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Holes in valence bands of nanodiamonds discovered

Researchers hope that their properties might be altered to permit
nanodiamonds to be used as catalysts for generating hydrogen from
sunlight

Nanodiamonds are tiny crystals only a few nanometres in size. While
they possess the crystalline structure of diamonds, their properties
diverge considerably from those of their big brothers, because their
surfaces play a dominant role in comparison to their extremely small
volumes. Suspended in aqueous solutions, they could function as
taxis for active substances in biomedical applications, for example, or
be used as catalysts for splitting water. But how are the electronic
properties of nanodiamonds deposited on a solid-state substrate
different from those displayed by nanodiamonds in aqueous
solutions? Dr. Tristan Petit working in the HZB team headed by Prof.
Emad F. Aziz has now investigated this with the help of absorption and
emission spectroscopy at BESSY Il. Their results, just published in
Nanoscale, demonstrate that nanodiamonds display valence holes in
aqueous solutions, which are not observed when characterized as a
thin film.

“The interaction between the nanodiamonds and the neighbouring
molecules and ions is especially strong in water”, say Petit. The adsorption
of active pharmaceutical ingredients on nanodiamonds can be influenced,
for example, by adding salts or changing the pH value. Petit and his
colleagues have now discovered that the electronic signature of surface
states of nanodiamonds in aqueous dispersions are considerably different
from those of nanodiamonds on a solid-state substrate.

With the help of micro-jet technology developed by Emad Aziz at HZB, they
examined liquid samples in vacuum using X-ray spectroscopy and developed
a detailed picture of the filled and unfilled electron states in valence and
conduction bands. Their results show that holes, i.e. missing electrons in the
valence band, formed on the surfaces of the nanodiamonds in the aqueous
dispersion. “This suggests that electrons at the surface of nanodiamonds
are donated to the surrounding water molecules”, Petit suggests. The
physicists suspect they might also influence the nanoparticles’ chemical,
optical, and catalytic properties through changes to their electronic
structure. They would like to determine in future studies whether the
catalytic effect of nanodiamonds in aqueous environment can be increased
in order to split water molecules into oxygen and hydrogen using light.
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The Helmholtz-Zentrum Berlin fiir 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-Réntgen 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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