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Since the first publication in Science in 2012 [1], graphene liquid cell (GLC) has attracted 
considerable attention with subsequent research works as it can be easily fabricated and can be used 
for observation in conventional transmission electron microscopy (TEM) without further 
modification. As nanoscience is significantly progressing each year, there is increasing demand for 
understanding more detailed processes of how growth and reorganization of nanoparticles or 
nanocrystals occur in the liquid solution.  
 
Nevertheless, so far, little research has taken place on the growth dynamics or even transport 
dynamics of gel-like substances or organic polymers. Among them, not much effort has yet 
undertaken to understand how the electrolytes in the battery are decomposed and how decomposed 
electrolytes behave during the charge and discharge process. Here we have investigated the 
behaviour of propylene carbonate (PC) -based electrolytes during the sodiation process using GLC 
on a real time scale. To make GLC, monolayer graphene was first fabricated by chemical vapor 
deposition (CVD) method and electrolyte (in this case, PC-based electrolyte with active material) 
was encapsulated between two graphene sheets to be loaded on TEM. Upon e-beam irradiation, 
electrolytes are reduced and undergo decomposition process, where we can readily observe many 
different shapes of decomposed electrolytes moving across different areas.  
 
The actual vial glass containing the PC-based electrolytes and active material to be used for this 
experiment is shown in Figure 1. Time-series TEM observation of how the decomposed electrolytes 
appear and behave during the sodiation process is specifically depicted in Figure 2. It is interesting to 
note that the decomposed electrolytes actually appear and that these decomposed electrolytes 
actually undergo growth and agglomeration, which are somewhat similar to the nanoparticle growth 
processes shown in previous literatures [2,3,4]. At 80 s, decomposed electrolytes start to appear in 
the snapshot, having small sizes. These small decomposed electrolytes either merge with one another 
(120 s or 184 s) or grow into larger decomposed electrolytes. The decomposed electrolytes grow 
larger (240 s) and they agglomerate into even larger electrolytes (300 s and 321 s). As can be seen, 
the growth and agglomeration of decomposed electrolytes occur simultaneously, where the size of 
the decomposed electrolytes increases as sodiation process proceeds. 
 
In summary, we have demonstrated, through time-series TEM observation, the growth and 
agglomeration of decomposed electrolytes during sodiation. Using GLC to understand more about 
the growth and agglomeration of decomposed electrolytes can open up new opportunities to learn 
more about the electrolyte decomposition process that is integral to the overall electrochemical 
processes. [5] 
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Figure 1. Digital image of vial glass containing PC-based electrolytes mixed with active material.  
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Figure 2. Time-series TEM observation images showing the growth and agglomeration of PC-based 
electrolytes under sodiation process.  
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