 23 and 120 hours. The peak near 
415 nm is proportional to the density of silver nanoparticles. 
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Infrared (IR) spectroscopy informs about the molecular fingerprint of the chemicals in a sample, thereby 
giving valuable insight into its composition. However, when concentrations are low we fail to obtain 
adequate signal from the analytes. A solution is the enhancement of the signal via localized surface 
plasmon resonances (LSPR), which may be generated by gold nanoparticles. Such enhancement of IR 
signal is known as surface-enhanced infrared absorption (SEIRA). An important aspect of SEIRA is the 
matching of the LSPR frequency to the frequency of the molecular vibration. Rod-shaped antennas 
display such LSPR in the IR with a linear dependence of their length to the resonance frequency. 
Therefore, these rod antennas present a readily available and easily tunable LSPR source. Rod-shaped 
gold antennas have elucidated protein secondary structure and lipid signals from cells.[1, 2] In the size 
ranges for IR antennas, top-down methods are a popular production process, because the size can 
easily be tuned to the application at hand. Furthermore, as plasmonic gold structures are non-toxic, 
they offer integration with cell culture and biological material.[3] In this work we illustrate the top-
down production process of gold antennas with resonances in the IR. The LSPR of these antennas can 
serve the surface-enhancement of molecular vibrations in the IR. 
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During the last few decades, the design of new systems for drug delivery applications has been 
intensively investigated by the scientific community. The encapsulation of a drug and its controlled 
release as a response to an external stimulus (pH, light, temperature, etc) is an approach that increases 
the bioavailability of the drug and simplifies its targeted delivery.[1] Micelles and other supramolecular 
structures constructed through a bottom-up approach from amphiphilic compounds can act as 
nanocarriers in aqueous media.[2]  
 
In this work, three different anionic amphiphiles based on a 2-hydroxychalcone motif as the pH- and 
photoresponsive unit were synthesized.[3] All compounds were characterized below the critical 
aggregation concentration (CAC) by spectroscopic techniques, at various pH values, both in thermal 
equilibrium and in photostationary state. The aggregation was investigated by tensiometry and nuclear 
magnetic resonance, showing an increase in the self-assembly behavior with the increase of the 
hydrophobic character. All compounds form micelles with diameters in the range (5-10) nm. Recently 
our work is focused on exploring the host-guest interactions with a cationic pillar[5]arene receptor as 
an additional stimuli to control the aggregation of the synthesized compounds.[4] The results suggest 
an increase of the aggregates’ size and also a decrease of the CAC.  
 

 
a) Chemical structure of the synthesized 2-hydroxychalcones, cartoon representation of the micelles and CAC 
determined by tensiometry. b) Pillar[5]arene structure and CAC determination of the complex 2Ct@P5TMA. 
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The skin outermost layer, the Stratum Corneum (SC) provides the main obstacle to the compound 
administration through the skin. SC has a brick-and-mortar like structure, where corneocytes are 
embedded in an intercellular lipid matrix (ILM), which is often associated to the critical role in the barrier 
function. ILM, mainly composed by ceramides (CER), cholesterol (CHOL) and long-chain free fatty acids 
(FFAs), is organized in two crystalline coexisting lamellar phases with repeated distances of 13 and 6 
nm – long periodicity phase and short periodicity phase, respectively – resulting in a complex 
organization of multiple phase-separated domain bilayers [1,2]. Furthermore, while most lipid lamellae 
are arranged in orthorhombic lateral packing, a lipid subpopulation forms less ordered phases with 
hexagonal lateral packing or even fluid-like lateral packing. Either in cosmetic and pharmaceutical fields, 
lipid biomimetic models have gained increased attention due to its structural assembly and 
physicochemical compositions similar to physiological interfaces [3]. Despite their simplicity, lipid 
biomimetic models allow the application of a variety of biophysical techniques towards a molecular 
understanding of how chemicals interact with physiological barriers [4,5]. In this context, and aiming a 
differentiated solution to be applied in the development of skin permeant compound, we developed a 
ceramide-based lipid model (CER[I]:CER[IV]:CHOL:FFA) able to mimic the complex composition and 
organization of ILM of SC. This model was produced in both liposomal and monolayer forms, allowing 
the application of several techniques, such as: Small and wide-angle X-ray scattering (SWAXS), surface-
pressure (π-A) isotherms coupled with Brewster Angle Microscopy (BAM) and UV-VIS reflection 
spectroscopy, as well as Fourier-transform infrared spectroscopy (FTIR). Therefore, SC model was 
characterized and strong evidences of a complex organization biomimetic of ILM of SC were obtained. 
Moreover, the same techniques were also applied to investigate the interaction between model- 
pharmaceutical compounds and the SC model.   

 
π-A isotherms of the SC model composed by CER[I]:CER[IV]:CHOL:FFA in a ratio [23:10:33:33] with corresponding 
BAM images demonstrating coexisting lipid phases even in the most condensed phase of the monolayer.  
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Cytoskeletal active nematics are one of the most fascinating active matter systems. Tubulin-kinesin gels 
have been shown to organize as an ordered active material when condensed at a soft and flat interface. 
This active layer, known as active nematic, adopts a characteristic long-range orientational order, 
continuously permeated by large-scale flows and locally interrupted by regions void of microtubules 
that configure semi-integer defects. The chaotic dynamics of this active layer with continuous defect 
creation and annihilation corresponds to a state of active nematic turbulence [1].  
Active nematic dynamics can be influenced by means of rheology [2], magnetic fields [3] and 
confinement [4]. Nevertheless, these experimental systems lack spatiotemporal control. Taking 
advantage of novel bioengineering, kinesin motors have been fused to optically dimerizable iLID 
proteins [5], offering the opportunity to include light control in the active nematic. Unlike the strategies 
mentioned above, the new protocol offers a control ability that is intrinsic to the material. In the 
modified system, light activates reversible linking between kinesins (Figure 1), allowing the formation 
and spontaneous motion of the active nematic filaments, while, turning off the light, motor clusters are 
disengaged thus decreasing active nematic movement. Employing light patterns with arbitrary spatial 
and temporal characteristics we intend to couple external and intrinsic length and time scales, and 
unveil new scenarios of spatio-temporal dynamics in active nematics. 

 
Figure 1. Employing novel kinesin motors, active nematic formation can be controlled using light patterns. A half 
dark (top) and half bright (bottom) pattern is used. Scale bar, 200 µm 
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The use of iron oxide magnetic nanoparticles (MNPs) in magnetic hyperthermia processes has been 
exploited in recent years due to continuous improvements in control and physical-chemical properties 
through chemical synthesis. However, the polydispersity and the formation of agglomerates produced 
by physicochemical interactions significantly affect the heating efficiency of the MNPs. Moreover, the 
MNPs entrapped within biological entities with high viscosities have a reduced Brownian magnetic 
relaxation, being the Néel relaxation the main contribution for the heat generation in magnetic 
hyperthermia processes. Therefore, during the last few years much effort has been devoted to improve 
Néel relaxation by optimizing the anisotropy constant [1-3]. In this work, the effects of magnetic 
interactions and the response in magnetic hyperthermia processes of nanostructured magnetic 
materials based on single core iron oxide MNPs (Figure 1.a), reducing the effect of dipolar interaction, 
and multicore iron oxide MNPs (Figure 1.b), exploiting the agglomeration effects of MNPs, are explored 
with the objective to maximize its response in magnetic hyperthermia processes (Figure 1.c). 

 
Figure 1. TEM micrograph of (a) single core and (b) multicore iron oxide MNPs. (c)  Heating curve of MNPs under 
exposure to an alternating field of 20 mT at a frequency of 985 kHz. 
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The encapsulation of pharmaceutical compounds in drug delivery vehicles provides a viable strategy to 
enhance bioavailability by improving factors such as low solubility, stability, toxicity, inability to cross 
membranes, etc. Furthermore, the controlled release of cargo drugs in their active form is of crucial 
importance to increase efficiency and reduce toxicity.[1] 
 
Supramolecular amphiphiles, i.e., amphiphilic species that upon interaction with a host molecule forms 
a supramolecular complex which promotes self-assembly into aggregates of nanometric dimensions 
such as micelles or vesicles, show great promisse as drug delivery vehicles.[2] The dynamic and 
reversible nature of the noncovalent interactions endows the resultant aggregates with excellent 
stimuli-responsive features. 
 
In this work we have synthetised amphiphilic trans-chalcones that were shown to form complexes with 
sulfonatocalix[4]arene. The host-guest complexation promotes self-assembly into nanoaggregates 
which dissociate only upon light exposure at acidic pH conditions as a result of the trans-chalcone-
flavylium interconversion. 

 
Scheme 1: Supramolecular amphiphile assembly and disassembly. 
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Bodily fluids are colloidal systems with different properties that can be modified depending on the 
conditions they are exposed to. At a crime scene, these fluids appear as stains on different substrates, 
which are analysed with destructive techniques that change their integrity. This is one of the main 
problems in criminal investigations, along with the dating of stains.  
 The CINQUIFOR group is conducting investigations in which stains of bodily fluids on different 
substrates are analysed with non-destructive analytical techniques, such as Raman and infrared (IR) 
spectroscopy. They are highly selective and allow detecting the differences between fluids and the 
changes that occur over time. Hence, these techniques become ideal to identify the fluids and to 
estimate the time since their deposition (TSD). 
 
In one investigation, blood stains and three interferents were analysed by IR spectroscopy. The stains 
were created on five common substrates. Chemometrics was employed for the data processing and 
multivariate analysis. The resulting mathematical models allowed identifying the blood stains and 
differentiating them from the interferents independently of the substrate they were on.  
In other investigation, IR spectroscopy was also used to analyse human and animal oral fluid stains on 
ten common substrates. The aim of the study was to differentiate the oral fluid stains by the donor 
species. Using mathematical models, the oral fluid stains were differentiated by species and by TSD.  
The combination of vibrational spectroscopy techniques with chemometrics has a great potential for its 
application on bodily fluid stain analysis at the crime scene. Further studies of biological fluid stains 
under different conditions are needed to optimise the method. 
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Bacterial contamination and cross-contamination of food contact surfaces is a major global concern 
leading to shorten safe life (i.e., the product is no longer safe for consumption) and related to an 
increase in the risk for the consumer health due to the occurrence of bacteria-associated foodborne 
diseases. To circumvent this problem, the use of antimicrobial surfaces is seen as a solution to avoid 
or minimize bacterial contamination and/or cross-contamination. Within these, the release-based 
surfaces comprehend the incorporation of antimicrobial agents that are released in a controlled or 
sustained manner, leading to the retardation of bacterial growth and deposition, and also the 
inactivation of the adhered bacteria. Herein, a triple-side filler composed of iron, tea polyphenols, and 
fumed pyrogenic silica (Fe-TP@FS) is proposed as an alternative inorganic antimicrobial agent. 
Polylactic acid (PLA) was used to create PLA/Fe-TP@FS films as biodegradable coating layers. The films 
displayed ~4 log reduction against the Gram-positive Staphylococcus aureus and the Gram-negative 
Pseudomonas aeruginosa and Salmonella enterica bacteria. Furthermore, an antioxidant activity of 
approximately 67% was achieved. Migration of Fe(II) and tea polyphenols were associated to the 
observed active properties. The expansion of this thematic regarding the development of antimicrobial 
nano-fillers, led to a proposal regarding the use of core-shell metal-silica nanoparticles as alternative 
antimicrobial nano-fillers. In this case, AgNPs, Ag@SiO2, and Ag@pSiO2 (p for porous silica shell) were 
applied to a hydrophilic matrix of polyvinyl alcohol, in order to explore possible differences between the 
bactericidal actions of these fillers, by controlling the migration of Ag+ as the active agent.  
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Cancer remains one of the most feared diseases worldwide due to its high incidence and mortality rate, 
being crucial to develop new realistic models for cancer research. Currently, the use of optical 
bioimaging methods for cancer treatment is limited by the penetration depth of visible light and the 
instability of fluorescent dyes over time. Toward overcoming these difficulties, surface-enhanced Raman 
scattering (SERS) spectroscopy offers relevant advantages, highlighting the sensitivity and 
reproducibility of measurements and multiplexing capabilities, being a promising tool for biological 
applications in ultradetection and imaging.[1] 
 
  We used SERS tags, based on gold nanostars (AuNSs) and PMA encapsulation, to study tumor growth 
and cell dynamics using SERS imaging. To monitor growth evolution, we labelled MCF7 and HDF cells 
with AuNSs encoded with different Raman reporters (RaRs). AuNSs sharp tips provide a large 
enhancement of the electric field around the particles, which amplify the Raman signals of the adsorbed 
RaRs.[2] Upon coating of AuNSs with hydrophobic thiolated RaR molecules, hydrophilic biocompatible 
SERS probes, were obtained by incorporating an amphiphilic polymer as the outer layer effectively 
enwrapping the RaR.[3]  
 
To monitor growth and cellular communication, 3D SERS imaging over time was undertaken using a 
NIR laser.[4] SERS maps were analyzed using multivariate analysis, thereby illustrating the presence 
of different tags inside the cells. The obtained results suggest that SERS signal can be safely collected 
up to 11 days in vitro and thus AuNSs are suitable probes for imaging, providing clear and stable Raman 
signals. Antibody functionalized AuNSs were additionally characterized, to monitor the migration of 
probes within different cell lines in real time, following their temporal evolution to study cellular 
communication and molecular changes associated with disease progression.  
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Obesity is an abnormal excess of body fat (adipose tissue) and a major risk factor for many chronic 
diseases [1]. There are two main types of adipose tissue: white adipose tissue (WAT), which stores 
energy reserves by lipid accumulation, and brown adipose tissue (BAT), which produces energy in the 
form of heat by thermogenesis. Additionally, beige adipose tissue has been found within some WAT 
depots and it displays characteristics of both types of WAT and BAT adipocytes. Therefore, the process 
of WAT “browning” or “beiging” could be used as a treatment for obesity as it would help to improve 
metabolic health [2]. 
 
 Given the growing relevance of nanoparticles and their applications as bioimaging and therapeutic 
agents, the aim of the present work was to develop nanoparticles to induce “browning” of white 
adipocytes. Poly(lactic-co-glycolic) acid (PLGA) cargo-loaded nanocapsules, synthesized by the 
nanoprecipitation method, were used with the adipocyte line 3T3-L1. Hydrophobic compounds such as 
Nile red (a fluorescent stain) and Dibenzoazepine (an anticonvulsant drug) were encapsulated to 
visualize cell incorporation and to promote WAT ‘browning’, respectively.  
Cargo-loaded nanoparticles were characterized by Dynamic Light Scattering, Spectrophotometry, and 
Nanosight system. In addition, nanoparticle cellular uptake was observed by confocal microscopy, while 
the effects of DBZ-loaded nanoparticles on the detection and quantification of adipocyte-related 
proteins were analyzed by Western Blotting. 
 
 The synthesized nanoparticles had an average size of 266 nm ± 2 and 252 nm ± 1 for Nile Red and 
DBZ, respectively. The percentage of the encapsulated DBZ was 57%, and the number of DBZ-loaded 
particles was (1.46 ± 0.04)·10^11 particles/mL in a 2.9·10-4 mM solution. Furthermore, the results 
obtained in this work indicate that the use of cargo-loaded nanoparticles allows both the bioimaging 
and the development of targeted strategies to face diseases such as obesity due to the rapid 
internalization of nanocapsules within the adipocytes.  
  

 
Figure 1. Confocal microscope image of 3T3-L1 adipocytes with Nile Red nanoparticles. Cellular communication via 
TNTs shows nanoparticle sharing. 

 
 
References 
1. Jiang SZ.; Lu W.; Zong XF.; Ruan HY.; Liu Y. Obesity and hypertension. Exp Ther Med. 2016, 12(4), 

2395-2399. 
2. C.H. Jiang; M.A. Cano-Vega; F. Yue; L.J. Kuang; N. Narayanan; G. Uzunalli; M.P. Merkel; S.H. 

Kuang; M. Deng; Dibenzazepine-Loaded Nanoparticles Induce Local Browning of White Adipose 
Tissue to Counteract Obesity, Molecular Therapy, 2017, 25, 1718-1729.  
 

 



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

140 
 

P-49 - Bacteria as an active particle 
1 Miss Clara Luque, 1 Mr Elias Faro, 1 Mrs Macarena Calero, 1 Dr Niccolò Caselli, 1 Mr Juan Pedro 

García Villaluenga, 1 Prof Dr Francisco Monroy, 1 Dr Horacio López-Menéndez 
1 Universidad Complutense de Madrid 

 
Energy is constantly dissipated by living systems as they carry out their vital functions. These processes 
frequently result in sophisticated behaviors that can be classified as non-thermal processes due to their 
ordered and self-organized dynamics. In many circumstances, however, identifying whether the 
dynamics of a process are significantly different from those of a thermally driven process can be 
challenging. Non-equilibrium activity is clearly required for life to exist, but how to detect and quantify 
such non-equilibrium dynamics in biological systems remains uncertain.  
It is studied the bacteria as an active brownian particle due to its ability to self-propel. Trapping the 
bacteria with optical tweezers provides access to its stochastic forces. This is a simple model whose 
overdamped dynamics can be described by the Langevin equation with the aim of quantifying its 
dynamics and energetics. 
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The production of graphene oxide (GO) can result in different materials, since the chemical composition, 
size and superficial charge depends on the starting material. Moreover, the properties of GO can be 
improved due to the introduction of some compounds, namely polyoxometalates (POMs). The 
extraordinary properties of POMs have led to a wide spectrum of applications in areas such as 
electrochemistry, photochemistry, energy storage and catalysis. The inclusion of lanthanide ions in 
POMs has been widely explored for the application in optical materials.[1,2]   
The present work reports the preparation of different hybrid nanomaterials based on 
lanthanopolyoxometalates containing Eu3+ (EuPOMs) supported in different GO substrates to produce 
luminescent films. We select two GO materials prepared by distinct methods to evaluate the effect of 
the chemical composition of GO in the incorporation of EuPOMs. We synthesized GO by the oxidation 
of graphite, and also produced GO by the oxidation of carbon nanofibers. The chemical compositions 
of these two materials were compared with a commercial GO. The GO substrates prepared were 
functionalized with an ionic liquid to enhance the POMs immobilization by charge interaction.  
Simultaneously, the self-assembly of POM in non-functionalized GO was studied, to evaluate the 
interaction of EuPOMs with the as prepared graphene functional moieties.   
The results showed that the differently prepared GO substrates are able to immobilize the EuPOMs but 
the zeta potential measurements performed on the respective colloids suggest the presence of distinct 
assemblies. The chemical identity of the final GO based materials was evaluated by Raman and 
photoluminescence measurements. We show that the graphene-based materials reveal 
photoluminescent properties after the incorporation of EuPOMs. In fact, these findings open a new field 
of opportunities since the assembly of POMs onto GO substrates to produce luminescent films can be 
thus achieved in a single step using aqueous eco-friendly methods.  
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Nanoplasmonics is the science that studies the excitation of localized surface plasmon resonances 
(LSPR) on metal nanostructures and their technological applications. These LSPRs are defined as 
collective oscillations of the free electrons. In particular, all-plasmonic Fano resonances (FRs) have 
considerable potential for applications like waveguiding, subwavelength optical imaging, chemical, 
biological sensing and energy harvesting, among others. [1]  
FRs are produced by the coupling of a discrete state with a continuum and several plasmonic structures 
have been proposed to generate them. In this context, it is difficult to obtain FRs in highly symmetric 
metal nanoparticles (NPs) and, indeed, it has been reported only for a few symmetric structures, like 
bimetallic NPs. Therefore, gold and silver bimetallic nanoparticles (Au@Ag NPs) display this 
phenomenon and unique physical and chemical properties, including improved chemical stability, 
enhanced optical properties, or higher catalytic activity. [1]  
In this work, a synthetic methodology is described to obtain bimetallic heterostructures and alloyed 
plasmonic nanocrystals through the irradiation of Au@Ag NPs with femtosecond laser pulses (Figure 
1). Depending on the energy deposited on the Au@Ag NPs, different morphologies and degrees of 
alloying are obtained, such as hot-dog-like and rice-like, as well as fully alloyed nanospheres. The 
resulting control of the alloying process raises promising prospects for catalytic, plasmonic, and 
magnetic applications of multimetallic nanocrystals. [2]  

 
Figure 1: Effects of the pulse fluence of a fs-laser on Au@Ag NRs. A) UV–vis–NIR spectra and B–F) corresponding 
TEM images of Au@Ag NRs; B) before irradiation (corresponds to the black curve in (A)), and after irradiation at 
different fluences and times: C) 3.2 J m−2 for 20 min (pink), D) 6.4 J m−2 for 10 min (green), E) 33.28 J m−2 for 
5 min (blue), and F) 92 J m−2 for 2 min (red).  
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The adjustment of the available surface area has been proven a successful strategy for tuning the 
mechanical stimulus of surface pressure in 2D, allowing the directed self-assembly of molecules of 
interest at the air/liquid interface.[1] In this case the self-assembly process is challenged due to the 
intrinsic distortion of the molecules. 
 
 Monolayers of Nanographene derivatives, new amphiphilic heptagon-containing HBCs (hexa-peri-
hexabenzocoronene),[2] HBC 1 and HBC 2, with different distorted central plane have been studied 
and characterized at the air-water interface, and the 2D assembly properties have been analyzed. The 
surface area per HBC derivative molecule was finely adjusted by the Langmuir technique. Detailed 
information on the molecular arrangement at the air/liquid interface was obtained by a combination of 
experimental techniques, surface pression Area isotherms, mainly by UV–vis reflection spectroscopy 
and Brewster angle microscopy (BAM), and computer simulations. Molecular feature on the 
arrangement of the HBCs molecules and relevant molecular interactions are convincingly described. 

 
Figure. A) Π-A isotherm of HBC 1 and 2 b) UV-vis reflection spectroscopy at the air/water interface of HBC 1 c) 
UV-vis reflection spectroscopy at the air/water interface of HBC 2 
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Cationic/anionic (catanionic) surfactant mixtures are capable of spontaneously forming very stable 
vesicles whose physical characteristics, like size, polydispersity and surface charge, can be finely tuned 
by the cationic/anionic surfactant mixing ratio. This versatility and intrinsic properties makes catanionic 
vesicles very appealing to develop potentially efficacious drug delivery systems.[1,2] However, good 
cytotoxicity profile and good encapsulation properties of the catanionic vesicles are also key 
prerequisites if one wants to develop truly viable vectors. 
 
In this work, our goal was to undertake a comprehensive and systematic study dealing not only with 
the structural characterization but also with the cytotoxicity profile, drug-loading capacity, and anti-
cancer activity of a selected group of previously reported and novel catanionic vesicles, Fig. 1. The 
vesicles are composed by commercially available surfactants and synthesized gemini surfactants. The 
critical aggregation concentration of the vesicles, determined by surface tension, was found to be of 
the order of µM, an important aspect for the delivery purposes. DLS shows that the vesicles are typically 
polydisperse, with varied hydrodynamic diameters, but also with high colloidal stability. Cytotoxicity 
studies in the L929 cell line allowed to select the most biocompatible vesicles for drug loading. Systems 
based on gemini/dodecylsarcosinate surfactants are the most successful in encapsulating doxorubicin 
(DOX). The vesicles are pH-sensitive, with DOX release being higher at acidic pH (6.0). Furthermore, 
DOX internalization in the A549 cell line (lung cancer), occurs after only 30 min, increasing after three 
hours. Loaded vesicles provoke A549 cancer cell death using DOX concentrations (5 nM) far below the 
free drug IC50 (~18 nM), thus yielding very promising results. 
  

 
Formation, characterization and anti-cancer activity of DOX-loaded catanionic vesicles. 
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Glioblastoma (GB) is one of the most lethal types of neoplasms with unique anatomic, physiologic, and 
pathologic features that usually persist after treatment with standard therapies [1]. Challenges in the 
treatment of GB include insufficient specificity of current therapies leading to high cytotoxic effects on 
healthy tissues, and limited diffusion through key barriers, including the blood-brain barrier (BBB) and 
the tumor barrier [2]. Hybrid nanoparticles (HNPs), have been developed to improve current therapies 
[3]. This strategy combines a chemical attack owing to the drug inside the nanoparticle and a physical 
attack through hyperthermia, dramatically boosting the possibilities of therapeutic success. HNPs were 
constructed by covalently linking organic (with the ability to encapsulate lipophilic drugs) and inorganic 
nanoparticles (photothermal therapy capability), with a strategy directed at the blood-brain barrier. 
 The HNPs were fully characterized considering colloidal properties, in vitro, and in vivo behavior. The 
optimized HNPs based on a hybrid metal-lipid shell-core structure showed small particle size (<100nm), 
narrow distribution (<0.2), high drug loading efficiency (5%w/w), and biocompatibility both in vitro 
and in vivo mimicking media. Then, targeted HNPs were developed to penetrate the BBB and selectively 
accumulate on the tumor by coupling receptor proteins via electrostatic interaction. The targeted HNPs 
exhibited a higher permeability coefficient according to a 2D-BBB model. The internalization behavior 
of targeted HNPs in U87 GB cells was higher than that of BBB cells, which is critical for effective GB 
treatment using localized photothermal therapy. In support of these findings, in vivo animal studies 
evidenced that targeted HNPs significantly improved survival rate compared to the saline group 
(p<0.005), and 87% of the mice remained tumor-free at the end of the study.  
The design of targeted HNPs prompted a multipurpose strategy for constructing functionalized 
nanoparticles that integrate the desired chemotherapeutic/photothermal synergistic functions to 
improve brain drug delivery and anti-glioblastoma treatment efficacy. 
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Cancer is the second cause of death from diseases worldwide. It is imperative faster, cheaper, and 
more effective ways to detect this disease early, offering to patients an opportune treatment to avoid 
tumor progression and death [1]. Likewise, it is necessary for much less invasive methods to replace 
conventional biopsy to study tumor status at any moment of patient life and during the medical 
treatment [2]. Patients with breast or ovarian cancer have higher concentrations of exosomes (small 
extracellular vesicles between 30-150 nm in size) than healthy individuals, suggesting that cancer may 
increase the overall abundance of these microvesicles in the body. Detection and characterization of 
these cellular structures could be useful in cancer diagnosis and prognosis [2]. Liquid biopsy is proposed 
as an alternative for the analysis of biomolecules present in the organism through microfluidic samples 
such as blood and plasma, to study the molecular composition of a tumor; in addition, allowing 
repetition of sampling to evaluate their progression over time, making it a less invasive alternative than 
a conventional biopsy [3]. The hypothesis is that the bioconjugation of nanostructured colloidal silica 
adhered to the microchannels of a microfluidic device, with an anti-CD81 monoclonal antibody, would 
allow the efficient capture of exosomes derived from human mammary tumors. Until now, we obtained 
a 3D nanostructure inside the microfluidic channels and an efficient bioconjugation of the anti-CD81 
antibody to the colloidal silica nanoparticles. We expect to obtain an effective, rapid, and cheaper 
detection from small amounts of samples, which may allow future detection and monitoring of breast 
cancer progression in patients.  

 
Schematic of the general methodology. 1.-Design of the 3D-nanostructured herringbone device. 2.-Fabrication of 
the 3D-nanostructured herringbone chip and analysis of the efficiency of exosome capture. (a1) Exosomes will flow 
through the CD81-functionalized channels. (b1) CD81(+) exosomes will be trapped covalently by the antibody; 
and CD81(-) vesicles will stay free. (c1) Then, biotinylated antibodies will be introduced through the chip, to detect 
specific cancer breast markers in situ. (d1) Streptavidin β-galactosidase will be used as an enzymatic reporter and 
the reagent (FDG) for fluorescence detection assisted by enzymatic signal amplification. CD81(+) exosomes 
captured in the non-functionalized 3D-nano-herringbone chips by magnetic separation. 
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Magnetorheological fluids (MRFs) are suspensions of magnetizable microparticles in a liquid that exhibit 
a liquid-to-solid transition upon the application of an external magnetic field, typically leading to a 
minimum stress, i.e. a yield stress, for the onset of flow. The reason for this transition can be found in 
a structural change of the suspension, concretely in the formation of columnar aggregates along the 
field direction. MRFs are thus hybrid active materials whose mechanical properties can be actively, 
quickly, and reversibly adjusted applying external magnetic fields.   
For MRFs applications, which typically involve the active control of vibrations or transmission of torque, 
it is interesting to increase the magnetorheological response, i.e. the yield stress. Recently, efforts to 
increase the yield stress have focused in producing stronger microparticles structures, with approaches 
that include the application of precession, pulsed-fields or ultrasounds [1,2]. Another approach to obtain 
stronger aggregates is the application of a compression stress in the direction of the field when this is 
already present. This leads to a compression-assisted restructuration that enhances the yield stress of 
the suspension, i.e.  the so-called ‘squeeze strengthening effect’.  [3-5]. 
  
We carried out experiments and particle-level simulations to deepen our understanding of the squeeze-
strengthening effect. The goal was to determine whether this effect can be completely explained by 
the formation of stronger columnar aggregates or if there is a contribution of the densification of the 
fluid that may occur during compression under some working conditions. Constant area experiments 
showed a larger yield stress, but it may be partially explained by the effect of densification whereas 
constant volume experiments exhibited a moderate enhancement of the magnetorheological 
performance, due to stronger aggregates. Experimental results are in good agreement with simulations. 
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The rheology of concentrated suspensions of repulsive particles typically exhibits a shear-thickening 
behaviour. The causes of the shear-thickening remain unclear. Frictional contacts have been able to 
explain the discontinuous shear thickening (DST) in simulations and some theories have been developed 
in terms of dimensional analysis. 
 
Surprisingly, the interparticle friction coefficient in most simulations is constant even though tribological 
experiments demonstrate that the friction coefficient can not only be constant (boundary regime) but 
also decrease (mixed regime) or even increase (full-film lubrication regime), depending on the normal 
force and the velocity of the particles and the interstitial fluid between them.   
In particular, when two particles are subjected to a large normal force and/or the relative velocity is 
small, the interstitial fluid is expelled, the particles get in contact and the boundary lubrication (BL) 
regime dictates the frictional behavior. In this particular regime the friction coefficient is constant with 
force and speed in good agreement with previous publications. However, when the interparticle normal 
forces are small and/or the relative velocities are large, the interstitial fluid is entrained in the contact 
and the particles separate each other. In this regime a compliant tribopair can be described in terms of 
the so-called Elasto-Hydrodynamic Lubrication (EHL) theory. Interestingly, the transition (i.e. mixed 
lubrication) between the BL regime and the EHL regime is governed by the particles’ roughness.  
 In this communication, particle-level simulations of suspensions of hard spheres were carried out using 
short-range and roughness-dependent frictional forces describing the full Stribeck curve and spanning 
from the BL to the EHL regime. Suspensions with different particle’s roughness were simulated to show 
that the particle roughness is a key factor in the shear-thickening; for sufficiently rough particles the 
suspension exhibits shear-thickening while for sufficiently smooth particles DST disappears.  

 
Relative viscosity as a function of the reduced shear stress at different particle roughnesses for a particle 
concentration of 54 vol.%. 
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Cell membranes are semipermeable barriers between the intracellular and extracellular environments. 
Their lipidic bilayer structure has inspired the development of different biomimetic platforms to model 
biochemical and biophysical processes mediated by the cellular membrane [1]. Supported lipid bilayers 
(SLBs) are an example of such minimalistic biomimetic platform used for medical diagnostics and sensor 
applications. The most common method to produce SLBs is vesicle fusion. Despite its widespread use, 
this method has low reproducibility because the rupture of the vesicles depends on the used substrate. 
Fluorescence probes are frequently used to monitor SLB formation in real time and implement 
subsequent optimizations. However, these probes can perturb the organization and biophysical 
properties of the SLB.  
 
Herein, we used the quartz-crystal microbalance with dissipation monitoring (QCM-D) as an alternative 
method for real time, label-free monitoring of SLB formation and interaction with bioactive compounds 
with different lipophilicity. SLBs from DPPC and DPPC:CHOL(2:1) were prepared on gold (Au) supports 
by vesicle fusion or solvent-assisted lipid bilayer (SALB) formation [2]. The distinct frequency and 
dissipation signatures associated with the deposition of intact liposomes, formation of bilayers or 
monolayers on the QCM sensor allows straightforward distinguishing of these structures by QCM-D [3]. 
The results showed that the SALB is more reliable method to obtain SLB on Au supports, while the 
vesicle fusion method failed and we observed deposition of intact liposomes. Finally, QCM-D was also 
used to investigate the interaction between the assembled SLB and model compounds with different 
lipophilicity, namely caffeine, testosterone, and diclofenac. The unique frequency and dissipation 
variations associated with each lipid/compound pair will be useful in developing new medical diagnostics 
and sensor devices with molecular specificity. 

 
Top: Typical QCM-D signal obtained during the SLB preparation using SALB method. Arrows indicate exchanges 
performed in the flow chamber. Bottom: SALB method on Au support [2].  

 
 
References 
1. Fernandes, E.; B. Soares, T.; Gonçalves, H.; Lúcio, M. Front Chem. 2018, 6  
2. Ferhan, A.R.; Yoon, B.K.;Park, S. et al. Nat Protoc. 2019, 14, 2091–2118  
3. Domínguez-Arca, V.; R. Costa, R.; M. Carvalho, A. Mater Sci Eng C 2021, 121, 111813-111822  
 
 
FCT [UID/04650/2020],CONCERT [POCI-01-0145-FEDER-032651,PTDC/NAN-MAT/326512017], 
ERDF, COMPETE 2020,Portugal 2020, and FCT I.P. E. F. (SFRH/BD/147938/2019) by FCT, POPH 
and FEDER/COMPETE. R. R. C. for CEECIND/02842/2017. 



IX Iberian Meeting on Colloids and Interfaces - RICI9 
 

150 
 

P-59 - The quest for better treatments: a novel drug delivery approach to glioblastoma 
1 Mr João Basso, 2 Prof Dr Alberto Pais, 1,3 Prof Dr Ana Fortuna, 4,5 Prof Dr Rui Vitorino,  

1,2 Prof Dr Carla Vitorino 
1 Faculty of Pharmacy, University of Coimbra, 2 Coimbra Chemistry Centre, 3 Coimbra Institute for 
Biomedical Imaging and Translational Research, University of Coimbra, 4 IBiMED—Department of 
Medical Sciences, University of Aveiro, 5 UnIC, Department of Surgery and Physiology, Faculty of 

Medicine, University of Porto 
 
Glioblastoma is the most common and lethal primary form of brain tumor, characterized by a marked 
heterogeneity and adaptability towards chemo- and radioresistance. Current drug strategies for 
glioblastoma are ineffective and rely on the use of temozolomide. Interestingly, statins strongly 
outperform the anticancer effect of temozolomide [1,2], but lack bioavailability and an effective 
concentration at tumor site. Bearing this in mind, we have developed a nanostructured lipid carrier 
encapsulating a BCS class II statin, in a solvent-free and upscalable production method.  
The optimization and rationalization of the systems was carried out using a stepwise framework 
entailing the composition of the lipid phase, as well as its physicochemical compatibility [3]. Under the 
Quality by Design umbrella, the colloidal properties were further optimized recurring to a central 
composite design. As a result, the nanosystem is composed of intravenous compatible or “generally 
regarded as safe” excipients, monodisperse (PdI < 0.2), within the nanometric range (approximately 
100 nm), with a negative zeta potential (approximately -20 mV) and an encapsulation efficiency above 
95%, sterile filtrable without suffering colloidal modifications, and allows a sustained release of the 
drug. The anticancer activity of the statin and nanoparticles was thoroughly tested in a variety of 
glioblastoma cell lines and compared to the activity of temozolomide. Results indicate that nanomolar 
concentrations of the statin, alone and encapsulated, effectively decrease cancer cell viability, whereas 
temozolomide lacks activity. Overall, the encapsulation of this statin in nanostructured lipid carriers is 
a promising approach to circumvent the existing treatment limitations against glioblastoma.  

 
Development and optimization of statin-encapsulating nanostructured lipid carriers as a novel therapeutic approach 
against glioblastoma. 
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Essential oils (EOs) are botanical products extracted from medicinal and aromatic plants, which are 
constituted by volatile hydrophobic compounds exhibiting varied biological activities such as 
biopesticidal properties1. Chitosan is a polysaccharide with cationic nature and high potential to 
encapsulate natural ingredients. Electrostatic interactions between the cationic chitosan (protonated 
amine groups) and polyanions like tripolyphosphate (TPP) can be considered as an efficient 
polyelectrolyte complex to encapsulate EOs2. Therefore, the objective of this study was to encapsulate 
Anethum graveolens, Coriandrum sativum, Satureja montana and Thymus vulgaris EOs into 
chitosan/TPP nanoparticles via the ionic gelation technique. The particles encapsulating the EOs were 
characterized regarding their physicochemical and structural properties through DLS (Dynamic Light 
Scattering) and UV-vis spectroscopy during 30 days of storage. A first screening of the ecotoxic potential 
of the formulations was performed through the Microtox Test using the bioluminescent bacteria 
Aliivibrio fischeri. Nanoparticles with average sizes ranging from 188 to 210nm and surface charge 
between +28 to +35 mV, respectively, were physically stable throughout storage at 4ºC. The EOs 
encapsulation efficiency (EE %) was high for the 4 EOs tested (86 to 97%). Despite having less toxicity 
than EOs loaded nanoparticles prepared from a concentration of 4.76 mg of EO/mL, empty chitosan/TPP 
nanoparticles (4.76 mg/mL of chitosan) also showed some toxicity through the Microtox Test. Other 
ecotoxicity tests will be carried out to assess the nanoformulations´ potential hazard towards different 
non-target organisms. Chitosan/TPP nanoparticles are a suitable, stable, and high-efficient nanocarrier.  

 
Brief scheme of the different work phases. 
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Cancer is a group of diseases that can affect multiple organs or tissues of the human body and is one 
of the leading causes of death worldwide [1]. Therefore, there is an urgent need to develop effective 
therapies to circumvent the drawbacks of conventional therapies. For example, doxorubicin (DOX) is 
one of the most effective and widely used neoplastic agents because of its efficacy in controlling a 
variety of cancers [1,2]. However, the major limitation of this drug is its cytotoxicity, therefore, 
nanosystems have been developed to minimize this. Cubosomes have gained increasing interest 
because they have several advantages, such as a high payload due to their large internal surface area, 
which also promotes the controlled release of bioactive agents [3].  
 
The main objective of this work was to develop and optimize a hybrid nanosystem formulation 
containing DOX. The cubosomes were developed using various methods including hydrotrope, lipid film 
hydration, emulsification, and ion-paired DODAB-drug (Figure 1). After their development, the 
formulations with and without drug were characterized in terms of size, surface charge, encapsulation 
efficiency and drug content, physicochemical properties, and stability, which allowed the selection of 
the most promising formulations. Finally, therapeutic performance studies were performed to 
investigate the kinetic release profiles as well as the in vitro cytotoxicity of the cubosomes in different 
cancer cell lines. The characterization of the developed formulations revealed that cubosomes have an 
acceptable zeta potential (-20 mV), an adequate size (< 250 nm), a polydispersity index acceptable for 
therapeutic use (0.25), a high encapsulation efficiency (> 84%), and interesting biophysical properties 
with cubic phases that encompass lipid and aqueous domains. Therapeutic performance studies also 
showed relevant properties. Overall the formulations developed have potential to be explored in cancer 
therapy.  

 
Figure 1 - Macroscopic aspect of the formulation containing hybrid nanosystems loaded with DOX and schematic 
representation of the formulation 
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Cytokines are proteins involved in biological processes, such as inflammation or other immune 
responses [1]. Oncostatin M and Leukemia inhibitory factor are pleiotropic cytokines belonging to the 
IL-6 family of proteins, known for their multiple applications in cancer, tissue regeneration and other 
processes [1]. The exploitation of these cytokines as therapeutic agents has been greatly intensified, 
however it is limited because of their rapid in vivo clearance, decreasing their bioavailability [2].   
In this work, we developed a biotechnological platform for the purification and isolation of cytokines by 
using an elastin-like recombinamer (ELR) as fusion partner and an interspaced intein for subsequent 
cytokine isolation. ELRs are based on the sequence of mammalian tropoelastin and exhibit a reversible 
temperature transition behavior [3], making possible the formulation of biomaterial structures for 
cytokine delivery. 
 
 The ELRs-cytokine were produced in Escherichia coli, and purified by cold and hot incubation and 
centrifugation steps in a process termed as Inverse Transition Cycling, resorting to the thermodynamic 
reversible phase transition behavior observed at a specific temperature[4]. Cleavage was achieved 
resorting to specific cleavage buffers and relying on ELRs reversible phase transition. Production and 
purification efficacy and cytokine cleavage were validated by SDS-PAGE gels. Cytokine concentration 
was calculated by Bradford and ELISA assays. The bioactivity of the cleaved proteins was evaluated in 
vitro using the A549 human lung carcinomatous cell line. SRB assay was performed to verify significantly 
decreased cell proliferation upon incubation with cleaved OSM, whereas cells incubated with commercial 
OSM at the same concentration did not. 
 
Due to the cytokines’ pleiotropy, the achievement of an efficient protocol for OSM and LIF production 
and purification can be important to further explore their bioactivity as free cytokines at lower costs. 
Furthermore, processing into different biomaterials, such as particles, films or fibers, for controlled OSM 
delivery makes these functional polymers ideal for further applications. 
 

 
ELRs-intein-cytokines for biomedical applications 
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Cancer is a leading cause of death, and recently, the International Agency for Research on Cancer 
estimated 19.3 million new cancer cases and approximately 10 million cancer deaths in 2020 alone [1]. 
Moreover, female breast cancer was the most diagnosed cancer (11.7%) surpassing lung cancer 
(11.4%) although the mortality rate is still inferior (6.9% vs. 18%, respectively). Current cancer 
chemotherapeutic agents can induce toxicity, even at therapeutic doses, and become ineffective by 
multidrug resistance (MDR) development. Furthermore, treatment and imaging agents commonly 
require synthesis processes with very negative environmental impacts. Doxorubicin (DOX), a powerful 
chemotherapeutic, with a broad spectrum of antineoplastic activity, is a “first-line” treatment for 
different types of cancer. DOX intercalates between DNA base pairs, thus inhibiting macromolecular 
biosynthesis and killing fast-growing cancer cells, but also displaying toxicity in healthy tissues. 
However, DOX-based therapeutics are already approved to be used alone or in combination with other 
drugs to treat several types of cancer. Commercial DOX nanocarriers have the disadvantage of 
increasing DOX aggregation (aggregates are less effective in DNA intercalation) and MDR.   2G4CANCER 
allowed the development of graphene oxide quantum dots [2] (GQD) conjugated with DOX and inserted 
in non-lamellar lipid carriers (GQD@NLC) (Figure 1) with adequate sizes (<200 nm), positive surface 
charge (for further conjugation with siRNA for knockout of MDR proteins overexpression) and high DOX 
encapsulation efficiency (>95%) to improve biodistribution. GQD possess photoluminescence providing 
a bio tracking tool for DOX release. DOX release is pH triggered at acidic pH characteristic of cancer 
cells. 2G4CANCER is also based in a rational design of formulations respecting the needs of sustainable 
resource-efficient research. Therefore, the smart nanocarriers proposed hold a multiple concept for 
cancer treatment: (i) enhanced therapeutic effect, (ii) imaging for traceable drug delivery, (iii) higher 
selectivity, and (iv) controlled drug release profile, triggered by pH. 
 

 
Shematic representation of graphene quantum dots (GQD) conjugated with doxorubicin (DOX) and encapsulated 
in non-lamellar lipid carriers 
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Introduction: Quercetin and omega-3 are bioactive compounds with various pharmacological 
activities such as anti-inflammatory, immunomodulatory and antioxidant effects. They have been 
investigated as anti-melanoma agents [1-3]. Their poor water solubility hinders skin permeation. Lipid-
based nanosystems, such as nanostructured lipid carriers (NLC), have shown to facilitate drug 
penetration into the deeper layers of skin due to their size and occlusive effect. This work aims the 
development of NLC containing quercetin and/or omega-3 for application in skin lesions (Figure 1A).  
Methodologies: Quercetin solubility was studied in different solid and liquid lipids, to select the most 
suitable to produce NLC. NLC dispersions with 7.5% or 10 % of lipid phase were produced by sonication 
[3]. Particle size, polydisperitivity index (PDI) and zeta potential were measured by Dynamic Light 
Scattering. The encapsulation efficiency (EE%) was assessed using a validated HPLC method.  
Results: Maximum solubility of quercetin was found in the lipid phase composed of 
Precirol®ATO5:Gelucire®53/10:Labrasol® (4.2:2.8:3.0). Different NLC dispersions were prepared, 
most of them were discarded due to instability issues including phase separation and quercetin 
insolubility (Figure 1B). The most promising NLC formulations contain 10% of lipid phase and 
concentrations of quercetin (0.05%) and/or omega-3 (0.2%). Surfactant selection (lecithin and 
Poloxamer®188 - F7 formulations - versus Tween®80 and dioctyl sodium sulfosuccinate - F8 
formulations) also resulted in different physicochemical properties. Mean size of particles in F7 
(size:120.1-231.3 nm; PDI: 0.103-0.146) is larger than F8 (size:73.0-103.0 nm; PDI: 0.180-0.246), but 
F8 formulations have lower values of PDI. In addition, in modulus F7 have lower ζ-potential (-17.8 mV) 
than F8 (-37.0 mV). Both formulations remain stable over 4 weeks and EE(%) > 99.0%. 
Conclusions: Formulations developed have potential to encapsulate quercetin and omega-3.   

 
(A) NLC containing quercetin and/or omega-3 for application in skin lesions; (B) NLC dispersions discarded due to 
instability issues including phase separation and quercetin insolubility. 
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Plasmonic NPs are intensively employed in a broad range of application due to their strongly interaction 
with electromagnetic radiation. An advantage of these NPs is that their plasmonic properties can be 
determined by the morphology.[1] In this respect, nanostars, i.e., nanoparticles possessing multiple 
sharp spikes, are especially remarkable for their exceptional field enhancement properties and tunable 
resonant modes. Another important class of plasmonic NPs are those with chiral morphology due to 
their light-manipulating capabilities as circular polarizers, enantioselective-based sensors, 
photocatalysis and photothermal chirality. [2] 
Herein, we show our recent efforts towards the preparation of chiral plasmonic nanostars that combine 
the advantages of nanostars and chiral NPs. Our strategy consists of using chiral mesoporous silica 
(CMS) as template to grow helical spikes over a gold nanospheres. The following steps are being 
implemented towards this end. 
 
Keywords: chirality, self-assembly, plasmonic nanoparticles.  

 
 Figure 1: Schematic representation of the preparation of chiral plasmonic nanostars using chiral mesoporous silica 
(CMC) as a template. 
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Maslinic acid (MA), a triterpene widely found in natural sources, is a gaining interest compound due to 
its multiple therapeutic activities and its lack of harmful effects. Among all its benefits on health, MA is 
emerging as a promising agent for the treatment of cancer disorders. Several studies have proven its 
clinical potential, both in vitro and in vivo. However, the application of this compound presents a major 
drawback: MA is practically insoluble in water. Nanotechnology is a practical tool to solve this limitation. 
We have developed MA-based Solid Lipid Nanoparticles (SLNs) by a modified solvent-displacement 
method. These SLNs are composed of a solid core of MA surrounded by a poloxamer shell of Pluronic 
F127 or a synthesized terminal carboxylated-Pluronic F127. MA SLNs have been characterized in terms 
of colloidal and physico-chemical properties and a comprehensive work in the experimental parameters 
that may influence their preparation has been performed. Several experimental conditions, such as 
organic phase composition, ionic strength and pH, were examined to fully characterize the system. MA 
SLNs were in the range of 120-140 nm with a low polydispersity index (<0,15). Moreover, it was 
determined that, at physiological conditions of salinity (150mM) and pH (7,4), the system presented an 
adequate behaviour, and that MA SLNs can be appropriately stored at 4°C for at least 3 months. An 
important application of these nanoparticles is that they may serve as carriers for other hydrophobic 
drugs, opening the possibility to synergistic actions. The ability to performance as hydrophobic drug 
nanocarrier was evaluated by studying the incorporation of curcumin. It was proved that MA SLNs can 
satisfactorily include curcumin and, potentially, other hydrophobic drugs. 
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A Taylor dispersion method has been used to measure ternary mutual diffusion coefficients (D11, D22, 
D12 and D21) in aqueous sodium salicylate (NaSal)1 (component 1) + sodium dodecylsulfate (NaDS)2 
(component 2) solutions at 25.00 ºC and concentrations up to 0.050 mol dm−3. In general, the data 
show that diffusion of NaDS drives co-current flow of NaSal, and that diffusion of NaSal drives also co-
current flows of NaDS. The experimental ternary diffusion coefficients are compared with Nernst-Planck 
coefficients allowing a better interpretation of the electrostatic mechanism for the coupled diffusion of 
sodium salycilate and sodium dodecylsulfate. From these equations, at compositions below the critical 
micelle concentration (cmc) of NaDS, small positive values of D12 and D21 are obtained resulting from 
fully dissociation of NaDS; however, at compositions above the cmc, the coupled diffusion of NaSal and 
NaDS becomes significant, as indicated by the experimental and predicted large positive cross-diffusion 
coefficients, D21. There is a good agreement between our data and those predicted by the Nernst-
Planck equations for NaDS concentrations below and above the cmc.  
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The demand for increasingly efficient, reliable, and affordable solar cells has led researchers to search 
for nano/microtechnological solutions capable of improving photovoltaic (PV) performance without 
significantly increasing their production costs. Photonic structures based on wavelength-sized 
transparent conducting oxides (TCOs) are at the top of the list of such solutions, as they allow significant 
efficiency improvements by reducing reflection and capturing light inside the solar cell. In this work, 
the authors used a simple, low-cost, versatile, and highly scalable colloidal lithography process to 
fabricate and optimize wavelength-size indium zinc oxide (IZO) microstructures-smoothly patterned on 
flexible indium tin oxide (ITO) substrates coated with poly (ethylene terephthalate) (PET). Using this 
method, the authors fabricated IZO-structured flexible substrates endowed with strong light interaction 
effects, namely pronounced light scattering performance (diffuse transmission up to ~50%). In 
addition, the photonic IZO-structured mesh allowed a larger volume of TCO material in the electrode 
while maintaining the desired transparency, which led to a reduction in sheet resistance (~30%), thus 
adding also electrical benefits to the devices, due to improved contact conductance. The results 
presented here pave the way for a new class of photonic transparent electrodes with mechanical 
flexibility that offer strong potential not only as advanced front-end contacts for thin-film bendable solar 
cells but also for a much wider range of optoelectronic applications. 

 
Illustration of a photonic-structured TCO electrode, composed of a micro-patterned IZO layer on a flexible ITO-
coated PET substrate (a), aimed at producing effective light trapping (LT) in thin-film PV devices with a superstrate 
configuration (b). This LT solution can reduce reflection losses from the front illuminated surface and redirect the 
light to angles away from the incidence direction, thus boosting the optical path length of light in the solar cell 
absorbing materials patterned over this structure.  
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Bimetallic magnetic nanomaterials are under extensive investigation now due to their possible 
application in nanotechnology and nanomedicine. The distinctive characteristic of such materials is their 
superparamagnetic behavior, which is essential for biomedical [1], diagnostic [2], and therapeutic 
applications [3]. The Au-Fe-based nanomaterials attract much attention due to higher saturation 
magnetization than the Au-Fe oxide core-shell structures synthesized heavily over the last decade. 
Hybrid nanocrystals based on iron, gold, or intermetallic Fe(1-x)Au(x) could be promising materials for 
such applications. 
 
Although many available works about hybrid nanocrystals based on gold and iron [4-6] but detailed 
reports in the literature concerning the study of the formation of the hybrid nanocrystal ordered 
ensembles containing Fe along with the Fe(1-x)Au(x) intermetallic are absent to the best of our 
knowledge. However, combining such materials may lead to outstanding magnetic and magneto-optical 
properties for magnetic recording and magneto-optical applications.   
Fe(1 – x)Au(x)/Fe hybrid nanocrystals were prepared on an amorphous surface of SiO2/Si by molecular 
beam epitaxy. When the effective thickness of the Au layer changes from 0 to 11.3 nm, the sizes of 
Au–Fe nanocrystals obtained vary from 10 to 200 nm with the same thickness of the deposited iron 
layer at 44 nm. Microscopic data statistical analysis shows that a small number of Au droplets formed 
on the surface of SiO2 leads to forming of an ensemble of nanocrystals with a size distribution close to 
the Gaussian dependence. The increase in the thickness of the Au layer leads to the formation of larger 
nanocrystals due to Oswald ripening. Thus, for samples with the effective gold thickness of 0.8, 1.0, 
and 11.3 nm, two groups of Au–Fe nanocrystals with average sizes of 10–20 and 150–200 nm are 
observed. 

 
Summary of the prepared Fe(1 – x)Au(x)/Fe hybrid nanocrystals (a) after Au deposition, (b) after Fe deposition, 
(c) SEM images and (d) statistical distributions 
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Photoresponsive nanomaterials have been attractive for biomedical applications because of their 
photothermal and photodynamic properties that can be exploited for diagnosis and therapeutic 
purposes.  In these regards, the photothermal conversion of QsH-ICG-Fe3O4 based nanoparticles and 
GNR-PEC was evaluated, as well as their potential use to eradicate tumoral cells by the extrinsic and 
intrinsic photothermal effects provided by the ICG and GNR, respectively. On one hand, QsH-ICG-Fe3O4 
based nanoparticles were synthesized by the ionotropic gelation approach using TPP crosslinker, while 
GNRs were synthesized by the seed-mediated growth, changing the cytotoxic CTAB by PEC to stabilize 
the GNR. Both nanosystems showed size at the nanoscale range, highly stable despite that Z potential 
values were lower than |30| mV. QsH-ICG-Fe3O4 based nanoparticles and GNR-PEC resulted non-toxic 
to Balb/c 3T3 and HeLa cell lines, before laser irradiation (CW laser, 808 nm, 1 W). On the contrary, 
the cellular viability of HeLa cell lines diminished after cell cultures were Irradiated with the laser beam. 

 
Diagram of the photothermal assay set-up 
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Photoresponsive nanomaterials have been attractive for biomedical applications because of their 
photothermal and photodynamic properties that can be exploited for diagnosis and therapeutic 
purposes [1]. In this work, a photothermal and photodynamic nanometric system based on 
hydrophobic-modified chitosan (HCs) was developed, and using the polymeric matrix as a scaffold to 
entrap magnetite NPs (Fe3O4) and the photosensitizer indocyanine green (ICG) efficiently (Figure 1). 
HCs-Fe3O4-ICG NPs were prepared by ionotropic gelation, using the TPP as cross-linker [2]. According 
to dynamic light scattering and electrophoretic velocity measurements, HCs-Fe3O4-ICG NPs showed 
hydrodynamic diameters (DH) and electrical surface potentials of 140 ± 2 nm and 17 ± 0.3 mV, 
respectively. The photothermal and photodynamic responses of HCs-Fe3O4-ICG NPs on the viability of 
HeLa and Balb/c 3t3 cells were evaluated by in vitro assays by irradiating the cell cultures with a CW 
laser (808 nm) at a fluency of 1.0 W/cm2. The viability of HeLa cells in the presence of HCs-Fe3O4-ICG 
NPs decreased after the laser irradiation treatment until ca. 20% as result of cell thermal ablation 
together with the production of cytotoxic reactive oxygen species (ROS). Hence, this study 
demonstrated that HCs-Fe3O4-ICG NPs have a promising application as a platform for cancer diagnosis 
and treatment. 
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Liposomes are spherically shaped microscopic vesicles consisting of one or more phospholipid bilayer 
membranes surrounded by an aqueous core. Liposomes are suitable for mimicking biological bilayers, 
playing a role in the delivery and release of water-soluble and lipophilic drugs [1]. Gemini cationic 
surfactants are amphiphilic containing two polar heads joined by a spacer and two aliphatic chains. 
These Gemini surfactants have relevant properties such as higher surface activity and low critical micelle 
concentration [2]. Atorvastatin inhibits the cholesterol metabolic pathway and low-density lipoprotein 
synthesis. Despite its lower solubility in water, it is the main route of action in the treatment of 
atherosclerosis.  
 
DPPC liposomes have been produced incorporating the cationic surfactant Gemini (tetradecamethylene-
1,14 bis(dimethyl-tetradecyl-ammonium-bromide); GS14) and subsequently the drug atorvastatin has 
been encapsulated. First, the stability over time of DPPC-GS14 liposomes was studied, due to its 
importance in its role as a drug delivery system. [3]. Thus, these systems have been characterized by 
correlation spectroscopy, electrophoretic mobility and DSC measurements. All liposomes have a net 
positive charge, similar in size, and are stable for more than 300 days. DSC measurements showed a 
decrease in transition temperature (TC) as the amount of GS14 was increased. Analogous 
measurements were carried out after incorporation of atorvastatin, and similar results were obtained. 
In addition, molecular dynamics simulations (under and above TC) were carried out to study the 
compartmentalisation of the surfactant and drug in the bilayer. They showed that both molecules are 
located in the bilayer and that the quaternary ammonium group of Gemini assists the encapsulation of 
the atorvastatin molecule through polar interactions. To confirm this, drug-containing liposomes were 
prepared with and without Gemini, dialyzed for 24 hours, and lyophilized; afterwards, by 
spectrophotometry, the percentage of encapsulation was determined. It was found that the liposomes 
with the surfactant tripled the percentage of encapsulation.  
 

 
Figure 1: On the left, evolution of liposomes with GS14 extruded (Ext.) and without extrusion (W/O Ext.). On the 
right, simulation cell with Water (red), DPPC (purple), Gemini (yellow) and Atorvastatin (blue) 
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Lifestyle and progressive population ageing leads to a raising in cardiovascular pathologies, where 
arterial inflammation is a key point in their development [1]. Specifically, atherosclerosis is the major 
cause of morbidity and mortality among cardiovascular diseases [2]. Current therapies are comprised 
of preventive treatments based on the levels of certain risk factorvas cholesterol and blood glucose 
levels, blood pressure, smoking… [3]. Hereby, it is necessary to develop localized therapies to treat and 
earlier detect this illness.  
 
To address this problem, new biomimetic nanocarriers based on cell membranes (called nanoghots or 
artificial nanocells) are being developed. This type of biomimetic nanotransporters decreases the 
immune evasion, prolong the circulation time of chemoactive compounds, allows the incorporation of 
additional functionalities and targets the inflamed atherosclerotic tissue to exert their specific function 
[4].  This work is focused on the synthesis and characterization of nanoghosts obtained from 
macrophage cells after cell lysis and reconstruction by extrusion5 as shown in Figure 1. After the 
extrusion process, the nanoghost retain the composition, orientation and functions associated with cell 
membranes, but lack their cytoplasmatic machinery 3. The structure and properties of the obtained 
biomimetic nanostructures were extensively characterized by differential light scattering (DLS), zeta 
potential measurements, nanoparticle tracking analysis (NTA), Bradford assay, flow cytometry and 
transmission electron Microscopy (TEM). 
 

 
Figure 1. Schematic representation of nanoghost synthesis, and TEM image of a derived biomimetic artificial cell. 
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Nanotechnology is involved in pharmaceutical applications in the development of new strategies for 
health problems and treatments. Also, bacterial infections represent one of the top ten public health 
concerns worldwide. This problem requests the search for novel strategies, and the development of 
bionanomaterials to prevent the infection, and treat these infections caused by these microorganisms. 
In particular, the polymeric nanoparticles can be considered as promising carriers for the development 
of drug delivery systems. A targeted delivery system based on polymeric nanoparticles (NPs) represents 
a marvelous alternative for disease treatments. In this regard, poly (lactic-co-glycolic acid) (PLGA), a 
synthetic block-copolymer, was used to fabricate biodegradable, biocompatible, and non-toxic drug 
nanocarriers [1]. PLGA nanoparticles can entrap bioactive compounds inside the core of the polymeric 
matrix, avoiding their degradation from physical, chemical, and biochemical action, and enhancing the 
half-lifetime [2]. On one hand, Cnidoscolus chayamansa (Cha), a medicinal and edible plant known as 
“Chaya”, has been commonly used as an anti-inflammatory, antiprotozoal, antibacterial agent and as a 
remedy for respiratory illness, gastrointestinal disorders, and vaginal infections related with the 
inflammation process [3]. This work shows the potential bacteriolytic activity of PLGA NPs constituted 
by a hydrophobic core loaded with ethanolic Cha extract (Cha-EXT) and a Lysozyme (Lys) corona 
adsorbed onto the PLGA NPs surface. The NPs were characterized in terms of size, surface charge, and 
shape by analytical tools such as dynamic light scattering (DLS), zeta potential (ζ), and atomic force 
microscopy (AFM), respectively. On the other hand, the number of Lys molecules adsorbed onto the 
PLGA NPs surface was determined by ITC calorimetry. The antibacterial activity of the nanosystem was 
determined by in vitro assays, using S. aureus and E. coli, as gram (+) and Gram (-) bacteria models. 

 
Figure 1. Schematic representation of Cha-EXT-PLGA- Lys NPs formation process. 
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Gold nanorods (AuNRs) are promising tools in the biomedical field due to their optical properties, low 
toxicity and biocompatibility, allowing them to be used for drug delivery and bioimaging purposes [1]. 
The chemical surface of AuNRs is easily tunable to ensure their colloidal stability in physiological 
conditions as well as incorporating additional functionalities as, for example, targetability or theranostic 
capabilities [2]. In this regard, polyethylene glycol (PEG) is one of the main polymers currently used as 
ligand [3]. There are many simple techniques to confirm that particle´s pegylation was successfully 
carried out. However, for long-term stability applications it is compulsory to determine the surface 
capacity of AuNRs to bind PEG chains to provide full particle stability as well as functional end-groups 
for further modifications.   
 
Hence, the aim of this work was to determine the amount of PEG bound to an AuNR surface. For this 
purpose, AuNRs were synthetized by the seeded-growth method1 and their structural and physico-
chemical properties determine through different techniques. Next, the particles were pegylated with α-
carboxyl-ω-thiol-poly(ethylene glycol) or α-amino-ω-thiol-poly(ethylene glycol) in a two step-
methodology. During the first step AuNRs were stabilized, while in the second one the CTAB residues 
were completely removed. 
 
 To determine the extent of PEG binding to the particles, a potentiometric titration method was carried 
out [4]. Here, pegylated AuNRs were initially deprotonated in the presence of NaOH, and the number 
of -COOH and -NH2 PEG functional groups determine by analysing pH changes after the addition of 
known amounts of HCl. Finally, changes in proton concentration at constant pH were obtained and 
correlated with the number of PEG chains bound to the AuNRs surfaces. 

 
Figure 1 Scheme representing the pH change upon potentiometric titration of AuNRs 
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Over the last decades, multiple studies have analyzed the potential use of living cells for the engineering 
of artificial tissues [1]. However, most of them fail when trying to mimic the cellular anisotropic 
structures present in the living tissues, which are key in regulating different cellular processes and cell 
signaling [2]. Recently, different approaches based on microfluidic devices, 3D-printing or external 
activation of biomolecules have been proposed to overcome this limitation [3]. Still, these involve 
elaborate and costly systems that are not always suitable for the reproduction of the natural structures 
present in the human body. 
 
For these reasons, in this work a simple and cost-effective method for controlling the spatial 
arrangement within soft materials composed of living cells is proposed. To achieve such a goal, the 
modification of mesenchymal stem cells membranes to express azide groups through incubation in the 
presence of an azide-modified oligosaccharide (Ac4ManAz) was performed [4]. The optimal incubation 
time and oligosaccharide concentration were determined by means of fluorescence microscopy and 
fluorescence intensity measurements. Next, dibenzylciclooctine-modified superparamagnetic iron oxide 
nanoparticles (DBCO-SPIONs) were synthesized able to allow the specific recognition and targeting to 
the membrane overexpressed sugar. When cultured with the functionalized nanoparticles, these 
selectively attached to the cellular membrane under physiological conditions. No harmful effects to cell 
viability were noted up to particle concentrations of 250 μg/mL. Finally, the SPION-decorated cells were 
cultured in the presence of different magnetic field configurations allowing the obtaining of various 
well-defined 2D-spatial cell ordered patterns. 
 

 
Scheme depicting the experimental process for the magnetic-induced cellular organization. 
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Organs and tissues loose their functionalities with ageing, the appearance of diseases or the existence 
of traumas. These functionalities are tried to be recovered by using drugs or other bioactive molecules, 
prostheses or, in the last case, the transplant of the damaged organ or tissue [1]. Tissue engineering 
(TE) and regenerative medicine are interdisciplinary fields that make possible to deliver cells and 
bioactive agents to injured areas with the objective of promoting and restoring the functions of 
damaged tissue [2]. Hydrogels based on natural biopolymers are biomaterials widely used in TE to 
create scaffolds that mimic the extracellular matrix (ECM). ECM is an anisotropic macromolecular 
network that serves as a scaffold for cellular constituents. ECM also is involved in the control and 
modulation of cell signaling as well as providing the suitable environment necessary for cell 
development, growth, and differentiation [3]. In addition, for cell/tissue formation and/or repair, 
hydrogels must also provide adequate nutrient transport and mechanical stability [4].   
Here, we present the use of hybrid hydrogels composed of methacrylate gelatin (GelMA) and 
methacrylate hyaluronic acid (HAMA) as a for scaffolding and controlled release of bioactive molecules. 
We incorporated poly(lactic acid-co-glycolic acid) (PLGA) nanoparticles loaded with the drug 
dexamethasone (DEX) inside these hydrogels. This system provided a controlled and sustained release 
of DEX through the hydrogel matrix which can induce the controlled differentiation of mesenchymal 
stem cells (MSC) into osteoblasts. This differentiation may help in the calcium production and the 
subsequent calcification process, which can can open new avenues in the treatment of bone fracture. 
  

 
Figure 1.- Schematic of dexamethasone-loaded PLGA nanoparticles embedded in GelMA-HAMA hydrogels for bone 
regeneration. 
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At present, diagnosis and therapy of cancer are carried out independently, which then generates an 
unnecessary delay in patient´s treatment which may have an important impact in its therapeutic 
efficacy. To overcome such issue, theranostics has envisaged to provide simultaneous diagnosis and 
therapy outcomes personalized for each patient by developing unique nanoplatforms [1-4].  
Pursuing such aim, in this work a hybrid nanosystem based on gold nanoparticles (Au NPs) has been 
designed, capable of simultaneously provide photodynamic (PDT), plasmonic photothermal (PPTT), one 
agent chemotherapeutic Doxorubicin (DOXO) responses to kill malignant cells and a genetic inhibitor 
(SiRNA), which acts as an oncogene blocker, slowing down malignant cell division. To do this, through 
a bottom-up process, Au nanorods (AuNRs) were obtained and functionalized using the layer-by-layer 
(LbL) assembly technique using alternate layers deposited from polyelectrolytes (PEs): poly (styrene 
sulfonate) (PSS) and poly-L-lysine (PLL), with an outer layer of hyaluronic acid (HA) to provide the 
hybrid NPs with sufficient colloidal stability and active targeting capabilities. To provide PDT capability 
to the nanoplatform, indocyanine green (ICG) was added, which will generate unique oxygen (1O2) 
production under NIR light excitation, but also functions as an FDA-approved photosensitizer. DOXO, 
this drug fits between the bases of DNA and blocks DNA synthesis and transcription and inhibits the 
activity of an enzyme, topoisomerase II, this causes breaks in genomic DNA, achieving death by 
apoptosis. And SiRNA that prevents the generation of metastases and is functionalized with a 
fluorescent dye. In this way, PSS/DOXO/PLL-ICG/siRNA/HA-coated AuNRs were obtained. The 
nanoplatform generated a cell death of 76.2% and 82.3% in its application in cell lines with laser 
application as external stimulus with fluence of 1 and 2 W/cm2. 
  
 

 
Figure 1: Functional diagram of the AuNRs/PSS/DOXO/PLL-ICG/SiRNA/HA nanosystem 
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In recent years, nanoscience, and nanotechnology research new strategies for applications in all aspects 
of human life. Specified, silver nanoparticles (AgNPs) have been widely used in areas of health care, 
medicine, food, and pharmaceutical industry, because of their unique antibacterial properties. 
Nanoparticles can be formulated from different physicochemical methods, although these methods have 
disadvantages that are mainly due to the handling of toxic chemicals, the production of harmful toxic 
waste, they need high pressures and temperatures. To avoid these drawbacks, alternative biological 
methods have emerged in recent years as a valuable and attractive possibility because they use plants 
and are non-toxic, readily available, low-cost and environmentally friendly [1–3]. The present work 
shows a simple, environmentally friendly, and cost-effective method to synthesize AgNPs using 
Antigonon leptopus ethanolic extract (EXT-AL). The parameters such as pH, the concentration of EXT-
AL, reaction time, and temperature were varied to optimize the formation of AgNPs. Then, AgNPs were 
characterized by UV-visible spectroscopy, Atomic Force Microscopy (AFM), dynamic light scattering 
(DLS), Scanning Electron Microscopy (SEM), and Transmission Electron Microscopy (TEM). The 
absorption band observed at the wavelength of 435 nm confirmed the formation of AgNPs. The 
synthesized AgNPs showed a spherical morphology, with a hydrodynamic diameter (DH) and zeta 
potential (ζ) values from range from 419 to 80 nm and -27 to -32 mV, respectively. Finally, the 
antibacterial activity of AgNPs was evaluated by in vitro assay using Gram-negative (Escherichia coli) 
and Gram-positive (Staphylococcus aureus) bacterial models. The AgNPs showed great activity against 
both bacterial models, being more effective to Gram (-) strain (E. coli), suggesting the potential 
application of these AgNPs as novel biomaterial to treat bacterial infection. 
 

 
Figure 1. Schematic representation of the AgNPs formation process. 
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In recent years, the growing demand for efficient energy storage systems has led to the development 
of many different devices. Supercapacitors are presented as one of the most suitable options due to 
their special characteristics, which include long life cycles, low internal resistance, fast charge and 
discharge, low price and environmentally friendless [1]. Thus, with the aim of improving the properties 
of supercapacitors, metal-organic frameworks, MOFs, are presented as potential materials to be used 
in electrochemical electrodes thanks to their porous nanostructure, high chemical stability and capability 
for incorporating high energy and power densities [2]. However, the use of pure MOFs as electrodes in 
supercapacitors is not very practical due to their insulating characteristics, limiting the electronic 
transfer. This handicap may be solved with the addition of carbonaceous materials and/or the 
carbonization of the MOF materials under different conditions [3]. 
  
In this work, we present the synthesis and characterization of MOFs composed by Co2+/Ni2+ and 2-
methylimidazole (ZIF-67) as a potential electrode materials. The synthesis is based on a surfactant 
method in an aqueous medium and at room temperature (4). The physicochemical characterization 
was carried out by scanning transmission electron microscopy (STEM), thermogravimetric analysis 
(TGA) and the N2 adsorption-desorption isotherms (BET). The electrochemical properties of the 
electrode materials were studied through galvanostatic charge/discharge tests and cyclic voltammetry. 
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Cardiovascular diseases (CVDs) are the main cause of death worldwide, being atherosclerosis the 
underlying factor arising from the endothelial inflammation of arterial walls.[1,2] One of the main 
responsible in the endothelial inflammatory cascade are macrophages, which change their polarization 
state from an anti-inflammatory (M2) to a pro-inflammatory (M1) one, initiating the process.[3] For this 
reason, it is envisaged that an effective therapy to avoid/reduce the endothelial inflammation based on 
the control of macrophage polarization state is promising.  Hence, N-(2-ozoazepan-3-il)-pirrolidina-2-
carboxamida, OPC -an extract from the ink of octopus vulgaris with cytotoxic and anti-inflammatory 
properties,[4] and the anti-inflammatory interlekin IL-10 were encapsulated inside PLGA NPs for their 
controlled release in the inflamed cells. Such compounds were loaded in the nanoparticles with an 
efficiency of ca. 70 %, and released in a controlled, step-wise manner, which enabled the reduction of 
reactive oxygen species (ROS) produced by polarized M1 macrophages. 

 
Decreased ROS production in M1-polarized RAW macrophages by IL-10 (left) and  OPC(right)-loaded PLGA NPs 
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Inherited or acquired diseases (such as cancer, cardiovascular, neurological and inflammatory diseases) 
could be treated at molecular level using the nucleic acids (NAs) as therapeutic agents. One of the most 
effective and selective mechanisms of action is through the use of small interfering RNAs (siRNA). This 
small double strain of RNA can block the synthesis of the defective protein by knockdown the 
corresponding specific genes. However, siRNAs require a biocompatible and efficiency carrier agent 
(nanovector) for their internalization into the cells. Cationic lipids (CLs) are perhaps the most studied 
group within non-viral vectors due to their capability to interact electrostatically with anionic siRNAs. 
Also, CLs spontaneously self-organize in aqueous media and form complexes with the NAs known as 
lipoplexes, which show structures similar as that of the cell membrane. In particular, gemini cationic 
lipids (GCLs) have a higher positive charge density per hydrophobic chain to link with NAs than others 
CLs with a single charge and two chains. In this work, a lipoplex formed by a siRNA which block the 
green fluorescent protein synthesis and a mixed lipid system composed of a helper neutral lipid, 1-(cis-
9-octadecenoyl)-rac-glycerol (MOG), and a synthetic GCL, have been evaluated as a gene knockdown 
nanovector. An initial physicochemical characterization was carried out by zeta potential, agarose 
electrophoresis and dynamic light scattering techniques. Cytotoxicity of the lipoplex in tumor cell lines 
has been studied by CCK8 assay and by the reactive oxygen species measurement. The gene 
knockdown activity of the nanovector was evaluated in HeLa-GFP and T731-GFP cell lines (modified for 
GFP overexpression) by flow cytometry and fluorescence microscopy in presence of human serum. 
Finally, the internalization and efficacy of the lipoplex was tested by confocal microscopy in three-
dimensional arrangement called multi-cellular spheroids. The interest of these three-dimensional 
microtissues is that they mimic the architectural and conditions of solid tumors or others native tissue. 
The overall of experiments determined the capacity of the nanovector and its potential applicability in 
future clinical trials for the transport of siRNA molecules. 
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Altering the combinations of Metal-Organic Frameworks (MOFs) composition such as the metal ions 
and organic ligands can offer an infinite number of possible MOFs. One of the most promising MOFs is 
the Zeolitic Imidazolate Framework-8 (ZIF-8) due to the ease of its preparation and its thermal, 
hydrothermal and chemical stability. The incorporation of anisotropic metal nanoparticles, such as gold 
nanostars (GNSs), inside the ZIF-8 structure (GNSs@ZIF-8 nanocomposites, NCs), can expand its 
applications in many fields as, for example, drug delivery [1], catalysis [2], theragnostics [3] and so 
on. The synthesis of these NCs relies mainly on the amphiphile self-assembly of surfactants for 
stabilizing the nanoparticles and controlling the reaction [4]. However, surfactants play a significant 
role in GNSs and ZIF-8 morphology, reaction efficiency, and how GNSs can be incorporated into the 
ZIF-8 framework. 
 
The precise control of surfactants in those systems can pave the way toward a major control of the 
incorporation of plasmonic nanoparticles into MOFs. Hence, in this work we present the influence of 
the Triton X-100 and Hexadecyltrimethylammonium bromide (CTAB) surfactants on the morphology 
and efficiency of GNSs (Figure). Next, how CTAB concentration can alter the GNSs@ZIF-8 NCs will be 
elucidated. The characterization of the obtained NCs was carried out dynamic laser-light scattering 
(DLS), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and quantitative 
nuclear magnetic resonance (qNMR). 
 

 
a) GNSs synthetized with CTAB; b) GNSs synthetized with Triton X-100 
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Noble metal nanoclusters, small aggregates of tens of atoms, have unique optical properties, being the 
link between isolated atoms and nanoscopic entities. For this reason so they have molecular-like 
electronic states that produces important fluorescence fenomena characterized by a large Stokes shift 
[1]. Serum albumin is the main protein present in the blood stream with multiple biological functions 
as , for example, the clearence of waste products from cell metabolism or abnormal machinery is a key 
one [2]. One of such products is A beta peptide, involved in the formation of amyloid fibrils and one of 
the main hallmarks of Alzheimer's disease [2]. Hence, serum albumin-based therapies may offer an 
important potential to fight against this disease.  
 
In the present work we have obtained and characterised gold nanoclusters embedded in bovine serum 
albumin by an in situ synthesis process [3]. HRTEM, molecular weight and X ray diffraction data 
confirmed the formation of the metal clusters inside de protein structure. Structural changes occurring 
in serum albumin were analyzed by means of Fourier-transform infrared spectroscopy (FTIR) and 
circular dichroism, which confirmed an enhancement in protein stability thanks to the presence of the 
metal clusters. In addition, the optical properties and colloidal stability of the metal clusters-protein 
complexes was analyzed under different solution conditions (ionic strenght and pH at different time 
points). The biocompatibility of the nanoclusters-protein complexes was assesed in vitro in different 
cell lines by means of the CCK-8 viability assay. Finally, the effect of the nanoclusters in the fibrillation 
process of serum albumin taken as a model fibrillating protein [4] was evaluated to decipher the 
therapeutical potential of such complexes for intended Alzheimer's treatment in the future. 

 
Figure 1: Fluorescence of glod nanoclusters upon UV light 
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Breast cancer is the world’s most prevalent cancer [1]. Initially, cancerous growth is confined to the 
duct or lobule with generally no symptoms and has minimal potential for spread. Cancers may progress 
and invade the surrounding breast tissue (invasive breast cancer), and then extend to the nearby lymph 
nodes (regional metastasis) or to other organs in the body (distant metastasis). Hence, it is key to 
delimit the spreading of the tumoral cells in order to provide a suitable diagnostics as well as selecting 
the most suitable therapy to fight against the disease and ensure a good prognosis and quality of life 
for the patient. 
Carbon dots (CDs) are naturally fluorescent nanoparticles, small in size and biocompatible. These 
properties make them suitable candidates as biomarkers in disease detection and delimitation. In this 
work, we have explored the possibility of employing CDs as imaging contrast agents and drug delivery 
vehicle, conferring the system the ability to fluorescently label the tumor site as well as analyzing their 
biodistribution along the body and biological fate, and provide an on-site release of the drug. 
CDs have been synthesized by pyrolisis of citric acid,[2] and the inclusion of the antioneplasic drug 
doxorubicin, a first line chemotherapeutic agent able to bind DNA to avoid tis replication, have been 
evaluated for simultaneous imaging/treatment of breast cancer. Combination of fluorescent tagging 
with drug treatment will allow for a more detailed knowledge of drug diffusion inside the body, essential 
to develop better designs and strategies to optimize the structure and composition of drug delivery 
vehicles for controlled cargo release.  
In this work we present the characterization of the dual drug delivery/imaging system by HRTEM, zeta 
potential, FTIR, absorbance and fluorescence spectroscopy as well as an initial approach to evaluate 
the effectiveness of the system in breast cancer treatment.  
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Plasmonic photo-thermal therapy (PPTT) is a minimally invasive therapy in which photon energy is 
converted into heat to kill cancer cells in a localized manner using gold nanoheaters based on plasmonic 
nanoparticles [1]. Due to their optical properties, anisotropic gold nanoparticles absorb light strongly in 
the near infrared window (NIR) and convert photon energy into heat quickly and efficiently, thereby 
making them superior thermal agents for localized PPTT [2].   
In this study a comparison of the photothermal behavior of gold nanorods (AuNRs) and gold nanostars 
(AuNSs) is presented under different light excitation conditions that is, continuous and pulse laser light. 
Synthesis parameters were optimized to obtain nanoparticles with a surface plasmon band at 800 nm 
[3,4], that correspond with the “biological window”. Surface pegylation was performed to ensure 
biocompatibility and nanoparticles stabilization. Next, light irradiation made with continuous and pulse 
lasers at a wavelength of ca. 808 nm was done at different laser fluences, times and particle 
concentrations, and the photothermal response of the particles acquires and compared.  Finally, the 
metallic nanoparticles were incubated in vitro with fibroblasts Balb/3T3 cells to evaluate their 
cytotoxicity and ability of internalization in order to perform effective intracellular PPTT.   
 

 
Figure 1: In vitro confocal reflectance microscopy image of AuNSs uptake in Balb/3T3 cells 
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Tragopogon graminifolius DC. is a perennial plant from the family Asteraceae which grows in West 
parts of Iran. Several biological activities like antimicrobial, antioxidant and anti-inflammatory effects 
are reported for the plant. The aim of this study was to assess the wound healing activity of 
standardized extract from T. graminifolius (TG) aerial parts. Topical standardized TG extract with 5% 
and 10% concentrations in eucerine base was assessed for its healing properties on second degree 
burn in rats during a 14-day period. Biomarkers of oxidative damage including total antioxidant power, 
lipid peroxidation and total thiol molecules of the skin tissue samples were also evaluated. Results 
showed that 10%TG had the best efficacy with 80 ± 3% wound closure and tissue repair in comparison 
to negative control (p < 0.05). Significant reduction of tissue oxidative stress biomarkers was also 
observed. Histological analyses confirmed wound healing activity of TG extract, as well. Considering 
the antioxidative stress and anti-inflammatory activities of TG, explained by the high content of phenolic 
compounds of the plant, standardized TG extract could be considered as a natural remedy for the 
treatment of burn wounds. Further clinical studies are suggested to confirm the effectiveness of TG as 
a wound healing agent. 
 

 
Macro-area of wounds in 1st, 7th, and 14th day of experiment. TG: Tragopogon graminifolius. 
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Experimental ternary mutual diffusion coefficients (D11, D22, D12, and D21), for two aqueous ternary 
systems 5-Fluorouracil (component 1) + β-cyclodextrin (β-CD) (component 2), and 5-Fluorouracil 
(component 1) + Sodium dodecyl sulphate (SDS) (component 2) at 298.15 K and concentrations up to 
0.05 mol dm−3 were measured by using Taylor dispersion method [1]. Coupled diffusion of 5-FU and 
β-CD occurs, as indicated by non-zero values of the cross-diffusion coefficients, D12 and D21. However, 
for systems containing 5-FU and NaDS and for compositions above the critical micelle concentration, 
the coupled diffusion of NaSal and NaDS is more significant, as indicated by the greater experimental 
negative cross-diffusion coefficients, D21. 
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