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Abstract: Poly(ethylene oxide) (PEO) -based solid-state electrolytes face a long-standing
trade-off among ionic conductivity, mechanical strength, and interfacial stability. This study
summarizes recent progress in breaking this bottleneck through structural design and ion
transport mechanism modulation of PEO-based electrolytes. For polymer bulk structure
design, we introduce four modification methods: (i) in situ formation of deep eutectic solvents
weakens Li*-ether oxygen coordination via competitive binding, significantly increasing ionic
conductivity and Li* ion transference number; (ii) encapsulation of ionic liquids in cross-linked
networks constructs dual polymer and ionic liquid conduction pathways and enhances
interfacial stability; (iii) thiol-ene click chemistry builds a semi-interpenetrating network with
short-chain plasticizers to lower chain motion energy barriers, and a dual-salt system in situ
forms a LiF-rich interface layer; (iv) thermal lamination produces lithiated organic nanofiber-
reinforced composite electrolytes, where hydrogen bonding and interfacial fast-transport
channels synergistically improve ionic conductivity and mechanical strength. Regarding
composite electrolyte design, we elaborate three synergistic strategies: (i) exposed metal sites
in metal-organic frameworks strongly anchor TFSI™, promoting lithium salt dissociation and
raising Li* ion transference number; (ii) thermoplastic polyurethane combined with two-
dimensional lithium magnesium silicate nanosheets uses Lewis acid sites to fix anions and
suppress PEO crystallization; (iii) a Janus layer regulates chemical compatibility at the LLZTO/
PEO interface, resolving filler agglomeration, anion migration, and interfacial side reactions.
To address the silicon-carbon anode interface, we propose a pre-infiltration treatment that
builds a continuous polymer ion conduction network, markedly improving active material
utilization and cycling stability. Collectively, these studies systematically reveal multi-scale ion
transport regulation mechanisms in PEO-based electrolytes, providing experimental evidence
and theoretical support for rational design of high-specific-energy all-solid-state lithium metal
batteries. Finally, we prospect the industrial development direction of composite polymer
electrolytes.
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Fig.1 (a,) Schematic illustration of the solution-casting fabrication process for PEO-DES electrolyte
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F.33E (AFM); (b,) C-SPE-ILKIEFHEMEHEE (AFM); (c,) C-SPE-ILEYERE B EE S (SEM); (c,) C-SPE-
IL FEIX AL 5247 & (EDS); (d) C-SPE S C-SPE-ILHBHBAMTHEE (KE) SHEHARSH (FE)
(PALS); (e) 2 TZEZRIBILIHEMNRBRAW-LI'SBEY-Pyr, %54k (DFT); (f) C-SPE 5 C-SPE-IL HI[E7S "Li 1%
HIRIE (NMR); (9) IR SFEMEESFREMA60C. 0.2 mA cm HREE TRERSLMIRML; (h) BEFRIE. %
BEAVSLMBRSYFRF LML (MSD) HiZk; (i) RASEXFREMELSEEEEBERANN1sSF 1s 1Y
XEH T REE; (j) £E7S LiFePO, ||/R{L C-SPE-IL||Li B2 60°C. 0.5C 535°C. 0.5C THRITEIFMEAE
Fig. 2 (a,) Schematic of the in-situ thermal polymerization process for C-SPE-IL. (a,) Chemical structure of the
three-dimensional cross-linked polymer network. (b,) AFM morphology image of C-SPE-IL. (b,) AFM phase
diagram of C-SPE-IL. (c,) SEM image of the surface view of C-SPE-IL. (c,) EDS spectra from different regions of
C-SPE-IL. (d) Mean radii (purple) and fractional free volume (green) of C-SPE and C-SPE-IL. (e) DFT-
calculated binding energies of polymer-Li* and polymer-Pyr,," systems. (f) Solid-state 7Li NMR spectra of C-SPE
and C-SPE-IL. (g) Li plating/stripping profiles of ex-situ and in-situ lithium symmetric cells at 60°C and a current
density of 0.2 mA cm™. (h) Mean square displacement (MSD) results of Li* in ionic liquid, cross-linked
polymer, and linear polymer systems. (i) N 1s and F 1s XPS spectra of Li metal from in-situ Li/Li cells after 5
cycles. (j) Cycling performances of all-solid-state LiFePO,||in-situ C-SPE-IL||Li batteries at 60°C. 0.5 C rate and
35°C. 0.5C rate.
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E3 (a) ¥EFRAYEBER (SIPE) WAMKIKS4%197<EE; (b) C-PEO. SIPE-3-15SIPE-1-1H% T S&x
tt; (c) LITFSI/PEGDME L &%) 5 Li'/PEGDME EC &I F4&4, JEFEIE: HBE. C7Z&. O4. Li%k. NI, S &,
%; (d) LITFS/PEGDME 5 LiTFSI/C-PEO /A /) MSD B4 . (e) SIPE 5 D-SIPE U4k 413k % (LSV) Bh%k; () f&F
Fi SIPE 5 D-SIPE HJ$EXJFREE/7E 60°C. 0.2 mA cm*HIEREE THRISMREIANR; (9) BEREEERARNSS
## F 1s XPSiZ[El; (h) 60°CT 0.5 C {ZZE}{#EMA SIPE 5 D-SIPE HI[E 7S Li/LiFePO, Bt I EER 1 AE (1.0 C =170
mAg")

Fig. 3 (a) Synthetic strategy and structural illustration of the semi-interpenetrating polymer electrolyte
(SIPE) . (b) lonic conductivity comparison of C-PEO, SIPE-3-1, and SIPE-1-1. (c) Molecular structures of LiTFSI/
PEGDME complex and Li/PEGDME complex. Atom colors: H white, C gray, O red, Li purple, N blue, S yellow, F

cyan. (d) MSD curves of LiTFSI/PEGDME and LiTFSI/C-PEO systems. (e) Linear sweep voltammetry (LSV)
profiles of SIPE and D-SIPE. (f) Plating/stripping cycling measurements of symmetric lithium cells with SIPE and
D-SIPE at 60°C and a current density of 0.2 mA cm™. (g) High-resolution F 1s XPS spectra of the cycled lithium
metal anode. (h) Cycling performances of solid-state Li/LiFePO, cells with SIPE and D-SIPE at 0.5 C and 60°C
(1.0C=170mAg™") .
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TE: MR T I S DR R S 2 . () SPE [ AR HEVIE 60°C 0.2 mA om™ ¥ RIS B R IR ITRY R M 28 . (k)
LiFePO,||Li 4 ZsHH7E 0.5C. 60°C FINIEH 1AL .
4 (a) LOF-CPE W& RIEREE; (b) AERALZHRAVEBRREMNAKTHIRESH<EE; (c,)LOF-CPE
HISEMEG; (c,)LOF-CPEhREWSMAKAH REHRARIETE SEMER; (d,)EM LOF-CPEEI 150 \EH/EIE 11K
FHEMSEMER; (d,) £/ SPETEIF 150 MEFIESRFEEAISEME%; (e) SPE. GOF-CPE 5 LOF-CPE /] XRD. (f)
SPE 5 LOF-CPE Y41 5M ik (FTIR); (g) SPE. GOF-CPE. GOF/Li-CPE 5 LOF-CPE {9 FH SZ&jtt (30 -
80°C); (h)#R#EArrhenius 7572 (20 - 50°C) &SI FERRERAELRE; (i) £/ LOF-CPEFYSEXFREE 7 60°C
0.2mAcm?
Fig. 4 (a) Schematic illustration of the preparation process of the LOF-CPE. (b) Schematic illustration of the
thermal lamination process for integrating polymer electrolyte with nanofiber membrane. (c,) SEM image of the
LOF-CPE surface. (c,) SEM image showing the intimate polymer/nanofiber combination in the cross-section of
LOF-CPE. (d,) SEM image of the Li anode surface after 150 h cycling with LOF-CPE. (d,) SEM image of the Li
anode surface after 150 h cycling with SPE. (e) XRD patterns of SPE, GOF-CPE, and LOF-CPE. (f) FTIR spectra
of SPE and LOF-CPE. (g) lonic conductivity comparison of SPE, GOF-CPE, GOF/Li-CPE, and LOF-CPE from 30
to 80°C. (h) Activation energies of the four electrolytes calculated by the Arrhenius equation from 20 to 50°C. (i)
Galvanostatic Li plating/stripping profiles of a Li symmetric cell with LOF-CPE at 60°C and a current density of
0.2 mA cm™, (j) Galvanostatic Li plating/stripping profiles of a Li symmetric cell with SPE at 60°C and a current
density of 0.2 mA cm 2. (k) Cycling performances of LiFePO,||Li solid-state batteries at 0.5C rate and 60°C.

AR ELpl, (2t TREMEEBGEs), NLUHRE X LTRA AR IAERT, D Rl A s A 4
IR T AME RS L, bPEI EfEE R (R*>0.99) RUIZW P LR fE. LOF



AHAEE: RPN Lt r o 25 K BT 1 1A R A L F 7 it Fee 11

JEAANAE Ry = e B 2R 5 i 2L L S imdE, H
A G IR A AN R LT, T E £ 4k R W R
AR S T iR BE ) LiVE SR X, T sl B 1% 3
i

AR T S R AR B AL 1] 4(g)],  LOF-
CPE{E30C FI&E T H 33515 7.41x10° Scm™,
5 SPE (4.07x10° S cm™ & Jhi@ — M H& 4%,
IR 5 2% T oK H 1k 1) GOF-CPE  (9.55x10° S
cm™) KA 45 & Li' Y GOF/LI-CPE  (1.74x
10°S cem™) . XXt E#IESL: LOF X & 1 H
SRR TEALIE T H X PEO &5 f 4], 5%
B SRR R M Uit e = 4% I S I
£ 60°C T, LOF-CPE ] & F i 3 % 5 14 1.60%
10° S cm™. H Arrhenius 7 ¢ (20-50°C) & Fr
35 RE E, .or, LOF-CPE ffJEa }¥0.83 eV, it
ik 7 SPE (1.13 eV). GOF-CPE (1.10 eV) K&
GOF/Li-CPE (1.11eV) [ 4(h)], F&WHLOF K
FINE LT LN HIREL .

H Ak 2EFa e M5 T, LSV {27 LOF-CPE [f) H
EEOHEESAV BT LLT S ER,
=T SPE #14.8 Vo B8 A H vt K [ 4), (6)]
%I LOF-CPE ) L #£ 0.2 mA cm 2 B 5 i T ]
FOE I 900 /N, ARk Ha P ARs T SPE 2
HL A 249 140 /NI 5 BIVERL P S 6 6 ) Pl R R o
W a4 48 ik SEM K& 7R, LOF-CPE R4
AR THOGIE B0, TR B 1 SPE 4 R
HE IR R B A R AR 7 5 R 3 ST TR [ UL B 4(d),
(d,)]o XA T LOF-CPE K i ML 5 5 5 v 41 B8
TIEB Y FIEH T SRS R &S,
A LiFePO, 4y IF M 2H 26 1) 4= [ 45 Fa it /£ 60°C + 0.5
C %% 1, LOF-CPE % Hijth 7] £ %€ 1§ ¥4 500 & ,
HREIRFFRIL 82%, WU H 7 &4 145 mAh
g"s 1 SPE 3 Hijth 75 40 P&l Py B &k A2 25 B B P
Kl 4(k)].

gi b, ZIEEEREEE T2 58 ALY
KA B T, BRI PEO H Ak & i [F) I 5
WTEETFHSE, MR RS KRG
.

1.5 TRER A5 TROR I C M R i £ A S T

A 25 e A7 AR IR G e L 4 b 7% B AR A FRLAE
M 2452, (AR 1 B R R AR AR AL K
ERAS F AR TR AN KR E 1 ST B 8L, PREE 2 T

FLA R R R4, 4 ek M 5 [ S AR R T X A
BRI LIRS AR T2 —. R
i, AEAEMEET, FaSRBEYEmiRz
V) f ] - ] 1 B b A AR AN 78 4, S EUE MM R
FIFHZAG HE AR AR AN SL, dEmi RS 1
A ERESER M. Bt —Hs, AH
ARG FL T oK 2 2 FLIEM 5 & A 7E PEO 2
G [ A A L AR g T AR A, W R T =
PR SIC HIMR: JEaR M. A FE AR TR AL
M DA K 5% 6 4 R A TR IR AR, 5 PEO-
LITFSI 2 PEO-IL P 5 & 4 v A ot 14E 47 BT X F 9
LK 5(a,), (a,)]*

W I, FERR I A B BN R T X Rt
REMIRZ M iz o T B 1 i SR . 45 PEO-IL HLfR i
R TR B E MRS E SIS RS
#, 60C THEFHFEH083 mS ecm' 5
PEO-LITFSI#0.21 mS cm™, {HH:7E60°C FA:15
KR EL 2R sk, USRS B35 N FE, Hpi g
% 4 PEO-IL & 1.5 MPa, 1% T PEO-LITFSI ¥
1.77 MPa. SEMWLEKE], &t xR Eaeillil)s,
PEO-IL H Al Jii 5 8 4 & o7l (] H B T B S8 g )
BRI 5(b,), (b,)], i PEO-LITFSI I {:4%F 7 58 % )
I 25 A6 I R B 1) SR T A [ LT B(by), (b,)]o HRAL
BHAG G HE— 2B AE S, PEO-IL H it ) 5t 1 H PH T 5
T PEO-LITFSI B[ LK 5 (c) [ X—25 R B
FE8: REPEO-IL & I /ECHE % E T~ (200
mA g™ [RIEE iy 1 3 7 H 3 R T R I B v 1 L2
B (K% 3000 mAh g, HESHRZEE T
(600-800 mA g H % & 2 B % Jk 2 250 mAh
g’, 1M PEO-LITFSI % s jth 75 800 mA g™ R 15 A {4
F K %1 1300 mAh g i) ] 3 7% & [ WL & 5(c,), (d,),
(d)]o ER&ERF, 7E60°CT, HMAHR NI
SE PR W e SIIC AR R I RE £ R R .

BT ERRBL, A% FBAGE BN 1 Ae 5 O
PEO-LITFSI1E N g 820 5t i g ik &R, ik —2P
252 A AL B 0] FELAL 22 1 RE I SE R . TIUAE A0 Ab 2
IR R 46 SIC MR 548 4 8 Tl SRS LR A
B, O E0.01 V. GHE T LIl
e AR, 7E R P 30 D 67 A A Li ST 4l . 1%
SAHAMATVE NS I B 115 T i 4, JLARRET
PRI N B AR B3 T Ao FLBR 23 8], A AT
J B 55 17 PR O I ST A . IR v A i



12

+ — D
Pre-lithiated Si/C SPE membrane Pre-lithiated
electrode Si/C||SPE||Li
I cu foil O Li,Si  *® Conductive carbon &° Binder Li metal
(32) SPE layer ;
= - Limetal
+ =4 - R
Pre-infiltrated Si/C SPE membrane Pre-infiltrated SPE
electrode Si/C||SPE||Li
I Cu foil O silc ¢ Conductive carbon %* Binder Li metal
(c1)100 - (d1)3.0 (e1)e= 4000
60 °C e Pristine Si/C o v
- mA g1 Pre-infiltrated
80 < 25 Pre-lithiated Si/C ﬁ g Sl/C
a —— Pre-infiltrated Si/C 3000 ; 5
= s PEO-L ! 20 E {400 | 3 200
E w0 - | ¢ %°7 200mAg | ;
E J o=0.83 mS cm ¢ mA g 2 _,l{ieoo :/
A ! > 15 S 2000 n" 0
io40 ° o C
! . $— ) 2 1.0 8
20 i e PEO-LIiTFSI 1 % © 1000 -
L d = - a—
' J c=0.21mScm S 05 ..5
0 T T T y g H i i ]
0 20 40 60 80 100 0.0 » 0 — ——
Z' (ohm) [ 1000 2000 3000 _ 4000 0 5 10 15 20
(c2) (d2) Specific capacity (mAh g') (e2) Cycle number
<4000 3.0 —
®  |[mAg- —=—PEO-LITFS| | ~ —— Pristine SilC e <
< 200 —&—PEO-IL o 254 —— Pre-lithiated Si/C < 3000 { <
£ 3000+ : 400 200 i —— Pre-infiltrated Si/C Emo —e— Pristine Si/C L 80 Z,'
S ) 5 2.04 - 1 —e— Pre-lithiated Si/C
@ g @
2 600 r"‘- > 800mA g™ 22000 | —e— Pre-infiltrated SilC | ¢ G
S 2000 H > 15 3 K-
o ] @
§ 800 ‘( g 10l 21500 IS
Q. S ]
Q10004 [ 5 o 10001 2
b ] & 20 O
S \ / > 05 S 5001800 mA g-! =
Addad, aad o
& o L y . ’ 0.0 & . - - - 0 O
0 5 10 15 20 25 0 1000 2000 3000 4000 0 20 40 60 80 100
Cycle number Specific capacity (mAh g™') Cycle number
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(d,) JR4 SI/IC B8R 5 PEO-LITFSI B R EN E BRI EE TRIBERZ; (d,)
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Fig. 5 (a,) Schematic of all-solid-state lithium battery configuration using a prelithiated Si/C electrode. (a,)
Schematic of all-solid-state lithium battery configuration using a preinfiltrated Si/C electrode. (b,, b,) Cross-
sectional SEM images of Si/C||SPE||Li with PEO-LiTFSI electrolyte. (b,, b,) Cross-sectional SEM images of Si/
C||SPE]||Li with PEO-IL electrolyte. (c,) Nyquist plots of SS||SPE||SS cells with PEO-LiTFSI and PEO-IL
electrolytes at 60°C. (c,) Rate performances of pristine Si/C electrodes with PEO-LiTFSI and PEO-IL electrolytes
under various current densities. (d,) Voltage profiles of pristine Si/C electrodes with PEO-LiTFSI electrolyte
under various current densities. (d,) Voltage profiles of pristine Si/C electrodes with PEO-IL electrolyte under
various current densities. (e,) Rate performance of preinfiltrated Si/C electrode with PEO-LiTFSI electrolyte
under various current densities (200-800 mA g™ and back) . (e,) Cycling performance of pristine, prelithiated,
and preinfiltrated Si/C electrodes at a current density of 800 mA g™.
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PR A B TS A S = T I B 1 1% 3 RN 4% TN TRERAL AR N R B Fr S %, 100

KR R AR PRI —
(1A R L B 5(e,)]

AWAE 7 RIEAL R Bl)5 AR E 2620 mAh g, MHELZ TR, TURIE
f£800 mA Q" T, TR ERE AR RBLHOL R PRI AR EME, BTGt A Rk
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2000 mAh g™, 100 & J5 15 £ ££ 21 1000 mAh g™,
TR E SR E T 98.9%. AL, TR IE ARG
R b A Ak B (0.37 mV) KT B 4R AR
(0.57 mV) FIFEEAL L (0.58 mV) [ K&l 5(d,-
d,)], #E— B UESE T H R I S A B 15
BRI R B, R ) IR % G S
IR 1 F A E HL I 5 B2 IR [ 200 mA g7 I 5 BE VK &R
it 2500 mAh g [ LL R B[ B(e,, )], 7o IE
B T iz S M R B AT S R E

g5 LRk, AR TAEMER T PEO 5 i 5T Bk
T B PEXTRCK 2] SIC B bl A [ 4 it FL A 2 VE RE T
FEH,  IFUESE TR i Ab 3 55w d i L HA A
MRS R AR T S M, ] RERAEE
MERIFZ . BRI EKAEH F 1
2 BRUSIKREESHEBREMSITSETERN

RO B A VB 25 40 ¥ Th AT AR A 2 T
PEO [ & FrektERE, (HY—RAEMKREER
BT AR WU AN ST R e M TR A A A DA
LI A B AR . G FL AR O SR JE I PEO 2R A
H5TENA NIRRT ZHE A, (EB&H S 2
(1 P ) 087 S T e ) i ROBE 4%, 2 N i
(B 9E 00 . O HLIEDRE ] 43 Sy ¥ 1 SRR A 3 1 45
B, s AN [F AR AL T A HR T 1 25
B PR, 5 PEURME N Lewis BR 1t A7 A1 55 48 5 ]
BT J PEO #5 B iy Bk S E A % 2 Lewis TR T
TERT, (RdE4E 2h AR Ls H 38 B 4 B Ik B2, RIS
SRR P 2 REL R RS2 R4 PEO 45§ . I M H
B R FRThAE, H B SR &R SR
LA B B AR S R 1R, AR ORLR & S Ak
TE B T FLVE IR NS U@ FAh, AL
ol R T i 1 5 PEO 45 5 A7 0 R 5T 45 74 K 0
SRR TEEBESR S Mt i, %
YE G R IR AE 40 oK RO (RRAR S A Al o 1) LU 3R T
1, AI7E PEO He A4 5] N K& S HAH FLAE R A A5,
i Lewis B B A F (2 1548 25 fif 25 - #l PEO 45
B, A AN B R TR EES —4EGRIE R L
HE KRS, BB ERE WA
KRR LI B T AR, R AE N ) 1 s g 42
PRI AR A 0Ty R oK R DA R R 1 P 1 4
PSR o 1) LR T AR R = | TG M A, BT
RO PR B (b SRR S, RPN
B TR AT AR A2 P POHUE R BE AT = 4E HUE

2% 25 o T A T SR T B R 2%, W 7E PEO
TR T T R A ) S B PO B 14 Sl TE, [ e
Py 30 5 ST R M R B R AT, TR T
T 7T, A HLAR R ) & e T IERHER A
YA ) BORS R4 & R E. WRIRE-
IR T, (RIERL G R AR RIRUIE, mifk
REJSHED, IEmIL R IE S SR B VIR A v GE
HURL o BOMET D, B g 22 - IE B A TR T 4% = 4
TR A Y B A5 K, PEO 4 RlR BE 78 )5 F i IH
BERSREEAMEERFNE G HRAR, %
T T S RPN RE™, teAh, T2
TR ) 7F H AR R TH A PEO JE M ST 2, T
A RRLE fi v PR TR 2 1R ) TS R S
Rl SRR iy A T 70

LR S, PEOMEE & WM B AL IE A
—HERM R RR R Z A0 ZRE. ZIEEHE
TR, SR ZEA W T RS e T % 5 R Y
5T 25 R TR B T R AR R Ik M R R 9 1 % B B
fEo BT b, ANHIPAIE K Bl 4 PEO £ 2 & i fif
JRBET S SR, TR T =28 ) ThRE R
SRR IE, 2 WIE R ARTE D ReAL . 2 40 43 Wk I
HE UM AEAAE ST =2 T R R L%
I SHLEA, DU AT VRN A .
2.1 &JEANUELLN &8 A7 s A7 I &

PEOEHMRME FTH SRS KHZRT
REYEE BN = 2 S DU R (RS
B E R, &t BRI, A< [ BB H R
EIRBEHHEL (MOF) w2 55 1 4 8 A7 s /E N %
Sydrmgrbty, R TESII B 1, S28l @ i Lit
) R T S P A . FRAN BT IR & TR T
Cu-MOF-74 (T4 kL Li-MOF, 316 H 257 43 ik
T PEO-LITFSI 24, #g 7 HEAE AW HBMR
Li-MOF/PEO[ . Kl 6(a,),(a,)]"-

Cu-MOF-74 .45t Cu* 75 fi 5 2,5- ¥ %)
R ECAR R R — dEFLIE SR, HALAEY
2.76 nm, HLFRMEMAEIA923.27 m? g, il Han
b2 B L8 N EL AL DMF 2> 1 ), #85 HEEE 1
Cu* & @ s . #—25 5 LITFSI7& DMF A #ib B,
TFSI™A] 3% 8 1t Mo e A2 T EMSs, ¥ A2 52 /9 Cu
(TFSD ZRIHYRy, T Lit R o N FLIE R &
Y3k, AR IR 2R, 44k )5 Li-MOF [t
KMAREE17.42 m2 g, IESLTFSIE 7T
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5 & R

MOF fLi& N . XPS Zr#rit—D ik, N 1sifi &
JHJEF Cu (TFSD [ iR 2 2 5% T LiTFSI, H
Cu 2p ik o I 7 % BT Cut-TFSIAH BAE H 1)
FRiFIE (944.3 V), iEH] EMSs Xf TFSI [ 5 EC AL
AEJ7.

DFT i+53t— B3R 1% E AL/ F 3 2 A
JR[LE 6(a,), (as)]. 4 EMH, TFSI{E Cu-MOF-
74 AN EMS LRI I E N -1.679 eV, EFEKT
DMF 4r1, 1B TESI7E A0 Ab Bk 72 ol o 2 B
LB W ECAZ I DMF, f%%6 A4 EMSs, T Rifa e
T H 5 1 [ s A 54 o AL AR P AR IR - #] 1
TFSI7E 37 N LR, [AIHE 2k LITFSI S 7 fif
B, MWImMEERATHHLWESL .

S 4k B IR, 40 wt% Li-MOF/PEO E & H
fR S ¢, Fi PEO/LITFSI & & 11 0.14 $2 71 % 0.36,
iR (30°C) B FHSFHREF 55 x10°Scm’,
¥ PEO/LITFSIfA % (5.1 x 10°S cm™) & —1
Rl E. DSC 5 XRD 4% W, Li-MOF i3]
A i PEO % 4 1) 45 & /% (1 PEO/LITFSI & & (1)
32.7% it — b Bk % 18.3%, T, M\ -42.3C % &
-45.6°C, BEBGZEFNRE S B FER.

E Li/Li % FR A it 0 3 A [ 0 & 6(c,)],  Li-MOF/
PEO 7£ 0.2 mA cm™?. 60°C | nJ & & 1§ ¥4 # i 800
h, WALH S TF4; 12l PEO f& & 7€ 200 h )Y E1&
AR IR LI 6(b,)]o FEFR S B4 Uik i SEM EE
&R E 6(c,), (c,)], Li-MOF/PEO {44/ (44 % i
el , TAEEK; 4iPEOA RN B K&
A fb 5. A, KA Li-MOF/PEO 4%
() LiFePO,/Li 4= [ £ Hiyth /£ 0.5 C. 60°C F #]4h i
i Lk 7% 5~ 161 mAh g™, 1 ¥F 300 & )5 3 14 #F
152 mAh g™, BERFFFRIL 5%, 7o
I 100%-

ik, APINE X RSGHE R~ T Cu-MOF-74
EMSs X TFSI™ (1) 3 FL A7 2508 e FAE$2 7+ PEO B2 Hy
RIS THSRS t hICEIER .

22 P RAEFEILRE S EER L H T

o

FXTPEO R E AT E THSE P
588 & 5 T T A P DA S BT AR FR 2005 1, AR [ A %
THIEM % T LRI R AR (TPW SRR A )
TYEREERETR 2 (LMS) gl k R Th Ag BRI
PEO £ & A A PTLLIALE 7(a)*. TPUKILE

4t H

TR AT 20 1 PEO &5 d, H AR PEIEH] (- NH.
C=0) 5 TFSIM & ¥ & PEO % Bt 7= A= A HAE 5
TUELMS 442K 5 R R T Lewis BR AL AL (Mg™)
BB e TFSE, RitlimsS5iEs. —&HhA
ER, MPTLLAES FHSER, #iaEtk. B
[GRRPSE: KR i R e s T Xy v nb IR G At )
PEO/LITFSI{A& % PL.

XRD 45 R [ WL IK 7(b)], PL. PTL & PTLL
HA i ST 1Y) PEO R AIE AT 569 06 9 FE AR IR 55, ek
PTLL 45 66 JE ik, 3REH TPU 5 LMS 5] N B XX
MR 7 PEO B AU EEHEF, 8 m 7 df X b .
FTIR 5 Raman Jtif it — 045 ~, PTLLH TFSIH
Tl Mk L 4R B 0% (4 739.1 cm™) # PL (7395
cm™ FIPTL (739.2cm™ KAEWHEAK, HIif
B TFSI LBl i ik (8.5%), 1E S LMS % 1fi Lewis
B A7 f 5 TFSIZ [MAF/E S8 A AR . %A/ER—5
{23t LITFSI B 7 X s, BEZ L 5
—J5 T K TFSIHR 2 F LMS & 1i, #0# H 3 it
I NITETE 27T e 2 8

TEE TR RE T T [ K 7(c)], PTLL Hfi# 5T
AE30C FIE THSEAX248 x10* Sem™, i
ETFPTL (1.09 x 10*Scm™ HMPL (1.06 x 10°
Scm™. A, PTLLHIE, N042[ WL 7(e)], A
ST PTL (0.23) FIPL (0.21), i LMS X}
TESIHA 2 e B ) 7B T/, iz T
WA . B AR H I — S 0 0E 7 PTLL 5
B R 1) R ST AR R LB 7(d-d,)] . 7E60°C .
0.1 mA cm 244, PTLL E: 05 v it 7 £ 52 FE 36
ik 800 h, Ak HLE i (£90.25 V). fENXT
Et, PLAE:HLIBAE 694 hf5 KM RS, PTL A it )
7E730 h J5 HUE S8 R . _BiRgE RIF K F PTLL
A PO B 5 F 8 P TR ) 1 RS I AR K
L zg . {ELILFP Az siith P [ LIE 7(f)], PTLLIEH
#h7E0.5 C. 60°C F1EH 45 I8 Jm {3 % FF = T PL Al
PTLE b Lk A&, PR AERERELT
99.8%. It4h, PTLLZELI/NCM811 Hijth# 0.1 C |
WITA L 25 594 155.4 mAh g7, JB R T HAE m L
PRI ).

i BT, ART/EEE TPU 5 48 LMS gk
FEEEIGBIN, R T A mE TSR &
BB FITAE BT R Ew O &R A
FREER PEO B & R IR R
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6 (a,) Li-MOF xfPEO & ERERBEFESHINREE; (a,) ARERASRMTFSI 585 HEERE
i (a;) Cu-MOF-74 h A& BAL <IN M TFSI H BB B Li't/REE; (a,) DMF 5375 TFSITAE F7£ Cu-MOF-74 &
MRS EMRHIEE; (a,) BEZRIBRITEARMEELSR; (b,) Li||PEO||LiXIFREE#BZE60°C. 0.2 mA cm?H)
EREE THEE-FELZ; (b, b,) Li||PEO||Li Bt EFFiEE B AMAYIMERER; (c,) Li||Li-MOF/PEO||Li X #x
FESth# 0.2 mA cm™, 60°C THYREE-BETE#A%ZL; (c, c,) Li||Li-MOF/PEO||Li Bt B R & B Sk iy R E %
Fig. 6 (a,) Schematic illustration of the effect of Li-MOF on Li* conduction and the crystallinity of the PEO
matrix. (a,) Schematic illustration of the anchoring effect of exposed metal sites (EMSs) on TFSI and the Li*
diffusion path. (a,) Schematic of TFSI" anion adsorption anchoring by EMSs in Cu-MOF-74 and free Li* release.
(a,) Optimized configurations of an individually coordinated DMF molecule and a TFSI" anion on a single EMS in
the Cu-MOF-74 building block. (a;) DFT calculation results of adsorption energy. (b,) Time-dependent voltage
profile of Li||PEO||Li symmetric cell at 60°C and a current density of 0.2 mA cm™. (b,, b,) FESEM images of Li
anode after cycling in Li||PEO||Li cell under 0.2 mA cm™ at 60°C. (c,) Time-dependent voltage profile of Li||Li-
MOF/PEO]||Li symmetric cell at 0.2 mA cm™ at 60°C. (c,, c,) FESEM images of Li anode after cycling in Li||Li-MOF/
PEO||Li cell under 0.2 mA cm™ at 60°C.

2.3 Janus 25 LLZTO/PEO St i AR BIEEER B AR R S AR T S

THIER S RAEV A Z MRS Z R %, (HH5 PEO %k 2 ] [ A 1 5t I AN A 25 1%
E R G EMT (CSEs) HALZEMERMICERE W SFEBUEBHIE. &R & ¥ ae s
wes, DUA M oA L LaZr, Ta,,0,, (LLZTO)  fh. &FXtix—0ofsn, ABIBAS T —Fh 3-F &
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7 (a) PTLLESEBRATESEERBEMINEEIRITRERE; (b) PEO. PT. PTL5SPTLLE#FRAIXRD. (c)
PTLL. PTLEPLEMBRNETFESELL; (d,) & PTLLEMBRAIITFRLILI Eith7E 0.1 mA cm™?f10.1 mAh cm? REJEE
[E-AiE iz (60°C); (d,) & PTLEEAEFAYXSFR Li/Li EBB7E 0.1 mA cm 51 0.1 mAh cm > TRYER JE-Ad(E]iZk (60°C);

(d,) & PL EBfRFRANXTHR Li/Li 5t 7E 0.1 mA cm25010.1 mAh cm 2 RV /E-BFEfh%k (60°C); (e) PL. PTLSPTLLE
MRRAEES FIERHAILL; (f) NERRRALRA LILFP B 60°C. 0.5 CERTHIERERE
Fig. 7 (a) Schematic design of the PTLL composite electrolyte for solid-state lithium metal batteries. (b) XRD
patterns of PEO, PT, PTL, and PTLL electrolytes. (c) Comparison of the ionic conductivity of PTLL, PTL, and PL
electrolytes. (d,) Voltage-time profile of symmetrical Li/Li cell with PTLL electrolyte at 0.1 mA cm™ and 0.1 mAh
cm? at 60°C. (d,) Voltage-time profile of symmetrical Li/Li cell with PTL electrolyte at 0.1 mA cm™? and 0.1 mAh
cm? at 60°C. (d,) Voltage-time profile of symmetrical Li/Li cell with PL electrolyte at 0.1 mA cm™? and 0.1 mAh
cm?at 60°C. (e) Lithium-ion transference number of PL, PTL, and PTLL electrolytes. (f) Cycling performance of
Li/LFP cells with different electrolytes at 60°C. 0.5 C rate.
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P IR A A B = A R B (MEMO) Janus 2
(B WMAFE R RS2 BE K LLZTO
g R MEMO@LLZTO, 315256 5H it it
H ARG RN T %50 26 CSEs B 1 #iis 1 15
BLAE,

MEMO@LLZTO ki i ik ¥ i 9 5 7 A o
WE M (TGA) KB, b 4 B ] 4E K,
MEMO .78 &2, 9 h512 hJ5A 21 M
(7.0 wit%). HF6 hFEfEEERIK (£46.5
wt%), 7 EEEZ 3 nm[ LK 8(b,), (b,)], HJ5
SRt Re AL, MBS B ALIERL . FTIR &
XPSiEs:, MEMO 7 Tl id /K 4i &5 LLZTO &
THIJE 1% Si-O b 275, (7] B 35 Y O It 4 22 A 3 i 1
Abo 1AL EE L E A RE A 2 BE BE il LLZTO K 1f
PR 4% /5 % 7R 77 4E 1 Li,CO, 2% i, B SR HE i 2
MEMO £ A Janus JZ, FHAMUE 4] 5 PEO % B &
WL S s A . Bk, MEMO@LLZTO &
PEO 4k rh sz 3L 1 3 5] 4 8L, M0 R 2245 1 11
LLZTO I 4 30 0 5 A 5

WAL % R AR R ox, & L4 R 10 wit%
MEMO@LLZTO (6 h) -PEO CSE £ 30°C | I
T 5 R ik 216x10* S ecm [ W K 8(d)], %
LLZTO-PEO & % (2.30x10° S cm™) 71 —4
BES, HLIGIAEIr 1 0.52 eV B % A% £ 0.34
eV. DFT it % #7, MEMO K Janus $5 1% & P g
PTHOARYE: —J5 1, MEMO 5 LLZTO X PEO 1)
B 45 A RE (-1.537 eV) &% 11T LLZTO/PEO
HEZM (-0.812 eV), EHHMEMO & T #Hin
(SRR} AR SRS 7 —J71H, MEMO 5 TFSIFHE
T S F-O b 8 = A sm e B VR A (I Bt e
N-1.5696 eV), itsiT Li-TFSIE 7XF H & 145
& (-0.5216 eV) . ZAEHERE 7 LiITFSI )& 20
B, fif MEMO@LLZTO-PEO ;" \ LLZTO-PEO
f1]0.28 $2 7+ % 0.53.

NIRRT 1R S e e, REIBAGI
Tyt (NF) HEEH, #l#% 7 MEMO@LLZTO-
PEO-NF 2 & HifiF . SEM[WL.E8 (¢ &,
P iR o7 MBS 45 M 30 %, MEMO@LLZTO MR E = 4
B R A ¥ 5] . {E LiIFePO, 4 Ha it [ 0 &1 8
(e) ], ZHMFRIEBOC. 0.5 CHEFE FIEH 100 [
Je B be S AT T 150 mAh g7, FEBLH AL 1)
TEI R PE

zi b, ARTAE@ET S MEMO Janus S 2,
[ e T LLZTO/PEO Sl AN 2% . #RER R S AN
Ao EHEFITE = KM, ST ETHSER,
BB IR AR S AR E M R P AR T . AR ST
WA 2 W O BT P B CSEs $R 4t T R HE)T 1
.

3 REMRE

1E FIRBE T, A &SR0 BT R F A R R
St A ME, (B ERR EEA &
FE k. Bl 78 PEO 3 A 5T b 3T 3 7
SR, HE B YGRS SRR E 1 (A
PINTERIZI R R X A A TAER KRG hi 2,
A LAUEZNH BAR LRSS R S5 AU B o

B, BTHESRMNEEE RS TnES
VBB AR B IX LI E s N s S T Ry, HIX
A DA LR SR B AR . i, DESHEME &
T AR RS R RS T SEB TR, HiHR
FR AL (R L NI 1R e N . RN
25 55 R AR N K 21 S 5 8 SRS U 1ok R I 4 ) B — 4
B BETE B F R R I R R T R MU
BN EFGA R . IR, EE TR
[ $% T 32 AR AT X 91 F R 8 . MOF i
GBS 5 LMS 44K F ¥ i 5 17 8 1 F 3 s A 4%
[ 52 B 7, HIX — LI 7E Lk R o 2 R A T A
ez 5| IR SR B A B b B, Janus Gt
T E M5 NIERN T i X — ) f, SEBl T e 1
[ 5 AL A A A . BJE, ST AR E T
1) o 8 A A TR A — B I RS R e TR
o B, LR R BB E LiF 52 B e
FET AR v, By A e 2 A 1 5 N ET
REFE R BB B BhRE )y, R, 7R THH L 2R
s B R 3 e AT B0 A

SR 5 EEFE 2, H AT 2 300t 5 UK 3 LSV
g5 LA W PEO JE HLfif it i) AL AR E 1, (HLSV R
FA A T FAR N, TV B8 e B S s TR A AT 1 2
FetE L. 2 PEO JE Hif i UG i NCM811 B & 4 4
B S5 R EAR S, 7 L AR PEO B E IR AR
B 5 kA B A R, RN ER B B S0 i
A HF 258 Pl P b, 3 s g iz B S 350 0 A 3 T
TEREE R . EBHFLH CELE, i & @ vt in el
S PHPURE A FF Sl KO, Rk, (FELSV $idE
AL A S RS B SS W, BT R RS AR
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8 (a) T MEMO@LLZTO-PEO £ &GN L ESIERhEEMRERE; (b, b,) MEMO@LLZTO (6 h) Hikif)iE
St RESR (TEM); (c) MEMO@LLZTO (6 h-PEO-NF £ & ERIERIEE SEME%; (d) 7[E MEMO &&RET
10MEMO@LLZTO (x h) -PEO E &[E{REERAI Arrhenius Bk (x=3,6,9,12);
(e) Li||MEMO@LLZTO-PEO-NF||LiFePO, £ jth#£ 60°C . 0.5 Cf{EEX TRITEINEAE
Fig. 8 (a) Schematic illustration of an all-solid-state lithium metal battery using MEMO@LLZTO-PEO composite
solid electrolyte. TEM image (b,) and high-resolution TEM image (b,) of MEMO@LLZTO (6 h) particles. (c)
Cross-sectional SEM imagenof the MEMO@LLZTO (6 h) -PEO-NF composite electrolyte membrane. (d)
Arrhenius plots of 1T0MEMO@LLZTO (x h) -PEO composite solid electrolytes with different MEMO coating
times (x=3,6,9,12) . (e) Cycling performance of Li|| MEMO@LLZTO-PEO-NF||LiFePO, all-solid-state cell at
60°C. 0.5 C rate.
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