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Experimental Section
2.3 Characterization
2.3.1 Assembly of lithium-ion batteries

To prepare the cathode electrode, PVDF (polyvinylidene difluoride), carbon black, and
cathode material are mixed in a ratio of 8:1:1 with NMP (N-methylpyrrolidone). The mixture
is then homogenized and coated onto aluminum foil. The coated foil is dried in an oven at
80 °C. After drying, the coated foil is sliced to obtain the cathode material. For the anode
electrode, lithium foil and prelithiated graphite are used as negative electrode materials in
half-cells and full-cells, respectively. And prelithiated graphite is prepared by direct contact of
lithium foil with graphite. The electrolyte consists of a mixed solvent (ethylene carbonate
(EC)/ethyl methyl carbonate (EMC)/fluoroethylene carbonate (FEC) in a volumetric ratio of
1:1:1) containing LiPFs (1 M). The cathode, anode, separator, and electrolyte are assembled in
a glove box with the water and oxygen content below 1 ppm. The prepared battery is then
placed on a LAND CT2001A battery measurement system for electrochemical performance
testing. The cycling test of half-cell is conducted at a charge/discharge rate of 0.5 C
(theoretical specific capacity of 190 mAh-g-1) within a charge/discharge voltage range of 3-4.5
V. And the operational voltage range for the full cell is 3-4.45 V. The EIS data was obtained
with the frequency ranging from 100 KHz to 0.01 Hz.
2.3.2 Instruments

A transmission electron microscope (TEM, JEOL-2100F, Japan) with the working voltage
of 200 kV were utilized to conduct TEM characterization, while a field-emission scanning
electron microscope (SEM, JEOL 6701F, Japan) was used for the collection of SEM data. A
Rigaku MiniFlex 600 X-ray diffractometer with Cu Ka radiation (A= 0.154 nm) was utilized to
collect the XRD data. Thermo Scientific K-Alpha equipment (Al Ka radiation) was utilized to
obtain the XPS spectra of samples. A Shimadzutype instrument (ICPE-9000) was utilized to
determine the transition metal dissolution in the electrolyte. For transmission electron
microscopy (TEM) testing, the prepared materials were dispersed in ethanol by
ultrasonication, and then the ethanol containing the dispersed materials was dropped onto a
carbon support film for TEM testing. For X-ray photoelectron spectroscopy (XPS) analysis,
the prepared materials were dried at 80 C in a vacuum drying oven for 10 hours, and then

the materials were subjected to XPS testing.
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Figure S2. XPS survey scan of LCO and LCO@LIF.
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Figure S3. High-resolution XPS spectrum of Co in (a) LCO and (b) LCO@ LiF.
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Figure S4. The charge/discharge curves of LCO@ LiF at 20 th cycle.
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Figure S5. The charge/discharge curves of LCO@ LiF at 50 th cycle.
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Figure S6. The dQ/dV curves of LCO@LIF in the voltage range of 3.0-4.5 V at 0.5 C and room

temperature in half cell.
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Figure S7. The dQ/dV curves of LCO in the voltage range of 3.0-4.5 V at 0.5 C and room temperature in
half cell.
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Figure S9. The cycling performance of LCO with 2 wt % and 4 wt% LiF.



Rs Rcel Ret Wo

-

\/\/\ \\/\//s
CPE1 CPE2

Figure S10. The equivalent circuit models of the EIS fitting.
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Figure S11. Cycling stability of LCO@LiF-800 and LCO@LiF-600 at 0.5 C
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Figure S12. Charge/discharge curves of LCO@LiF-800 and LCO®@LiF-600 at 5 C rate.
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Figure S13. The charge/discharge curves of LCO@ LiF at 1 st cycle in the full cell
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Figure S14. The charge/discharge curves of LCO@ LiF at 200 th cycle in the full cell

Table. S1 The test results of basic physicochemical data of the LCO and LCO@LIiF samples

Sample D10/um D50/um D90/um BET/m? -g!
LCO 0.9 2.1 45 2.10
LCO@LIF 0.9 22 47 2.15

Table. S2 The comparison of LCO@LIF with some reported LCO materials

Modification Cut-off voltage Electrochemical performance Ref.
methods
LiF coating 45V 83.54% retention after 100 cycles at 0.5 C Our work
MnsOs coating 45V 81.5% retention after 100 cycles at 1C 1
LisPOs coating 4.5V 79.3% retention after 100 cycles at 1C 2
LisTisO12 coting 45V 90% retention after 60 cycles at 0.2 C 3
MgO coating 435V 85% retention after 60 cycles at 0.2 C 4
AIPOs4 coating 45V 75% retention after 160 cycles at 1 C 5
MgF: coating 45V 80% retention after 50 cycles at 0.2 C 6
Cu doping 44V 78.7% retention after 500 cycles at 2 C 7
Mg doping 4.5V 79% retention after 55 cycles at 1 C 8




W doping 46V 72.3% retention after 100 cycles at 1 C 9
Bare LCO 45V 55.2 % retention after 100 cycles at 1C 1

Table.S3 Results of EIS Fitting

Impedance Rerr (Q) Rer (Q)
LCO 22.5 81.4
LCOe@ LiF 18.7 98.3

LCO (100 th) 268.9 2549.4
LCOe@ LiF (100 th) 112.5 992.6

Table. S4 Co dissolution amount after cycling measured by ICP-AES (based on the active materials

mass)

Dissolution amount LCO LCO@LiF

Co (wt%) 0.09 0.04
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