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FELh ) SR D FL . RM e NGB T il 28 2 4R 1
IERR AT, T ELGE TR R R N sl 1, R
PETFLi-O, Hr Wt BEFR AL 1 0 B A A mT AR 150,
Chen: A\ UK HLI VU & FLI (tetrathiafulvalene,
TTHH TAEKRLi-O,H Mt Y, 7E~3.4 VIHLFT 5253
fRLLO, M A K AR N, VEEL/rE I ZFLIER, T
JNLAT ] I 25 B Li-O FL It A9 52 FELV (250 m V) AR i
PEFFaE PED) LA 2 X b = B S0 5 i
O3 PE A —RE R, RGN ) ] AT A s,

vk, AR iR e, B2 BN
T Oy FAALASRM, 52, T 20 45 i T A
AR KT R T X — ), B R T
Fhy g [ A Ha, i S5 P THT (solid. electrolyte interface, SEI){#
PO R AR A R A R AR E M0 Cuidg:
NEUE T — R TR S8/ 42 R G 2
(IPA-Li), ZR4)2 50 R E Y2 MLIZn & 4 MY
REA ]t Oo/H,OX 5 S B 42 J8 g ok, A nT LAS | S
WA DU B, DT A R BRI B e AR,
IPA-LiHF g o] T (2t 1 IR T 0H P 4 1) -,
PR T ISR PR A A R R, Zhang % A\
B = CHEEMCHRAE M A I FLi-OF i, 1A LA
ereT i es i, SR S LI S 095 F68 7. [FIET,
AT TAE 7 L A R Hp ol e 2 6 AT 1) 0 B e A B A b i
PRI, BB A 51~ kA RN, I i
AR 1 A, PR AR RS
T SEBR AR Li-O, H il 7 F Ao FL A7 5 B A 7 A/ P i
ARG E PR RCE SR, BA RAFAIHToT a5t

FETFLL ST, AR SCEEH O3 e A HLIH 25+
WALIVE R Z D Reds I H FLi-O,H . %A Lk
WS IR HR T AT e Tl R R R IE AL B S A T,
FFAEIER AR = 2 (B 21, PR, S A R
TR R = o, A SCARE T HL AT
E N B S1%F. EATHRIEA RERS A 2 b A [a] P24
0,7, HHBIH P HILi, O, 7F L B RIAH i A, 52
IR th 5 2 B A R IR R T 5 FE L H S P RRRAIG, T
TERR A R T S 5 FRE ISELZ, RSt m T it
A Be- S IR PR E T

1 SEUssy

1.1 Hf@ Rl
KT I HLf# 5 (1 mol L' LiClO,-DMSO, 4fifiF

>99.99%) A7 [ HLIFIR, LAV AR bRE, (i FH
SERY CFEMAE I (BATL, 2>99.5%) e B EATIR 4735
920, 50, 80F1100 mmol L™"AYHL M BRI K. TEHTAC
il FEL AR BT R A B 53 O DA B 2 R BT R R AR K
gy, WRE24 WS, (R B I SE Y oK Ak A
(Lil, 4REE>99%) A #7580 mmol L™" Lilfy i fi /e Jy
XtECRE, (o A HLA# T 1 mol L' LiCl0,-DMSO R4S
FEE.
1.2 HAkAAPERE

JA O R R ST A e T, il
B3 R P 2 2 2032 RS Al e b,
HOIE M FEHE B L. I 4 2% H it R AR A ) A R BE B
(ketjen black, KB, ECP-600ID), iF#kH fi#ih
0.2 mg; TtA RN R, fEai A0 X5
[ILI-O FE b A TR R Fe s g, (i FHCT2001 AL
IR RS, W RS R 200 mA g !, FRAEARS
500 mAh g ' DA E HL R 2.2~4.5 V vs. Li/Li".
K FAAE IR 2 AN [R) L A E Arsl O, <R T Tk 2R
N B AR S LA 5 30 Ty 2l #. I f R R
BN FCHIG60ERI S FLAb 2% TAE S, WE HMER A
0.5mV s, HLELEIN2.2~4.5V.

1.3 PORHOZAE

FEHCR S B TR SR T SR ER IS SO R T R E S R
FEHE T 85355 (scanning electron microscope, SEM,
S-4800, H7AHitachiZy eI, M=z T, EHITE
LR G RN A S I Rk NG RE TS i
K, I HIDMEZE I e 1. {77 5k 3855 (atomic
force microscope, AFM, Bruker DIMENSION ICON, 7
] A 5 5 2 W) ) X0 B B 67 A0 2 T - 9 R A T R
k. {f X526 T BB (X-ray photoelectron spectro-
scopy, XPS, PHI QUANTERA-II SXM, HZAULVAC-
PHIZ B))RE R H A 0/ S S D b e s TR 3R
AT AT, JFiE 0 284.8 e VAR BRIE(EZET TCIE
KIE.

1.4 HELBFE

Al Gaussian  09WHE G051 7% B2 R EE IS
(density functional theory, DFT)}1%4., ZEB3LYP/KF [,
4556-311G (d, p)AEALibir T4, LTS R4
}, FERVRE S T A TR BT A 4 FdMultiwfn 3.7

1295



M4 EZ b 2005538 £70% FoH

T BhEA5 381 47 #y(molecular electrostatic poten-
tial, MESP)Z A5 FIAS G4 JTOb b5 44 1) B s o 4 53
i (highest occupied molecular orbital, HOMO)/HfIk
AR5 F B (lowest unoccupied molecular orbital,
LUMO)H, JFAIHVMD 1.9.324 14538 ] Mk itE s
L 12324]

2 g5
2.1 EhssShhe

El1(a)iR T HMEHERDMSO ., HhHEF
ClO, X EA THHOMO/LUMOREZ A 45 5. Hirr, &1
S ILUMOMEIIF #Cl0,~ > DMSO > EAY, LUMOfg
AR, W FEMEGR, SLHEAT A2 T DMS05CIO0,
FER I R TIA R, S5 M MISEIE A, Mk
B IDMSORY 53-fifk, B2 = Db/ A ik o 33 1w ) A
PRS0 g3 i MES P 1 4% 800 1 55 L/
AL, Ho i R 0 0 /NER 23 AR e 2 T e
FRE A /MBS R BT, I (b)~(e)T/R, TEfT
T, OF R ek R, EA T FE0H i
FPERME. I, BA™2 %) 3 o e W SR A -5 et
O, 454, HHBhO, Hirizs LUK 2 5 Oy FE 7 751 Hh A v it
JE, AR TR AR LT, $EFFLi-O, i
P KSIGE RN, TR/ S0, &4 FHREAT
g HiE S, 51 A0, JEEALL H 5 (-CH,) o B AU H A Ak
SR 1) B B, XA T0, 5 ] AR AR,

16 -

° O350

e}
Q
N

Energy level (eV)

20

DMSO clo, EA*

(b) |

FHO, i 2 A Fimm T EWEET, #EE
JE T R s B R R A, M TTERA EA T 50, 8l 777
MEAEH.

2.2 WA EERES BT

X1 mol L™ LiClO,-DMSOAS £ 78 sl i
fif J5 1 FEL 9 2 80 mmol L™ LilE580 mmol L™ EAIH
Ff T LR T T R IMR DR, LAPEAS AN [A] Ha o 7E
ArFIO S5 T WAL IE SR L A 8N )24 7. AnfEI2(a)
Fi7Rs, TEArG R, il FHHDMSORA S FR N At B it oA
WS F AL JFE, T I LATE E AT B ith S s H
SRR JFIE, Hob3.62 V/3.41 VI /I; B9k /b
JRIE, 4.0 V/3.83 VXTI I3 /LIEAARFIE. 1EO, SR,
T, @A SEMA . SLIELEAIR LIS TE2.6 VA
R BRI R, X L0, iTE it 8, Ff7E
3.40 VAEATIRER B0 Lio 0,43 i ) S A (112(b)) 2.
FABAIRAR R BRI LITRT /1, FL /L A AR
JEUE, 3 ELAT Bh TR IELi, 0, 1 AL A SV, 2 =5OER
S AREY RN B J12, IESE T EATFELI-O, H it 1 R 4
AR A T A T

R T g EATA IR A de A B, B T 1520
50. 80F1100 mmol L™' EAIMHLMRIL, 43412
BT E s, M TSR B2 R ER, 2H
F4) YL S 1 P SR A0 (10.13 mS em ™), ZEER AN
EAIRYHLAEH, %80 mmol L™ EAIM L i HLAT i
EE T2 %(10.28 mS cm™'), i &80 mmol L™

1.29eV -4.65 eV

(c) | .
‘ *] % 4
I 4 I o #

-2.09 eV 5.42 eV
-6.5eV 6.71eV
(d) ! e o
¢ W
é» o - | “r&‘:& )
l U l G ‘w/;/
-7.7eV 3.71eV

B 1 (MR Q)RR IIEER. () HFH &4 ILUMO ., HOMOBLE /3 i; DMSO (b). ClO,~ (c). Oy~ (d)FIEA" (e)ils>

MESP/3 i

Figure 1 (Color online) Function prediction of electrolyte additives. (a) LUMO and HOMO orbital distributions of components in electrolytes; the

MESP energy surface of DMSO (b), ClO,” (c), O,~ (d), and EA" (e)
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> —— 1st——2nd —— 10th > >
1st——2nd
15 ——20th —— 32nd —— 33rd 1.54 —— 1st——2nd —— 10th 154
—— 10th —— 20th —— 40th
—— 20th —— 30th —— 31st B0tk = 7oth
1.04 . . ; 1.0 , : : : 1.0 . . . .
0 100 200 300 500 0 100 200 300 400 500 0 100 200 500

400
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B 2 (MMEa)BAFRNR. REmmm ., SLil. SEATSMFIMLI-0,H i E Ar 5 (2) FIO, K4 (b) T B IR K %275 (cyclic
voltammetry, CV)MIIRHIZL; (c) A [ HL A B A 2 5L SR (d) Rl ks (o) E SR IZL; () TRFREREM L, RNEHMA(g). ALl
WIFI(h) . AEATAAIAIG)MLI-O.HL I 7E800 mA ¢~ IUHLTLAE . 500 mAh g (FRAE 7 fak ¥ iy i 2 ke ey

Figure 2 (Color online) Electrochemical performance tests. CV tests of different electrolytes without/with Lil or EAI in Li-O, batteries under Ar (a)
and O, (b) atmosphere; (c) ionic conductivity test of different electrolytes; (d) full discharge profiles; (e) first cycle constant current discharge/charge
curves; (f) cycle performance curves; constant current discharge/charge curves of Li-O, batteries using electrolytes without RM (g), with Lil (h) and

with EALI (i), respectively

LTRSS 7 3R 41K, (U M8.5 mS em ™. ML
ZF, BSIMEADG HLff T BS 7 FL SR A5 4/,
MG FIE 20, 50, 80F1100 mmol L™ EAIN
Li-O, FL L EAT 1 8 F 38 e 5 A i 4l e ik, 9
i 114780 mmol L' Lilfy iy A b ok B 4H HEA T oA
F12(d)7E200 mA g~ 'HL L B AI2.2 VR IR L AT
AT R IR B 7R, %3N80 mmol L™ EATAYH 1427k
HL 7548 00 5, 1559600 mAh g™, L5 T80 mmol L'
LT LA S LA AN S S ISR A 25 H A S B RICR. R1S2
WARERAAAT, BN E AR A5

mAh g7, TR PR AR, KT HERREAT
FERCH R P AR B A 2 i Tk, X2 IR T EATH
FIEA RS IE R =P OV AR AR 4, DA TS R LSt
HIAT R A . FRATE T SEMWLER 1 2k i J5 45 TEAK
FRETEH, WES3FT~. TS INEATRHL it 25 P = 2
RRF BRI, XoF L L 7™ f s SR AR AR ML i
AN BRI B A LTS IR0 A FL s 2L P T 3 o
FEAR, X IO A R 7 A SR ) 2 T AH AR AL DA 2%

TEBHEAT A EA AT 9K Sl it A7 R AR B L B A%, AT
BROGK AR SR AR, E2(e)R T A FH
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fiff ST 2H 25 B Li-0, LM 7E 200 mA g~ B HL IR B B . 500
mAh g~ PR E 2R A R A SO L R 2R, AL
BB AT JINFA) B4 e it (8 78 f it e S A0, ARl i
80 mmol L™" EAIfJLI-O, s, HITHHEEF-H1UN
3.49 V. ARG RME2(HR, &
80 mmol L™ EATR L HA febf AR RE, AT LR
FEMRERSSIE. ML T, A i s b e 13 JE 34
Ja PR FE L B S R AR A%, A LilAY FL it 7R 36 S5 1
RS R IE AR S ZE IR B i F A L FE R T AT s T, X sk
45 FMA80 mmol L™ (kB R EATMY e AR N2
I, 76800 mA g B HL T . 500 mAh g7 RAEA

®DMSO [(b).o

BT RS 480 mmol L™ EAISELIIFLI-O,
FLIBEA T T FER B AR, AP AT Rk pE. 2558
WE2()~@) 7R, 1 FHEATZR I e b S 30 1 78 J
FRGEPGIAR, It AN UGS S LS el ad s ath, 3iF
ST H R AR R RE.

2.3 WU IERS I B

PAE0.1 mA e RUHLIR B E R, /A 0.5
mAhLi-O, L HFAR, 4351 FHSEMAIXPS X il L/ 72
FL T IEAR R AR SRS UEA T T 3RAE. B3 (a)~(c)
B IE AR R TR S, H B R B AR

Li1s

60 58 56 54 52
Binding energy (eV)

5060 58 56

Binding energy (eV)

5060 5I8 5I6 5I4 5I2‘ 50
Binding energy (eV)

I
54 52

Bl 3 (LSRR () H e B/ LEAR PR AR B o 40T, 56 TS I LA SR Y Li-O FL 7 LA 26 B 0.1 mA em ™ FRAHIZ 90,5 mAh TR IS
(a~c). FEHLE(d~NIERFEIBSEMENS; FETAREEMA(g). &Ll (h). FEAT ()AYLI-O,H ity /FE L5 IEM R IR AILI 1sAYXPSIA %
Figure 3 (Color online) Morphology and composition analysis of electrolyte/cathode interfaces. SEM micrographs of cathode surfaces of Li-O,
batteries using different electrolytes after discharged (a—c) and after charged (d—f) to 0.5 mAh with a current density of 0.1 mA cm™. Li 1s XPS fitting of
cathodes surfaces of Li-O, batteries using electrolytes without RM (g), with Lil (h) or EAI (i) after being discharged or charged
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80 mmol L™ LTV HIF Aty A b 7 A A g Fl 7 4 2 v A
AR, HEBUEIEA L, ifliHI80 mmol L™ EATA I
(14 EEL T 7™ A RO P S R A AR IEAR . TR
Jer AN NN B L I M R LR A S TE G, S
M) PR A EEL s =3 AT B 5 O, A A& B (1 3(d)). Ll
F, 9t I B 2 T 7 PR JS AT AR A 43 A 14 bR s L = ) B
R IENALBR(EI3(e)). ML R, WHIEATR L IE
e 2 T UDURER 2] T IR A 1 /NERCIR B 352 BRSSO T R IR 1)
JICHRL ), B 70 R A R R 43 HL A R LA T
Gy, I TER Z LA (FI3(D). XPSEER R, A
F VR NG E Y 2 R P Li,CO,, HAEFEHL )
TCkSE AR (FEI3(2)); T LTAY HE 2 A K i 1Y)
LiOHE| =Y f/D 8 Li1,CO5 5Li,0,, FHGFHA
Li, O, 853 (K13 (h)); IRIMEATAYHL I AL, 0, 0 2%
=), A TR R T R R, e G D
FEYIER (K1 (31)). _LIREE R, EATRSSINTT LIA AL
) e b 7 R PR A R R R R N R, A e LR
HELiL, O ML . R TIFSE L IR A SR = A 1
RO AT AR B, 7 BRI L % B 4 0.1 mA em 2,
FRAE 25 M 0.5 mAhMIAIE T, 3l R 34 HL Ak
T 7 FE A v R A AR B A3 B R R
53T, PISAZE SRR, VRINEATAYHE Ith HAT fe i 1 46
SRR A e, (RIS LS 65 A R A A S5

-1 pm
20 30 um

30 ym

TRRIEAR B R AR ST B COL UM R I, B A
LF AT,

2.4 WL OB S i B

R T WFFE Li-O i b Hh e i 550/ 67 0 A T e
i FHSEMWEE T A& AN, #4780 mmol L™ Lil#sAN
I K 280 mmol L™ EATZINFIAYLI-O, L HERS H 5
R ATES. M 4()~(c) T LI H, A&
JINFRRIS LA T 70 6 e b 67088 26 1 o B P E ok, 4
DUBUASEA 2] LR TS ITE ATAS He, b 288 700 0 52 B0
T, FEPTBUE NS HEUE. AFMEL45 5 5 SEM
AR EERAVIA, o H A FHAS S i IR0 An 23 LaL i) £
R AS), HARAERK™E, M2 T, BINEAL
)RR B R 4 T RS- 3860, HLREFE A/, RBHEATER N
FRT LAAE R 1480 4 S RN i A e (11 4(d)~(D)).

WL HIXPS /TS 3 R, 285 SRR, i
ANEEINF . ELASINF . S EATE I H 3t i 2
Tt &k T —28 k. [K5(a) X R R I C 1s
JEE, FRATTEL SR M 7E284.7 . 286.4 . 288.6F1
289.8 eV B ALK 5506, 433X FC-C/C-H.,
C-O. C=OFILi,CO,*". TMiFARMEAIHLH1E285.5 eV
AR H C-NTF 506, B HLIH B FEA 7R Gk M
KT RN, 25 7 SEIERIE . C-NAE KRR H AT

B 4 (M4 0, i fif B/ A B TR 314047, i FHDMSO (a, d). Lil (b, €). EAI (c, f)HL A 541355 Y Li-O, L BB RS 8 5 AR 57 M SEMAIAFM

K&

Figure 4 (Color online) Morphology analysis of electrolyte/anode interfaces. SEM micrographs and AFM image reconstruction of Li anodes of
DMSO (a, d), Lil (b, e), and EAI (c, f) electrolytes-based Li-O, batteries after 5 cycles
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(a) (b) o 1s A DMSO ((c)[S2p  x . DMSO |(d)| I 3d DMSO
L,CO{ A\CHACOsL / e
Li,SO,/

Lil A Lil Lil Lil

7\ & | 3ds, {8

Nda/z
A EAI EAI EAIl
%, ﬁv

Binding energy (eV) Binding energy (eV)

294 292 290 288 286 284 282 280 536 534 532 530 528 526 175 170 165 160

155 636 633 630 627 624 621 618 615

Binding energy (eV) Binding energy (eV)

Bl S (R4 RSB () FHAS Rl L I T Li-O, PTG BR S YRR BB SUBRXPS C 1s (a). O 1s (b). S 2p (c)FIT 3d (BB 155 i
Figure 5 (Color online) C Is (a), O 1s (b), S 2p (c) and I 3d (d) XPS spectra of the Li anode in Li-O, batteries using different electrolytes after 5 cycles

BRI A VAL S W 0= S R K I | F I R S T
AB ES(b) R ANO IsTE S, SN AGs N
LT A A i 2R £ A 2% 1] 2 ZEAG I HE Li,0 . CH3CO, LA,
Li,CO; L, SO, M0, VR ITEATAY L th T 2% 1 10
WALLSOLF Y, MLLOF 5 IR, Li,SO4MAE SIH
THHAIDMSO S At R I ry iz, A LY
A A — 2 B2 B L8 % T DM SO X2 4 J& i Ji okt
Li,O¥f T 1IEM AL O, B HE bk 1 fb 2738 XL, BAPLTE )
PUBPERER!. 7EEIS(0)RIS 2pfF 5k, A Sdsm
FRFILATAS IR %) Fi, e 5740 2 T RS 1 Kt FHDMISO 43
fif ™ A= B R B 5 4 Oy 7 AR L, ST, A L
ZF, ISINEATRY HL It 2 B B 55 () | P i Ieah, &%
LALAY ARt fr A 2 T ARSI 1R AL 3d5 5, 1T A EALRY
FL LA AR A B A TS i R B (ETS (d)). R, T
DS Z5i5: EAIRIMAFE Stk 2 DB B T A HL-T0AL
IRA B HISEL RS @SRt T RAFnfyr, AT
WA R R AR X S A (R

RPN

3 45

RIF5E A 2 FLmiAk e (EAT) FIAELi-O, b 19 £
IREUS IR, A %I 203 700 AH AL 5 R A A
SEVRI)Z. EA"BHES 0 35 fL 0 15 78 i rL i 82 P 3l
AHE P 0,7, AR T CH P A e v R AR AL R AR
B, R T ML A, IR T Oy XA
MR, 0T R = 0 BRL fEFTRE,
F BT A AR B A SR B Bl R A T 3
fift, FRURAR T SO HLAE(3.49 V). LA, EATTESR
Tt Fmn] LML Seik i, 2 5SEUERIME, BT
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Li-O, batteries have sparked significant interest and research due to their impressive theoretical energy density (3500
Wh kg™"). Despite this, the slow kinetics of the oxygen reduction reaction (ORR) and oxygen evolution reaction (OER), as
well as the insulating nature of the discharge products, remain critical limiting factors that impact the cycling stability and
rate performance of Li-O, batteries. Various solid-state electrocatalysts, such as transition metal oxides, non-precious
metals, and nitrides, have been proven to decrease the overpotential of Li-O, batteries during the charging process.
However, their catalytic effectiveness is restricted by inadequate contact at the interface with Li,O, and the effects of
surface coverage. In contrast, soluble redox mediators (RMs) demonstrate exceptional solid-liquid interface contact and
efficient charge transport capabilities, allowing them to effectively regulate the formation and decomposition of discharge
products. This accelerates the reaction kinetics of the oxygen cathode, reduces battery overpotential, and ultimately
enhances both the cycle life and rate performance of the battery. Nevertheless, the RM,, that forms at the cathode can
diffuse through the separator to the anode, causing the corrosion of lithium metal and reducing the RM,,,. This will lead to
an increase in polarization potential and a decline in cycling performance.

To address these issues, we have developed a novel “self-defense” additive material tailored for Li-O, batteries to
mitigate side reactions induced by RMs. The EA" cations, known for their electrophilic properties, tend to capture
negatively charged O, during discharging process, facilitating the solution discharge pathway and boosting full discharge
capacity. In the charging process, the I” in the additive assists in decomposing discharge products, reducing charge
overpotential, and enhancing battery cycling stability and rate performance. Moreover, EA" can attach to the Li anode
surface, contributing to the formation of a mixed organic-inorganic solid electrolyte interface (SEI) layer that shields the Li
metal from DMSO and iodide attacks, effectively preventing Li corrosion and dendrite growth. Analysis through scanning
electron microscope, atomic force microscope, and X-ray photoelectron spectroscopy techniques of the anode surface
indicates smoother and more uniform lithium deposition, along with a more stable SEI film composition. A Li-O, battery
incorporating 80 mmol L™ EAI exhibits a remarkable discharge capacity of 9600 mAh g™' and can cycle reliably for 78
times at a current density of 800 mA g~

Li-O, battery, iodine specie, shuttle effect, additive, Li anode
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