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Figure S1. Schematic representation of possible bulk NCM811 configurations derived from LiNiO2, showing different Co and Mn 
substitutional arrangements at Ni sites. The corresponding total energies of these configurations are also shown.
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Figure S2. (a) Optimized structure of the most thermodynamically stable bulk NCM811 unit cell, (b) simulated and experimental XRD 
patterns of NCM811, (c) most stable termination of the pristine NCM811 (006) surface, (d) S-doped NCM811 surface, (e) Cl-doped 
NCM811 surface.
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Figure S3. Rate of change (ROC) in (a) the in-plane lattice parameter 𝑎 and (b) the unit cell volume of pristine NCM811, S-NCM811, 
and Cl-NCM811 surfaces as a function of delithiation. 
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Figure S4. Projected density of states (PDOS) of the S p-orbital in the S-NCM811 surface at 
delithiation levels from x = 0 to x = 0.6. The vertical dashed line represents the Fermi level. 
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Figure S5. Snapshots of intermediate structures during  formation and O2 release on NCM811 𝑂 ‒
2

surfaces: (a) Pristine NCM811, S-NCM811, and Cl-NCM811 surfaces at a delithiation level of x 
= 0.3, and (b) S-NCM811 and Cl-NCM811 surfaces at a delithiation level of x = 0.6. 
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Figure S6. Relative total energy as a function of simulation time from AIMD for pristine, S-
NCM811, and Cl-NCM811 surfaces at delithiation levels of x = 0.3 and x = 0.6.
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Figure S7. RDFs of Co-Ni pairs in pristine, S-NCM811, and Cl-NCM811 surfaces at delithiation 
levels of (a) x = 0.3 and (b) x = 0.6, shown at the initial (t = 0 ps) and final (t = 10 ps) stages of the 
AIMD simulations.
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Figure S8. RDFs of Mn-Ni pairs in pristine, S-NCM811, and Cl-NCM811 surfaces at delithiation 
levels of (a) x = 0.3 and (b) x = 0.6, shown at the initial (t = 0 ps) and final (t = 10 ps) stages of the 
AIMD simulations.
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Table S1. Oxidation states and corresponding magnetic moments of transition metals. 

Species Magnetic moment (μB)

Ni2+ 1.75

Ni3+ 1.15

Ni4+ 0.11

Co3+ -0.04

Co4+ -1.32

Mn4+ -3.32
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Table S3. Distribution of Ni2+, Ni3+, and Ni4+ species in the top two layers of pristine and Cl-
NCM811 surfaces at delithiation levels of x = 0 and x = 0.5

x = 0 x = 0.5
Pristine NCM811

Ni2+ Ni3+ Ni4+ Ni2+ Ni3+ Ni4+

Ni 4 4 0 1 4 3

Cl-NCM811

Ni coordinated with Cl 3 1 0 4 0 0

Ni not coordinated with Cl 0 4 0 0 2 2
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Table S2. Oxidation states of Co and Mn in pristine and anion-doped NCM811 at different delithiation levels. 

Pristine NCM811 S-NCM811 Cl-NCM811Delithiation Level 
(x) 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Mn1 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4

Mn2 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4

Mn3 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4

Co1 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +4 +4 +3 +3 +3 +3 +3 +3 +3

Co2 +3 +3 +3 +3 +3 +4 +4 +3 +3 +3 +3 +3 +4 +4 +3 +3 +3 +3 +3 +4 +4

Co3 +4 +4 +4 +4 +4 +4 +4 +3 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4


