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Figure S1. XRD pattern of f-La2Mo0209 (LMO) obtained using optimized La/Mo ratio and sintering process.
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Figure S2. XRD Rietveld refinement for P-NCM (a), La-NCM (b) and DA-NCM (¢).
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Figure S3. NPD Rietveld refinement for P-NCM (a), La-NCM (b).
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Figure S4. XRD patterns for P-NCM and different ratios modified samples at a fast scan rate of 9° min~!.
The zoom peaks on the right figures show that the 003 peak shifts to a lower angle and there are obvious
LLNO diffraction peaks after the anchored strategy. Besides, anchored strategy reduces Li/Ni mixing

compared with P-NCM, La-NCM and Mo-NCM.
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Figure S5. XPS data of Ni 2p (a), Mo 3d (b), La 3d (¢), Co 2p (d) and Mn 2p (e) taken from the surface of all the samples.
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Figure S6. XPS depth profiles Mo 3d of DA-NCM as a function of Ar etching time from 0 s to 150 s.



Figure S9. Cross-sectional FIB-SEM images of P-NCM (a, b) and DA-NCM (c, d).




The secondary particle size of DA-NCM is significantly reduced, and the primary particle is refined,

meanwhile, the intergranular pores are reduced.
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Figure S10. The corresponding elements distribution on the cross-sectioned for P-NCM (a) and DA-NCM (b).
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Figure S11. EDS mapping images of DA-NCM.
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Figure S12. Element distribution (a) and TEM images (b, c¢) of La-NCM.
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Figure S13. AC-STEM images of Mo gradient doping on the DA-NCM surface.
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Figure S14. Initial coulombic efficiency and cycling performance of DA-modified (a, ¢) and simple-modified (b, d).

samples.
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Figure S15. dQ/dV curves of P-NCM and DA-NCM at the first cycle.
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Figure S16. Cycle performance of P-NCM and DA-NCM after a long-time charge/discharge under high voltage.
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Figure S17. Cycle performance of DA-NCM under 2.8-4.3 V at 1C.
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Figure S18. Rate performance of DA-modified (a) and simple-modified (b) samples.
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Figure S19. GITT curves of P-NCM, La-NCM and DA-NCM.
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Figure S20. Nyquist plots for P-NCM, La-NCM and DA-NCM before cycling (a) and corresponding Rct values (b).



Z’-0"? image (c) and the lithium-ion diffusion coefficient (d).
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Figure S21. Energy density retention of P-NCM and DA-NCM under 2.8-4.5 Vat 1 C.
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Figure S22. Fast charging performance of P-NCM and DA-NCM under 2.8-4.5 V at 5C.
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Figure S23. dQ/dV curves of P-NCM (a) and DA-NCM (b) under 2.8-4.5 Vat 1 C.
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Figure S24. Charge/discharge profiles of P-NCM (a) and DA-NCM (b) under 2.8-4.5V at 1 C.
a b c
0.8 0.8 0.8
P-NCM La-NCM DA-NCM
0.6 1st 0.6 1st 0.6 1st
2nd 2nd 2nd
< 04} 3rd < 04 3rd T 04} 3rd
E E E
w 021 w 0.2 +« 021
g g g
5 0.0 AV{=0.263 V 5 00 AV,=0.196 V 5 0.0F AV=0.179 V
(] (] (]
02} 0.2+ 0.2+
0.4 04} 0.4}
28 3i2 3j6 4f0 4‘.4 2.8 312 StS 4j0 4f4 28 3j2 316 410 4j4
Voltage (V) Voltage (V) Voltage (V)

Figure S25. CV curves of P-NCM (a), La-NCM (b) and DA-NCM (c).




a (009)
(003) (101) (104) (015) (107)  AI(113)

0
E
-
3 410 20 30 40 50 60 70 80
Voltage (V) 20 (degree)
b c
P-NCM DA-NCM
H2
H3
N\ 42v
/ L&_
[ LA NS
180 185 19.0 195 200 205 21.0 180 185 19.0 195 200 205 21.0
20 (degree) 20 (degree)

Figure S26. Full range contour plot of in-operando XRD data on P-NCM during the first cycle (a). The enlarged (003)

peak of P-NCM (b) and DA-NCM (c) during the first charge.
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Figure S27. The in-situ galvanostatic electrochemical impedance spectroscopy plots of P-NCM (a) and DA-NCM (b).
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Figure S28. HR-TEM images of the CEI and the structural evolution of P-NCM (a, b) and DA-NCM (c, d) after

cycling.
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Figure S29. XRD patterns of P-NCM and DA-NCM after cycling.
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Figure S30. CEI image (a), HR-TEM image of structural evolution (b) and SEM image (c) of La-NCM after cycling.



(d) XRD patterns of La-NCM after high rate cycling (¢) The comparison XRD patterns after high rate cycling of P-
NCM, La-NCM and DA-NCM.
These cycled-La-NCM tests confirm that although La-NCM could enhance the structural stability to some
extent, spinel and salt rock phases still appear on the surface after long cycling, and the CEI is thicker
than that of DA-NCM. In addition, cracks could be observed on the particles after high-rate cycling of

La-NCM, and the characteristic LLNO peaks are no longer visible after cycling, suggesting that the LLNO

coating is detached from the NCM surface after long cycling.
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Figure S31. Ar-etched XPS data of DA-NCM (a-c) and P-NCM (d-f) after cycling.
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Figure S32. C, O and F atomic concentrations of P-NCM after cycling.
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Figure S33. Nyquist plots for P-NCM, La-NCM and DA-NCM after cycling (a) and corresponding R¢; and Rcgr values

(b).
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Figure S34. Cycling performance of P-NCM, La-NCM and DA-NCM under 2.8-4.3 V at 50°C.
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Figure S35. Cycling performance of P-NCM, La-NCM and DA-NCM under 2.8-4.5 V at 50°C.
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Figure S36. Comparative graph of cumulative gas emissions based on DEMS test results.
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Figure S37. DSC test of P-NCM and DA-NCM.



Figure S38. Pouch cells of P-NCM (a) and DA-NCM (b) after the initial charge/discharge under 2.8-4.5 V at 50°C.
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Figure S39.Comparison of P-NCM and DA-NCM.
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Figure S40. Optimized structure between NCM surface and La and Mo, unanchored La-O structure in La-NCM (a)

and anchored La-O structure in DA-NCM (b).
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Figure S41. Density of states for the unanchored La-O structure.



Figure S42. 3D charge difference of unanchored (a) and anchored (b) La-O structure.
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Figure S43. The 2D charge difference for a slice along the plane passing through O-La-O in unanchored La-NCM (a)

and DA-NCM (b).
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Figure S44. 2D slices of the charge density distribution of unanchored La-O structure.
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Figure S45. The wavelet-transformed EXAFS of cycled P-NCM (a, b) and DA-NCM (c, d).
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Figure S46. Rate performance (a) and cycle performance (b) of DS-NCM and DA-NCM.
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retention between DA-NCM and modified materials from other references.



Table S1. Rietveld Refined crystallographic parameters of XRD for P-NCM, La-NCM and DA-NCM.

Samples a/A c/A V/A Ni%* in Li site T003)/I104) Rwp
P-NCM 2.8687 14.1668 101.040 3.648% 1.376 0.098
La-NCM 2.8697 14.1688 101.052 1.781% 1.479 0.104

DA-NCM 2.8721 14.1830 101.323 1.389% 1.672 0.095

Table S2. Rietveld Refined crystallographic parameters of NPD for P-NCM, La-NCM and DA-NCM.

Samples a/A c/A V/IA Ni?* in Li site Rwp
P-NCM 2.8729 14.1853 101.396 1.812% 0.077
La-NCM 2.8724 14.1906 101.398 1.564% 0.067
DA-NCM 2.8732 14.1864 101.427 1.481% 0.043

Table S3. The intensity ratio of (003) and (104) peaks of all the as-prepared samples at a scan rate of 9° min~'.

Samples 003 peak areas 104 peak areas T003)/I104)
P-NCM 3657 2569 1.42
LMO03-NCM 3303 2186 1.51
DA-NCM 3016 1901 1.58
LM10-NCM 2588 1679 1.54
La-NCM 3187 2223 1.43
Mo-NCM 2204 1605 1.37

Table S4. Comparison in electrochemical performances of DA-NCM under different voltages with the recent similar-

focused literatures!-1°.



Cycle Capacity

Bulk material Modification strategy Test condition N Reference
number retention
2.8-4.3V,1C,RT ~95.7%
LiNiy gCoy osMn, 450, Anchored oxygen-retardant strategy 2.8-45V,1C,RT 200 ~93.6% This work
2.8-4.3V, 1C, 50°C ~91.5%
LiNiygCoq 1Mn, 10, Co,B-coating 3.0-44V,1C,RT 100 ~87% [1]
LiNip gCoq 4Mn, O, La,Mo,0O.-coating 2.7-45V, C/3,RT 100 ~84.8% [2]
LiNig ¢C0g 9sMny 050, La,LiNiOg-coating 2845V, 1C,RT 100 ~88.07% [3]
LiNig gMng 4O, Mo-doping 2.7-44V, 0.5C, RT 100 ~92.8% [4]
LiNiy gCo,4 ,0, concentration gradient strategy 2.8-44V,0.5C,RT 100 ~92% [5]
LiNig g3C0og 1sMng 460, Li,Mo0O,-coating and Mo-doping 2743V, 1C,RT 100 ~90.22% [6]
LiNi, £Cop ,Mn, 0, po'ymta"a”e"‘o'p&ﬁgﬁ;y"C acid) polymer- 5 5 4 5\, 0.5C, RT 100 ~80.7% 7]
LiNig ggC0y goMng 030, Al/Zr co-doping 2.8-44V, 0.5C,RT 150 ~83.4% [8]
'-'N'°‘9C°°‘°5(“)””°r°45Nb0‘° F—Co-washed 2.7-43V, 0.5C, RT 100 ~95.9% 9]
052
LiNig 3C0q 15Alg 0505 LisLa;Nb,0,,-coating and Nb-doping 2745V, 1C, RT 200 ~74.3% [10]

Table S5. R obtained from the in-situ galvanostatic electrochemical impedance spectroscopy test for P-NCM (a) and

DA-NCM (b) at different voltages.

Samples 28V 32V 3.6V 4.0V 41V 43V 45V

P-NCM  301.50Q 327.06 2 320.15Q 365.84Q 34030Q 33981 Q 344.54Q

DA-NCM 231.70 Q 234.17Q  243.50Q  236.78 Q2 23636Q 239.04Q 231.52Q

Table S6. The intensity ratio of (003) and (104) peaks of the high-rate cycled NCM, La-NCM and DA-NCM at a scan

rate of 9° min~'.

Samples 003 peak areas 104 peak areas T003)yI(104)
P-NCM 568 517 1.10
La-NCM 788 540 1.46
DA-NCM 866 375 2.31
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