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Supporting Tables and Figures

1. Supporting Methods

Calculation of the average cycling Coulombic efficiency (CE):

The method used to measure the average cycling Coulombic efficiency (CE) of the
lithium metal negative electrode follows our previous papers [1-3]. The lithium
carbon (Li-CNT) composite anode was paired with a highly reversible positive
electrode, in this case, a commercial LiFePO4 (LFP) positive electrode is used for the
estimation of CE. Suppose that the irreversible capacity loss of the LFP positive
electrode during the cycling is ignored, and assume that all the capacity from the
lithium negative electrode has been consumed at the plunge point in the cycling curve,
then the CE of the negative electrode can be estimated from the initial capacity and

the cycle number, as shown in the following equation:

CE:(Cpositive'Ctotal/ Il)/ Cpositive

Where Cioal 1s the total capacity of the positive electrode and negative electrode,
Cpositive 18 the positive electrode capacity, n is the cycle number at which the cycling

curve starts to plunge.

For example, as shown in Fig. 3a, the initial cell capacity is 7.5 mA-h-cm? (negative
electrode: 5.0 mA-h-em™, positive electrode: 2.5 mA-h-cm?), and the capacity
retention curve of the Li-CNT]||LFP cell cycled at 1 C starts to plunge at around 330

cycles, so the CE of Li-CNT can be estimated to be 99.09%.
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Table S1. Summary of average cycling Coulombic efficiency of Li metal in a

commercial ether or carbonate solvent-based electrolytes.
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2. Supporting Figures
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Fig. S1 SEM images of Li-CNT samples (a), SEM and elemental mapping of the
SAM passivated Li-CNT composite particle (b, c). XPS spectra of the passivated
Li-CNT composite: (d) Li Is spectrum, (e) P 2p spectrum, (f) C 1s spectrum. SFG
vibrational spectrum of the passivated Li-CNT microsphere (g) and galvanostatic

discharge curves of the passivated and dry-air exposed Li-CNT samples (h).

The Li-CNT composite has a microspherical shape with a diameter of about 5 um
(Fig. Sla) [1-2], and the hydrophobic self-assembled monolayer (SAM) layer of
dihexadecanoalkyl phosphate (DHP) was assembled on the surface of the Li-CNT
composite [3], which could be detected by the EDS mapping through phosphor
element (Fig. S1b and Slc). XPS characterization results (Li 1s, P 2p, C 1s) of the
passivated Li-CNT composite show obvious peaks at 55.3 and 54.5 eV in the Li 1s
spectrum (Fig. S1d) that can be assigned to lithium phosphate and Li, respectively,
[29-30] peaks at 133.5 and 131.5 eV in the P 2p spectrum (Fig. Sle) that can be
assigned to the P in the P-O and P-C bonds, respectively [31], and peaks at 285.0 and
284.8 eV in the C 1s spectrum (Fig. S1f) are usually assigned to the C in C-P, C-C, or
C-H bonds [32], confirming the existing of lithium alkyl phosphate molecule on the
surface of the Li-CNT composite. SFG vibrational spectrum obtained from the
passivated Li-CNT sample (Fig. S1g) shows methylene symmetric stretching (CHz(ss))
at 2855 cm’, methyl symmetric stretching (CHjs(ss)) at 2881 cm™, and their

corresponding methylene Fermi resonance modes (CH2(FR)) at 2910 cm™ and methyl



Fermi resonance (CH3(FR)) at 2940 cm™, respectively, evidencing the monolayer
structure of the DHP passivated layer [33-34]. The passivated Li-CNT shows a
specific capacity of 1912 mA-h-g™! at room temperature under a current density of
0.25 mA-cm?, and limited capacity loss (150 mA-h-g™!) was measured after storing in
dry air (dew point: -40 °C) for a week (Fig. S1h), indicating that the SAM layer has

effectively protected the Li metal from corroding by the air.
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Fig. S2 The voltage profiles of Li-CNT|[Li-CNT cells cycling at 8 mA-cm?, 4
mA-h-cm™ (a) and 10 mA-cm™?, 5 mA-h-cm? (b) in ether-based electrolyte with
dual-salt additives of LiPFs and LiNO3. Overpotential comparison of the slurry-coated
Li-CNT]|Li-CNT cells after 500 cycles in ether-based electrolyte with 2 wt. % LiNOs

and different concentrations of LiPF¢ additive under 3 mA-cm?, 3 mA-h-cm? (c).

(@) 3 wees Lino, (©) Lino,+LipF, -
. —1st J— !
4.0 1st | 40 10 th
—10th —10th
236 —_ <36 20 th
- 20 th —20m [ 3
) ——50th ——50th [ T
£32 im“h b £ 3.20 ——100 th
S 00t ;gg “': 2 — 200 th
— — t L
2.8 2.8 —0eth
——300 th ——300 th 400 th
24t e | B X | S
0 30 60 9 120 150 180 0 30 60 9 120 150 180 0 30 60 9 120 150 180

Capacity (mA*h'g?) Capacity (mA*h'g?) Capacity (mA*h'g)

Fig. S3 Voltage profile evolutions of the Li-CNT||LFP cells during cycling in

ether-based electrolytes with different additives at 1 C in the range of 2.5-4.1 V.



Fig. S4 Morphology of the Li-CNT electrode in the Li-CNT]|LFP cell before (al-d1)

and after 200 cycles (a2-d2) at 1 C in the in ether-based electrolytes with dual-salt

additives of LiPFs and LiNO:s.
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Fig. S5 Li 1s, F 1s, C 1s and O 1s XPS depth profiles (etching time: 0 min, 10 min, 20

min and 30 min) of the Li-CNT electrodes after 10 cycles in electrolytes with a sole

LiNOs; additive (al-d1) and dual-salt additives of LiPFs and LiNO3 (a2-d2).
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