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Dear Colleagues and Friends, 

It is a great pleasure to invite you to attend the 1st Iberian Symposium on Functional Organic 
Polymers (ISFOP2023) which will be held in the 11th and 12th of May 2023 at the University of 
Aveiro.  We also invite you to enjoy the Art Nouveau architecture and gorgeous canal boats in the 
beautiful city of Aveiro. 

The Symposium will focus on the design and synthesis of a wide range of functional organic 
polymers including electroactive, chiral, porous (POPs, COFs) and bio-inspired polymeric materials. 
The symposium will also explore the fascinating properties of organic polymers and their processing 
towards energy, electronics, biomedical or environmental applications. Some of the topics 
covered by the symposium will be: organic batteries, organic thermoelectrics, tissue 
engineering, chiral polymers and Covalent Organic Frameworks (COFs). This symposium will 
also serve to stimulate collaboration between research groups from Spain and Portugal. 

We already have an exciting lineup of invited talks: 

 Thomas Bein (LMU) 

 Daniele Mantione(Polymat) 

 Rebeca Marcilla (IMDEA Energy) 

 Josep Puigmartí-Luis (UB) 

 Ester Vázquez (UCLM/IRICA) 

 João Mano (U. Aveiro/CICECO) 

 Mariano Campoy-Quiles (ICMAB-CSIC) 

 Laura Salonen (U. Vigo/CINBIO) 

 Carmen Freire (U. Aveiro/CICECO) 

 Félix Zamora (UAM) 

 Ana Rita C. Duarte (UNL) 

 Félix Freire (USC-CIQUS) 

 Nagore Ortiz-Vitoriano (CIC EnergiGUNE) 

 Aurelio Mateo-Alonso (Polymat) 

The programme will further include oral and poster presentations, in a good balance while 
promoting mostly the interaction between scientists. 

We very much look forward to welcoming you in Aveiro. 
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Registration 

 
The registration fee includes: 

 
- Admission to all the Meeting’s scientific sessions 
- Conference materials 
- Lunches (both days) 
- Coffee Break(s) 

 
 

Poster and oral presentations (technical information) 

Oral Presentations 

Participants giving an oral presentation are strongly encouraged to send the presentation at least 
one day before the beginning of the conference so it can be uploaded into the available computer in 
the room. Each participant will have the chance to test his/her presentation before the beginning of 
each session. 

 
 
An Apple Macintosh with Keynote and the latest version of Microsoft Office will be available so all 
presentation formats can easily be used. Presentations in PDF can also be used. A laser pointer will 
also be available to each presenter. 

Please note: 

Plenary Lectures will have a total duration of 30 minutes (25 + 5 for discussion) while normal 
presentations are of 15 minutes (12 + 3 for discussion). 

 
 
Posters 

We would like to encourage the participants with an accepted communication as a poster to mount 
them during the registration period. Materials to fix the posters will be provided at the registration 
desk.  

Please note: 

Posters should be printed with a maximum dimension of 90 x 110 cm (width x height) and preferably 
in paper. 

Official language 

The official language of the Workshop is English. No simultaneous translation will be provided. 

Badges and Security 

It is essential that you wear your personal badge at all times while in the Workshop venue and during 
all the Events, as it is the official entrance pass to scientific sessions and other activities. 
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The 1st Iberian Symposium on Functional Organic Polymers will be held at the University of Aveiro, at 
Auditório Renato Araújo at the Rectory building (building number 25 in the map) 
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Aveiro railway station is located at about 15 minutes walking distance or 5 minutes taxi ride from the 
University Campus or 10 minutes bus (line 4) which departs from outside the railway station. 

 
 

Reach the university campus by car 

From the north using the A1 motorway or from the east using the A25: Take the A1 motorway headed 
to Lisbon. Exit the A1 in the direction of Aveiro and take the A25. There are two exits to the city from 
the A25, first "Aveiro-Norte" and some kilometers further on, the "Aveiro" exit. This second exit is the 
best for reaching the University of Aveiro campus. 

 

 
From the south using the A1 motorway: Take the A1 motorway in the direction of Porto, exit the 
motorway at "Aveiro-Sul/Águeda" (exit 15) and follow the EN235 road directly to the University 
Campus. From the south, using the A8 and A17 motorways: Exit the motorway at "Aveiro-Sul" and 
follow the EN235 road directly to the University campus. 
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Redox-active Polymers for Sustainable Batteries  

Rebeca Marcilla*  

 Electrochemical Processes Unit, IMDEA Energy, Avda. Ramón de La Sagra, 3, 28935 Móstoles, Spain 
* E-mail: rebeca.marcila@imdea.org 

 
 

The expected growth over the next few years in the battery sector is huge, with approximately 7 million tons of new 
batteries manufactured per year. This growth is mainly triggered by the deployment of the electric vehicle and by the 
energy storage coupled to wind and photovoltaic generation. However, the massive development of the sector could 
become an environmental problem since most commercial batteries are based on inorganic materials such as lithium, 
nickel and cobalt in lithium-ion batteries or vanadium in flow batteries. These materials are scarce, their production in some 
cases is not sustainable and some are even toxic. In this context, the replacement of these materials by organic 
compounds based on elements as abundant as C-H-O-N has become a very promising alternative [1].  

In this talk, I will focus on exposing the enormous structural and synthetic possibilities of redox-type polymers and their 
application in different types of batteries. I will present an overview of the efforts of my group to develop more sustainable 
batteries using redox-active polymer electrodes. First, I will introduce the different polymer structures (linear, porous, 
nanoparticles) containing redox active functionalities (quinones, phenazynes, etc) that we have developed in the last years. 
Among the huge variety of redox-active polymers, I will present our recent research on Conjugated Microporous Polymers 
that combine extended π-conjugation with inherent 3D microporosity, large specific surface area and high stability. Then, 
I will focus on the electrochemical properties of different polymer chemistries&structures in different electrolytes and their 
potential application in several battery technologies including Li-ion [2,3], multivalent [4], aqueous [5], all-polymer [6], etc).  

 
 

Acknowledgements 
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acknowledge the financial support by the Spanish Government (PID2021-124974OB-C21). 
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Innovative polymers for electronic and ionic conductive 
materials 

Daniele Mantione1,*, David Mecerreyes1. 
 

1 POLYMAT University of the Basque Country UPV/EHU, 20018 Donostia-San Sebastián, Spain; 
IKERBASQUE, Basque Foundation for Science, 48009 Bilbao, Spain. 

* E-mail: daniele.mantione@ehu.es 
 

Conductive polymers are the base materials for a large palette of devices and present a massive part of the nowadays 
literature. Amon them, we can differentiate two types of conductivity: electronic and ionic. 

 

Electronic conductivity 
 

The most knew is PEDOT poly(3,4- 
ethylenedioxothiophene), with its formulation 
PEDOT:PSS, coupled with polystyrene sulfonate 
anion. This formulation, even if broadly studied in 
literature, miss of structural variation and the possibility 
of decorate the closed-box of the polymerizable 
thiophene molecule. Moreover, the difficult variation of 
the chemical structure, usually, bring a highness of the 
oxidation potential, which is an important drawback. 
Thiophene derivate trimers are emerging in literature as 
extremely useful building block in order to compensate 
these two issues. The easy functionalization, mainly 
due to the increase of the possible functionalizable carbon 
atoms and to the possibility to use a combination of 
thiophene and EDOT, combine with a lowering of the 
oxidation potentials. These characteristics match then 
with a large variety of possible applications, like: self-
doped conductive polymers, highly conductive 
materials, large variety of possible geometry like block-
, alt- or graft- copolymers combinations, and, among 
them, the bio- and plant-systems represent one of the 
best outputs.1 

Ionic Conductivity 
 

The field of ionic conductivity can touch different 
disciplines and aims, from the proton membrane to the 
gas separations, polyelectrolytes and solid polymer 
electrolytes for batteries or materials for bioelectronics. 
Usually, these materials are aimed to be soft solids with 
weak intermolecular interactions, that bear ionic 
coupled free to move. On other hands, narrow ranges 
of temperature stability and highly disordered 
morphology, make the fine tune of the design of these 
structures tricky. Among the materials studied 
throughout the years, ionic liquids (ILs) have 
established themselves as one of the most versatile 
class of materials, and, poly(ionic liquids)s one of the 
best approach to the materials preparation. Piperazine 
structure represent a useful tool to the preparation of 
monomers with high possibilities of customization; in 
which the introduction of a polymerizable group will 
lead to the possibility to have self-standing materials 
easy tunable and easy synthesizable. The variation of 
the bearing groups over the nitrogen atom will include 
the possibility to have a proton, paving the way of 
proton exchange membranes, or alkyls group, making 
the anion the main character of the migration.2 

 
 
 
 
 
 
 
 
 

Acknowledgements 
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NextGenerationEU/PRTR”. 
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1 Parker, D., et al.; Mater. Horizons 2021, 8 (12), 3295–3305. https://doi.org/10.1039/D1MH01423D 
 2 Gallastegui, A., et Al.; submitted 
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Highly Performing Gel Biopolymer Electrolytes Based on Naturally 
Occurring Agarose for Primary and Secondary Zinc-air Batteries 

 
Estibaliz García-Gaitán1,2,3, María Carmen Morant-Miñana1, Domenico Frattini1, Lorenza Maddalena4, Alberto Fina4, 

Claudio Gerbaldi5,6, Igor Cantero3, and Nagore Ortiz-Vitoriano1,7* 

 
1Centre for Cooperative Research on Alternative Energies (CIC energiGUNE), Basque Research and Technology 

Alliance (BRTA), Alava Technology Park, Albert Einstein 48, Vitoria-Gasteiz 01510, Spain. 
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3CEGASA Energía SLU, Álava Technology Park, Marie Curie 1, 01510, Miñano, Spain. 

4Department of Applied Science and Technology (DISAT), Politecnico di Torino, Alessandria Campus, Viale Teresa 

Michel 5, 15121, Alessandria, Italy. 

5Group for Applied Materials and Electrochemistry (GAME Lab), Department of Applied Science and Technology 

(DISAT), Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129, Turin, Italy. 

6National Reference Center for Electrochemical Energy Storage (GISEL)-INSTM, Florence, Italy. 

7Ikerbasque, Basque Foundation for Science, María Díaz de Haro 3, 48013 Bilbao, Spain. 

 
 
Portable electronics in the very near future will require batteries with characteristics such as high energy density, 
flexibility, reliability, rechargeability, and safety at very low cost. In the development of systems with such requirements, 
rechargeable metal-air batteries arise as a promising alternative due to the use of non-flammable electrolytes and 
inexhaustible oxygen from air, providing a high theoretical energy density. In particular, zinc-air batteries (ZABs) have 
attracted the utmost attention due to the cheap materials involved, environmental friendliness, and safe operation. ZABs 
are based on abundant elements with excellent stability, high theoretical energy density (1350 Wh kg-1) and theoretical 
cell voltage of 1.66 V. However, for their practical use, challenges such as low Zn utilization and lifetime for primary 
ZABs, short cycle life and low power density for secondary ZABs must be overcome. Among them, particularly the 
electrolyte system plays an essential role in the performance of primary as well as electrochemically rechargeable 
ZABs, because it is the medium for ionic migration.  
 
In this talk, the development of gel biopolymer electrolytes based on the naturally occurring agarose polysaccharide, 
together with physicochemical characterizations and performance validation in zinc-air batteries (ZAB) will be discussed. 
The aim is to replace liquid electrolytes (adsorbed on a separator), and gels based on synthetic polymers with naturally 
derived materials for more sustainable energy storage solutions. Experimental data for main physical, chemical, and 
electrochemical properties, and lab-scale full cells under several testing conditions, are provided to demonstrate merits 
of the developed gels, and cell design details to be improved. Secondary ZABs using this gel give a range of 
performances, which are highly depending on cycling conditions/areal capacity, and cell design. However, interesting 
results are achieved at different conditions, with round-trip efficiency of 70%, high depth of discharge per cycle ≈7%, 
and 10-20 Wh kgcell

-1 energy density per cycle. 
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Photovoltaics à la carte enabled by high throughput screening 
of organic semiconductors 

M. Campoy Quiles1,* 
1 Institute of Materials Science of Barcelona, Campus UAB, 08193, Bellaterra, Spain 

 
* E-mail: mcampoy@icmab.es 

 

The change in energy paradigm towards sustainable sources implies the large scale deployment of highly 
efficient solar technologies. Novel technologies are needed for integration into buildings (lightweight, high 
incidence angle tolerance and neutral color), windows (semitransparency), greenhouses (complementary 
transmission with plant needs), infrastructure (robustness, integrability), wearables (lightweight, flexibility), 
indoor photovoltaics (high tolerance to low irradiances) as well as beyond photovoltaic farms (ever 
increasing efficiency). Polymer based photovoltaics are well suited for this huge challenge, as can be 
produced with the largest color pallet and transparency degree imaginable, as well as tunable flexibility, 
lightweight, etc. Indeed, there is an infinite number of molecules that can be synthesized to match our needs. 
The bottleneck, then, becomes how to identify and screen the best potential candidates and device 
structures for each application. 

 
In this talk we will first describe a novel methodology for the fast evaluation of organic semiconductor systems 
for photovoltaics. The new approach is based on the fabrication of samples with gradients in the relevant 
parameters of interest that represent a large fraction of the corresponding parameter space. In particular, 
we fabricate gradients in thickness, microstructure, composition and apply hyperspectral imaging to 
correlate material and device properties. The method is up to 100 faster than conventional optimization 
protocols, uses less than 50 mg of each active layer material and generates hundreds to millions of data 
points per system [1, 2]. 

 
We then will give three examples of the use of this machinery towards à la carte photovoltaics. The first one 
is in the search of new material combinations for in-door applications. As the spectrum of the indoor sources 
is different from the sun, material systems with wider band gap are required. We screen a large number of 
materials obtaining high Voc (>1.1V) as well as high efficiencies (20% for indoor illumination). The second 
example is motivated by the need for photovoltaic technologies with high efficiency. We have described the 
large scale screening of materials for multijunction solar cells, in particular, in the spectral splitting 
configuration known as Rainbow solar cells. The high throughput technology enables the fast identification 
of matching systems which exhibit greater efficiency than the best single junction made with the given 
materials. 

 
Last, we demonstrate that the self-consistent, generated big data is a perfect match to machine learning 
algorithms. As an example, the combinatorial evaluation of more than 15 donor/acceptor systems -which 
generates thousands of data points in the thickness/composition parameter space-, is coupled to machine 
learning algorithms. Trained algorithms can predict the composition for maximum efficiency, and even 
reproduce multi-maximum efficiency vs composition diagrams, from basic material inputs, such as energy 
levels and optical and electrical traits [1]. 

 
References 
[1] X. Rodríguez Martínez et al, Ener. Environ. Sci., 14, 986-994 (2021) 
[2] A. Harillo-Baños et al, Adv. Ener. Mater., 10, 1, 1902417 (2020) 
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Macromolecular design of natural-origin functional hydrogels for 

biomedical applications 
 

J. F. Mano1,*  
1 Department of Chemistry, CICECO — Aveiro Institute of Materials, University of Aveiro, 3810-193 Aveiro, Portugal 

* E-mail: jmano@ua.pt 
 

 
 
Different types of materials have been proposed in various biomedical areas, including tissue engineering and 
drug delivery systems. From the different sources of biomaterials, natural-based polymers have been proposed 
to produce matrices able to interact favourably with cells. Due to their hydrophilic nature and richness in 
chemically active groups, such polymers can be used to produce a variety of structures fabricated using 
aqueous-based or other environmental-favourable procedures. Examples are shown on the precise chemical 
modification of polysaccharides, human-derived proteins and the surface of cells and processing of devices 
into different sizes and shapes with structural and functional characteristics suitable to be used in tissue 
engineering and regenerative medicine applications. The macromolecular design of the systems may be used 
to produce special hydrogels with improved mechanical properties and with special functionalities, including 
capability to be used as bioinks for 3D bioprinting, or self-feeding ability of cells through the enzymatic 
degradation of glucose-based polysaccharides. Distinct strategies involving bioinspired approaches and 
nano/micro-technologies will be shown to prepare hybrid soft systems containing cells, in the form of 
microparticles, microgels or liquified capsules, that could give rise to biomedical devices using bottom-up 
strategies. 
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Smart soft materials in drug release and soft robotics 

E. Vázquez1,2 * 

1Instituto Regional de Investigación Científica Aplicada (IRICA), Universidad de Castilla-La Mancha, Ciudad Real, 
Spain 2Facultad de Ciencias y Tecnologías Químicas, Universidad de Castilla-La Mancha, Av. Camilo José Cela, 1, 

13071, Ciudad Real, Spain 
 

* E-mail: ester.vazquez@uclm.es 

The synthesis of different hydrophilic polymeric networks, by in situ radical polymerization in the presence 
of graphene derivatives, gives rise to three-dimensional soft structures. The role of the nanomaterial within 
the polymer network is primarily intended for reinforcing (i.e., increasing the stiffness and toughness). 
However, we have shown that the presence of graphene1 can also enhance features such as biocompatibility 
and sensing,2 giving rise to truly hybrid composites.3 In this talk, we will discuss the development of these 
polymeric networks as smart soft materials that emulate the mechanical properties of living tissues, as well 
as their ability to self-heal.4 In addition, their response to different stimuli, such as electric and magnetic 
fields, and the possibility of preparation following 3D printing methodologies, paves the way for applications 
in two large and currently highly relevant fields: drug release5 and soft robotics.6 

 

Acknowledgments 
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Applications of natural deep eutectic systems in polymer engineering  

Ana Rita C. Duarte1,*  
1 LAQV-REQUIMTE, Chemistry Department, NOVA School of Science & Technology, Quinta da Torre, 2829-516 

Caparica, Portugal 
 

* E-mail: aduarte@fct.unl.pt 
 
 
 
In the current scenario of a worldwide quest for sustainable and “greener” alternatives for current applications, 
in the past two decades the number of reports on Deep Eutectic Systems (DES) applicability in various 
situations has rapidly grown. The tailor-made versatility of these eutectics, meaning in practical terms a wide 
range of chemical and physical properties, has turned them into significant tools in the development of green 
and sustainable technologies. For this purpose, their use in polymeric applications has been growing and 
expanding to new areas of development. The present communication presents the progress in the field of DES 
applied to polymer science and engineering, namely recent applications of DES in extraction and modification, 
and the early developments on the formulation of DES–polymer products. In this sense, our group has explored 
DES for the extraction of collagen from blue shark skins which were subsequently processed to render different 
aerogel structures. This work demonstrated that the presence of DES as solvent allows the preparation of a 
lightweight, with a sponge-like structure, with high specific area and pore volume. In parallel to this work, we 
have investigated the possibility to produce injectable hydrogels, formed in situ by enzymatically crosslinking 
hydrolyzed collagen. DES, as it has been proved in previous studies, is able to promote an increase in thermal 
and structural stability of enzymes, in particular of horseradish peroxidase (HRP), improving its activity. Hence, 
HRP was selected to mediate this crosslinking reaction. One of the possible applications of these gels is 
regenerative medicine. The hydrogel preparation, gelation time, long term stability and mechanical properties 
were investigated. Moreover, the feasibility of using these gels as drug delivery systems was assessed by 
studying the compatibility of several non-steroidal anti-inflammatory agents (NSAID’s) with the DES of interest. 
Within the same line of research, we have we developed other DES-based gels, with enhanced lubricating 
properties, and integrating an NSAID, with improved solubility (≥ 5 times), for local action. Their rheology was 
characterized in terms of viscoelastic properties (crossover frequency, G’ and G’’ at walking or running 
frequencies, temperature dependency, and response to loading forces (shear-rate profile)) and the gels’ 
biocompatibility was also evaluated in vitro with a chondrogenic cell line. The results support the preparation 
of biocompatible formulations with potential to be used in regenerative medicine. In summary, the combination 
of DES and polymers is highly promising in the development of new and ‘greener’ materials. However, there 
is many questions that remain unanswered and open the doors for future research in this field. 
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Polysaccharides and proteins play important roles in living organisms and are gaining increasing relevance on 
the fabrication of sustainable biopolymeric materials. In particular, the unveiling of biopolymeric nanofibrils, 
e.g., nanocellulose fibrils and protein amyloid fibrils, opens the possibility to widen the potential of these 
conventional biopolymers, because of their unique set of properties, namely high aspect ratio and specific 
surface area, ease of modification, high mechanical strength and thermal stability, renewability, 
biodegradability, and biological functions (particular for protein fibrils).1 
In this communication, a brief description of the preparation methodologies and characteristics of cellulosic 
nanofibrils, namely nanofibrillated cellulose (NFC), bacterial nanocellulose (BNC), and protein amyloid 
nanofibrils, and the recent trends on their use as versatile biopolymeric nanostructures for the design of high-
performance nanomaterials (e.g., membranes, films, hydrogels, coatings and patches) for different 
applications are discussed (Figure 1). 
. 
 

 
Figure 1: Scheme illustrating the outline of this communication (adapted from Silva et al. 1) 
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Controlling Optoelectronic Processes in Covalent Organic Frameworks 
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Photoactive molecular building blocks can be spatially integrated into the crystalline lattice of covalent organic 
frameworks (COFs), allowing us to create models for organic bulk heterojunctions, chemical sensors and 
porous electrodes for photoelectrochemical systems. In this presentation, we will address means of controlling 
the morphology and packing order of COFs in thin films [1] and with spatially locked-in building blocks.[2]  
 
We will discuss different strategies aimed at creating electroactive networks capable of light-induced charge 
transfer. For example, we have developed a COF containing stacked thienothiophene-based building blocks 
acting as electron donors with a 3 nm open pore system, which show light-induced charge transfer to an 
intercalated fullerene acceptor phase.[3] Contrasting this approach, we have designed a COF integrated 
heterojunction consisting of alternating columns of stacked donor and acceptor molecules, promoting the 
photo-induced generation of mobile charge carriers inside the COF network.[4] Additional synthetic efforts 
have led to several COFs integrating extended chromophores capable of efficient harvesting of visible and 
near infrared light, for example [5].  
 
Extending newly developed thin film growth methodology to a solvent-stable oriented 2D COF photoabsorber 
structure, we have established the capability of COF films to serve in photoelectrochemical water splitting 
systems.[6] The detailed mechanism of excited state dynamics in light-harvesting conjugated COFs has been 
revealed by means of transient absorption spectroscopy.[7] Many optoelectronic applications of COFs depend 
on significant electrical conductivity. Here, Wurster-type structural motifs are attractive building blocks for 
imparting high conductivity in the corresponding COFs.[8] Finally, COF films can also act as ultrafast 
solvatochromic chemical sensors [9], as photodetectors [10], and show very efficient electrochromic 
response.[11] Ongoing work focuses on the design of ultra-large pore donor-acceptor COFs with extended 
light-harvesting abilities, and extends the structural paradigm of COFs to novel 3D conjugated frameworks. 
The great structural diversity and morphological precision that can be achieved with COFs make these 
materials intriguing model systems for organic optoelectronic materials.  
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Covalent Organic Frameworks (COFs) provided new organic polymers with controlled mesoporosity and 

structural order. They are formed by condensation reactions of organic molecules leading to the formation of 

dynamic imine bonds. Imine-based COF show higher chemical stability, porosity, and crystallinity than those 

previously reported, e.g., boronate ester-based COFs [1]. While the chemical design, thermal and chemical 

stability have been the subject of much research, COF processability is still little developed. This is a 

fundamental aspect of many COF applications.  

This talk revises the most recent progress concerning the synthesis of imine-based COFs that enable their 

processability [2]. The focus of my discussion will be 3D printing of imine-based COFs [3] and imine-based 

COF gels' formation and their transformation into aerogels and films to form functional centimeters-long 

membranes [4,5]. Finally, I will show our recent results in processes based on dynamic chemistry that allow 

the formation of new imine-based gel and aerogel COFs. 
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Self-assembly has long being used to control covalent and non-covalent interactions where molecular design 
has been the major driving force to achieve a desired outcome. Like in nature, a full control over self-assembly 
processes could lead to rationalized structure-property correlations, a long-time sought in chemistry, physics 
and materials science. However, the pathways followed and the mechanisms underlying the formation of 
supramolecular aggregates are still a major challenge for the scientific community. Accordingly, the elucidation 
of nucleation and growth mechanisms will be highly required to push supramolecular chemistry to the next 
level, where access to nature inspired functions will be accomplished. In this contribution, I will present how 
reaction-diffusion (RD) conditions established within microfluidic devices can be used to uncover pathway 
complexity as well as to trigger pathway selection. Specifically, I will show that microfluidic RD conditions 
provide an unprecedented kinetic control over self-assembly processes; for example, enabling the isolation of 
well-defined kinetically trapped states as well as unprecedented metastable materials. This research provides 
a new tool to study and understand supramolecular chemistry, and opens up new avenues for the engineering 
of advanced functional assemblies and systems. 
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Nanographenes –polycyclic aromatic hydrocarbons that extend over 1 nm– can adopt a broad range of non-
planar conformations that challenge the perception of aromatic systems as rigid and flat structures. Such 
distorted structures are the result of the steric strain induced by overcrowding or congestion in key positions 
of the aromatic core. Distorted nanographenes have shown enhanced solubility and unique optoelectronic and 
chiroptical properties as an effect of their distorted molecular structure. Our group has pioneered the 
introduction of distorted nanographenes in framework materials.1-5 This merge offers new possibilities in the 
design monomers with symmetries that deviate from standard graphitic geometries, and in turn, in the design 
of 2D and 3D covalent organic frameworks with unprecedented architectures and properties. The most recent 
advances of these distorted framework materials including synthetic routes, optoelectronic properties, self-
organising properties, and potential applications will be discussed. 
 

 
Figure 1: Examples of covalent organic frameworks with distorted nanographene nodes 
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Molecular framework materials allow for the precise placement of building blocks in a crystalline matrix, which 
is highly advantageous in tailoring materials towards a specific purpose. Covalent organic frameworks (COFs) 
are a member of this class of materials, which, with their crystalline, highly ordered, and porous nature, are 
receiving increasing interest for various applications.  
In this talk, synthetic approaches to obtain crystalline, functionalized COFs will be discussed.1,2 Different 
strategies to furnish the materials with catalytic activity will be presented, as well as our results on the stability 
of COFs under catalytically relevant conditions (Figure 1).3,4 On the other hand, key aspects on the design and 
synthesis of COFs for contaminant capture will be considered,5 such as the effect of COF pore surface 
functionalization on the adsorption of toxins.6 
 

 

 
Figure 1: Fluorinated COF for efficient capture of water contaminants (left), highly crystalline hexagonal boronic ester 

COF (middle), and scheme of imine COF with homogeneous Re catalyst embedded (right). 
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Dynamic helical polymers have attracted the attention of the scientific community during the last decades due 
to their stimuli responsive properties and the functionality attributed to the helical scaffold.1 Thus, while helical 
sense and elongation of dynamic helical polymers can be altered by their interaction with external stimuli, the 
helical scaffolds adopted by the polymers are responsible of their applications in different fields such as 
asymmetric synthesis, chiral recognition, or chiral stationary phases in HPLC.1 Importantly, to create a dynamic 
helical polymer with a good performance in certain applications it is necessary to know its secondary structure, 
which also allows establishing a structure/function relationship in this kind of materials.2 To obtain an 
approximated 3D structure of a helical polymer such as a poly(phenylacetylene), a combination of the 
information obtained from different structural techniques —UV-vis, circular dichroism (CD), vibrational circular 
dichroism (VCD), Raman, Raman optical activity (ROA), differential scanning calorimetry (DSC) and atomic 
force microscopy (AFM)— is needed. This fact is due to the complexity of the helical scaffolds found in PPAs, 
which are made by two coaxial helices: an internal helix described by the polyene backbone and an external 
one described by the pendants, which, depending on the stereoregularity of the polyene backbone, can rotate 
in the same (cis-cisoidal) or opposite directions (cis-transoidal).3-4 Herein, I will show how to elucidate the 
secondary structure of a helical polymer by solving the information puzzle obtain from different techniques. 
Moreover, the knowledge of the secondary structure will allow to control other structural parameters such as 
the dynamic behavior and stimuli responsive properties.5 

 

 
 

Scheme 1: Secondary structure elucidation of helical polymers 
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Identification of new redox compounds is essential for the design of new improved batteries. During the last 
few years there has been an increased interest in the field of organic electrode materials (OEMs) and organic-
based redox flow batteries (ORFBs), because of their structural diversity, widespread availability, flexibility, 
low-toxicity and recyclability. For both battery technologies, there is significant interest in transition to organic 
molecules that are typically comprised of earth-abundant elements, and thus, their cost and availability is less 
constrained by the production and reserves of rare elements. Contrary to metals, organics can be synthesized 
in a sustainable fashion using green chemistry routes, opening the possibility of infinite structures with tuned 
redox properties, multiple oxidation states and improved solubility by means of rational synthetic design.  

High-throughput computational screening offers the possibility of unraveling the reduction mechanisms of 
electrode materials and exploring thousands of molecules for desirable properties without the need for 
experimental trial and error. Phenazines, quinones and imides are an emerging family of organic compounds 
in electrochemical energy storage applications, because of their multi-redox activity, low-toxicity and structural 
diversity. Here, we report on the modelling activities carried out in our group towards the accelerated discovery 
of Phenazine-based electrolytes for ORFBs and to identify the reduction mechanism of catecholate- and imide-
based polymers in the presence of metal salts in aqueous electrolytes.1, 2, 3 The DFT results provide key 
insights into their structure–activity properties that guide the design and tuning of new molecules for 
electrochemical energy storage. 
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Redox Flow Batteries (RFB) have been recognized as a suitable technology for the integration of renewable 
energies into the electricity grids due to their ability to decouple power and energy. However, their wide-spread 
implementation is limited by some obstacles related to components such as: low abundance, toxicity and high 
cost of vanadium redox species, and the poor-performing and expensive ion exchange membranes used to 
separate catholyte and anolyte compartments. In order to face these drawbacks, a new approach of 
membrane-free battery was proposed based on immiscible/biphasic electrolytes and organic redox species1,2. 
In this talk, we will show the last results of an aqueous membrane-free flow battery (without any type of 
separator) (Figure 1) in which the vanadium species are replaced by cheap and abundant organic redox 
molecules that can be specifically designed to exhibit high solubility, adequate redox potentials and suitable 
partition coefficient between the two electrolytes. The flow battery reactor, which is the first example based on 
biphasic aqueous electrolytes, demonstrated a stable performance over 250 cycles with a high capacity 
utilization (98%)3. In addition, new and critical aspects such as the inherent self-discharge, the new cell reactor 
and future opportunities of this innovative technology will be also discussed.4 

 

Figure 1: Membrane-free Flow battery scheme with organic active species selection 

Acknowledgements 

The authors acknowledge the financial support by the European Union through the MeBattery and MFreeB projects. 
MeBattery has received funding from the European Innovation Council (grant Agreement no.101046742). MFreeB project 
has received funding from the European Research Council (ERC) (grant agreement No. 726217). The authors 
acknowledge the financial support by the Spanish Government (PID2021-124974OB-C21 and TED2021-129378B-C22).  

References 

1 P. Navalpotro, J. Palma, M. Anderson and R. Marcilla, Angew. Chemie - Int. Ed., 2017, 56, 12460–12465. 

2 P. Navalpotro, N. Sierra, C. Trujillo, I. Montes, J. Palma and R. Marcilla, ACS Appl. Mater. Interfaces, 2018, 10, 
41246–41256. 

3 I. Montes, R. Marcilla, J. Palma, E. Ventosa, M. Vera, M. Sánchez Sanz, S.E. Ibañez, IMDEA Energy Pat. 
WO2021209585A1, 2020 

4 P. Navalpotro, S.E. Ibañez, E. Pedraza, R. Marcilla. Energy Storage Mater., 2023, 
https://doi.org/10.1016/j.ensm.2023.01.033 



 

19 

Cellulose-based energy storage devices  
 

AC. Baptista1*, A. Rafique1, MP. Moniz1, I. Sequeira1, J. Carmo1, I. Ferreira1 

1 CENIMAT|i3N, Department of Materials Science, School of Science and Technology, NOVA University 
* E-mail: anacbaptista@fct.unl.pt 

 
 
 
In recent years, the interest in the integration of electronics into textiles and clothing has increased significantly, 
adding advanced functionalities to conventional textiles. The process of embedding electronic functionalities 
into fibres, yarns and fabrics is now a demand in developing innovative smart textile-based systems1. 
To date power supply of electronic textiles devices has been done by conventional batteries, which besides 
having low durability, are heavy and difficult to directly integrate into a textile. This work focus on the 
development of 1D cellulose-based supercapacitors able to use an artificial sweat solution as the electrolyte 
to evaluate its applicability to sport textiles. The inner and outer electrodes consist of a carbon-based thread 
functionalized with a conductive polymer (polypyrrole) which improves the electrochemical performances of 
the supercapacitor2. The inner electrode is coated with electrospun cellulose acetate fibres, as the separator, 
and the outer electrode is twisted around it (Figure 1a). The electrochemical performance and stability of 
symmetrical supercapacitors were evaluated under several mechanical deformations and demonstrated a high 
capacitance retention (Figure 1b-c). 

 
 

 
Figure 1:  Wire-based supercapacitors were fabricated with the outer electrode in a twisted configuration as indicated in 

(a). The flexibility of the wire-based supercapacitor was tested by repeatedly bending it from 0° up to 180° for 1000 
cycles (b). After each set of 100 bending cycles, the CV performance was evaluated to determine the capacitance 

retention. The devices were connected either in series or in a combination of series and parallel followed by 
charge/discharge measurements and demonstrated to provide enough power to turn on a green LED (c). 
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Thermoelectricity has become a very interesting topic in the framework of energy harvesting. Historically, 
inorganic materials have dominated the thermoelectric applications.  However, organic and hybrid 
semiconductors such as: conducting polymers and nanocomposites based on carbon materials (CNTs or 
graphene) are now considered promising candidates for the next generation of thermoelectric materials.   Their 
thermoelectric efficiency, measured by the dimensionless figure of merit ZT (ZT=S2σT/κ where S, σ and κ are 
the Seebeck coefficient, the electrical and thermal conductivities, respectively) has been improved several 
orders of magnitude, with values currently very close to the inorganic materials. In addition, conducting 
polymers and nanocomposites based on carbon materials present several advantages over inorganic materials 
such as: renewable raw materials, lack of toxicity, low cost of production and etc. Single wall carbon nanotubes 
(SWCNTs) and double wall carbon nanotubes (DWCNTs) are widely used for producing thermoelectric 
nanocomposties due to their good electric properties. However, processing this type of nanostructures into 
homogenous films is challenging due to problems related to the stability in water based suspensions and 
dispensability in polymer matrices. Therefore, Layer-by-layer (LbL) assembly has been gaining attention as 
one of the most promising techniques to develop nanostructured materials being possible to combine different 
materials such as conducting polymer nanoparticles and carbon nanostructures by electrostatic interactions in 
thin films. This method showed excellent results in terms of thermoelectric efficiency (see Power Factor values 
in Figure 1) being possible to increase the electrical conductivity and the Seebeck coefficient simultaneously. 
1
 

 
Figure 1: (a) Sheet resistance, (b) electrical conductivity, (c) Seebeck coefficient, and (d) power factor of 

PEDOT:NPs/DWNT-PEDOT:PSS as a number of bilayers deposited on a PET substrate 
 
Acknowledgements 
Mario Culebras thanks the Grant PID2021-124845OA-I00 funded by MCIN/AEI/ 10.13039/501100011033 and by the 
“European Union NextGenerationEU/PRTR” 
 
References 
1. M. Culebras, Y.-y. Byun, J. Jang, A. Serafin, M. N. Collins, Y. T. Park and C. Cho, Applied Surface Science, 

2023, 615, 156432. 



 

21 

Algae biomaterials: future building blocks for energy storage and 
conversion technologies 

P. Barbosa 1,*, P. Vigário2, J. Resende2, S. Viduedo2, S. A. O. Santos2, A. Barros-Timmons2, S. P. M. 
Ventura2, F. Figueiredo1 

1 CICECO – Aveiro Institute of Materials, Department of Physics, University of Aveiro, 3810-193 Aveiro, Portugal 
2 CICECO – Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal 

 *paula.barbosa@ua.pt 
 
 

The development of new, more eco-friendly materials is essential to reduce greenhouse gas emissions and 
comply with the 2030 Agenda for Sustainable Development to combat climate change. Therefore, bio-based 
and biodegradable polymers are major players to design innovative eco-friendly materials with customizable 
properties and performance. Cost-effective and eco-friendly polymer electrolytes based on proteins and 
polysaccharides can become a promising substitute for synthetic polymers (e.g. Nafion®) for use in 
electrochemical devices involving energy generation and storage.  

Silk fibroin (SF), present in the cocoons of the domestic silkworm Bombyx mori, is a crystalline protein 
responsible for the outstanding tensile properties of silk and has been extensively evaluated in biomedical 
fields due to its biocompatibility.1 However, the functional properties of SF may make it suitable for applications 
outside this field, namely where ionic transport properties are required. Recently, marine resources from algae 
biomass have attracted attention due to their capacity to produce high-value components, such as proteins, 
polysaccharides, phenolic compounds, pigments, among others.  Because of the chemical diversity and 
unique properties, these bioactive components have been the subject of intensive research and are widely 
used in food and cosmetics industries.2 Algae compounds also represent promising eco-friendly and 
biodegradable alternatives to conventional polymer electrolytes. 

The objective of this work is to develop electrolytes consisting of SF and algae bioactive compounds for 
electrochemical energy devices (fuel cells, batteries, electrochromic, among others). These materials were 
mixed to form flexible, transparent and free-standing films, where SF provides the necessary mechanical and 
hydrolytic stability and the algal extracts (phycocyanin, fucoidan, phlorotannins) provide the ionic conductivity, 
since they contain protogenic groups, e.g., sulphate, carboxyl and phenolic hydroxyl groups that enable proton 
motion. These membranes were extensively characterized by X-ray diffraction (XRD), Fourier-transform 
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), dynamic water vapour sorption 
measurements (DVS), dynamic mechanical analysis (DMA), and ionic conductivity under variable temperature 
and relative humidity (RH). Preliminary results reveal good levels of ionic conductivity obtained at high 
temperature (94°C) and RH (98%) for SF membranes with phycocyanin (3.3×10-3 S.cm-1), where the increase 
in conductivity is pronounced at lower RH (~5 orders of magnitude compared with pure SF). 
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The marine environment is an extraordinary source of marine living resources from which a plethora of natural 
molecules and materials with specific and astonishing biological and chemical features can be readily 
extracted from. Among them, marine-origin biopolymers find widespread use in a wide array of biomedical 
applications, including in tissue engineering and regenerative medicine, as well as in targeted and sustained 
drug delivery.1 Moreover, the marine environment also encompasses an enormous number of invertebrate 
organisms glued to wet surfaces due to particularly adhesives. These adhesives are secreted by marine 
sessile organisms, such as mussels, barnacles, and marine tubular worms, and adhere effectively and strongly 
to almost any underwater surface.2 Through the combination of active biomolecules present in these 
organisms and taking the advantage of the use of marine polysaccharides due their desirable biological and 
physicochemical properties, including i) biocompatibility, ii) biodegradability, and iii) versatility in modification, 
is possible to develop ground-breaking biomaterials for biomedical applications.1,2 

Here we will focus on the development of straightforward and selective chemical methodologies to be applied 
in Laminarin (LAM),3-5 a natural origin polysaccharide from brown algae, modifying its chemical backbone 
structure, for further conjugation with different small molecules, such as active –functional or –catechol groups 
(Figure 1). Novel derivatives were prepared and used to produce several LAM-based biomaterials with 
potential for tissue regeneration purposes. Diverse chemical modification steps for the insertion of functional 
groups, such as –allyl, –alkyl, –azide, –methacroyl and –catechol groups, are reported. Characterization 
techniques of the derivatives (1H NMR, FTIR, UV-Vis and SEM) and the final properties of the develop 
biomaterials (microparticles, hydrogels, cryogels and thin films) will be presented and discussed. 
 

 
Figure 1: Chemical modifications of LAM polysaccharide 
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Traditional 2D cultures present some disadvantages when they try to simulate the real behavior of living 
tissues. Cell shape is flat and elongated since the cells can only grow into a monolayer on the plate, cell-cell 
interactions are poor, cells experiment polarized forces that affect its proliferation and differentiation 
process…Therefore, 3D cultures have emerged as potential candidates to solve those problems. In particular, 

hydrogels are ideal scaffolds because of their ability to mimic 
the highly hydrated environment of the extracellular matrix and 
their porous structure allows the diffusion of nutrients and 
oxygen required for the cells. Moreover, hydrogel properties 
can be tuned easily by changing the nature of the polymer that 
forms the structure or the amount of crosslinker employed. 
Besides all these advantages, some hydrogels can be 
considered smart materials, capable of generating a response 
to environmental stimuli such as changes in pH, temperature, 
magnetic fields…1 
In this work, we highlight the synthesis and characterization of 
new chitosan-based hydrogels as suitable scaffolds with 
potential applications for tissue engineering. Chitosan is a 
partially deacetylated form of chitin and it occupies a distinct 
position amongst other biomaterials due to its abundance, 
versatility, biocompatibility and antimicrobial properties.2 Our 
research takes advantage of the synergic effect of 
biocompatibility provided by the natural polymer with the 
mechanical strength offered by the synthetic polymer of 

polyacrylamide. Besides, the addition of nanomaterials such as graphene and superparamagnetic iron oxide 
nanoparticles (SPIONS) allows us to create new materials with different physicochemical and biological 
properties that have been fully characterized (mechanical properties, swelling degree, magnetic response, 
etc.). Previous studies show that the presence of graphene inside the structure of the hydrogel can improve 
cell adhesion and the formation of mature and active neuronal synaptic networks.3 Magnetic nanoparticles in 
the matrix afford us to obtain a magnetic response when an external magnetic field is applied. This property 
can be used to modify the release profile of different biomolecules such as growth factors or drugs loaded in 
the scaffold.4 Live-dead assays (Figure 1) have been carried out to test the cytocompatibility of the hydrogels 
as a first step to keep working in the future on the biological response produced by the different scaffolds 
during the cell differentiation process. 
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Figure 1: SH-SY5Y cells seeded into chitosan 

hydrogels during the live-dead experiment. 
Propidium iodide staining for dead cells in red, 

calcein-AM for living cells in green, and 
Hoechst 33342 for nuclear staining in blue. 
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Organocatalysis emerged as a good alternative to metal-based catalyst, due to its reduced environmental cost, 
versatility, high selectivity and possibility of purification or recovery of the catalyst from the final polymer, 
however, it still raises some concerns related to their relatively high toxicity.1 In order to overcome this issue 
nature could be taken as a reference, as many reactions take place with the help of aminoacids and their 
derivatives in plants and animals. Nature offers a broad range of compounds that could work as catalyst, as 
they catalyze living processes in plants and animals. Moreover, some of these compounds have shown strong 
catalytic performance without scarifying their non-toxic behavior. For instance, Guo et al. have found that by 
using a saccharin based catalytic system the ROP of L-LA could be promoted.2 While several naturally 
occurring catalyst have been investigated, as far as we are aware none of them have shown to be competitive 
in terms of performance with other non-natural organocatalysts. Moreover, it should be noted down that in 
none of the cases the catalytic system is based on sulfonic acids which to date have shown to be much more 
competitive to perform the polymerizations at elevated temperatures. Among the biocompounds with a sulfonic 
group in its structure, we pay our attention to taurine (2-aminoethanesulfonic acid). This compound is present 
in the tissues of humans and animals, showing its high biocompatibility.3  
 
In this work, we investigate the use of taurine, a naturally occurring abundant and biocompatible catalyst, for 
the high temperature polymerization of cyclic esters (Figure 1). 

 

 
Figure 1: Taurine for the ROP of L-lactide. 
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Carbon dioxide emissions are known to be the major culprit of global warming, reaching a historic high of 36.3 
gigatonnes in 2021. CO2 removal and long-term storage technologies are part of the solution to tackle this 
crucial environmental challenge. The decades-old industrial technology based on liquid amines suffers from 
several limitations such as poor chemical stability and high regeneration energy requirements. Hence, the 
development of solid porous materials able to selectively capture CO2 is a desirable alternative that is attracting 
great interest both in academic and industrial communities due to its potential to mitigate atmospheric CO2 
concentrations. Although mesoporous materials such as zeolites and activated carbons were already tested 
in pilot plants,1,2 the potential of covalent organic frameworks (COFs) as alternative sorbents has not been fully 
explored with few available studies in the literature.3,4 However, to fully develop the potential of heterogeneous 
sorbents for CO2 capture, atomic-scale studies are essential to stimulate progress in the design of better CO2-
adsorbents by elucidating gas-sorption surface mechanisms. In addition to conventional techniques, such as 
volumetric and gravimetric gas adsorption, the use of spectroscopic techniques, in particular solid-state NMR, 
are a great asset due to their potential to shed light into structural details of distinct materials’ surfaces, 
including the identification,5 quantification and characterization of the dynamics6,7 of confined chemisorbed and 
physisorbed CO2 species. In this work, we undertake for the first-time a thorough solid-state NMR analysis of 
weakly interacting (physisorbed) CO2 molecules in 2D hexagonal COFs (COF-42 and TpPA) combining 13C 
MultiCP and longitudinal relaxation times (T1) NMR measurements. These methods were used to quantitatively 
distinguish physisorbed CO2 species with overlapping NMR signals, confirming the presence of 13CO2 
molecules with three different relaxation time scales (ranging from microseconds to seconds). This observation 
strongly supports the existence of up to two and three physisorbed CO2 species, with different molecular 
motional regimes, under dry and moist conditions, respectively. Our approach takes advantage from using 
adsorbed 13C-labelled CO2 as probe molecules and quantitative cross-polarization magic-angle spinning to 
study both physi- and chemisorbed CO2 species, showing that water not only induces the formation of 
bicarbonate species, as shown before in silica sorbents,8,9 but also changes the dynamics of physisorbed CO2 
inside the pores. The complex nature of physisorbed CO2 in the presence and absence of water is revealed, 
shedding light on what fractions of weakly interacting CO2 are affected upon exposure to moisture. This work 
extends the current knowledge on CO2 sorption mechanisms providing new clues towards CO2 sorbent 
optimization. 
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Singlet fission (SF) is a two-step process in which a singlet (S1) splits into two triplets (2T1) throughout the so-
called correlated triplet-pair (1TT) state (see Figure 1). Intramolecular SF (iSF) materials, such as oligomers 
and donor-acceptor (D-A) copolymers in particular,1,2 have attracted growing interest as they can be 
implemented in single junction solar cells and boost their power conversion efficiency beyond the Shockly–
Queisser 33% limit up to 45%. In this context, previous work has been devoted to establishing molecular 
design rules3-5 and determining the mechanism that optimizes the S1-to-1TT splitting process in these 
systems.6-7 These consist in appropriate energetics, E(S1) > E(2T1), and D-A coupling, which can be achieved 
with well-balanced charge-transfer (CT) and local contributions.3-7 Still, their practical implementation in 
photovoltaic applications directly depends on their ability to go beyond the 1TT intermediate and generate free 
triplets (2T1), which mechanism remains poorly understood. Traditionally, the 1TT binding energy is considered 
the minimal energy required for the separation of the triplet-pair state and is usually evaluated as the 5TT-1TT 
vertical energy difference. In this work,8 we show that considering the 1TT binding energy is not enough to 
anticipate favourable intramolecular triplet-triplet dissociation rates in D-A copolymers. First, we show that both 
thermodynamics and kinetics play a crucial role in the intramolecular triplet-pair separation process. Second, 
we discuss whether it is possible and how to optimize both features simultaneously, and finally, we propose a 
simple model based on sequential T1 potentials to rationalize and predict their behaviour. Overall, these results 
provide a better understanding of the intramolecular 1TT dissociation process in D-A copolymers and establish 
a new paradigm for the development of novel iSF active materials. 
 

 
Figure 1: Schematic representation of the intramolecular singlet fission (iSF) steps in donor-acceptor (D-A) copolymers. 
First, UV-vis light absorption promotes S0 to S1, characterized by strong D-to-A charge-transfer (CT) sideways. Second, 

S1 decays via a spin-allowed process towards the triplet-pair state 1TT, localized in adjacent A. Third, the 1TT state 
spatially dissociates and become two independent T1 triplets. 
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Covalent organic frameworks (COFs) comprise an emerging class of materials based on the atomically precise 
organization of organic subunits into two- or three-dimensional porous crystalline structures connected by 

strong covalent bonds with predictable control over composition and topology.1 

In our research group we are dealing with the synthesis of COFs based on imine2 and/or imide linkages3 

by using both de novo synthesis and post-synthetic approaches.4 We are especially interested in the 

development of photo and electroactive COFs for energy-related applications including charge storage5 and 

catalysis.6 In this communication I wll present our contribution for the development of functional COFs 
highlighting our most recent results in electrocatalytic applications. 

 

Figure 1: Applications of functional COFs synthesized in our research group highlighting electrocatalytic 
applications 
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Covalent Organic Frameworks (COFs) have shown a lot of potential as materials for gas separation 
and storage, liquid filtration and purification, heterogeneous catalysis, energy conversion, sensing, 

electronics, and storage applications.1–4 COFs can be built from very diverse building blocks, and assume 
different networks and symmetries (Scheme 1). Moreover, usually they are sizeable structures composed 
from tens/hundreds of atoms or exhibit large unit cells. For those reasons predicting their structure by ab- 
initio methods is problematic. We explore common problems with theoretical study of COFs and illustrate 
possible solutions with examples we encountered working on this topic. 

 

 

Scheme 1: Possible Covalent Organic Frameworks build from simple building 
blocks. 
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Graphene nanoribbons (GNRs) have unique electronic and mechanical properties that make them promising 
materials for improved electronic devices. An important feature of these materials is that the properties strongly 
depends on the size and shape, and therefore the development of synthetic methods to obtain well-defined 
GNRs by bottom-up approaches is particularly important.1 For example, on-surface synthesis has been widely 
used for the preparation of GNRs, however, this methodology can limit the scalability of the final product.2 
There are several alternative solution-based bottom-up approaches that employs Suzuki cross couplings, 
Yamamoto couplings, or [4+2] cycloadditions among other reactions, combined with a final 
cyclodehydrogenation step to obtain GNRs in larger amounts.3,4,5 In this work, we explore the use of the 
Yamamoto coupling of dihalosubstituted precursors to obtain GNRs by solution chemistry (Scheme 1). We 
show that this methodology allows for precise control over the size and shape of the GNRs, and can be scaled 
up for large-scale production. This solution-based approach to prepare GNRs has the potential to significantly 
advance in the field of carbon-based nanoelectronics and paves the way for the development of novel 
electronic devices. 
 

 
  

Scheme 1: Synthesis in solution of chevron graphene nanoribbons (GNRs). 
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Lignocellulosic biomass from agriculture and forestry has shown enormous potential for high-value products 
in multiple sectors1. Both lignin and cellulose are the main components of lignocellulosic biomass. Lignin shows 
a phenolic molecular structure that can be crosslinked with hydrophilic molecules to produce hydrogels. In 
addition, the combination of lignin and cellulose for producing hydrogels results in a myriad of possibilities in 
terms of controlling mechanical, swelling and morphological aspects of the final hydrogel. The presence of 
hydroxyl groups in both polymers allows to easily obtain an extensive three-dimensional network that can be 
functionalized for the targeted application. Cellulose/lignin hydrogels can be ideal platforms for ionic diffusion 
under temperature gradients to produce energy thorough the thermoelectric-effect. For this purpose, different 
electrolytes were infiltrated in the hydrogels to determine their thermoelectric properties. These results are 
very promising due to the fact that the Seebeck can be optimized increasing the salt concentration. This 
indicates the enormous potential of hydrogels to be used as ionic thermoelectric systems to obtain energy 
from waste heat. 
 
 

 

 
 
 

Figure 1: SEM image of Cellulose/lignin hydrogel. 
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Ferroelectric polymer nanoparticles of poly(vinylidene fluoride) (PVDF) were prepared by dialysis 
nanoprecipitation. Particles with mean diameter of 230 nm show piezoelectric response as observed by 
Piezoresponse Force Microscopy (PFM). The origin of this ferroelectric behavior has been attributed to the 
presence of ferroelectrically active crystalline phases of PVDF in the nanoparticles (mainly β and γ phases) as 
demonstrated by differential scanning calorimetry (DSC) and temperature dependent Fourier transform 
infrared spectroscopy (FTIR) and X ray diffraction. The combination of the preparation method and 
temperature treatment can provide a method for tuning the ferroelectricity in PVDF homopolymer 
nanoparticles.  
 
 
 

 

 

 
Figure 1: Nanoparticle X  ray diffraction patterns as a function of temperature. Hysteresis cycles and morphology of the 

nanoparticles 
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Tetrathiafulvalene (TTF) and its derivatives are electron-donor and redox-active molecules that received a lot 
of attention in the field of molecular electronics [1]. The synthesis of arylated TTF derivatives allowed the 
formation of TTF-based extended structures such as metal-organic frameworks (MOFs), and covalent organic 
frameworks (COFs) [2]. Because of its high charge carrier mobility, dithiophene-tetrathiafulvalene (DT-TTF) 
derivative, attracted a lot of attention as an active material for organic field-effect transistors (OFETs) [3,4]. 
However, the direct functionalization of DT-TTF building blocks to tune its electronic structure has not yet been 
reported. Herein, we describe the direct C-H arylation of DT-TTF (1) to synthesize derivatives bearing different 
electron-donor or electron-withdrawing functional groups in order to modify its electrical structure (Fig. 1). 
Finally, the formation of DT-TTF-tetrabenzoic acid (H4DT-TTFTB, 5) 2D self-assembled networks were also 
studied using scanning tunneling microscopy (STM). 
 

 

 
Figure 1: a) Molecular structures of arylated DT-TTF derivatives and b) STM image of physisorbed monolayer 
of 5 on HOPG. 
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Intensive anthropogenic activities have increased the concentration of persistent and highly toxic organic 

pollutants in freshwater, threatening the well-being of humans and sustainability of the ecosystem.1 The 
currently used water/wastewater treatments, e.g. coagulation-flocculation, flotation and membrane filtration, 
are expensive and ineffective against these pollutants.2  

Recently, photocatalysis has shown great potential in water remediation, being clean, eco-friendly, low-
cost, and enabling the degradation of waterborne pollutants into harmless substances under sunlight 
irradiation. However, current photocatalysts suffer from low visible light absorption and rapid charge 
recombination, so new materials with tailor-made properties are required.3 

Recently emerged sp2-carbon-conjugated COFs show 
great potential as high-performance photocatalysts, due to 
their unparalleled characteristics, including exceptional 
chemical and thermal stability even under harsh 
conditions, high crystallinity, ordered 1D π-columns and 
continuous π-electron delocalization over the 2D lattice. 
These features, along with their large surface areas, give 
access to superior visible light absorption, fast mobility of 
charge carriers, rapid mass transport and high accessibility 
to the photoactive sites, crucial for high photocatalytic 
efficiencies.4  

The present work describes the synthesis of a novel 
sp2-carbon-linked COF. Characterization of the material 
regarding its crystallinity (powder X-ray diffraction), textural 
properties (nitrogen adsorption/desorption), thermal 
stability (thermogravimetric analysis), connectivity 
(infrared spectroscopy) and optical properties will be 
shown. Photocatalytic studies of the degradation of methyl 
orange (MO) as model compound will also be presented. 
The effect of key factors will be investigated, such as 
photocatalyst dosage, MO initial concentration, irradiation 
time, and light wavelength. 
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Scheme 1: General representation of sp2-carbon-
linked COFs and application as photocatalyst. 
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Organic electronics has been attracting an increasing attention of the energy materials community over the 
past decade. Conductive polymers have become the focus of many investigations due to their low cost, 
flexibility, easy chemical modification, nontoxicity, light weight, and versatility in a wide range of applications. 
However, one of the main challenges of conductive polymers is their processability since, due to the rigidity of 
the aromatic backbone and the stacking force between molecules, the solubility of conductive polymers is 
compromised.1 The in-situ polymerization allows obtaining materials based on conductive polymers and 
insulating polymeric matrices, for example, by mixing the host polymeric matrix with monomers, precursors of 
the conductive polymer, that in presence of an initiator polymerize. An interpenetrating polymeric network (IPN) 
is obtained formed by at least a polymer synthetized in the presence of another one to form a cross-linked 
network where the two polymers are mixed at the molecular level.  
In this work, we report the in-situ synthesis of polythiophene (PT) in presence of two oxidants salts, silver 
perchlorate (AgClO4) and copper (II) perchlorate (Cu(ClO4)2), embedded in a polyurethane (PU) matrix to form 
an IPN conducting polymer.2 The reaction is very fast and is carried out in solid state during the thermal 
annealing after spin-coating. In this method, the thiophene polymerization, and doping reaction occur 
simultaneously within a host matrix (Figure 1). The presence of Ag nanoparticles (NPs) significantly improves 
the electrical properties of the resulting IPN film. A complete understanding of the polymerization process is 
provided to optimize the conducting and thermoelectric properties. This approach allows us to design hybrid 
nanocomposite materials with high flexibility in terms of compositions and morphology and the possibility of 
optimizing and tuning the electrical properties of the final film. In addition, the complete procedure is industrially 
scalable for large-area printing, representing a good opportunity for the industry to produce the next generation 
of conductive materials and devices at a reduced cost. 
 

 
Figure 1: Synthesis procedure of polythiophene films in a polyurethane matrix and oxidative polymerization of 

terthiophene by AgClO4 and Cu(ClO4)2. 
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The Layer-by-Layer (LbL) assembly technology has been widely used to functionalize surfaces and engineer 
robust architectures under mild conditions, with finely tuned properties and functions at nanoscale, by resorting 
to a myriad of building blocks exhibiting complementary intermolecular interactions.1 In particular, chitosan 
(CHT), extracted from crustaceans’ shells, and alginate (ALG), extracted from brown algae, are attractive 
marine-origin polysaccharides commonly used for the development of supramolecular multilayered 
assemblies due to their bioavailability, biocompatibility, biodegradability, non-cytotoxicity, non-immunogenic 
properties and opposite charge nature.2,3 However, the insolubility of CHT in physiological conditions limits the 
use of LbL structures with CHT in biological and biomedical applications.  
In this work, we propose the development of free-standing membranes enclosing water-soluble quaternized 
CHT (Q-CHT) and ALG for the release of model hydrophobic drug molecules. To study the influence of the 
film structure in the release rate, two different free-standing membranes, having either the model drug 
fluorescein isothiocyanate-labeled bovine serum albumin (FITC-BSA) as an intrinsic building block [(Q-
CHT/ALG/Q-CHT/FITC-BSA)100] or added after the assembly of the membranes [(Q-CHT/ALG)200/Q-
CHT/FITC-BSA], have been produced (Scheme 1). The morphology, thickness, release rate and in vitro 
biocompatibility of both free-standing multilayered membranes towards human umbilical cord-mesenchymal 
stem cells was evaluated, compared, and will be discussed. We foresee that this work could open new avenues 
on the development of a wide array of CHT-based biomedical devices under physiological conditions for a 
multitude of bioapplications. 
 

 
Scheme 1: Schematic overview of the preparation of the two set-ups of free-standing membranes: (A) (Q-CHT/ALG/Q-

CHT/FITC-BSA)100 and (B) (Q-CHT/ALG)200/Q-CHT/FITC-BSA assembled onto poly(vinyl carbonate) substrates. 
 
Acknowledgements 
The financial support by the FCT through the PhD grants (2020.04408.BD, C.F.V.S.; 2020.06767.BD, L.P.G.M.), and 
individual Junior Researcher (CEECIND/01363/2018, J.M.M.R.) and Assistant Researcher (2020.00758.CEECIND, J.B.) 
contracts is gratefully acknowledged. This work was developed within the scope of the project CICECO – Aveiro Institute 
of Materials, UIDB/50011/2020, UIDP/50011/2020 & LA/P/0006/2020, financed by national funds through the FCT/MEC 
(PIDDAC). This work was funded by the European Union’s Horizon Europe research and innovation programme under the 
grant agreement No. 101079482 (“SUPRALIFE”). 
 
References 
1 J. Borges and J.F. Mano, Chem. Rev., 2014 ,114, 8883-8942. 
2 J.M. Silva, R.L. Reis and J.F. Mano, Small, 2016, 12, 4308-4342. 
3 N.I. Martins, M.P. Sousa, C.A. Custódio, V.C. Pinto, P.J. Sousa, G. Minas, F. Cleymand and J.F. Mano, Acta Biomater., 
2017, 57, 313-323. 

P7 



 

37 
 

 
Processing of porous organic polymers as free-standing membranes 

using a dip-assisted Layer-by-Layer assembly methodology 
 

Diana André a *, Pedro Ferreira a, Maria Lopes a, João Borges a, Manuel Souto a  

a) Department of Chemistry, CICECO – Aveiro Institute of Materials, University of Aveiro, Campus Universitário de 
Santiago, 3810-193 Aveiro, Portugal 

* E-mail: dianacaa@ua.pt 

 
Covalent Organic Frameworks (COFs) are crystalline porous materials based on organic building 

blocks that have emerged in the past few years towards a wide range of applications including gas adsorption 
and separation, energy storage and biomedicine1-3. In particular, TpPa-COF (based on 1,3,5-
triformylphloroglucinol and phenylenediamine) has been receiving considerable attention due to its high 
chemical and thermal stability, as well as high sorption capacity3. However, this organic porous material is 
commonly synthesized as a powder, thus not enabling its full exploitation and use in practical applications. 

This work aimed to process TpPa-COF as a free-standing membrane through the dip-assisted Layer-
by-Layer (LbL) assembly methodology4. Free-standing membranes encompassing multilayers ranging from 
10 to 250 bilayers were processed and characterized for their chemical, morphological and mechanical 
properties via attenuated total reflectance-Fourier transform infrared spectroscopy, powder X-ray diffraction, 
scanning electron microscopy and universal mechanical testing machine, respectively. The gathered results 
were compared with the ones obtained for TpPa-COF, in the powder form, obtained through solvothermal and 
microwave syntheses. The LbL assembly process resulted in a microporous membrane (pore size of 1.88 nm), 
with thickness of ca. 40 µm and homogenous surface morphology. Additionally, the powder TpPa-COF showed 
high thermal stability and selectivity towards CO2 adsorption, with a total capacity of 102.48 cm3 g-1 at 1 bar 
and 273 K, which makes it of special interest for gas separation applications when obtained as a membrane. 
Therefore, the developed free-standing multilayered membranes show great promise for being used in 
practical applications, including in gas sorption/separation and controlled drug/therapeutics delivery. 
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Redox flow batteries (RFB) are a unique type of batteries which allows decouple power and energy. Moreover, 
they exhibit other desirable features such as safety, design flexibility and, scalability. All these together make 
them promising candidates for large-scale energy storage applications1. However, the all-vanadium and zinc-
bromide RFB, which are the most mature technologies, use expensive and toxic electrolytes hindering their 
massive expansion into de market. Hence, in recent years, organic redox active compounds have been 
considered as sustainable alternative to replace the vanadium and bromide species due to their high 
availability, synthetic versatility, and lower cost. Among the large variety of reported organic molecules2 the 
(2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) has been widely used due to its good redox kinetics and 
excellent chemical and electrochemical stability3. However, due to the low solubility the TEMPO in water (≈70 
mM) this molecule cannot be used in aqueous RFBs. Although with a proper chemical functionalization the 
solubility of TEMPO-derivatives increases, the long-term stability of the functionalized TEMPOs is usually 
worse than the pristine TEMPO4.  
 
In our research, we report a different and simple approach to solubilize large amount of pristine TEMPO in 
aqueous solution. Our approach consists on modifying the properties of the supporting aqueous electrolyte to 
promote intimate interaction between supporting salt and pristine TEMPO. By doing that, we have 
demonstrated that the pristine TEMPO reaches an unprecedented solubility record (up to 5.6 M in presence 
of supporting electrolyte) that results in an unheard-of high theoretical volumetric capacity as high as 150 
Ah/Lcatholyte. This extraordinary solubility relies on the essential interaction of TEMPO with the supporting salts 
ions, as it was confirmed by molecular dynamics calculations. 
 
Interestingly, the electrochemical performance of TEMPO in this supporting electrolyte was demonstrated to 
be excellent with a highly reversible redox reaction, outstanding kinetics (k0 = 0.018 cm/s) and impressive long-
term stability in symmetric RFB configuration (0.552%/day). Moreover, this new TEMPO catholyte was paired 
with a sulfonated viologen anolyte resulting in a RFB with a theoretical energy density of 22.15 Wh/L and an 
open-circuit voltage of 1.08 V. In addition, this hitherto unseen aqueous redox flow battery presents a very low 
capacity fading over cycling (0.60%/day and 0.048%/cycle). This work paves the way to the development of 
new redox electrolytes and broaden the opportunities of aqueous redox flow batteries. 
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A novel coarse-grained molecular dynamics (CG-MD) framework based on the MARTINI force field was 

developed for TX-114 aqueous solutions and mixtures with Imidazolium-based [Cnmin]Cl (n= 10, 14) or 
Phosphonium-based [P4,4,4,14]Cl ILs. The Pluronic TX-110 developed by Pizzirusso et al.4 was taken as a 
reference from which five EO groups were eliminated to resemble the TX-114 moiety. A CG-MD simulation for 
0.15 %wt of TX-114 aqueous solution was run to validate the model, yielding a micellar aggregation number 
(67) in agreement with experiments (62-88).5,6 The CG-MD models for the [C10mim]Cl, [C14mim]Cl, [P4,4,4,14]Cl 
ILs and chloride anions were taken from the literature.7-9 A set of CG-MD simulations were performed for 3%wt 
TX-114 concentration in aqueous solution mixed with 2.5mM of [C10mim]Cl, [C14mim]Cl or [P4,4,4,14]Cl to 
compare with the experimental trials.10 Simulations exhibited diverse TX-114 structures, from spherical to 
prolate shape or rod like vesicles depending on the IL. Simulations provided significant information regarding 
the initial stages of the cooperative TX-114 and ILs self-assembly. Figure 1 shows the simulation snapshots 
for the four tested solutions, indicating that addition of [C10mim]Cl promotes a sphere-to-rod transition. 
Conversely, small spherical vesicles were found with [C14mim]Cl where a quick formation of charged [C14mim]+ 
micelles hindered the absorption by early TX-114 aggregates. Addition of [P4,4,4,14]Cl yielded a prolate structure 
similar to the [C10mim]Cl mixture, indicating a greater impact of the stearic character of butyl groups compared 
with alkyl tail-tail interactions. 

 
Figure 1: CG-MD simulations snapshots for a) 3 %wt. TX-114 aqueous solution and their mixtures with ionic liquids (IL): 
b) 2.5mM of [C10mim]Cl, c) 2.5mM [C14mim]Cl and d) 2.5 mM [P4,4,4,14]Cl. A detailed picture of the IL organization inside 
the TX-114 vesicles is shown for each system. The color code is as follows; the hydrophobic and hydrophilic regions of 
TX-114 moieties are in green and red, respectively. The ILs are colored in brown and purple for the alkyl chains and head 
groups, respectively. Water molecules and chlorides were removed for clarity. 
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Collagen is a cell degradable, protein-based polymer that represents the main constituent of the extracellular 
matrix (ECM) where it provides support for the cells in the tissues, allowing their adhesion, proliferation and 
function. Gelatin is an easily obtainable version of denatured collagen that retains most of its organic 
properties. The addition of metacriloil groups to gelatin, originating GelMA allows their photocrosslinking in 
aqueous solution into hydrogel scaffolds that can replicate the mechanical and biochemical properties of the 
ECM, supporting cell proliferation and their gradual development into functional organotypic tissues.1,2 The 
resulting hydrogels generally consist of nanoporous networks that limit cell motility, cell-cell interactions and 
the diffusion of nutrients, oxygen, and waste, thus limiting their potential in tissue engineering applications. 
Interconnected microporous hydrogels (IMPHs) are being increasingly explored to mitigate these issues as 
their cell scaled pores provide space for cell and medium movement. 1,2 Emulsion templating is a simple and 
highly versatile technique to manufacture IMPHs based on the mixing of a pre-gel with an immiscible liquid 
porogen to form an emulsion where the porogen phase is volumetrically suspended throughout the pre-gel. 
Originally porogen phases consisted on organic solvents such as toluene or chloroform, but aqueous two-
phase systems (ATPSs), based on immiscible aqueous biopolymer solutions, have been replacing them as 
greener and citocompatible alternatives allowing the inclusion of cells in the pre-gel, further simplifying the 
construction of the scaffolds.1-3 Herein we explored, ATPS-enabled emulsion templating to produce porous 
Gelatin-methacrylate (GelMA) hydrogels through the use of Poly(ethylene oxide) (PEO) and dextran based 
porogens. Different volumetric fractions ranging from 30 to 50% were investigated. The obtained hydrogel 
constructs exhibit different microarchitectures and interconnected pores with sizes ranging from 10 to 50 µm. 
Overall, the PEO/dextran porogens were successfully leveraged to produce GelMA hydrogels with intrinsic 
cell adherent features that are to be further explored for tissue engineering and disease modelling applications 
in the foreseeable future.  
 

 
Scheme 1: Schematic comparison of cells encapsulated in a bulk hydrogel (left) with cells encapsulated in a 

interconnected microporous hydrogel (right). 
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Emerging contaminants are found in natural waters with increasing frequency, which not only affects aquatic 
ecosystems, but also directly impacts public health1. Of particular concern are persistent contaminants that are 
not efficiently removed by wastewater treatment. Although dangerous, the concentration of these contaminants 
in water is usually low (ppb or ppt), which makes their detection through direct water analysis challenging. 
Therefore, there is a need for more efficient and selective methods to extract and pre-concentrate these 
pollutants.2 
Covalent organic frameworks (COFs) are a class of crystalline porous materials that are formed by reversible 
covalent bonds3. The linker characteristics, such as size, symmetry, and connectivity, define the geometry of 
the resulting framework. Structural diversity, low density, high crystallinity with permanently uniform pore shape 
and size render them materials of high interest for adsorption applications, and therefore, COFs are 
increasingly explored efficient adsorbent materials for selective water pollutant capture.2  
A challenge regarding their usage is that typically COFs are 
prepared in powder form, thus limiting their recovery and 
consequently their reusability. As a way to address this, we 
present herein the development of COFs supported on 
alumina pellets. The functionalization of the pellets will be 
described, as well as subsequent COF growth. 
Characterization of the materials was done using vibrational 
fingerprinting from the material organization (Raman 
spectroscopy), morphology (SEM) and textural properties 
(nitrogen adsorption). Finally, studies on the adsorption of 
water contaminants were carried out, comparing the 
adsorption of bulk and supported COFs. 
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Figure 1: Supported covalent organic framework on an 
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Investigations of a new 3D C60 polymer with clathrate structure were performed recurring to Density Functional 
Theory (DFT). Double 5/5 2+3 cycloaddition bonds are formed between each C60 molecule and its twelve 
nearest neighbors in the face-centered cubic lattice. Remarkably, this bonding generates, on octahedral sites, 
new C60 cages identical to the original ones, and on tetrahedral sites, distorted sodalite-like cages. The 
polymer’s electronic and elastic properties were also evaluated via DFT simulations.  Only twenty percent of 
its atoms are sp2-hybridized, leading to a narrow gap semiconducting behavior. Above the Fermi level there is 
a big density of states peak indicating that proper doping may yield the structure metallic and hence a possible 
high Tc superconductor. The new phase is likely to be prepared by applying high-pressure and high-
temperature treatments of C60. 
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Comprised by nanosized building blocks capable of self-organizing into hierarchically complex 3D networks, 
colloidal gels constitute a highly attractive platform for biomedical applications.1 Leveraging on intrinsic 
supramolecular mechanisms (e.g., Van der Waals forces, magnetic interactions, and electrostatic forces), 
these versatile platforms present attractive physicochemical properties, including self-healing, multimodal 
degradation, viscoelasticity or shear-thinning, that can be useful for potentiating advanced tissue engineering 
applications.2,3 Moreover, due to their superior drug delivery properties, including higher cargo load capacity, 
prolonged lifespan, and focalized delivery, colloidal gels constitute an attractive drug delivery system capable 
of overcoming the concerns regarding the rapid clearing of freely administrated nanotherapeutics.1 Herein, 
colloidal gels were generated via electrostatically-driven self-assembly of oppositely charged nanoparticles of 
poly(ᴅ,ʟ-lactide-co-glycolide)-polyethylenimine (PLGA-PEI) and zein-hyaluronan (zein-HA), produced via 
nanoprecipitation solvent evaporation technique (Figure 1). The resulting colloidal gels were exploited as 
versatile bioactive 3D platforms for focalized and autonomous release of bioactive Quercetin flavonoids to 
bioinstruct processes in macrophages. Overall, the generated fully nanostructured gels revealed autonomous 
multiparticle shedding, providing a focalized and efficient delivery of bioinstructive cues, capable of reducing 
key proinflammatory biomarkers (nitrite) in pro-inflammatory macrophages (Figure 1).  
 
 

 

 
Figure 1: Illustration of bottom-up self-assembly process of nanosized colloidal gels with anti-inflammatory properties. 
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The intensive use and waste disposal of common petroleum-based plastics, with short lifetimes, like 
food packaging films or trash bags has been raising increasing concerns1. On this basis, the concept of active 
biobased packaging arises as an eco-friendly alternative technology, contributing to the reduction of waste, 
while improving the safety and quality of the food2,3. 

In this context, the aim of the current work was to prepare functional wood inspired biopolymeric 
nanocomposite films by solvent casting of blends of beechwood xylans and lignosulfonates, reinforced with 
nanofibrillated cellulose, aiming at producing films with antioxidant and UV blocking properties and improved 
mechanical performance. 

The optical properties, antioxidant activity, mechanical performance, thermal stability, and moisture 
uptake capacity of the obtained biobased films were assessed to demonstrate their potential for application for 
active packaging. All films presented good homogeneity, translucency, and thermal stability up to 153 °C. The 
incorporation of nanofibrillated cellulose into the xylan/lignosulfonates matrix provided good mechanical 
properties to the films (Young’s modulus = 1.08 – 3.79 GPa and tensile strengths at break up = 12.75 – 14.02 
MPa). The lignosulfonates imparted the films with antioxidant capacity (DPPH scavenging = 71.57 – 82.40 %) 
and UV protection (transmittances ≤ 18.6 % (200 – 400 nm)). These results, show the potential of using low-
cost and eco-friendly resources for the development of sustainable active food packaging materials. 
 

 

 
Figure 1: Schematic illustration of the preparation of the films. 
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The Layer-by-Layer (LbL) assembly technique has emerged as a simple, cost-effective, and highly versatile 
technology for coating surfaces and fabricating multifunctional multilayered assemblies at the nanoscale 1. The 
intricate landscape of intermolecular interactions has been widely scrutinized over the years, with a particular 
emphasis on the role of electrostatic interactions between oppositely charged polyelectrolytes 2. Natural 
cationic and anionic polysaccharides have been widely studied in LbL assemblies, while neutral ones have 
been overlooked due to their low chemical versatility. Herein, we explore the potential of marine-origin neutral 
polysaccharides, namely laminarin (LAM) and pullulan (PUL) as building blocks in electrostatic-driven LbL 
assemblies for various biomedical applications. We present a novel approach to functionalize LAM and PUL 
with charged peptides (positively charged – K6; negatively charged – D6) through Cu(I)-catalyzed azide–alkyne 
cycloaddition to synthesize positively and negatively charged polysaccharide-peptide conjugates (Figure 1). 
The electrostatic-driven LbL build-up of either LAM-D6/LAM-K6 or PUL-D6/PUL-K6 multilayered thin films was 
monitored in situ by quartz crystal microbalance with dissipation monitoring, revealing the successful 
multilayered film growth and the enhanced stability of the PUL-based films. The construction of the PUL-
peptide multilayered thin film was also assessed by scanning electron microscopy and its biocompatibility 
demonstrated in vitro towards L929 mouse fibroblasts. We anticipate that this work could enable the inclusion 
of any kind of small molecules in the multilayered assemblies, thus extending the usefulness of neutral 
polysaccharides and opening new avenues in the biomedical field, including in controlled drug/therapeutics 
delivery, tissue engineering and regenerative medicine strategies. 

Figure 1 – Chemical route used to couple the charged peptides to the marine polysaccharide. 
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Helices are one of the most abundant structural motifs present in many macromolecules such as proteins, 
DNA, or polysaccharides and are directly related to the biological functions of these biomolecules. This strong 
structure/function relationship led the scientific community to look for novel materials that adopt helical 
structures. In this sense, poly(phenylacetylene)s (PPAs) are a good example of this due to the possibility of 
tuning their helical structure once the polymer is synthesized.1 Furthermore, helix inversion in chiral dynamic 
helical polymers is usually achieved by a conformational change at the monomeric repeating unit (m.r.u.) 
induced by an external stimulus.2,3,4 Herein, we show a novel helix inversion mechanism produced in a PPA 
bearing a chiral and rigid m.r.u. group, via the activation/deactivation of a supramolecular interaction. In this 
work, we have prepared a PPA that bears a chiral allene as m.r.u. group. This chiral allene is conformationally 
locked, and therefore its substituents are located in a specific orientation, the largest being the one that 
commands the helical sense of the PPA. This command can be surpassed as long as supramolecular 
interactions are established between the other allenic substituents and appropriate external stimuli. In such 
case, a new helix induction command is produced, which results in the helix inversion of the PPA. Thus, this 
helix inversion effect, produced by a novel axial-to-helical communication mechanism, gives a new perspective 
to control the helix of chiral dynamic helical polymers. 

 
Figure 1: Conceptual view of the chiral information transmission mechanism from the allenic pendants to the polyene 

backbone through axial-to-helical communication. 
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Within the field of 3D bioprinting, the development of high performance bioinks with adequate mechanical and 
rheological properties and high cell viability, is still a major challenge. Among the several types of bioinks, 
hydrogels have been widely explored due to their similarities with the extracellular matrix (ECM) and tunable 
mechanical and rheological properties. Engineered hydrogel bioinks based on natural polymers, namely 
polysaccharides, are being widely explored.1 Among them, 𝜅-Carrageenan closely mimics the 
glycosaminoglycan structure of one of the most important constituents of native tissues ECM, and forms 
hydrogels via thermo and ionic gelation, rendering strong, but brittle hydrogels.2 Currently, the development of 
nanocomposite bioinks has been broadly explored and the incorporation of bioactive nanofibrous materials 
into native hydrogel-based bioinks improves structural stability and shape fidelity during and after printing, as 
well as cell growth, proliferation, and differentiation. Considering this approach, protein nanofibers, viz. 
lysozyme nanofibers, have excellent properties in terms of mechanical strength and stability, in combination 
with antimicrobial and cell-adherent activities, and can be used as building nanoblocks for the design of novel 
nanocomposite bioinks.3 
Herein, we explored the incorporation of lysozyme nanofibers into 𝜅-Carrageenan based hydrogels for the 
development of advanced nanocomposite bioinks with improved rheological, mechanical, and biological 
performance. These bioinks were characterized in terms of physicochemical parameters, rheological behavior, 
and biological activity, to produce cell-laden analogues via extrusion bioprinting. 
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The growing demand for flexible electronic devices and electronic textiles (e-textiles) has motivated the 
exploration of alternative energy storage solutions such as textile-based supercapacitors. These devices can 
have a variety of configurations, being one of them the 1D configuration, which is the simplest while maintaining 
reliability in energy storage capabilities1. Although there is much interest in the production of textile-based 
supercapacitors, this is not always an easy task and may require the use of complex and expensive fabrication 
techniques such as wet-spinning2. In this study, we propose the use of electrospray (ES) as a facile deposition 
technique, for the fabrication of functionalized carbon yarn electrodes for fibre-shaped supercapacitors (FSCs). 
With this technique we can deposit, the highly conductive polymer, poly(3,4-
ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS), creating thin films composed of coalesced 
nanoparticles over the carbon yarns. Different deposition parameters were optimized using ES technique, such 
as flow rate, distance between the tip of the nozzle, and applied potential. With optimal deposition conditions, 
PEDOT:PSS functionalized carbon yarn electrodes, proved to be a reliable way to fabricate FSCs. These 
devices have shown excellent electrochemical performance with specific capacitance attaining 63 mFg-1 and 
cyclic and bending stability showing remarkable results, with capacitance retention of 85 % after 1500 charge 
and discharge cycles. 
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Ionic thermoelectric materials have been garnering attention in recent years due to their possibilities for heat 
to electricity conversion purposes.1 This work aims to explore the viability of lignin-based ionic platforms as 
thermoelectric material made from clean and sustainable resources. The ionic platform was a hydrogel made 
of a solution of sodium hydroxide, organosolv lignin and PEGDGE as crosslinker. The samples were 
encapsulated between two electrodes to measure the properties of interest: Seebeck coefficient and electrical 
conductivity to determine their suitability for thermoelectric applications. Large Seebeck coefficients (in the 
range of 2-5 mV K-1) were obtained in the prepared samples, and a positive correlation between the Seebeck 
coefficient and ion concentration embedded in the hydrogel was observed. The resulting hydrogel was found 
to be good from the mechanical point of view and stable at temperatures <100 ºC, making it suitable for 
thermoelectric applications, for low-grade heat conversion. In addition, further characterization tests were 
performed on the samples with techniques such as FTIR, TGA and SEM.  
 

Figure 1: Lignin based hydrogel schematic and ion drift under the action of a temperature gradient 
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The antibody market is expected to reach EUR 218 billion at the end of this year, growing at an annual 
rate of ~12 %.1 However, the antibody production/purification has several limitations, such as the use of                      
low-efficient isolation methods and low cost-effectiveness.2 Moreover, the development of more sustainable 
functional materials and processes is needed to address environmental challenges, efficiency, scale-up and 
low cost. Molecular Imprinted Polymers (MIPs) are synthetic materials within specific affinity sites 
complementary in size, conformation and functionality to the target molecule. MIPs are significantly 
advantaged when compared to natural antibodies, since they use low-cost starting materials, are robust, stable 
under harsh conditions, have a long lifetime, and are easily stored. Herein, L-leucine (LEU)-MIPs are being 
developed as sustainable bio-inspired polymers from a bottom-up perspective. Firstly, rational design using 
quantum mechanics calculations and molecular modeling were performed to select the most appropriate 
functional monomers and understand their interactions with template (LEU). LEU-MIPs were synthesized by 
two different green approaches (Figure 1), supercritical 
carbon dioxide (scCO2) technology and 
mechanochemistry (ball milling).3 MIP production under 
scCO2 has a great potential on the development of                   
high-value materials.4 ScCO2 technology is non-toxic,        
non-flammable, scalable, has a very accessible critical 
point and is easily tuned by simply adjusting pressure and 
temperature.5 On the other hand, ball mill is an expanding 
technology that is also easily scalable, requires low-cost 
equipment and operates under solventless conditions.6 
Both green technologies were effectively applied in the 
syntheses of LEU-MIPs, which were obtained as dry,  
free-flowing powders with yields up to 80 %. The performance of the materials produced, were assessed by 
static binding tests using several concentrations of LEU (0.5 and 1.5 mg/mL) that revealed very promising 
results, with a maximum imprinting factor (IF) of 13 for the LEU-MIP synthesized in scCO2, and an IF of 1.4 for 
the ball milled LEU-MIP. Both green technologies have been showing high potential in obtaining ready-to-use, 
stable and low-cost bio-inspired polymers with biorecognition ability for target biomolecule, able to compete 
with natural molecules and, envisaging a great potential for bio-applications including biopurification 
processes. 
 

Acknowledgements 
The authors would like to thank financial support from Fundação para a Ciência e a Tecnologia, Ministério da Ciência, Tecnologia e 
Ensino Superior (FCT/MCTES), Portugal, through projects PTDC/EQU-EQU/32473/2017, PTDC/MEC-ONC/29327/2017 and               
PTDC/QUI-QIN/30649/2017 (REALM). A.I.F. acknowledges her PhD grant (SFRH/BD/150696/2020) in the aim of the International Year 
of the Periodic Table - a Protocol established between the Portuguese Chemical Society (SPQ) and the FCT/MCTES. R.V. would like to 
acknowledge to Individual Scientific Employment Stimulus (CEEC-IND), reference 2020.00377.CEECIND from the FCT/MCTES, 
Portugal. The Associate Laboratory Research Unit for Green Chemistry – Clean Technologies and Processes – LAQV-REQUIMTE is 
financed by national funds from FCT/MCTES (UIDB/50006/2020, UIDP/50006/2020, and UID/QUI/50006/2020) and co-financed by the 
ERDF under the PT2020 Partnership Agreement (POCI-01-0145-FEDER – 007265). 
 
References 
1 Antibodies Market Size, Share, Trends, Growth & Outlook – 2033, 

https://www.futuremarketinsights.com/reports/antibodies-market, (accessed 25 January 2023). 
2 M. Teufl, C.U. Zajc and M.W. Traxlmayr, ACS Synth. Biol., 2022, 11, 1030–1039. 
3 A.I. Furtado, R. Viveiros, V.D.B. Bonifácio, A. Melo, T. Casimiro, accepted in ACS Omega, 2023.  
4 CleanMIPTech, https://sites.fct.unl.pt/clean-mip-tech/home, (accessed 30 January 2023). 
5 A.I. Furtado, R. Viveiros, T. Casimiro, Methods mol. biol. (Clifton, N.J.), 2021, 2359, 19–42. 
6 J.L. Do. and T. Friščic, ACS Cent. Sci., 2017, 3, 13–19. 

Figure 2: Green strategies for LEU-MIP development. 

P21 



 

51 
 

Three-component Synthesis of Pyrene-fused Azaacene Covalent 
Organic Frameworks 

O. Oliveira1,2*≠, L. Frey3≠, S. P. S. Fernandes2,4, J. Rocha1, L. M. Salonen5,2, D. D. Medina3  
1 CICECO – Aveiro Institute of Materials, University of Aveiro 3810-193 Aveiro, Portugal 

2 International Iberian Nanotechnology Laboratory (INL), Avenida Mestre José Veiga, 4715-330 Braga, Portugal 
3 Department of Chemistry and Center for Nanoscience (CeNS) Ludwig-Maximilians-University Butenandtstraße 11 (E), 

81377 Munich, Germany 
4 Associate Laboratory for Green Chemistry-Network of Chemistry and Technology (LAQV-REQUIMTE) University of 

Aveiro, Campus Universitário de Santiago, 3810-193 Aveiro, Portugal 
 5 CINBIO, University of Vigo Department of Organic Chemistry, 36310 Vigo, Spain 

≠ These authors contributed equally   
* E-mail: o.oliveira@ua.pt 

 
 
Abstract: Covalent Organic Frameworks (COFs) are nanoporous materials formed by self-assembly of 
organic building blocks. Their characteristics such as high crystallinity and regular porosity make them 
attractive materials for numerous applications. Two main strategies are typically employed for the 
functionalization of COFs: the modification of the reacting building blocks with the desired functionalities, and 
post-synthetic modification, where the functionalization is performed in a different reaction step, after the 
synthesis and isolation of the COF. Both these strategies have some limitations, such as, for the former, 
possible solubility issues of the functionalized building block in the COF synthesis conditions as well as 
unfavorable stacking. For the latter, possible low stability of the framework under the reaction conditions 
together with low yield of post-synthetic modification are the most common.1 Furthermore, incorporation of 
azaacenes moieties in COF structures can be advantageous considering their interesting photophysical 
properties mainly as light emitting materials.2 
Herein, a novel approach for the formation of COFs containing extended aromatics is presented based on 
three-component synthesis, where building block and COF synthesis take place simultaneously at a similar 
time scale.3 Using fragmental building block components, namely pyrene dione diboronic acid as aggregation-
inducing COF precursor and diamines extending functionalization units along with 2,3,6,7,10,11-
hexahydroxytriphenylene (HHTP), gave access to pyrene-fused azaacene, i.e., Aza-COF series with full 
conversion of the dione moiety (Scheme 1). Insight into the COF formation and reactivity of the building blocks 
was obtained through 1H NMR studies. 

 

 
Scheme 1: Schematic illustration of the three-component synthesis of the Aza-COF series using multiple diamines. 
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 Polyvinylidene difluoride (PVDF) is a polymer with exceptional characteristics, such as it's outstanding 
ferroelectric, piezoelectric and thermoelectric properties1. It's high stability makes it biocompatible and suitable 
for several kinds of applications, as for example actuators, sensors, energy harversting and energy storage. 
Nonetheless, the synthesis of the electroactive phases (Figure 1) of this polymer is still challenging, and can 
be enhanced by the addition of carbon nanotubes (CNT) into the polymer matrix2. Here we present a DFT 
study on the properties and structures of the PVDF-CNT nanocomposites. 
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Figure 1: Views of the different phases of PVDF, being the β, γ and δ the electroactive ones.  
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Infrared spectroscopy (IR) and Broadband Dielectric Spectroscopy (BDS) experiments have been performed 
in poly(trimethylene 2,5-furanoate)(PTF) and poly(trimethylene terephthalate)(PTT) below their glass transition 
temperatures. The BDS experiments reveal a richer inter-molecular dynamic for PTT as characterized by a 
multimodal  relaxation in contrast with the monomodal one exhibited by PTF. The evolution with temperature 
of comparable IR absorption bands is very similar for PTF and PTT and shows small shifts in wavenumbers 
towards lower values, with exception of the band related to the stretching mode of the carbonyl group. In 
addition, a significant difference appears in the shape of the bands associated with the -C=O stretching. While 
for PTT the absorption feature is comprised of a single component, that for PTF exhibits several components 
suggesting the presence of hydrogen bonds. This effect may be responsible for the monomodal shape of the 
 relaxation of PTF since a higher degree of intramolecular coupling between the furan ring and the rest of the 
monomer is expected. Density Functional Theory (DFT) calculations support the experimental results revealing 
that as temperature increases an increment of the syn conformations of the 2,5-furandicarboxylic acid (FDCA) 
moiety is likely to occur in the amorphous state. The energy gain from more stable anti to less stable syn 
isomers can be compensated by the formation of hydrogen bonds between interchain FDCA moieties in syn 
conformations. This effect may cause additional hindrance to the intermolecular dynamics of the dielectric  
relaxation. It is conceivable that the hindrance exhibited by PTF in both intra and inter-molecular dynamics 
may play a role in the reduction of gas diffusion and permeability of PTF in comparison with PTT. 

 

Figure 1: FTIR absorption spectra and dielectric loss data, ’’, versus temperature (T) and frequency () for PTF and 
PTT. 
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Covalent organic frameworks (COFs) are an emerging class of crystalline porous materials 
constructed from organic building blocks linked by covalent bonds. Due to their great chemical and structural, 
COFs have received a lot of interest towards applications in gas sorption and separation, catalysis or sensing, 
among others.1 More recently, 2D COFs have received particular interest for electronics,2 optoelectronics,3 
and energy related applications,4 due to the possibility of 2D π-conjugation. The intrinsic porosity of the COFs, 
combined with the electrical conductivity derived from the 2D π-conjugation can lead to exciting new electronic 
related applications, unattainable with either 1D polymers or inorganic 2D materials.5 

 
Tetrathiafulvalene (TTF) and its derivates are organic molecules with outstanding electron-donor and 

redox properties, making them the ideal candidates as building blocks for the preparation of redox-active COFs 
for electronic and energy-related applications.2 Herein we present a new family of TTF-based COF with 
different building blocks, in order to study the influence of the spacer between the TTF moieties on the electrical 
conductivity. The neutral and doped TTF-based COFs were characterized by multiple spectroscopic 
techniques in order to fully understand the charge transport mechanisms occurring in these materials. Finally, 
some TTF-COFs were explored as organic cathodes for lithium batteries. 
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In helical polymers, helical sense induction is usually commanded by teleinduction mechanism, where the 
largest substituent of the chiral residue directly attached to the main chain is the one that commands the helical 
sense. In this work, different helical structures with different helical senses are induced in a helical polymer 
[poly-(phenylacetylene)] when the conformational composition of two different dihedral angles of a pendant 
group with more than two chiral residues is tamed. Thus, while the dihedral angle at chiral residue 1 [(R)- or 
(S)-alanine], attached to the backbone, produces an extended or bent conformation in the pendant resulting 
in two scaffolds with different stretching degree, the second dihedral angle at chiral residue 2 [(R)- or (S)-
methoxyphenylacetamide] places the substituents of this chiral center in a different spatial orientation, 
originating opposite helical senses at the polymer that are induced through a total control of the “chiral 
overpass effect”. 
 

 
 

Figure 1: Conceptual representation of the total control of the chiral overpa 
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Today the energy sector is still the main contributor towards global warming, raising the urgency for a faster 
transition from fossil fuels to cleaner energy sources. Due to the renewable’s intermittent availability problem, 
there is an increased need for better, safer, and more sustainable energy storage solutions.1 This 
communication focuses on the use of Covalent Organic Frameworks (COFs), a type of crystalline porous 
organic polymer, as electrode materials for lithium-ion batteries. First, the focus is centered on the synthesis 
and characterization of two different redox-active COFs, DAAQ-TFP-COF2 and TTF-BT-COF.3 Afterwards, the 
synthesized materials were used as electrodes in coin-cell type lithium batteries.4 For that purpose, the 
electrode preparation process was optimized, and the batteries were manufactured and tested. Additionally, 
the electrodes based on DAAQ-TFP-COF were further studied using Scanning Kelvin Probe (SKP), a non-
destructive and non-invasive technique that allows the study of the chemical surface’s potential on a delimited 
sample area. Lastly, Soft X-ray Transmission Microscopy (TXM) measurements performed at ALBA’s 
MISTRAL synchrotron beamline were used to study the homogeneity of the state of charge within the DAAQ-
TFP-COF electrodes with DAAQ-TFP-COF as well as the lithiation process by using electrodes at a different 
state of charge and discharge and with different particle thickness. These results were useful to further uncover 
relations between covalent organic frameworks and their application as electrode materials for rechargeable 
batteries. 

             
Figure 1: Schematic representation of the electrochemical half-cell assembly, as well as the representation of DAAQ-

TFP-COF used as the positive electrode. 
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DNA is not only one of the most intriguing macromolecules in nature but also an unprecedented building block 
to precisely assemble sophisticated supramolecular bionanostructures. Among them are the G-quadruplex 
which are noncanonical four-stranded structures that are formed in guanine-rich DNA sequences and serve 
multiple biological functions.1-3 Herein, a novel dynamic hyaluronic acid (HA)-functionalized G-quadruplex 
hydrogel with self-healing, thermo-reversible, injectable and conductive properties was developed at 
physiological pH via hydrogen-bonding and π-π interactions between guanosines coupled via dynamic 
boronate ester bonds to the 3-aminophenylboronic acid functionalized HA and stabilized by K+ ions, as 
demonstrated by a combined experimental-computational study. The well-known instability of the G-
quadruplex structures was used to produce interconnected, size and shape tunable perfusable hollow 
microchannels embedded in virtually any kind of photocrosslinkable supporting matrices at physiological 
conditions (Figure 1). The microchannel-embedded 3D constructs showcased a higher number of viable cells 
than the 3D bulk constructs. Moreover, the cells migrated toward the perfusable microchannels, holding great 
promise for being use as artificial vessels for enabling the diffusion of nutrients and oxygen essential for cell 
survival. The versatility imparted by the proposed approach opens new avenues in drug delivery, tissue 
engineering and regenerative medicine. 

  
Figure 1. Schematic representation of bioengineered perfusable 3D constructs obtained by the supramolecular self-

assembly of HA-functionalized G-quadruplex hydrogels as sacrificial materials. 
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Polysaccharides, which have received much attention from the beginning and are still being investigated 
today, represent a diverse class of raw materials with enormous advantages over other materials for the 
preparation of hemostatic materials and drug delivery systems.  

In the model of wound healing management, it is important to use drugs with antibiotic activity in 
hemostatic materials. Caraginan-based gels have been shown to have good biocompatibility and this hydrogel 
can support tissue repair. Moreover, the hydrogel may be useful for the delivery of biomolecules.  

The konjac glucomannan forms a hydrogel, which has excellent antibacterial and hemostatic ability due 
to electrostatic and hydrophobic interactions between cell membrane and functional groups. Konjac 
glucomannan can confer anti-inflammatory effects to the hydrogel by activating macrophages. 

Chitosan is a competitive candidate for hemostatic material and drug delivery systems. It is a polymer 
with antibacterial properties and the possibility of chemical modification. Chitosan can also form microspheres 
for drug delivery.The use of chitosan nanoparticles with a modified surface (functional groups) will make it 
possible to better distribute the particles in the matrix and possibly interact with the polysaccharide groups. 
This will allow the drugs to be released gradually. 

We have proposed the creation of hydrogel materials with netted nanoparticles inside that can be used 
in healing wounds and haemostatics. 

By the method of ionic gelation chitosan nanoparticles were obtained. Sodium tripolyphosphate was 
used for this purpose. The optimal ratio of chitosan and sodium tripolyphosphate was chosen to obtain 
nanoparticles [1]. Distribution of nanoparticles and lamellae from chitosan looks like a cross-linked 3-d 
structure (figure 1). Quercetin has been used as a drug with anti-inflammatory activity. 

 

 
Figure 1: Chitosan nanoparticles 

 
As the hydrogel matrix were used k-caraginan and conjac glucomannan [2]. Optimal concentrations for 

introducing nanoparticles into the hydrogel matrix were selected. Optimally, there should be a gradual release 
of nanoparticles with the drug. Therefore, it is important that the nanoparticles are bonded to each other and 
that the release does not occur immediately. 
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Covalent Organic Frameworks (COFs) are an emergent class of nanoporous materials that have shown great 
versatility, involving applications as such as water treatment, gas capture, batteries, solar cells, catalysis, 
thermal insulation, etc1,2. Among the various subgroups for COFs, the ionic networks have presented a more 
attractive performance, mainly about ion exchange, electrical conductivity, more affinity with adsorbates (e.g.: 
metals and gases), etc.3,4 In this work, some ionic materials were developed from commercial dyes, carrying 
interesting physical-chemical properties. Called Reticular Innovative Organic compounds (RIOs), these porous 
structures are built through condensation reactions between aromatic amines and aldehyde groups5,6. Thus, 
the dye-based RIO-43 (thionin acetate), RIO-55 (Bismarck brown Y), and RIO-70 (pararosaniline 
hydrochloride) were selected for this presentation, where their main characteristics and applications will be 
addressed, especially in the Energy and Environment areas, such as water purification, greenhouse gas 
capture, and electrical conductivity. 
 

 
Scheme 1: A single representation of the different topologies for the ionic RIOs in this work and their potential 

applications. 
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