# X C—19. F—19—1. Z—19. CK—19 (@) *t }[
K A K E

HEMRBRBMAER HIRARBREE

A 24 6 H 11 HEUE

HREEES : 12601

HIRIER : 4RI

2 HAR : 2015~2019

FRREE S : 15H05701

MEREESL (X)) FHH - HREARESRETHERICE S EFHFN IR B AT L
DIEE

THEEEREL (FEX) Development of advanced energy storage system based on overal |
strategies on new materials and new interface

MEAERE LA FX (YAMADA, Atsuo)
HRKY - KZERIZRHER - iz
HZEEZES - 30359690
RIHRERE (MRMLE) (EERE) : 437,100,000 M

MR R OBE (Fus0) -

WVE O )L X —HPEBERE ORI O L MEE & F2R - 23 - BlER OIS REHT K 0 SR
RIS L, misRsblc i 72i8toter & BEBUL AT ) L & bic, MR T2 NET 5T
INA AR EAT - T2, EIARNEESE OBRLE TTIEVELIC X 2 B E 7 AT O TREERI R Kz Tl
T, FUSICE D 55 THUER O PR R 21TV, B 2T ) VR b A YR ERRRE L
T, AV VEBIRRE, MEMESREEZRETE Lz, 2O E2MEIT oMK L LT, BAME R FREE
AN EDHEER & ~—T N 7 RZEIC KL D B ORFAL OB M Z SZGE Lz, 2 IRITZEMICH
BN FRNEMEEBGRSZ R 2" T 2R AL, RuEDHEREN 1.7 Fi2m T2
ZEERWE L, BRI ST TV h ) SRR EEECOSEAREE, IR, R
ERREEDOERMZFHTI L, < OBEMMEEZ RIEMICED D 2 23 LT-, FRICKRER TIL,
LEBNMNEFO 4 FLLEE WD BEERIEKREZER LT, S 512, ZHEEEZIRE S TIZENT 6
HERHOBZIERZEZIE L., BIREMITIKIE L2 WA B R EREK & L TERmEInTni, 2
LEME L TRIELZEE /WE ERETE 5.2V, # 0  UEFME 1000 B 2L B2 2R L, BIEEnHE
RMIRNVNFX—FEETHY F UL A ERD 1.3~2.6 FI2HHYT 5,

WFIEAR O FRE RO E

HESE U 72 4K % O Nature Energy 76 4 #1512 X 2 FEMRAFEIE 238 U 7= @ WO EBRARR N & 8
FEIZ X0 | 72 2R BRI A Al L T B I1E D T <L A1 O EEREREIBR S (17 1 72 B
727w ha ARt LTl | EER - TE~OREREEIR G RIAEND,

WFFERCR O (330) -

Through careful overlooking and reconsiderations of materials science for energy storage by combined
experimental, spectroscopic, and computational approach, we demonstrated several effective strategies and
new materials, together with battery devices including functional interfaces. Towards activation of oxygen
redox in solids to achieve much larger amount of charge storage, we established molecular-orbital principles
and identified two metastable intermediate, alternate spin state and oxygen-oxygen bonding, which induce
voltage hysteresis upon charge-discharge. To avoid such energy loss and activate stable oxygen redox,
introduction of ordered vacancy showed promising by modulated electric states and self-reordering
phenomenon induced by cooperative Coulombic interaction. Also, we discovered negative permittivity of
water molecules confined in nanosheets that largely (1.7 times) increase interfacial capacitance. Increasing
salt concentration was revealed to modulate coordination structure, electric state, and interface, to largely
improve several battery functions. Particularly, aqueous systems have realized surprisingly wide stable
voltage range exceeding 4 V (1.2 V in pure water). Besides, accumulating multi-functions into single
solvent molecule have established a practical strategy for industry. A prototype battery cell realized cut-off
voltage of 5.2 V with stable cycling over 1000 times, corresponding to 1.3 — 2.6 times larger energy density
than that of lithium-ion batteries.
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