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Table S1 The electrochemical performance of LiNigsMn;sO, with different oriented growth

surfaces.
Orientation Shape Initial Measuring Synthesis method Ref.
capacity parameters
[mAhg"]

(112) plate ~121 3.0-5.0V, C/5 molten-salt !
(111) octahedral ~136 3.0-5.0V, C/5 molten-salt !
(111) octahedral 133 2.7-4.8V, C/6 CSTR? 2
(111) (100) truncated octahedral 124 2.7-4.8V, C/6 co-precipitation 2
(111) (11-2) cubic 241 3.5-5.0V, C/2 hydrothermal 3
(111) spherical 248 3.5-5.0V, C/2 CSTR 3
(111) octahedral 249 3.5-5.0V, C/2 CSTR 3
(111) (110) (100) truncated octahedral 229 3.5-5.0V, C/2 co-precipitation 3
(001) (110) (113) polyhedral 141 3.5-5.0V, 1C polymer  auxiliary 4
(103) method
(001) flake 133.5 3.5-49V,1C in situ template g
(1112) octahedral 69 3.5-49 V, 1C polymer auxiliary 6

charge/50C method

discharge
(001) (110) (113) chamfered polyhedral 103 3.5-49 V, 1C polymer auxiliary 6
(103) charge/50C method

discharge

2 CSTR is the abbreviation of continuously stirred tank reactor.




Table S2. Electrochemical performance of LiNigsMn; 50, under various modification strategies to

suppress the side

LiNigsMn; s04/anode.

reactions on

the interfaces

of  LiNigsMnysO4/electrolyte

and

(3:7, w/w)

Initial
Working
Anode capacity Capacit Current
Morphology erial Electrolyte formula (AR pacity potential  Cycles densit Temp.
materials m retention Wl ensity
g-1]
, IM LiPFG/EC/DMC o
50 nm nanoparticles Li 95.7% 3.5-4.95 100 1C RT
(1:1, v/v)
. 1M LiPFg/EC/DMC
>500 nm nanoparticles Li 123 81% 3.5-5.0 40 1C RT
(1:2, w/w)
. 1M LiPF¢/EC/EMC
800 nm sphere Li 122 92% 3.5-4.9 500 2C RT
(3:7)
diameters of 100-400 nm and
1M LiPFg/EC/DMC
lengths of more than 10 pym, Li 124 91% 3.5-4.95 500 5C RT
" (1:1, v/v)
nanoporous
1 1.2M LiPF¢/EC/DEC
1-3 um polyhedral Li 133.5 86% 3.5-4.9 500 1C RT
(3:7, w/w)
1 1.2M LiPF¢/EC/DEC
1-3 um polyhedral Li 132 63.3% 3.5-4.9 100 1C 55 °C

LiMgo sMn; 5O, (outmost)™

(1:1, v/v)

Initial
Working
Anode capacity Capacit Current
Coating layer ) Electrolyte formula pacity potential  Cycles ) Temp.
materials [mAh retention density
vl
g-1]
1M  LiPFg/EC/DEC
5 Wit% PPyu Li 124 91% 3.5-4.9 300 1C RT
(3:7, v/v)
» 1M  LiPF¢/EC/DEC
5 wt% PPy Li 115.6 91% 3.5-49 100 1C 55°C
(3:7, v/v)
5 nm Lig1Bo0s7P0,s" 137 91.3% 3.5-4.95 400 1C RT
concentration-gradient shell,
1M LiPF¢/EC/DMC
from LiMgo0s6NigaaaMnys0, to  Li 127 98.9% 3.0-4.9 200 1C RT




concentration-gradient shell,

1M LiPFg/EC/DMC

from LiMgg0seNigaaaMnys0, to  Li 128 99% 3.0-4.9 100 1C 55°C
_ “ (1:1, v/v)
LiMggsMn; 50, (outmost)
s 1M LiPFg/EC/DEC .
2wt% AlLO; Li 130 99.7% 3.5-5.0 50 20mAgt RT
(1:1)
s 1M LiPFg/EC/DEC .
2wt% Al,03 Li 119 98% 3.5-5.0 50 20mAg 55°C
(1:1)
s 1M  LiPFg/EC/DEC .
2wt% Bi,03 Li 132 99.0% 3.5-5.0 50 20mAgt RT
(2:1)
s 1M  LiPFg/EC/DEC .
2wt% Bi,03 Li 120 93.9% 3.5-5.0 50 20mAg 55°C
(1:1)
1 1M LiPFg/EC/DMC
10 nm PI Li 131 93.2% 3.5-5.0 100 1C RT
(1:1, v/v)
1 1M LiPFg/EC/DMC
10 nm PI Li 128 93.7% 3.5-4.9 50 1C 55°C
(1:1, v/v)
. 1M LiPFg/EC/DMC
6Wt% Lag,SrosMn0; Li 115 91% 3.0-4.9 100 2C RT
(1:1, v/v)
. 1M LiPFg/EC/DMC
6Wt% Lag 75rosMnO; Li 120 90% 3.0-4.9 100 2C 60 °C
(1:1, v/v)
1.2M
1 nm LiPON*® Li LiPF¢/EC/DMC 136 97.5% 3.5-49 50 1C RT
(1:2, v/v)
natural
graphite
19 1M LiPFg/EC/DEC .
5 nm Al,03 with 5 107 84% 3.0-4.8 100 10mAg~ RT
(1:1, v/v)
nm Al,O3
coating
1 natural 1M  LiPFg/EC/DEC .
5 nm Al,0; 75 56% 3.0-4.8 100 10mAg RT
graphite  (1:1, v/v)
20 1M  LiPFg/EC/DEC
5-6 nm LizPO, Li 122 80% 3.0-5.0 650 C/2 RT
(1:1, w/w)
2 1M LiPFg/EC/DEC
less than 2 nm Al,0; Li 127 98.4% 3.5-5.0 20 c/10 RT
(45:55, v/v)
” 1M  LiPFg/EC/DEC
less than 2 nm Al,0; graphite 110 3.5-4.9 C/20 RT
(45:55, v/v)
» 1M LiPFg/EC/DMC
1.5wt% ZnO Li 103 100% 3.0-5.0 100 C/3 RT
(1:1)
<10 nm Li,P,0,% Li 1M LiPF¢/EC/DEC 123.8 74.3% 3.0-5.0 893 c/2 RT




(1:1, w/w)

1M LiPF¢/EC/DMC

<0.5 nm TiOZ24 Li 105 3.5-4.85 C/7.5 RT
(1:1, v/v)
1M LiPFg/EC/DMC

<0.5 nm Al,0;* Li 111 3.5-4.85 c/7.5 RT
(1:1, v/v)

Doping
Initial
Working
Anode capacity : Current
Doped LNMO ) Electrolyte formula Capacity potential  Cycles ) Temp.
materials [mAh retention Wl density
g-1]

1M  LiPFg/EC/DEC

LiMny sNig 42Cr0.0504> Li 135 96% 3550 100  C/6 RT
(1:2)
1M  LiPFg/EC/DEC

LiMn sNig 45Cro 0s0a” Li 133 95% 3.5-5.0 50 c/6 55°C
(1:2)
1M LiPFg/EC/DEC

LiMny sNip 42F€0.0804> Li 125 96% 3550 100  C/6 RT
(1:2)
1M  LiPFg/EC/DEC

LiMny sNig 4sFe0.0804> Li 127 97% 3.5-5.0 50 c/6 55°C
(1:2)
1M  LiPFg/EC/DEC

LiMny sNip 42Ga.0s04> Li 133 95% 3550 100  C/6 RT
(1:2)
1M LiPFg/EC/DEC

LiMny sNig 4Gag 0504 Li 133 100% 3550 50 c/6 55°C
(1:2)

o - ) 1M  LiPFg/EC/DEC 1 .

LiNig sMn; 503 05Fo 05 Li 130 3.5-5.0 27mAgt 30°C

(1:1, v/v)
. 2% ) 1M  LiPFg/EC/DEC 1 i

LiNigsMn4 503 9Fg 1 Li 127 3.5-5.0 27mAg 30°C
(1:1, v/v)
1M LiPF¢/EC/EMC

LiNigsMn; 5Tig 304 Li 120 87% 3549 200 C/5 30°C
(1:1, v/v)
1M LiPF¢/EC/EMC

LiNigsMny ,Tig 304> graphite 109 75% 3.4-4.8 200 /s 30°C
(1:1, v/v)
1M  LiPFg/EC/DEC

LiMn, sNig 4,F€0,0504 Li 136 100% 3.5-5.0 100 c/6 RT
(1:1)
1M  LiPFg/EC/DEC

LiMny_4,Ni.a5F€0.1604° Li 131 99% 3.5-5.0 100 c/6 RT
(1:1)
1M  LiPFg/EC/DEC

LiMn, sNip 3sFeg 16042 Li 127 100% 3550 100  C/6 RT
(1:1)

’s 1M LiPFg/EC/DMC charge

LiCrg,Nip sMny 404 Li 128 99% 3452 40 RT

(1:1, v/v) C/2 and
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discharge
1C
charge
% 1M LiPFg/EC/DMC C/2 and
LiCr ,Nig sMn; 40, Li 140 97% 3.4-5.2 40 55°C
(1:1, v/v) discharge
1C
Electrolyte
Electrolyte formula Anode Cathode Initial
Working
materials materials capacity . Current
Capacity potential  Cycles
[mAh densit Temp.
retention V] Y
g-1]
1 M LiPFg/ trimethyl phosphate
“ LisTisO1,  LiNigsMny 5O, 136 96% 3.0-3.75 50 c/10 RT
(TMP)
1.2 M LiPFg/fluorinated cyclic
carbonate
Li,TisO;,  LiNigsMn; <O, 114 98% 2.0-345 80 c/2 55°C
(F-AEC)/EMC/fluorinated ether
(F-EPE) (2:6:2, w/w)*
1.2 M LiPFg/F-AEC/fluorinated
linear carbonate (F-EMC)/F-EPE  LiyTisO1;  LiNipsMn; 50, 118 100% 2.0-345 80 c/2 55°C
(2:6:2, w/w)*
1.2 M LiPFg/EC/F-EMC/F-EPE
" LisTisO1,  LiNigsMny 5O, 116 93% 2.0-3.45 80 c/2 55°C
(2:6:2, w/w)
1 M LiPF¢/tetramethylsilane
. Li,TisO1,  LiNigsMn; 5O, 80 96% 2.0-345 1000 2C RT
(TMS)/EMC (1:1, v/v)
1 M LiPFg/PEC/F-EMC/F-EPE
- graphite  LiNigsMn; 50, 130 84.6% 3.5-4.9 100 c/3 RT
(3:5:2, v/v)
1 M  LiPFs/PEC/F-EMC/F-EPE
- graphite  LiNigsMn; 50, 122 68% 3.5-4.9 100 c/3 55°C
(3:5:2, v/v)
Initial
Working
Anode capacity : Current
Additives Electrolyte formula Capacity potential  Cycles Temp
materials [mAh retention . density
g-1]
1wt% lithium bis(oxalato) borate 1 M LiPF¢/EC/EMC
2 Li 140 97.6% 3.5-4.9 3 c/10 RT
(LiBOB) (3:7, v/v)
1 M
Awt% LiZCO335 Li LiPF¢/EC/PC/DEC 250 70% 2.0-5.0 55 C/2 RT
(1:1:3, w/w)




1wt% tris(trimethylsilyl)borate 1 M LiPFg/EC/DMC
% Li 101 104% 3.5-4.9 200 1C RT
(TMSB) (1:2, w/w)
. 1 M LiPFg/EC/DMC
4wt% succinic anhydride (SA) Li 135 100% 3.5-4.95 50 c/2 RT
(1:1, v/v)
1wt% 1.5 M
3,5-bis(trifluoromethyl)-pyrazole Li LiPF¢/EC/DEC (1:1, 121 50% 3.5-4.9 100 C/2 55 °C
(BTFMP)*® v/v)
1.5 M
1wt% triallyl cyanurate (TAC)® L LiPF¢/EC/DEC (1:1, 112 44% 3.5-4.9 100 c/2 55°C
v/v)
1.5 M
1wt%  fluorinated ethylene
28 Li LiPF¢/EC/DEC (1:1, 127 56.7% 3.5-49 100 C/2 55°C
carbonate (FEC)
v/v)
1.5 M
0.4wt% LiF® Li LiPF¢/EC/DEC (1:1, 113 35% 3.5-4.9 100 C/2 55°C
v/v)
1.1 M
1wt% LiBOB* Li LiPF¢/EC/DEC (1:2, 135 90% 3.0-4.9 15 C/5 RT
v/v)
1.1 M
0.25wt% LiBOB*® Li LiPF¢/EC/DEC (1:2, 141 92% 3.0-4.9 15 /5 RT
v/v)
1 M
0.5wt% tris (pentafluorophenyl)
» Li LiPF¢/EC/DMC/DEC  125.8 85% 3.0-4.9 55 C/5 RT
phosphine (TPFPP)
(1:1:1, v/v)
2wt% SA + 3wt% 1,3-propane 1 M LiPF¢/EC/EMC
“ graphite 65% 3-4.8 200 C/2 RT
sultone (PS) (1:2, v/v)
1wt% lithium 1.2 M
difluoro(oxolato)borate graphite  LiPFg/EC/EMC (3:7, 71 109.8% 3.5-4.9 25 c/3 RT
(LibFOB)* w/w)
1.2 M
1wt% FEC* graphite LiPF¢/EC/EMC (3:7, 86 116.2% 3.5-4.9 25 c/3 RT
w/w)
1.2 M
1wt% tris-hexafluoro-isopropyl
“ graphite LiPF¢/EC/EMC (3:7, 106 100% 3.5-4.9 25 c/3 RT
phosphate (HFiP)
w/w)
lonic liquid
lonic liquid Anode Cathode materials  Initial Capacity Working Cycles Current Temp.
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materials capacity retention potential density

[mAh (V]

g-1]
0.5 M LiTFSI”/BMPTFSI?*® Li LiNigsMn, 50, 104 100% 4.0-5.0 42 c/16 30°C
0.5 M LiTFSI/MPPpTFS|* Li LiNig.sMn; 504 143 93.7% 40-50 50 c/16 30°C
1 M LiBF,/EMIBF,™* MogSg LiNipsMn, 50, 100 95% 1.5-3.2 38 c/6 30°C
1 LiTFSI/PMPyr-TFSI¥* Li LiNig.sMn; 504 118 95% 3549 10 23'6 mA 55°C

g

3 LiTFSI is the abbreviation of LiN(SO,CFs),; ® BMPTESI is the abbreviation of
1-methyl-1-butylpyrrolidiniumbis(trifluoromethylsufonyl)imide; o MPPpTFSI is the abbreviation of
1-methyl-1-propylpiperidinium bis(trifluoromethylsufonyl)imide; a9 EMIBF, is the abbreviation of
1-methyl-3-methylimidazolium tetrafluoroborate; e PMPyr-TFSI is the abbreviation of

propylmethylpyrrolidinium bis(trifluoromethylsulfonly)imide.
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