
 

Researchers put a new spin on molecular
oxygen
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(a−c) AFM images before (a) and after (b) KPFS manipulation of Oad
2−−Oad

2−

with the tip positioned symmetrically in the middle and the corresponding line
profiles (c). The double bright spot became a single one, indicating formation of
an oxygen molecular species, O2

2−. (d−f) AFM images before (d) and after (e)
KPFS manipulation of Oad

2−−Oad
2− with the tip positioned slightly off the middle

position between the two atoms and the corresponding line profiles (f). (g−i)
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AFM images before (g) and after (h) KPFS manipulation of Oad
2−−Oad

2− with the
tip positioned above one oxygen atom and the corresponding line profiles (i),
indicating a change in the charge state from Oad2− to Oad − of only the oxygen
atom that is under the tip. (j−m) DFT optimized structures are shown in each
case: (j) Oad

2−−Oad
2−; (k) Oad

2−−Oad
−; (l) Oad

−−Oad
−; and (m) O2

2− adsorbed at the
on-top Ti5c site. Note that there is also another adsorption site, the bridge site,
see SI, section S9. Dashed horizontal lines depict the differences in heights of
the oxygen adatoms. (A), (B), and (C) denote the three key manipulation
scenarios, see text.

While pinning down a single oxygen atom sounds difficult, trying to then
manipulate electrons associated with that single atom to alter its charge
sounds downright impossible. However, for the first time, this
achievement has been reported by an international research team led by
Osaka University.

Along with collaborators from Slovakia and the United Kingdom,
graduate student Yuuki Adachi from Osaka University's Department of
Applied Physics has recently published this research in ACS Nano.

Oxygen is one of the most abundant elements on Earth. Usually found in
its diatomic form, O2, oxygen is highly reactive and doesn't hang around
long in a gaseous state. The ground state, or least reactive form of
oxygen, is referred to as triplet oxygen because it has three possible
arrangements of electron spins. However, singlet oxygen, with its one
possible spin arrangement, is more reactive and plays a major role in a
diverse range of chemical reactions, ranging from green fuel production
to photodynamic cancer treatments.

Unsurprisingly then, there is significant interest in controlling the
formation and activation of molecular oxygen.
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"We used Kelvin probe force spectroscopy to examine the charge states
of oxygen atoms attached to a titanium dioxide rutile surface, and to then
manipulate the charge through the transfer of individual electrons to and
from pairs of oxygen atoms," explains Adachi. "We identified three
different charge states amongst the pairs: O-/O-, O2-/O2-, and O-/O2-.
Depending on the applied voltage and where we positioned the tip of the
probe relative to the atoms, we could then reversibly switch the charge
between the O- and O2- states."

The team then showed that they could use the same method to induce
controlled, reversible bond formation between two adjacent oxygen
atoms, forming molecular oxygen (O2).

Interestingly, they also found that the charge state could be controlled
remotely by locating the tip elsewhere on the rutile surface. Electrons
were transferred to the oxygen atoms via surface polarons, a
phenomenon where electrons can travel through a crystal lattice.

"This level of control over the charge state of oxygen atoms has not
previously been possible," says corresponding author of the study
Associate Professor Yan Jun Li. "Our work provides a novel method to
examine transition-metal-oxide-based catalytic reactions, and can likely
be applied to other atoms, and perhaps other surfaces, where controlled
chemical reactions initiated by charge manipulation are performed."

  More information: Yuuki Adachi et al, Tip-Induced Control of
Charge and Molecular Bonding of Oxygen Atoms on the Rutile TiO2
(110) Surface with Atomic Force Microscopy, ACS Nano (2019). DOI:
10.1021/acsnano.9b01792
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