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Completely suppressed high-voltage phase transition of P2/0O3-

Nay;Lig 1Nig1Feq,Mn 0, via Li/Ni co-doping for sodium storage

.
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Fig. S1 XRD Rietveld refinements of (a) FM, (b) NO.1, (c) LO.1.
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Figure S2
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Fig. S2 SEM images of (a) FM, (b) LO0.1, (¢) NO.1, (d) LN.
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Fig. S3 Cycling performances of FM, L0.1, NO.1, and LN at 0.1C after 100 cycles.
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Fig. S4 Cycling performances of FM, L0.1, NO.1 and LN at 1C after 150 cycles.
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Figure S5
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Fig. S5 Diagram of the LN||HC sodium-ion full battery.
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Figure S6

3.0
HC
)
Z 247
=
©
=2
y 1.8
g 1st
- 2nd
e 3th
- 1.2}
g
e
o
D 0.6
o
0.0

0 40 80 120 160 200 240 280
Specific Capacity (mAh g™)

Fig. S6 Charge and discharge curves of hard carbon between 0.02 and 2 V at 0.1C
(IC=300mA g").
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Figure S7
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Fig. S7 The charge/discharge profiles of the full cell at 0.1C between 2.4-4.2V.
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Fig. S8 Cycling performance of the full cell after 50 cycles at 0.5C.
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Fig. S9 Rate performance of the full cell at different current densities.
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Figure S10
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Fig. S10 Peak currents of 2R as a function of the square root of scan rate v’ of (a) FM
and (b) LN based on variable CV test. Linear relationships of log ip versus log v of (c)
FM and (d) LN. Ratio of the pseudocapacitive and diffusion-controlled capacities at
different scan rates of (¢) FM and (f) LN.
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Fig. S11 In-situ XRD patterns collected during the first charge/discharge process of FM

at 0.1C between 2.5 and 4.3 V.
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(a) 59 { (b) 5.9
Charge ! Discharge LN Charge ! Discharge FM
5.7} ! 58 1
-3 Pzd(ooz)" P3d[003) : M k !
o I z 57} ' .0".*-"0.-
g 4d=1.657% P.zénnzy “:,' . P24002)
o i e i
2™ : 5 56f :
= o ' ee ] '
] , 9 © =8.697%
F55f \ 034003 5 55 s b
8 | g ° t
15 1 I3 1
= 54 : g 54} «!
: = o &
53} : 53} o o %
5.2 : 52 :
Time (h) Time (h)

Fig. S12 Evolution of interlayer distances in (a) LN and (b) FM during the

charge/discharge process.
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Table S1

Structural parameters and atomic position of P2-FM from Rietveld refinement.

Atom Site X y z Occ.
Nay 2b 0.0000 0.0000 0.2500 0.2732
Na, 2¢ 0.3333 0.6667 0.2500 0.4268
Fe 2a 0.0000 0.0000 0.0000 0.4000
Mn 2a 0.0000 0.0000 0.0000 0.6000

0) 4f 0.6667 0.3333 0.0845 1.0000
a=2.9099 A c=11.2395A V =282.4213 A3

Rp=9.75% Ryp=13.07% Repy=728%  Chi2=3.92  Ratio:100%
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Table S2

Structural parameters and atomic position of P2 phase in P2/P3-L0.1 from Rietveld

refinement.

Atom Site X y z Occ.
Nag 2b 0.0000 0.0000 0.2500 0.2826
Na, 2c 0.3333 0.6667 0.2500 0.4174

Li 2a 0.0000 0.0000 0.0000 0.1000
Fe 2a 0.0000 0.0000 0.0000 0.3000
Mn 2a 0.0000 0.0000 0.0000 0.6000
O 4f 0.6667 0.3333 0.0859 1.0000

a=2.8908 A c=11.1745 A V =80.8757 A3
R,=8.89% Ry,=12.69% R, =8.13%  Chi2=2.43  Ratio:82.60%
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Table S3

Structural parameters and atomic position of P3 phase in P2/P3-L0.1 from Rietveld

refinement.
Atom Site X y z Occ.
Na 3 0.0000 0.0000 0.1644 0.7000
Li 3 0.0000 0.0000 0.0000 0.1000
Fe 3 0.0000 0.0000 0.0000 0.3000
Mn 3 0.0000 0.0000 0.0000 0.6000
Ol 3 0.0000 0.0000 0.6110 1.0000
02 3 0.0000 0.0000 -0.6110 1.0000
a=29087 A c=16.8421 A V =123.4112A3

R,=8.89% Ryp=12.69% Ryp=8.13% Chi2=243 Ratio:17.40%
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Table S4

Structural parameters and atomic position of P2-N0.1 from Rietveld refinement.

Atom Site X y // Occ.
Nay 2b 0.0000 0.0000 0.2500 0.2422
Na, 2c 0.3333 0.6667 0.2500 0.4578
Ni 2a 0.0000 0.0000 0.0000 0.1000
Fe 2a 0.0000 0.0000 0.0000 0.3000
Mn 2a 0.0000 0.0000 0.0000 0.6000

O 4f 0.6667 0.3333 0.0853 1.0000
a=2.9049 A c=112376 A V =282.1278 A3

R,=895% Ry,,=1238% Ryp=6.60%  Chi2=3.50 Ratio:10%
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Table S5

Structural parameters and atomic position of P2 phase in P2/O3-LN from Rietveld

refinement.

Atom Site X y z Occ.
Nag 2b 0.0000 0.0000 0.2500 0.2630
Na, 2c 0.3333 0.6667 0.7500 0.4370

Li 2a 0.0000 0.0000 0.0000 0.1000
Ni 2a 0.0000 0.0000 0.0000 0.1000
Fe 2a 0.0000 0.0000 0.0000 0.2000
Mn 2a 0.0000 0.0000 0.0000 0.6000
O 4f 0.6667 0.3333 0.0923 1.0000

a=2.8933 A c=11.1003 A V =180.4825A3
R,=9.02% Ry,=1232% Ry, =6.81%  Chi2=4.54  Ratio:84.50%
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Table S6

Structural parameters and atomic position of O3 phase in P2/O3-LN from Rietveld

refinement.
Atom Site X y z Occ.

Na 3a 0.0000 0.0000 0.0000 0.7000
Li 3b 0.0000 0.0000 0.0000 0.1000
Ni 3b 0.0000 0.0000 0.5000 0.1000
Fe 3b 0.0000 0.0000 0.0000 0.2000
Mn 3b 0.0000 0.0000 0.5000 0.6000

O 6¢ 0.0000 0.0000 0.2306 1.0000

a=2.9266A c=164721 A V =122.1853 A3
R,=9.02% Ry,=1232% Ry, =6.81%  Chi2=4.54  Ratio:15.54%
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Table S7

Comparison of electrochemical performance between different coatings modified-

layered cathode materials for SIBs.

Material /(Ijliiahc lgt}; feisliltcii(z Ref.
P2-Nay 7[Cug2Fep2Mng6]O; 022 0%
(2.5-42V,0.1C) (80 cycles, 0.2C)
P2-Nay ¢5Lig 08Cug 08F €0 24Mng 60, 78 5827
(2.5-42V,0.1C) (500 cycles, 2C)
P2-Nyo 67F€0.4Tio.1Mng 50, 70 B 3
(1.5-4.2 'V, 0.05C) (45 cycles, 0.05C)
P2-Nay 67Mng 6sFeq 2Nig.150; 208 T 4
(1.5-4.3V,0.05C) (50 cycles, 0.05C)
P2-Nay 75Cag 0sL1o.15F€0 2Mng 6O, 83 7o 5
(15-43V,0.1C) (150 cycles, 1C)
03-Nag o[ Cug 22Feg 30Mng 48]0, 8 o 6
(2.5-4.05V,0.1C) (100 cycles, 0.2C)
0O3-NaFe ssMng 44Nbg 9;0, 127 80% 7
(2.0-4.0 V,0.1C) (100 cycles, 0.1C)
0O3-NaFey 4Mng 49Cug 171,910, 1475 69.6% 8
(2.0-4.10V,0.1C) (100 cycles, 0.2C)
P2/03- ~150 85.4%
Nag e7Lio 11Fe036Mng 3¢ Tio 1705 (2.0-42V,1C) (100 cycles, 1C)
P2/03-Nay ¢7F €0 42sMng.425Mgo.1502 s BT 10
(1.5-42V,0.1C) (100 cycles, 1C)
102.2 74.6% This

P2/03 -Na0_7Li0_ lNiO. 1F€0.2Mn0'602

(2.5-43V,0.1C)

(500 cycles, 10C) work
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