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Electrolyte selection

A Ca-ion based electrolyte was prepared as 1 M Ca(BHjy), dissolved in tetrahydrofuran (THF), as
per the work of Wang et al.! This electrolyte has the highest reported coulombic efficiency at room
temperature and forms minimal by-products compared with other Ca-ion based systems.>” The
electrolyte was tested using cyclic voltammetry in a standard 3-electrode cell (Ca as the reference
electrode, Pt as the working and the counter electrode). The result is shown in Figure S1. Despite
being lower than the reported 94% by Wang ! (possibly the result of using a lower concentration>¢ or
skipping the pre-reduction process), a relatively high coulombic efficiency of almost 90 % was
achieved. This indicates our electrolyte has good cyclability and can give representative results for
our plating morphology study. The same set-up is used for our other plating and stripping

experiments on Ca plates or Pt foils.
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Figure S1. Coulombic efficiency evaluation of the Ca-electrolyte. Five-cycle CV curves and accompanying

table showing the CE of each cycle.

In-situ TEM liquid-cell method details

We employed a Protochips Poseidon 510 liquid-cell electrochemical transmission electron
microscopy (TEM) holder for the in-situ TEM experiments. The details of this system are discussed

by Unocic et al.” In Figure S2 we show schematics of the in-situ TEM liquid-cell. Two silicon chips



seal the liquid electrolyte, screening it from the TEM column vacuum (Figure S2a). The chips are
pre-fabricated with an electron transparent SiN window. A thin layer of electrolyte was confined
between the two windows with a 120 nm spacer. A flow rate of 400 pl h'! was used during system
purging and a flow rate of 80 pl h"! was used during TEM imaging. After the TEM imaging, the cell
was then purged with tetrahydrofuran (THF) for 2 hours before taken back to the glovebox and
disassembled. The post-mortem chip was then studied using SEM. It is to be noticed that during the
disassembly, some Ca pieces can become detached from the chip with the electrodes, either because

they became loose and came off or because the deposit adhered to the other chip.
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Figure S2. Illustrative schematics of the in-situ TEM liquid-cell. (a) Side-on cross-section views of the cell
assembly. One Si chip has patterned electrodes. (b) Top-down view of the electrode geometry, showing the

working and reference electrodes situated on the electron-transparent SiN window.
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Figure S3. Third and fourth cycles of high current density cell. (a) Third and (b) fourth galvanostatic
cycles for the cell cycled at - 100 mA cm for 15 s then + 100 mA ¢m for 15 s. Black arrows indicate short-

circuit events. Each plating/stripping had a total passed charge of 18 pC.

Figure S4. SEM images showing the dendrite morphology plated at 100 mA cm™.
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Figure S5. Galvanostatic plating at -1 mA cm? with a total plating time of 270 seconds and total passed

charge of 0.8 pC.
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Figure S6. Galvanostatic plating at -10 mA cm with a total plating time of 600 seconds and total passed

charge of 18 pC.

Figure S7. Post-mortem cross-section SEM image of a working electrode after potentiostatic plating (-1 V for
5 hr). The blue area is magnified in Figure 4 of the main text, and shows a cross-section view of densely
packed dendritic structures found at parts of the foil surface. Mossy dendrites can also be seen decorating

parts of the surface.

Supporting Movie Files
Supporting Movie S1 — High current density (100 mA/cm?) Ca electrolyte cycling in-situ TEM
Supporting Movie S2 — Low current density (1 mA/cm?) Ca electrolyte cycling in-situ TEM

Supporting Movie S3 — Medium current density (10 mA/cm?) Ca electrolyte cycling in-situ TEM
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