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Batteries play an ever growing role in todays and future technologies. Applications can range fro
portable electronics over electrification of road traffic to using renewable energies 24h/365d.
Demands on the performance are thus very different and a thorough understanding is a pre-requis
for further improvement. In particular, a detailed understanding of the molecular processes is
important for energy and power density, cycle life (degradation mechanisms) and safety of batterie
Two types of batteries will be discussed, intercalation batteries and redox flow batteries.

Intercalation batteries have become an important technology for electricity storage as can be seen
from the success of Li-ion batteries. Since there are issues regarding the broad availability of lithium
attempts are made to have other ions intercalated such as magnesium and sodium. In addition, the
molecular understanding of the processes, especially at the interface, are still underdeveloped.
Studies were performed using Scanning Tunnelling Microscopy (STM) and other techniques to
investigate

- the electrochemical behaviour of the ion intercalation for Li and Na,

- the molecular processes upon formation of the SEI in a Li-lon battery,

- the intercalation process of Na in HOPG in glyme electrolyte.

For the Li-ion system the interfacial layer between electrode and electrolyte (SEI layer) is crucial for
its functioning but little is known about the mechanism of its formation!. The STM results elucidate th
initial stages of the process and under which conditions the reversible formation changes to an

irreversible formation of the SEI. The results for Na show a large lattice expansion upon intercalatio
which is reversible and can be sustained over many intercalation—de-intercalation cycles. The data
also suggest that the intercalation of Na in glyme electrolyte occurs in the solvated state of the ion.
This is a remarkable effect since one would assume that the activation barrier is quite high because

of the large structural changes.

The current technology of redox flow batteries, RFB, uses the V2*3+-\/4*/5* redox couple for storing
electricity. This all-vanadium system has many advantages, however, some performance iSSues ¢
Novel redox electrochemistries try to overcome the limitations regarding energy and power densi
Some examples of our recent work regarding organicé and inorganic’ systems will be given.

References

L. Seidl, S. Martens, J. Ma, U. Stimming and O. Schneider, Nanoscale 2016, 8, 14004.

L. Seidl, N. Bucher, E. Chu, S. Hartung, S. Martens, O. Schneider and U. Stimming, Energy Environ.Sci. 2017, 10, 1631.

J. Friedl, C. M. Bauer, A. Rinaldi and U. Stimming, Carbon 2013, 63, 228.

H. Fink, J. Friedl and U. Stimming, Journal of Physical Chemistry, 2016, 120, 15893.

M. Schwob, J. Friedl and U. Stimming, J.Electroanal.Chem., in press

J. Friedl, Maria A. Lebedeva, K. Porfyrakis, U. Stimming, T. W. Chamberlain, J.Am.Chem.Soc. 2018, 140, 401

J. Friedl, M. V. Holland-Cunz, F. Cording, F. Pfanschilling, C. Wills, W. McFarlane, B. Schricker, R. Fleck, H. Wolfschmidt and U. Stimming, submitted

No U A WN R

Contact: GREEN@nims.go.jp G '



