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1. Decomposition of Li4SiO4 under electron beam irradiation
Li+ ions were released from Li4SiO4 crystal during decomposition under the electron beam: Li4SiO4 crystals transformed into Li-free amorphous SiO2. This was confirmed by EELS analysis. As shown in Fig. S.1a, the spectra were acquired from two different areas in the same decomposed Li4SiO4 particle: one was from a thin and another from a thick area. Characteristic low-energy loss spectra and Si L23-edge near-edge fine structure (ELNES) of am-SiO2 are all observed. Neither spectra show the Li K-edge, which should be around 60 eV, indicating that Li is absent in both thin and thick areas after decomposition. The formation of O2 during decomposition is confirmed by O K-edge EELS (Fig. S1b), in which a characteristic O – O peak is clearly seen [S1]. The absence of this peak in the decomposed specimen indicates that the formed O2 molecules cannot sustain within the particle, instead they burst out into vacuum after decomposition. The image of decomposed Li4SiO4 is given in Fig. S.2. The particle was supported by a lacy C. After decomposition, the features in white patch contrast are due to the burst of O2. Similar phenomena have been extensively observed in other silicate glasses and minerals, which contain alkali or alkaline-earth species [S1 – S3]. 
Electron-irradiation-induced phase decomposition in this type of materials is caused by the induced electric field due to ionization [S4]. A positively charged shell is thus formed around the Li4SiO4 particle. The depth of the charged shell is determined by the escape depth of these ejected electrons, ranging from a few to several tens of nanometers [S5]. Since the irradiated Li4SiO4 particle was laid on an am-C film, which has moderately good electrical conductivity, the latter can be considered as a local “electrical ground”. Therefore, the electric field inside the Li4SiO4 produced by the charged shell is pointing toward the boundary between Li4SiO4 and am-C, as sketched in Fig. S3. Driven by this electric field, the mobile Li+ ions within the irradiated Li4SiO4 flowed toward the boundary region and spread over the C-film.

Fig. S1. (a) Raw data of low-energy loss spectra acquired from the decomposed Li4SiO4 (solid lines). Specimen thickness is given in term of effective mean-free path of inelastic scattering, . Dotted lines are deconvoluted spectra. Si L23-edge EELS are given in inset. (b) Comparison of O K-edge EELS during and after decomposition. 
(a) 
(b) 

[image: C:\Users\njiang\Documents\Nan Jiang\p145-Li on am-C\im21.jpg] Fig. S2 TEM image of decomposed Li4SiO4 particle. 
Fig. S3. A cartoon showing the ejection of Li+ ions from the irradiated Li4SiO4 particle. 


2. Time-dependent EELS
[bookmark: _GoBack]The full set of time dependent EELS of Li K-edge is given in Fig. S.4. The intensity of Li K-edge decreases rapidly. Spectra No. 110 to No. 115 are plotted in a separate graph.   
Fig. S4. A full set of time-dependent Li K-edge EELS recorded from the lithiated am-C under Setup I (Fig. 1a in the paper). The spectra were labeled by their sequence of acquisition. Note: both p110 and p111are respectively the same spectra in both panels. Vertical lines are guides. 


3. Assignment of Li K-edge EELS in lithiated am-C
The assignment of Li K-edge EELS in lithiated am-C was obtained by comparing its spectrum with the reference Li K-edge EEKS (spectrum was reproduced from [S6]) and momentum transfer dependent inelastic x-ray scattering spectra of LiC6 (reproduced from [S7]), which are plotted in Fig. S5. Although it is still unknown where the Li goes in the disordered carbons, the intercalated Li could either insert between layers of graphite segments [S8, S9] or “coat” both sides of graphene sheets [S10], since disordered carbons show short-range resemblance to graphite or graphene [S11]. Since EELS is more sensitive to the local structure around the absorbing atom, rather than the long-range order structure, the K-edge of the remaining Li can be compared with the Li K-edge of LiC6. Since LiC6 has a layered structure, in which the C atoms form honeycombs directly above and below one another and the Li atoms intercalate between adjacent C sheets and are centered between honeycombs above and below [S12], its Li K-edge EELS is strongly orientation-dependent, on two directions of the momentum transfer [S7, S13]. In disordered carbons, however, the graphite-like or graphene-like segments are randomly orientated. Therefore, the simulations, using code FEFF [S14], were the average of all directions, and the result is also plotted in Fig. S5. Both experiments [S6, S7] and calculation show a single-peak structure, while it is two-peak structure in Li2O. This assignment has also been confirmed by the comparisons with other previous experimental [S13, S15] and theoretical [S16] results in LiC6, and they also fit very well.
Fig. S5. Comparison of Li K-edge from the Li – C component with the experimental data of Li K-edge EELS in LiC6 and calculation.  
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