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Анотація. 
У цій статті розглядається інноваційний підхід до підвищення ефективності сонячних панелей, розроблений 

японськими та німецькими вченими. У ній висвітлено проблему теоретичних обмежень класичних кремнієвих 

акумуляторів, які втрачають значну частину енергії у вигляді тепла. У статті проаналізовано метод 

використання синглетного поділу та металевого комплексу на основі молібдену, що дозволяє одному фотону 

генерувати одразу два носії заряду. Продемонстровано ефективність цієї технології, яка забезпечила квантовий 

вихід сонячних елементів на рівні 130%, та її потенціал для суттєвого збільшення генерації електроенергії в 

майбутньому. 
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Abstract.  

This paper examines an innovative approach to improving the efficiency of solar panels developed by Japanese and 

German scientists. It highlights the problem of the theoretical limitations of classical silicon batteries, which lose a 

significant amount of energy as heat. The paper analyses the method of using singlet fission and a molybdenum-based 

metal complex, allowing a single photon to generate two charge carriers simultaneously. It demonstrates the effectiveness 

of this technology, which achieved a quantum yield of solar cells at the level of 130%, and its potential for significantly 

increasing electricity generation in the future. 
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Introduction 

 

Solar energy has already become an integral part of modern green energy. However, one of the main 

obstacles to its maximum utilization remains the insufficient efficiency of existing photovoltaic panels. The 

performance of most modern systems is constrained by the fundamental physical laws of light absorption. 

 

Definition of the problem 

 

Standard silicon solar cells are restricted by the so-called Shockley-Queisser limit, which is about 33%. 

The problem is that high-energy photons of the blue spectrum carry excess energy that silicon cannot fully 

convert into current. It knocks out only one electron, and the rest of the energy evaporates irretrievably as 

useless heat. 

 

Solution 

 

This approach, developed by researchers from Kyushu University (Japan) and Johannes Gutenberg 

University (Germany), uses the singlet fission effect to overcome existing limitations. The technology is based 

on the application of a special molybdenum-based metal complex with a "spin-flip" property. This molecular 

structure selectively captures energy, allowing a single high-energy photon to split and generate two charge 

carriers at once instead of one. 

Thanks to this new method, researchers have achieved significant results. The quantum yield of solar cells 

increased to an unprecedented 130%. This means that for every 100 absorbed particles of light, the system 

stably produces 130 electrons. 

 



Conclusion 

 

Thus, the use of new molecular structures for singlet fission addresses the fundamental problem of excess 

energy loss in traditional solar cells. Thanks to this approach, the next generation of solar panels will be able 

to generate significantly more electricity. The developers hope that this technology will become a major step 

toward more efficient renewable energy in the coming years. 
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