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Direct observation of nanoparticles in high resolution has attracted considerable attention, as it can
provide the fundamental understanding that is crucial to manufacturing the nanoscale materials that
have different morphologies (e.g. sizes and shapes). Recently, very feasible in situ TEM platform
called ‘graphene liquid cell’ (GLC) has been developed, which is easy to fabricate while maintaining
high resolution imaging to better understand the dynamics of nanoparticles [1].
In the last two decades, coupled with the increasing energy demands and larger consumption of energy,
various kinds of rechargeable energy storage systems have been highly researched [2]. Especially,
much research has been devoted to utilize nanoscale materials as the feasible electrodes for
rechargeable energy storage system [3]. In particular, nanoparticles have been researched as the
potential electrode materials due to various merits that they have, such as larger reaction sites for
energy storage [3]. Nevertheless, agglomeration of nanoparticles has been one of highly critical
dilemmas, it leads to capacity fading stemming from the less number of reaction sites due to the
enlargement of nanoparticles. To resolve this issue, incorporating nanoparticles into carbon matrix has
been attempted previously [4], which may solve some immediate issues. Nevertheless, more
comprehensive understanding on how the agglomeration of nanoparticles takes place still remains
unknown as it is hard to conduct in situ observation on such phenomenon.
In this work, we have conducted in situ TEM observation on how the nanoparticles undergo
agglomeration during lithiation (when lithium ions react with the electrode materials) to better
understand the overall dynamics. Using GLC, we have encapsulated the SnO2 nanotubes inside the
graphene sheets, with an electrolyte composed of 1.3 M of lithium hexafluorophosphate (LiPF6) in
ethylene carbonate(EC):diethylene carbonate (DEC) (v/v = 3:7) with 10 wt% of fluoroethylene
carbonate (FEC). TEM images of SnO2 nanotubes in low magnification and SAED patterns of SnO2
nanotubes are shown in Figure 1, exhibiting polycrystalline nature of SnO2. The dynamics of
nanoparticles in the interface of SnO2 were visualized in a time-series from 0 s to 100 s. It is revealed
based on the microscopic observation that the individual nanoparticles, once discretely separated from
one another, later undergo agglomeration to be formed into larger nanoparticles. At 100 s, it can be
suggested that the interface layer is formed on the surface of SnO2, which are composed of
agglomerated nanoparticles, which are quite different form the TEM image at 0 s. As can be seen,
agglomeration behaviour of naonparticles upon lithiation is a common phenomenon, which requires
additional analyses for further elucidation.
To conclude, we have firstly attempted to understand how the nanoparticles behave in the interfaces
of active materials upon lithiation by conducting in situ TEM observation. In the interfaces of SnO2,
the case material in this study, the individual nanoparticles start to merge with each other as time
proceeds and the larger nanoparticles are formed as time proceeds. Based on this study, it is expected
that more in situ TEM observation could be conducted by using GLC to probe the dynamics of
nanoparticles in the liquid condition [5].
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Figure 1. (a) TEM images and (b) SAED patterns of SnO2 nanotubes.

Figure 2. Time-series TEM images showing the agglomeration of nanoparticles in the interface of
SnO2 during lithiation.
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