e F R T

ACTA CHIMICA SINICA DOI: 10.6023/A23030083

MR Z 2 BERBIEAFRMN IR ET R Mt 5E
=¥eE AA®H EAE AEME EXH#E AW
A R®* IEFE  MIE R

(PR R E T B AL EE W E AL = M Al 210023)

WE AR HM(LSB)H A G IR EF S AR RIS A G5, RSOt N — R E ik
B, H AT 7T 2 SR (Li2Ss, 8=n>2) M B R AN LK SserLiaS # Ak S BE AR A 550 87 S5 8k e 14
i), PLESEAC £ 48 SR 2h (Cobalt-substituted polyoxometalates, Co-POMs){E AR A, il b 220K
B T M 2 B AL TR AL, B EAGAE R SsoLioS WAL, AR 17 R 5AGER,
2 7 LSB PERE. 1 Co-POMs 17 LSB 7E 2 Asg ' FEFF 400 B /552 A 565 mAheg ' ILL AR, IR
T 100%, £S5 Aeg ' UERIMNR FREILE 518 mAheg ! R ELAE, 8 FHn 70U T 3£4%-POMs 1)
LSB, T T AN A BT LSB. AHR ST R4 T — P FH Sife 2L TR B AN A4 T B 1) & s AT VP A o
PET+ LSB 1 AE BT S

RERE BRI PATEA B SIS SRR AR, IR AL

Cobalt—Substituted Polyoxometalates as Soluble Mediators to Boost the
Lithium—Sulfur Battery Performance
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Abstract Lithium-sulfur battery (LSB) is a kind of promising next-generation high-energy secondary battery due to its high
theoretical energy density, low cost and environmental friendliness. Many studies have been devoted to solve the challenging
problems faced by LSB such as the shuttle effect of soluble lithium polysulfides (Li2S», 8 =nr>>2) and the polarization effect
of sluggish Ss<>Li>S conversion. Currently, the main strategies to cope with these challenges include cathode structure de-
sign, separator modification and electrolyte regulation, efc., all of which can suppress the shuttle and polarization effects to
some extend and thereby optimize the performance of LSB. Adding soluble mediators into electrolytes is a convenient ap-
proach, and the key is to develop advanced soluble mediators with synergic functions of inhibiting the polysulfides shuttle
and promoting the sulfur/sulfides conversion kinetics. Polyoxometalates (POMs) have unique redox properties and are widely
used in the fields of photocatalysis, fuel cells, supercapacitors and rechargeable batteries. POMs have excellent electrochem-
ical stability, and their redox reaction potentials well match the potentials of sulfur/sulfides conversion reactions. Therefore,
the utilization of POMs in LSB has great prospect, but is still in its infancy. Herein, cobalt-substituted polyoxometalates
(Co-POMs) are used as the soluble mediator of LSB for the first time, which can solidify the soluble polysulfides by chemi-
cal adsorption and promote the reversible conversion of Sg«>Li2S by electrocatalysis simultaneously, which effectively sup-
press the shuttle and polarization effects, leading to the improved performance of LSB. The LSB with Co-POMs remains the
high specific capacity of 565 mAhesg ! after 400 cycles at 2 Asg ! and the coulombic efficiency close to 100%. At a high rate
of 5 Asg !, it still shows a discharge capacity of 518 mAheg !, obviously better than the LSB with tetrabutylammoni-
um-POMs or without mediators. This study provides a new strategy to improve the LSB performance by developing ad-
vanced quantum dot-type soluble mediators with dual-functional adsorption and electrocatalysis.
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Figure 1 Synthesis and characterization of POMs materials

(a) Schematic diagram of synthesis route; (b) FT-IR spectra of Co-POMs and
TBA-POMs; (c) visualized solubility experiments of POMs in ether electro-
lyte; (d) visualized adsorption experiments of CNTs to Co-POMs
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Figure 3 Adsorption of POMs to lithium polysulfides

(a) Visualized experiments of interaction between Li,S¢ and Co-POMs/
TBA-POMs; (b) optimized configurations for the adsorption of Li,S, on
Co-POMs; (c) corresponding free energy changes
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A E LI A 2 BB E LB SseLixS 1L
Ak, MNTIHRE] ZF R AR RS, 3% LSB 1 Re.

4 SCIGERSY

41 MRIERSRIE

Co-POMs il #B%41: (1)%f 72.5 g Na;WO4+2H,0
5 7.16 g NaH,PO4+12H,0 ¥ i# T 200 mL 7K+, HI HNO;
WA pH 2 4.8, MIE 83 C, AR Z IR —
Fo, REEIMA 80 mL NEAAHL, 7% B2 VR, Mt
TF192] Nas,PW11030. (2)FRHL 6.07 g NasPW 11030 ¥ T 30
mL 7K, ZZME A 0.88 g Co(NO3),*6H,0, FHEZE 90 C
B# 10 min, FRREIEEANEY), FIEBMEZ 80 mL,
RENE A G 5 g I T HR 1 (TBAB)Y T 20 mL
0.5 moleL ™' L&~ LRIV MR H (pH=4.8), Fif3is
B IR NS A, BOWEEDTSE, FKR s
R T, FEEBMAT 5 mL CHCN H, B0k AR
WY, FEFT IR INNTE K Bk, 221005, . vt
uJa RIS 2] = 4 £ 1) Co-POMs.

TBA-POMs Hyffil#5: 2 b, REESEQ)FA
TSI &

(TBA);[PW 12040] KUl PATH B NasPW12040°xH,0
RFERHCHIK R, &P IRG)HI#.

S@CNTs IEMAF K% Kok 5 CNTs $&)i &=
tb 713 WA, BRAMES, £ Ar R T T
155 “Chn#k 12 h.

KA MG 1R, Perkin-Elmer Instrument) 37 2
2 (Raman, LabRAM Aramis). X #FZ64i74H(XRD, X pert
Pro, Cu-Ka). X #HF£6)6H T RENH(XPS, PHI 5000 Versa
Probe) & fi Ff i () T2 30 5 i 4. 18 3T #A EVE (TG,
STA-499F3 A NETZSCH #/ #1{%, &<, 10 ‘Cemin ')
W& IERRAT R &
4.2 EZARFNMEREMNR

¥ S@CNTs. Z B 2B 5 i 96 £ )75 (PVDF ) 4% it & L
8 111 1JHAN N-HIEEREIE BEEE(NMP)H, $iiHE 48 h JE R
BISI2RRL, HIREEEAA N 14 mm BIRRACIE A T,
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F 60 C R4 24 h fFRIEMR S, BAHEREN 1 mge
em 2. fFFIIEN . A Celgard 2500 @K, 25 uL &
POMs (5 mmoleL™ "B B (VboL - Vome=1 : 1, 1
moleL"! LiTFSI, LiNOs )i & 73 5N 2%) 1 25 L BFHR
HLARVR(BR A & POMs 4, 5 I8 FE R R 53 A [ ) 2H 2%
2032 R, £ NEWARECT3008 Hiyh il ik R 45 k.
BEAT ARSI, RO 1.7~2.8 V. £ VMP3 HL
b5 LAk (Bio-logic) AT A CV #1 EIS i, CV 43
24 3 mVes !, EIS #RIEA 10 mV, #ZE I 100
kHz~10 mHz. FrA b2 S35 R4 % 147 o ot ) ol = vt
HAT3.
4.3 EBELMERENR

FEXTRR I R CV A EIS 3%, ZEAXTRR et rp
AR LioS I AR ATTTAE VR POMSs (1 FE AL MERE. il
FAHASARTE B 4RIE (=14 mm). Celgard 2500 B
F1 40 uL & LizSe (0.3 moleL™")F1 POMs (5 mmolsL !, %)
20 mgemL DY HMFB (VooL - Vome=1 : 1, 1 mol-L™!
LiTFSI, LiNOs (15 &7 30N 2%) 20 FR e, CV Fl
EIS it [A] L.

ff FRRARIE AL . 21, Celgard 2500 F@fE. 20 uL
2 LizSs (0.25 mol-L ™!, PA S i1 POMs (5 mmoleL )
Y IF AR LA (DY 20 —- % — F ¥, 0.5 moleL ™! LiTFSI,
0.15 molsL ™" LiNO3)#1 20 pL B FHAER(FR A S LisSs
1 POMs #b, L5 BH % F A v 3 D) 2H 26 ot s FiL .
7E VMP3 HAL2E TAESS AT IR LioS IV MR piA.
ST LinS VAR, T5E7E 0.10 mA HLIR R ZE 1.80 V,
SRJGTE 0.01 mA HEJE FACEZ 1.80 V, fif S E&HTH
45 LixS. 2 J5 T 240 V AN, i LioS ¥k, H
B8 KT 1075 A AT LipS YA, 7£0.112 mA HL
MR A 2.06 V, HKEFEZ BB N LiSs, A5
1E 2.05 V B N4RSCE, BEECE R T 1075 A
I LipS VA AARFI TR U PR TR ARG LU AS [T o 1 FL A A
iﬁ‘ll‘i[“’z-é"}].
4.4 IRILIRIU

i Accelrys /A 7] ] Dmol3 8.0 F& 7 HE4T % iz R
it &, 538 7 26108 E [PW204]
[Ko2PW11CoOse]® PIAT Keggin HI#% IR H HRE. R
FAT SUBAFE I AL(GGA) ) PBE V2 B, DNP J:4H (4.4 i A)
5 DFT P E AR T B, KA TS kb AT (i
e IE AR AR BAE . POMSs [ 50 R~FA 2.5 nm X 2.5
nm X 2.5 nm, K & MK 55 R 3 X3 X3, gE &SR
N 2X10°° Ha, JIMUREARHEA 0.04 Ha/nm, fx KAiFE
49 0.0005 nm, AWEEN 0.55 nm. b, KE
smearing {4 0.015 Ha. KA COSMO V5L, LA
L BE(DME) AE I, B4 LSB K & 1) H AR VIR 58
(DME/DOL, Vpor - Vome=1 1 1), N HHHCH 4.335. 47
BT LA BN [ LiPS B 520, 7E[PW11CoO30]>
BN 2 A K, #HS5[PW1040]° Hi%E LA HIF
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