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[bookmark: _Hlk224199647]Fig. S1 a) Rate performance comparison of ASSLBs with different thermal temperature-treated LRMO. b) Cycling performance comparison of ASSLBs with different LSF coating amounts. c) Radar chart for comprehensive performance comparison of ASSLBs with different LSF coating amounts 
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Fig. S2 Raman spectra of B-LRMO and C-LRMO
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Fig. S3 SEM images of B-LRMO particles
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Fig. S4 SEM image of C-LRMO particles and corresponding EDS mappings of Ni, Co, Mn, O, Sc, and F elements
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Fig. S5 HRTEM image of C-LRMO powder
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Fig. S6 XPS spectra of a) Sc 2p and b) F 1s for C-LRMO
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Fig. S7 XPS spectra of a) Sc 2p and b) F 1s for B-LRMO
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Fig. S8 O 1s XPS spectra of a) B-LRMO and b) C-LRMO
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Fig. S9 The Ni 2p XPS spectra of a) B-LRMO and b) C-LRMO, Co 2p XPS spectra of c) B-LRMO and d) C-LRMO, Mn 2p XPS spectra of e) B-LRMO and f) C-LRMO


[image: ] Fig. S10 TOF-SIMS images of a) MnO− and b) ScO− species in the C-LRMO cathode
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Fig. S11 The schematic illustration of the ASSLBs
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Fig. S12 Nyquist plots of a) LITC and b) LPSCB at 30 ℃
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Fig. S13 a) Nyquist plots and b) DC polarization curves of B-LRMO and C-LRMO composite cathode, and c) corresponding ionic or electronic conductivity
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Fig. S14 First-cycle charge/discharge voltage profiles of a) B-LRMO and b) C-LRMO at 0.1 C. A voltage of ~4.47 V was selected to distinguish TM oxidation and O oxidation

[image: 图表, 直方图

AI 生成的内容可能不正确。]
Fig. S15 CV curves of B-LRMO and C-LRMO
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[bookmark: OLE_LINK1]Fig. S16 The cycling voltage decay of B-LRMO and C-LRMO at 0.3 C
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Fig. S17 Long-term cycling stability of C-LRMO at 1 C with cathode mass loading of 7.64 mg cm−2
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Fig. S18 Discharge voltage curves of a) B-LRMO and b) C-LRMO electrodes at different current densities
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Fig. S19 a) Initial discharging voltage profile of the B-LRMO ASSLBs between 2.2 and 4.7 V versus Li+/Li. b) Interfacial impedance evolution of the B-LRMO ASSLBs and c) corresponding DRT profile transformation derived from in situ EIS. d) Initial discharging voltage profile of the C-LRMO ASSLBs between 2.2 and 4.7 V versus Li⁺/Li. e) Interfacial impedance evolution of the C-LRMO ASSLBs and f) corresponding DRT profile transformation derived from in situ EIS
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Fig. S20 a) Nyquist plots of B-LRMO and C-LRMO cells after 500 cycles at 0.3 C and b) the comparison of DRT profiles transformation of EIS
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Fig. S21 XPS spectra of a) In 3d and b) Cl 2p in the composite cathodes before and after 500 cycles at 0.3 C
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Fig. S22 O K-edge XANES spectra of a) B-LRMO and b) C-LRMO at different voltage states
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Fig. S23 Sc K-edge spectra of C-LRMO at different voltage states: a) XANES spectra and b) EXAFS spectra
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Fig. S24 The XRD patterns of a) the overall and b) the enlarged patterns of the (003) peak for the cycled and pristine cathodes of B-LRMO and C-LRMO
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Fig. S25 Relaxed crystal structures of B-LRMO. The color code for atoms: red, O; green, Li; gray, Ni; blue, Co; purple, Mn
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Fig. S26 Charge density difference of the C-LRMO. The color code for atoms: red, O; green, Li; gray, Ni; blue, Co; purple, Mn; orchid purple, Sc; periwinkle blue, F

[image: ]
Fig. S27 Calculated mutual reaction energies of different interfaces
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Fig. S28 The calculated thermodynamic electrochemical stability windows of LITC and LSF

Table S1 Lattice parameters of B-LRMO and C-LRMO derived from Rietveld refinement of XRD patterns
	Sample
	Space
group
	Lattice parameters
	Vol
(Å3)

	
	
	a(Å)
	b(Å)
	c(Å)
	α(˚)
	β(˚)
	γ(˚)
	

	B-LRMO
	Rm
	2.85443
	2.85443
	14.26466
	90.0000
	90.0000
	120.0000
	100.654

	B-LRMO
	[bookmark: OLE_LINK205]C2/m
	4.92549
	8.55097
	5.02809
	90.0000
	109.2358
	90.0000
	199.948

	C-LRMO
	Rm
	2.85166
	2.85166
	14.21446
	90.0000
	90.0000
	120.0000
	100.105

	C-LRMO
	C2/m
	4.92893
	8.55104
	5.02811
	90.0000
	109.2472
	90.0000
	200.077



[bookmark: OLE_LINK211]Table S2 Comparison of the electrochemical performance for the LRMO-based ASSLBs
	Cathode materials
	Solide
electrolyte in
cathode
	Areal
Capacity
(mAh cm−2)
	Cycle
number
	Capacity retention (%)
	Temperature
(℃)
	Ref.

	LLO-Ru@S
	Li6PS5Cl
	0.65
	1.0 C
2022 cycles
	72.0
	55
	[S1]

	SC-LRMO
	Li6PS5Cl
	1.2
	1.0 C
300 cycles
	86.0
	60
	[S2]

	LRCo10@5LN
	BM-Li6PS5Cl
	1.9
	0.5 C
300 cycles
	85.0
	25
	[S3]

	Li1.14Ni0.29Mn0.57O2
	LiAlOCl
	2.0
	0.3 C
190 cycles
	92.7
	25
	[S4]

	S-LRMO
	Li3InCl4.8F1.2
	2.9
	0.2 C
60 cycles
	80.3
	25
	[S5]

	SCM LLO
	[bookmark: OLE_LINK236]Li3InCl6
	2.9
	0.5 C
431 cycles
	60.0
	25
	[S6]

	5W&LRMO
	[bookmark: OLE_LINK238]Li3InCl6
	3.15
	0.2 C
100 cycles
	84.1
	25
	[S7]

	LBO-LRMO
	[bookmark: OLE_LINK239]Li3InCl6
	0.97
	1.0 C
2000 cycles
	80.4
	25
	[S8]

	LMRO-0.6Li2MnO3/0.05LiNiO2
	Li3InCl6
	1.96
	0.2 C
1000 cycles
	87.0
	25
	[S9]

	C-LRMO
	Li2.6In0.8Ta0.2Cl6
	1.85
	1 C
1000 cycles
	84.7
	30
	This work

	
	
	4.17
	0.1 C
300 cycles
	81.1
	60
	


Supplementary References
[S1] Y. Wang, D. Wu, P. Chen, P. Lu, X. Wang et al., Dual-function modifications for high-stability Li-rich cathode toward sulfide all-solid-state batteries. Adv. Funct. Mater. 34(4), 2309822 (2024). https://doi.org/10.1002/adfm.202309822 
[S2] Y. Wu, C. Li, X. Zheng, W. Zhao, H. Wang et al., High energy sulfide-based all-solid-state lithium batteries enabled by single-crystal Li-rich cathodes. ACS Energy Lett. 9(10), 5156–5165 (2024). https://doi.org/10.1021/acsenergylett.4c01764 
[S3] W. Du, Q. Shao, Y. Wei, C. Yan, P. Gao et al., High-energy and long-cycling all-solid-state lithium-ion batteries with Li- and Mn-rich layered oxide cathodes and sulfide electrolytes. ACS Energy Lett. 7(9), 3006–3014 (2022). https://doi.org/10.1021/acsenergylett.2c01637 
[S4] G. Wang, S. Zhang, H. Wu, M. Zheng, C. Zhao et al., Oxychloride polyanion clustered solid-state electrolytes via hydrate-assisted synthesis for all-solid-state batteries. Adv. Mater. 37(4), 2410402 (2025). https://doi.org/10.1002/adma.202410402 
[S5] S. Sun, C.-Z. Zhao, H. Yuan, Z.-H. Fu, X. Chen et al., Eliminating interfacial O-involving degradation in Li-rich Mn-based cathodes for all-solid-state lithium batteries. Sci. Adv. 8(47), eadd5189 (2022). https://doi.org/10.1126/sciadv.add5189 
[S6] R. Yu, C. Wang, H. Duan, M. Jiang, A. Zhang et al., Manipulating charge-transfer kinetics of lithium-rich layered oxide cathodes in halide all-solid-state batteries. Adv. Mater. 35(5), e2207234 (2023). https://doi.org/10.1002/adma.202207234 
[S7] W.-J. Kong, C.-Z. Zhao, L. Shen, S. Sun, X.-Y. Huang et al., Bulk/interfacial structure design of Li-rich Mn-based cathodes for all-solid-state lithium batteries. J. Am. Chem. Soc. 146(41), 28190–28200 (2024). https://doi.org/10.1021/jacs.4c08115 
[S8] S. Sun, C.-Z. Zhao, G.-Y. Liu, S.-C. Wang, Z.-H. Fu et al., Boosting anionic redox reactions of Li-rich cathodes through lattice oxygen and Li-ion kinetics modulation in working all-solid-state batteries. Adv. Mater. 37(6), 2414195 (2025). https://doi.org/10.1002/adma.202414195 
[S9] Z. Wu, Q. Shao, Y. Wei, C. Yan, P. Gao et al., Multi-strategies interface and structure design of Li- and Mn-rich layered oxide for all-solid-state lithium batteries. Nano Energy 122, 109281 (2024). https://doi.org/10.1016/j.nanoen.2024.109281  



S31/S13
image3.tif




image4.tiff




image5.tiff




image6.tif
Q

Intensity (a.u.)

Sc2p

412 409 406 403 400
Binding Energy (eV)

397

Intensity (a.u.)

690 688 686 684 682
Binding Energy (eV)

680





image7.tif
da
Sc 2p

e

z

«
~

>
~—
‘2

=

L

~—

=

e

412 408 404 400 396

Binding Energy (eV)

Intensity (a.u.)

F1s

692

690 688 68 684 682
Binding Energy (eV)

680




image8.tif
Intensity (a.u.)

O1ls B-LRMO
56.3%
. Lattice Oxygen
43.7%
Adsorbed Oxygen
537 534 531 528

Binding Energy (eV)

o

O1ls C-LRMO
—_ L 67.4%
= Lattice Oxygen
3 -
Z 32.6%
'g Adsorbed Oxygen
o
N
=
L=
537 534 531 528
Binding Energy (eV)




image9.tif
B-LRMO)|
Ni2P,, .

-~

=

« 56.7% Ni2*
~— vy
iy 43.3% Ni*t

7,]

=

<5}

N

=
— ,

002 B!
864 860 856 852
Binding Energy (eV)
C
B-LRMO)|
Co2P,,

-~

=

«

~ 61.8% Co**
>

N

* p—

=

) 38.2% Co?" ;

N

=

L]

784

782 780 778

Binding Energy (eV)
e
B-LRMO|
Mn2P;,
o)
=
<
N’
>
~Nd
‘®
=
%]
~Nd
=
~ &

648

645 642 639
Binding Energy (eV)

Intensity (a.u.)

Q

Intensity (a.u.)

—-h

Intensity (a.u.)

Satellite D_

Ni2P,,

42.5% Ni**

C-LRMO|

57.5% Ni**

852

864 860 856
Binding Energy (eV)
C-LRMO
Co2P,,

38.4% Co**

61.6% Co**

782 780

778

784
Binding Energy (eV)
C-LRMO|
Mn 2P,,

50.5% Mn**

' 49.5% Mn**

648

645 642

639

Binding Energy (eV)





image10.tif




image11.tiff




image12.tif
a 200 /
d —0— LITC
150 /n/
~
] Va
~
« 1004 /':'
N o
| y
50 1 o
= 42 mS cm™
0 ﬁ T T
0 50 100 15

7' (Q)

b 200

/|:| —o0— LPSCB
150 /|:|
—~ d
G /
~ d
« 1004 /
N Va
| o
P/
50 4 |:|'u
0 8.9mS cm™
0 "j T T
0 50 100
7' ()

150




image13.tiff
—o— B-LRMO
—eo— C-LRMO

Li
LPSCB
Cathode
LPSCB

Li

.

400
7'

600

8(

Current (A)

0.244

0.18 1

—— B-LRMO
—— C-LRMO

0.12 4

0.00

0

1200 1800

Time (s)

600

2400

N
)
1
IS
)

Tonic conductivity 107*S em™)
. .
A
o &
Electroic conductivity (1072 em™

)
n
)
T
-

S
)
e




image14.tif
Voltage (V vs. Li"/Li) @

TM oxidation

O oxidation

50 100

150 200 250 300

Capacity (mAh g!)

Voltage (V vs. Li'/Li) o

TM oxidation :

O oxidation

50 100

150 200 250 300

Capacity (mAh g!)





image15.tif
Current (mA)

25 30 35 40 45
Voltage (V vs. Li'/Li)

5.0




image16.tif
~ » w
g o 4

Voltage (V vs. Li*/Li)

p
n

T

0.32 mV/cycle

& CLRMO
© B-LRMO

26§

056 mV/cycle

B

100 200 300 400
Cycle number





image17.tif
(%) £>uddLJd dIquIo[no)

g

=

g 8 8§ §

<

-2

g
H
H
g

1C2247V30°C

LRM

® C-LRMO

§ § § =

(;_8 yyu) Hede)

<

1000

200

Cycle number




image18.tif
Voltage (V vs. Li'/Li) @

B-LRMO

—01C
—02C
— 03C
— 05C

1C

50 100 150 200 250
Capacity (mAh g)

o

Voltage (V vs. Li'/Li)

C-LRMO

50

100 150 200 250
Capacity (mAh g )





image19.tiff
(@) ()

a
=
=
@
>
2
v
o0
8
G
>

~—— B-LRMO

Voltage (V vs. Li'/Li)

0 2 4 6 8 0 200 400 600 800
Time (h) 7'(Q)

Voltage (V vs. Li"/Li) Q.

1 0 200 400 600 800 ) 1E55 0001
Time (h) 7' (Q) T(s)





image20.tif
g T S EEE—S—S—

400
—o— B-LRMO —— B-LRMO R,
—o— C-LRMO 1604 —— C-LRMO
300 1
120 1
S G
~ N’
< 200 =~ R,
$ = 804
100 4 40
0 T 0 i T T T T
0 600 1E-7 1E-§ 0.001 0.1 10

7' (Q) T (s)




image21.tif
Intensity (a.u.)

Cycled

460

455 450 445
Binding Energy (eV)

440

Intensity (a.u.)

Cycled
B-LRMO

Cycled
C-LRMO

Pristine LITC

203

201 199 197
Binding Energy (eV)

195




image22.tif
Normailzed Intensity (a.u.)

O K-edge

_f‘\//\

0, B-LRMO-P

B-LRMO-C

B-LRMO-D

525

530 535 540 545 55
Photon energy (eV)

Normailzed Intensity (a.u.)

O K-edge

C-LRMO-P

J C-LRMO-D
525 530 535 540 545 550
Photon energy (eV)




image23.tiff
Sc K-edge

Normailzed Intensity (a.u.)

C-LRMO-P

C-LRMO-C

C-LRMO-D

4490

4500 4510 4520 4530

Photon energy (eV)

IFT 3(k) k*| (a.u.)

Sc-O

C-LRMO-P

B-LRMO-C

C-LRMO-D





image24.tif
Q

Cycled
C-LRMO

— Pristine
C-LRMO|
L—M—L—-—a&

Cycled
B-LRMO|

Intensity (a.u.)

Pristine
B-LRMO|
A M A

20 (°)

60 70 80

0.13
—

1 0.25°

>





image25.tiff
-

QOO DR
QOO0 OO0
200 %00
QOO0 QQ
A )
QOO O
QOO DR

N~





image26.tiff




image27.tif
Reaction energy (meV/atom)

&
S

_ o=
a = o
L L L L

=204

¥
0
L

—

N\

—+— Li,MnO,/LITC —=*— LiMnO,/LITC
—e— Li,MnO/LSF —v— LiMnO,/LSF
—a— LSF/LITC

- —

0:0 0:2 0:4 0:6 0:8
Mobolar fraction of A in A/B

1.0





image28.tif
0.59-6.38 V
LSF

2.61-437V
LITC

T
©w >~ o T N A - O

(I'T/,1T 'sA A) [enud)og




image1.tiff
[
w
S
S

Capacity (mAh g™?)

N
a
=

[
=3
=)

—
N
=)

—
=3
=3

wn
S

) 900003333329999,

0.1C

20000 02C
29990 o
oo00000000 03C G

eaoaosdadaooooo

OQOOOOQQOO

Uncoated LRMO

1 wt%-LRMO-600 °C
1 wt%-LRMO-700 °C
1 wt%-LRMO-800 °C

©0 00

0.1C

90009
990049
99099
20900

5 10 15 20 25
Cycle number

30

Capacity (mAh g™

(T R AT 100

o4 LRMO: 7.64 mg cm 2
3 0.3C224.7V30°C

pereveestme e am———
M

© Uncoated LRMO

® 0.5 wt%-LRMO-700 °C
® 1wt%-LRMO-700 °C
® 2 wt%-LRMO-700 °C

80

L40

20

0 50 100

Cycle number

Coulombic efficiency (%)

Initial Coulombic efficiency

Initial charge
capacity 305

250 Initial discharge
capacity

Uncoated LRMO
0.5 wt% LSF
1wt% LSF
2wt% LSF

200
Discharge capacity at 0.3 C Capacity retention at 0.3 C





image2.tif
Intensity (a.u.)

200

400 600

Raman shift (cm ™)

800




