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Fig. S1. (a-d) Rietveld refinement XRD spectra for the pristine LCO and LCO@LLZO samples. (e, f) XRD patterns of

the LCO@5.0 LLZO and pure phase LLZO samples.
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Fig. S2. XPS spectra of Co 2p, O 1s, La 3d and Zr 3d for the pristine and LCO@LLZO samples.
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Fig. $3. (a) The long-term cycling performances under 1 C (inset with 0.1 C) and (b) initial discharge curves of the

pristine and LCO@1.0 LLZO at high current rate of 1 C (1 C =274 mA g1). (c) The rate performances of the pristine

LCO and LLZO modified electrodes under different current rates.
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Fig. S4. CV curves of LCO and LCO@1.0 LLZO electrodes at a scan rate of 0.05 mV s in the voltage range of 3.0 ~

45V.
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Fig. S5. GITT measurements for the Li/LCO cell (a) and LCO@1.0 LLZO cell (b) in the first cycle at high working-

voltage of 4.5V, and the corresponding zoomed curves marked by the arrows.
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Fig. S6. FTIR spectra of the pristine and LCO@1.0 LLZO samples before and after cycling in the operating voltage

of 3.0 ~ 4.5V at room temperature.
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Fig. S7. XRD patterns (a) and SEM images (b) of the pristine and the LCO@1.0 LLZO electrodes after 100 cycles in

the working voltage range of 3.0 ~ 4.5 V at the elevated temperature of 55 °C.
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Fig. S8. The Co content histogram of the pristine and LCO@1.0 LLZO soaked electrolytes after 1 and 4 weeks.
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Fig. S9. (a) DSC profiles of the pristine and LCO@1.0 LLZO samples after 30 cycles (at the high fully charging-state
of 4.5 V). (b) Cycle performances of all the as-prepared samples at the current density of 0.1 C and the elevated

temperature of 55 °C.
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Table S1. Refinement parameters for the XRD spectra of all as-prepared samples.

Sample a(A) c(A) c/a 1(003)/1(104)
LCO 2.816 14.054 4.99 1.386
LCO@0.5 LLZO 2.816 14.054 4.99 1.758
LCO@1.0 LLZO 2.816 14.055 4.99 1.862
LCO@2.0 LLZO 2.816 14.054 4.99 1.895
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Table S2. Comparison of the capacity retentions of surface-modified LCO electrodes at the high cutoff voltage of

Material Current density Capacity retention Ref.
LCO@ZrOF, 1C 200 cycles-56.4 % 1
LCO@MgF 02C 50 cycles- over 80 % 2
LCO@ALO; 1C 1000 cycles- 72.5 % 3
LCO@ZrO, 05C 30 cycles- 85 % 4
LCO@LATP 1C 700 cycles- over 60 % 5
LCO@LaF; 0.1C 50 cycles- 90.9 % 6
LCO@AL0; 0.1C 50 cycles- 91.8 % 7
LCO@MgAl,04 05C 70 cycles- 96.8 % 8
LCO@AL0; 1/9C 50 cycles- 88.4 % 9
Al,O3 ALD on LCO 02C 50 cycles- 79.8 % 10
This work 1C 1000 cycles- 76.8 %
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Table S3. EIS fitting values of the pristine and LCO@1.0 LLZO electrodes.

Resistance electrode 1st 10th 30th
LCO 174.9 280.2 469.6
Rsf (Q)
LCO@1.0 LLZO 197.8 284.5 481.8
LCO 261.1 634.1 2135.0
Rt (Q)
LCO@1.0 LLZO 182.9 3255 549.3
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Table S4. New peaks appeared and their corresponding identifications in the FTIR spectra of the pristine and

LCO@1.0 LLZO electrodes after 20 cycles.

Peak position (cm™) Assignment

870, 1416 CO3?% bend, Li,CO5!?

1047, 1115 C-O st, ROCO,Lit?

1191 R-F13

1399, 1457 C-O st, Li,CO3*2

1628, 1630 C=0 asym st, RCOOLi*?

2070 CH, bend, ROCO,Li/(CH,0CO,Li),*
2854, 2925 C-H, ROCO,Lit516
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Table S5. The Co element concentrations of the pristine and LCO@1.0 LLZO samples immersed in the electrolytes

with different soakage time.

Sample Week 1 Week 4
LCO 294.79 g Lt 535.72 ug L!
LCO@1.0LLZO at 4.5V 220.26 pug Lt 371.33 ug L!
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