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Improving Energy Production by Boosting Singlet Fission Process 
Singlet fission can be promoted by chiral molecular self-assemblies that absorb light 

 
 
Fukuoka, Japan—In organic molecules an exciton is a particle bound pair of an electron 
(negative charge) and its hole (positive charge). They are held together by Coulombic attraction 
and can move within molecular assemblies. Singlet fission (SF) is a process where an exciton 
is amplified, and two triplet excitons are generated from a singlet exciton. This is caused by 
the absorption of a single particle of light, or photon, in molecules called chromophores 
(molecules that absorb specific wavelengths of light). Controlling the molecular orientation and 
arrangement of chromophores is crucial for achieving high SF efficiency in materials with strong 
potential for optical device applications. 
 
So far, studies on SF have been conducted in solid samples, but there is yet to be comprehensive 
design guidelines for the molecular organization required for efficient SF.  
 
Professor Nobuo Kimizuka and his colleagues from Kyushu University have now successfully 
demonstrated that SF can be promoted by introducing chirality (molecules that cannot be 
superimposed on their mirror images) into chromophores and achieving chiral molecular 
orientation in self-assembled molecular structures. Publishing in Advanced Science, the team 
showed SF-based triplet excitons in self-assembled aqueous nanoparticles containing chiral π-
electron chromophores, a phenomenon not observed in similar racemic nanoparticles (a mixture 
of equal amounts of molecules that are mirror images of each other).  
 
Kimizuka says, “We have discovered a novel method to enhance SF by achieving chiral 
molecular orientation of chromophores in self-assembled structures.”  
 
The researchers investigated the SF characteristics of aqueous nanoparticles, which self-
assembled from ion pairs of tetracene dicarboxylic acid and various chiral or non-chiral amines. 
They identified the critical role of the counterion (an ion with a charge opposite to that of 
another ion in the solution), specifically the ammonium molecule. The counterion influenced 
the molecular orientation of the ion pairs, the structural regularity, the spectroscopic properties, 
and the strength of the intermolecular coupling between tetracene chromophores. Thus, the 
counterion played a key role in controlling the alignment of the chromophores and the 
associated SF process. 
 
Through extensive experimentation with chiral amines, the team achieved a triplet quantum 
yield of 133% and a rate constant of 6.99 × 109 s−1. In contrast, they observed that 
nanoparticles with achiral counterions did not exhibit SF.  
 
The racemic ion pair also produced an intermediate correlated triplet pair state by SF. However, 
triplet-triplet annihilation was dominant in the triplet pairs; therefore, no dissociation into free 
triplets was observed.  
 
“Our research offers a novel framework for molecular design in SF research and will pave the 
way for applications in energy science, quantum materials, photocatalysis, and life science 
involving electron spins. Furthermore, it inspires us to continue exploring SF in chiral molecular 
assemblies in organic media and thin film systems, which are critical for applications in solar 
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cells and photocatalysts,” concludes a hopeful Kimizuka. 
 

### 
 

For more information on this research, see "Chirality in Singlet Fission: Controlling Singlet 
Fission in Aqueous Nanoparticles of Tetracenedicarboxylic Acid Ion Pairs”, Ilias Papadopoulos, 
Joseph Ka-Ho Hui, Masa-aki Morikawa, Yasuhito Kawahara, Kenji Kaneko, Kiyoshi Miyata, Ken 
Onda, and Nobuo Kimizuka, Advanced Science, https://doi.org/10.1002/advs.202405864. 
 
About Kyushu University  
Kyushu University has been one of Japan's leading research-oriented institutes of higher 
education since its founding in 1911. Home to around 19,000 students and 8,000 faculty and 
staff, Kyushu U's world-class research centers cover a wide range of study areas and research 
fields, from the humanities and arts to engineering and medical sciences. Its multiple 
campuses—including one of the largest in Japan—are located around Fukuoka City, a coastal 
metropolis on the southwestern Japanese island of Kyushu that is frequently ranked among the 
world's most livable cities and historically known as Japan's gateway to Asia. Through its Vision 
2030, Kyushu U will Drive Social Change with integrative knowledge. Its synergistic application 
of knowledge will encompass all of academia and solve issues in society while innovating new 
systems for a better future. 
 

 
 

 

 

Fig. 1. Singlet fission promoted in chiral molecular self-assemblies. 
Researchers provide a valuable guide for molecular design in singlet 
fission research.  
 

 

 
 

[Contact] 
Nobuo Kimizuka, Professor 
Department of Applied Chemistry, Faculty of Engineering 
Tel: +81 092-802-2832  
E-mail: kimizuka.nobuo.763@m.kyushu-u.ac.jp 

https://doi.org/10.1002/advs.202405864
mailto:kimizuka.nobuo.763@m.kyushu-u.ac.jp

