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Help from the Dark Side
Using “dark channel” fluorescence, scientists can explain how biochemical
substances carry out their function
Spectroscopic techniques are among the most important methods by which
scientists can look inside materials. They exploit the interaction of light waves
with a given sample.
Now, using X-ray absorption spectroscopy, researchers from HelmholtzZentrum Berlin für Materialien und Energie (HZB) have observed the moving
of electric charges from solute to solvent – so-called electron transfer. They
can even make assertions on the temporal sequence of this process. As one
example, they can find out how solute biochemical substances carry out their
microscopic functions in their natural environment at room temperature and
normal pressure. Until recently, studying such systems by soft X-ray radiation
has not been possible. The HZB group led by Emad Aziz reports on this in
Nature Chemistry (DOI: 10.1038/NCHEM.768), with their article highlighted
in the online pre-issue from 8 August.
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The group studied the X-ray absorption spectra of iron ions in both iron chloride and organic compounds such as haemin, the active centre of blood component haemoglobin, and analyzed the hitherto inexplicable negative peak
(dip) in the spectra.
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In X-ray absorption spectroscopy, monochromatic X-ray light interacts with
the sample. When the energy of the incident light exactly matches the energy
transfer in the molecule, electrons can be excited out of their ground state into
a higher energy state. As they return to their original state, the added energy is
released again, as an emission of fluorescent light for example. By recording
this fluorescent light, scientists gain an insight into the electron orbital configuration of atoms and molecules.
By making measurements using synchrotron light at the X-ray source BESSY
II, Emad Aziz and his colleagues discovered that certain solute substances emit
no fluorescent light after excitation. The negative peak that appeared in the
spectrum was evidence that the return to ground state took place without radiation, through a so-called “dark channel”.
This happens because interactions between molecules in the sample and in the
solvent produce common orbitals. The excited electrons are pushed into these
orbitals. “This works because the molecular orbitals of the iron and water ions
come very close spatially and their energies match very well,” explains Emad
Aziz, head of a junior research group at HZB. The electrons remain in this new
state longer than they would in a normal molecular orbital. Their energy state
therefore prevents the emission of the normally expected fluorescent light.
Dips in the spectrum thus give a clue as to the kind of interplay between the
sample and the solvent. One could use this process to examine how much the
solvent contributes towards the function of biochemical systems such as proteins, for example.

X-ray photon taking electron
from the Fe(III) active center
to the water mixed orbital in
time scale faster than 7 femtoseconds (the core-hole life
time of Fe(III))

Ultrafast processes such as charge transfer have only been observable with
enormous effort using conventional methods. Now, HZB researchers have found
a way to explain the dynamics of this process using a simple model. “We can
observe where the charges migrate to, and we can see that this happens within a
few femtoseconds,” Emad Aziz stresses. The result also has major repercussions
for the interpretation of X-ray absorption spectra in general.
For their experiments, the group used a specially developed flow cell that also
allows them to study biological samples by X-ray in their natural environment –
that is in dissolved form.

The Helmholtz-Zentrum Berlin für Materialien und Energie (HZB) operates and develops large scale facilities for research with
photons (synchrotron beams) and neutrons. The experimental facilities, some of which are unique, are used annually by more than
2,500 guest researchers from universities and other research organisations worldwide. Above all, HZB is known for the unique sample environments that can be created (high magnetic fields, low temperatures). HZB conducts materials research on themes that especially benefit from and are suited to large scale facilities. Research topics include magnetic materials and functional materials.
In the research focus area of solar energy, the development of thin film solar cells is a priority, whilst chemical fuels from sunlight are
also a vital research theme. HZB has approx.1,100 employees of whom some 800 work on the Lise-Meitner Campus in Wannsee and
300 on the Wilhelm-Conrad-Röntgen Campus in Adlershof.
HZB is a member of the Helmholtz Association of German Research Centres, the largest scientific organisation in Germany.
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