How do electrons move in molecules?

Lasers reveal electron motion during chemical reaction

By H. J. Wérner

Electrons control all chemical reactions and biological processes. They make bonds and give each
molecule its specificity. Observing their motion during a chemical reaction is an immense challenge
as it happens in attoseconds (las = 10 s).

A scientist from ETH Zdirich, in collaboration with Canadian and French teams, was able to see
electrons move during a chemical reaction. He irradiated nitrogen dioxide (NO,) with an ultrashort
laser pulse and made snapshots of the electronic cloud, fast enough to freeze its motion.

Their measurements show how the electrons move and rearrange as the chemical reaction proceeds.
In the first moments, the electronic cloud oscillates between two distinct shapes, then the molecule
begins to vibrate and eventually breaks apart.

This experiment, published in the leading journal Science on October 14™ 2011, revealed for the first
time how electrons rearrange to transfer the energy of ultraviolet light into the motion of atoms.
This same mechanism is involved in the process of vision and is also responsible for the exceptional
stability of DNA against destruction by ultraviolet light. The new method thus opens exciting
perspectives in both fundamental and applied research.

The technique enabling this observation has been developed by Hans Jakob Wérner, now assistant
professor of Physical Chemistry at ETH Ziirich and published in Nature (Vol. 466, p. 604 (2010)). It
uses a strong laser pulse to remove an electron from the molecule, drive it away and force it back
into the molecule. The thus emitted extreme-ultraviolet (EUV) attosecond burst takes an
instantaneous picture of the electronic cloud and atomic positions. All molecules will not react, so
both excited and unexcited molecules emit EUV bursts. Just as in a radio receiver, the signal from the
unexcited molecule acts as a reference wave, against which the signal from the excited molecules is
resolved - with exceptional sensitivity.

With their new advance, the scientists have now shown that electrons can be followed along a
complete chemical reaction pathway. The method thus reveals details of chemical reaction
mechanisms that have mostly remained hidden from scientific investigation. In the future, such
studies will improve our understanding of the mechanisms of matter, with implications for the light-
controlled synthesis of molecules, improved solar cells and artificial photosynthesis.
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