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Programming and Probing Living Matter with Bottom-Up Nanomaterials 

Tanja Weila 
aMax Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany. 
E-mail: weil@mpip-mainz.mpg.de 

 
Living cells organize matter through dynamic chemical transformations and hierarchical assembly. Inspired by 
this principle, our work develops bottom-up nanomaterials that can be programmed to form and function within 
complex biological environments. I will first discuss peptide-based supramolecular systems in which molecular 
sequence, caging chemistry and activation pathways control the generation of assembling monomers. These 
cages serve as chemical gates rather than sensors: defined local conditions or visible light trigger uncaging, 
chemical reactions and subsequent assembly inside cells or cell-like settings. This enables the formation of 
transient oligomers and nanofibers with controlled timing and localization, linking nanoscale structure formation 
to metabolism, mitochondrial function, tumor-cell viability and immune-cell performance. I will then turn to 
nanodiamonds, highlighting their bottom-up synthesis from molecular nanographene precursors and their 
application as intracellular quantum probes for thermometry and radical chemistry. Combined with local 
photothermal perturbation, these tools reveal how subcellular thermal and redox changes can influence 
macrophage polarization. Together, these platforms show how bottom-up materials can control and interrogate 
living systems. 

 

Figure 1. Bioresponsive isopeptide monomers enter living cells and undergo chemical transformations initiated 
by cellular or external stimuli. Supramolecular peptide nanofibers are formed inside cells that affect cellular 
processes. 
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From new forms to new functions of carbon: Synthesis, materials, and 
biology 

 
Kenichiro Itami* 
RIKEN, Wako, Saitama, Japan. 
Corresponding author email address: xxxx@xxxx.com 
 

Our goal is to create one-of-a-kind molecules that combine structural beauty and unprecedented 
functionality, to make molecules active in the boundary areas between various fields, and to explore 
unexplored areas. To this end, we have focused on catalyst-enabling synthetic chemistry with broad directions, 
including applications in molecular nanocarbons, pharmaceuticals, and plant/animal chemical biology, and the 
development of rapid molecule-assembly methods using unique catalysts. In particular, we have pioneered 
molecular nanocarbon science by the bottom-up synthesis of structurally uniform nanocarbons of fundamental 
and practical importance. Representative achievements include: (1) the development of single-step aromatic 

-́extension (APEX) methods for the rapid and programmable synthesis of nanocarbon molecules (Nat. Chem. 
2015, Nat. Commun. 2015, Science 2018, Nat. Commun. 2021); (2) the synthesis of carbon nanorings, 
nanobelts and pure nanotubes (ACIE 2009, Nat. Chem. 2013, Science 2017, Nat. Commun. 2018, Nat. 
Commun. 2019, Nat. Chem. 2021, Nat. Synth. 2022, Nat. Commun. 2025, Science 2025); and (3) the synthesis 
of topologically unique nanocarbons such as warped nanographenes, carbon nanocages, all-benzene 
catenanes, trefoil knots, and infinitene (Nat. Chem. 2013, Science 2019, Nat. Catal. 2020, JACS 2022). 

After moving to RIKEN in 2024, we now are trying to promote integrated material creation research based 
on three pillars: the development of innovative molecular editing and manipulation methods (nanocarbon click 
chemistry), the creation of novel material functions (molecular nanocarbon materials science), and the 
deployment to biology and drug discovery (molecular nanocarbon biology). In this talk, brief overview of our 
representative molecular nanocarbons will be described. In addition, our exciting yet somewhat crazy new 
endeavor toward molecular nanocarbon materials science and molecular nanocarbon biology will be 
described. 
 
  

mailto:xxxx@xxxx.com


 

 
 
 
 
 

 
 

Agilent Plenary Lecture 
 

  



 

Supramolecular Engineering of Functional Nanosystems  

 
Frank Würthner* 
Center for Nanosystems Chemistry, Universität Würzburg, 97074 Würzburg, Germany 
Presenting and Corresponding author email address: wuerthner@uni-wuerzburg.de 
 
Natural photosystems showcase the importance of supramolecular organization for advanced functional 
properties. Nevertheless, the development of molecular materials by chemists is still mostly initiated by purely 
molecular considerations whilst the influence of intermolecular couplings on function is only addressed at a 
later stage. For a period of more than twenty years our group has explored an alternative approach. Thus, we 
have studied the formation of molecular aggregates and the functional properties originating from the 
interaction of ˊ-systems in terms of structure-function relationships. In this lecture I will showcase examples 
from our most recent research on perylene bisimide (PBI) dyes1 as well as smaller and larger polycyclic 
aromatic (multi-)imides for which we could accomplish structurally well-characterized supramolecular 
aggregate structures2 and obtain insight into their photofunctional properties. With the advancement of our 
knowledge, recently also tailored supramolecular environments are utilized for the engineering of desired 
functional properties in molecular aggregates which includes (circularly polarized) fluorescence, 
phosphorescence and thermally activated delayed fluorescence.3-5 Finally, a porous nanographene bilayer will 
be shown that provides insight on the halide permeation through a single benzene defect.6 
 

 

 
 

 
Figure 1. Chloride permeation through benzene defect in a bilayer nanographene. 
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Exploring Novel Routes to Molecular Materials by On-Surface Synthesis 

 
Diego Peña* 
Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares (CiQUS) and Departamento 
de Química Orgánica, Universidade de Santiago de Compostela, C/Jenaro de la Fuente s/n, 15782, Santiago 
de Compostela, Spain. 
Oportunius, Galician Innovation Agency, 15702 Santiago de Compostela, Spain. 
diego.pena@usc.es 
 
 
On-surface synthesis has allowed the creation of well-defined molecular materials exhibiting intriguing 
structural and functional properties. The spatial confinement and unique reaction environments provided by 
surfaces allow for a high level of control over molecular structure, enabling access to architectures that are 
difficult or impossible to achieve using conventional synthetic approaches. These advances have established 
on-surface synthesis as a powerful platform for the design of molecular materials with emergent properties. 
 
In this contribution, I will present our efforts to develop novel on-surface reactions such as indenyl coupling 
(Figure 1)1 and phthalonitrile cyclotetramerization,2 which expand the current synthetic toolbox of on-surface 
chemistry and pave the way toward fascinating new classes of carbon-based molecular materials. 
 
 
 

 
 

Figure 1. Regio- and stereo-selective polymerization through indenyl coupling.1 
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Synthesis of 8-Membered Ring Analogues of Pentacene and Heptacene 
 
Silvia Cobos,a Marcos Díaz-Fernández José M. Marín-Beloqui,b Manuel Melle-Franco,c Juan Casado,b 
and Aurelio Mateo-Alonsoa,d 
a, POLYMAT, University of the Basque Country UPV/EHU, Avenida de Tolosa 72, E-20018, Donostia-San 
Sebastián, Spain. 
b, Department of Physical Chemistry, University of Málaga, Department of Physical Chemistry, Faculty of 
Science, Campus de Teatinos s/n, 29071 Málaga, Spain. 
c, CICECO-Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, Aveiro, Portugal. 
d, Ikerbasque, Basque Foundation for Science, Bilbao, Spain 
Presenting author email address: silvia.cobos@polymat.eu 
 
Polycyclic aromatic hydrocarbons (PAHs) continue to attract significant attention owing to their potential use 
in organic electronic materials.1 Among them, non-benzenoid PAHs, in which one or more six-membered rings 
are replaced by four-, five-, seven-, or eight-membered counterparts, display distinctive structural and 
electronic properties. In particular, the incorporation of eight-membered rings induces a characteristic saddle- 
or tub-shaped geometry that has been exploited in the construction of diverse molecular architectures, 
including twisted nanoribbons,2 belt-shaped molecules,3 molecular cages,4 and molecular tweezers.5 

 

Herein, we report the synthesis of pentacene and heptacene analogues incorporating two embedded nitrogen-
doped eight-membered rings. Our studies reveal how the incorporation of eight-membered rings govern 
molecular geometry and electronic behaviour. 
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Nanographene C222: My last experiment in the fume hood 

 
Zongchi Zhang, Jiaobing Wang* 
School of Chemistry, Sun Yat-Sen University, Guangzhou, 510275, China. 
Corresponding author email address: wangjb5@mail.sysu.edu.cn 
 
 
 
Large ˊ-surfaces up to a few nanometers in size are difficult to construct in an atomically precise manner. 
They tend to aggregate because of strong ˊ-ˊ interactions, resulting in notorious problems for both purification 
and spectroscopic investigations. In this talk, I will present the design, synthesis, and full characterizations of 
a 3 nm nonplanar nanographene. It is soluble in common organic solvents, and allows for thorough 
investigations. Unusual electronic structures, record-high near infrared absorption, pronounced magnetic 
shielding, and ultra-strong heteromolecular van der Waals complexations are demonstrated, enabling us to 
establish a clear structure-property relationship which has been elusive for decades. In addition, I will also 
share a story: how a professor worked in the lab for two months to save this study. 
 

 
 

Figure 1. Structure of nanographene C222 
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Multifunctional helicene-based chemical platforms 

 
Jeanne Crassous* 
Institut des Sciences Chimiques de Rennes (ISCR - UMR 6226) - CNRS ï University of Rennes 

35000 Rennes, France 

Email address: jeanne.crassous@univ-rennes.fr 
 
 
Ortho-fused aromatic rings form helically shaped chiral molecules, such as carbo[6]helicenes, that wind in a 
left-handed (M) or a right-handed (P) sense.1 The helical topology combined with extended ˊ-conjugation 
provide helicenes with peculiar properties such as strong photophysical and chiroptical properties (high optical 
rotation values, intense electronic circular dichroism and circularly polarized emission). The molecular 
engineering of helicenes using heteroaromatic and metallo-organic chemistries offers a convenient way to tune 
the properties of these helically shaped platforms. Indeed, their combination with metallic or organic 
assembling units leads to chiral materials with appealing properties (circularly polarized phosphorescence, 
magnetochirality, spin selectivity) for applications in materials science (Circularly Polarized OLEDs, OPVs, 
Chiroptical Switches, Spintronics). I will present a set of representative examples.2 

 
 
 

Figure 1. Representative examples of multifunctional helicene-based systems. 
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From surface-supported 2D-hydrogen-bonded organic frameworks to 
2D-metal organic frameworks. 
 
Manuel Carrera,a Paula Gómez,a Ana Sánchez-Grande,b José A. Martín-Gago,c Javier Méndez,c Pavel 
Jelínek,b and David Curiel *,a. 
a, Department of Organic Chemistry, University of Murcia, Campus of Espinardo, 30100 Murcia, Spain. 
b, Institute of Physics, The Czech Academy of Sciences, Cukrovarnická 10, 162 00, Prague 6, Czech 
Republic. 
c, Department of Low Dimensional Systems, Institute of Materials Science of Madrid (ICMM-CSIC), c/ Sor 
Juana Inés de la Cruz 3, 28049 Madrid, Spain 
Presenting and corresponding author email address: davidcc@um.es  
 
The interest on 2D materials is rapidly growing due to the appealing properties (optical, electronic, mechanical 
or magnetic) that come up as a result of the confinement of atomically thin-layers in a low dimensional 
environment.[1] Additionally, the approach to 2D materials from the perspective of Organic Chemistry offers the 
possibility of tuning those properties through the appropriate molecular design. This opens up infinite 
possibilities for the synthesis of materials adapted to the requirements of any application. Nevertheless, the 
achievement of 2D organic materials with large area and reduced defect density still represents a challenge, 
especially when following synthetic strategies based on the formation of covalent bonds.[2] To overcome this 
issue, supramolecular chemistry becomes a very useful tool because, when processing the molecular building 
blocks under the adequate experimental conditions, self-assembly governs the material organization, leading 
to extended and highly-ordered domains.[3] This methodology gains particular interest when dealing with 
surface-supported 2D materials. Moreover, leveraging the benefits of energy and directionality of hydrogen 
bonding further improves the growth of non-covalent organic frameworks.[4] Accordingly, following a rational 
design, we report how the synthesis of molecules with an optimum location of hydrogen bond donor and 
hydrogen bond acceptor sites, integrated into the structure of -́conjugated systems, represents a valid 
methodology to obtain large area 2D-hydrogen-bonded organic frameworks.[5] Furthermore, these extended 
supramolecular materials have proved to be stable enough to carry out their chemical transformation into 
metal-organic frameworks following on-surface methods.[6] The resulting 2D macromolecular structure 
presents complex spin interactions, highlighting the suitability of this supramolecular approach to get atomic 
precision in the control of magnetic properties of 2D materials.  
 

 
Figure 1. STM images of 2D-hydrogen bonded organic frameworks. 
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Advanced Phosphorus Heterocycles for Controlling 3D Nanomaterials 

 
Carlos Romero-Nieto*a,b 
a, Instituto Regional de Investigaci·n Cient²fica Aplicada (IRICA), University of Castilla-La Mancha, Avenida 
Camilo Jos® Cela 1, 13071, Ciudad Real, Spain. 
b, Faculty of Pharmacy, University of Castilla-La Mancha, C/ Almansa 14, Edif- Bioincubadora Albacete, 
Spain.   
Corresponding author email address: carlos.romeronieto@uclm.es 
 

Modern organic chemistry has led to a rapid evolution of p-extended systems, since they are pivotal for the 
development of future technologies, particularly in organic electronics. Their beneficial properties for materials 
science stem from the efficient electronic delocalization across their ˊ-extended framework. While carbon-
based architectures dominate this field, the inclusion of phosphorus introduces unique properties that are 
inaccessible with an all-carbon framework. Notably, phosphorus stands out because of its pyramidal geometry, 

which may disrupt conventional p-stacking, and its special electronic characteristics; i.e. the possibility to 

reversibly interconvert from tri- to pentavalent form.[1] Within p-extended systems phosphorus exhibits a unique 
non-hybridization that originates a myriad of fascinating properties such as strong photoluminescence, 
electron-accepting capacity,[1] and a large variety of coordination reactions,[2] just to name a few. However, 

deepening into the chemistry of heteroatomic p-extended systems requires the development of not only 
suitable synthetic protocols capable of incorporating heteroatoms but also new strategies to control the 3D 
molecular arrangement, as it determines the materialsô properties as a whole. Both aspects have recently 

attracted a great deal of research efforts;[3] the future of heteroatomic p-extended architectures will be certainly 
governed by the availability of straightforward means to control their overall molecular arrangement. 
 
In this communication, I will discuss recent advancements in the multifaceted contributions of phosphorus 
heterocycles to the field, with a particular focus on their role in controlling 3D nanomaterials. I will provide an 
overview of synthetic methodologies for the preparation of phosphorus heterocycles, encompassing both 
traditional organic synthesis routes and cutting-edge approaches. Additionally, I will highlight their unique 
structural versatility and electronic properties, which enable precise manipulation of nanoscale architectures. 
Special emphasis will be placed on their potential in materials science, particularly in the design and control of 
3D nanostructures for applications in organic electronics, functional materials, and bioactive systems. 
Emerging trends in phosphorus-based nanomaterials will also be discussed, showcasing their impact on next-
generation technologies. 
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Stacking, Twist, and Moiré Superlattices in Covalent Organic 
Frameworks 
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e, Ikerbasque, Basque Foundation for Science, Bilbao, Spain. 

Presenting and corresponding author email address: manuelmelle@ua.pt 
 
Covalent organic frameworks (COFs) grown on graphitic surfaces provide a chemically versatile route to 
twisted two-dimensional materials and organic moiré heterostructures. Scanning tunnelling microscopy 
revealed that pyrene diboronic acid (PDBA) COFs are twisted on graphitic surfaces1, while later studies 
showed that twisted bilayer COFs can form, giving rise to large-area moiré superlattices2. These results 
indicate how bottom-up organic frameworks, guided by short-range interactions, can access the structural 
degree of freedom that underpins moiré physics in twisted bilayer graphene. To account for these observations, 
computational modelling showed that, as the framework grows, the interfacial energy landscape selects a 
distinct twisted configuration relative to graphite. Together, these studies connect growth kinetics, interlayer 
stacking and substrate registry into a unified picture of COF structure formation across scales. The combined 
results identify wet-chemical synthesis on carbon surfaces as a viable platform for engineering twisted organic 
two-dimensional materials with controllable morphology and emergent interfacial properties. 

 

 
 

Figure 1. Local stacking in twisted PDBA-COF on graphene.  
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Helical Aromatics: Synthesis and Properties of Molecular Building 
Blocks 
 
Tereza Edlová, Václav Ráliš, Jan Hanus, Katsiaryna Kutsenka, Václav Houska, Nikola Broftová, 
Jindřich Nejedlý, Michal Šámal, Jiří Rybáček, Jaroslav Vacek, Ivo Starý,* Irena G. Stará* 
Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, 
Flemingovo n§mŊst² 2, 166 00 Prague 6, Czech Republic 
b, Department Name, University Name, Address, Zip/Postcode, Country. 
Presenting/Corresponding author email address: stara@uochb.cas.cz  
 
Inherently chiral helicenes, characterized by their twisted architecture and rigid 3D ˊ-conjugated backbones, 
have attracted significant attention due to their unique physicochemical properties. Their helical structure 
makes them versatile building blocks for applications ranging from enantioselective catalysis and molecular 
recognition to supramolecular self-assembly and the design of chiral materials.1 
 
This talk will focus on helicenes as molecular building blocks for helical aromatic architectures. Selected 
properties of these helically chiral ˊ-systems will be discussed,2 particularly circularly polarized luminescence 
(CPL) and charge transport behavior investigated using the STM break-junction (STM-BJ) technique. Finally, 
recent efforts toward the preparation of ˊ-conjugated helicene-based macrocycles3 and the properties of these 
large chiral nanocarbons will be presented (Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Toward helically chiral nanocarbons 
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p-Molecules: From Linear-Planar Narrowband Emitters to Cyclic-Curved 
Lasing Emitters 

 
Juan Casado* 
Department of Physical Chemistry, University of Málaga, Department of Physical Chemistry, Faculty of 
Science, Campus de Teatinos s/n, 29071 Málaga, Spain. 
Presenting and corresponding author email address: casado@uma.es 
 

In this presentation, examples of the molecular concepts behind the design of p-organic molecules for 
narrowband emissions with BT.2020 color display standard quality, and for the attainment of amplification of 
spontaneous emission and subsequently in the fabrication of optically pumped organic lasers are described. 

Several examples of p-conjugated molecules are proposed for both objectives and the connection between 
electronic/molecular structures and photophysical behavior is scrutinized by providing the features of the 
photoluminescence spectra as well as the mechanisms of fluorescence and of amplification of spontaneous 
emission.    
 
 

 
 

Figure 1. Chemical structures of the studied examples. 
 
 
Figure 1 shows the chemical structures of two examples of the studied molecules: i) quinoidal azazethrenes 

[1] as examples of linear-planar p-molecules for narrowband emissions and ii) cyclic oligoparaphenylenes 

([12]CPP) [2,3] as a prototypical case of cyclic-curved p-molecules featuring amplification of light emission 
and lasing. In the case of [12]CPP a new mechanism of stimulated emission with two states promoting the 
excitation and two conformationally distorted as producing population inversion and amplification of light is 
proposed.  
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Monolayer covalent organic frameworks (COFs), as a class of two-dimensional organic crystalline materials 
featuring designable architectures and reversible covalent linkages, have emerged as promising platforms for 
applications in electrocatalysis, molecular electronics, and interfacial devices. Surface-confined bottom-up 
interfacial synthesis provides a key strategy for the construction of highly ordered monolayer COFs, enabling 
sub-nanometre structural control at solidïliquid interfaces. When combined with scanning probe techniques, 
this approach allows (sub)molecular-resolution characterization of covalent bonding, growth dynamics, and 
defect structures. Based on this platform, a model system of chiral monolayer COFs with tunable spin 
polarization was first constructed. By decoupling spin-related effects from other factors such as active-site 
density, a quantitative relationship between the chiral-induced spin selectivity (CISS) effect and oxygen 
evolution reaction (OER) performance was established for the first time, revealing the critical role of spin 
polarization in optimizing reaction pathways and enhancing electrocatalytic efficiency¹. Furthermore, time-
resolved scanning tunnelling microscopy enabled direct visualization of the bilayer growth of imine-linked two-
dimensional COFs, uncovering layered growth mechanisms involving defect-mediated nucleation, lattice-
guided propagation, and oriented domain coalescence2. These observations provide molecular-level insight 
into the origin of interlayer stacking disorder in layered COFs. In terms of dynamic regulation, an ñmolecular 
scalpelò strategy based on the synergistic action of a localized electric field and responsive guest molecules 
was introduced, enabling programmable depolymerization and in situ reconfiguration of robust imine-linked 
monolayer COFs and establishing a new paradigm for electric-field-mediated interfacial molecular 
engineering3. Moreover, through a guest-molecule stabilization strategy, the on-surface synthesis of 
chemically heterogeneous COF-on-COF bilayers was successfully achieved. High-coverage and continuous 
monolayer and bilayer COFs were directly integrated into vertical device architectures, demonstrating that 
molecularly defined heterogeneous interfaces can exert pronounced control over device performance. 
Together, these studies systematically demonstrate the synergistic advances in interfacial synthesis, structural 
regulation, and functional applications of monolayer COFs, laying a solid foundation for mechanistic 
investigations and device-oriented applications of two-dimensional organic framework materials. 

 
 

Figure 1. Surface COF integrated into a memristive device. 
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Spirocompounds are versatile organic architectures in which two cyclic units are connected through a central 
tetrahedral atom, enabling the integration of distinct ˊȤconjugated fragments through a nonȤconjugated 

spirocentre. Among carbonȤbased spirocompounds, spirobifluorene (SBF) is a well-stablished system, found 
as part of commercial and widely used hole transport layer and many other applications. However, its analogue 
containing only six-membered rings remains almost unknown.1,2 Introducing two benzylic positions into SBF 
yields dihydrospirobisanthracene (SBA) scaffold, a largely underexplored platform that offers new 
opportunities for ˊȤextension and functional diversification. 
 
We exploit SBA to develop the first allȤcarbon spiroȤlinked tetraphenylethene (TPE) hybrids. Given the 
wellȤestablished aggregationȤinduced emission (AIE) properties of TPE, this design enables the construction 

of dualȤTPE SBA derivatives, whose optical properties were examined in solution, aggregates, films and the 
solid state. 
 
Moreover, the intrinsic axial chirality introduced in SBA-SBA hybrids allows access to chiroptical properties. 
Enantiomerically pure samples exhibit measurable circularly polarized luminescence (CPL) across multiple 
environments, including aggregates, dispersions, films and single crystals. 
 
CPL imaging3 was further used to visualize circularly polarized emission from crystals at the microscale, 
representing one of the few organic systems characterized by this technique. These results highlight SBAȤTPE 
hybrids as promising scaffolds for nextȤgeneration chiroptical and AIEȤactive materials. 
 

       
 

Figure 1. Structure of SBA-TPE hybrids and their circularly polarized luminescence imaging 
  
 
 
 
References 
1. M. Lv, Y. Yu, M. E. SandovalȤSalinas, J. Xu, Z. Lei, D. Casanova, Y. Yang, J. Chen, Angew. Chem. Int. 
Ed., 2020, 59, 22179. 
2. K. Hasebe, K. Itami, H. Ito, Org. Lett., 2025, 27, 11832. 
3. P. Stachelek, L. MacKenzie, D. Parker, R. Pal, Nat. Commun. 2022, 13, 553. 
 
 
 
 
 
 
 
  

mailto:cmorenoc@ugr.es
mailto:cmorenoc@ugr.es


 

In Search of Antiaromaticity in Molecular Nanographenes 
 
V. Pastor-Marcos,a P. Izquierdo-García,a and N. Martína,b * 
a, Departamento de Qu²mica Org§nica I, Facultad de Ciencias Qu²micas, Universidad Complutense, 28040 
Madrid, Spain. 
b, IMDEA-Nanociencia, C/Faraday, 9, Campus de Cantoblanco, 28049 Madrid, Spain. 
Presenting author email address: victpast@ucm.es   
Corresponding author email address: nazmar@ucm.es 
 
Molecular nanographenes constitute well-defined graphene fragments whose size, topology, and electronic 
structure can be precisely tuned through bottom-up synthesis. This level of structural control has enabled 
strategies such as ˊ-extension, heteroatom incorporation, and the introduction of non-hexagonal rings to tailor 
their optoelectronic behaviour.1 Beyond these established approaches, the integration of antiaromatic units 
has recently emerged as a promising strategy to modulate electronic properties by narrowing the frontier-
orbital energy gap and consequently altering the global optical and electronic response.2 
 
Herein, we report the synthesis of molecular nanographene 1, featuring a central dibenzo[a,e]pentalene unit, 
an eight- -́electron antiaromatic motif (highlighted in yellow), covalently fused to two hexa-peri-
hexabenzocoronene (HBC) subunits (in green).  
 
The molecule is assembled through a four-step synthetic sequence. Starting from the dibrominated 
dihydroindenoindenedione 2, a double nucleophilic addition of a substituted magnesium bromide reagent, 
followed by intramolecular dehydration furnishes the substituted antiaromatic dibromodibenzopentalene 3. 
Subsequent twofold Sonogashira cross-coupling with 4-tert-butylphenylacetylene affords the bis(arylethynyl) 
intermediate 4. This compound undergoes a double Diels-Alder cycloaddition with tetraarylcyclopentadienone 
5, generating the bis(pentaryl)dibenzopentalene framework 6 via CO extrusion. Finally, oxidative Scholl 
cyclodehydrogenation establishes twelve new C-C bonds, completing the extended ˊ-system while preserving 
the embedded antiaromatic core. 
 
The optoelectronic properties of nanographene 1 were investigated by UV-vis absorption spectroscopy, 
fluorescence spectroscopy, and cyclic voltammetry, providing insight into how the embedded antiaromatic 
pentalene unit modulates the electronic structure and optical response of the extended ˊ-conjugated 
framework. 
 

 
 

Figure 1. Stepwise synthesis of nanographene 1 incorporating a central antiaromatic pentalene unit. 
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Life is characterized by a dynamic, non-equilibrium state of matter driven by constant energy flux 

and dissipation. In cells, such an active state of matter is maintained primarily by NTPases (N = A 

or G) which transduce the energy stored in the phosphodiester bonds of ATP and GTP into other 

chemical or mechanical forms. For example, cytoskeletal assemblies such as actin filaments and 

microtubules create motion and mechanical force through NTP-fueled polymerization and 

depolymerization, enabling cells to rapidly respond to spatiotemporal changes in the environment 

and powering processes such as cell division and motility. While there have been great advances 

in the design of complex protein architectures, the design of dynamic, non-equilibrium protein 

assemblies powered by external energy input has been largely out of reach. Toward addressing 

this challenge, we have taken two different routes: 1) re-engineering ATP-dependent enzymes into 

ATP-dependent self-assembly systems and 2) leveraging synthetic, chemically tunable interactions 

to control protein self-assembly. In this presentation, I will summarize some of our recent efforts in 

this area. 
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Achieving chemical stability while retaining conformational flexibility in peptide-based porous materials remains 
a major challenge. Here, we introduce a modular synthetic platform based on bispyrazolate amino acid 
dipeptides that enables the integration of short peptides into chemically robust pyrazolate frameworks. The 
amino acid side chain dictates both the dimensionality and adaptive response of the resulting networks, 
allowing the formation of three-dimensional (MUV-A) or layered two-dimensional (MUV-F and MUV-Y) 
structures. Solvent-induced transformations reveal a continuum of dynamic behaviours, from flexible 
reopening to selective switching, governed by the interplay between backbone conformational freedom and 
host-guest interactions. This approach establishes a general strategy to design chemically stable, adaptive 
peptide-based frameworks bridging reticular chemistry and molecular recognition. 
 

 
 

Figure 1. Structural transformations in pyrazolate peptide frameworks upon solvent removal, illustrating the 
adaptive response of MUV-A, MUV-F, and MUV-Y. The original open structures are shown with transparency 
to facilitate comparison with the corresponding closed phases. 
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Dimensionality reduction profoundly reshapes the phase landscape of crystalline materials, enabling 
access to emergent states that are inaccessible in the bulk.1,2 While this phenomenon is well established for 
inorganic two-dimensional (2D) systems, its extension to molecular crystals remains largely unexplored. Here, 
we report dynamic molecular tessellations constructed from shape-persistent triangular metalïorganic 
polygons (MOPGs) that navigate multiple crystalline phases through solvent-controlled modulation of the 
energy landscape. 
 

We synthesized a triangular MOPG by assembling Rh-based paddlewheel units with linear organic 
dicarboxylic linkers (H2L). Single-crystal X-ray diffraction (SCXRD) experiments revealed the formation of 
double-walled, triangular shape-persistent molecules with the composition of Rh6L6. The resulting MOPGs 
crystallized in two distinct square and hexagonal tessellations by carefully changing solvent conditions. The 
MOPG molecules interact via directional van der Waals interactions mediated by their ligands in both 
tessellated phases. These two crystalline phases are reversibly interconvertible via solvent exchange, 
proceeding through translational dynamic rearrangements of the triangular MOPG units while preserving long-
range crystallinity. Removal of the guest molecules from either phase yields a crystalline activated phase. 
Three-dimensional electron diffraction analysis revealed that this activated structure adopts a distorted square 
tessellation. Owing to the intrinsic cavity of the MOPG building block, the activated phase retains permanent 
porosity. Nitrogen sorption measurements at 77 K exhibit a type I isotherm, with a gas uptake of 212 cm3 g-1 
at P/P0 = 0.8, representing the highest value reported for a macrocyclic material.3 

 
Dimensionality reduction yields nanometer-thin crystalline sheets, thereby creating a new 

supramolecular phase that is inaccessible in bulk crystals. This new supramolecular phase exhibits gas-
induced in-plane rearrangements manifested as stepwise adsorption and reversible structural transitions. 
These results demonstrate that dimensional reduction unlocks responsive crystalline states unique to 2D 
molecular materials. 
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Hostïguest mechanisms have been extensively exploited for molecular recognition, as well as for the selective 
separation and encapsulation of guest molecules. The design and selection of suitable porous hosts have, in 
most cases, relied on complementary size and charge considerations, with primary emphasis placed on 
intrinsic interactions within the cavity of macrocycles or cage-like structures. Recent advances, however, have 
demonstrated that extending hostïguest interactions beyond the cavity into the extrinsic environment of the 
host reveals a compelling set of molecular descriptors, enabling previously unexplored modes of recognition 
and interaction. In this presentation, we examine a diverse class of supramolecular hosts, spanning two-
dimensional macrocycles to three-dimensional cages, which exhibit both intrinsic and extrinsic hostïguest 
interactions. These systems have been successfully applied to the separation of hydrocarbons and isomers 
from crude oil, as well as to the development of smart recognition elements in polymer composites for sensing 
and soft robotics applications. We demonstrate that a comprehensive understanding of hostïguest interactions 
can facilitate the development of functional materials aimed at addressing energy-intensive separations and 
water purification challenges, thereby contributing to a more sustainable society. Ultimately, advancing our 
understanding of the full spectrum of supramolecular interactions will enable more effective integration of 
molecular building blocks for the design and fabrication of next-generation sustainable and intelligent materials. 
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Molecular-Strain Engineering (MSE) involves the application of strain within molecules resulting from 
geometric size incompatibility, thereby inducing precise and adjustable strained conformations within the 
molecules themselves. These strained conformations are expected to exhibit unique properties different from 
nonstrained ones in regulating molecular physical and chemical properties, supramolecular assembly, 
controlling chemical reaction processes, and selectivity. The key scientific issue addressed by molecular-strain 
engineering is to explore the rules and mechanisms of strain regulation on molecular behavior and properties. 
Based on the strategy of molecular-strain engineering, our work uses strain as a regulatory means. Through 
the development of strain molecular systems represented by molecular bows (bow-shaped strained 
macrocycles), we mainly focus on three core areas: (i) inducing multi-dimensional superstructure hierarchical 
assembly through strain1,2; (ii) precisely controlling reaction processes and selectivity using strain3; and (iii) 
adjusting the physical and chemical properties of molecules with strain4-6. Our research indicates that the 
strategy of molecular-strain engineering can achieve goals and construct functionally novel materials that are 
difficult to achieve by conventional means, providing experimental evidence and theoretical basis for further 
understanding the regulation mechanism of strain. 
  
 
 
 
References 
1. M. Tang, Y. Liang, X. Lu, X. Miao, L. Jiang, J. Liu, L. Bian, S. Wang, L. Wu, Z. Liu, Chem 2021, 7, 2160. 
2. K. Liang, Y. Liang, M. Tang, J. Liu, Z.-B. Tang, Z. Liu, Angew. Chem. Int. Ed. 2024, 63, e202409507. 
3. L. Jiang, Z. Peng, Y. Liang, Z.-B. Tang, K. Liang, J. Liu, Z. Liu, Angew. Chem. Int. Ed. 2023, 62, 
e202312238. 
4. L. Wu, M. Tang, L. Jiang, Y. Chen, L. Bian, J. Liu, S. Wang, Y. Liang, Z. Liu, Nat. Synth. 2023, 2, 17. 
5. S. Wang, M. Tang, L. Wu, L. Bian, L. Jiang, J. Liu, Z.-B. Tang, Y. Liang, Z. Liu, Angew. Chem. Int. Ed. 
2022, 61, e202205658. 
6. Z.-B. Tang, L. Bian, X. Miao, H. Gao, L. Liu, Q. Jiang, D. Shen, L. Xu, A. C.-H. Sue, X. Zheng, Z. Liu, Nat. 
Synth. 2025, 4, 922. 
 
  

mailto:liu@westlake.edu.cn


 

Organic Mixed Ionic Electronic Conductors Nanochannels fabrication 
for Vertical Electrochemical and Ionic Transistors 

Francesco Decataldo,*a Chenhong Zhang,b,c Lorenzo Margotti,b Alberto Piccioni,b Hongzhi Wang,c 
Beatrice Fraboni,b Yaogang Li,c Tobias Cramerb  
a Department of Medical and Surgical Sciences (DIMEC), University of Bologna, Via Pelagio Palagi 9, 
40138, Bologna, Italy 
b, Department of Physics and Astronomy (DIFA), University of Bologna, Viale Berti Pichat 6/2, 40127, 
Bologna, Italy. 
c College of Materials Science and Engineering, Donghua University, Renmin Road 2999, Shanghai, 
201620, Peopleôs Republic of China 

Presenting and corresponding author email address: francesco.decataldo2@unibo.it  
 
Thin films of organic mixed ionic electronic conductors (OMIECs) constitute the functional layer in organic 
electrochemical transistors (OECTs), organic bioelectronic transducers and other ionic-electronic devices. The 
thin-film configuration constrains devices to be fabricated on impermeable substrates in the form of 2D 
microstructures with lateral electrodes to drive an electronic current through the thin film. In order to alleviate 
such constraints, novel OMIEC deposition methods are needed that produce alternatives to thin-film devices 
and that are compatible with permeable substrates and electronic transport in the vertical direction. Here 
OMIECs filled nanoporous membranes are introduced as functional layer in devices with mixed ionic electronic 
transport. Electropolymerization of ethylenedioxythiophene (EDOT) monomers is used to fabricate OMIEC 
filled nanochannels. Electronic and ionic transport through such nanochannels are investigated and 
modulation of electronic as well as ionic carrier density by action of a third gate electrode is demonstrated. The 
novel OMIEC nanochannels enable the innovative fabrication of vertical OECTs with high transconductance 
and organic ionic transistors using only additive fabrication methods.1 
 

 

Figure 1. Investigation of the electronic transport of the OMIEC-filled nanopores and its current modulation 
and transconductance values when used as the channel for an organic electrochemical transistor.  
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INTRODUCTION:  

Polyurethanes coatings are formed through the step-growth polymerization reaction between polyols and 
diisocyanates. However, the use of isocyanates poses significant health and environmental risks due to their 
inherent toxicity [1]. Consequently, significant research has been directed toward developing alternative 
synthetic pathways for the production of non-isocyanate 
polyurethanes (NIPUs), using safer and more sustainable 
raw materials [2]. The transurethanization reaction of 
dicarbamates with diols makes possible to obtain materials 
similar to conventional polyurethanes and in addition 
conventional bio-based polyols can be used. However, this 
is not an industrially relevant reaction because of the 
difficulties in obtaining high molecular weight. 
Consequently, there is a growing interest in the valorisation 
of NIPUs that can be done via the design of NIPU hybrids 
such as non isocyanate/acrylate coatings (NIPUA).   

In this context, in this work [3] the transurethanization 
reaction was used to synthesize two different molecular 
weight (meth)acrylic-terminated NIPUA prepolymers. These 
NIPU prepolymers were blended with commercial 
diacrylates, and cured by UV irradiation. This strategy allowed modulation of mechanical and adhesion 
properties and resulted in coatings that closely resemble conventional isocyanate-based polyurethane/acrylic 
systems, but are produced via a more sustainable, isocyanate-free approach (Figure 1).  

RESULTS AND DISCUSSION:  

NIPUAs were synthesized and characterized by FTIR and ¹H-NMR (Figure 2) and subsequently blended with 
commercial acrylate monomer. The photocuring process under 
UV irradiation studied by FTIR and photo-DSC proceeded 
efficiently reaching almost total conversion. 

The incorporation of methacrylated NIPU oligomers into the 
formulations allowed modulation of key mechanical properties. 
Formulations with high oligomer content resulted in flexible 
materials, while those with lower oligomer content produced more 
rigid materials. The materials exhibited outstanding resistance to 
a wide variety of solvents, with no visible changes to their 
surfaces, and good adhesion to pine wood substrates. The 
hardness increased with the acrylic content of the coatings.  

CONCLUSSION:  Good coating properties underscore their 
potential to replace conventional isocyanate-based 
polyurethane/acrylate hybrids. 
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               Figure 1: Scheme of the process. 

 

 
Figure 2: NMR spectra of the Polymers. 
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Access to polymers from renewable resources with good biodegradability and properties that match the fuel-
based polymers is of great interest. A type of polymers that have attracted a lot of attention are polyesters 
derived from cyclic esters such as lactide or caprolactone, since those can be bio-based monomers and their 
polymers may be biodegradable and biocompatible with a wide range of applications.1 Furthermore, those with 
chirality, such as poly-L-lactic acid (PLLA) could present piezoelectric properties. Piezoelectric materials can 
be applied to build piezoelectric energy harvesters (PEHs) as promising independent renewable power 
sources for low-power electronic devices.2 

PLA and other polyesters can be produced from the catalytic Ring-Opening Polymerization (ROP) of the 
corresponding cyclic ester. Metallic complexes exhibit a great ability to exert a high control over the ROP 
process to give polymers with high molecular weight and adequate polydispersities. We are focused on the 
preparation of main group metal catalysts for Ring Opening Polymerization (ROP) of cyclic esters. Within main 
group metals, aluminium stands out due to its abundance and well-known catalytic properties. As well the alkali 
metals Na and K, are particularly attractive not only for their abundance but also for their low toxicity. We have 
prepared a series of aluminium and alkali metal complexes with phenoxide ligands bearing different 
substituents in the aromatic rings to assess their influence on the catalytic activity and on the microstructure 
of the final polymer.3-4 These compounds are very active in catalytic ROP and ROCOP processes of several 
cyclic esters including lactones quite reluctant to polymerized such as ɓ -butyrolactone. As well, we explored 
organocatalysts for the ROP of cyclic esters, in particular, N-heterocyclic carbene and carbodiimide betaines 
(NHC-CDIs),5 which have shown to be efficient catalysts although via an alternative mechanism that leads to 
different microstructures. In this communication, the application of these catalytic systems is described for the 
ROP of different cyclic esters with the aim of obtaining bioplastics and hybrid composites with advanced 
properties such as piezoelectricity (figure 1). 
 

 
Figure 1. Catalytic ROP to produce bioplastics and hybrid composites with advanced properties  
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Over the past two decades, the proliferation of consumer electronics has dramatically increased demand for 
semiconducting materials and the energy required to power them. Whereas households once relied on a 
limited number of devices, modern consumers now use multiple interconnected technologies, placing growing 
strain on material resourcesðparticularly those based on scarce inorganic semiconductors. Organic 
semiconductors have emerged as promising alternatives due to their tunable properties and potential for low-
cost, scalable fabrication. 
 
Organic semiconductors, comprising conjugated polymers or small molecules with extended ˊ-systems, 
exhibit highly adaptable electronic, optical, and thermal characteristics. These features make them attractive 
for applications in transistors, photovoltaic devices, and organic light-emitting diodes (OLEDs). However, 
several challenges remain before their widespread implementation in commercial technologies can be realized. 
 
Our research focuses on the design and synthesis of novel organic semiconductors derived from low-cost and 
readily accessible starting materials. By leveraging the synthetic versatility of ˊ-conjugated systems, we have 
developed new aromatic building blocks that enable precise control over material properties. This strategy has 
yielded wide-bandgap materials for OLED applications and narrow-bandgap systems for organic 
photovoltaics.1-3 These results demonstrate the potential of our approach to advance next-generation organic 
electronic materials. 
 
 
 

 
 

Figure 1. Generic structure of a BBO cruciform. 
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Structurally precise ˊ-conjugated macrocycles and related carbon-rich architectures provide exciting 
opportunities for understanding how molecular structure governs electronic, photophysical, and 
supramolecular behavior. Our group has been interested in the development of synthetic methodologies that 
enable access to strained conjugated systems with controlled size, topology, and functionality. These efforts 
have led to a broad range of nanohoop-based materials and assemblies with unusual optical, redox, and hostï
guest properties. In this presentation, I will discuss recent advances from our laboratory involving the synthesis 
and study of functional nanohoop architectures. More broadly, this work highlights how synthetic chemistry 
can be used to construct complex carbon-based architectures with atomic precision while uncovering new 
structureïproperty relationships relevant to organic materials, supramolecular chemistry, and nanoscience. 
 
 
 

 
 
 
 
 
 
 
 
 

 
Figure 1. Mechanically Interlocked Nanohoops 
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One reaction, six nanohoops: Mechanistic insights into the unexpected 
structural diversity of nanohoops 
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Nanohoops are the cyclic association of ˊ-conjugated units to form a hoop-shaped molecule. Due to their 
unique structure, these macromolecules display specific properties and have attracted considerable interest 
from the chemistry community, including the leading groups of Esser,1 Itami2 and Jasti.3 Their complex 
architecture inducing a high ring strain makes them very difficult to synthesize. One strategy consists in 
synthesizing an unstrained square-shaped tetraplatinum complex as a key intermediate by transmetalation of 
a bis-borylated ˊ-conjugated unit in stoechiometric amount with PtCl2(cod), followed by a reductive 
elimination.4  In a previous study, we used a sequential approach for the transmetalation step involving two 
different fragments, aiming to synthesize a nanohoop alternating fluorenone and carbazole units.5 To our 
surprise, we obtained four different nanohoops with varying numbers and arrangements of these two 
fragments. In this presentation, we will report our theoretical and experimental studies, which provides 
interesting finding to explain the mechanism at the origin of the synthesis of all the nanohoops. Unravelling 
such a type of reaction appears of significant interest to develop efficient molecular tools, which can improve 
the diversity of the nanohoops. 

 
 

Figure 1. Diversity of the synthesized nanohoops  
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Stimuli-responsive materials based on molecular switches, introducing life-like properties such as adaptive 
behavior in an aqueous environment, are fascinating, providing numerous opportunities to control functions 
and enable future applications like actuators and soft robotics. Light-responsive molecular systems are 
receiving particular attention, due to the non-invasive stimulus and distinctive spatio-temporal control possible 
with photoswitches. In contrast, redox-switching is quantitative, non-volatile and associated with significant 
changes in material properties, but lacks spatio-temporal precision. Herein we address this challenge in the 
first proof-of-principle demonstration of light-gated redox switching of polymer hydrogel materials, thereby 
combining the advantages of both strategies.1 We present a unique approach where irradiation controls the 
intrinsic redox properties of the system. This is enabled by the reversible and versatile light- and redox-
responsive bisthioxanthylidene switch2-5 embedded in a polymer hydrogel, whose two-electron oxidation 
potential is strongly modulated by light. As a result, oxidation of the material, which is associated with large 
changes in color, fluorescence, swelling and actuation can be carried out in water with high precision in space 
and time by photo-masking. This light-gated redox-patterning of the material can be exploited for numerous 
functions including, as demonstrated here, complex motion and reversible surface texturing. 

 

 

Figure 1. Overview of BTX switching and its integration into hydrogels. a) Multistate redox- and light-driven 
switching of BTX. b) Schematic representation of the combination of redox- and light-driven switching of a 

BTX-containing hydrogel enabling a unique exploitation of the advantages of both approaches. Specifically, 
light-gated redox switching is associated with high spatio-temporal control (light) and non-volatile large-

magnitude actuation (redox). 
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Cycloparaphenylenes (CPPs) have attracted considerable interest owing to their cyclic architecture and unique 
photophysical properties. Their intriguing optoelectronic characteristics make these nanorings attractive motifs 
for novel functional materials and supramolecular sensors.1ï3 Moreover, CPP derivatives are increasingly 
emerging as versatile building blocks in transition-metal complexes, as the incorporation of these nanoring 
frameworks provides an attractive strategy to unite the unique properties of cycloparaphenylenes with the rich 
photophysical behaviour and reactivity of metal complexes.4,5 
In this context, meta[6]CPP was incorporated into the core of platinum-acetylide complexes. The latter are 
well-established candidates for applications in organic light-emitting diodes (OLEDs) and photovoltaics, owing 
to their strong photoluminescence, high quantum yields, and long excited-state lifetimes.6ï8 Embedding the 
meta[6]CPP scaffold provides a means to modulate the optical properties of these systems. Moreover, the 
molecular design of these complexes enables the integration of different chromophores within a single 
architecture and brings them into close proximity. The resulting nanoring-based systems were then 
investigated with respect to their photophysical properties. 
 

 

Figure 1. Strategy for the incorporation of meta[6]CPP in a platinum-acetylide framework. 
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Cyclo[n]carbons are planar, ring-shaped molecules composed exclusively of sp-hybridized carbon atoms. 
Over the past decade, significant experimental and theoretical advances have stimulated intense interest in 
these unusual carbon allotropes and their distinctive structural, electronic, and photophysical properties.1,2 In 
particular, theoretical studies have played a key role in elucidating the fundamental chemistry of cyclocarbons 
and predicting their potential applications. Despite this progress, incorporating cyclocarbons into functional 
photochemical architectures remains a major challenge. Recently, Gao et al. reported the synthesis of a hub-
and-spoke [4]catenane based on cyclo[48]carbon,3 representing the first stable supramolecular assemblies 
based on cyclocarbons. 
Building on our extensive theoretical work on cyclocarbon systems4, we designed a donor-acceptor assembly 
C48·3(PDI-CP)·[4]catenane, introducing a new class of photoactive cyclocarbon-based materials. Molecular 
dynamics simulations reveal that the conformational ensemble is dominated by a 2+1 topology, in which three 
PDI-CP macrocycles effectively encapsulate the cyclo[48]carbon ring, providing both structural stabilization 
and optimal electronic coupling. Analysis of the excited states shows that the lowest charge-transfer (CT) 
states involve nearly complete electron transfer from the PDI-CP donors to the C48 acceptor. A polar 
environment further stabilizes the CT state, reducing LE-CT energy gap. Kinetic analysis predicts ultrafast 
charge separation with low activation barriers, while charge recombination is significantly slower and therefore 
noncompetitive. 

 

Figure 1. Structure of designed C48·3(PDI-CP)·[4]catenane and summary of the excited-state processes 

occurring in DCM solvent. 
 
Overall, the combination of structural stabilization, donor-acceptor complementarity, and favorable excited-
state kinetics identifies C48·3(PDI-CP)·[4]catenane as a promising prototype for cyclocarbon-based 
photoactive materials and highlights the potential of such supramolecular architectures for developing 
functional photochemical and optoelectronic systems. 
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With their bent -́system and radially oriented p-orbitals, conjugated nanohoops are intriguing compounds, 
both from the synthetic point of view as well as for electronics applications.[1,2] In this talk I will present on the 
design and synthesis of conjugated nanohoops incorporating antiaromatic panels, of chiral and double 
nanohoops, of redox-active nanohoops as well as on their optoelectronic properties, supramolecular host-
guest studies, charge conduction and application for energy storage in batteries.[3ï8]  
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Historically, innovations in synthetic methods and chemical reactions have transformed how scientists design 
and synthesize molecules and materials. Indeed, novel reactions or synthetic strategies not only enable access 
to previously unattainable structures but also inspire new paradigms for constructing materials that address 
global social, economic, and industrial challenges. 
 
In this talk, I will introduce the concept and recent advances in Clip-off Chemistry. This approach is based on 
the design and synthesis of novel (macro)molecules and materials with well-defined compositions and 
structures via bond cleavage within preformed molecular structures. Clip-off Chemistry thus represents a new 
synthetic methodology in which programmed, selective disassembly leads to the formation of new molecules 
and materials. This molecular disassembly is achieved through chemical reactions; in a first approach, via 
ozonolysis, which enables the cleavage of organic building blocks or linkers through direct breaking of alkene 
or alkyne bonds. In this talk, I will present the fundamental principles of Clip-off Chemistry and recent examples 
of (macro)molecules and structures obtained through controlled bond fission in porous reticular materials. 
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-́Conjugated systems are of great interest owing to their distinctive optoelectronic characteristics. Covalent 
organic frameworks (COFs) constitute a versatile scaffold for the ordered incorporation of functional building 
units into a crystalline, ˊ-conjugated network, enabling property tuning through smart linker design or post-
synthetic transformation.1 A particularly powerful strategy for broadening ˊ-conjugation involves 
cyclodehydrogenation, whereby diketone functionalities within the COF undergo condensation with aromatic 
o-diamines to afford azaacene-integrated COFs displaying improved photophysical behavior.2 Our group has 
demonstrated access to this structural motif via a multicomponent approach, yielding boronic ester-linked 
pyrene-fused azaacene COFs.3 
In this contribution, we report on the ˊ-extension of imine-linked phenanthrenequinone-based COFs via 
cyclodehydrogenation. Systematic optimization of reaction conditions afforded crystalline 
phenanthrenequinone COF. Under these conditions, in situ ˊ-extension was achieved by introducing 
o-diamine compounds during COF formation (Scheme 1). The resulting materials were thoroughly 
characterized to evaluate how ˊ-extension impacts their structural and optoelectronic properties. Finally, their 
performance as photocatalysts was assessed. 

 
 

Scheme 1. Synthesis scheme of ˊ-extended azaacene COFs 
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A central objective of two-dimensional Covalent Organic Frameworks (2D COFs) is the design of functional 
materials whose structural features and properties can be predicted from their constituent molecular units.[1] 
Through the careful selection of building blocks and connecting motifs, these frameworks combine intrinsic 
crystallinity and permanent porosity with advanced properties, such as photoluminescence (PL),[2] enabling 
applications in sensors,[3] and optoelectronic devices.[4]  
We report the synthesis of imine-linked 2D COFs through the systematic integration of [5]helicene linkers and 
complementary pyrene nodes. Using an advanced chiral transimination methodology based on enantiopure 
camphor imines and varying imine or aldehyde functionalities in the initial building blocks, we identify a single 
structural combination that yields an emissive, crystalline, and porous architecture: [5]Heli-TFPPy 2D COF, 
with a high photoluminescence quantum yield (ūf) up to 18.8% for imine-linked solids (Figure 1). The emission 
arises from pyrene-based excimer formation within a highly ordered framework, while the sterically demanding 
[5]helicene units prevent aggregation-caused quenching. These results establish [5]helicene derivatives as 
effective building blocks for all-organic imine-linked emissive 2D systems. 

 

 
Figure 1. Representative rectangular lattices of emissive [5]Heli-TFPPy 2D COFs. 
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Chemical reduction of polycyclic hydrocarbons with different ˊ-extended frameworks allows to fully unravel 
their redox properties, revealing reduction limits, productôs stability, and unique structural transformations.1-3 
Importantly, the use of different alkali metals for reduction reactions can largely stabilize the reduced products 
through metal binding and efficient charge mediation, thus enabling the isolation of highly reactive and highly 
charged carbanions.4,5 In this work, we select several nanocarbon scaffolds with different core topologies for 
probing their chemical reduction behavior. Using various spectroscopic tools coupled with single crystal X-ray 
diffraction, we investigate the electron-accepting behavior and reduction-induced core rearrangements of the 
resulting products isolated as single-crystalline materials. The revealed insights into the outcomes of stepwise 
electron addition accompanied by original electronic and structural reorganization should validate potential 
applications of selected nanocarbon ˊ-systems as emerging energy storage materials.  
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Nanographenes (NGs) have garnered significant attention since grapheneôs first experimental isolation in 
2004. These ˊ-extended aromatic structures exhibit outstanding potential in various applications, including 
energy storage, organic field-effect transistors, organic solar cells, and organic light-emitting diodes. The most 
effective strategies for expanding their scope and fine-tuning their properties include heteroatom doping at the 
periphery or within the polyaromatic core, incorporating non-benzenoid rings, and modifying their edges. Given 
the crucial role of molecular geometry, rational design is essential for tailoring the properties of NGs. Thus, 
selecting appropriate molecular components and controlling steric environments are key to imparting desirable 
features. Despite significant advancements in the bottom-up synthesis of NGs, their structure-property 
relationships remain underexplored. The superhelicene family, composed of helicenes based on hexa-peri-
hexabenzocoronenes (HBC) units, represents a novel class of materials with exciting properties. [1-4] Herein, 
we present a straightforward synthetic route and properties of a contorted aza-hept-superhelicene and 
benzenoid aza-superhelicene, integrating two heptagon-containing HBC and HBC linked via an alkylated 
pyrrole ring. The structures were unequivocally confirmed through comprehensive structural characterization 
techniques. Later, the enantiomers were successfully isolated, enabling a comprehensive assessment of their 
linear, nonlinear, and chiroptical behaviors. Notably, compared to the benzenoid aza-superhelicene molecule 
aza-hept-superhelicene displays an outstanding |glum| value of 4.7×10-3 showing nearly twofold enhancement. 
Furthermore, aggregation-induced emission (AIE) was investigated and olefinated NG exhibits a pronounced 
enhancement of fluorescence upon aggregation. This AIE process is accompanied by aggregation-induced 
circularly polarized luminescence (AICPL), as chiral ˊ-stacked aggregates are formed. Later, we analysed the 
magnetic circular dichroism (MCD) and magnetic circularly polarized luminescence (MCPL) responses of both 
NGs. Altogether, these results underscore the potential of distorted NGs as high-performance optically active 
materials and provide valuable insights into the structure-property relationships governing their behavior.  

 
 

Figure 1. Structural motifs present in the resulting Aza-hept-superhelicene. 
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Graphene nanoribbons (GNRs) with low band gap and strong NIR absorption are potential candidates for 

optoelectronic and biomedical applications. In this context, imide-based GNRs are promising, but there are no 

rational design principles that yield these robust GNRs with strong NIR absorption. Here, we demonstrate a 

rational synthetic route to NIR-absorbing, robust imide-based GNRs by exploring the bay region of 

polyperylene (PP). Using the oxidative Diels-Alder reaction, we have successfully introduced mono and diimide 

functional groups on PP. After cyclodehydrogenation, the resultant GNRs, benzoperylene imide GNR (BPI-

GNR) and coronene diimide GNR (CDI-GNR), show oscillatory edge geometry with strong NIR absorption (up 

to 1000 nm) and optical band gap of ~1.3 eV.  Computational studies also indicate that imide substituents play 

an important role in fine-tuning the optoelectronic properties of GNRs. Moreover, these GNRs are solution-

processable and can be made into thin films via spray coating. Owing to strong NIR absorption and imide 

substitutions, BPI and CDI-GNRs exhibit good photothermal conversion and excellent cyclic stability. 
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The incorporation of heteroatoms into aromatic frameworks represents a powerful strategy for tuning the 
electronic and functional properties of ˊ-conjugated systems. Among these, phosphorus-containing aromatics 
are particularly attractive due to the unique electronic characteristics of the phosphorus atom, its variable 
oxidation states, and its ability to participate in coordination chemistry.1 Nevertheless, phosphorus atoms 
embedded directly within aromatic or polyaromatic scaffolds remain relatively uncommon, mainly because of 
the synthetic challenges associated with constructing phosphorus heterocycles. As a result, their potential in 
functional materials and optoelectronic applications has been only partially explored. 
 
In this contribution, we present several new synthetic strategies that enable efficient incorporation of 
phosphorus into polycyclic aromatic systems.2ï4 Our approach relies primarily on intramolecular cyclization of 
alkynyl phosphinates, which provides versatile access to phosphinine-containing frameworks embedded in 
extended ˊ-systems. Using this concept, we developed scalable methods for the preparation of 
phosphanaphthalenes and related phosphorus-containing polycyclic aromatics, including helicene  and 
phenacene derivatives featuring a terminal phosphinine ring. Complementary catalytic approaches further 
expand the accessible structural diversity, enabling the synthesis of new nitrogen-containing phosphorus 
heterocycles. 
 
The resulting compounds allow systematic investigation of the role of phosphorus within conjugated aromatic 
systems. Incorporation of a phosphorus heterocycle significantly affects conjugation, frontier orbital energies, 
and redox behavior while enabling further derivatization. These results highlight phosphorus-embedded 
aromatics as a versatile yet underexplored platform for the design of functional ˊ-conjugated molecules with 
tunable optoelectronic properties. 
 
 

 
 

Figure 1. Straightforward approach towards phosphorus atom containing polycyclic aromatic compounds 
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The incorporation of boron into conjugated organic molecules has emerged as a powerful strategy to elicit 
valuable optical and electronic properties which cannot be observed with the analogous all-hydrocarbon 
systems. We have explored new synthetic methods to incorporate boron into 5-membered ring heterocycles, 
which include the synthesis of diazoboranes as unusual borylating reagents. Part 1 of this lecture will cover 
the reactivity profile of neutral and anionic diazoboranes, illustrating how control of the steric and electronic 
properties of the stabilizing carbene ligand dictates product formation and selectivity.[1-3] In addition to these 
pursuits, we have recently investigated the stabilization of cationic boron heterocycles (i.e., borenium ions) for 
use as luminescent materials. Part 2 of this lecture will cover their emerging properties as stimuli-responsive 
materials with aggregation-induced emission (AIE) behavior.[4-6] 
 
 
 

 

 
 

Figure 1. Example borenium ion emitter. 
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COFs gone wild: tracking polymorphic structures? 
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Periodic organic structures, like Covalent Organic Frameworks (COF) 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.1,2 However, despite their reticular and seemingly 
modular nature, accurately predicting their detailed structures using ab initio methods could be challenging. 
Conformational flexibility and their periodicity make it difficult to predict global minima. Tigh binding and Density 
Functional Theory allow us to rank relative stability of sample conformations and refine their geometry. 
However, the computational cost of repeated electronic structure calculations restricts efficient sampling of 
candidate frameworks at reliable levels of theory. How to meet these challenges and identify energetically 
competitive COF polymorphs?  
 
 

 

Figure 1. Troubles with predicting structure of Covalent Organic Frameworks. What connectivity is the final 
structure, what 2D stacking is best? 
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Carbon-based nanomaterials have emerged as promising platforms for biomedical applications due to their 
unique electronic, optical and structural properties.1 Among them, molecular nanographenes have attracted 
growing interest as photoactive materials due to their strong light absorption and ability to generate reactive 
oxygen species, making them promising candidates as photosensitizers for photodynamic therapy.2 However, 
their practical application in biological environments is significantly limited by their poor solubility in aqueous 
media and their strong tendency to aggregate. 
To overcome these limitations, the introduction of hydrophilic functionalities represents an effective strategy to 
improve water solubility while preserving the photoactive properties of the nanographene core. 
Glycofullerenes, fullerene derivatives decorated with multiple carbohydrate units, have emerged as highly 
water-soluble nanostructures with excellent biocompatibility and the ability to interact with biological systems 
through multivalent carbohydrate recognition.3 
Herein, we report the design and synthesis of hybrid systems in which hydrophobic HBC nanographenes are 
covalently conjugated to hydrophilic glycofullerenes, giving rise to amphiphilic structures capable of forming 
nanoassemblies in aqueous media. The resulting conjugates exhibit fluorescence emission and efficient 
singlet oxygen generation. The presence of the nanographene core may also facilitate the transport of 
hydrophobic drugs through ˊḯ  interactions with the HBC surface, while the glycofullerene functionalized with 
glucose can act as a target unit for tumoral cells that overexpress glucose transporters (GLUT). Altogether, 
these properties position these amphiphilic nanostructures as promising candidates for future theranostic and 
drug delivery applications. 
 

 
 

Figure 1. Water-soluble nanographene derivatives for biomedical applications. 
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Polycyclic aromatic hydrocarbons (PAHs), also known as polyarenes, are distinguished carbon-based 

molecules with exceptional properties that are of significant interest in the field of functional materials. There 

has been an increasing focus on the synthesis of three-dimensional PAHs and nanographenes, which exhibit 

novel characteristics compared to their two-dimensional counterparts.1 In this regard, the triptycene core 

serves as a valuable building block for the development of these non-planar PAHs.2 

Our research group has extensive experience in the bottom-up synthesis of large polyarenes and 

nanographenes.3 Building on this expertise, we present our efforts to adapt these synthetic methodologies to 

the synthesis of non-planar polyarenes based on triptycene core, such as the triphenylene derivative shown 

in Figure 1, bearing nine triptycene moieties. 

 

 
 

 
Figure 1. Triptycene-based polyarene 
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The advancement of quantum information sciences (QIS) depends on the development of suitable qubits. 
Molecular qubits (and qudits) are of great interest because of their tunability and scalability.1,2 One approach 
to fully organic qubits is the use of photogenerated chromophoreïradical pairs.  
 
Upon excitation, a tripletïradical pair can form and, depending on connectivity, yield either a quartet (i.e., a 
high-spin state) or a spin-polarized radical. Such species are prototypical molecular qubits for QIS 
applications.3 
 
Until recently, it was assumed that covalent bonds were necessary for spin mixing (formation of quartet states). 
We have shown that a supramolecular triple hydrogen-bonding motif linking a chromophore and a stable 
radical can equally enable spin mixing.4 
 
Here, we discuss how we assess spin communication in photo-generated chromophoreïradical pairs using 
transient Electron Paramagnetic Resonance (trEPR) spectroscopy, and expand on the generality of using 
supramolecular chemistry to access photo-generated qubit candidates. Supramolecular chemistry offers 
inherent advantages, such as combinatorial screening of different chromophoreïradical pairs. The fact that 
spin mixing occurs through non-covalent bonds is a step forward in QIS and opens broad perspectives. 
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Traumatic brain injury (TBI) affects more than 55 million individuals annually and remains a major cause of 
mortality and long-term disability1. Intracranial pressure (ICP) monitoring is critical for the management of 
severe TBI; however, existing invasive systems are costly, mechanically rigid, and associated with risks of 
infection and surgical complications.2 Herein we have developed bio-based, bioresorbable, and 3D printable 
conductive hydrogels composed of poly(3,4-ethylenedioxythiophene) (PEDOT) combined with three different 
biopolymers. Among these, PEDOT:ə-carrageenan (PEDOT:CAR) was formulated into a photo-crosslinkable 
ink and transformed into shape-defined electroactive scaffolds using digital light processing (DLP) 3D printing. 
The resulting hydrogels exhibit high electrical conductivity, mechanoresponsive behavior, and shape-memory 
properties suitable for pressure sensing applications. Biodegradation studies performed in phosphate-buffered 
saline (PBS), Ŭ-amylase, and glucose oxidase (GOx) solutions show up to å55% mass loss over 60 days. 
Moreover, the hydrogels were evaluated in vivo as implantable bioelectrodes in a living porcine model, 
demonstrating mechanical integrity, signal responsiveness, and suitability for implantation in the brains.3  
 

 
Figure 1. (a). Schematic representation of the additive manufacturing of PEDOT:CAR hydrogels via DLP 3D printing, (b). 
Immunofluorescence images of neuronal cells growth on the 3D printed porous scaffolds, TUJI (green), (c). Enzymatic degradation of 3D 
printed brain-shaped PEDOT:CAR hydrogels, and (d). Schematic representation of in-vivo pressure sensing performance of 3D printed 
PEDOT:CAR hydrogels 
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The design of para-hexa-peri-hexabenzocoroneneïtetraphenylethene (TPEïHBC) is based on combining 

within a single molecular structure two scaffolds highlighted for their luminescent properties: tetraphenylethene 

(TPE) and hexa-peri-hexabenzocoronene (HBC) (Figure 1). The molecular nanographene has been 

synthesized following a classical synthesis of these systems through Sonogashira coupling, followed by [4+2] 

Diels Alder reaction with a final Scholl cyclodehydrogenation. During the synthetic process, TPEïHBC was 

found to exhibit aggregation-induced emission (AIE), similarly to related polycyclic aromatic systems such as 

tetrahedraphene.1 Preliminary photophysical investigations were therefore performed to evaluate this 

behaviour. Emission spectra were recorded by varying the ratio between a good solvent (THF), promoting 

molecular solubilization, and an anti-solvent (water), inducing aggregation. At pure THF content, the emission 

profile resembles similar to the isolated HBC, with a sharp maximum at ca. 475 nm and a secondary band at 

ca. 500 nm. Increasing the water fraction leads to a bathochromic shift, changes in the spectral profile, and a 

marked enhancement of the emission intensity with a broad emissive band appearing at 560 nm. These results 

are consistent with aggregation-induced enhanced emission (AIEE) behaviour. 

 

 

Figure 1. (a) Chemical structure of TPE-HBC; (b) Emission spectra of different THF/H2O solution maintaining 

constant the concentration of TPE-HBC at 1³10-6 M. 
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Thermally activated delayed fluorescence (TADF) materials have attracted considerable interest as emitters 
for OLEDs because they enable harvesting light from triplet excitons by up converting them into singlets 
through reverse intersystem crossing. This mechanism allows theoretical internal quantum efficiencies of 
100%.1 Donor-acceptor-donor (D-A-D) architectures are particularly suitable for this mechanism as the spatial 
separation of the frontier orbitals reduces the singlet-triplet energy gap (ȹEST) by minimizing the exchange 
integral, and , therefore enabling thermal upconversion.2,3 Another mechanism for triplet harvesting is triplet-
triplet annihilation (TTA), process based on the fusion of two triplets to produce one singlet. Compared to 
TADF, TTA is limited to 62.5% IQE and usually requires high emitter concentration to occur.4  

Herein, we investigate the photophysical properties of a D-A-D emitter based on a dibenzo[a,c]phenazine 
acceptor core functionalized with two carbazole donor units, namely DBPCz. Steady-state spectroscopy 
reveals broad red emission with charge-transfer character and moderate solvatochromism. Time-resolved 
photoluminescence measurements demonstrate delayed fluorescence arising from a combination of TADF 
and TTA. In neat films, DBPCz exhibits deep red emission (615 nm) while maintaining relatively high 
photoluminescence quantum yields (40%). Additionally, DBPCz displays mechanochromic behaviour, with 
different emissive forms obtained upon grinding or solvent vapour exposure, leading to variations in 
photoluminescence maxima between 597 and 637 nm. These results highlight the influence of the molecular 
environment on the emissive properties of DBPCz and its potential as a tunable red emitter for optoelectronic 
applications. 

 

     

 

 

 

 

Figure 1. Photoluminescence spectra in different solvents, summary of the mechanochromism and structure 
of DBPCz.  
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Precise control over polymer architecture, amphiphilic balance and interfacial chemistry is pivotal to translating 
sustainable polymers into multifunctional biomedical platforms1. Herein, we propose an integrated strategy for 
the design of bio-based platforms, focused on the structural optimization of polyesters and the development 
of bioactive interfaces.  
The impact of molecular geometry was investigated using star-shaped poly-L-lactide (PLLA) synthesized from 
glycerol or diglycerol (DGly) cores. SAXS analysis revealed that increased branching and molar mass induce 
lamellar aggregation. This suggests that steric hindrance at the DGly core promotes asymmetric arm growth, 
enhancing packing efficiency and partial crystallization. In triple-negative breast cancer cells, Usnic acid (UA)-
loaded DGly star-shaped PLLA modulated integrin 1 expression, highlighting the role of topology in governing 
bio-nano interfacial interactions. 
The influence of the polymer composition on the hydrophilic-hydrophobic balance was further elucidated by 
the development of polyglycerol-derived polyesters, enzymatically synthesized under mild conditions2. 
Specifically, polyglycerol adipate (PGA) and PLLA blends were optimized for UA encapsulation, significantly 
enhancing drug solubility while mitigating hepatotoxicity3. Furthermore, mixed nanosystems combining these 
polyesters with 10,12-pentacosadiynoic acid (PCDA) enable dye-free chromatic nanoparticles for real-time 
biological tracking4. 
To address surface functionalization, we investigated the aminolysis of polyesters to create bioactive 
interfaces. 2D-matrices of PLLA and polyhydroxyalkanoates (PHB, PHB-HV) were functionalized with 
polyfunctional amines, such as hexamethylenediamine (HDA) and tetraethylenepentamine (TEPA) and 
polyallylamine hydrochloride (PAH) to maximize amino group density while preserving structural integrity. 
Notably, PHB-HV modified with polymeric amines (PAH) exhibited a drastic reduction in Staphylococcus 
epidermidis adhesion. These cationic, antifouling surfaces act upon contact without releasing antimicrobial 
agents, offering sustainable solutions for medical devices and food packaging5. 
Collectively, these results demonstrate how the synergy of sustainable chemistry, architectural precision, and 
surface control enables the development of multifunctional materials that bridge the gap between 
nanomedicine and advanced bio-based applications. 
 
References 
  
[1] S. Bochenek et al., Langmuir 39 (2023) 18354ï18365. 10.1021/acs.langmuir.3c02470. 
[2] P.L. Jacob et al., J. Colloid Interface Sci. 641 (2023) 1043ï1057. 10.1016/j.jcis.2023.03.124.  
[3] B. Brugnoli et al., Polymers 16 (2024) 427. 10.3390/polym16030427.  
[4] B. Brugnoli et al., Macromol. Chem. Phys. 226 (2025) e00259. 10.1002/macp.202500259.  
[5] G. Mallamaci et al., Surf. Interfaces 39 (2023) 102924. 10.1016/j.surfin.2023.102924. 
 
 
 
 
 
 
  

mailto:benedetta.brugnoli@uniroma1.it
mailto:benedetta.brugnoli@uniroma1.it
https://doi.org/10.1021/acs.langmuir.3c02470
https://doi.org/10.1016/j.jcis.2023.03.124
https://doi.org/10.3390/polym16030427
https://doi.org/10.1002/macp.202500259
https://doi.org/10.1016/j.surfin.2023.102924


 

Microfibrillar Composites from PBSA/PLA Blends: Effect of Draw Ratio in 
Cold Drawing and Hot Stretching Fibrillation Routes for Sustainable 
Packaging 
 
Johan Garcia, Itxaso Calafel, Itziar Otaegi, Gonzalo Guerrica-Echevarria, Nora Aranburu 
POLYMAT and Department of Advanced Polymers and Materials: Physics, Chemistry and Technology, 
Faculty of Chemistry, University of the Basque Country (UPV/EHU). Manuel de Lardizabal 3, 20018, 
Donostia-San Sebastian, Spain. 

Presenting author email address: johan.garcia@ehu.eus 

Corresponding author email address: Johan Garcia, johan.garcia@ehu.eus 

 
Microfibrillar composites (MFCs) are reinforced polymer materials fabricated through the in situ microfibrillation 
of immiscible polymer blends, whereby the formation of high-aspect-ratio fibril networks imparts significant 
enhancements in mechanical and barrier properties1,2. In this work, poly(butylene succinate-co-
adipate)/poly(lactic acid) (PBSA/PLA) blends at a 70/30 wt.% composition were formulated to exploit the 
complementary nature of both components, with PBSA contributing to ductility and processability while PLA 
provides rigidity and thermal stability, targeting sustainable packaging applications3. Blends were fibrillated via 
twin-screw extrusion followed by cold drawing at varying draw ratios or hot stretching, and subsequently 
isotropized via injection molding and hot-press film consolidation within a temperature window bounded 
between the melting points of both polymers. 
 
Hence, this research focuses on establishing the processing-structure-property relationships governing MFC 
development in this biobased system. Temperature and draw ratio were optimized to maximize PLA microfibril 
formation by either cold drawing or hot stretching. SEM analysis was used to characterize the resulting 
morphology regarding theaspect ratio and alignment of the PLA fibrils (See Figure 1). Tensile testing of both 
injection-molded and hot-pressed film samples was employed to assess stiffness, strength, and toughness. 
Thermal and barrier properties were also evaluated to determine the influence of the fibrillar network on matrix 
crystallization and permeability, providing a comprehensive understanding of this system for sustainable 
packaging applications. 
 

A) B)  
 

Figure 1. SEM micrographs of PBSA/PLA blends after selective dissolution of the PLA phase in 20 wt% 
NaOH, showing the evolution of microfibrillar morphology with draw ratio. At DR 1.2 (A), poorly defined 
reflecting limited deformation of the PLA phase and incomplete fibrillation. At DR 2.8 (B), elongated and 
highly oriented imprints aligned along injection direction confirm the progressive transformation of PLA 

droplets into well-defined microfibrils with increasing aspect ratio and alignment 
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Polycyclic aromatic hydrocarbons (PAHs) constitute a family of organic compounds built from two or more 

fused benzene rings. Introducing ñdefectsò into the ideal spĮ carbon framework, such as heteroatoms, non-

benzenoid rings, or three-dimensional distortions, greatly expands the structural and functional diversity of 

PAHs. Within this class, helicenes have emerged as particularly appealing chiral PAHs due to their notable 

potential applications.1 Among the various synthetic routes to helicenes, aryne cycloaddition strategies have 

been widely employed.2 In this regard, the hexadehydro-DielsïAlder (HDDA) reaction stands out as an 

exceptionally atom-efficient method for aryne generation that avoids the need for additional reagents. 

In 2014, Tobe and co-workers exploited the inherent distortion of strained triyne 1 to promote a transannular 

HDDA process, giving aryne 2, which could be trapped with furan to obtain [5]helicene 3 via a subsequent 

[4+2] cycloaddition.3 Later, in 2021, our group demonstrated this HDDA reaction on surfaces and investigated 

the properties of aryne 2.4 In this communication, we describe our efforts to expand the solution-phase 

reactivity of aryne 2 through diverse cycloadditions with furans, followed by oxygen extrusion to access 

[5]helicene derivatives 4. 
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Molecular nanographenes are nanoscale fragments obtained through bottom-up organic synthesis, allowing 
for atomic precision in size, shape, edge structure, and functionalization.1 This structural definition enables the 
rational modulation of their electronic, optical, and magnetic properties, paving the way for applications in 
organic electronics, photophysics, and emerging quantum materials. By incorporating non-planar structural 
motifsðsuch as helicenes, spirocycles, or non-benzenoid frameworksðthe intrinsic planarity of graphene is 
disrupted, allowing the organization of two fully graphitized layers into well-defined bilayer molecular 
architectures. In these systems, the magnitude and geometry of the interlayer ˊīˊ overlap become the primary 
structural parameters for tuning the electronic gap. 
As demonstrated in helical bilayer nanographenes (HBNGs), the helicene length dictates the stacking mode 
and the number of overlapping benzene rings, enabling fine-tuning of vertical conjugation and through-space 
coupling. This structural foundation gives rise to the "bilayer effect",2 which refers to the through-space 
electronic communication between two stacked nanographene layers. Variations in interlayer distance and 
overlap determine key phenomena, including the stabilization of oxidized states, excimer formation, and 
HOMOïLUMO modulation. In the [9]HBNG, [10]HBNG, and [11]HBNG series (figure 1a), increased overlap 
correlates with lower oxidation potentials, even in systems with less ˊ-extension.3 

Recent studies on donorïacceptor bilayer nanographenes further show how this effect can trigger highly 
efficient intramolecular electron-transfer processes.4 In the spiro-connected nanographene F-spiro-NG (figure 
1b), the assembly of electron-rich and electron-deficient layers facilitates through-space single-electron 
transfer, generating a persistent zwitterionic open-shell state in the ground state. This process results in a 
remarkable enhancement in charge-carrier mobility, demonstrating that the bilayer effect enables the design 
of functional architectures where electron transfer relies on precisely engineered vertical communication rather 
than continuous ů or ˊ bonds. Altogether, these advances position bilayer nanographenes as unique platforms 
for exploring persistent charge-separated states and new applications in optoelectronics and molecular 
spintronics. 

 
Figure 1. Molecular Bilayer Nanographenes 
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Molecular nanohoops are a class of curved ˊ-conjugated systems with a ring-shaped geometry. Since the first 

nanohoop synthesis by Jasti, Bertozzi and co-workers in 20081, tremendous efforts have been put by the 

scientific community to develop and increase our knowledge on these curved molecules2. Thanks to the radial 

orientation of their orbitals, nanohoops display unusual optoelectronic properties in relation to their size, as 

compared with traditional linear ˊ-conjugated molecules3. The size-related evolution of the properties of phenyl 

unit oligomers, whether linear or cycloparaphenylenes, has been well studied in the past years. However, the 

size-related evolution of the properties in ñbridgedò phenyl unit oligomers remains poorly discussed. Our group, 

which has been involved in the development and study of bridged nanohoops such as cyclofluorenes4 or 

cyclocarbazoles5, has started an important fundamental work to compare linear and cyclic carbazole 

oligomers. The goal of this work is to better understand which parameter (size, curvature, ˊ-conjugation 

lengthé) is responsible for change in optoelectronic properties. Herein, we present the synthesis and/or 

characterizations of [4]C-Bu-Cbz, [5]C-Bu-Cbz, [6]C-Bu-Cbz and [3]C-Bu-Cbz (theoretical only), a series of 

nanohoops with a carbazole as the repetitive unit, and their linear counterparts [1]L-Bu-Cbz, [2]L-Bu-Cbz, 

[3]L-Bu-Cbz, [4]L-Bu-Cbz and [5]L-Bu-Cbz, [6]L-Bu-Cbz (both theoretical only). Experimental 

characterizations such as spectroscopy and cyclic voltammetry are discussed as well as an important 

theoretical study performed on the ground, S1 and T1 states of these systems to provide an exhaustive 

comprehension of the evolution of properties in this family of compounds. 

 

 

Figure 2. Structures of the targeted carbazole oligomers (left). Evolution of the experimental HOMO and 

LUMO energy levels determined by electrochemistry for linear (left) and cyclic (right) oligocarbazoles with 

size (ascending and descending size orders respectively for linear and cyclic oligocarbazoles). 
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The development of robust porous materials capable of selectively capturing CO2 from flue gas remains a 
major challenge for carbon capture technologies,1 particularly under humid conditions where competitive 
adsorption with water can significantly reduce performance.2 Metalïorganic frameworks (MOFs) offer a 
promising platform for gas separation owing to their tunable structures and chemical versatility.3 However, the 
role of the metal center in governing CO2/H2O competitive adsorption remains insufficiently understood.4 

 
Here, we investigate two heterometallic titanium-based frameworks, IEF-37(Ca) and IEF-37(Mn), constructed 
from TiïM secondary building units, where the nature of the divalent metal incorporated into the heterometallic 
cluster is systematically varied. Both materials exhibit permanent microporosity with BrunauerïEmmettïTeller 
(BET) surface areas of 630 m² gϖ¹ and 560 m² gϖ¹ for the Ca and Mn analogues, respectively, together with 
exceptional chemical and thermal stability under harsh conditions including hot water, extreme pH 
environments, and temperatures above 350 °C. 
 
COϜ adsorption measurements reveal a pronounced 
metal-dependent behavior. The Ca-containing 
framework exhibits significantly higher CO2 uptake, 
reaching 4.0 mmol gϖ¹ at 298 K and 1 bar, compared to 

2.5 mmol gϖ¹ for the Mn analogue. Breakthrough 
experiments under simulated flue-gas conditions (15% 
CO2/85% N2) further confirm this trend, with dynamic 
capacities of 0.69 mmol gϖ¹ for IEF-37(Ca) and 0.48 

mmol gϖ¹ for IEF-37(Mn). Under humid conditions (65% 
RH), the Ca-based framework retains most of its 
adsorption capacity, whereas the Mn analogue exhibits 
a significantly larger decline due to stronger 
competitive water adsorption.   
 
Preliminary density functional theory (DFT) 
calculations further support these observations and provide 
insight into the metal-dependent interactions governing 
competitive CO2/H2O adsorption. These findings highlight 
how subtle variations in heterometallic cluster composition 
can strongly influence adsorption behavior, providing 
valuable insights for the design of humidity-tolerant MOFs 
for post-combustion carbon capture.  
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Figure 1. Gravimetric CO2 adsorptionï
desorption cycles for IEF-37(Ca) (top) and 
IEF-37(Mn) (bottom), measured for CO2/N2 
mixtures under dry and humid conditions (65% 
RH). 
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Donor-acceptor (D-A) materials have emerged as powerful platforms for advanced energy applications; 
however, achieving efficient charge separation and broad light absorption remains a key challenge. Here, we 
present a novel 1,1,6,6-tetracyanohexatriene (TCHT)-linked conjugated microporous polymer (TCHT-P), 
synthesized via a double [2+2] cycloadditionïretroelectrocyclization (CAïRE) reaction between 
tetracyanoethylene and tris(4-ethynylphenyl)amine. The strong DïA interactions in TCHT-P enable broad 
near-infrared (NIR) absorption extending to ~1230 nm, accompanied by radical character. As a photocatalyst 
for water splitting (with a Pt co-catalyst), TCHT-P delivers an outstanding hydrogen evolution rate of 32,000 
µmol gϖ¹ within 12 hours. This exceptional performance arises from the synergistic effects of DïA interactions 
and nitrile functionalities, which enhance hydrophilicity, promote efficient charge separation, and strengthen 
co-catalyst binding. Importantly, spatial separation of photogenerated charge carriers across donor and 
acceptor units facilitates effective charge accumulation, significantly improving solar-to-hydrogen conversion 
efficiency. In contrast, a TCBD-based reference polymer exhibits inferior optical and catalytic performance, 
underscoring the advantage of TCHT linkages. To the best of our knowledge, this represents one of the first 
demonstrations of TCBD/TCHT-integrated conjugated microporous polymers for photocatalytic hydrogen 
evolution. 
 

 
 

 Figure 1. Design of TCHT-linked CMP and the HER study. 
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Since its isolation in 2004, graphene has emerged as a groundbreaking material with outstanding mechanical 
strength, flexibility, and high carrier mobility at room temperature.1,2 However, its zero bandgap limits the use 
of large-area graphene in conventional transistor devices. Among the different strategies explored to overcome 
this limitation, quantum confinement of the electrons in smaller graphene fragments such as nanographenes 
has attracted considerable interest. 
 
Bottom-up synthesis through stepwise organic transformations enables the preparation of monodisperse 
molecular nanographenes with a precise control over the size and the shape and, therefore, on the properties. 
Following this approach, our research group has recently reported the synthesis of tetrakis(penta-tert-butyl-
hexa-peri-hexabenzocoronenyl)methane, ñtetrahedrapheneò 1 (Figure 1), a molecule composed of a central 
sp3 carbon atom linked to four hexa-peri-hexabenzocoronenes (HBCs). This molecule showed aggregation-
induced emission (AIE), evidenced by a fluorescence color change between solution and solid states. 
 
Encouraged by these results, we designed and synthesized a new series of tetrahedral nanographenes to gain 
deeper insight into the relationship between molecular structure and photophysical properties. Our strategy 
focused on three key structural modifications to evaluate their influence on AIE: (i) variation of the central atom 
from C to Si (2); (ii) introduction of a spacer between the HBC units and the central atom to increase rotational 
and vibrational freedom (3); and (iii) modification of the central core using molecular fragments such as 
adamantane instead of single atoms (4). These systems provide new insight into the structural factors 
governing AIE in tetrahedral molecular nanographene architectures. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Tetrahedraphene 1 and Tetrahedral nanographenes with a central silicon atom 2, with a benzene 
spacer 3 and with a central adamantane moiety 4.  
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Polycyclic Aromatic Hydrocarbons (PAHs) occupy a prominent place in the field of organic molecular materials 
owing to their remarkable electronic, optical, and self-assembly properties.¹ These features make them highly 
attractive for applications in organic electronics, optoelectronic devices, and functional nanomaterials. Bottom-
up synthetic approaches to PAHs typically require the preparation of non-planar precursors that are soluble in 
common organic solvents, followed by a final transformation that often involves either oxidation or reduction to 
generate the fully conjugated aromatic framework. This step frequently proceeds through a Scholl-type 
cyclodehydrogenation² or through reductive aromatization of a suitable precursor. While electrochemical 
methods for PAH synthesis based in anodic oxidation processes have recently been reported,³ electrochemical 
reductive approaches remain comparatively underexplored, despite their potential as mild, sustainable 
alternatives. 

Building on our extensive experience in the synthesis of acenes and other PAHs through cycloaddition 
reactions of arynes with furans and/or isobenzofurans,  herein we report the electrochemical deoxygenation 
of a series of 1,4-epoxyarenes as precursors of extended aromatic systems. To this end, a family of structurally 
diverse epoxyarenes, including functionalized derivatives bearing both electron-donating and electron-
withdrawing substituents, was synthesized, and their electrochemical reduction under galvanostatic conditions 
was systematically examined. The influence of substituent effects and structural features of the polycyclic 
framework on the reaction outcome was also evaluated. Interestingly, the type of product obtained could be 
rationalized on the basis of the Clar structure of the polycyclic system, leading either to the fully aromatized 
hydrocarbon or to the formation of dihydro derivatives. These results highlight the potential of electrochemical 
reductive strategies as versatile approaches for the construction of functional PAHs. 

 

 
 

Figure 1. Endoxide reduction leading to PAHs or dihydro derivatives. 
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Piezoelectric materials are increasingly explored as self-powered platforms in regenerative medicine and 
tissue engineering. Poly-L-lactic acid (PLLA) is a sustainable candidate for flexible electronics in biomedical 
applications; however, its relatively low piezoelectric constant limits its performance compared to 
polyvinylidene fluoride (PVDF) and its copolymers.1 The enhancement of the piezoelectric properties of green 
bioplastics is still an important challenge. The piezoelectric response of PLLA strongly depends on chain 
orientation and dipole alignment. Electrospinning provides an effective confinement and drawing mechanism 
that promotes chain stretching and maximizes both fibers alignment and dipole orientation.2 

 

Our previous studies focused on the key factors that influence the piezoelectric response of commercial PLLAs 
and on the preparation of PLLA with controlled composition by catalytic ring-opening polymerization (ROP) 
using alkali metal complexes.3 In this work, we extend this analysis by comparing  commercial polymers with 
PLLA-based materials obtained via ROP. This approach allows both the tuning of D-isomer content and the 
preparation of block copolymers incorporating poly(Ů-caprolactone) (PCL) and poly(ethylene brassylate) 
(PEB), enabling us to examine how molecular design influences fiber alignment, crystallinity and, ultimately, 
the piezoelectric response. 
 

 
 

Figure 1. Electrospinning setup and piezoelectric response in PLLA. 
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Recent studies on acenes have highlighted a localized representation (LR) of aromatic sextets, challenging 
Clar's classical model of migrating sextets.1 In this work, we extend this framework to peri-fused systems by 
investigating bis(tri-isopropylsilyl)ethynyl (TIPS)-functionalized polycyclic aromatic hydrocarbons (TIPSPAHs) 
namely TIPS-anthanthrene (TIPS-ATT),2 TIPS-pyranthrene (TIPS-PYR) and TIPS-dibenzo [pyranthrene] 
(TIPS-DBPYR) as test beds for LR. Crystal structures provide direct evidence for determining the Fries 
canonical structures, with bond lengths and bond length alternation (BLA) at the zig-zag edge offering robust 
criteria for positioning aromatic sextets. While NICS and HOMA indices are broadly consistent with these 
assignments, their interpretation should be considered with some caution. Optical studies reveal progressive 
bathochromic shifts (491ï599 nm) with increasing conjugation, but absorption strength and fluorescence 

quantum yield depend critically on the mode of p-extension: catacondensation enhances brightness, whereas 
linear extension diminishes it. Remarkably, TIPS-PYR combines a record molar absorption coefficient 

(>200000 Mī1 cmī1) with a high fluorescence quantum yield (FF = 0.93), yielding a molar brightness 
comparable to giant nanoribbons.3 Stability assays show that TIPS-ATT and TIPS-PYR are bench stable, 
whereas TIPS-DBPYR, despite reduced fluorescence efficiency, exhibits enhanced photostability relative to 
TIPS-pentacene (TIPS-PEN) and satisfies the energetic criterion for singlet fission. These findings establish 
LR as a robust framework for describing peri-fused PAHs, identify TIPS-PYR as an exceptionally bright dye, 
and position TIPS-DBPYR as a promising singlet fission material.4  
 

 
 

Figure 1. Localized representations of the molecules investigated in this study and their associated optical 
properties. 
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Piezoelectric materials can convert electrical and mechanical energy in response to an external stimulus, 
making them suitable for applications such as actuators, sensors, and energy harvesting devices. Currently, 
inorganic ceramics are widely used due to their high piezoelectric response. However, their fragility and rigidity 
limit their use in flexible devices1. Piezoelectric polymers can overcome these limitations, although they exhibit 
low piezoelectric coefficients. A promising approach is to develop piezoelectric composites, that combine the 
high performance of ceramics with the advantages of polymers, such as flexibility, low cost, and light weight2. 
However, the processing of these materials is challenging, as it requires not only a homogeneous dispersion 
of ceramic particles but also strong compatibility between phases to form an effective interface. This interface 
plays a crucial role in the electrical and mechanical performance of the composite. Therefore, understanding 
and improving the interactions between the ceramic filler and the polymer matrix, for example through additives 
or coupling agents, is essential3. In this work, piezoelectric composites were processed by tape casting with a 
solid solution of bismuth ferrite and bismuth potassium titanate (BFO-BKT) as ceramic filler and commercial 
poly(L-lactide) (PLLA) as the polymer matrix. The effect of selected additives on interfacial optimization and its 
influence on the electrical and mechanical properties of the composites was investigated. 
 
 
 
 

 
 

Figure 1. Piezoelectric composite processed by tape casting 
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Molecular nanographenes (NGs) are nanosized graphene flakes with a semiconducting character due to the 
quantum confinement effects of the electrons. Bottom-up synthetic strategies, using classical chemical 
reactions allow atomistic control over the structure and properties. For example, the insertion of topological 
defects such as non-hexagonal rings or the generation of sterically congested structures like helicenes 
produces deviations from planarity, inducing chirality in NGs[1]. 
 
Our research group is pioneer in the synthesis of helical bilayer nanographenes (HBNGs) formed by two hexa-
peri-hexabenzocoronene (HBC) moieties fused through helicenes of different lengths (Figure 1a)[2]. By tuning 
the length of the helicene, we can control the degree of overlap between the layers and modulate the electronic 
communication between them through -́  ́ interactions, which narrows their HOMO-LUMO gap (bilayer 
effect)[3]. Moreover, electronic communication through space enables phenomena such as ground-state 
electron transfer when HBC units are functionalized with electron-donor and electron-acceptor substituents 
(tert-butyl groups and fluorine atoms, respectively, Figure 1b)[4]. 
 
In this work, we report the first fully -́conjugated helical bilayer nanographene with electron-donor (tert-butyl 
groups) and electron-acceptor (fluorine atoms) character and complete overlap between the HBC fragments, 
F-[9]HBNG (Figure 1c). The optoelectronic, magnetic and chiroptical properties of this system are currently 
being investigated to understand the role of the degree of overlap and the -́conjugation in molecular bilayer 
nanographenes.  
 
 

 
 

Figure 1. Structure of bilayers NGs a). [9]HBNG, b) F-spiroNG and c) F-[9]HBNG 
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Tripletïtriplet annihilation photon upconversion (TTA-UC) transforms two low-energy photons into one of 
higher energy, offering strong potential for bioimaging, photocatalysis, and solar energy harvesting. However, 
transferring efficient solution-phase TTA-UC systems into stable solid-state architectures remains a key 
challenge due to aggregation-induced quenching and limited exciton transport [1,2]. 
 
Here, we report a family of aminal-linked covalent organic frameworks (COFs) decorated with anthracene 
chromophores as crystalline platforms for solid-state upconversion [3]. The use of aliphatic piperazine nodes 
ensures high crystallinity while minimizing detrimental interlayer electronic coupling, thereby preserving the 
intrinsic photophysical properties of the chromophores. These frameworks sustain efficient intraframework 
triplet energy migration and enable sensitized upconverted emission under low excitation power densities. 
 
Ongoing studies focus on correlating framework topology, stacking mode, and chromophore arrangement with 
energy-transfer efficiency and loss pathways. By combining structural control with spectroscopic investigation, 
we aim to establish design principles for crystalline polymers capable of controlled intraframework energy 
transfer and practical solid-state photon upconversion. 

 
Figure 1. Schematic representation of a COF-based system converting two low-energy photons (v1) into one 

high-energy photon (v2). 
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The chemistry community faces the following problem: chemical structures are still predominantly published 
as graphics or difficult-to-search text.1 During the publication process, chemical structures are embedded in 
PDFs and rendered into static images, reducing their utility as carriers of chemical information. As a result, 
readers are limited to viewing them, rather than using them in a more practical format. This represents a missed 
opportunity to advance the digital transformation of chemistry by making chemical structures findable, 
accessible, interoperable, and reusable (FAIR). 
 
In todayôs world, science is driven by data, and that data must be machine-readable. While PDFs are well 
suited for human reading, they are unsuitable for computational and data science purposes. If chemical 
structures remain invisible to machines and bots, the associated research will also be less discoverable, less 
reusable, and potentially less impactful. This raises the question of whether chemical structures can be 
published in a format that is not only readable for humans but also computationally usable and better integrated 
into the digital ecosystem. 
 
Using BChemXtract,2 open source software that was developed in-house, selected chemical structures from 
ChemDraw files submitted to the Beilstein Journals are now converted into a machine-readable format during 
the publication process. This means that we can now publish enriched, digitized chemical structures that retain 
their utility as carriers of chemical information. In other words, they are far more useful than molecules ñlocked 
awayò in PDFs or static images. By depositing them into the largest open access chemistry database, 
PubChem, we increase the dissemination of the associated research and create a true open science 
ecosystem. With this, the Beilstein Journals have become the first open access chemical journals to publish 
and openly disseminate FAIR chemical structures, solidifying their role as digital innovators in chemistry 
publishing. 
 

 
 

Figure 1. Publication and dissemination of machine-readable chemical structures extracted from the 
Beilstein Journals. 
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Photoresponsive polymers incorporating molecular switches represent a powerful platform for the 
development of adaptive and stimuli-responsive materials. Azobenzenes are among the most widely studied 
molecular switches and contain a central NïN double bond flanked by two aryl groups (Figure 1). These 
molecules typically exist in the thermodynamically stable E-isomer, in which the aryl groups are positioned 
opposite to each other, but can be converted to the higher-energy Z-isomer in which the aryl groups are 
positioned on the same side. 
 
In conventional azobenzene systems, formation of the Z-isomer generally requires UV irradiation and is 
followed by relatively rapid thermal relaxation back to the E-isomer, with half-lives typically ranging from 
minutes to hours. In contrast, our group has developed azobenzene systems that undergo switching using 
visible light and exhibit exceptionally long Z-isomer half-lives, ranging from months to years.1 These properties 
enable the design of polymer materials that function as true molecular switches with well-defined ñonò and ñoffò 
states. The use of visible light further improves compatibility with sensitive environments, including biological 
systems, and expands opportunities for integration into functional materials platforms.2,3 

 
This poster highlights our recent efforts toward polymer materials incorporating long-lived, visible-light-
responsive azobenzene motifs. These systems provide a foundation for the development of photoresponsive 
polymer materials with potential applications in adaptive coatings, optical memory materials, and next-
generation soft electronic and photonic materials. 
 

 
 

Figure 1. Structural motif of o-fluorinated azobenzenes incorporated into polymeric materials. 
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Conjugated aromatic molecules and polymers are crucial in different fields ranging from synthetic and 
supramolecular chemistry to materials science. Their chemical structure and conjugation provide specific 
optoelectronic properties and facilitate control over intermolecular organization, leading to functional 
properties. In particular, the properties of graphene nanoribbons (GNRs) are mostly influenced by structural 
variables, such as edge structure, length, width or heteroatom doping, which require atomic precision to 
leverage the full application potential of GNRs.  
 
In the last years, our research group has developed a series of novel divergent and convergent iterative 
approaches to prepare and solubilise molecular GNRs [1-4]. These iterative approaches have led to the 
synthesis of largest molecular GNRs [1] and to the largest star-shaped nanographenes [5] reported to date.  
 
The introduction of structural defects that distort the 
hexagonal carbon lattice but preserve the sp2 connectivity is 
an effective way to tailor the electronic structures and 
magnetic properties of GNRs. However, despite the recent 
advances in the synthesis of defective nanographenes, it is 
still challenging to periodically embed non-hexagonal rings 
into the GNRs backbone in a controllable manner, limiting 
the study and understanding on how non-hexagonal rings 
affect their properties. 
 
We have developed an approach that enables the synthesis 
of a series of molecular GNRs incorporating embedded 7-
membered rings with varying lengths and degrees of conjugation, facilitating a comparative analysis of their 
properties (Error! Reference source not found.1). The synthetic routes and the optoelectronic properties will 
be discussed in detail. 
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