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Interfacial reactions at electrolyte/electrode boundary are crucially important for the performance of 
lithium-ion batteries (LIBs) as they are one of influencing parameters in the transport of electrons 
and Li ions to the electrodes [1,2]. Taking into account that these interfacial reactions are important, 
a number of studies utilizing Fourier Transform Infrared spectroscopy (FTIR) analysis and x-ray 
photoelectron spectroscopy (XPS) have been reported in this subject [3,4]. However, limitations 
exist as there they are based on ex situ analysis, where they were examined in the electrode that was 
stripped off from the electrochemical cell and underwent washing process, where some variables 
exist [5]. To overcome these limitations, in situ analysis was adopted beyond the simple research on 
the morphology and composition of the final products, in order to fully understand the mechanisms 
occurring at interfacial layers.  
 
As for the electrochemical cells or energy storage system, different kinds of layers are formed upon 
subsequent electrochemical reactions. For the lithium-ion batteries (LIBs), solid electrolyte 
interphase (SEI) layer plays an important role as it determines different parameters of battery, from 
cyclability to c-rate capability. Surprisingly, lack of in situ observation of such formation process of 
SEI layer is yet exactly known. The exact formation process of SEI layer upon lithiation still remains 
unknown, although it is an important phenomenon to observe. Especially, whether the SEI layer is 
formed on the surface of the active material with non-uniform thickness or uniform thickness 
remains unsolved challenge that needs to be addressed, to possibly come up with more smart 
material designs that may modulate the interfacial properties of the given material.  
 
Experiment was conducted by following steps: 1) synthesis of monolayer graphene on Cu foil by 
chemical vapor depositon (CVD) process and 2) trapping electrolyte containing LiPF6 and SnO2 
nanotubes between the two graphene sheets. Figure 1 shows the HRTEM image of SnO2 nanotube, 
indicating (110) plane of SnO2 nanotube. Real-time observation of uniform amorphous layer 
formation is shown in Figure 2. At initial state (0 s), very thin layer (≈2 nm) was as-formed. As time 
passed to 30 s, the thickness of the amorphous layer became 3 nm and 4.2 nm at 130 s. Finally, the 
amorphous layer grew up to 5 nm and no further change in thickness occurred. We believe the 
termination of reaction is due to limited amount of Li and electrolyte since very small amount of 
liquid is encapsulated around the nanotube. It can be suggested that sub-nanoscale sources of 
decomposed electrolytes are deposited uniformly on both the surface of SnO2 nanotube, with 
uniform thickness and morphology.  
 
In summary, using GLC-TEM, direct observation of growth of amorphous layer was shown in SnO2 
nanotube in liquid electrolyte system. Formation of uniform and stable layer was found, which is 
important in cyclability and coulombic efficiency in real LIB. Further examination of formation of 
such uniform interfacial layers will contribute in designing both high-performance and stable 
LIBs.[6] 
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Figure 1. HRTEM image showing (110) plane of SnO2 nanotube. (Scale bar = 5 nm) 
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Figure 2. Time-series TEM snapshots of movie showing the formation of uniform amorphous layer 
on SnO2 nanotube. (Scale bar = 10 nm) 
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