
 

X-rays capture electron 'dance'
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A molecular model representing ferreous bipyridine, the iron compound used in
this experiment. Click for full display and caption. Credit: The Journal of
Physical Chemistry A

(Phys.org)—The way electrons move within and between molecules,
transferring energy as they go, plays an important role in many chemical
and biological processes, such as the conversion of sunlight to energy in
photosynthesis and solar cells. But the fastest steps in this energy transfer
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have eluded detection.

In a paper published this month in The Journal of Physical Chemistry A,
researchers have demonstrated that they can manipulate and study these
ultrafast energy transfers with SLAC's X-ray laser, the Linac Coherent
Light Source.

The technique provides new insight into the rapid switching of magnetic
properties and the movement of electric charges in a range of samples.

Surprisingly, researchers discovered that the electron movements they
observed don't fit current models very well – possibly a sign of a
previously unknown step in this electron-transfer process, said Marco
Cammarata of the University of Rennes, France, who was a key
researcher in the experiments.

"If this is the case, it would be a very important result to understand,"
Cammarata said, and could lead to revisions in existing theories and
models. The results produced "more interesting data than expected," he
said, given that the iron-containing compound used in the experiments
had been so extensively studied.

In the LCLS experiment, researchers hit a stream of liquid containing a
dissolved iron compound with quick pulses of optical laser light. This
excited the molecules in the compound, rearranging their electrons and
changing their magnetic properties.

A few quadrillionths of a second later they hit the same sample with
ultrashort pulses from the LCLS's X-ray laser beam to record those
changes.

The way X-rays of various wavelengths are absorbed by a sample can be
used to understand its electronic properties and molecular geometries.

2/4

https://phys.org/tags/linac+coherent+light+source/
https://phys.org/tags/linac+coherent+light+source/
https://phys.org/tags/magnetic+properties/
https://phys.org/tags/magnetic+properties/
https://phys.org/tags/electric+charges/
https://phys.org/tags/optical+laser/
https://phys.org/tags/laser+beam/
https://phys.org/tags/electronic+properties/


 

This technique, called X-ray absorption spectroscopy, has been
extensively used at synchrotron light sources. But this was the first time
it has been successfully demonstrated using the LCLS X-ray laser.

The experiments were conducted in 2010, and the technique has since
found use in several LCLS experiments.

By varying the time between the two laser pulses and the wavelength of
the X-ray pulse, the researchers were able to see how the first pulse
changed the electronic and structural properties of the sample.

With its intense, ultrabright X-ray pulses, the LCLS collects data on
processes that occur a thousand times faster than can be studied using
even the most advanced synchrotrons, Cammarata said, providing a new
window into this ultrafast realm.

The results at LCLS suggest a formerly unknown stage in the energy
transfer process, as the sample compound transitioned from its original,
stable state to a new, mostly stable or "metastable" state.

Cammarata said he has been working with collaborators at LCLS and at
the FLASH X-ray laser at Germany's DESY lab to improve the
synchronization of the visible and X-ray lasers used in these
experiments. They are also refining the system that delivers the stream
of dissolved samples into the path of the lasers.

Such enhancements could for the first time allow researchers to identify
the earliest light-triggered changes in gaseous, liquid and solid
specimens.

"New experimental data are needed to develop theoretical models to
explain the processes we observe," Cammarata said, noting that follow-
up research is continuing.
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Henrik Lemke, an LCLS instrument scientist and lead author of the
paper, said additional improvements in X-ray laser performance and
instrumentation may reveal processes that occur on an even shorter time
scale. X-ray lasers "open the field" for studying the interplay between
magnetic and electronic charge states observed using other X-ray
sources, he said. This information may help scientists understand and
tailor the function of many chemical, biological and technological
processes.

The experiments were carried out with the X-ray Pump Probe
instrument at the LCLS. It uses ultrashort laser pulses to "pump" or
excite a reaction in a sample, followed by X-ray laser pulses that "probe"
and resolve the resulting changes in the sample.

  More information: pubs.acs.org/doi/abs/10.1021/jp312559h
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