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Table S1 A summary of different types of LLMO cathodes, with typical examples and their characteristics related to oxygen
loss phenomenon. Notes: the value of capacity and voltage hysteresis were obtained from the voltage and discharge/charge
profile of these cathode materials.

voltage
Capacity Gas formed Thermal instable
Categories LLMO composition hysteresis (V vs. CEI composition
(mAhg") during cycling temperature (°C)
Li*/Li)
LiF, Li Li
LiCo0,'-5 274 4.5 0,,CO, o IZC(?}’ 5O 240
Traditional Li,PF,, Li,PF,0,,
LLMO LiNiO,># 275 ~4.6 0,, CO, Li,CO;, LiOH 200
LiMnO,’ 270 / / / /
Li(Nig.8sMng.075C00.075)O- Li,COs, LiF, Li,PF,,
206 ~4.2 0,, CO, 225
o LiPF,0,
Li,PF,0,, LiOH,
Li(NigsMng ;Coy )0, 1 203 ~4.2 0,, CO, g 232
Li,05, Li,O
NMC-based Li(Nig;Mng15C0q,15)0,'"12 194 43 0,, CO, / 242
LLMO Li(Nio_ﬁMn()lCOovz)Ozl1’12’15 187 / Oz, COZ Li203, L120 264
Li,PF,, Li,PF,0,,
Li(Ni sMng,C03)0,' 1216 175 / 0,, CO, ’ ’ 290
LiF
Li(Ni;;sMn;3C0,/3)O- o
163 / 0,, CO, LiF, Li,CO; 306
211,12,17,18
Li,PF,0,, Li,CO;,
Li[Niy sMnj ]0,1920 163 43 / ' 307.1
LiF
Li[Nig sMny5]0," 165 ~4.3 / / 298.1
Li[Niy,Mny5]0," 171 ~4.3 / / 273.7
Li[NisMny5]0," 205 ~4.3 / / 249
Ni-rich LLMO —
Li[NioMny5]0," 212 ~4.3 / / 230.4
(Exclude NMC)
LiNi94C00,060,%' ~230 ~4.1 / / 191
LiNip4Coy0,? ~190 ~4.2 / / /
LiNiogoCOg_mMgg'030223 228.3 ~4.3 / / 243.7
LiAly sNiggsO0,** ~200 ~4.5 0,, CO, / /
Li(Ni5C00.15Alo.05)0,?' ~200 / / / 241
xLi,MnO; (1-x)
~300 ~4.4 0,, CO, / /
LiMOzé,ZS,ZG
Li- and Mn- Li, 286Ni0.071Mng 643057 250 ~4.25 0,, CO, / /
rich LLMO Li; ,NipoMng 0,7 ~300 ~4.2 / / /
LiF, LiPO,F,,
Li 5C0g 1 Mng 5sNig 150,02 ~200 / / ’ /
Li,CO4




Li1_2Ni0V13Mn0V54C00_130230 ~275 ~4.5 Oz, C02 / /
Li,RuQ;31-3+ ~164 ~4.1 0,, CO, Li,CO;, LiF /
Other Li-rich LiRug 75Tig2505% ~180 ~4.0 0,, CO, / /
LLMO Li,Rug 7sMng 2505 ~177 ~4.0 0,, CO, / /
Li,Rug 75Feg505% ~177 ~3.9 0,, CO, / /
Lip7Mng 75C0¢2,0,%¢ ~260 ~4.5 0,, CO, / /
Other Mn-rich - -

Lip7sMng 75C00.11Nig 110, ~245 ~4.5 CO, / /

LLMO
Lig74Mng 7sNig ,,0,% ~230 ~4.3 CO, / /

Table S2 The contribution of highlighted methods and the modification strategies based on the study

Characterization Phenomenon detected/ Modification Improvement
Examples
methods degradation mechanism strategies (Retention, cycles, Current)
A" substitution in LiNiO,: LiAly;Nig40,:~100% , 50, 0.4 mA cm?
Composition
LiAlpNig 9O, LiNiO,: 68%, 50, 0.4 mA cm™
DEMS/OMES Gaseous products release at design&
Addition of Lithium
Soft-XAS, RIXS high voltage during cycles electrolyte LiFMDEFB added: 85%, 200, 0.5;
fluoromalonate(difluoro)borate
additives Without LiFMDFB: 40%, 200, 0.5
(LiFMDFB)*
NC shows a structure transformation from
Yttrium surface gradient doping in
o layered to spinel that started at 200 °C,
LiNig93C00,070, (NC): . .
Crystal structures changes and to spinel at above 300 °C, while NCY
Elemental LiNij;C00,07Y 0,020, (NCY)*
EPR during cycling and thermal shows a much better stability
doping
treatment Nd/Al dual doped Li; ;Mny 533Nig 26704:
Nd/Al dual doped
) ) 90.1, 200, 1C;
Li; sMng 533Nig 2670,% . .
Lll_zMn0_533N10_257021 764, 200. 1C.
The formation of CEI Li,TO; coated LiNijsMn,5O,: 83, 100.
TEM, XAS,
during the cycles, Coating layer Li,TO; coating on LiNiysMn,50,%° 0.2;
XPS, NMR
enhancing the oxygen loss LiNiysMn,s0,: 58, 100, 0.2.
Cracks formed during the Modification of | Synthesis of layered nanorod gradient NRG: 88.3%, 1000, 1C
CT, TXM, ND cycles, under cell, synthesis (NRG) Li[NiggCopsMng 13]O, cathode | Li[Nigg,Cog 14Alp04]0: 55.9%, 1000, 1C
electrode, particle level condition particle*!
Inhomogeneous lithiation
TXM across the whole electrode
and even single particle
Nano scaled Stain stress To be developed
arisen at particles under
CDI
nano scales, inducing the
following degradation
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