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08h00 SSUNDAY 22nnd  EESMolNa2022  

14h00 Lunch   

16h00 Registration   

17h00 WWelcome  
M. Ángel Oliveira (Mayor of Tordesillas); MMª Luz Rodríguez (U Valladolid); 
Eugenio Coronado (U Valencia)  M. Ángel Zamala (CTRI Director) 

17h30 Eugenio CCoronado- ICMol- Univ. of 
Valencia (ES) 

Welcome: Introduction to Molecular Nanoscience 

18h00 EEliseo RRuiz- Univ. of Barcelona (ES)  Magnetism and Electron Transport at Single--Molecule Level  

19h00 
Enrique OOrtí- ICMol- Univ. of 
Valencia (ES) 

Electroluminescent Materials Based on Ionic Transition-Metal Complexes: A 
Theoretical Insight 

19h30 Reception cocktail 

21h00 Dinner   

07h00       

08h00 MONDAY 23rrd ESMolNa2022  

09h00 
Roberta SSessoli-  Univ. of Florence  
((IT) 

Magnetic molecules in quantum nanoscience   
(González-Ciamician RSEQ Award) 

10h30 Coffee break 

11h00 
Josep PPuigmartí- Univ. of Barcelona 
(ES) 

What can microfluidic technologies offer?  

11h30 Antonio M. EEchavarren- ICIQ- RSEQ 
(ES) 

Mastering Gold Catalysis for the Synthesis of Complex Molecules 

12h00 
Jeanne CCrassous- Univ. of Rennes-
CNRS (FR) Helicenes : multifunctional chiral platforms 

12h30 
Nazario MMartín- Complutense Univ. 
of Madrid (ES) 

Unveiling the Properties of Chiral Synthetic Nanographenes 

14h00 Lunch   

16h30 
Diego PPeña- CiQUS- Univ. of 
Santiago de Compostela (ES)  

Combining Organic Synthesis with Surface Science: from Nanographenes to Single--
Molecule Reactions   

17h30 
Alba Pejenaute- Univ. Autónoma de 
Madrid (ES) 

Cas9 mutagenesis, expression, purification, and activity for an improved 
interaction with bovine serum albumin nanoparticles (BNPs) 

Flash 
Pres 
4’+1’ 

17h33 
17h34 
17h35 
17h36 
17h37 
17h38 

Mireia Ruiz Gasent- ICMol- Uv de 
València (ES) 

Coordination and removal of heavy metal ions by boehmite macrocyclic 
polyamines 

Julia Requena- ICMol- Uv de 
València (ES) Cytotoxicity assesment of pristine and oxidized carbon nano-onions 

Andrea Lázaro Gómez-- ICMol- Uv de 
València (ES) 

Design, synthesis and evaluation of novel extended triphenylamine derivatives for 
G-quadruplex detection and visualization in cells 

Tensae Eskinder Bekele- Univ. 
Autonoma de Madrid (ES) 

growth of metallic nanoparticles into flexible substrate for the development of 
plasmonic effect 

Cristina Fernández Sánchez- Univ. de 
Valladolid (ES) 

Langmuir-Blodgett thin films containing bis-phthalocyanines and galactose 
oxidase as electrochemical sensors 

Alia Alwedyan- Univ. Autónoma de 
Madrid (ES) Metallophthalocyanine-based nanoparticles for photodynamic therapy (PDT) 

Álvaro Gómez Tola- Univ. de 
Valladolid (ES) Modification of the molecular diffusion of hydrocarbons through polyolefins 

Norberto Medina Rodríguez- Univ. 
de La Laguna (ES) 

Multivariate MOFs for analytical applications 

18h30 Coffee break 
19h00 

 
Gema Péérez dee Bustos Canario- 
Univ. Autonoma de Madrid (ES) Non-fullerene acceptors based on Subphthalocyanine-perylenediimide systems 

19h01 
Lydia Ferrer- Univ. Miguel 
Hernández Elche  (ES) 

Phthalocyanine Dimers linked with Spirofluorene and Phenothiazine bridges as 
Hole Transported Materials in Perovskite Solar Cells 

19h02 
Francisco Sánchez Martínez- Univ. 
de Castilla-La Mancha (ES) 

Steady-state properties of 8-Hydroxypyrene-1,3,6-trisulfonic acid trisodium salt 
(HPTS) in different media 

19h03 Laura Mateo Miñarro- Univ. of 
Alicante (ES) 

Study of the dynamic behavior and stability of polyarginine/sodium dodecyl 
sulfate (PLA/SDS) films spread at the air/water interface 

19h04 Diego Aranda Camuñas- Univ. 
Autónoma (ES) 

Synthesis of gold nanoclusters fixed on mesoporous materials and the study of its 
catalytic activity in oxidation reaction 



Oral 
Comm 
8’+2’ 

19h06 
19h07 

MMónnica Gutierrez--  SSalazar- ICMol- 
Uv de València (ES) 

A photoswitchable helical peptide with light-controllable 
interface/transmembrane topology in lipidic membranes 

BBas Huisman- ICMol- Uv de València 
(ES) 

Understanding the 3D- to 0D-phase transformation mechanism of hybrid 
 

MMasooma Ibrahim- Karlsruhe Inst. of 
Technology  (DE) 

Growth of a Poyoxometalate-Capped Giant Iron-Based Molecular Mineral 
Structure from Water 

21h00 Dinner   

07h00         

08h00 TTUESDAY 24tth  EESMolNa2022  

09h00 HHerre VVan deer Zant--  TTU Delft (NL)  SSpin signals iin single--mmolecule junctions  

10h00 
MMaria  Joséé  LLópez Santodomingo- 
Univ. of Valladolid (ES) 

Nanoporous and layered carbon materials doped with metal nanoparticles for 
hydrogen energy applications 

10h30 
PPilar Marín Palacios- IMA- 
Complutense Univ. of Madrid (ES) Ball milled graphene for Gigahertz applications 

11h00 Coffee break 

11h30 EEster Vázquez  FFernández--PPacheco- 
Univ. of Castilla-la Mancha (ES) 

Graphene in water: preparation, detection and applications 

12h00 
MMiguel Ángel Rodríguez Pérez- Univ. 
of Valladolid (ES) From the microscale to the nanoscale in cellular materials 

12h30 
RReiko Oda- IECB- Univ. of Bordeaux 
(FR) 

Helical inorganic nano-platform for chiral Induction, reaction and recognition 

14h00 Lunch   

16h30 LLapo Bogani--  Univ. of Oxford (UK)    MMolecular electronics: how to make and investigate devices  

17h30 
NNagore Ortiz Vitoriano- CIC 
EnergiGUNE (ES) 

Electrochemical energy storage: from materials to device applications 

18h00 RRana Alawar- Univ. Autónoma de 
Madrid (ES) 

Exosomes as natural Nanoparticles encapsulatrd with curcumin for treatment and 
diagnosis . 

Flash 
Pres 
4’+1’ 

 

MMiriam Mínguez Avellán- Univ. de 
Valencia (ES) Facile route for the formation of lead halide nanoparticles in functional thin-film 

AAlberto  GGalindo Caballero- Univ. 
Autónoma de Madrid  (ES) 

Physicochemical characterisations of HCIV-1 virus in extreme saline conditions  

MMónica Peláez Lozano- Univ. de 
Valladolid (ES) 

Solubility and diffusivity of hydrofluorolefins in polyurethane foams 

AAmalia Coro González- Univ. 
Autónoma de Madrid (ES) 

Synthesis and characterization of semiconductor nanoparticles as luminescence 
nanothermometres 

18h30 Coffee break 

19h00 
HHanane El Mansour El Jastimi- Univ. 
Autónoma de Madrid (ES) 

Synthesis of Aza-BODIPY photosensitizers and their application in-vitro for 
photodynamic therapy 

19h01 
LLaura Mulet Rivero- ICMol- Uv de 
València (ES) 

Synthesis, characterization and application of new silver DNA nanoclusters in the 
inactivation of microorganisms. 

 HHewen CChen -Univer of Oxford (UK) Memristive Behaviour in Nitronyl Nitroxide Organic Radical Crossbar Array 

Oral 
Comm 
8’+2’ 

19h06 
19h07 
19h08 

CChris Dreessen- ICMol- Uv de 
València (ES) 

High Voc's in spite of High Bulk Recombination in Small-Grain Vacuum-Processed 
Perovskite Solar Cells  

GGiuliana Beretta- Politecnico di 
Torino (IT) 

Modeling and analysis of molecular technologies for the implementation of Field-
Coupled Nanocomputing 

NNathan RRodkey- ICMol- Uv de 
València (ES) 

Pulsed Laser Deposition of Cs2AgBiBr6: from mechanochemically synthesized 
powders to dry, single-step deposition 

LLorenzo Pietro Mardegan- ICMol- Uv 
de València (ES) 

Semitransparent Light-Emitting Electrochemical Cells Using Transparent 
Conductive Oxides as Top Electrode 

PPaz Sebastia Luna- ICMol- Uv de 
València (ES) 

Tunable Optical Absorption of Sn-, Ge-, and Zn-Substituted Cs2AgBiBr6 Double 
Perovskites 

IIsidora Susic- ICMol- Uv de València 
(ES) 

Wide Bandgap Perovskite Solar Cells with Enhanced Thermal Stability 

ÁÁlvaro PPeña- Inst. de Magnetismo 
Aplicado (ES) 

UV-assisted graphene-based chemoresistive gas sensors for sub-ppm detection 

21h00 Dinner   

07h00         



08h00 WWEDNESDAY 25tth  EESMolNa2022  

09h00 RRichard Berndt--  KKiel Univ. (DE)  SSTM of functional molecules  

10h00 
FFrancisco Rivadulla- CiQUS- Univ. of 
Santiago de Compostela (ES) Functional materials for active control of thermal conductivity 

10h30 
NNatalie Guihéry- Univ. Paul Sabatier 
(FR) 

Origin of the Dzyaloshiskii-Moriya vector and interaction with the electric field 

11h00 Coffee break 

11h30 
GGuillem Aromí- Univ. de Barcelona 
(ES) Quantum Computing with Heterometallic Lanthanide Coordination Complexes? 

12h00 
AAlicia Forment- ICMol- Univ. of 
Valencia (ES) Spin Crossover Systems to tune 2D materials properties 

12h30 
JJoaquín Soriano López- ICMol- Univ. 
of Valencia (ES) 

Water as Energy Vector. Water Oxidation Catalysis Promoted by 
Polyoxometalates 

14h00 Lunch   

16h30 
NNicolás AAgraït- U Autónoma de 
Madrid/IMDEA Nanociencia (ES)  

EElectrical and Thermal Transport in Molecular Junctions  

17h30 Manuel Souto- CICECO-Univ. of 
Aveiro (PT) 

Organic electrodes based on redox-active Covalent Organic Frameworks 

18h00 
Zaida Curbelo Cano- Univ. 
Autónoma de Madrid (ES) 

Developing MnAlC / hydrogel composites for fabricating alternative permanent 
magnets by bonding and additive manufacturing 

Flash 
Pres 
4’+1’ 

 

Lydia Abellan Vicente- IMDEA 
Nanociencia (ES) Electrical Conductivity Of Single Molecules 

José Troya Martínez- ICMol- Uv de 
València (ES) 

Insertion of Bis(pentamethylcyclopentadienyl)iron(III) cations into new  anilate-
based networks to obtain isolated single molecule magnets. 

Gonzalo Rivero Carracedo- ICMol- 
Uv de València (ES) 

Chemical tuning of the properties of 2D magnetic materials 

18h30 Coffee break 

19h00 
Tomasz Charytanowicz- Jagiellonian 
Univ. (PL) 

Opto-electro-magnetic bistability in polar spin-crossover chain material 

19h01 
19h 
Oral 

Comm 
8’+2’0

2 
19h03 
19h04 
19h05 
19h06 
19h07 
19h08 
19h09 

Gonçalo Valente- CICECO-Univ. of 
Aveiro (PT) 

Perylene-based Metal-Organic Frameworks: Tuneable Electrical and Optical 
Properties 

Carlos Sabater- Univ. of Alicante (ES) Quantum Transport of Single-Molecule Junctions when Theory and Experiment 
Meet 

Sahar Mahnaee- Univ. de Valladolid 
(ES) 

Computer simulations of the separation of gas mixtures through novel 
nanoporous boron graphdiyne membranes. 

Saúl  Sánchez González- Univ. de 
Oviedo (ES) 

Relevance of Shockley states on the electrical and thermoelectric response of 
gold-based single-molecule junctions 

Rebecca Rodrigues de Miranda- 
ICMCB (FR) 

Functionalised spin crossover complexes for thin-film based electronic and 
spintronic devices 

Robert Jankowski- Jagiellonian Univ. 
(PL) 

SHG-active NIR-emissive neodymium(III)-octacyanidometallate(IV) molecular 
nanomagnets 

Manuel Imperato- Univ. of Modena 
&Reggio Emilia (IT) 

Metal-organic paramagnets as molecular qubits: design and properties 

Safaa Elidrissi Moubtassim - ICMol- 
Uv de València (ES) Stacking-enhanced photoluminescence in subphthalocyanine thin films 

Tamara de Ara García- Univ. of 
Alicante (ES) 

STM Study of Dithia[7]helicenes and the Role of an Organic Solvent at Ambient 
Conditions 

21h00 Dinner   

07h       
 

08h00 THURSDAY 26tth ESMolNa2022 & W2DM  

09h30 
Francisco Guinea- IMDEA 
Nanociencia (ES)  

 NNovel phases in twisted bilayer graphene and related materials 

10h00 Samuel Mañas- ICMol- Univ. of 
Valencia (ES) 

Magnetic van der Waals heterostructures 

10h30 
José Jaime Baldoví- ICMol- Univ. of 
Valencia (ES) Magnetism in 2D materials: modelling, prospects and opportunities 

11h00 Coffee break 



11h30 
GGonzalo Abellán- ICMol- Univ. of 
Valencia (ES) 

 Hexagonal hybrid bismuthene by molecular interface engineering 

12h00 HHermann Suderow- IFIMAC-UAM 
(ES) 

 Superconductivity using STM 

12h30 SSalvador Pané- ETH Zurich (CH) Materials for Small-Scale Robotics 

14h00 Lunch   

16h30 
MMiguel Moreno Ugeda- Donostia 
International Physics Center  (ES)  MMicroscopic insights of ccollective phenomena in two-dimensional materials 

17h30 
Vanessa Deniz Santana- ICMol- Uv 
de València (ES) 

Electrochemistry as exfoliation tool  

Flash 
Pres 
4’+1’ 

 

José Ramón Pérez Martínez- ICMol- 
Uv de València (ES) 

Graphene-MoS2 covalently crosslinked heterostructures for electrochemical 
applications 

Borja Luis Sánchez Redondo- Univ. 
Autónoma de Madrid (ES) 

Liquid phase exfoliation of Imine-Covalent Organic Frameworks (COF) enhanced 
by electrostatic repulsion. 

Sergio Ferrer Nicomedes- ICMol- Uv 
de València (ES) Optical characterisation of CrSBr metamagnet: From bulk to the monolayer 

Lidia Medinilla Marin- CIC 
energiGUNE (ES) 

The role of perfluorinated binders in graphene-based Na-O2 battery cathodes: 
controlling the triple phase boundary 

1Oral 
Comm 
8’+2’ 

Marco Marino- Univ. of Milan (IT) 
Ab initio calculations of organic molecules (OM) adsorbed on antiferromagnetic 
materials (AM) 

Arantzazu Letona Elizburu- CIC 
energiGUNE (ES) 

Boosting the performance of graphene cathodes in Na-O2 batteries by exploiting 
the multifunctional character of small biomolecules 

18h30 Coffee break 

19h00 
Miguel Gavara- Edo- ICMol - Univ. 
de València (ES) 

Contactless electrical detection of the thermal and light induced spin transition in 
hybrid spincrossover/ 
graphene devices 

19h01 
19h02 

Alex Gee- Oxford Univ. (UK) Electron transport in solution processable graphene nanoribbons 
Natalya Vassilyeva- ICMol- Uv de 
València (ES) 

Liquid-phase asymmetrically functionalised 2D layers for design of 
heterostructures 

21h00 Banquet Venue: Parador de Tordesillas 

07h00     

08h00 FRIDAY 27tth W2DM  

09h30 Brainstorming Trends and perspectives in 2D materials 

11h00 Coffee break 

11h30 Brainstorming Trends and perspectives in 2D materials 

14h00 Lunch   
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 Cas9 mutagenesis, expression, purification, and activity for an improved interaction with 
bovine serum albumin nanoparticles (BNPs) 

Alba Pejenaute,1 Catarina Coutinho,1 Carmen Escalona,1 María López,1 Begoña Sot1,2

1- Fundación IMDEA Nanociencia, Madrid, Spain.
2- Unidad de Innovación Biomédica, Centro de investigaciones Energéticas, Medioambientales y Tecnológicas

(CIEMAT), Madrid, Spain.

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) gene editing system is a gene editing tool which 
allows precise gene editing in vivo [1]. It consists of a ribonucleoprotein, meaning an endonuclease protein-RNA complex 
which acts as a molecular scissor. There are several proteins which belong to the CRISPR system: Cas9, Cpf1, and Cas13 
among many others. The SgRNA determines which region of the genome the nuclease will target and cut [2]. Then DNA 
can be repaired by: i) NHEJ (non-homologous end joining): where random bases are introduced or deleted. ii) HDR 
(homologous directed repair): where a template substitutes the deleted sequence. 

This genetic editing tool has aroused great enthusiasm as it can be used to target and treat genetic diseases in vivo. 
However, its delivery has proven to be a limitation. Nanoparticles have demonstrated to be a vehicle capable of transporting 
proteins and other molecules into cells. Among them bovine serum albumin nanoparticles have been widely used with 
biomedical purposes [3]. Here we present a new method to attach Cas9 ribonucleoproteins to albumin nanoparticles. It is 
based on the addition of a peptide to Cas9, for specific interaction of nanoparticles through disulphide bonds. Cas9 was 
successfully modified and purified. The modified protein conserves its activity.      

[1] Christopher A. Lino, Jason C. Harper, James P. Carney & Jerilyn A. Timlin (2018) Delivering CRISPR: a review of the
challenges and approaches, Drug Delivery, 25:1, 1234-1257, DOI: 10.1080/10717544.2018.1474964
[2] Mout R, Ray M, Yesilbag Tonga G, et al. (2017). Direct cytosolic delivery of CRISPR/Cas9-ribonucleoprotein for efficient
gene editing. ACS Nano 11:2452–8.
[3]Lamichhane, S., Lee, S. Albumin nanoscience: homing nanotechnology enabling targeted drug delivery and
therapy. Arch. Pharm. Res. 43, 118–133 (2020). https://doi.org/10.1007/s12272-020-01204-7
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Coordination and removal of heavy metal ions by boehmite macrocyclic polyamines.
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The synthesis, acid–base behaviour and heavy metal (Hg(II), Cd(II), Pb(II)) coordination chemistry of the 
hexaaazacyclophane ligand (14-hydroxy-3,7,11,14,18,22-hexaaza-1(2,6)-pyridinacyclotricosaphane, L1) have been studied 
by potentiometric, NMR and UV-Vis techniques.  Protonation studies reveal that deprotonation of the pyridinol moiety gives 
rise to a keto-enolic equilibrium, which justifies the higher protonation constant values compared with those analogous 
pyridine receptors. Coordination chemistry studies reveal the formation of mono and binuclear species above pH 5, 
highlighting the formation of mostly mononuclear species in the case of Cd(II). The macrocycle has been supported in 
boehmite nanoparticles for facilitating the metal ion excavenging.
                         

 
Figure 1: Structure of ligand L1 

 

[1] A. Martínez-Camarena., J. M. Llinares, A. Domenech-Carbó, J. Alarcón, & E. García-España. A step forward in the 
development of superoxide dismutase mimetic nanozymes: The effect of the charge of the surface on antioxidant 
activity. RSC Adv., 2019, 9, 41549–41560. 

[2] A. Martínez-Camarena, E. Delgado-Pinar, C. Soriano, J. Alarcón, J.M. Llinares, R. Tejero, & E. García-España.
Enhancement of SOD activity in boehmite supported nanoreceptors. Chem. Commun, 2018, 54, 3871-3874.

[3] J. E. Richman and T. J. Atkins, J. Am. Chem. Soc., 1974, 96, 2268.
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Reactive oxygen species characterization of pristine and oxidized carbon nano-onions
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Carbon nano-onions (CNOs) are nanomaterials with a multi-layered fullerenes-like structure, first reported by 
Ijima in 1980.[1] Since their discovery, this carbon allotrope has been researched in a wide range of fields due to 
its outstanding physicochemical properties, such as graphitic core-shell morphology, large surface area to volume 
ratio, and biocompatibility, among others. These properties make CNOs excellent candidates in high-ending 
technological applications, such as energy conversion and storage, catalysis, and nanomedicine.[1][2] In 2005, 
Ding et al. demonstrated the biocompatibility of this nanomaterial, which was even greater than other carbon-
based nanomaterials, for example, carbon nanotubes (CNTs).[2] For this reason, in recent years, studies have 
investigated their potential in biomedical applications, where they stand out as effective drug delivery systems, 
bioimaging, sensing and theranostics agents.[3] In this regard, a very important aspect to consider is the reactive 
oxygen species (ROS) generation. In most nanomaterials, the main form of cytotoxicity is ROS generation [2],
which lead to oxidative stress causing cell death. In this context, ROS generation can be exploited in some 
biomedical approaches like photodynamic therapy (PDT), which selectively causes local cell-death through the 
photo-oxidation of nanomaterials.[4] For their biological employ, CNOs are commonly submitted to surface 
modifications aimed to improve water solubility and chemical properties. Commonly, a first oxidative treatment is 
applied to CNOs (ox-CNOs) to introduce functional groups for further functionalization. Moreover, due to their 
poor water dispersibility, most of the reported studies focus on the cytotoxicity of functionalized materials, leaving
a lack of knowledge about pristine material (p-CNOs). Herein, we investigate and compare the cytotoxicity and
ROS generation of p-CNOs and ox-CNOs. ROS generation is studied upon photoinduction and in common 
biological conditions, to well understand the effect of CNOs in cellular and acellular environments. Finally, with
this work we would like to extend the knowledge on CNOs, broadening the horizons of the applicability of this 
promising carbon nanomaterial in PDT.

ROS generation of pristine and oxidized carbon nano-onions

References:
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Design, synthesis and evaluation of novel extended triphenylamine derivatives for G-
quadruplex detection and visualization in cells
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In the last decade, non-canonical nucleic acid structures have attracted considerable attention of researchers from many 
science fields, including chemistry, biology, physics, materials and nanotechnology. Non-canonical nucleic acid structures 
include triplexes, i-motifs, three/four-way junctions or G-quadruplexes (G4). The later one is a supramolecular assembly of 
two or more tetrads, which arise from the hydrogen bonding network of four coplanar guanines. The stability and topology of 
G4 structures are mainly controlled by the alkali metal cation employed and the nature of the nucleic acid (DNA or RNA). 
Strikingly, a large number of putative G-quadruplex forming sequences have been identified in the genomes of human and 
viruses, and evidences suggest their pivotal role in key biological processes such as ageing and cancer.[1] Therefore, these 
G4 structures have been proposed as potential targets by small molecules for therapeutic intervention.[2-3] In order to 
unravel the biological processes in which G4s are involved, several strategies have emerged such as antibodies and small 
molecules. Currently, there is only an antibody for G4 recognition but the limitations of this technology have arisen some 
concerning in the field. Such limitations emerged from the high affinity of the antibodies for G4s and the application of a 
fixation agent which can fold these structures in cells and mask the G4s landscape of any biological process. An alternative 
strategy to detect and visualise G4s is the use of small probe molecules.

In this line, our team has launched a project of G4 probes based on the triphenylamine scaffold and found two ligands with 
strong interaction and selectivity for G4 structures.[4-5] This project aims to prepare the second generation of 
triphenylamine-based molecules with extended aromatic core in order to enhance the photophysical features for bioimaging 
while maintaining the excellent binding abilities for G4s. Herein, we present our synthetic efforts to develop new organic 
molecules able to interact with G-quadruplex structures. A range of biophysical assays (FRET melting, fluorescence 
spectroscopy and molecular modelling) has been used to characterise the binding and mode of action. Our results point out 
the importance of the organic core, the extended aromatic scaffold and the aliphatic conjugation to obtain strong G4 binders 
and exhibit high fluorescence quantum yields to be applied as bioimaging G4 probes.
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Composites of nanoparticles internalized in polymers have many applications in the field of photonics.  Moreover, if the 
polymer is flexible it brings additional properties like modification of near field coupling. By putting nanoparticles close 
together, we can localize their electric fields. This is useful for single molecular detection, design of metamaterials, in 
spectroscopic techniques, among other applications [1]. 
 
The aim of this research is to develop composites of flexible conductive polymers and metallic nanoparticles and studying 
their plasmonic properties. For this, we prepared a material consisting a film of Polyvinyl alcohol (PVA), a layer of a mixture 
of poly(3,4-ethylenedioxythiophene) and Poly (styrenesulfonate) (PEDOT:PSS) coated with gold nanoparticles (Au-NP). 
 
An aqueous solution of PVA is turned into a flexible thin film. Using a spin coating system a layer of PEDOT:PSS dissolved 
in DMSO is deposited on the PVA and let it dry. After, using spreading method, 3 layers of gold nanoparticles are applied on 
top of the PEDOT:PSS layer. The optical properties of the composite are measured using reflection and absorption UV-Vis 
spectroscopy. 
 
 

 
 
 

Figure above shows the reflection spectra of the sample prepared. There is a clear dip around 500nm which suggests a 
manifestation of Au plasmonic effect. Gold nanoparticles typically show plasmonic effects between 500 and 600nm, 
depending on the size and on the chemical environment. 
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The need to reduce the physical dimensions and improve the chemical specificity of the devices used in molecular 
electronics has led to the generation of electrochemical sensing devices based on nanostrutured thin films. The Langmuir-
Blodgett (LB) technique allows generating nanostructured layers that facilitate electronic transfer, giving rise to an increase 
in the intensity of electrochemical signals.It has been demonstrated that the modification of electrochemical sensors 
surfaces with electrocatalytic and/or conductive elements such as nanomaterials or phthalocyanines can improve the 
sensitivity of the sensor towards certain compounds [1-4]. For this reason, the design of hybrid systems combining different
materials has become an interesting tool for the development of new and more efficient electrochemical sensors. 
Phthalocyanines show the ability to act as electronic mediators in voltammetric sensors by improving the electronic transfer 
between the analyte and the sensor surface. On the other hand, the use of enzymes stands out for being applied in the 
generation of biosensors in order to add selectivity and specificity towards specific compounds. In this work, the generation 
of LB monolayers composed of galactose oxidase (GaOx), gadolinium bis-phthalocyanines (GdPc2) and arachidic acid (AA) 
is carried out. The nanostructured films were subsequently deposited on indium tin oxide (ITO) substrates to assess the 
electrochemical behaviour of the LB layer by voltammetry. The characterization of the LB layers was carried out through the 
analysis of the π-A isotherms, atomic force microscopy (AFM), Fourier transform infrared spectroscopy (FTIR) and UV-Vis 
spectroscopy. The deposited LB films were used as voltammetric sensors to test their electrochemical response towards 
galactose. The intensity enhancement on the voltammograms’ peaks allowed to calculate the limit of detection (LOD) and to 
observe the benefits of the Langmuir-Blodgett method to create ordered nanostructured thin films.
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Photodynamic therapy (PDT) is a non-invasive, clinically approved therapeutic procedure, that has been used to 
treat malignancies of different types and regions, as well as non-oncological diseases [1]. Phthalocyanines (Pcs) are optimal 
organic photosensitizing chromophores to be used as active components in singlet oxygen production. They have been 
widely used as Photosensitizers (Pcs) for PDT owing to their ability to produce singlet oxygen, their non-toxicity and their 
strong absorption in the phototherapeutic window [2]. The unique cross-like tetrapyrrolic macrosycles is due to an inner 
porphyrine ring that joins four isoindole subunits, were largely inspired by nature [3], [4].

This work describes the synthesis of Metallophthalocyanine based photosensitizers (MPcs), bearing Zinc(II) and 
Ruthenium(II) ions within their central cavity. The chromophores have been functionalized at their peripheral or axial 
positions with a carboxylic acid group for their covalent linkage to a hyperbranched PAMAM dendrimer nanocarrier.

[1] S. Kwiatkowski et al., “Photodynamic therapy – mechanisms, photosensitizers and combinations,” Biomedicine and 
Pharmacotherapy, vol. 106. 2018. doi: 10.1016/j.biopha.2018.07.049.

[2] P. C. Lo, M. S. Rodríguez-Morgade, R. K. Pandey, D. K. P. Ng, T. Torres, and F. Dumoulin, “The unique features 
and promises of phthalocyanines as advanced photosensitisers for photodynamic therapy of cancer,” Chemical 
Society Reviews, vol. 49, no. 4. 2020. doi: 10.1039/c9cs00129h.

[3] M. Mrinalini, M. Naresh, S. Prasanthkumar, and L. Giribabu, “Porphyrin-based supramolecular assemblies and their 
applications in NLO and PDT,” Journal of Porphyrins and Phthalocyanines, vol. 25, no. 5–6. 2021. doi: 
10.1142/S1088424621500243.

[4] J. Kröger, N. Néel, R. Berndt, Y. F. Wang, and T. G. Gopakumar, “Exploring the organic-inorganic interface with a 
scanning tunneling microscope,” in Encyclopedia of Interfacial Chemistry: Surface Science and Electrochemistry,
2018. doi: 10.1016/B978-0-12-409547-2.14144-7.
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Polymer foams are cellular materials mainly composed by two phase materials in which a gas is dispersed 
in a macromolecular polymer phase by an expansion process. Nowadays polymer foams have a wide 
range of applications due to their good thermal and mechanical properties. Furthermore, cellular materials 
allow saving raw materials, contributing to the carbon footprint reduction.

Polyolefins are thermoplastic polymers obtained from oil refining. Polyolefins are semicrystalline, that is,
the polymer matrix is composed by two different regions, the crystalline and the amorphous. Many foams 
found in the industry are prepared using polyolefins due to their versatile properties. Foaming processes 
include the addition of a blowing agent to generate the expansion. For polyolefins, hydrocarbons are one of 
the most interesting blowing agents. To achieve a deep understanding of the foaming process and the 
stability of the foam, it is key to understand the diffusion of the blowing agent in the polymer matrix.

This work is devoted to the measurement of solubility and diffusivity of hydrocarbons in polyolefins with the 
goal of understanding the mechanics of diffusion of the large molecular weight blowing agents in 
comparison with air. These properties are of paramount importance for the foaming process and the 
dimensional stability of the foam. The experiments conducted so far were carried out with different 
semicrystalline matrixes like LDPE (low density polyethylene), EVA (ethylene octane copolymer) and EBA 
(ethylene butyl acrylate) using isobutane and air. Different sorption times and sorption pressures were 
investigated. The preliminary results support the relevance of the processing parameters, the gas nature, 
and the polymer in the diffusion process.

 
 

Figure 1. Diffusion curve of isobutane in LDPE matrix 
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Metal-Organic Frameworks (MOFs) are porous crystalline materials formed by the combination of organic linkers with metal 
cations or metal clusters, also called Secondary Building Units (SBUs). A large number of different MOFs have been 
reported, showing a wide structural and functional variety. This makes them suitable for different applications, such as gas 
storage and separation, catalysis, chemical sensing, light-harvesting/solar-energy conversion, drug delivery, and 
environmental remediation or water harvesting[1].

Most of these reported structures are limited to just one type of organic linker and SBU. In this context, different alternatives 
for obtaining mixed-component MOFs have been proposed. Among them, multivariate MOFs (MTV-MOFs) include MOFs 
built of different linkers that share a common backbone but different functional groups. This increases the complexity of the 
structures, and can provide new sorption capacities[2].

In this work, we are studying multivariations of the already reported[3] DUT-52 MOF with different linkers in order to analyse
changes in the adsorption behaviour of emerging contaminants of concern (ECCs) in water. Their synthesis is performed by 
mixing different proportions of the linkers in a one-pot reaction. Sample characterization is carried out with powder x-ray 
diffraction (PXRD) and nuclear magnetic resonance (NMR) while adsorption behaviour is studied by a dispersive micro-
solid-phase extraction (μ-dSPE) procedure. 

Funding for this work has been obtained from the Ministerio de Ciencia e Innovación through the project PID2020-
115004RB-I00. 

[1] M. Viciano-Chumillas, X. Liu, A. Leyva-Pérez, D. Armentano, J. Fernando-Soria, E. Pardo Coord. Chem. Rev. 2022, 451,
214273.
[2] A. D. Burrows Cryst. Eng. Comm. 2011, 13, 3623-3642.
[3] V. Guillerm, T. Grancha, I. Imaz, J. Juanhuix, D. Maspoch J. Am. Chem. Soc. 2018, 140, 32, 10153–10157
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Subphthalocyanines (SubPc) are an important class of C3-symmetric organic semiconductors consisting of three 
diiminoisoindole units assembled around a central boron atom. [1] This particular structure results in a 14 π-electron cone-
shaped aromatic skeleton which endow the molecule with intriguing optoelectronic properties, such as strong absorption in 
the visible range or columnar organization. Importantly, the HOMO-LUMO levels of SubPcs can be easily modulated by 
peripheral functionalization. Thus, SubPc can be electron donors or acceptors depending on the groups introduced in the 
peripheral positions. Herein we introduce Perylenediimides (PDI), which are well-known electron-withdrawing units, to the 
peripheral position of SubPcs with the aim of improving their n-type charge transport properties. Moreover, we will analyse
how the structure and symmetry of the PDI-phthalonitriles employed to prepare the SubPc core affects other properties, 
such as the optoelectronics features, structure, and supramolecular organization. 
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Solar energy is emerging as a strong candidate to replace the fossil fuels that dominate today's energy 
market[1]. Pervoskite solar cells (PSCs) are a type of photovoltaic device under study that stands out for its 
extraordinary efficiencies and low cost, however, it has yet to overcome some drawbacks, such as its low 
long-term stability[2]. It has been observed that the hole transporting layer (HTL) is closely related to both the 
stability of perovskite and the conversion efficiencies obtained. The hole transporting material (HTM) 
insulates the perovskite from damaging environmental conditions, prevents the passage of electrons and 
transports the holes that allow the potential difference to be generated [3]. In recent years, phthalocyanines 
(Pcs) have been widely studied for this purpose, [4,5,6 ] due to their high efficiency and low cost. Recently, we 
have demonstrated how the use of dimer Pcs increase the stability of the PSCs with high efficiencies [7,8].
In this communication, the synthesis of new ZnPc dimers linked with spirofluorene and phenothiazine 
bridges, with and without the presence of ethynyl spacers, has been carried out (Figure 1). The objective is 
to study the effect exerted by the triple bonds in the Pc structure on their ability to transfer holes in PSC and 
their implication in the final photovoltaic performance.

 

Figure 1. ZnPc dimers used as HTMs in PSCs.
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[2] T. Wu, Qin Z., W. Yanbo, Y. Wang., Y. Wu, W. Chen, et al, Nano-Micro Lett., 2021, 13, 152.
[3] S. Collavini, S.F. Völker, J.L. Delgado, Angew. Chem. Int. Ed., 2015, 54, 9757–9759.
[4] Z. Yu, L. Wang, X. Mu, C. Chen, Y. Wu, J. Cao, Y. Tang, Angew. Chem. Int. Ed., 2021, 60, 6294–

6299.
[5] K. T Cho, O. Trukhina, C. Roldán-Carmona, M. Ince, T. Torres, M. K. Nazeeruddin et al., Adv. Energy 

Mater., 2016, 7, 1601733.
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Organic fluorophores that can undergo a proton transfer (PT) reaction, known as proton transfer dyes (PT-dyes), are one of 
the most explored dyes owing to their outstanding properties. [1], [2], [3] The PT reaction may occur in their ground or excited 
state, and may happen within the same molecules frame (excited-state intramolecular proton transfer, ESIPT) or between 
two different molecular structures (excited-state intermolecular proton transfer, ESPT). PT-dyes present many advantages 
over other organic fluorophores, as the transfer of their proton to an acceptor moiety, allow a numerous possible chemical 
structures (enol, keto, anions, cations, zwitterions) with unique optical (absorption and emission) properties. In fact, ESPT 
dyes have been deployed in a wide number of applications such as optical sensing and detection. [4]

Herein, we present the steady state characterization of an ESPT dye, 8-Hydroxypyrene-1,3,6-trisulfonic acid trisodium salt 
(HPTS), in different media (basic, neutral and acid) to understand the spectroscopic (absorption and emission) properties of 
the possible chemical species of the PT-dye. The emission of HPTS in a basic medium is green in color, characteristic of the 
emission of the anion specie. However, the emission of the HPTS in an acid environment is blue in color, characteristic of the 
emission of the enol tautomer. On the other hand, in a neutral medium we can observe the presence of both structures 
(anion and enol) and the transformation of the enol to the anion one after its photoexcitation as a consequence of an ESPT 
reaction. These studies are the beginning of the future experiments, in which this type of molecules can be encapsulated 
within different materials to be implemented as active layers of sensors of acids and bases.

Figure 1. Schematic of the possible structures of HPTS in different media together with their characteristic 
absorption and emission intensity maxima wavelengths. Moreover, in neutral media we can observe the 

transformation of the enol to the anion structure through an ESPT reaction. 
 
Acknowledgements: This research was supported by grants: PID2020-116519RB-I00 funded by 
MCIN/AEI/10.13039/501100011033 and by the European Union (EU); SBPLY/19/180501/000212 funded by JCCM and by 
the EU through “Fondo Europeo de Desarollo Regional” (FEDER) and 2020-GRIN-28929 funded by UCLM (FEDER). 
 
[1] A. Douhal, F. Lahmani, A. Zewail, Chem. Phys., 1996, 383, 364-390.
[2] N. Alarcos, B. Cohen, A. Douhal, Phys. Chem. Chem. Phys., 2016, 18, 2658-2671.
[3] B. Cohen, C. Martín, N. Alarcos, J. A. Organero, A. Douhal, J. Phys. Chem. B, 2011, 23, 7637-7647.
[4] R. Medishetty, J. K. Zareba, D. Mayer, M. Samoc, R. A. Fischer, Chem. Soc. Rev., 2017, 46, 4976. 
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The properties of oppositely charged polyelectrolyte/surfactant (P/S) mixtures both in bulk and on the surface have 
increased their interested in colloidal science. The main interested motivation of this type of system is to understand the 
structure and the formation mechanism of mixed layers at fluid interfaces to find different applications in biocompatible 
materials, water treatment and everyday life products.

Recent studies have demonstrated the ability to generate extended structures in P/S mixture films at the air/water interface 
depending on the charge/structure of the aggregates [1]. In addition, studies have also been carried out on different systems 
to characterize the triggers of the formation of this structures under certain conditions and the shape and behavior of the 
structures depending on the type of system.

As a possible continuation of these works, this study is focused on the characterization of a new system, using polyarginine 
as a polyelectrolyte and sodium dodecyl sulfate as a surfactant in the P/S mixture. To accomplish this, we have used a
Langmuir trough that allows us to perform surface pressure isotherms in order to study the dynamic response of films to
changes in the surface area. We have accompanied this technique with reflectometry techniques such as Brewster Angle 
Microscopy (BAM) to represent the lateral inhomogeneity on the micrometer scale of the film.

We have carried out the experiments for three different charges of the aggregates (overcharged, undercharged and neutral)
to verify if this has a real effect on the formation of the extended structures, obtaining very similar results in the three cases.
We have also been able to verify that the behavior of the monolayer in this system is slightly different from those studied 
previously, comparing the isotherms of the different systems and the BAM images, we can conclude the type of structure 
formed and its stability is different depending on the type of aggregates.

 
 
                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                  Neutral aggregates isotherm                                     BAM images of the neutral aggregates
                                                                                                                             at 50% of compression (8786mm2)
 
 
[1] Tummino, A.; Toscano, J.; Sebastiani, F.; Noskov, B. A.; Varga, I.; Campbell, R. A. Effects of Aggregate Charge and 
Subphase Ionic Strength on the Properties of Spread Polyelectrolyte/Surfactant Films at the Air/Water Interface under Static 
and Dynamic Conditions. Langmuir 2018, 34, 2312−2323.
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The spontaneous insertion of hydrophobic helical peptides into lipid bilayers is a process not fully understood [1,2]. This is 
due to the lack of sensitive experimental procedures allowing to perturb transmembrane peptides (TM) out of equilibrium 
reversibly and in a small-time frame, being able to measure with sufficient resolution the changes in topology and structure. 
A practical approach to achieve this sensitivity is photocontrol of peptide folding, using a molecular photoswitch covalently 
coupled to the peptide. The fast and reversible isomerization of the photoswitch with specific wavelengths can induce 
changes in the structure -folding/unfolding- of the peptide [3,4] and hence could promote a transmembrane to interphase
(TM-to-MI) transition. To measure with time and spatial resolution we used FTIR spectroscopy with modified setups to 
include a polarizer and LEDs to irradiate the sample, achieving effectively photoisomerization.

In this work [5], we use a 24-residues-long hydrophobic helical peptide, covalently coupled to an azobenzene photoswitch 
(KCALP-azo), which shows a light controllable TM/MI equilibrium in hydrated lipid bilayer POPC films measured in FTIR 
spectroscopy, both in ATR and transmission. The results reveal that trans KCALP-azo is a transmembrane a-helix and after 
trans-to-cis photoisomerization of the azobenzene with UV light, the helical structure of KCALP-azo is maintained with small 
changes in its structure, although its helix tilt increased from 32 ± 5º to 79 ± 8º, indicating a TM-to-MI transition. After 
photoisomerization to cis with blue light, we observe a reversible but incomplete MI-to-TM transition, with cis KCALP-azo in 
a mixture of 90% TM and 10% MI [5].

 
 
[1] White, S.H., and Wimley, W.C. Membrane protein folding and stability: physical principles. Annu. Rev. Biophys. Biomol. 
Struct. 1999, 28, 319–365
[2] Ulmschneider, J.P., and Ulmschneider, M.B. Molecular dynamics simulations are redefining our view of peptides 
interacting with biological membranes. Acc. Chem. Res. 2018, 51, 1106–1116
[3] Szymański, W., Beierle, J. M., Kistemaker, H. A. V, Velema, W. A. & Feringa, B. L. Reversible photocontrol of biological 
systems by the incorporation of molecular photoswitches. Chem. Rev. 2013, 113, 6114–6178
[4] Flint, D. G., Kumita, J. R., Smart, O. S. & Woolley, G. A. Using an azobenzene cross-linker to either increase or 
decrease peptide helix content upon Trans-to-cis photoisomerization. Chem. Biol. 2002, 9, 391–397
[5] Gutiérrez-Salazar M., Santamaría-Aranda E., Schaar L., Salgado J., Sampedro D., Lorenz-Fonfria, V.A. A
photoswitchable helical peptide with light-controllable interface/transmembrane topology in lipidic membranes. iScience.
2021, 24, Issue 7, 102771
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Halide perovskite materials are the last couple of years very well-studied due to their 
exceptional properties like, good optoelectronic properties, chemical tenability, relatively high 
carrier mobility, diffusion length, and radiative lifetime. Not to mention the low cost of material 
and ease of synthesis of these perovskites, making them an interesting candidate for multiple 
applications. Therefore, over time hybrid perovskites are integrated in many different types of 
devices like, Solar cells, LEDs, photoconductors, lasers etc., resulting in some very high 
efficient devices. While good performing devices are produced, the stability of these hybrid 
perovskite materials is still poor. To tackle this problem a better understanding of the 
perovskite behaviour under different environmental conditions is needed. Recent articles 
have noted a dihydrate organinc-inorganic perovskite phase (A4PbX6·2H2O) as a 
degradation or side product of a three dimensional (3D) perovskite. In this talk, the study of 
this phase is discussed in detail for the MA4PbX6·2H2O perovskite. Having a look into the 
small organic cation is particularly important as the majority of lead halide perovskites used 
in optoelectronics is based on such organic cations. It is important to highlight that the 
reported hybrid organic−inorganic zero-dimensional phase is in fact a hydrated structure: 
MA4PbX6·2H2O. We will show the first solvent-free mechanochemical synthesis of 
MA4PbI6·2H2O and demonstrate its reversible transformation into and from the 3D 
perovskite analog (MAPbI3) by controlled (de)hydration under thermal annealing and simple 
cooling down in moist air. Finally, we will demonstrate the synthesis of mixed MA4Pb(Br1 − 
xIx)6· 2H2O with 0 < x < 1, thus expanding the possibilities of these overlooked hybrid 
organic−inorganic ternary metal halides, which could be implemented for instance in tunable 
narrow- band near-UV photodetectors.

 
 

                                                   
 
 
 
 
[1] Huisman, Bas AH, Francisco Palazon, and Henk J. Bolink. "Zero-dimensional hybrid organic–inorganic lead halides and 
their post-synthesis reversible transformation into three-dimensional perovskites." Inorganic Chemistry 60.7 (2021): 5212-
5216. 
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Recently, the discovery of naturally occurring polyoxometalates (POMs) in mineral structures 
demonstrate their importance in geochemical systems.1 Understanding and identifying of the 
hydrolysis products of iron in aqueous system is crucial for understanding the formation of 
iron minerals. Through a “bottom-up” approach, a giant iron-based molecular mineral 
{Fe32O45Na6(OH2)18}12+ (1.7 nm × 1.0 nm) has been captured from water in the presence of a 
suitable inorganic ligand via controlled hydrolysis of iron salts. The oxidatively robust POM 
ligand [P2W15O56]12- not only stabilizes and crystallizes the iron-oxo cluster but also bestow 
its intrinsic properties such as solubility, stability and electron trapping capability to the 
isolated product [Fe32O45Na6(OH2)18(P2W15O56)6]60- (Fe32). The reduction of 32 Fe3+ centers 
to Fe2+ while retaining its structural integrity, making it a promising system for electrocatalytic 
reduction processes. Our synthetic approach provide a molecular pathway for geochemical 
reactions in the course of mineralization process. 

Figure 1. Combined polyhedral/ball-and-stick representation of Fe32 POM and Fe32 core.

Reference
 
[1] O. Sadeghi, L. N. Zakharov, M. Nyman, Science, 2015, 347, 1359–1362.
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Exosomes are extracellular vesicles with size (30-150nm), they play an important role in extracellular communication 
and immune response. Their natural origin, nanometric size and liposome structure allows them to deliver anti-
inflamatory agent like curcumin to target cells. Curcumin has addressed good pharmacokinetics properties, stability 
and safety in human body. However, it has low water solubility and high interaction with lipid membrane, lead it a barrier 
in its biodistribution and efficacy. Therefore encapsulating curcumin with exosomes will lead to an increased solubility, 
bioavailability and direct specificity into inflamatory cells. Hepatocellular carcinoma is a primary malignancy of the liver. 
The diagnosis of HCC remains with low specificity and sensitivity .Here we report the Development of new targeting 
agent of Exosomal curcumin for therapeutic and diagnosis of HCC.  

Exosomes were derived from semi skimmed goat milk then purified and isolated using ultracentrifugation techniques, 
then protein content for unlabeled exosomes was quantified by Bradford coomasie assay. Later exosomes were 
characterized by Nanoparticle Tracking Analysis (NTA) and Dynamic Light Scattering (DLS). Following encapsulation 
of exosomal curcumin probe was done by active encapsulation employing saponin. For this purpose, 200 μg of 
exosomes were added to 13.5 μl of curcumin (74 mg/ml) and 200 μl of saponin, in 1X phosphate buffer saline, to reach 
a final reaction volume of 1 ml. Then, the reaction sample was mixed and incubated at 37ºC, 300 rpm in darkness for 
20 min using a Thermomixer. Lastly, curcumin-encapsulated exosomes were purified by PD10 desalting column,
recovering a final fraction of 1.5 ml. 

The new ExoCurcumin nanocomplex were fully characterized by NTA, and Nanophotometry. Isolated exosomes 
showed (135 nm) size by DLS and modal size (120 nm) by NTA. After encapsulation with curcumin the size was (121.8 
nm) with NTA, therefore the size of nanoparticle didn’t change after encapsulation. Nanophotometry revealed high 
concentration of curcumin encapsulated inside the exosomes. Finally, in order to evaluate the kinetics of the curcumin 
released from the nanocomplex, in vitro assays at different time intervals were performed by nanophotometry, which 
revealed a release of similar values after five and seven days. 

In this work we have synthetized the nanocomplex ExomalCurcumin based on the encapsulation of curcumin into milk 
exosomes. Future studies will evaluate the theragnostic capacity of our agent in optical imaging for treatment of 
hepatocellular carcinoma. 

References: 

1. Sun, D., Zhuang, X., Xiang, X., Liu, Y., Zhang, S., Liu, C., ... & Zhang, H. G. (2010). A novel nanoparticle drug 
delivery system: the anti-inflammatory activity of curcumin is enhanced when encapsulated in 
exosomes. Molecular therapy, 18(9), 1606-1614.

2. Santos-Coquillat, A., González, M. I., Clemente-Moragón, A., González-Arjona, M., Albaladejo-García, V., 
Peinado, H.,... & Salinas, B. (2022). Goat milk exosomes as natural nanoparticles for detecting inflammatory 
processes by optical imaging. Small, 18(6), 2105421.

 

-ESMolNa2022- Abstract 24.1



 
Facile route for the formation of lead halide nanoparticles in functional thin-film 

 
Míriam Mínguez Avellán,1 Pablo P. Boix 2  
 
1- mimina@alumni.uv.es 
2- pablo.p.boix@uv.es 
 
Instituto de Ciencia de los Materiales, Universitat de València, P.O. Box 22085, 46071, Valencia, Spain. 
 
Lead-halide perovskite nanoparticles are a very promising family of materials due to their optoelectronic properties and 
chemical versatility [1]. By changing the chemical composition, different bandgap energies can be achieved and hence, 
different absorption and emission spectra, which can be further tailored when the quantum confinement regime is achieved. 
Additional advantages of perovskite nanoparticles functional thin films include low-cost deposition techniques and less 
material consumption [2]. However, conventional methods to fabricate perovskite nanoparticles in suspension, such as hot 
injection, make it challenging to develop functional thin films based on these materials. 
 
The method proposed here uses a metal-organic host matrix based on a sol-gel approach that allows us to obtain perovskite 
nanoparticles by exposing the films at high humidity atmospheres (70% - 100% RH) after deposition by spin coating. 
Conductive thin-films with excellent optoelectrical properties can be readily obtained, even without annealing, by this simple 
mechanism. We will discuss the crystallisation mechanisms and the factors that control the main properties of the 
nanoparticles.  
 
 
 
 
 
                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
[1] S. A. Kulkarni y col. Perovskite Nanoparticles: Synthesis, Properties and Novel Applications in Photovoltaics and LEDs. 
Small Methods (2018). 
 
[2] T. D. Siegler, D. W. Houck, Shin Hum Cho, D. J. Milliron, B. A. Korgel. The journal of Physical Chemistry C. 2019 123 (1), 
963-970. 
 
 
 

 

Figure 1. PL and absorbance spectra of a CH3NH3PbI3 thin film embedded in the organic matrix and crystallized 
under a 70% of relative humidity atmosphere. Inset : cross-sectional SEM image of the same film.   
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Haloarcula californiae icosahedral virus 1 (HCIV-1) is a halophilic euryarchaeal virus living in salt crystals. It is a tailless 
icosahedron ~70 nm in diameter, with a lipid vesicle inside protein capsid. Main components are proteins, lipids selectively 
acquired from the host, and a 31 Kbp linear double helix (ds) DNA molecule. HCIV-1 was isolated from Haloarcula californiae, 
but it can also infect three other strains of Haloarchaea.[1]
Atomic force microscopy (AFM) is an power tool using in nanoscience. AFM in liquid media has been successfully used not 
only for the topographical characterisation of biological entities such as viruses, but also for single particle characterization,
allowing to characterize different physical-chemical properties.[2].
The aim of the current study is to investigate how HCIV-1 adapts to different salinity conditions. For that propose we have 
performed nanoindentation assays by AFM operating in Jumping Mode + [3], to characterize mechanical and physical changes
in virus capsid such us yield force, elasticity, deformation, and height. To  explore the adaptation of the viral capsid to the 
media HCIV-1 capsid has been characterized in two different extreme buffer conditions (1 M NaCl, and 2 mM NaCl) and 
removing drastically and progressively the salt concentration of the virus environment. In addition, we have studied how the 
internal lipid vesicle has influenced in the mechanical behaviour of the HCIV-1 virus. 
We have observed that a drastic change of the buffer of salt concentration affects increasing in stiffness and yield force of the 
virus capsid. In contrast, a progressive change in salt concentration do not affect the mechanics of the particle. So far vesicles
don’t show any relevant difference. 

                                                   
 
[1] Demina, T. A., P/*ietilä, M. K., Svirskaitė, J., Ravantti, J. J., Atanasova, N. S., Bamford, D. H., & Oksanen, H. M. (2016). 
Archaeal Haloarcula californiae Icosahedral virus 1 highlights conserved elements in icosahedral membrane-containing DNA 
viruses from extreme environments. MBio, 7(4), e00699-16.
[2] de Pablo, P. J. (2018, January). Atomic force microscopy of virus shells. In Seminars in Cell & Developmental Biology (Vol. 
73, pp. 199-208). Academic Press.
[3] Moreno-Herrero, F., Colchero, J., Gomez-Herrero, J., & Baro, A. M. (2004). Atomic force microscopy contact, tapping, and 
jumping modes for imaging biological samples in liquids. Physical Review E, 69(3), 031915. 
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Nowadays, polyurethane foams are mainly used as thermal insulation materials and therefore, knowing the evolution of 
thermal conductivity over time, i.e., with ageing, is a very relevant factor.

Thermal conductivity grows with time. However, depending on the type of foaming agent used in the formation of the foam, 
the process of increasing of thermal conductivity can be slowed down to some extent. The foaming agent provides the 
insulating properties to the foam, and its solubility and diffusivity in the polyurethane matrix directly influences the greater or 
lesser rise in thermal conductivity over time. Therefore, knowing the solubility and diffusivity of blowing agents in different
polyurethane foams is the main objective of this work

Hydrofluorolefins (HFOs) are the blowing agents used in this study. They are olefins, and represent a new group of blowing 
agents, with a zero Ozone Depletion Potential (ODP), low Global Warming Potential (GWP) and low flammability. They offer
an alternative to the preceding generations blowing agents, such as chlorofluorocarbons (CFCs), hydrochlorofluorocarbons 
(HCFCs) and hydrofluorocarbons (HFCs) [1].

The method used to take solubility and diffusivity measurements consists of introducing the polymer sample with blowing 
agent under controlled pressure and temperature conditions. These terms have been determined by studying the 
polyurethane foaming conditions.

Solubility and diffusivity are calculated from the mass loss curve of the polymer injected with the blowing agent under 
pressure [2]. By studying the desorption process, the solubility and diffusivity data in the polyurethane matrix are obtained.

In addition, tests have been carried out to characterise the polyurethane sample at a chemical level. Among the tests that 
have been carried out are infrared spectroscopy, thermogravimetric analysis (TGA) and differential scanning calorimetry 
(DSC).

 
 

 
 
 
 
[1] R. S. Grossman (Honeywell Inc.). Auto Seating Lightweighting Using Solstice® Liquid Blowing Agent (HFO 1233zd(E))
2016.
[2] K.F. Webb, A.S. Teja, Solubility and diffusion of carbon dioxide in polymers, Fluid Phase Equilibrium. 1999 1029–1034.
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Temperature has a significant role in most of the relevant biochemical processes in living organisms. One of the first signs 
of many diseases and health dysfunctions is the appearance of local temperature variations.[1] Consequently, the 
measurement of temperature and application of heat in biological media has become an essential element in the 
development of the latest generation of diagnostic.[2]

The current technology does not comply with the increasing demand for non-contact temperature measurements in deep 
and localized regions. In order to overcome these difficulties, some of the latest techniques in research rely on nanometric 
systems that are capable of functioning as remote thermometric or nanothermometer probes. Among the novel 
methodologies in the measurement of temperature, the exploitation of the thermal dependence of the optical luminescence 
properties of nanoparticles (NPs) stands out as one of the most promising. [3] This technique, commonly referred as 
luminescence nanothermometry (LNTh), consists in using NPs deposited on the targeted area to obtain, without contact, 
a remote temperature reading through the change in its luminescence emission (Figure 1). 

In this research, we study the use of silver sulphide (Ag2S) NPs as luminescent nanothermometers in biological tissue. 
Theses NPs (with sizes below 10 nm) [4] are biocompatible and their photoluminescence, (PL), is centered on 1250 nm 
(Figure 1a), within the second biological window where light absorption by tissues is minimized. The main objective of this 
study is to synthesize and characterize the NPs, then to propose a procedure by which information on temperature changes 
in a biological medium can be obtained using luminescence nanothermometry

This technology could be used for early detection of diseases (e.g., a stroke) and inflammatory processes, which course 
with the appearance of incipient localized temperature singularities.

Figure 1. a) luminescence spectra with different intensities and wavelengths as a function of temperature are obtained. b) 
Merged image of infrared fluorescence in vivo and an optical image of a mouse, revealing the presence of Ag2S NPs 
injected intracerebrally. c) Comparison of the temperature change obtained on the surface of the skin of the mouse shown in 
b), measured by infrared thermography and that obtained with Ag2S NPs by LNTh.
 
[1] K. B. Laupland Critical care medicine Fever in the critically ill medical patient 2009, 37(7 Suppl), S273–S278.
[2] 1. Périgo E, Hemery G, Sandre O et al. Appl Phys Rev Fundamentals and advances in magnetic hyperthermia 2015,
2(4) :041302.
[3] 2. Brites C, Lima P, Silva N et al. Nanoscale Thermometry at the nanoscale. 2012, 4(16):4799.
[4] D Ruiz, M Mizrahi, H Santos et al. Nanoscale, Synthesis and characterization of Ag2S and Ag2S/Ag2(S,Se) NIR 
nanocrystals 2019, 11, 9194-9200.
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Photodynamic therapy (PDT) is a two-stage treatment that was discovered more than 100 years ago. This type
of therapy depends on three important elements: oxygen, light energy, and a drug called photosensitizer with the 
goal of destroying cancerous and precancerous cells.[1] The photosensitizer gets either conjugated to an antibody,
peptide, protein, ligand with specific receptors, or linked to a nano-carrier to first target the cancerous cell. Once it 
gets inside the targeted cell, the photosensitizer absorps the received light with the suitable wavelength for it to 
get activated, which results in reactive oxygen species (including singlet oxygen). There are photosensitizers of 
different classes and Aza-BODIPY (Aza-boron-dipyrromethene) based photosensitizer is the one used in this 
project. It is known by its high molar extinction coefficients and a broad absorption band spanning from 600 nm to 
700 nm. Different techniques were used to get two of these compounds and study their optical properties:
chemical organic synthesis, extraction to selectively remove components in the mixture and isolate the 
compound, thin-layer chromatography (TLC) to analyze the compound mixture knowing the nature of components 
in it, column chromatography to get the compound purified, pH measurement to neutralize the compound, proton 
nuclear magnetic resonance spectroscopy (H-NMR) to determine the molecular structure of the compound, and
ultraviolet-visible spectrophotometry to study the properties of the photosensitizer and to determine the suitable 
wavelengths for its light absorption and emission. As results, the two compounds were successfully identified by 
H-NMR: the first one is with the bromine, and the second one is without. The spectra of UV-Vis 
spectrophotometry showed the absorption and the emission of 685 nm and 715 nm respectively for the second 
compound, along with the absorption and the emission of 677 nm and 712 nm respectively for the first compound.
Both are successfully ready for bio-applications such as photodynamic therapy and cell imaging. 

 
 

 
[1] Abrahamse, Heidi, Michael R Hamblin The Biochemical journal 2016, vol. 473,4, 347-64
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The spread of resistant bacterial strains is one of the main threats to humanity as recognised by the World Health 
Organization in its report in 2014 and in its priority list of pathogens published in 2017.[1] The widespread use of antibiotics 
during the last 30 years resulted in less effective or even, ineffective clinical treatments. Nowadays, antimicrobial infections 
are treated with drugs developed in the 80s and thus, the pipeline of new drugs has diminished in the last years. Microbial
infections have arisen in the last years and are estimated to cause an annual death toll of 10 million worldwide by 2060, 
which will make many of the medical advances of the 20th century obsolete.
Silver is a non-essential element known for its antibacterial effect used by different civilisations since ancient times.
However, the application of silver and silver-based materials is scarce because of the widely use of antibiotics.
Nevertheless, the lack of new antibiotics to treat resistant strains has arisen the interest to develop new drugs, targets and 
therapies of pharmaceutical industry and non-profit organisations. Among silver-based materials, silver nanoclusters have 
attracted much interest in the last years due to their molecule-like optical properties, in particular, their strong fluorescence.
These optical properties of the silver nanoclusters are finely tuned by the capping agents, which are usually chitosan, PEG, 
PVP or BSA. Recently, DNA has emerged as a new capping agent that can confer additional properties to the material 
depending on the oligonucleotide sequence used for the material synthesis. [2-3]
In this work, we have developed novel silver DNA nanoclusters showing tunable fluorescence emission depending on the
oligonucleotide sequence and characterised them by UV-Vis and fluorescence spectroscopies, DLS and TEM. Taking into 
account their photophysical properties, photoactivation of the materials have been used to kill bacteria (S. Aureus and E. 
Coli) and the mechanisms of action are currently investigated. 

Synthesis example of a DNA-AgNanocluster:

 
 

                                                   
 
 
 
 
 
 
 
 
 
 
 

[1] World Health Organization. Antimicrobial resistance: global report on surveillance, 2014. WHO priority pathogens list for 
R&D of new antibiotics, 2017.
[2] Z. Yuan, Y.-C. Chen, H.-W. Li, H.-T. Chang Chem. Commun., 2014, 50, 9800.
[3] A. Latorre, A. Somoza Chembiochem 2012, 13, 951.
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Memristors are considered as one of the most promising candidates for achieving neuromorphic computing applications. 
Their abilities to store information as different resistance states and erase and write through various means (e.g. voltage, 
current, light), allows the integration of processing and information storage [1], which is very similar to how human brain 
functions. Compared with metal oxides and phase change materials based memristors, molecular memristors surpass them 
in terms of fabrication difficulty, flexibility, and space for tailoring the properties. Thus, making them competitive candidates 
for building memristor devices.

Here, I would like to report the distinct memristive behaviour of the nitronyl nitroxide organic radical crossbar array. NIT-
PhOPh radical was selected for the creation of crossbar array and unusual memristive behaviours were observed: 

The switching events are stable and have no apparent dependency on the temperature. This implies that the 
switching mechanisms are likely determined by processes that are not temperature dependent.

In the ‘ON’ state (low resistance state), the resistance value is not consistent, and had large variation and even 
some anomalous points that are far away from the average value. The anomaly likely indicates the existence of an 
intermediate resistance state.

With increasing film thickness, switching happens with distinctively higher resistances without any change in the 
switching voltage, and the switching event starts to become random.

These observations provide interesting perspective on the memristive behaviours of NIT radicals, which is worthy further 
investigation.

References:

[1] A. Sebastian, M. Le Gallo, and E. Eleftheriou, “Computational phase-change memory: Beyond von Neumann 
computing,” J. Phys. D. Appl. Phys., vol. 52, no. 44, p. 443002, 2019, doi: 10.1088/1361-6463/ab37b6.
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High Voc’s in spite of High Bulk Recombination in Small-Grain Vacuum-Processed 
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In a short timescale, perovskite solar cells have reached power conversion efficiencies comparable or higher than 
established technologies such as Si, GaAs or CIGS based solar cells, still with room for improvement. One important 
parameter is the open-circuit voltage (Voc) which is mainly influenced by electronic traps in the perovskite bulk or at the 
interfaces with the charge transport layers (CTLs). Perovskite solar cells are predominantly fabricated via solution-
processing methods due to their low cost and good accessibility. These devices are therefore well investigated and set the 
records for efficiencies and Voc’s. It was found that the solution-processed perovskite bulk exhibits big grains, long carrier 
lifetimes and a high photoluminescence quantum yield (PLQY) when passivated which finally led to the conclusion that the
interfaces to the CTLs are limiting the Voc’s.[1] Co-evaporation of perovskites offers answers to problems like up-scaling 
and stackabilty. However, these films show often different characteristics and are less studied than their solution-based 
counterpart. Despite their small grains and short photoluminescence lifetimes co-evaporated perovskite solar cells show 
competitive Voc’s.[2] This opens the question about the role of interfacial/bulk recombination connected to this fabrication 
method. Here, we investigate the apparent contradiction with PL, TRPL and drift-diffusion simulations and show that bulk 
and interfaces are similarly limiting. We suggest improving the bulk first, as it directly affects the interfaces as well.
 
[1] E. Gutierrez-Partida, et al., ACS Energy Lett., 2021, 6, 3, 1045–1054.
[2] I. Levine, et al., Journal of Applied Physics, 2018, 124, 103103. 
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In recent years, researchers proposed different technologies to face the current demand for ultra-scaled electronic devices. 
Molecular Field-Coupled Nanocomputing (FCN) is a beyond-CMOS technology that encodes the logic information in the 
aggregated charge of redox centers of ad-hoc synthesized molecules [1]. Neighboring aligned molecules interact differently 
depending on their particular electrostatics [2]. Moreover, thanks to Coulomb’s repulsion force, it is possible to propagate 
information or design logic gates. The main advantages of this technology are the high device density per unit area and the 
ultra-low power consumption since no currents are involved. Moreover, the Coulomb’s interaction between neighboring 
molecules is strong enough for molecular FCN to operate at room temperature [3]. The molecular FCN implementation also 
offers the possibility to exploit self-assembly techniques. Nevertheless, the need for precise nanopatterned structures slows 
down the possibility of obtaining a working prototype. A recent result demonstrated the possibility of performing molecular 
FCN computation on a uniform self-assembled monolayer, though some challenges still must be addressed [4]. Another 
crucial aspect to consider is the need to measure the charge on a molecule to transduce it into an electrical quantity and 
enable the interface with conductive electronics.

More specifically, we concentrate on the computational assessment of the molecular FCN to extract useful indications before 
realizing a working prototype. In our group, we concentrate on mainly two aspects. On one side, we are developing a 
framework to perform architectural-level simulations of devices implemented in molecular FCN. On the other side, we perform 
ab initio simulations to improve the model description of a single molecule. Indeed, in molecular technologies, it is fundamental 
to define simple behavioral models that allow the simulations of complex circuits. It is also essential to include all the physical 
characteristics in the model to obtain precise predictions. One fundamental aspect on which we are currently working regards 
the dynamic molecule behavior, so we are simulating molecules in the time domain to precisely describe how molecules react 
to applied electric fields. Indeed, the molecules dynamics characterization will give us essential parameters for electronic 
devices. Still related to molecular modeling, we are also investigating the possibility of reading the charge distribution on these 
molecules by interfacing them with conductive systems. We are also currently working to adapt the paradigm to simplify the 
realization of a prototype and the output measurement, both at the circuital level and the prototypal level with charge 
measurements, eventually exploiting scanning probe microscopy techniques.

[1] C. S. Lent, B. Isaken, M. Lieberman Journal of the American Chemical Society 2003, 125(4), 1056-1063
[2] Y. Ardesi, G.Beretta, M.Vacca, G.Piccinini, M. Graziano MDPI Electronics 2022, 11(2), 276-300
[3] Y. Ardesi, A. Gaeta, G.Beretta, G.Piccinini, M. Graziano Journal of Integrated Circuits and Systems 2021, 16(1), 1-8
[4] Y. Ardesi, G.Beretta, C.Fabiano, M. Graziano, G.Piccinini IEEE International Conference on Rebooting Computing 2021
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powders to dry, single-step deposition
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Cs2AgBiBr6 has been proposed as a promising lead-free and stable double perovskite alternative to hybrid and lead-
based perovskites. However, the low solubility of the precursors during wet synthesis, or the distinct volatility of the 
components during evaporation, results in complex multi-step synthesis approaches, hampering the wide spread 
employment of Cs2AgBiBr6 films. Here we present pulsed laser deposition of Cs2AgBiBr6 films as a dry, single-step and 
single-source deposition approach for high-quality film formation. Cs2AgBiBr6 powders were prepared by 
mechanochemical synthesis and pressed into a solid target maintaining phase-purity. Controlled laser-ablation of the 
double perovskite target in vacuum and a substrate temperature of 200 °C results in the formation of highly crystalline 
Cs2AgBiBr6 films. We discuss the importance of deposition pressure to achieve stoichiometric transfer and of substrate 
temperature during PLD growth to obtain high quality Cs2AgBiBr6 films with grain sizes > 200 nm. This work 
demonstrates the potential of PLD, an established technique in the semiconductor industry, to deposit complex halide 
perovskite materials while being compatible with optoelectronic devices fabrication, such as UV and X-ray detectors.

[1] Pulsed Laser Deposition of Cs2AgBiBr6: from Mechanochemically Synthesized Powders to Dry, Single-Step 
Deposition
Nathan Rodkey, Stan Kaal, Paz Sebastia-Luna, Yorick A. Birkhölzer, Martin Ledinsky, Francisco Palazon, Henk J. 
Bolink, and Monica Morales-Masis
Chemistry of Materials 2021 33 (18), 7417-7422

DOI: 10.1021/acs.chemmater.1c02054
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In recent years, new display technologies have emerged, and with them, the need for development of properties such 
as large area, stretchability or semitransparency in organic light-emitting devices (OLEDs). In particular, for 
semitransparent OLEDs, the requirements for the cathode are high light transmittance (over 80%) and low sheet 
resistance (Rs). Semitransparent light-emitting devices are of great interest as they can enable new applications in 
consumer electronics. While semitransparent organic light-emitting diodes (OLEDs) have been largely studied, their 
demonstration in light-emitting electrochemical cells (LECs) remains scarce. Light-emitting electrochemical cells (LECs) 
currently represent a promising alternative to LED and OLED technologies that in its simplest form consist of a light-
emitting active layer, which is composed of a blend of an electroluminescent semiconductor, a salt and an electrolyte, 
sandwiched between two electrodes. In this work we fabricate a semitransparent ionic transition metal complex based 
LEC (iTMC-LEC) by developing a transparent top contact based on tin (IV) oxide (SnO2) and indium-tin oxide (ITO), 
processed by low-temperature atomic layer deposition (ALD) and pulsed laser deposition (PLD), respectively. ALD and 
PLD offer the advantages of adjusting the deposition conditions, such as pressure and temperature, to provide a high-
quality film, with precise control over thickness and composition moreover the possible harsh effects of the ALD and 
PLD during processing on the organic underlayers were examined. The resulting devices present a transparency of 
75% in the full visible spectrum (380 to 750 nm), with an 82% transmission at the emission peak (563 nm). The devices 
were characterized from both sides showing high luminance (260 cd m-2) and long lifetime (176 h), with efficiencies 
reaching 5.2 cd A-1 and 3.2 lm W-1, placing them amongst the highest performing semitransparent LECs. These results 
show the feasibility of using ALD/PLD as top contact for the fabrication of semitransparent LEC devices.
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Metal halide perovskites have proven to be excellent semiconductors, with tuneable band gap, high absorption coefficients 
and large charge diffusion length. Multi-component lead halide perovskite compositions are widely studied in order to 
stabilize the perovskite phase, in particular for wide bandgap formulations. The vacuum-deposition of multi-component 
perovskites is not straightforward, as the number of precursors is in principle limited by the number of thermal sources 
available in the vacuum chamber. Here we present a process which allows to increase the complexity of the formulation of 
vacuum-deposited lead halide perovskites films by multi-source deposition and pre-mixing both inorganic and organic 
components. We apply it to the preparation of wide bandgap CsMAFA triple-cation perovskite solar cells, which are found to 
be efficient but not thermally stable. With the aim of stabilizing the perovskite phase, we add guanidinium (GA+) to the 
material formulation, and obtained CsMAFAGA quadruple-cation perovskite films with improved thermal stability, as 
observed by X-ray diffraction and rationalized by microstructural analysis. The corresponding solar cells showed similar 
performance with a remarkable thermal stability, when compared to the triple-cation perovskite devices. This work paves the 
way towards the vacuum-processing of complex perovskite formulations, with important implications not only for 
photovoltaics but also for other fields of application.1

 
 
                                                   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] I. Susic, L. Gil-Escrig, F. Palazon, M. Sessolo, H. J. Bolink ACS Energy Lett. 2022, 7, 1355-1363 
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Chemiresistive gas sensors are electronic devices that can detect a myriad of different molecular species in gaseous 
environments. As for their working principle, when analytes are adsorbed on the material’s surface, changes in its electrical 
properties, i.e., conductance or resistance, are induced. Such changes are easily monitored with common electronics. 
Meanwhile, graphene, and its derivatives, are bidimensional materials built from an atom-thick layer of carbon in a 
honeycomb structure. Thanks to its enormous specific surface (2630 m2/g) and low noise-to-signal ratio, it has generated 
great interest for sensing applications 1.

In this work, a graphene-based material was synthesized by a novel ball-milling method that meets large-scale production 
requirements. The product of this synthesis was classified as mesoporous few-layered graphene (MFLG) according to its 
structural characterization 2. MFLG was later deposited onto interdigitated electrodes to create the sensor device 3. The 
second type of graphene, multilayer graphene (MLG) was synthesized by chemical vapor deposition (CVD) and transferred 
onto a similar setup thanks to international collaborators 4. Both devices demonstrated excellent performance for NO2 
detection. 

Under UV irradiation, both graphene-based devices suffered an increase in their sensing performance. Irradiation during the 
exposure and purge phases of the sensor’s operation appears to promote adsorption and desorption respectively (Fig. 1).
The mechanisms underlying this increase are yet to be understood and discussion during the event will be welcomed.
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Figure 1 Schematics for the experimental setup (left). NO2 MFLG sensor (center) and MLG sensor (right) under UV 
irradiation and dark conditions.
 
 
[1] R. Ghosh, M. Aslam, H. Kalita. Materials Today Communications. 2022 30.
 
[2] A. Peña, J. López-Sánchez, E. Navarro P. Marín, D. Matatagui & C. Horrillo. Spanish Patent 2021 ES2779151B2.

[3] D. Matatagui, J. López-Sánchez, A. Peña, A. Serrano, A. Del Campo, O. Rodríguez de la Fuente, N. Camona, E. 
Navarro P. Marín & C. Horrillo. Sensors and Actuators, B: Chemical. 2021, 335, 129657.

[4] F. Ricciardela, S. Vollebregt, R. Tilmann, O. Hartwig, C. Bartlam, P.M. Sarro, H. Sachdev, G. S. Duesberg. Carbon 
Trends. 2021, 100024, 3(2).
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Developing MnAlC / hydrogel composites for fabricating alternative permanent magnets by
bonding and additive manufacturing
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Additive manufacturing (AM) technologies are attracting much interest in high-tech sectors due to the possibility of 
fabricating complex and high-performance objects with tailored properties and a minimal waste generation [1]. In the 
permanent magnets (PMs) sector, the manufacturing of magnets by AM requires a high filling factor and no deterioration of 
the magnetic properties (challenging due to processing temperature issues). Many works on AM of PMs focus on NdFeB, 
however the present challenge is finding alternative rare earth-free PMs to address the criticality of rare-earths. MnAl-based
alloys are promising candidates to partially plug the gap between ferrites and NdFeB magnets, in addition to its high 
availability and diminished environmental impact [2]. Recently, it has been proven the potential that MnAlC alloy shows to be 
used for the development of alternative PMs by the AM technology known as Fused Filament Fabrication (FFF) [3].

In this work gas-atomized MnAlC particles consisting of τ-phase (only ferromagnetic phase in Mn-Al) were used as filler for 
preparing magnetic composites using a hydrogel as matrix material. MnAlC particles showed a quasi-spherical shape with a 
mean particle size of 50 μm. Firstly, hydrogels were synthesized by chemical route using alginate (ALG) as precursor 
material, and methylcellulose (MC) that was incorporated as additive for thickening the resulting mixture [4]. Afterwards, the 
MnAlC particles were added and stirred for obtaining homogeneous composites. Different amounts of MnAlC particles were 
considered to end with composites with several filler loading. The viscosity of the composites was tuned to make them 
suitable for additive manufacturing by modifying the proportion between ALG and MC in the composite. Different ALG:MC 
ratios were analysed (2.5:1 and 1:1), and it was found that a suitable proportion is 2.5:1 as it allows an adequate viscosity of 
the resulting composite to be loaded in syringes (Fig. 1a) and used in the direct ink writing (DIW) 3D-printing technology.
The scalable synthesis process has allowed to load syringes with a volume in a range from 1 up to 8 mL. 

According to the Scanning Electron Microscopy (SEM) images, the resulting cured composites (PM particles / hydrogel) 
show a smooth surface with the MnAlC particles well dispersed along the hydrogel matrix (Fig. 1b). Vibrating Sample 
Magnetometry (VSM) was used to measure the hysteresis loops of the cured composites with different MnAlC load. Figure 
1c shows that the magnetization scales with the MnAlC content in the composite, while the coercive field remains constant
showing that the magnetic properties of the MnAlC particles are not deteriorated along the composite synthesis process.
The synthesized composites based on MnAlC particles and hydrogel shows suitable and promising properties for their use 
in the development of a new generation of alternative PMs by bonding and additive manufacturing technologies.

Authors acknowledge Höganäs AB (Sweden) for providing the gas-atomized MnAlC particles through an industrial IMDEA-
Höganäs collaboration and the financial support from MICINN by NEXUS (PID2020-115215RB-C21). E.M.P. acknowledges 
support from AEI through the Juan de la Cierva – Incorporación program (IJC2020-043011-
I/MCIN/AEI/10.13039/501100011033) and EU by NextGenerationEU/PRTR.

Figure 1: (a) Syringes loaded solely with hydrogel and with composites made of hydrogel and different MnAlC particles load; 
SEM images of the composites with (b) 35 wt% and (c) 50 wt% content of MnAlC particles [scale bar: 100 um]; (d) room 
temperature hysteresis loops measured for the composites with 35 wt% and 50 wt% MnAlC content.

[1] L.E. Murr, J. Mater. Sci. Technol. 2016, 32, 987
[2] J. Rial et al., Acta Mater. 2018, 157, 42; C. Muñoz-Rodríguez et al., J. Alloys Compd. 2020, 847, 156361
[3] E.M. Palmero et al., Sci. Technol. Adv. Mater. 2018, 19, 465; Addit. Manuf. 2020, 33, 101179
[4] D. Podstawczyk et al., Additive Manufacturing, 34, 2020, 101275
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Abstract: 

We will present a room temperature STM break junction study of the single molecule conductance of several novel 
antiaromatic compounds containing a dibenzopentalene (DBP) unit.1 The aim of the study is to determine the effect upon 
the electrical conductance of replacing an aromatic group for a comparable antiaromatic unit. The compounds are based on 
the well-studied oligo(phenylene ethynylene) backbone with PhSMe anchor groups and we have investigated three different 
central units: phenyl, anthracene (both aromatic) and DBP (antiaromatic). Our results show that while the molecules with 
anthracene and DBP are more conductive compared to the phenyl analogue, there is little detectable difference between the 
former two, which is despite the DBP having the smallest HOMO-LUMO gap thanks to partial antiaromatic charachter. 
Theoretical calculations reveal that the reason for this is that the Fermi level lies close to the centre of the HOMO-LUMO in 
both cases where the difference in transmission curves is small. As the LUMO of the DBP compound is, however, lower 
than the other two compounds, we hypothesise that tuning the Fermi level alignment with appropriate anchor groups could 
maximise the difference. 

 

                                                   
 
 
[1] Maximilian Schmidt et al. Chem. Commun., 2021, 57, 745-748 
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The chemical synthesis of single-molecule magnets (SMMs) are increasingly being studied in nanoscience, due to the use 
of these molecules in quantum technology[1]. Recently, a series of ferrocenium complexes has been reported like SMMs in 
presence of an applied dc field. To reduce the possible effects of dipolar magnetic interactions on the magnetization 
dynamics, ferrocenium complexes having bulky cyclopentadienyl ring substituents and/or large counterions were 
prepared[2].
Nevertheless, this is not the unique form to isolate magnetically the Fe(III) ions. In this work we have explored the insertion
of decamethylferrocenium cations as countercations of extended anionic networks to separate these magnetic centers in the 
solid state. We have used anilate-based networks already as they afford numerous examples of anionic extended lattices 
that can host a great variety of cations[3-5]. A new series of anilate-based network compounds with the formula 
[ZIIICp2*][MII2(An)3] (ZIII=Fe; MII=Mn, Zn; An= haloanilate; Cp*= pentamethylcyclopentadienyl) has been prepared. Their 
structures consist of an anionic-based honeycomb network formed by MII linked through haloanilate group ligands. The 
bis(pentamethylcyclopentadienyl)iron(III) cations can occupy the hexagon holes of the network or being disposed between 
layers. Regarding the magnetic behavior, we expect that the networks composed by paramagnetic metals behave as 
ferrimagnet/antiferromagnet layers together with the intrinsic magnetic behavior of Fe(III) ion. Furthermore, the diamagnetic 
metals used to make diamagnetic anilate-based networks could magnetically isolate the Fe(III) ions, giving rise to single 
molecule magnets. Thanks to the protection of the bimetallic network, these single-molecule magnets could increase the 
magnetic relaxation and spin coherence times. In addition to this, the synthetic method used to make the diamagnetic 
anilate-based network has resulted in the preparation of a salt of an anionic diamagnetic trimer and decamethylferrocenium 
counteranions that could be an alternative to isolate magnetically the Fe(III) ions.

Figure 1 | Structure of [FeCp2*]2[Mn2II(An)3] (1). Projection of 1 in the space. Fe (brown), Mn (pink), Cl (green), O (red), N 
(blue) and C (black). Hydrogen atoms have been removed to have a better view of the structure.

[1] D. Aravena; E. Ruiz, Spin dynamics in single-molecule magnets and molecular qubits. Dalton Trans 2020, 49 (29), 9916-
9928.
[2] M. Ding;  A. K. Hickey;  M. Pink;  J. Telser;  D. L. Tierney;  M. Amoza;  M. Rouzières;  T. J. Ozumerzifon;  W. A. Hoffert;  
M. P. Shores;  E. Ruiz;  R. Clérac; J. M. Smith, Magnetization Slow Dynamics in Ferrocenium Complexes. Chemistry – A
European Journal 2019, 25 (45), 10625-10632.
[3] M. Palacios-Corella;  A. Fernandez-Espejo;  M. Bazaga-Garcia;  E. R. Losilla;  A. Cabeza;  M. Clemente-Leon; E. 
Coronado, Influence of Proton Conducting Cations on the Structure and Properties of 2D Anilate-Based Magnets. Inorg 
Chem 2017, 56 (22), 13865-13877.
[4] A. Abherve;  S. Manas-Valero;  M. Clemente-Leon; E. Coronado, Graphene related magnetic materials: micromechanical 
exfoliation of 2D layered magnets based on bimetallic anilate complexes with inserted [Fe(III)(acac2-trien)](+) and 
[Fe(III)(sal2-trien)](+) molecules. Chem Sci 2015, 6 (8), 4665-4673.
[5] M. Atzori;  F. Artizzu;  E. Sessini;  L. Marchio;  D. Loche;  A. Serpe;  P. Deplano;  G. Concas;  F. Pop;  N. Avarvari; M. L. 
Mercuri, Halogen-bonding in a new family of tris(haloanilato)metallate(III) magnetic molecular building blocks. Dalton Trans 
2014, 43 (19), 7006-19.
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Over the last years, two-dimensional (2D) materials have been a great focus of interest due to their outstanding properties 
and their potential applications in many fields such as electronics, spintronics or magnonics, among others. Recently, the 
discovery of magnetism down to the monolayer limit in 2D materials [1] has promoted even more insight on them by the 
scientific community.
In this work, a computational study is presented consisting of the DFT + U calculation of hybrid molecular/2D
heterostructures by using Quantum Espresso [2]. In particular, the magnetic materials studied are CrI3 and CrSBr, which are 
layered materials whose monolayers are ferromagnetically ordered and antiferromagnetically coupled between them [3].
Here, the heterostructures are formed by placing some organic molecules such as perylene, coronene, TTF and TCNQ 
above these materials and performing a geometry optimization in order to obtain the ground state of the system. These 
hybrid interfaces are likely to be formed as it is confirmed by adsorption energy calculations, showing a more stable 
structure. This approach paves the way for the chemical tuning of the electronic properties of bidimensional materials by 
molecular adsorption, adding some highly localized electronic states. In addition, these new structures display spin 
polarization, which allows the creation and propagation of spin waves with promising interest in magnonics for quantum 
computing or information storage.

 
 

                                                   
  
                               
                          Figure 1. Top view of the hybrid coronene/CrSBr heterostructure (left) and side view of its
                           spin density (right)

[1] B. Huang et al. Nature 2017, 546 (7657), 270-273
[2] P. Gianozzi et al. J. Phys.: Condens. Matter 2009, 21, 395502
[3] K. Lee et al. Nano Lett. 2021, 21, 8, 3511-3517 
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In the current need for new materials for the construction of chemical sensors, information storage devices or energy 
conversion systems, the significant scientific attention is devoted to dynamic molecular frameworks which physical
properties (magnetic, dielectric, optical) can be switched by external stimuli, such as temperature, light irradiation, or 
chemical impulse.1-3 One of the most interesting groups of such multifunctional molecular materials are coordination 
polymers based on octacyanidometallates, as they have already been proven to be a source of diverse functionalities (e.g. 
SCO effect, slow magnetic relaxation, photoluminescence, chirality, porosity).4 Our goal was to obtain a new SCO material
that could fit into the current scientific trend of rich multifunctionality. To achieve this goal, we decided to use Fe(II) 
complexes together with octacyanidorhenate(V) ion ([Re(CN)8]3–), as the combination of these two building blocks were
found to be a fruitful source of SCO-active multifunctional molecular materials.5-6

As the result, we present a novel (TBA){[FeII(phIN)4][ReV(CN)8]}(phIN) (TBA = tetrabuthylamonium cation, phIN = phenyl 
isonicotinate) coordination polymer. The material consists of nearly straight, anionic, cyanido-bridged coordination chains,
together with counterions of TBA+ and a non-coordinated phIN molecules. This material exhibits sharp complete SCO 
transition around 202 K with a hysteresis loop of 6K width. The material crystalizes in non-centrosymmetric polar space 
group Cc, which leads to the significant non-linear optical effect. The second harmonic generation (SHG) signal was 
observed for both high spin (HS) and low spin (LS) phases, but the SHG signal is remarkably stronger for the LS phase. In 
addition, the temperature-dependent SHG measurements reveal the hysteretic behaviour of a SHG signal upon cooling and 
heating cycles. In addition, the spin transition was traced with the UV-vis absorption spectroscopy. The temperature-
dependent optical measurements revealed the appearance of new absorption bands as the temperature enters the range of 
the spin transition. These absorption bands were ascribed to characteristic electronic transitions of LS Fe(II) complexes. 
Moreover, it was possible to observe the thermal hysteresis loop of the intensity of these absorption bands. Finally, we 
conducted temperature-dependent conductivity (σ’) measurements. We observed hysteretic curves of conductivity
temperature dependence of our material. So, herein we report a novel molecular material revealing multifunctional optical, 
electronic, and magnetic bistability.g y

 
 

Figure 1. The representative fragment of {[FeII(phIN)4][ReV(CN)8]} coordination chain together with accompanying TBA+

cations and phIN molecules (left) and the temperature-dependent curves of χMT product (green), SHG signal (blue), 
absorbance at 550 nm (yellow), and the real part of conductivity (red) (right)
 
[1] S. Ohkoshi, Y. Tsunobuchi, T. Matsuda, K. Hashimoto, A. Namai, F. Hakoe, H. Tokoro Nat. Chem. 2010, 2, 539
[2] Y. Xin, J. Wang, M. Zychowicz, J. J. Zakrzewski, K. Nakabayashi, B. Sieklucka, S. Chorazy, S. Ohkoshi J. Am. Chem. 
Soc. 2019, 141, 18211
[3] O. N. Risset, P. A. Quintero, T. V. Brinzari, M. J. Andrus, M. W. Lufaso, M. W. Meisel, D. R. Talham J. Am. Chem. Soc.
2014, 136, 15660
[4] S. Chorazy, J. J. Zakrzewski, M. Magott, T. Korzeniak, B. Nowicka, D. Pinkowicz, R. Podgajny, B. Sieklucka. Chem. Soc. 
Rev. 2020, 49, 5945
[5] S. Chorazy, T. Charytanowicz, D. Pinkowicz, J. Wang, K. Nakabayashi, S. Klimke, F. Renz, S. Ohkoshi, B. Sieklucka,
Angew. Chem. Int. Ed. 2020, 59, 15741
[6] T. Charytanowicz, J. J. Zakrzewski, K. Dziedzic-Kocurek, S. Chorazy, B. Sieklucka J. Appl. Phys. 2021, 129, 143902 
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Besides their inherent porosity, Metal-Organic Frameworks (MOFs) may also incorporate tuneable electrical and optical
properties which strongly depend on the selected building blocks, becoming very attractive for their implementation as 
integral components in electronic devices.[1] In recent years, electroactive organic molecules have emerged as promising 
building blocks for the design and construction of crystalline porous frameworks such as MOFs for different applications in 
electronics.[2] In this direction, the construction of new perylene-based MOFs is encouraged due to their remarkable 
luminescence and promising electrical properties.

Herein we report the electrical conductivity enhancement of an iodine-doped perylene-based MOF by using two-probe 
single-crystal devices (Figure 1). This conductivity enhancement is ascribed to the partial oxidation of the perylene ligands, 
as witnessed by spectroscopic studies and supported by theoretical calculations. The charge transport is described by 
means of a through-space hopping mechanism along the herringbone perylene packing, with highest conductivities of the 
order of 10−5 S·cm−1 measured in two-contact single-crystal devices.[3]

In addition, we present a new synthetic route to prepare a new family of isostructural perylene-based MOFs with different 
transition metals (TM = Co, Ni, Zn) exhibiting tuneable optical properties depending on the nature of the metal. We
demonstrate the possibility to tune the optical properties by switching the TM while the electrochemical properties of
perylene are preserved, as demonstrated by solid-state cyclic voltammetry of PTC-TM.[4] These studies highlight the great 
versatility of perylenes as building blocks for the construction of electroactive MOFs.

Figure 1. a) Partials views of the crystal structure of Per-MOF on the abc plane. b) Representative Current (I)–Voltage (V)
plot for crystal devices of Per-MOF (black) and I2@Per-MOF (red) at 300 K.
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Molecular electronic transport experiments performed via Mechanically Controllable Break Junctions (MCBJ) or Scanning 
Tunnelling Microscope on the BJ approach (STM-BJ) don’t provide direct information about the bonding of the molecule at 
the electrodes [1]. However, to unmask the geometrical configuration acquired by the molecules between the electrodes, a 
combination of atomistic simulations, ab initio calculations, and electronic transport experiments is required.

We modelled the quantum transport of benzene, toluene, cyclohexane, and helicenes molecules over gold electrodes via 
Molecular Dynamics (figure1) and DFT. We compared them with our experimental results, showing that this model has a
high agreement.  Our model offers plausible scenarios of the experiment.  In summary, this triple comparative clearly 
reveals the relation between their characteristic electronic transport and the dynamic bonding of the molecule single 
between the electrodes. Additionally, we shed light on the nature of electrodes and their geometries.

 

                                                   
Figure 1. Snapshot of Molecular Dynamic Simulation 

 
 
 
[1] T. de Ara. et al. ArXiV 22, https://doi.org/10.48550/arXiv.2203.02610 
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In this study, we use Density Functional Theory [1] and perform calculations with the Quantum Espresso code [2] to 
investigate if novel nanoporous carbon-based polymers can form suitable membranes for the separation of CH4/CO2 gas 
mixtures with high permeability and selectivity [3]. With this motivation, we examine the utility of boron graphdiyne porous 
layers as a membrane. Boron graphdiyne is a two-dimensional honeycomb structure with boron atoms at the vertices of the 
hexagons, linked by carbon butadiyne chains. The structure has large hexagonal holes. Based on the different molecular 
sizes and different molecule-membrane interaction, we expect that an array of these porous nanostructures can potentially 
help in the separation of gas mixtures, and in achieving a high rate of gas throughput. We aim to propose a novel 
membrane design based on two-stage porous graphdiyne bilayers or multilayers. This design might not only improve gas 
permeation efficiency but also improve selective separation performance.

   
                                                 
                            Figure 1. Schematic process of the separation of gas mixtures through membranes
 
[1] D. S. Sholl, J. A. Steckel, Density Functional Theory. A Practical Introduction. Wiley, 2009.
[2] P. Giannozzi, O. Andreussi, T. Brumme, O. Bunau, M. Buongiorno Nardelli, et al., Advanced capabilities for materials 
modelling with Quantum ESPRESSO, Journal of Physics:Condensed Matter, 2017, 29, 465901.
[3] N. Razmara, A. Kirch, J. R. Meneghini, C. R. Miranda, Efficient CH4/CO2 Gas mixture separation through nanoporous 
graphene membrane designs, Energies 2021, 14, 2488.
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Spin crossover complexes (SCCs) are transition metal complexes that exhibit reversible state switching at ambient 
conditions, making them promising candidates for molecular electronics and spintronics, for example in memory devices [1]. 
In iron (II) complexes, switching occurs between a diamagnetic low spin state (S=0) and a paramagnetic high spin state 
(S=2), and is photo- or thermally-induced. The switching is accompanied by a change in the electronic and magnetic 
properties, such that molecular junctions of these SCCs exhibit a change in conductance depending on the spin state. 
Resistance switching ratios as high as 400 have been reported for junctions of iron (II) SCCs [2].

A major advantage of SCC thin-film devices over conventional 2D materials is that the organic ligands can be tailored to add 
any number of desired properties, such as photoactivity [3] or the ability to self-assemble on a surface [4]. However, the 
structural and electronic complexity of these molecules mean it can be hard to predict the exact conditions where switching 
will occur. The goal of my thesis is to control the spin state switching of iron (II) SCCs on surfaces. We aim to perform this 
tuning in two ways: by functionalising the organic ligands [5], or by changing the ‘spinterface’ between the molecules and 
substrate. The latter is done for example by varying the substrate material, for instance by using a ferroelectric substrate 
that can be electrically polarised [6].

First, a library of functionalised iron (II) SCCs is being synthesised and characterised: structurally, electrically and 
magnetically, both in bulk and as (sub)monolayer films. The effect of the substrate on the spin state switching will be 
investigated, in particular by using polarisable ferroelectric polymer substrates. As a final step, electronic and potentially
spintronic devices will be fabricated from thin films of SCCs.

This research aims to increase our understanding of the spin crossover (SCO) phenomenon at the nanoscale and the 
subtleties of the spinterface, using a variety of substrates controlled by nanostructuration, with the end goal of bringing SCCs 
closer to technological applications in molecule-based electronics and spintronics. 
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Commun. 2014, 50, 2255
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The application of intrinsically emissive lanthanide(III) metal centres in the development of novel molecular nanomagnets 
led to the emergence of luminescent single-molecule magnets (SMMs).1 Emissive Ln-based SMMs have aroused notable 
interest in particular due to the magneto-optical correlations enabling the implementation of emission spectra in the analysis 
of lanthanide(III) electronic structure.2 Moreover, emissive SMMs constitute potential candidates for materials in which 
emission can be modified by a magnetic field.3,4 Utilization of lanthanides in the construction of new molecular systems can 
be considered a straightforward way to observe both noticeable magnetic anisotropy as well as photoluminescent properties 
owing to f-f electronic transitions. Another possible way to functionalization of Ln-based emissive SMMs is related to the 
incorporation of chirality. Molecular systems described by chiral or at least non-centrosymmetric groups are potentially able 
to exhibit a broad range of fascinating physical functionalities,5 such as non-linear optical effects i.a. second harmonic 
generation (SHG) or magnetization-induced second harmonic generation (MSHG).6

Taking the above into consideration, we have focused on generating chirality in bifunctional magneto-luminescent systems. 
As a part of undertaken studies, we have designed, synthesized and characterized two novel 2-D NdIII-based coordination 
polymers, described as {[NdIII4(H2O)17(pzdo)5][MIV(CN)8]3}∙9H2O (M = Mo (1), W (2); pzdo = pyrazine N,N'-dioxide).7 The 
abovementioned materials are based on cyanido and pzdo molecular bridges. As the result of the spontaneous resolution 
process, presumably correlated with the unusual 3:4 (MIV:NdIII) metal ratio as well as supramolecular interactions involving 
cyanido complexes and pzdo ligands, these compounds crystallize in the non-centrosymmetric C2 space group. Obtained 
systems constitute unique examples of multifunctional molecule-based materials combining three various functionalities: 
(i) second-harmonic generation (SHG) activity (arising from the lack of an inversion centre), (ii) UV-to-vis-light-induced near-
infrared (NIR) photoluminescence (originating from the presence of emissive Nd3+ ions) and (iii) the effect of slow relaxation 
of magnetization (related to the single-ion anisotropy of incorporated NdIII complexes).
As in the previous investigated LnIII–[MIV(CN)8]4– systems,8 the observed magnetic and optical properties are sensitive to 
the nature of the incorporated d-transition metal centre. Most of their properties are enhanced upon the substitution of MoIV

centres with WIV ones. In conclusion, the exchange of MoIV with WIV metal centres in described systems enhances the SH 
intensity, increases the sensitization efficiency, and slowdowns magnetic relaxation, indicating the modulating role of 
selected MoIV and WIV cyanido complexes.

 
Figure 1. Representative characteristics of 1 and 2:  I – molecular building unit; II - temperature-dependence of magnetic 
relaxation times; III – fragment of crystal packing along c crystallographic axis; IV – power dependence of SHG effect,
detected at room temperature; V – excitation spectra for the monitored emission at 1060 nm.
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Exploiting the quantum properties of matter to develop new functional tools and devices is an emerging trend in science and 
technology. The core of this approach is the quantum bit (qubit), the quantum version of the classic binary bit. Classical bits 
exist in one of two states, 0 or 1, whereas qubits can be placed into a quantum superposition of their two constituent states, 
thus simultaneously accessing multiple states [1]. The coherence time is the most important property of a qubit and
describes the lifetime of the superposition state before it collapses into one of its constituent classical states.
Among the different physical realizations of qubits, magnetic molecules are a promising option. Simple metal-organic 
paramagnets with a single unpaired electron (S = ½), like vanadium(IV) complexes, can exhibit sufficiently long coherence 
times to behave as qubits relevant for quantum computation. To perform as a molecular qubit, these metal-organic 
complexes need to possess well-established characteristics like chemical and thermal stability, good processability, a
functionalizable structure, and of course, a long coherence time. Decoherence is mainly induced by electron−electron and 
electron−nuclear spin−spin interactions, which can be reduced by chemical design [2]. 
For all these reasons, our current goal is to design new molecular qubits based on robust, neutral macrocyclic complexes of 
transition metals, whose O donors contain no nuclear spins. We recently optimized the synthesis and the purification of H2L
(Fig. 1, center), a pre-organized tetradentate proligand containing two fused β-diketones [3]. It should be noted that the 
metal-binding species (L2 ) is a binegative ligand and can afford neutral complexes with oxovanadium(IV) ions, thus 
avoiding the presence of counter-ions. H2L was characterized by 1D and 2D 1H-NMR spectroscopy, but the interpretation of 
the spectra was complicated by the occurrence of keto-enol tautomerism. To obtain unambiguous structural data and to 
perform also a preliminary study of the chelating ability of our ligand toward a paramagnetic metal, we prepared the 
cobalt(II) complex of L2 . Crystals suitable for X-ray diffraction were obtained from THF/n-hexane solution by adding an 
excess of pyridine (py) to complete the octahedral coordination geometry of the metal. Surprisingly, the product has a 
dinuclear structure and its molecular formula is [Co2L2py4] (Fig. 1, left). This new compound was characterized by EA, UV-
Vis-NIR, FT-IR/ATR, and 1H-NMR spectroscopies. We also performed DC and AC magnetic characterization which 
demonstrated that [Co2L2py4] is a Single-Molecule Magnet in applied static field.
We recently also explored the synthesis [4] of the oxovanadium(IV) complex of L2–, which is expected to act as a qubit. 
Crystals suitable for X-ray diffraction were obtained by vapour diffusion of Et2O in a DCM solution. Also this product exhibits
a dinuclear structure and its molecular formula is trans-[(VO)2L2] (Fig. 1, right). Significantly, the crystal packing affords a 
porous, honeycomb-like structure that was never observed before for this type of systems. The structure contains parallel 
channels ~2 nm in size and ~50% of solvent-accessible voids. This new compound was characterized by EA, UV-Vis-NIR, 
FT-IR/ATR, and 1H-NMR spectroscopies.

Figure 1. Structures of [Co2L2py4] (left), H2L (center), and trans-[(VO)2L2] (right). Hydrogen atoms are omitted for clarity.

[1] M. J. Graham, J. M. Zadrozny, M. S. Fataftah, D. E. Freedman Chem. Mater. 2017, 29, 1885-1897.
[2] M. Atzori, R. Sessoli J. Am. Chem. Soc. 2019, 141, 11339-11352.
[3] A. H. Alberts, D. J. Cram J. Am. Chem. Soc. 1979, 101, 3545-3553.
[4] M. Mahroof-Tahir, D. Brezina, N. Fatima, M. I. Choudhary, Atta-ur-Rahman J. Inorg. Biochem. 2005, 99, 589-599. 
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Stacking-enhanced photoluminescence in subphthalocyanine thin films  
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Subphthalocyanines (subPcs) are contracted homologues of the Phthalocyanines, one of the most investigated 

porphyrin. They are only known as boron derivatives and are formed with three isoindole subunits. This unique 

configuration gives rise to a nonplanar bowl-shaped structure contrasting with the planar aromaticity of the 

above-mentioned phthalocyanines. They are considered to be interesting because their optoelectronic features

can be tuned by changing their axial ligand (B-A) and by functionalizing the peripheral positions (R) (figure 1A).

Literature is filled with studies that explore the use of subPcs as organic active layer for optoelectronic devices. 

It is rare to find a research work that mentions other approaches even though the combination of non-planar 

aromaticity, permanent electric dipole and photoluminescence can be appealing for a wide range of 

applications.

The commercially available Boron subphthalocyanine (figure 1B) is the most commonly investigated. Easily 

sublimed, we started our investigation by preparing thin films with different thicknesses that were deposited on 

chemically and ultrasonically cleaned substrates by a thermal sublimation technique under a residual air 

pressure less than 10-7 mbar at low rates (0.1 - 0.15 Å). We confirmed the deposition of the molecule by Raman 

and IR spectroscopies, to investigate as a second step, the surface morphology of the thin films by AFM and 

optical microscopy. We observed the formation of long dentrite-like organizations parallel to the substrate, 

where long stem-like assemblies are formed along with smaller leaf-like structures growing outward from these 

stems. This indicates that the Sub-Pc molecules are stacking along one dimensional direction, with the 

formation of outward-directed short leafy structures originating from some miss-oriented molecules inside the 

stem. This is more obvious for thicker films where theses structures reach hundreds micrometers length. More 

interestingly, the optical properties of both areas (amorphous and dentrite-like) are drastically different. In fact, 

the PL spectrum is narrower and higher in the case of the dentrite-like structures (Figure 1C) and shifted toward 

lower energies. 

[1]
[2] J. Phys. Chem. C 2009, 113, 2974–2979
[3] J. Appl. Phys. 121, 095501 (2017)
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Electrochemistry as exfoliation tool 
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Since isolation of graphene in 2004, 2D materials have attracted great attention due to the emergent properties arising from 
the confinement of electrons in two dimensions and to their high surface-area-to volume ratios giving rise to promising new 
physical/chemical properties. Among these materials, the family of transition metal phosphorus trichalcogenides (TMDCs) of 
general formula MPX3 (where M is a transition metal and X is S or Se) has been focus of attention due to their cooperative 
magnetic properties and a wide range of bandgaps, which envision their potential use in a wide range of applications such
as spintronics, electrocatalysis and optoelectronics [1,2]. Within MPX3 members, NiPS3 has a high interest due to its small
bandgap energy (~1.6 eV), magnetic properties, and electrochemical activity. [3]
Different approaches have been followed to isolate ultrathin layers from their layered bulk counterparts. [4] Among them, the 
electrochemical exfoliation method provides several advantages with respect to other strategies such as large production, 
structural integrity, low cost, and reduced time. Recently, it has been proved that ultrathin NiPS3 flakes can be obtained by 
this strategy [3]. In this presentation, we will discuss about the electrochemical exfoliation conditions to achieve the best 
quality flakes and the highest yield, and we will compare with other exfoliation methods. Therefore, we will present a 
morphological study of the obtained NiPS3 layers by means of atomic force and transmission electron microscopies and we 
will evaluate the magnetic behavior of the resulting material.

Figura 1. AFM topography image of NiPS3 spin-coated on Si/SiO2 substrates after exfoliated electrochemically.

[1] I.B. Alcázar R.T. Cavanillas, Morant-Giner, M., Cvikl, M., Mañas-Valero, S., A. F. Aliaga ., & E. Coronado. Dalton
Transactions Molecular stabilization of chemically exfoliated bare MnPS3 layers 2021 50(44), 16281-16289.

[2] M. Ramos, F. Carrascoso., R. Frisenda, P. Gant, S. M. Valero, D. Esteras, & M. R. Calvo, 2D Materials and Applications
Ultra-broad spectral photo-response in FePS3 air-stable devices 2021 5(1), 1-9.

[3] Li X, Fang Y, Wang J, Wei B, Qi K, Hoh HY, Hao Q, Sun T, Wang Z, Yin Z, Zhang Y, Lu J, Bao Q, Su C. High-Yield
Electrochemical Production of Large-Sized and Thinly Layered NiPS3 Flakes for Overall Water Splitting. Small. 2019 15(30)

[4] Synnatschke, K., Shao, S., Van Dinter, J., Hofstetter, Y. J., Kelly, D. J., Grieger, S., & Backes, C. Chemistry of Materials
Liquid Exfoliation of Ni2P2S6: Structural Characterization, Size-Dependent Properties, and Degradation, 2019 31(21), 9127-
9139.
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Graphene-MoS2 covalently crosslinked heterostructures for electrochemical applications
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Graphene was first isolated in 2004, becoming the thinnest material in the world thanks to its mono-atomic flat structure. It is 
characterized by high transparency, elevated electrical conductivity, and strong Young's modulus [1]. These properties 
make graphene a promising material for various applications like electronics, spintronics, catalysis and biotechnology to 
mention a few. Its discovery stimulated the interest of the scientific community and was followed by the isolation of a wide 
number of other two-dimensional (2D) materials. Among these, molybdenum disulfide (MoS2), a transition metal 
dichalcogenide, has raised the attention of researchers because of its tuneable properties. MoS2 can be found in different 
poytipes, being 2H-MoS2 and 1T-MoS2 the most important ones. 2H-MoS2 is a diamagnetic semiconductor with poor 
catalytic efficiency meanwhile metallic 1T-MoS2 demonstrates higher catalytic efficiency and 107 times higher electronic
conductivity [2].

Therefore, a heterostructure formed by the combination of these materials is of great interest for optoelectronic and catalytic 
applications. Moreover, graphene-MoS2 hybrids are known for good performance for lithium batteries and aerogels [3]. First 
results on graphene-MoS2 devices showed high photonic and electronic performance, combined with improved mechanical 
properties of the materials. For example, Yu et al. fabricated high-performance nanodevices based on Graphene-MoS2
heterojunctions, paving the way for flexible and transparent electronics [4].

Besides Graphene-MoS2 heterojunctions in direct contact between the 2D layers, covalently cross-linked 2D materials open 
the possibility of higher accessibility to the layers and to additional electronic modulations through their covalent
functionalization [5]. However, so far, graphene introduced in this heterostructures has been mainly reduced graphene oxide 
whose properties considerably differ from those found in graphene. In this research, we present or strategy to prepare
cross-linked Graphene-MoS2 heterostructures based on high quality graphene and MoS2 obtained by chemical exfoliation.
After diazonium salts functionalization, a hybrid laminar heterostructure was synthesized via amide bond formation between 
the 2D layers (Figure 1). Several techniques such as high-resolution transmission electron microscopy (HRTEM), Raman 
spectroscopy, Infrared spectroscopy (IR), X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), and
thermogravimetry (TG) analyses were employed to confirm the formation of the covalently bonded heterostructure.

Figure 1 : HR-TEM image of Graphene-MoS2 crosslinked heterostructure

[1] S. K. Tiwari, S. Sahoo, N. Wang, A. Huczko Advanced Materials and Devices 2020, 5, 10-29.

[2] O. Samy, S. Zeng, M. D. Birowosuto, A. E. Moutaouakil Crystals 2021, 11, 355.

[3] F. Gong, Z. Ding, Y. Fang, C. Tong, D. Xia, Y. Lv, B. Wang, D. V. Papavassiliou, J. Liao, M. Wu ACS Appl. Mater. 
Interfaces 2018, 10, 17, 14614-14621.

[4] L. Yu, Y. Lee, X. Ling, E. J. G. Santos, Y.C. Shin, Y. Lin, M. Dubey, E. Kaxiras, J. Kong, H. Wang, T. Palacios American 
Chemical Society 2014, 14, 3055-3063

[5] C. N. R. Rao, K. Pramoda, A. Saraswat, R. Singh, P. Vishnoi, N. Sagar, A. Hezam APL Materials 2020, 8, 020902
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Liquid phase exfoliation of imine-Covalent Organic Framework (COF) enhanced by
electrostatic repulsion
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In the last years, research in Covalent Organic Frameworks (COFs) has been growing due to their high porosity, tunable 
functionality, high stability, and crystallinity.1 These properties of COFs lead them to an increasing interest for application in 
energy storage devices, filtration membranes, sensors or catalysis. Nowadays, the majority of COF applications are based on 
the microcrystalline powder of the bulk COF. However, in many of them, the use of exfoliated COF nanolayers is expected to 
improve performance, such as it has been shown for Li-ion batteries, for which a side-by-side study of the bulk and exfoliated 
COF as a cathode material2,3 showed the improvement in mass transport, efficiency of redox sites and faster kinetics for Li+
storage with COF nanolayers. Thus, COF dimensionality and morphology (2D sheets, nanoparticles, micrometric aggregates)
are critical factors to consider and optimize for the final target application. The protocols for COF exfoliation are still specific 
for each COF, and there is a lack of general guidelines on how to face the challenge of exfoliating new COFs.

Therefore, this work focuses on the development of a robust and universal methodology for the liquid phase exfoliation of 
imine COFs. We have exploited the pH-dependant, electrostatic repulsion between layers, due to the protonation of the N 
atom of the imine bonds5, and we have also tested different starting bulk materials for the exfoliation experiments, such as 
gels and aerogels, which are expected to be easier to exfoliate than conventional powders. In addition, the effect of annealing 
the bulk material was studied, as it enables to obtain larger COF nanosheets by optimizing the bulk COF crystallinity.

[1] K. Geng, T. He, R. Liu, S. Dalapati, K. T. Tan, Z. Li, S. Tao, Y. Gong, Q. Jiang and D. Jiang, Chem. Rev., 2020, 120,
8814–8933.
[2] S. Wang, Q. Wang, P. Shao, Y. Han, X. Gao, L. Ma, S. Yuan, X. Ma, J. Zhou, X. Feng and B. Wang, J Am Chem Soc,
2017, 139, 4258–4261.
[3] C. Jiang, Y. Zhang, M. Zhang, N. N. Ma, G. K. Gao, J. H. Wang, M. M. Zhang, Y. Chen, S. L. Li and Y. Q. Lan, Cell Rep.
Phy. Science, 2021, DOI:10.1016/j.xcrp.2021.100392.
[4] X. Li, H. sen Xu, K. Leng, S. W. Chee, X. Zhao, N. Jain, H. Xu, J. Qiao, Q. Gao, I. H. Park, S. Y. Quek, U. Mirsaidov and K. 
P. Loh, Nat. Chem., 2020, 12, 1115–1122.
[5] D. W. Burke, C. Sun, I. Castano, N. C. Flanders, A. M. Evans, E. Vitaku, D. C. McLeod, R. H. Lambeth, L. X. Chen, N. C. 
Gianneschi and W. R. Dichtel, Angew. Chem. – Int. Ed., 2020, 59, 5165–5171.
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Optical contrast is a widely used technique in the field of two-dimensional (2D) materials that allows the fast identification of 
flakes with different thicknesses [1][2], being of great importance for air unstable materials, such as 1T-TaS2, CrI3[3] or the 
CrSBr. As it has been reported for graphene,[4] metal halides [1][3] and other transition metal dichalcogenides [1][5][6] -but 
not for CrSBr yet-, optical contrast can be done quantitatively in order to identify the thickness of a flake. In this work thin-
layers of CrSBr on top of SiO2/Si substrates are considered. 
 
Due to its highly anisotropic structure, two main axes are easily distinguished. This fact is supported by the different contrast 
values obtained when the light is polarised parallel to one axis or the other. However, further spectroscopic analysis is 
carried out to ensure this. 
 
Thanks to this characterisation, van der Waals heterostructures are possible to be built, and transport measurements can be 
done to determine the behaviour of this metamagnet [7].  
  
 

 
Figure 1. Optical microscopy images of a multilayered CrSBr crystal for the determination of the contrast of each flake. 
Upper panels are the original microscopy image, while the bottom ones are the contrast analysis. Polarized incident light (at 
0º and 90º) shows the high anisotropy of the material.
 
[1] Castellanos-Gomez, A. et al. Fast and reliable identification of atomically thin layers of TaSe2 crystals. Nano Research 6, 
(2013). 
[2] Li, H. et al. Rapid and reliable thickness identification of two-dimensional nanosheets using optical microscopy. ACS 
Nano 7, (2013). 
[3] Huang, B. et al. Layer-dependent ferromagnetism in a van der Waals crystal down to the monolayer limit. Nature 546, 
(2017). 
[4] Blake, P. et al. Making graphene visible. Applied Physics Letters 91, 063124 (2007). 
[5] Navarro-Moratalla, E. et al. Enhanced superconductivity in atomically thin TaS 2. Nature Communications 7, (2016). 
[6] Ayari, A., Cobas, E., Ogundadegbe, O. & Fuhrer, M. S. Realization and electrical characterization of ultrathin crystals of 
layered transition-metal dichalcogenides. Journal of Applied Physics 101, (2007). 
[7] Lee, K. et al. Magnetic Order and Symmetry in the 2D Semiconductor CrSBr. Nano Letters 21, (2021). 
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The role of perfluorinated binders in graphene-based Na-O2 battery cathodes: controlling the 
triple phase boundary  
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Sodium-oxygen batteries (Na-O2) hold great promise for the transition to a non-fossil fuel economy due to their high
theoretical energy density. One of the most important components of these devices is the air-cathode, where a triphasic
reaction between the Na+ ions present in the liquid electrolyte, the electrons available at the solid cathode and oxygen gas
occurs to form solid discharge products. Conventional carbon materials (such as gas carbon fibres, carbon black, carbon 
nanotubes, activated carbon or graphite) has been largely used as cathodes in Na-O2 batteries due to their low cost, high 
surface area, chemical stability, conductivity, and intrinsic catalytic activity toward the ORR/OER.[1]. However, their limited 
performance at high operating current densities boosted the search for novel air-cathode materials. Graphene has proven to 
be a promising material due to its outstanding electrical conductivity and open structure, enhancing the O2 diffusion and 
facilitating electrolyte impregnation as well as offering many active sites for the formation and decomposition of the 
discharge products.[2]. The main challenge when using graphene materials, compared with conventional carbons, is a 
suitable cathode processing due to their low-density. Nevertheless, high density graphene forms such as graphene 
nanosheets or nanoplatelets (GNPs) presented either good cathode performance while providing much better 
processability, which is crucial for an industrial applicability in the future.[3]. In order to process graphene, perfluorinated 
polymers present great advantages; not only as binders but also to favour the diffusion of gaseous components in detriment
to liquid electrolytes as well as to alter the electronic conductivity and electrolyte wettability of solid cathodes. Hence, the 
boundary between the three reaction phases existing in Na-O2 batteries can be tuned to maximize their efficiency by adding 
perfluorinated polymers to the cathode formulation. This work examines the influence of polytetrafluoroethylene (PTFE) 
polymer and its weight ratio on the electrochemical performance of GNP cathodes. The cathodes containing a 10% PTFE 
yield showed a high full discharge capacity of 4.51 mAh cm-2 and the largest cycle life among the studied PTFE quantities,
delivering 121 cycles with an efficiency of 97%, low overpotential at a high current density (0.2 mA cm-2). Finally, the
decrease of the electrode wettability by the addition of PTFE polymer was also proven which favours the diffusion of oxygen 
into the cathode structure.

 
 
                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] M. Enterría, M. Reynaud, J.I. Paredes, L. Medinilla, R. Younesi, N. Ortiz-Vitoriano, J. Energy Chem, 2022, 68, 709-720.
[2] M. Enterría, C. Botas, J.L. Gómez-Urbano, B. Acebedo, J.M. López Del Amo, D. Carriazo, T. Rojo, N. Ortiz-Vitoriano, J. 
Mater. Chem. A 2018, 6, 20778–20787.
[3] W. Liu, Q. Sun, Y. Yang, J.Y. Xie, Z.W. Fu, Chem. Commun. 2013, 49, 1951–1953.
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BOOSTING THE PERFORMANCE OF GRAPHENE CATHODES IN Na-O2 BATTERIES BY 
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Rechargeable batteries constitute the nexus between renewable energy sources and stationary and mobile applications. 
Besides the fact that lithium-ion batteries (LiBs), which currently dominate the battery market, suffer from low energy 
density, they have nearly reached their limits in terms of theoretical energy density, cycle life, and charge/discharge rate.[1] 
For these reasons, “beyond lithium-ion” energy storage systems are urgently needed, such as sodium–oxygen (Na–O2)
batteries, which present high theoretical energy density (≈5–10 times higher than that of LiBs, 100–265 vs 1108 Wh kg−1).[2]  
Unlike conventional metal-ion batteries, solid discharge products are generated during the cycling of Na–O2 batteries, with 
sodium superoxide (NaO2) being the most interesting product owing to its reversible formation. The use of suitable cathode 
materials is a point of major concern as they are responsible for achieving efficient deposition/redissolution of the solid 
discharge products formed during battery operation. Graphene has gained attention as a cathode material due to its 
superior electrical conductivity and highly accessible 2D area. 

In this work, high-quality graphene aerogels via electrochemical exfoliation were prepared using an innocuous biomolecule, 
the adenosine monophosphate nucleotide (AMP), and tested as Na–O2 battery cathode using a glyme-based electrolyte. 
The assembled batteries delivered a discharge capacity as high as 9.64 mAh cm-2 and endured 95 cycles at a discharge 
depth of 0.5 mAh cm-2 with a high current density (0.2 mA cm-2). Such a good performance was attributed to the phosphate 
groups present in the nucleotide, which is adsorbed on the surface of the graphene sheets comprising the porous aerogel 
cathode. Therefore, the phosphate groups modify the nucleation mechanism of the discharge products by i) enhancing the 
interaction of the cathode with oxygen reactive species and ii) catalysing the ORR/OER reactions during discharge/charge. 

 
 
                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] J. M. Munuera, J. I. Paredes, M. Enterría, S. Villar-Rodil, A. G. Kelly, Y. Nalawade, J. N. Coleman, T. Rojo, N.Ortiz-
Vitoriano, A. Martínez-Alonso, and J. M. D. Tascón ACS Appl. Mater. Interfaces 2020, 12, 494−506.
[2] M. Enterría, J. L. Gómez-Urbano, J. M. Munuera, S. Villar-Rodil, D. Carriazo, J. I. Paredes, N. Ortiz-Vitoriano Small 
2021, 17, 2005034.
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Quantum transport experiments require ultra clean devices, necessitating dramatic advancements in materials growth 
processes, new types of chemical synthesis, or unconventional device fabrication techniques. Chemically synthesised 
molecular graphene nanoribbons (MGNR) now provide carbon nanostructures with single-atom precision but suffer from 
poor solubility. Here we demonstrate a dramatic enhancement in the solubility of MGNRs via edge functionalization that 
enables the possibility of achieving exceptionally clean nanodevices directly from solution.  
 
We demonstrate the suitability of these new highly soluble MGNRs by performing low temperature transport measurement 
using electroburnt graphene nanogap to contact individual MGNRs. The effect of the de-bundling is apparent by the high 
quality of the transport data which shows well-defined Coulomb diamonds and excited states of varying origin as well as 
signatures of strong electron-vibron coupling which gives rise to Frank-Condon blockade. Substrate decoupling is shown to 
be inherent to these types of MGNRs as it seems to be provided by the bulky side groups that supresses the π-stacking 
between MGNRs and increase the solubility. 
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Asymmetrically decorated nanoparticles (NPs), also known as Janus NPs, possess two or more differently functionalised 
surfaces giving rise to a complex combination of properties within one particle. Due to their biphasic morphology Janus NPs 
exhibit curious coexistence of amphiphilic and anisotropic features expanding boundaries in potential applications [1]. 

Although the most common Janus NPs are spherical, general synthetic approaches could also be extended towards two-
dimensional (2D) monolayers. The conventional synthetic route involves masking of one side of the flake with an inert 
template, allowing interaction only to flow on the exposed side. Thus, for example, H. Wu et al. achieved fabrication of 
Janus graphene oxide employing wax-in-water Pickering emulsion [2]. However, Janus 2D materials are not limited to 
asymmetric graphene and graphene derivatives. During past few years, considerable attention has been drawn towards 
asymmetric decoration of molybdenum disulfide (MoS2) known for its appealing properties widely employed in 
optoelectronics, gas sensing, hydrogen evolution reactions, fabrication of solar cells or lithium-ion batteries [3]. Contrariwise, 
so far, solution approach for the synthesis of Janus-MoS2 layers remains almost unexplored. 

Here we present a new strategy for asymmetric functionalization of MoS2 in solution. First of all, flakes of chemically 
exfoliated MoS2 are electrostatically displaced onto silica beads template, resulting only one side being exposed to 
upcoming chemical grafting (Figure 1). Once functionalised, Janus flakes can be recovered by chemical etching of SiO2.

Figure 1. SEM image of MoS2 flakes on the surface of SiO2 beads 
 
[1] L. Zhang, F. Zhang, W.F. Dong, J.F. Song, Q.S. Huo, H.B. Sun Chem. Commun. 2011, 47(4), 1225
[2] H. Wu, W. Yi, Z. Chen, H. Wang, Q. Du Carbon 2015, 93, 473
[3] X. Zhang, Z. Lai, C. Tan, H. Zhang Angewandte Chemie 2016, 55(31), 8816
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