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Elements

Figure S1. Elemental mappings and EDS spectrum of the NijgCoj;Mngy;(OH),
precursor.
The EDS spectrum of NijgCog Mng ;(OH), gives Ni, Co and Mn atomic ratios of

8.125, 1 and 1.125, respectively, which are very close to their target values.
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Figure S2. Zeta Potential of (a) NiggCop1Mng 1(OH), and (b) Ni(COOCHj3),-4H,0 and

Mn(COOCHj3),-4H,0 in ethanol.

When Ni(COOCH3),4H,0 and Mn(COOCHj;),-4H,0 is dissolved in ethanol, it is
observed that the solution is electropositive. However, when NiygCop ;Mng ;(OH), is
dispersed in ethanol, it is observed that the solution is electronegative. The Ni** and

Mn?* ions are able to be adsorbed on the surface of NCM811 precursors with the

electronegaitivity.
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Figure S3. Rietveld refinement results of (a) NCM811 sample. (b) XRD patterns of
NCMS811, NCMS811@LiNij,5Mng750,-1%, NCM811@LiNig25Mng750,-2% and
NCMS811@LiNip5Mng 750,-3% samples.

Rietveld refinement of XRD results for NCM811 and XRD patterns of other
LiNig,5sMng 750, coating samples are listed in Figure S3. The XRD pattern of NCMS811
material can be indexed to layered-NaFeO, structure, the R-3m space group. Rietveld
refinement of the XRD results indicates that the introduction of the LiNig,5Mng 7505
coating layer doesn’t significantly change the crystallographic parameters (Table S2).
The splitting of (006) / (012) planes and (108) / (110) planes indicate that the material
is well crystallized with a good layered structure, and all the planes are consistent with

the characteristics of hexagonal crystal structure.




Figure S4. FESEM images of (a, €) NCMS811, (b, f) NCM811@LiNij,5Mng 750,-1%,
(c, g0 NCMS8I1@LiNig»3sMng750,-2%, (d, h) NCMS811@LiNij»sMng750,-3%
samples.

The pristine NCM811 sample exist in micron-sized spherical particles composed of
nano-sized primary crystals. After epitaxial coating of LiNijy,5Mng 750,, the modified

NCMBS811 samples also maintain the spherical secondary particles.
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Figure SS. XRD patterns of the LiNij,5Mng 750, LiNigsMn; 504 and current collector
Al/C.

The NCM811@LiNig,5sMng 750,-1% electrode is assembled into coin cell. After one
cycle of charge and discharge, we can determine the transformation of LiNij,5Mng 750,
into LiNigsMn; 504 by XRD measurements. From Figure S5, it can be seen that the
(111), (311) and (400) planes correspond to the planes of LiNigsMn; sO4 (PDF#85-
1327). The (002) plane ascribes to the carbon, and (220) and (311) correspond to the

planes of Al from the current collector, respectively.




Figure S6. Elemental mappings of Ni, Co and Mn in NCM811@LNM-1%.

Ni, Co and Mn elemental mappings of the NCM811@LNM-1% sample are shown in
Figure S6. It can be seen that Ni and Mn elements are homogeneously distributed in the
particle, while Co element is less distributed in the outer layer of the particle, consistent

with the characteristics of the LNM coating layer.
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Figure S7. HRTEM image of NCM811@LNM-1% after 200 cycles.
As shown in Figure S7, the NCM811@LNM-1% displays a uniform LNM and CEI

mixed layer of about 18 nm in thickness on the surface after 200 cycles.
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Figure S8. Operando XRD characterization for (a) NCM811 and (b) NCM811@LNM-

1% cathodes during the initial cycle in the voltage range of 2.8-4.5 V.
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Figure S9. Cycling stability of NCM811, NCM811@LNM-1%, NCM811@LNM-2%
and NCM811@LNM-3% against a lithium metal anode at 0.5 C from st to 200th under
testing temperature of 25°C.

The NCM811@LNM-1% cathode material can deliver a satisfactory retention of
86.52% after 200 cycles, which are significantly higher than 54.11% retention of the
bare NCM811 cathode. In addition, the NCM811@LNM-2% and NCM811@LNM-3%
cathode material also can deliver a satisfactory retention of 83.47% and 85.35% after
200 cycles. So it can be seen that the LNM modification can greatly improve the cycle

performance.
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Figure S10. (a, ¢) Enlarged galvanostatic titration curves during charge and (b, d) the
linear correlation between voltage change against 72 for NCMS811 and
NCMS811@LNM-1%, respectively.

The enlarged galvanostatic titration curves of NCM811 and NCM811@LNM-1%
are shown in Figure S9. The linear correlation exists between voltage change against
72 for NCM811 and NCM811@LNM-1%. The Li* ion diffusion coefficient (Dr;) can
be determined according to the Fick’s second law of diffusion. Based on the reasonable

assumption that AE, is linear with 7/, the formula can be simplified as:

D — 4 (mlf’m)z(dEs)z
L=\ Ms ) \4E,

where the values of m and M represent the mass and the molar mass of the active
material, respectively. Besides, S is the surface area of the electrode, 7 is the constant
current pulse time, V, is the molar volume of the active material, AE; is the steady-state

potential change and A4F, is the total potential change.!?
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Figure S11. Simulated equivalent circuit based on the EIS measurements for NCM811

and NCMS811@LNM.

In the fitted equivalent circuit, R represents electrolyte resistance, R corresponds to

the semicircle at the highest frequency in the Nyquist plots which is related to the solid

electrolyte interface (SEI) film resistance, CPE; is the correlated constant phase

element, R corresponds to the second semicircle at high frequency, and CPE,

represents the charge transfer resistance and correlated CPE, while Zy is Warburg

impedance corresponding to the sloped line in the low frequency region which is related

to solid-state diffusion of lithium ions in the electrode bulk.
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Figure S12. Corresponding dQ/dV curves of (a) pristine NCM811 and (b)
NCMS811@LNM-1% against Li metal anode from the 1st cycle to the 100th cycle.

The NCMS811 and NCMS811@LNM-1% cathodes undergo phase transformation
during the delithiation, while the process happens reversibly during lithiation. It is
reported that the H2 — H3 phase transition results in an abrupt unit cell lattice
contraction along the c-direction. Thus the structure suffers from a severe mechanical
strain with an anisotropic volume shrinkage under higher voltage. However, compared
to the NCMS811, a much higher reversibility across the H2-H3 phase transition is
observed for the NCM811@LNM-1%, demonstrating the significantly alleviated

degradation due to the conformal LNM modification.
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Figure S13. Ex situ Raman spectra of (a) NCM811 and (b) NCM811@LNM-1%.

In Raman spectra, the A, mode represents longitudinal vibration of O in Ni-rich
cathodes. Notably, the Ajg-like spectra decrease sharply during the process of full
charge, and the obtained Ni** can easily react with O to release oxygen, resulting in the
lattice contracting abruptly and finally sharp reduction of the corresponding
characteristic peaks. The results uncover that the extraction of Li* ion will lead to the

instability of the original structure. The LNM modification can suppress oxygen

release.
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Figure S14. DSC curves of NCM811 and NCM811@LNM-1% after de-lithiation
(charged to 4.5V).

Differential scanning calorimetry (DSC) measurement was applied to evaluate the
stability of the materials at high temperatures. The exothermic peak for the charged
NCMS811 material emerges at 211.8°C, while the exothermic peak for the
NCMS811@LNM-1% rises to 237.8°C. These results indicate that the coating of LNM
is beneficial to increasing the thermal stability of Ni-rich cathodes. Previous studies
show that the highly charged Ni-rich cathodes would experience the phase transitions
from a layered structure to a spinel structure and finally to a rock-salt structure upon
heating, which is accompanied by the release of oxygen. 37 Obviously, better thermal
stability implys that the LNM coating modification can suppress the evolution of O,

gases from the active NCMS811 core under higher temperature.




Figure S15. SEM images of (a) NCM811 and (b) NCM811@LNM-1% electrodes after
100 cycles.

The secondary particles of NCMS811 electrode were severely cracked after 100
cycles. The NCM811@LNM-1% electrode maintains good integrity of secondary
particles after 100 cycles due to the tight connection of primary particles by LNM
modification, which alleviates the interfacial reaction with the electrolyte under high

voltage.




Table S1. Experimental molar ratios of Ni: Co: Mn in NCM811. The experimental

ratios were obtained by inductively coupled plasma mass spectrometry.

Samples mol / (%)
Ni/(Ni+Co+Mn) 80.46
Co/(Ni+Co+Mn) 9.74

Mn/(Ni+Co+Mn) 9.79




Table S2. Structural information of NCMS811, NCMS811@LiNig,5sMnj750,-1%,
NCMS81 1@LiNi0.25Mn0_7502-2% and NCMS811 @LiNi0'25Mn0.7502-3%.

Samples a(A) c(A) c/a (003) / (104)

NCMS811 2.872 14.209 4.948 1.708
NCMS811@LiNij,5Mng 750,-1% 2.870 14.216 4.952 1.777
NCMS811@LiNig5Mng 750,-2%  2.870 14.212 4952 1.928

NCMS811@LiNig,5sMng 750,-3%  2.872 14.219 4.952 1.879
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Table S3. Particle size distribution of NCMS811 precursor, NCMS811 and
NCMS81 I@LiNiOQSMHOjSOz- 1%.

Samples Size Distribution pum’!

D10 7.66

Precursor D50 11.69

D90 18.26

D10 7.94

NCMS11 D50 14.75

D90 27.41

D10 6.85

NCMS811@LiNij25sMng 750,-1% D50 14.64

D90 33.39




Table S4. Cycling performances for different LNM modified NCMS811 electrodes.

Capacity Retention (after 200

Samples Initial Discharge Capacity / (mAh g!) eycles) / (%)

NCMS811 205.8 54.11
NCM811@LNM-1% 202.4 86.52
NCMS811@LNM-2% 202.7 83.47
NCM811@LNM-3% 199.3 85.35




Table S5. Comparison of cycling stability with the reported results in related literatures.

Specific . Capacity
. Current Capacity  Cycle Operating .
Materials Rate /(mAh  Numbers Vol{e;ge / Retention Ref.
gh /(%)
NCMBHN@INM- 50 2024 200 2845 8652 LM
1% work
1%LYTP@SC- g
NCMSS 05C 202.3 200 2.75-4.4 86.50
NCM8 g{)/%@LMO_ 0.1C 201 100 2.7-4.3 92.9 ?
MP-NCM 05C 191.4 100 3.0-4.3 86.3 10
FC-NCMS811 1C 182 300 2.8-4.5 84.3 1
SC-NCM@LSTP- 1C 170 400 2.75-4.6 77.4 12

1%
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