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Chemicals. 1, 2-dimethoxyethane (DME, 99.9%), 1, 3-dioxolane (DOL, 99.8%),
tetraethylene glycol dimethyl ether (TEGDME, 99.0%) and lithium titanate (LTO,
98%) were purchased from Sigma-Aldrich. Lithium nitrate (LiNO;, 99.99%) was
purchased from Aladdin. Lithium bis(trifluoromethanesulfonyl)imide (LiTFSI, 99.8%)
was purchased from Dodo Chem. All the chemicals were directly used without any

further treatment or purification.

Cathode preparation. 80wt% LTO or LFP, 10wt% Ketjen Black and 10wt% PVDF
(polyvinylidene Fluoride) were mixed together with NMP (N-methyl pyrrolidinone)
to form a uniform slurry. The slurry was coated on aluminum foils and dried in a
vacuum oven at 60 °C for 24 h. The foils were cut into circular cathodes with a
diameter of 12 mm. The final loading of LTO was 2.9 mg cm™ and of LFP was 4.0

mg cm2.

Cell assembly. Each test cell used a high purity lithium foil as the anode, Celgard 2500
as the separator, and a 60 pL electrolyte dose. Different cathodes were used for the

testing.

Electrolyte preparation. Electrolytes were prepared under an argon atmosphere in a
glove box (<0.1 ppm of water and oxygen). The commonly used DME+DOL
electrolyte was prepared by mixing 1 mol LiTFSI with 1 L DME+DOL mixed solvent

(volume ratio 1:1). The DME+DOL+TEGDME electrolyte was prepared by adding 1



mol LiTFSI to 1 L mixed DME+DOL+TEGDME solvent (volume ratio 1:1:2). 2wt%

LiNO; was added to the electrolytes where necessary.

Material characterization. Raman spectroscopy was obtained using a Horiba
LabRAM HR800, excited by a 532 nm laser with a laser spot size of ~1 um? with a
50x objective lens. The morphology of the samples was characterized using a SEM

(FEI Nova Nano-SEM 430, 15 kV).

Electrochemical testing. Electrochemical impedance spectroscopy (EIS) was obtained
on an electrochemical station (Biologic VSP-300). The tests were conducted at open
circuit with an amplitude of 5 mV in the frequency range 102 Hz to 100 kHz in a two-
electrode system. Tafel plots and electrochemical stable window tests were obtained
using linear sweep voltammetry (LSV) with a scan speed of 0.2 mV/s in a quasi-static
process (This scan speed is widely accepted for obtaining a steady state for further
current (i)-overpotential () analysis). We choose LTO for the preliminary LSV test to
avoid any possible effect of a solid electrolyte interface film in different electrolytes
because the working voltage of LTO is above the reduction voltage of commonly used
ether and ester electrolytes. Coulombic efficiency was tested using Li-Cu cells at a
constant current density of 1 mA cm2, the electrodeposition time was 1 h and the cut-
off voltage for the electrostripping process was 1 V. Samples for examining the lithium
electrodeposition morphology on a Cu foil were prepared at current densities of 1 mA

cm?, 3 mA cm? and 5 mA cm? All the samples had 1 mAh cm? lithium



electrodeposited. Symmetric cells were tested at a current density of 1 mA ¢cm2, with a
1 h charge process and a 1 h discharge process, all the symmetric cells were pre charged
for 2 h and then pre discharged for 4 h to clean the surface of lithium foils. Li | LFP full
cells were assembled with LPF cathodes and a Cu foil with pre-electrodeposited lithium
as anodes. The amount of pre-electrodeposited lithium was 0.3 mAh cm at a current

density of 1 mA cm™.

DFT calculations methods. Spin-polarized density functional theory (DFT)
calculations were performed using the Vienna Ab-initio Simulation Package!!l with the
projector-augmented wave (PAW) method.’l The Perdew-Burke-Ernzerhof
functionall®l and the PAW method were adopted to describe the exchange-correlation
term and electron-ion interaction, respectively. The energy cutoff for plane-wave basis
was set to 400 eV and a dipole correction was used for Li*-involved systems. All DFT
calculations were conducted under normal precision with a Gaussian smearing width
of 0.05 eV. H (ls), Li (1s, 2s), C (2s, 2p), and O (2s, 2p) electrons were treated as
valence states. Only the Gamma point was used to sample the Brillouin zone for all
calculations, since a large supercell (30A x 30A x 20A) was constructed to investigate
the coordination between Li+ and different solvents involved in this work. The
convergence criteria of 1x10-¢ eV for total energy was used for structure relaxation. All

atomic structures presented in this study were generated by using VESTA code.[]

Activation energy calculations by Rct-Temperature fitting. First, the charge transfer
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resistances of the cells with the DME+DOL or DME+DOL+TEGDME electrolyte were
measured at 0 °C, 10 °C, 20 °C, 30 °C and 40 °C using an electrochemical station
(Biologic VSP-300). The test was conducted at open circuit with an amplitude of 5 mV
in the frequency range 107! Hz to 100 kHz in a two-electrode system. Based on

Equations (1), (2) and (3), the activation energy can be calculated.
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Equation (1) says that the exchange current (iO) of this lithium
electrostripping/deposition reaction is related to the concentration (CO and CR),
electrode surface area (4) and reaction rate constant (kO) for the charge transfer
reaction. F' is Faraday's constant. Since the only difference in the two cell systems is
the solvents, all the physical parameters should be the same except for ko. In Equation

0 . . . . .
2), k" is in the form of an Arrhenius Equation. AG is the activation energy of the charge
q

transfer reaction, R is the perfect gas constant and 7'is the temperature. Because the EIS

measurement is a small polarization method, Equation (3) can be used to establish the

relationship between Rct (charge transfer resistance) and Yo, Through these three

equations, Equation (4) can be deduced:
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When plotting  RT  as the x-coordinate and Rct) as the y-coordinate, the slops of

the straight line gives —AG (kJ mol!). Following this method, the activation energies



of the lithium electrostripping/deposition reaction in the two electrolytes are obtained.
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Figure S1. Tafel plots for different electrolytes with 1 M LiTFSI in 1 L DME, DOL or

TEGDME.
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Figure S2. Raman spectrum of pure LiTFSI, pure DOL and 1 mol LiTFSI in 1
L DOL, where # represents the Raman peaks in LiTFSI and ¢ represents the

Raman peaks in DOL.
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Figure S3. Raman spectrum of 2 mol LiTFSI'in 1 L DME + 1 L DOL.
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Figure S4. Raman spectrum of 2 mol LiTFSI'in 1 L TEGDME + 1 L DOL.

Li*-1DME Li*-2DME-s1 Li*-2DME-s2 Li*-2.5DME-s1
E(total)= -82.966 eV E(total)= -170.280 eV E(total)= -170.346 eV E(total)= -256.785 eV
E,= -2.64 eV E,=-4.06 eV E,= -4.17 eV E,= -4.77 eV

Figure S5. DFT calculations of Li*-DME coordination interactions. The white, grey,

green and red balls represent hydrogen, carbon, lithium and oxygen atoms, respectively.



.l
Li*-1DOL-s1 Li*-1DOL-s2 Li*-2DME-1DOL
E(total)=-57.950 eV  E(total)=-58.069eV  E(total)=-232.857 eV
E,= -1.57 eV E,= -1.69 eV E,= -4.62 eV

Figure S6. DFT calculations of Li"-DOL/DME coordination interactions.

Li*-1TEG Li*-2TEG
E(total)= -202.080 eV E(total)= -406.658 eV
E,= -4.00 eV E,= -4.93 eV

Figure S7. DFT calculations of Li-TEGDME coordination interactions.
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Figure S8. The Li | Li symmetric cell Tafel plot test of the DME+DOL+TEGDME and

DME+DOL electrolytes without LiNO;.
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Figure S9. EIS of the cells with different electrolytes (with LiNO3).
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Figure S10. EIS of the cells with the DME+DOL electrolyte (without LiNOs3) at



different temperatures.
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Figure S11. EIS of the cells with the DME+DOL+TEGDME electrolyte (without

LiNOs) at different temperatures.

a 008 b o008
Oxidation —— Reduction
0.06 - — Reduction 0.06 Oxidation
Z 004 T 0.04-
E E
5 002 5 002
5 5
o O
0.004 0.004
-0.02 4 DME+DOL+LINO, -0.02 DME+DOL+TEGDME+LINO,
'004 T T T T T -004 T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Voltage (V vs Li/Li") Voltage (V vs Li/Li")

Figure S12. Electrochemical stable window tests of a) DME+DOL and b)

DME+DOL+TEGDME electrolytes.



Figure S13. SEM images of the lithium electrodeposition morphology on a Cu foil in
different electrolytes at 1 mA cm?: a) DME+DOL without LiNO;; b)

DME+DOL+TEGDME without LiNOs.

Figure S14. SEM images of lithium electrodeposition on Cu foils in different

electrolytes at different current densities: a) DME+DOL electrolyte at 3 mA cm?; b)



DME+DOL+TEGDME electrolyte at 3 mA cm?; ¢) DME+DOL electrolyte at 5 mA

cm?; d) DME+DOL+TEGDME electrolyte at 5 mA cm.

100
0-
S
£ -100-
(0]
[@)]
8
S 2004
= —— DME+DOL
— DME+DOL+TEGDME
-300 -
'400 | ) I I v 1

—
0.0 0.2 0.4 0.6 0.8 1.0
Capacity (mAh)

Figure S15. The initial lithium electrodeposition curves on a Cu foil at 3 mA cm? in

different electrolytes.
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Figure S16. The initial lithium electrodeposition curves on a Cu foil at 5 mA cm? in

different electrolytes.
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Figure S17. Rate performance of Li | LTO cells with different electrolytes.

Figure S18. SEM images of SEI films on Cu foil in different electrolyte after 40 cycle’s

CE test: (a) SEI film formed in DDT electrolyte; (b) SEI film formed in DD electrolyte.
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Figure S19. Discharge curves of a Li | LFP full cell with DME+DOL electrolyte at

different cycles.
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Figure S20. Discharge curves of a Li | LFP full cell with DME+DOL+TEGDME

electrolyte at different cycles.
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