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Using the photoactive zinc oxide material, scientists studied the formation and migra-

tion of so-called polarons. (Figure: Patrick Rinke/Aalto University) 

Researchers of Karlsruhe Institute of Technology (KIT) have 

unveiled an important step in the conversion of light into stora-

ble energy: Together with scientists of the Fritz Haber Institute 

in Berlin and the Aalto University in Helsinki/Finland, they stud-

ied the formation of so-called polarons in zinc oxide. The pseu-

doparticles travel through the photoactive material until they 

are converted into electrical or chemical energy at an interface. 

Their findings that are of relevance to photovoltaics among 

others are now published in the renowned journal Nature 

Communications.    

Processes converting light into storable energy may contribute deci-

sively to a sustainable energy supply. For billions of years, nature 

has been using such processes for photosynthesis to form carbohy-

drates with the help of light. In research, phototcatalysis that uses 

light to accelerate chemical processes is gaining importance. In the 

past years, researchers also achieved considerable progress in 

photovoltaics converting incident sunlight directly into electrical en-

ergy. Efficiency constantly improved.  

Pseudoparticles Travel through Photoactive Material 

KIT Scientists Measure Important Process in the Conversion of Light Energy – Publication in Na-

ture Communications  
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However, the processes underlying photovoltaics have hardly been 

studied in detail so far. “Conversion of photons, i.e. light particles, 

into electricity takes several steps,” Professor Christof Wöll, Head of 

the Institute of Functional Interfaces (IFG) of KIT, explains. First, 

light is absorbed in a photoactive material. Single electrons are re-

moved from their site and leave a hole there. The electron-hole pairs 

are stable for a short term only. Then, they either decay under the 

emission of light or are separated into an electron and a hole that 

move in the material independently of each other. The fate of this 

charged particle then depends on the material.  

In most materials, free holes are not stable, but converted into so-

called polarons under energy loss. A polaron is a special pseudopar-

ticle composed of a particle and its interaction with the environment. 

The polarons formed are stable for a longer term and travel through 

the photoactive material until they are converted into electrical or 

chemical energy at an interface.  

Researchers of KIT under the direction of Professor Christof Wöll 

have now carried out experiments using photoactive zinc oxide ma-

terial in order to study the formation and migration of polarons. They 

employed a worldwide unique experimental setup for infrared reflec-

tion absorption spectroscopy (IRRAS) with a temporal resolution of 

100 milliseconds and measured infrared spectra of zinc oxide 

monocrystals and observed intensive absorption bands, i.e. finger-

prints, of a so far unknown pseudoparticle. Interpretation of the data 

and identification of this new particle were big challenges for the KIT 

scientists. In cooperation with a group working at the Fritz Haber 

Institute and the Excellence Center for Computational Nanoscience 

(COMP) of Aalto University, however, they succeeded in unambigu-

ously allocating the absorption bands to so-called hole polarons. 

“This is an important finding made in 2015, the International Year of 

Light and Light-based Technologies,” Professor Wöll says.    

Hikmet Sezen, Honghui Shang, Fabian Bebensee, Chengwu Yang, 

Maria Buchholz, Alexei Nefedov, Stefan Heissler, Christian Carbog-

no, Matthias Scheffler, Patrick Rinke, and Christof Wöll: Evidence 

for photogenerated intermediate hole polarons in ZnO. Nature 

Communications, 22nd April 2015. DOI 10.1038/ncomms7901.  

Karlsruhe Institute of Technology (KIT) is a public corporation 

pursuing the tasks of a Baden-Wuerttemberg state university 

and of a national research center of the Helmholtz Association. 

The KIT mission combines the three core tasks of research, 

higher education, and innovation. With about 9,400 employees 

and 24,500 students, KIT is one of the big institutions of re-
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search and higher education in natural sciences and engineer-

ing in Europe.  

 

Since 2010, the KIT has been certified as a family-friendly university. 

 

This press release is available on the internet at www.kit.edu.  

 

The photo of printing quality may be downloaded under www.kit.edu 

or requested by mail to presse@kit.edu or phone +49 721 608-4 

7414. The photo may be used in the context given above exclusively. 
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