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Figure S1. Schematic illustration of in situ ec-LC S/TEM cell. (a) Tip of Poseidon 510 TEM holder with precision
slot for loading liquid cell, where the top microchip containing printed electrodes ( working (glassy carbon), ref-
erence (platinum) and counter (platinum)) is mounted on top of a bottom microchip containing spacers. Both of
them containing an electron beam transparent SisNs membrane, O-ring gasket is used to get a good vacuum-seal-
ing. (b) Pictures of the electrochemical and space microchips. The microfabricated electrochemical chips contain
coplanar working (WE), reference (RE), and counter (CE) electrodes that interface with an external potentiostat
via electrical biasing wires and Pt microelectrode biasing contacts. The spacer maicrochip contains a spacer layer
used to control the electrolyte layer thickness. (¢) Scanning electron microscope images of the working electrode
(Glassy carbon).

Liquid TEM holder

Figure S2. Schematic illustration of in situ ec-LC TEM setup. In situ liquid TEM holder connected to a potentiostat
via special external cables, and to an external syringe pump connected to tubes, which insure the injection of the
electrolyte inside the cell located in the TEM column.



)
g

s B2am off Cyeclic Voltammetry] 3
s Beam on «~ Glassy Carbon

Glassy Carbon

B
1=
1=

g

E-Beam

. Current (nA)
o

g

Liquid electrolyte
1 pm

5
=

Scan rate: 25 mVs 10 min

04 06

06 04 02 & 02
Potential (V versus Pt)
Figure S3. (a) Cyclic Voltammetry (CV) experiments with ferrocene Fe (CsHs), having the beam off and beam

on. (b) Glassy carbon electrode surrounded by liquid electrolyte exposed 10 min to e-beam. electron dose around
5 x 10? electrons/A2.s
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Figure S4. Cyclic voltammetry measurements of a mixture of LiPFs in EMC/EC (3:7 vol.) and Ferrocene Fe
(CsHs), used to calibrate the potential versus Li/Li".

Figure S5. Time-lapse ADF-STEM image showing dissolution and detachment of NPs, highlighted by yellow and
green dashed circles. Red arrows design the detached NPs.
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Figure S6. ADF-STEM and SEM image showing the SEI layer formed after four cycles with porous structure. (a)
ADF-STEM. (b) SEM.
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Figure S7. SEI layer formed after four CV cycles exposed to a continuous electrolyte flow. (a) SEI after comple-
tion of the formation cycles. (b) SEI after 40 min of electrolyte flow (flow rate of 2.5 pL/min, electrolyte volume
100 pL). t= 0 is the time just after the end of the fourth CV cycle.
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Figure S8. SEM image images showing the glassy carbon and the formed SEI after many cycles and corresponding
EDX analysis. (a) Fresh GC. (b) Cycled GC with SEI layer. (¢c) EDX spectrum with lithium detection from region
in (d). (d) Zoom in from the region highlighted with green rectangle in (b).



‘After % cycles

_ Glassy carbon

*

500 nm Electrolyte 2 nm
e —

Figure S9. Identification of SEI first compounds by high-resolution ADF-STEM imaging. ADF-STEM overview
image of the SEI after the first two cycles. (red) Nanoparticle with lattice spacing for LiF (311). (blue) Nanoparticle
corresponding to Lattice spacing of LioCO3 (-111).

Captions for movies

Movie S1: Overview of early stages of the electrolyte decomposition and the evolution of the GC-electrolyte
interface during cycling with an applied voltage range of 0.2-1.15 V versus Li/Li*. It shows the growth of nano-
particles at the surface and the edge of GC electrode. Scale bar 500 nm.

Movie S2: Nucleation of the SEI layer at a small zone from the GC-electrolyte interface during cycling with an
applied voltage range of 0.2-1.15 V versus Li/Li*. It shows the growth of nanoparticles at the surface and the edge

of GC electrode and the formation of island —like layer. Scale bar 30 nm.



