In-situ Raman spectroscopy of high capacity 3D Si nanowire electrodes
Andreas Krause a, Olga Tkachevaa, Ulrike Langklotz b, Ahmad Omar c, Matthias Grube a,
Susanne Dörfler d, Lars Giebeler c, Thomas Mikolajicka,b, Walter M. Weber a
a
NaMLab gGmbH, 01187 Dresden
b Dresden University of Technology, 01062 Dresden
c Leibniz Institute for Solid State and Materials Research (IFW) Dresden e.V., 01069 Dresden
d Fraunhofer Institute for Material and Beam Technology (IWS) Dresden, 01277 Dresden
E-mail: Andreas.Krause@namlab.com
In-situ Raman spectroscopy is one the most advanced methods to study the relationship
between structural and electrochemical data during electrode cycling.[1] But the formation of
a thick solid-electrolyte-interface (SEI) layer imposes challenges on Raman measurement as
the signal from the electrode material with increasing background fluorescence is blocked.
Herein, we present the in-situ Raman spectroscopy on high capacity 3D silicon nanowire
(SiNW) electrodes (Fig 1a) during charging and discharging. An optimized setup (Fig 1b) in
LP30® electrolyte vs. Li/Li+ was used to evaluate a maximum signal response from the
electrode at a laser excitation wavelength of 514 nm. Fore pure SiNWs the Si signal exhibits a
drop of intensity already at 0.5 V (Fig 1c) due to SEI formation. In the fully lithiated state, the
Raman measurements show an unprecedented observation of peaks resulting from the
electrolyte, its decomposition products, e.g. Li2CO3 and LiF (Ref. [2]) and so far unassigned
peaks of the cycled Si electrode, e.g. lithium silicides. To reduce SEI formation, dedicated
electrodes were conformally coated with a conductive carbon coating. The potential
dependent crystallinity changes of the electrode are supported by in-operando synchrotron Xray diffraction.

Figure 1: SiNW electrode in a half-cell setup vs. Li. a) Binder-free 3D SiNW electrode on carbon
mesh. b) SiNW electrode in an in-situ coin cell housing. c) Si peak development during 1st lith. cycle.

Figure 2: Detailed Raman measurement of SiNW electrode in fully lithiated state.
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