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Experimental Procedures 

Preparation of InX3 and LiF added electrolytes 

LiF, InF3, InCl3, InBr3, InI3 (Sigma-Aldrich) were dried at 90 oC in vacuo overnight before use. The base 

electrolytes, 1 M LiPF6 in ethylene carbonate/dimethyl carbonate (EC/DMC), and 1M LiTFSI in 1,3-

dioxolane/1,2-dimethoxyethane (DOL/DME, 1:1, v/v) with 2 wt% of LiNO3 were obtained from BASF and 

used without further drying. The additive-containing electrolytes were prepared by stirring the additives 

(LiF or InX3) in the base electrolytes overnight at the desired concentrations. We note that while InCl3, 

InBr3 and InI3 can be fully dissolved in the electrolyte (up to 60 mM), LiF and InF3 are only partially 

dissolved, leaving solid particles in the solution.   

Preparation of InF3-treated Li foil  

Li metal foil (99.9%, Aldrich) was polished until shiny before use. Li foil was soaked in the 60 mM InF3- 

electrolyte (without LiTFSI) for 4 hours followed by thorough washing with dimethyl carbonate three times 

and drying in vacuo at room temperature.  

Electrochemical measurements 

The Li|Li symmetric cells for impedance and plating/stripping tests were assembled with polished Li foil 

(Ø11 mm) as both electrodes in the additive-containing or blank electrolytes (40 µl) in 2032 coin cells.  

Currents of either 1 mA cm-2  or 4 mA cm-2 with a fixed capacity of 1 mA h cm-2 were used to alternately 

plate/strip the lithium between two electrodes. For characterization of the Li electrode 

morphology/composition after plating or cycling, the cells were dissembled inside the glovebox and the Li 

electrodes were retrieved for characterization after thorough washing with dimethyl carbonate (3x) 

followed by drying in vacuo at room temperature. The LTO electrodes were prepared by casting a slurry of 

Li4Ti5O12 (200 nm, Sigma-Aldrich), Super P and PVDF in a weight ratio of 8:1:1 in dimethylformamide 

onto carbon-coated Al foil. Electrodes (Ø11 mm) with an areal LTO loading of ~2.5 mg cm-2 were dried at 

60°C and 120 °C before use. The LTO|Li full cells using Li foil (Ø11 mm) as the anode were cycled at 5 C 

(1C =175 mA g-1) in the voltage window 1-2.5 V.  

         All cells were cycled using a BT2000 battery cycler (Arbin Instruments). Electrochemical impedance 

spectroscopy measurements were carried out on a VMP3 potentiostat/galvanostat station with EIS/Z 

capabilities (Bio-Logic Science Instruments). The DC voltage was kept at open-circuit voltage and an AC 

voltage of 5 mV in amplitude was applied with a frequency of 200 kHz–20 mHz. Cyclic voltammetry 

experiments were performed on coin cells using Cu foil as the working electrode and Li foil as the counter 

and reference electrodes. A scan rate of 2 mV/s in the voltage window of -0.5 to 3V was used. 

 

Materials Characterization 

X-ray diffraction patterns were collected on a Bruker D8-Advance X-ray diffractometer, operating at 40 

kV/30 mA with Cu-Kα radiation. A LEO 1530 field emission SEM (Zeiss) or Zeiss Ultra field emission 

SEM was used for SEM imaging. The cross-section of Li was carefully prepared by cutting with a ceramic 

knife. The XPS analysis was performed on a Thermo ESCALAB 250 instrument, using a monochromatic 

Al Kα source. The samples for SEM and XPS measurements were transported in an air-tight vial and 

transferred into the chamber anaerobically. All XPS spectra were fitted with Gaussian-Lorentzian functions 

and a Shirley-type background. The binding energy values were calibrated using the C 1s peak at 284.8 eV.  

 



Note S1.  Approximate calculation to determine that the additive is in excess  

Exactly 50 µl of the electrolyte (60 mM) was used for cells with a 1 cm2 Li electrode, thus amounting to 

3×10-3 mmol InF3 in total. The formation of the biphasic film is as follows: 

InF3 + 22/3 Li → 1/3 Li13In3 + 3 LiF 

The densities of Li13In3 and LiF are 2.32 g cm-3 and 2.64 g cm-3, respectively, based on crystalline data 

(JCPDS: 00-033-0615 for Li13In3, 01-078-1217 for LiF). Assuming that the layer is a compact aggregation 

of the two phases, theoretically the InF3 additive can generate a protective layer that is 2.75 µm thick. This 

is over twice the actual thickness of the stabilized layer (Figure S1c), thus confirming that in such cells 

there is an excess of additive present during cycling that can dynamically self-repair the protecting film.  

  



Supporting Figures 

 

Figure S1. SEM images of InF3 treated Li foil. a) surface view; b) surface view mode; c) cross-sectional 

view; d) expanded view of the cross-sectional image. Note that b, c and d are in backscattered mode whereas 

a) is recorded in secondary electron mode. The faint dotted line represents the boundary of the biphasic 

layer and the underlying Li metal. The images show that the biphasic layer is highly compact (at this 

resolution level). Note that the alloy phase appears much brighter in back-scattered mode owing to the fact 

that materials with elements composed of higher atomic number (Z) such as indium yield more 

backscattered electrons than lower Z elements. 

 



 

Figure S2. High resolution XPS In 3d (a,b) and F 1s (c,d) spectra of InF3/LiF treated Li before plating 

(a,c) and after plating (2 mAh cm-2) (b,d) in Li|Li symmetric cells using InF3 or LiF added electrolytes. 

The dotted line is the raw data; red and blue lines are the fitted data (for InF3 and LiF respectively); the 

green and purple lines are the fitted components (In, Li13In3 for In 3d and LiPxFy and LiF for F 1s). LiF 

treated samples serve as a blank control to show the absence of any In; the In metal component that 

appears on the InF3 treated Li is virtually absent after plating, indicating further alloying occurs during 

this step. The FWHM for the same component in either the In 3d and F1s spectra was set to be equal, and 

the FWHM of each peak was determined (by CasaXPS) so as to ensure the best fit with a minimum 

number of peaks. 

 

 

 

 

 



Figure S3. The X-ray diffraction pattern of the InF3-treated Li foil (black) and Li electrode after plating 

with 2 mAh cm-2 of lithium in a symmetric cell (blue). In the InF3-treated Li foil, the Li13In3 alloy and LiF 

are identified as the main crystalline phases along with unalloyed In metal; the latter disappears after 

plating with Li, however, indicating in situ reaction of In metal with the plated Li. The reference patterns 

are from the corresponding JCPDS files: 00-015-0401 for Li, 00-033-0615 for Li13In3, 01-085-1409 for In 

and 01-078-1217 for LiF. 

 

 

 

 

 

 

 

 

 



 

Figure S4. (a-c) Cross-sectional and (d-f) surface SEM images of Li electrodes after 50 plating/stripping 

cycles in Li|Li symmetric cells using (a,d) the blank electrolyte, (b,e) LiF-added electrolyte and (c,f) InF3-

added electrolyte (current, 1 mA cm-2; capacity, 1 mA h cm-2). The thickness of the surface SEI is indicated 

in the cross-sectional images. 

 

 

 



 

 

Figure S5. The average charge transfer resistance (calculated as the diameter of the first semicircle in the 

Nyquist plot) over 24 hours of OCV rest, based on triplicate symmetric cells in (a) the blank EC/DMC 

electrolyte, (b) the InF3-added EC/DMC electrolyte. The error bar represents the standard deviation based 

on measurement of the three cells, and the data point represents the average value. The difference in the 

Rct values between the two cells is about an order of magnitude; c) cyclic voltammetry of Cu|Li cells using 

LiF-added electrolytes for the 1st, 5th and 10th cycles. 

 

 

 



 

Figure S6. Comparison of the evolution of voltage profiles of the Li|Li symmetric cells over cycling 

using LiF-added and InF3-added electrolytes with a concentration of 60 mM. 



Figure S7.  The evolution of voltage profiles of the Li|Li symmetric cells over cycling using (a) InF3-

added electrolytes at varied concentrations, (b) InF3-added electrolyte compared to InCl3 at a 

concentration of 15 mM, (c) InCl3, InBr3 and InI3 added electrolytes at a concentration of 15 mM. All 

electrolytes are based on 1M LiPF6 in EC/DMC (current, 1 mA cm-2; capacity, 1 mA h cm-2). 

 



Figure S8. The evolution of the voltage profiles of the symmetric cells on cycling using blank and InF3-

added electrolytes based on 1 M LiPF6 EC/DMC (current, 4 mA cm-2; capacity, 1 mA h cm-2). 

 

Figure S9. The evolution of coulombic efficiency (for LTO electrodes) of LTO|Li full cells on cycling at 

5C (1st cycle at 1C). 



 

Figure S10. (a) Discharge capacity retention of LiFePO4|Li cells using blank and InF3-60 mM electrolyte 

(1M LiPF6 in EC/DMC) and the representative voltage profiles at the 1st and 50th cycle.  


