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Matter is made up of molecules. A molecule is made up of atoms. An atom is made up of a 
nucleus and electrons. If we naively imagine that electrons orbit the nucleus just as 
planets around the sun, the orbit period is a few hundreds of attoseconds. “Attosecond” 
means 10-18 seconds, within which even light can travel only 0.3 nanometers, and it is the 
time scale of the electronic motion inside atoms and molecules. As attosecond laser pulses 
whose duration is as short as several tens of attoseconds are becoming available, we can 
now approach questions at the heart of chemistry. In this session we discuss the stream 
and future direction of emerging attosecond chemistry. 

Atoms link to each other (molecule) by forming bonds. Bonds in general are a 
mixing or sharing of the electrons from different atoms. How the electrons are shared is 
described by a mathematical function called molecular orbital. In today’s chemistry, the 
molecular orbital theory forms the basis for our understanding of molecular structures 
and chemical reactions. But how does it look in reality? Prof. Jiro Itatani, the first 
speaker of this session, succeeded in the experimental imaging of molecular orbitals for 
the first time in 2004. In this session he will present the method of molecular orbital 
tomography and his pioneering results on nitrogen (N2) molecules. 

Attosecond light pulse generation as well as the molecular orbital tomography 
relies on a technique so-called high-harmonic generation. This is a process in which an 
intense infrared or visible laser light is converted to radiation of much shorter 
wavelengths by atoms and molecules; emission at different wavelengths conveys 
information on molecular orbitals. The group of Dr. Thierry Ruchon, the second speaker 
of this session, devised a method to precisely determine the phase of harmonic emission, 
and then recently measured not only the highest but also the second highest occupied 
molecular orbitals. In this session he will present their intriguing results. 

Let us now look into the future. One of the dreams of attosecond chemistry would 
be to observe and to steer electronic motion in large molecules. For example, 
DNA-mediated electron transfer plays an important role in DNA damage and repair. 
Electron transfer across interfaces also plays a central role in surface chemistry. Control 
of electron transfer inside and between molecules may open a route to molecular 
electronics. It is expected that attosecond chemistry contribute to these fields, too. We will 
also discuss other dreams such as the investigation of highly excited states by attosecond 
light pulses and the control of molecular motion by laser pulses whose waveform is 
controlled with attosecond precision. 
 

 


