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INTRODUCTION 
 
π-Conjugated molecules and polymers have shown a lot of potential in a broad range 
of electronic, photonic, spintronic, sensing and biomedical applications. Their 
properties depend on our ability to control their structure, π-conjugation and 
intermolecular organization, which is intimately related to their optical, electronic, and 
magnetic properties. This Symposium will focus on the most recent advances on the 
design, synthesis and properties of planar and distorted π-conjugated systems that 
extend on 1D, 2D and 3D. 
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Tuesday Helicene and Twistacene ladder polymers in 
energy storage, energy conversion, chiroptics 
and optoelectronics 

  9:20 Colin Nuckolls 

 Columbia University, New York, USA 

 
This presentation will detail our efforts to create materials from contorted aromatic molecules. In 
particular, I will discuss how to create ladder polymers from helicenes and twistacenes building blocks. 
These materials have extraordinary properties as materials. The helicenes have the largest chiroptic 
response of any molecular species. The twistacenes excel as photovoltaics, photodetectors, batteries, 
and pseudocapacitors. The presentation will discuss these opportunities.  

 

Tuesday From carbon nanotubes to small Cyclophanes 

10:00 Graham Bodwell 

 University of Newfoundland, St. John's, Canada 

 

Tuesday Pushing the limits of site-selective Fullerene 
chemistry 

11:40 Max von Delius 

 University of Ulm, Ulm, Germany 

 
Strained carbon “nanohoops” and “nanobelts” have been the subject of intense research efforts, since 
Jasti and Bertozzi reported the first [n]cycloparaphenylenes in 2008.[1]  
From a supramolecular perspective,[2] [10]CPP is arguably the most interesting family member due to 
its unusually strong association of fullerenes. In this talk, I will present recent work from our group on 
the use of nanohoops to achieve the selective binding and functionalization of fullerenes. For instance, 
we were able to synthesize two predominant isomers of an unprecedented [2]rotaxane, because the 
[10]CPP ring fundamentally alters the regioselectivity of addition reactions at C60 (Fig. a).[3] In 
collaboration with Xavi Ribas, we were able to use a three-shell complex (“Russian Doll”) to achieve 
the synthesis of a C60 trans-3 bisadduct (Fig. b) with ideal chemo-, itero- and regioselectivity.[4] Most 
recently, we were able to prepare C60/[10]CPP [2]catenanes with 87% selectivity for only one of 22 
spectroscopically distinguishable regioisomers (Fig. c).[5] 
 



 
 

 

 

 

 
 
[1] R. Jasti et al., J. Am. Chem. Soc. 2008, 130, 17646. 
[2] Y. Xu et al., Angew. Chem. Int. Ed. 2020, 59, 559. 
[3] Y. Xu et al., J. Am. Chem. Soc. 2018, 140, 13413. 
[4] E. Ubasart et al., Nat. Chem. 2021, 13, 420. 
[5] F. Steudel et al., Angew. Chem. Int. Ed. 2023, 62, e202309393 

  



 
 

 

 

 

Tuesday A journey to the land of polycyclic aromatic 
systems 

12:20 Renana Gershoni-Poranna 

 Technion, Haifa, Israel  

 
Polycyclic aromatic systems (PASs) are among the most prevalent and impactful classes of compounds 
in the natural and man-made world. Though aromatic systems have captured the fascination of 
chemists for almost two centuries, a general conceptual framework for understanding and predicting 
the structure-property relationships of polycyclic systems remains elusive. Yet, the structure-property 
relationships of PBHs have both conceptual and practical implications and understanding them can 
enable design of new functional compounds. We address this gap using a combination of 
computational chemistry and data science tools.  
We first interrogated polybenzenoid hydrocarbons using a combination of traditional computational 
techniques, including characterization of their aromatic character in the S0 and T1 states (described 
with the NICS metric), their spin density in the T1 state, and their S0—T1 energy gaps. Regularities were 
revealed that allowed for simple and intuitive design guidelines to be defined.[1] 
To verify these guidelines in a data-driven manner, we generated a new database – the COMPAS 
Project[2] and developed two types of molecular representation to enable machine- and deep-learning 
models to train on the new data: a) a text-based representation[3] and b) a graph-based 
representation.[4] 
In addition to their predictive ability, we demonstrate the interpretability of the models that is 
achieved when using these representations. The extracted insight in some cases confirms well-known 
“rules of thumb” and in other cases disproves common wisdom and sheds new light on this classical 
family of compounds.   
Finally, we implemented a generative model that design novel PASs with targeted properties in an 
effective and efficient manner, demonstrating the first inverse design of PASs.[5] 
 
[1] G. Markert et al., Chem. Eur. J. 2021, 27, 1-14. 
[2] A. Wahab et al., J. Chem. Inf. Model. 2022, 62, 3704. 
[3] S. Fite et al., J. Phys. Org. Chem. 2022, 36, e4458. 
[4] T. Weiss et al., J. Org. Chem. 2023, 88, 9645-9656. 
[5] T. Weiss et al., Nat. Comput. Sci. 2023, doi: 10.1038/s43588-023-00532-0. 

 

Tuesday Unveiling the fascinating world of Helicenes: 
from synthesis to their intriguing properties 

14:30 Irena Stará 

 IOCB, Prague, Czech Republic 

 
Inherently chiral (hetero)helicenes and their long homologues[1] are fascinating 3D aromatic 
molecules that have gained significant attention in recent years due to their unique structure, 
properties and potential applications in various fields such as enantioselective catalysis, molecular 
recognition, self-assembly, surface science, or as chiral materials. 
 



 
 

 

 

 

To demonstrate this, three studies will be presented: (a) The use of full thermodynamic control over 
the asymmetric synthesis of helicenes of various backbone size via intramolecular [2+2+2] 
cycloisomerisation (Fig. 1),[2] (b) Application of helicenes in enantioselective catalysis[3] and as 
promising CPL emitters,[4] and finally, (c) Preparation of helically chiral π-electron macrocycles and 
their self-assembly into well-ordered 2D molecular crystals observed by ambient AFM corroborated by 
MD simulations (Fig. 2) along with the discussion about aromaticity/antiaromaticity of these 
systems.[5] 
 

 
[1] I. Stará et al., Acc. Chem. Res. 2020, 53, 144. 
[2] J. Nejedlý et al., J. Org. Chem. 2020, 85, 248. 
[3] J. Hanus et al. Manuscript under preparation. 
[4] D. Sakamoto et al., ACS Catal. 2022, 12, 10793.  
[5] V. Houska et al., Nanoscale 2023, 15, 1542.   
 

Tuesday Helicenes: Chiral platforms with fascinating 
properties 

15:10 Jeanne Crassous 

 University of Rénnes 1, Rénnes, France 

 
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.[1-4] The helical topology combined with extended -
conjugation provides 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 organometallic and heteroaromatic 

chemistries offers a convenient way to tune the properties of these helically shaped -ligands. 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, Chiroptical Switches, Spintronics). I will present a set of 
representative examples.[5-9] 

 
 



 
 

 

 

 

[1] Y. Shen et al., Helicenes Chemistry: From Synthesis to Applications. Springer, Berlin, 2017. 
[2] M. Gingras, Chem. Soc. Rev. 2013, 42, 1051. 
[3] K. Dhbaibi et al., Chem. Rev. 2019, 119, 8846;  
[4] J. Crassous et al., Helicenes - Synthesis, Properties and Applications. Wiley, 2022. 
[5] E. S. Gauthier et al., Angew. Chem. Int. Ed. 2020, 59, 8394. 
[6] K. Dhbaibi et al., Chem. Sci. 2021, 12, 5522. 
[7] M. Atzori et al., J. Am. Chem. Soc. 2021, 143, 2671;  
[8] R. Rodríguez et al., J. Am. Chem. Soc. 2022, 144, 7709. 
[9] K. Dhbaibi et al., Angew. Chem. Int. Ed. 2023, 62, e202215558. 

 

Tuesday Molecular carbons with different topologies 
and size 

16:50 Chunyan Chi 

 National University of Singapore, Singapore, Singapore 

 
Carbon-based nanostructures have shown revolutionary influence in the area of chemistry, physics 
and materials science. Recent efforts have been focused on novel topological structures of sp2-carbons 
such as carbon nanohoops, nanobelts, molecular cages, and open-shell nanographenes, which 
provoked new chemistry and materials. However, synthesis of this kind of molecules is extremely 
challenging mainly due to strain or intrinsic high reactivity. Another issue is that most of these carbon 
nanostructures have a localized aromatic character; that means, the π-electrons are not globally 
delocalized along the backbone, which limits their optical and electronic properties and applications. 
Herein, the synthesis of a series of novel pi-structure with different topologies will be introduced, and 
their physical properties, aromaticity and diradical character will be discussed.[1-7] Some structures 
are shown below. 
 

 
[1] T. Xu et al., Angew. Chem. Int. Ed. 2023, 62, e202304937. 
[2] Q. Jiang et al., Angew. Chem. Int. Ed. 2023, 62, e202306938. 
[3] A. Ong et al., Angew. Chem. Int. Ed. 2022, 61, e202209286. 
[4] T. Xu et al., J. Am. Chem. Soc. 2021, 143, 20562-20568. 
[5] J.-J. Shen et al., Angew. Chem. Int. Ed. 2021, 60, 4464-4469. 
[6] Y. Han et al., Angew. Chem. Int. Ed. 2021, 60, 2658-2662. 
[7] S. Dong et al., J. Am. Chem. Soc. 2019, 141, 62-66. 

 



 
 

 

 

 

Tuesday π-Conjugated Oligoradicaloids and Anions: 
Aromaticity, Magnetism, and Non-covalent 
Interactions 

17:30 Marcin Stępień 

 University of Wrocław, Wrocław, Poland 

 
Charge and spin distribution in π-conjugated molecules depends in a complex fashion on the size 
topology of the ring system, placement of heteroatoms and molecular curvature. In large non-
benzenoid systems, structure–property correlations become particularly intricate, showing effects of 
local and global aromaticity, mixed valence character, and non-equivalence of spin-interaction 
pathways. This talk will highlight some of the linear, macrocyclic, and 2D-fused systems recently 
developed by our group, with a focus on electron-deficient molecules obtained by peripheral fusion of 
naphthalimide subunits, and several pentannulated oligoradicaloid frameworks. We will show how 
these systems respond to changes in spin state and charge and how they can be used for coordination 
of cations and anions. 

 
 
[1] H. Zhylitskaya et al., J. Am. Chem. Soc. 2016, 138, 11390–11398. 
[2] M. Żyła-Karwowska et al., Angew. Chem. Int. Ed. 2016, 55, 14658–14662. 
[3] L. Moshniaha et al., J. Am. Chem. Soc. 2020, 142, 3626–3635. 
[4] R. Kumar et al., Angew. Chem. Int. Ed. 2022, 61, e202207486. 
[5] H. Gregolińska et al., J. Am. Chem. Soc. 2018, 140, 14474–14480. 
[6] B. Prajapati et al., Angew. Chem. Int. Ed. 2021, 60, 22496–22504. 
[7] B. Prajapati et al., Nat. Chem. in press. 

  



 
 

 

 

 

Wednesday Engineering Porphyrin-based molecular wires 

Harry Anderson 

  9:05 Harry Anderson 

 University of Oxford, Oxford, UK 

 
Porphyrins are versatile redox-active building blocks for the construction of molecular wires, and they 
can coordinate a wide variety of spin-active metal cations, leading to diverse functionalities.[1-3] This 
talk will summarize recent work on the synthesis of π-conjugated porphyrin arrays and investigation 
of their electronic properties. Examples of these π-systems include the butadiyne-linked 12-porphyrin 
nanoring and the linear edge-fused porphyrin octamer shown in Figure 1. The 12-porphyrin ring 
exhibits global aromatic ring currents in the 6+ and 10+ oxidation states.[3] Charge transport through 
the linear octamer was investigated as a function of gate potential, by connecting it across a graphene 
nanogap.[1] 

 

Figure 1: (a) A 12-porphyrin nanoring[3] and (b) a porphyrin octamer nanoribbon.[1] 

 
[1] Z. Chen et al., J. Am. Chem. Soc. 2023, 145, 15265–15274. 
[2] J. M. Van Raden, J. Am. Chem. Soc. 2022, 144, 8693–8706. 
[3] M. Rickhaus, Nat. Chem. 2020, 12, 236–241. 

  



 
 

 

 

 

Wednesday Exotic aromaticity of porphyrin analogues 

  9:45 Hiroshi Shinokubo 

 Nagoya University, Nagoya, Japan 

 
Norcorrole is a ring-contracted antiaromatic porphyrin, which lacks two carbon atoms at meso-
positions from regular porphyrin. We have synthesized stable norcorrole Ni(II) complexes and 
investigated their reactivities, optical properties, and electrochemical properties, which are markedly 
different from aromatic porphyrins. We have also reported that norcorrole dimers 1 and 2 exhibit 
closely stacked orientation with short stacking distances < 3.1 Å.[1,2] The remarkable proximity of the 
two norcorrole units is rationalized by the emergence of the stacked-ring aromaticity owing to 
intermolecular orbital interactions between two antiaromatic systems.[3,4] 
 
Recently, we have prepared norcorrole cyclophane 3 tethered with two flexible alkyl chains.[5] 
Interestingly, norcorrole cyclophane 3 exhibited crystal polymorphism leading to three different solid-
state structures, in which the orientation of the two norcorrole units is substantially different. The 
stacked-ring aromaticity of 3 depends on the twist angle between two stacking norcorrole units. 

 

 

 
 
I would also like to discuss the metalloaromaticity of a new porphyrinoid, 10-platinacorrole, which we 
have recently prepared. This molecule clearly demonstrated that two d orbitals on platinum atom are 
involved into electronic conjugation to achieve its antiaromatic π-system. 
 
[1] R. Nozawa et al., Nat. Commun. 2016, 7, 13620.  
[2] R. Nozawa et al., Nat. Commun. 2019, 10, 3576. 
[3] C. Corminboeuf et al., Org. Lett. 2007, 9, 3263. 
[4] D. E. Bean et al., Org. Lett. 2008, 10, 5573. 
[5] H. Kawashima et al., J. Am. Chem. Soc. 2021, 143, 10676. 
  



 
 

 

 

 

Wednesday From shape to function - Conformational 
engineering of Porphyrins 

10:25 Mathias O. Senge 

 Trinity College Dublin, Dublin, Ireland 

 
Porphyrins are nature’s cofactors par excellence. Next to oxygen transport and storage, their role in 
electron transport and as photosynthetic pigments, they catalyze a multitude of chemical reactions. 
All these catalytic functions depend on the presence of a central metal which is intricately involved in 
the catalytic processes. However, upon appropriate manipulation of the π-conjugated macrocycle 
conformation, the core nitrogen atoms in free base porphyrins can be involved in organocatalysis as 
well, indicating a new mode of catalytic action for porphyrins which does not require a central metal 
ion. Similar concepts of molecular engineering the molecular shape (form) of heteroaromatic systems 
can be used to develop switchable receptors for the detection of analytes and removal of pollutants. 
Further design of functional organic materials is possible through control of peripheral substituents in 
atropisomers and picket fence porphyrins and the logical spatial construction of 1D, 2D, 3D arrays. 

 

Wednesday Antiaromaticity - The fuzzier brother? 
Developments, opportunities, and 
computational chemistry 

11:45 Judy I. Wu 

 University of Houston, Houston, USA 

 
If aromaticity were considered a “unicorn of chemistry,” antiaromaticity may well be thought of as 
“unicorns with wings.” Antiaromatic compounds are indeed challenging species to capture. This talk 
will begin with a brief historical overview of the concept of antiaromaticity, followed by a discussion 
of examples of organic photoreactions (e.g., cycloadditions) that may be triggered by antiaromaticity 
relief, and end with a story on the long-standing puzzle of the geometry of tetra-tert-butyl-s-indacene. 

  



 
 

 

 

 

Wednesday Development of new synthetic methods and 
their applications in carbon nanoscience 

12:25 Ramesh Jasti 

 University of Oregon, Eugene, USA 

 
Graphitic nanomaterials (e.g. carbon nanotubes, graphene, and their related derivatives) have 
outstanding properties for a broad spectrum of applications ranging from electronics, molecular 
sensors, nanoporous filters, as well as energy generation and storage. These materials, however, are 
difficult to prepare in a uniform manner. The structural variation dramatically affects properties and 
performance. I will describe my research group's efforts to develop molecular syntheses and assembly 
strategies to prepare these types of structures with angstrom-level precision. Specifically, I will focus 
on my group’s most recent developments in new synthetic methodology that give access to 
unprecedented architectures. 

 

Thursday Amazing molecular nanographenes 

  9:05 Nazario Martín Léon 

 IMDEA Nanoscience Institute, Madrid, Spain 

 
Nanographenes (NGs) have usually been synthetized following a top-down approach by “cutting” a 
graphene sheet into smaller fragments using chemical or physical methods. Although this 
methodology starts from readily accessible bulk materials and it is easily scalable, it does not allow a 
fine control of the properties due to the polydispersion in sizes and shapes of the final material. In 
contrast, the bottom-up approach in which NGs are grown up from smaller chemical entities using 
solution-phase benchtop organic synthesis, leads to monodisperse molecules with a precise control on 
the size and shape, exhibiting fine-tuned optoelectronic properties. 
Thus, taking advantage of the versatility that provides the set of organic reactions available, and the 
selectivity of these transformations depending on the reaction conditions, a large number of molecular 
NGs have been synthetized by design in the recent years. An example of this control is the introduction 
of out-of-plane defects at will, namely curvature, helicity, or strain, resulting in the presence of chirality 
as an additional and remarkable structural control. 
Along the last recent years, we have carried out the synthesis and unveiled the properties of a variety 
of molecular nanographenes in the search for new chiroptical and optoelectronic properties in all-
carbon materials.[1-5] In this presentation some recent and amazing NGs stemming from our research 
group will be presented and discussed. 
 
[1] J. M. Fernández-García et al., Acc. Chem. Res. 2019, 52, 1565-1574. 
[2] P. J. Evans, et al., Angew. Chem. Int. Ed. 2018, 57, 6774 –6779. 
[3] Z. Zhou et al., Angew. Chem. Int. Ed. 2022, 61, e20211574. 
[4] P. Izquierdo-García, et al. J. Am. Chem. Soc. 2023, 145, 11599-11610. 
[5] M. Buendía-Mateos, et al. Manuscript submitted, 2023. 

  



 
 

 

 

 

Thursday Giant molecular graphene nanoribbons 

  9:45 Aurelio Mateo-Alonso 

 POLYMAT, San Sebastián, Spain 

 
In the last years, chemists have devoted significant efforts to the synthesis of increasingly larger 
molecular structures that push boundaries of the molecular world into the nanoscale. Among these 
structures, molecular nanoribbons have received considerable both as synthetic challenges and as a 
unique platform to develop new materials because the nanoribbon structure dominates the optical, 
electronic, electrical, and magnetic properties. 
In these terms, we have introduced several approaches to prepare molecular graphene nanoribbons 
and 
nanographenes that reach dimensions (36 nm in length and 920 sp2 atoms in the aromatic core) that 
exceed both the largest lengths reported for molecular nanoribbons and the largest aromatic cores 
reported for nanographenes. The synthesis and properties of such giant molecular nanoribbons will be 
discussed. 

 

Thursday Helical synthetic nanographenes with atomic 
precision 

10:25 Jiaobing Wang 

 Sun Yet-Sen, Guangzhou, China 

 
Atomically precise synthesis of novel 3D molecular nanographene (NG), comprising hundreds of 
conjugated carbon atoms and possessing excellent properties, is one of the most challenging research 
topics in modern synthetic chemistry. We create a new research line featured by a series of giant 
helical NGs such as superhelicene and supertwistacene, which are prepared in a highly efficient 
manner via the cyclotrimerization of alkyne and the Scholl oxidation. These synthetic achievements 
set a series of new records, which include the biggest chiral NG ever synthesized in solution, the first 
helical graphene nanoribbon having a thermally stable configuration, the polycyclic aromatic 
hydrocarbon displaying the most prominent light absorption capability, and the chiral NG showing the 
strongest Cotton effect. These studies provide fundamental knowledge for understanding the 
structure-property relationship of synthetic NG at a new level of sophistication  
(See: J. Am. Chem. Soc. 2018, 140, 4222; J. Am. Chem. Soc. 2019, 141, 5511; Angew. Chem. Int. Ed. 
2019, 58, 16966; J. Am. Chem. Soc. 2020, 142, 16887; Angew. Chem. Int. Ed. 2021, 60, 7796; Acc. Chem. 
Res. 2023, 56, 363). 
  



 
 

 

 

 

Thursday Exploring molecular nanocarbons with organic 
synthesis 

11:35 Hiroyuki Isobe 

 University of Tokyo, Tokyo, Japan 

 
With the name "phenine" given to 1,3,5-trisubstituted benzene for a fundamental trigonal planar unit 
to weave nanometer-sized networks, a series of curved nanocarbon molecules have been designed 
and synthesized. Since the 6π-phenine units were amenable to modern biaryl coupling reactions 
mediated by transition metals, concise syntheses of >400π-nanocarbon molecules were readily 
achieved. In addition, the phenine design allowed for installing of heteroatoms and/or transition 
metals doped at specific positions of the large π-systems of the nanocarbon molecules. Fundamental 
tools were also developed to specify and describe the locations of defects/dopants, quantify 
pyramidalizations of trigonal panels and estimate molecular Gauss curvatures of the discrete surface. 
Unique features of phenine nanocarbons, such as stereoisomerism, entropy-driven molecular 
assembly and effects of dopants on electronic/magnetic characteristics, were revealed during the first 
half-decade of investigations. 

 
 

 

  



 
 

 

 

 

Thursday Recent studies on π-expanded 
trinaphtho[3.3.3]propellane 

12:15 Takashi Kubo 

 Osaka University, Osaka, Japan 

 
Through-space interactions between cofacially aligned π-electron systems have played an important 
role in organic semiconductors such as organic field-effect transistors and photovoltaic devices. 
Compared with typical π-electron systems with a planar scaffold, in propeller-shaped π-electron 
systems such as triptycene, in which three aromatic rings are cofacially arranged at an angle of 120°, 
the three aromatic rings are able to interact with each other by spatial overlap of their molecular 
orbitals. 
Recently, we have developed a new synthetic method that allows us to prepare 
trinaphtho[3.3.3]propellane (TNP, 1) in two steps from commercially available compounds on a multi-
gram scale.[1] We also π-expanded 1 to investigate the electronic interaction between π-blades and 
the stacking motif of molecules in solid state. In my lecture, our recent advances in the research of π-
expanded TNPs will be discussed in detail.[1–7] 

 

 

[1] T. Kubo et al., Chem. Commun. 2015, 51, 3801. 
[2] T. Kodama et al., ChemPlusChem 2017, 82, 1006. 
[3] T. Kodama et al., ChemPlusChem 2019, 84, 599. 
[4] T. Kodama et al., Angew. Chem. Int. Ed. 2022, 61, e202200688. 
[5] T. Kodama et al., Precis. Chem. 2023, 1, 183. 
[6] S. Kawai et al., Sci. Adv. 2017, 3, e1603258. 
[7] S. Kawai et al., Sci. Adv. 2020, 6, eaay8913. 

  



 
 

 

 

 

Thursday Development of chemical tools for 
understanding biology 

14:25 Youngmi Kim 

 Kyung Hee University, Seoul, Republic of Korea 

 
The pursuit of highly sensitive and selective molecular sensory materials with easily detectable 
recognition events is a compelling endeavor across the realms of chemical, biological, and 
pharmaceutical sciences. Among the diverse array of available sensory platforms, fluorescence-based 
sensors have emerged as a central focus, owing to their remarkable capabilities in optical transduction. 
These encompass fluorescence intensity modulation, wavelength shifts, and alterations in 
fluorescence lifetime upon analyte binding, collectively forming a versatile toolkit for molecular 
recognition. The foundation of these signal transduction mechanisms often relies on intricate 
processes such as fluorescence resonance energy transfer (FRET), intramolecular charge transfer, and 
photoinduced electron transfer (PET). These phenomena orchestrate changes in the fluorescence 
properties of the materials, leading to a transition from fluorescence 'off' to 'on' or vice versa.  
 
In this presentation, I will discuss the systematic studies on the photophysical properties of organic 
fluorophores that have recently been developed in our group. Through strategic manipulation of 
electronic and steric effects of substituents, alongside an exploration of the formation of emissive 
aggregates, we aim to unveil the fundamental factors governing the optical properties of these 
fluorophores in both solution and the solid state. Building upon our insights into the optical properties 
of organic fluorophores, the design and application of fluorescent probes as valuable chemical tools 
for elucidating biological events in living systems will be demonstrated. 

 

Thursday Graphene nanostructures 3.0: Nanoelectronics, 
quantum phenomena & properties 

15:05 Xinliang Feng 

 TU Dresden, Dresden, Germany 

 
With the advances in emergent quantum technologies, such as quantum computing, quantum 
communications, etc., graphene nanostructures provide a unique molecular toolbox for accessing their 
unprecedented quantum phenomena and properties. In this lecture, we will introduce our recent 
efforts towards the precision graphene nanostructures as the defined quantum entities for the spin-
spin coupling. Both in-solution and on-surface synthesis approaches will be discussed that provide 
synthetic access to this class of unique graphene nanostructures with controlled spin-orbital coupling 
behavior. Individual open- shell graphene molecules (Kekuléne, non-Kekuléne and concealed non-
Kekuléne structure motifs) with controlled singlet, triplet, as well as high-spin states, will be developed.  
 
Next, we will discuss the collective carbon magnetisms in the dimers of open-shell graphene molecules. 
Spin-chains with fractional edge excitations will also be presented. In the final section, we will also 
present our recent efforts towards graphene nanoribbon-based nanoelectronics. Various robust 
graphene nanoribbons with controlled edge structures and topologies will be synthesized and 
demonstrated to show their unique electronic and optoelectronic properties. The integration of single 
graphene nanoribbons into the nanoelectronic devices will be particularly highlighted. 
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The main observable physical and chemical properties of polycyclic aromatic molecules are dictated 

by the states and molecular orbitals around the gap. The midgap positions are dominated by states 

with non-bonding character which separates the chirally symmetric bonding and antibonding orbitals. 

The frontier orbitals of -conjugated molecules, aside of their aromatic or antiaromatic characters, 

aside of the shapes and aside of the number of -electrons in delocalization, are characterized by 

fractions of non-bonding orbitals. The existence of such non-bonding orbitals is usually paralleled by 

their disjoint character which makes them ideally suited to minimize electron correlation / repulsion 

energy, Ecorr. With these non-bonding orbitals, it is also possible to construct the bonding and 

antibonding orbitals form which the hybridization energy, Ehyb, emerges 

 

 

Figure 1. Representation on the bonding and anti-bonding states of [6]acene (hexacene) and 
[6]phenacene (fulminene). 

 

The Hückel molecular orbital theory (more familiar to chemists) or the tight-binding model (more 

familiar to physicists) provide the ideal framework to approach the electronic, optical and magnetic 

properties of many polycyclic organic molecules in an easy way. In this contribution, all these aspects 

of the impact of the Ehyb and Ecorr in the formation of open-shell molecules and the relevance and role 

of the non-bonding states is discussed. 

Diradicaloid molecules[1] represent cornerstone systems to explore the nature of the chemical bond 
and the validity of its theories. Recently, they have also gained relevance as multipurpose substrates 
for organic electronic applications.[2] The formation of diradicaloid molecules from their non-bonding 
orbitals will be discussed. 

 
[1] M. Abe, Chem. Rev. 2013, 113, 7011–7088. 
[2] S. Moles Quintero et al., Angew. Chem. Int. Ed. 2022, 61, e202209138. 
[3] G. E. Rudebusch et al., Nat. Chem. 2016, 8, 753-759. 
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Thursday Phosphorus/Nitrogen-containing heterocycles: 
Facile syntheses, tunable optoelectronic 
properties, and supramolecular chemistry 

16:55 Michael Haley 

 University of Oregon, Eugene, USA 

 
We have rationally designed and synthesized a library of phosphorus-/ nitrogen-containing (PN) 
azaphosphinine heterocycles containing various electron-donating and electron-withdrawing groups 
on multiple positions of the scaffold (Figure 1a).[1] Distinct trends are observed between the 
substituents R1 and R2 upon examining both photophysical properties and dimerization strengths 
(Figure 1b). With withdrawing groups on the azaphosphinine scaffold, dimerization constants can 
surpass 500 M–1 in H2O-saturated CDCl3.[2] More recently, we have explored inclusion of a second N 
atom in the left ring and found that the 2-pyridyl systems exhibited an unusual tautomerization in the 
solid state,[3] whereas the 3-pyridyl analogues induced strong intramolecular charge transfer.[4] 
Current work focuses on the incorporation of a fourth hydrogen-bonding site and affords DADA-type 
dimers that possess dimerization constants in excess of 106 M–1 in H2O-saturated CDCl3 and greater 
than 102 M–1 in a more competitive 9:1 DMSO-d6/CDCl3 environment.[5] 
 
 

 
 
Figure 1. (a) Basic chemical structure of the PN-heterocycles; (b) X-ray structure of a PN-heterocycle 
meso-dimer linked by self-complementary hydrogen bonds; and (c) X-ray structure of a PN-heterocycle 
incorporating a DADA-type hydrogen-bonding motif. 
 
[1] J. P. Bard et al., Synlett 2020, 31, 1862–1877. 
[2] J. P. Bard et al., Org. Chem. Front. 2019, 6, 1257–1265. 
[3] J. N. McNeill et al., Chem. Eur. J. 2022, 28, e202200472. 
[4] J. N. McNeill et al., Chem. Eur. J. 2023, 29, e202203918. 
[5] J. N. McNeill, L. N. Zakharov, P. Thordarson, D. W. Johnson, M. M. Haley, unpublished results. 
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carbenes derived from cyano-
meta[6]cycloparaphenylene 

No. 1 Felix Bernt, Hermann Wegner 

 
Justus-Liebig-University Gießen, Gießen, Germany 

Center for Materials Research (ZfM/LaMa), Justus-Liebig-University, Gießen 

 

As shortest cyclic fragment of armchair carbon nanotubes,[1] [n]cycloparaphenylenes provide 
outstanding size-dependent optical and electronic properties.[2] Unfortunately, the smaller 
derivatives, where the ring size is smaller than seven, are non-fluorescent. Disrupting the 
centrosymmetry via one meta-connected phenyl unit, enables the fluorescence in these smaller ring 
sizes, and therefore enables novel possibilities in material design.[3,4] 
As part of our recent research, we developed a convenient strategy to address several functionalized 
meta[6]cycloparaphenylenes by one-step functional group conversion of an attached nitrile 
functionality.[5] To further demonstrate the versatility of meta[6]cycloparaphenylene, we wanted to 
attach it to a N-Heterocyclic Carbene as ligand for different transition metal complexes. These ligands 
are strong σ-donors and tend to push nonradiative metal-centred d-d-transitions to higher energy. 
Furthermore, these transition metal complexes promote novel excited triplet states properties of 
organic fluorophores by efficient intersystem crossing, enabled by large spin-orbit coupling.[6] Thus, 
this work not only describes the synthetic work of novel metalated N-heterocyclic carbenes but their 
photophysical properties as well. 
 

 
[1] R. Jasti, C. R. Bertozzi, Chem. Phys. Lett. 2010, 494, 1 – 7. 
[2] D. Wu, W. Cheng, X. Ban, J. Xia, Asian J. Org. Chem. 2018, 7, 2161 – 2181. 
[3] R. Franklin-Mergarejo, D. O. Alvarez, S. Tertiak, S. Fernandez-Alberti, Sci. Rep. 2016, 6, 31253. 
[4] T. C. Lovell, C. E. Colwell, L. N. Zakharov, R. Jasti, Chem. Sci. 2019, 10, 3786 – 3790. 
[5] F. Bernt, H. A. Wegner Chem. Eur. J. 2023, 29, e202301001. 
[6] H. Amouri Chem. Rev. 2023, 123, 230 – 270. 
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Pyridyl endcapped Cumulenes: Synthesis of 
functionalized carbon wires 

No. 2 David Cameron, Michael J. Ferguson, Rik R. Tykwinski 

 University of Alberta, Edmonton, Canada 

 

Tetraaryl[n]cumulenes are linear, conjugated structures that to date have been isolated up to n = 9, 
and their properties have been reported as a function of length. Beyond the known stuctures, 
[n]cumulenes endcapped with heteroatoms might serve well as molecular wires. There are, however, 
few examples of [n]cumulenes that are flanked by heteroaryl groups. The only reported example of a 
pyridyl-substituted [3]cumulene featured the 2-pyridyl aryl group tethered to the cumulene, and this 
derivative showed limited kinetic stability. We have thus targeted the formation of pyridyl-endcapped 
[n]cumulenes to explore relationships between how the pyridyl ring is attached to the cumulene and 
the properties of the resulting structures. 
 

 
 
In this work, the synthesis of pyridyl cumulenes has been explored, and a general procedure developed 
to expand the scope of cumulenes bearing pyridine groups. The synthesis and properties of these new 
[n]cumulenes as a function of the position of the nitrogen atom in the pyridyl ring, substitution, and 
molecular length will be presented.  
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No. 3 Robert Eichelmann, Joachim Ballmann and Lutz. H. Gade 

 University of Heidelberg, Heidelberg, Germany 

 

The synthesis and characterization of N-substituted coronene derivatives and their laterally π-
expanded congeners is presented. Examples of N-atom doping in coronene derivatives are rare in the 
literature, the only fully characterized tetraazacoronene having been described by K. Müllen and C. 
Li.[1] Recently, we have employed “N-doping” of PAHs as a means to modify their electronic properties 
while retaining their molecular shapes, which has given access to octaazaperopyrenes (OAPPs),[2a] 

peri-functionalized tetraazaperylenes,[2b] and octaazaperopyrene-dioxides (OAPPDOs).[2c] 
Starting from a bay-chlorinated OAPPDO, tetraazacoronenes are accessible via fourfold Suzuki-
Miyaura cross coupling or Zr-mediated cyclization.[3] Using bis(pinacolatoboryl)vinyl derivatives as 
ethylene building blocks, the azacoronene parent compound and its corresponding condensed dimer, 
trimer and tetramer have been synthesized. All tetraazacoronenes display highly resolved UV/Vis 
absorption bands and pronounced fluorescence properties. Their π-expansion leads, inter alia, to an 



 
 

 

 

 

increased density of accessible redox states. This approach should allow the systematic investigation 
of this new class of functional dyes both in terms of their photophysics and their properties as 
molecular organic charge carriers. 

 

Figure 1. Synthesis and selected photophysical and electrochemical properties of tetraazacoronenes. 

[1] R. Duan, D. Schollmeyer, K. Müllen, C. Li, J. Mater. Chem. C 2018, 6, 1334–1337. 
[2] a) T. Wesp, T. Bruckhoff, J. Petry, H. Wadepohl, L. H. Gade, Chem. Eur. J. 2022, 28, e202200129; b) 
T. Wesp, P. Valsalan, A. Kochan, M. Hertzog, H. Wadepohl, J. Zaumseil, L. H. Gade, Chem. Eur. J. 2022, 
28, e202202661; c) T. Wesp, T. Bruckhoff, H. Wadepohl, L. H. Gade, Chem. Eur. J. 2022, 28, 
e202201706. 
[3] R. Eichelmann, J. Ballmann, L. H. Gade, Angew. Chem. Int. Ed. 2023, 62, 35, e202309198. 
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No. 4 Masaki Fujita, Hiromitsu Maeda 

 Ritsumeikan University, Kusatsu, Japan 

 

Arrangement of π-electronic molecules in ordered structures is crucial for the fabrication of functional 
materials. π-Electronic systems with charges in the core units form ion-pairing assemblies via iπ–iπ 
interaction. The main contribution of this interaction are electrostatic and dispersion forces. Metal 
complexes of π-electronic molecules which do not fully compensate the charges of the metal ions act 
as charged π-systems. Monoanionic ligands adopt a variety of dicationic metal ions as building units of 
π-electronic cations. Promising monoanionic ligands are derived from heteroporphyrins, in which a 
pyrrole ring in the porphyrin core is replaced with a furan or thiophene ring. Actually, the NiII complex 
1ni+ of meso-tetraphenylthiaporphyrin provided various ion pairs in combination with anions, 
including pentacyanocyclopentadienide (PCCp–). 1ni+ showed various crystal-state assemblies and 
spectroscopic behavior in solution state depending on counter anions. In this study, introduction of 



 
 

 

 

 

metal ions and peripheral modifications have been investigated for modulating the electronic 
properties of cations and their ion-pairing assembling modes. PdII and CuII complex cations, 1pd+, 2pd+ 
and 1cu+, 2cu+ (2: 10,15-bis(pentafluorophenyl)-5,20-diphenylthiaporphyrin), formed ion pairs with 
anions such as Cl–, BF4

–, PF6
–, B(C6F5)4

–, PCCp– and CuII complex of the deprotonated meso-hydroxy-
substituted porphyrin by ion-pair metathesis. In the crystal state, 2pd+-PF6

– showed columnar structure 
of stacked 2pd+ in contrast to charge-by-charge assembly of 1pd+-PF6

– based on dimeric 1pd+, 
suggesting that electrostatic repulsion between adjacent 2pd+ was reduced via enhanced dipole–
dipole interactions. On the other hand, 1pd+-PCCp– and 1cu+-PCCp– formed charge-by-charge 
assemblies without dimeric cations. In solution, UV/vis absorption spectra and reduction potentials of 
1pd+-PF6

– and 2pd+-PF6
– were modulated by meso-substituents.  
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Cycloparaphenylenes (CPPs) have fascinated chemists since decades. These bent macrocycles offer the 

promising combination of interesting optoelectronic properties with the ability to form host-guest 

complexes. Many applications and new materials have been investigated based on these 

properties.[1,2] However, to realize this potential and produce new materials, CPPs must be accessible 

in large quantities. The synthesis of CPPs is usually based on the combination of unstrained building 

blocks, which are aromatized in the final step.[3,4] An easy and fast access to such compounds will 

allow accessing large amounts of CPP. Flow chemistry can be the answer to this challenge. 

A flow-assisted synthesis of CPP building blocks has been presented by Kim based on cyclohexyl-

building blocks. This synthesis approach suffers from partially low yields, the need for high dilution and 

moderate throughput.[5] We designed and optimized a self-build flow reactor for the modular 

synthesis of CPPs reported by Jasti.[3] Commencing from readily available starting materials, this 

approach provides CPP building blocks in excellent yields up to 91% with a high throughput of up to 

18 g/h. This way, up to 1.0 kg of CPP building blocks was be prepared, without being limited by factors 

like flask size and time-consuming purification.[6] This opens new possibilities for further investigation 

in the field of CPPs as their synthesis will no longer be a limiting factor. 

 



 
 

 

 

 

 

[1] Y. Xu, M. von Delius, Angew. Chem. Int. Ed. 2019, 59, 559.  

[2] Di Wu, W. Cheng, X. Ban, J. Xia, Asian J. Org. Chem. 2018, 7, 2161.  

[3] E. R. Darzi, T. J. Sisto, R. Jasti, J. Org. Chem. 2012, 77, 6624.  

[4] J. H, Griwatz, H. A. Wegner, Organic Materials 2020, 02, 306. 

[5] H. Kim, H.-J. Lee, D.-P. Kim, Angew. Chem. Int. Ed. 2016, 55, 1422. 

[6] J. H. Griwatz, M. L. Kessler, H. A. Wegner, Chem. Eur. J. 2023, e202302173. 
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9,9'-Bifluorenylidene represents an overcrowded alkene consisting of two fused five-membered rings. 
Owing to the steric repulsion between two fluorenylidene units, 9,9'-bifluorenylidene adopts a twisted 
conformation. The incorporation of fused five-membered rings decreases the LUMO level, which leads 
to the enhanced electron-accepting character and effective light-harvesting ability in the visible region. 
Consequently, 9,9'-bifluorenylidene and its derivatives have offered diverse applications including 
conjugated polymers, covalent organic frameworks (COFs), hole-transporting materials for perovskite 
solar cells, and organic photovoltaics. To date, various functionalized 9,9'-bifluorenylidene derivatives 
having substituents or fused rings at their 1,2,3,6,7,8-positions have been reported. However, the 
substituent effect at the 4,5-positions (bay region) has been underexplored, which should be due to 
the lack of appropriate precursor for derivatization. 
 
In this work, we synthesized several bay-arylated 9,9'-bifluorenylidene derivatives. The Suzuki–
Miyaura cross-coupling of bay-brominated 9,9'-bifluorenylidene afforded several arylated derivatives. 
The X-ray diffraction analysis has revealed that the bay-brominated derivative exhibits a larger dihedral 
angle between the fluorenylidene segments due to the stepwise transfer of steric repulsion from the 
bay region to the fjord region. The electronic alternation by bay-substituents has been examined by 
UV/vis absorption spectroscopy, cyclic voltammetry, and DFT calculations, revealing that (1) bromo-
substituents preferentially stabilize the LUMO level due to the dominant inductive effect and (2) aryl-
substituents preferentially stabilize the HOMO due to the mesomeric effect. 
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Among chemical interactions, a London dispersion (LD) force is a ubiquitous attractive interaction 
found in organic molecules. However, the effect of LD is often considered to be negligible compared 
with other interactions such as electrostatic interactions or hydrogen bonding because it is quite weak. 
On the other hand, it has recently been reported that LD force stabilizes intrinsically unstable 
compounds or significantly impacts the selectivity of chemical reactions.  
Our group has previously demonstrated the presence of an extremely elongated Csp3–Csp3 single bond 
with a bond length beyond 1.8 Å [Chem 2018, 4, 795-806.]. Such an elongated Csp3–Csp3 single bond 
exhibits unique bond flexibility [Angew. Chem. Int. Ed. 2020, 59, 22252-22257.], even though a C-C 
single bond is typically rigid and robust. In this work, we conceived that an extremely elongated C–C 
single bond would be affected by even much weaker interactions such as an LD force thanks to its 
flexibility. Novel hydrocarbon 1-tBu was designed and synthesized by incorporating bulky tert-butyl 
groups as a dispersion-energy donor on the aryl groups around an elongated Csp3–Csp3 single bond.  
 
As a result of X-ray analyses and Raman spectroscopy, a shorter bond length and a larger Raman shift, 
the latter of which corresponds to the symmetric C–C stretching vibration, were observed in 1-tBu 
than in 1-H. Comprehensive theoretical studies unraveled that the bond contraction is induced by a 
weak LD force between tert-butyl groups. An extremely elongated and flexible Csp3–Csp3 bond would 
be a good probe as a change in bond length for evaluating even weak interactions that are usually 
difficult to detect.  
Synlett 2023, 34, 1147-1152. [DOI: 10.1055/a-1934-1346]  
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Hartwig amination and Ullmann reaction in moderate to good yields. The aminated aroyl-S,N-ketene 
acetals are emissive in the solid state and in the aggregate, but not in solution, thus, they are AIEgens 
(aggregation induced emission chromogens). Aggregation is induced by fractional alternation of the 
solvent mixture, here by increasing the water fraction of ethanol/water mixtures. For most derivatives, 
the emission upon induced aggregation stems solely from the aroyl-S,N-ketene acetal chromophore, 
regardless whether excitation occurs at the absorption maximum of the triarylamine or the aroyl-S,N-
ketene acetal. Therefore, a pronounced energy transfer from the triarylamine donor to the aroyl-S,N-
ketene acetal acceptor can be inferred. The color of the emission can be controlled by choosing the 
para-aroyl substituent. A partial energy transfer could also be observed for some bichromophores, 
leading to aggregation-induced dual emission (AIDE). In addition, four examples of aminated diaroyl-
S,N-ketene acetals were added to the compound library. The electron-withdrawing properties of the 
additional aroyl group provide a bathochromic shift of the emission band of the aroyl-S,N-ketene 
acetal. These bichromophores also show AIDE and in one case even aggregation-induced white light 
emission as a result of additive color mixing. 
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As smallest subunit of an armchair carbon nanotube,[1] [n]cycloparaphenylenes have gained 
significant attention in recent years. These carbon nanomaterials possess exceptional optoelectronic 
properties, allowing them to be employed in various research fields such as organic electronics or 
supramolecular sensors.[2]  
Notably, the novel synthesis of meta[n]CPP by the Jasti group, inspired by theoretical studies 
conducted by Tretiak,[3] substantially altered their photophysical properties.[4] The disruption in 
centrosymmetry, via a meta-connection of one phenyl unit, enables fluorescence in smaller hoop sizes, 
thus opening up new avenues in material design.  
Our current objective is to incorporate m[6]CPP as a fluorophore into the planar structure of platinum 
acetylide complexes. These complexes are recognized in the field of optoelectronics, such as organic 
light-emitting diodes (OLEDs) or photovoltaic devices, due to their typical photoluminescence with 
high quantum yields and extended lifetimes.[5] The efficient intersystem crossing, facilitated by the 
spin-orbit coupling of the metal core, leads to the effective generation of excited triplet states. 
Furthermore, platinum acetylide complexes are readily synthesizable and exhibit stability in the 
presence of air and heat. Following the successful synthesis of platinum complexes incorporating 
acetylide-m[6]CPP, this work explores their photophysical properties.  
 

 
 
[1] R. Jasti, C. R. Bertozzi, Chem. Phys. Lett. 2010, 494, 1–7.  
[2] Di Wu, W. Cheng, X. Ban, J. Xia, Asian J. Org. Chem. 2018, 7, 2161–2181.  
[3] R. Franklin-Mergarejo, D. O. Alvarez, S. Tretiak, S. Fernandez-Alberti, Sci. Rep. 2016, 6, 31253.  
[4] T. C. Lovell, C. E. Colwell, L. N. Zakharov, R. Jasti, Chem. Sci. 2019, 10, 3786–3790.  
[5] a) J. Zhao, S. Ji, H. Guo, RSC Adv. 2011, 1, 937–950; b) T. Maganti, K. Venkatesan, ChemPlusChem 
2022, 87, e202200014. 
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Graphene nanoribbons (GNRs) have emerged as promising candidates for electronic applications, 
including the development of molecular-scale electronic components, such as molecular wires. 
Molecular wires are elongated molecules that enable charge transport over extended distances. 
Precise design and efficient electron transfer properties are essential for potential applications in 
molecular-scale devices, such as sensors and miniaturized electronic components, revolutionizing 
technology at the atomic level. Our research group has developed several synthetic routes to 
synthesize graphene nanoribbons with full atomic precision.[1-5]  
We have synthesised a series of molecular graphene nanoribbons with suitable anchoring groups to 
perform single-nanoribbon charge transport measurements and to explore their potential as 
molecular wires. The synthetic work will be discussed together with the fundamental charge 
transport properties of the different graphene nanoribbons. 
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The state of molecules can be controlled by solvation.  In lyotropic chromonic liquid crystals (LCLCs) 

with -electronic cores, oligoethylene glycol chains induce entropy-driven self-assembly in aqueous.  

On the other hand, aggregation morphologies of charged -electronic systems can be controlled by 
combining with counterions with appropriate geometries and electronic states.  In the assemblies, the 

contribution of electrostatic and dispersion forces (i–i interactions) along with supporting 

interactions are significant for stacking structures of charged -electronic systems.  For example, 
porphyrin AuIII complexes with aliphatic chains formed supramolecular gels and liquid crystal 
mesophases based on charge-by-charge assemblies in the ion pairs with 
pentacyanocyclopentadienide.  In this study, meso-TEG-aryl-substituted porphyrin AuIII complex with 

various counteranions as amphiphilic charged -electronic ion-pairing systems has shown ordered 



 
 

 

 

 

assembled structures depending on the external conditions.  1au+-Cl– were obtained by AuIII 
complexation of porphyrins 1.  Then 1au+-PCCp– was isolated by ion-pair metathesis based on HSAB 
rule.  1au+-PCCp– formed a Colh phase based on a charge-by-charge assembly, suggesting the 

construction of ordered arrangement of charged -electronic systems through i–i interactions under 
reduced interactions between side chains.  Furthermore, lyotropic liquid crystal behavior was observed 
in the presence of water.  As water was added, hydration induces the phase transitions to less ordered 
phases.  The water-containing 1au+-PCCp– formed a Colh phase at temperatures above 60 °C due to the 
assembly of TEG chains accompanied by desolvation of water.  In contrast to the PCCp– ion pair, water-
containing 1 and 1au+-Cl– were not form anisotropic assembling structures and showed no LCLCs.  

These results suggested that i–i interactions, as observed in 1au+-PCCp–, are crucial to form LCLCs. 
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Rearrangements in the Scholl reaction are commonly discovered through serendipity.[1] Factors 
including reaction conditions, molecular structure parameters, and the thermodynamic and kinetic 
stabilities of intermediates/products are crucial in facilitating rearrangements. Johnson and colleagues 
demonstrated 1,2-aryl shifts in a series of biaryls.[2] However, investigations of rearrangements on 
heteroles and ortho-terphenyls under Scholl-type reaction conditions are scarce.[3] 
In this study, we strategically designed the tetraarylthiophenes (TATs, Scheme 1) to control the 
cyclization to facilitate rearrangement. Unfortunately, our attempts to achieve the expected 
rearrangement of the naphthyl group under Scholl conditions resulted in cyclization instead. 
Nevertheless, we successfully accomplished the desired rearrangement by applying modified 
Johnson's conditions (treating with acid alone). By monitoring the progress of the rearrangement 
reaction, we have investigated the kinetics and obtained valuable insights into the activation 
parameters, including Ea, ΔH, ΔS, and ΔG. Ultimately, we achieved the rearrangement-cyclization 
product (step-wise) by introducing an oxidant into the same pot where the successful rearrangement 
occurred. A similar study tested on ortho-terphenyls also yielded fruitful outcomes. 
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Non-alternant antiaromatic indenofluorenes (IFs) have gained significant interest in organic electronics 
area due to their small HOMO-LUMO energy gap, redox amphotericity, and ambipolar charge transport 
properties.[1] s-Indacenodifluorene (s-IDF) is a π-extended IF with nine alternatively fused 6-5-6-5-6-
5-6-5-6 rings. In 2020, we reported as-indacene-embedded s-indaceno[2,1-c:6,5-c′]difluorene ([2,1-
c:6,5-c′]s-IDF)[2] as the second structural isomer of the s-IDF series (Figure 1). In 2023, we synthesized 
a dicyclopenta[c]fluorenothiophene (DCPFT) derivative by replacing the central benzene of [2,1-c:6,5-
c′]s-IDF with a thiophene ring, as the first isoelectronic heterocyclic analog of as-indaceno[2,3-c:7,6-
c']difluorene with a 34π-electron perimeter. as-Indacene protons (as-indacene unit is shown in bold 
bonds, Figure 1) of DCPFT was shifted to the upfield region in comparison to [2,1-c:6,5-c′]s-IDF in 1H-
NMR spectroscopy. Single-crystal analysis indicated a quinoidal ground state with large bond length 
alternation for as-indacene unit, while computational analyses suggested a greater degree of 
antiaromaticity of the as-indacene unit than that of [2,1-c:6,5-c′]s-IDF. The enhanced antiaromatic 
character of as-indacene for DCPFT was further evident from the broad weakly intense absorption tail 
reaching the near-IR region, four-stage redox amphotericity, and a smaller HOMO−LUMO energy 
gap.[3] 



 
 

 

 

 

 
Figure 1. Partial 1H-NMR of [2,1-c:6,5-c′]s-IDF and DCPFT in CDCl3 showing upfield shift of as-indacene 
protons. 
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Cyclo[n]pyrroles are an interesting group of polycyclic heteroaromatic molecules (PHAs) characterized 
by an intense Soret band in the near infrared.[1]Their electron properties can be modulated by 
unfolding the conjugated πsystem at β-pyrrole positions.[2–5] 
In this work, β-expandednaphthalenomonoimide(NMI)bipyrroles were obtained, whose electronic 
properties can be modulated by substituents in α-positions. These molecules exhibit axial chirality in 
the solid state.The NMI bipyrrole can be usedas a building block to obtain a non-oxidized form of the 
NMI cyclo[8]pyrrole, which can serve as a promising macrocycle for anion binding. 
Our ongoing research is primarily focused on precisely controlling the synthesis of NMI cyclo[n]pyrroles 
and achieving the aromatization of the resulting macrocycles. We anticipate that the incorporation of 
imide groups as electron-withdrawing moieties will have a significant impact on the electronic 
properties of these systems. 
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The properties of carbon nanomaterials are controlled by their interactions with its surroundings, 
which can be a substrate in catalysis or different entities in functional supramolecular assemblies. The 
interplay of these interactions is usually complex and, therefore, challenging to investigate or even to 
quantify. The complex of fullerenes with cycloparaphenylenes (CPPs)[1] represents an ideal model 
system for carbon-based materials. Herein, we investigate the various parameters contributing to 
these assemblies by systematic incorporation of substituents to either the fullerene or the CPP.  
Various alkyl groups have been connected to C60 via the Bingel/Hirsch reaction (n-alkyl = Me – n-Bu, 
branched alkyl = Me – t-Bu, 1-Ad). Additionally, the (C59N)2 dimer has been thoroughly studied as guest 
for [10]CPP.[2,3] Relying on the [2+2+2] cycloaddition strategy ester as well as phthalane moieties have 
been introduced to the CPPs.[4] With all the components in hand their supramolecular assembly has 
been investigated.[5] Fluorescence quenching studies have been conducted to determine the 
association constants. The results have been supported by computations. While π–π-interactions are 



 
 

 

 

 

a dominating factor, substituents can change the binding properties significantly either by direct 
interactions or via influencing the conformation of the CPP.  
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Perylene diimides (PDIs) are a widely studied family of polycyclic aromatic compounds (PAHs)[1].Their 
properties can be fine-tuned by changes of the imide substituents or by functionalization of the 
electron-deficient coreat the bay-or ortho-area of the molecule[2]. In this work,we focus on expanding 
the PDI core by non-benzenoid ring fusion. Depending on whether ring closure happens at the bay-or 
ortho-carbon, a 5-or7-membered ring will form, respectively. This approach producesthree possible 
ring-fusion patterns, leading to highly fluorescent chromophores with variable absorption and 
emission properties. Crystal structures confirm significant twist of the perylene core as expected from 
previous studies[3,4] Further investigation is currently conducted–upon aromatization the 
[5.5]PDIcould form anopen-shell diradicaloid system.On the other hand, thepersistenttwist in PDIs 
with 7-membered rings is a promising feature forobtaining chiral PDI derivatives[5] 
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Charged -electronic systems provide ion-pairing assemblies, which exhibit fascinating properties by 

appropriate modifications. Deprotonation of an acid unit of the appropriate -electronic molecules 

enables the formation of -electronic anions, which are used as building block for ion-pairing 
assemblies. The stabilization of an anionic site attached to π-electronic systems is observed in 
deprotonated meso-hydroxyporphyrins (MHPs). This strategy can also be applied to 
dipyrrolylnitrophenols (DPPhs), which form π-electronic anions via stabilization by intramolecular 
interactions. The replacement of the pyrrole units in DPPhs with thienyl groups would provide 
deprotonated anions, which would be stabilized by chalcogen bonding between an electrophilic region 
in sulfur atoms and a nucleophilic region in the anionic site. 
This study focused on the synthesis of dithienylnitrophenols and their ion-pairing assemblies in the 
deprotonated form. Suzuki coupling of 2-thiopheneboronic acid and 2,6-diiodo-4-nitrophenol afforded 
2,6-dithien-2-yl-nitrophenol 1a. Triazatriangulenium (TATA+) and porphyrin AuIII complex (F3PAu+) 
were introduced as counter cationic species of deprotonated dithienylnitrophenols to provide the 
corresponding ion pairs (TATA+-1a– and F3PAu+-1a–). Their single-crystal X-ray analysis revealed the 
formation of charge-by-charge assemblies based on the planar anionic species stabilized by chalcogen 
bonding. According to the concentration-dependent 1H NMR in CD2Cl2 at 20 °C with shifts to the 
monomeric signals upon dilution, the heterodimerization constant Kdim of TATA+-1a– was estimated to 
be 2.1 × 105 M–1. Furthermore, photoinduced electron transfer between ion pairs was indicated in the 
excited states using femtosecond transient absorption spectra. Following this study, in order to 
provide electronically functional materials, ion-pairing assemblies of MHP anions stable for one-
electron oxidation have been investigated.  

 

 

Poster 

Bay expanded Terrylene diimide exhibiting 
room temperature phosphorescence 

No. 18 Shivangee Jha, Kundan Singh Mehra, Jeyaraman Sankar 

 IISER Bhopal, Bhauri, India 

 

Organic molecules showing room temperature phosphorescence (RTP) in solution state are rare. The 
excited triplet states in solution phase usually suffer through various quenching phenomenon such as 
exposure to triplet oxygen, and competitive non-radiative relaxation pathways. Nevertheless, their 
applicability in various fields such as flexible electronics, gated-biological imaging, anticounterfeiting 
has driven the thrust for the development of the organic molecules showing RTP under ambient 
conditions. Recently host-guest complexation, the donor-acceptor approach has been proven to be 
useful for the same.1 However, the major bottleneck in these strategies are the requirement of a 
suitable host and the optimisation of doping concentrations. Therefore, a constant search for single 
component systems having emission in the red to near-infrared region are of interests due to their 
application in the biological systems. Considering these features, Terrylene diimide (TDI), a single 
component system that emit in the red region can be a candidate of choice. This has been widely 



 
 

 

 

 

explored as an optoelectronic material owing to its excellent photophysical properties.2 However, its 
triplet state properties have not been explored till date. In this poster, we shall demonstrate that with 
judicious functionalization of TDI, the RTP in solution state can be achieved. Strategically, the 
expansion of the conjugation in transverse direction and heavy atom incorporation are proved to be 
useful. Our synthesized molecule TDI-cDBT shows a prolonged triplet lifetime of 1.2 ms in red region. 
Also, the molecule undergoes H aggregation at higher concentration, further stabilizing the triplet 
state. Thus, we shall understand how the phosphorescence emission can be tuned from red to NIR 
region with prolonged lifetime by varying the concentration. 
 

 
 

Scheme: Expanded Terrylene diimide and plausible Jablonski diagram 
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Electron-deficient p-systems with deep-LUMO (≤-4.5 eV) levels are getting immense attention due to 
their utility in electronic devices such as Organic Light Emitting diodes (OLEDs), Organic Solar cells 
(OSCs) as an n-type semiconductor. Deep-LUMO materials with emission in Near-Infrared (NIR) range 
further increases their applicability in biological systems as well. However, achieving highly stabilized 
LUMO with NIR emission is challenging. Nitroarenes are known to stabilize LUMO levels efficiently, but 
due to their non-emissive nature, are less explored.[1] Shorter Rylene diimides (RDIs) having electron-
withdrawing substituents are shown to achieve highly stabilized LUMOs.[2] However, they lack any 
emission. An interesting approach to achieve both properties in a single molecular system would be 
the nitration of comparatively electron-rich RDIs such as terrylene diimide (TDI), having intense 
absorption and emission in higher wavelength regions.[3] Further, the availability of multiple less-
crowded core positions makes them suitable candidate for above mentioned purposes. These features 
of TDI will help in achieving deeper LUMO levels and NIR emission as well. In this work, we have 



 
 

 

 

 

designed a strategy to obtain deep-LUMO materials having emission in the NIR region, using nitration 
as a strategy.[4] Nitro derivatives synthesized here demonstrates deep-LUMO values ranging from -
4.4 eV to -5.0 eV (vs. Fc/Fc+) with exceptional redox stability. Moreover, Tetra-nitrated TDI shown a 
deep-LUMO value of -5.0 eV, which is the lowest LUMO value observed for this kind of molecular 
systems. Interestingly, the nitro-TDIs synthesized here are the only examples of emissive nitro-RDIs. 
As a result of deep-LUMO levels NIR emissive nature, along with redox stability, these molecules can 
be applicable for optoelectronic devices and photocatalysis.  
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