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As a method to introduce structural distortion into Mn oxides, we have
studied gamma-type Mn02, which has a microtwinning structure and allows precise control of
structural distortion. As a result, it was confirmed that the disproportionation reaction of Mn3+ is

suppressed with the introduction of structural distortion, and the overpotential of oxygen
evolution is reduced. By optimizing the electrolysis conditions taking into account the potential
dependence of the disproportionation reaction, we found that the MnO2 catalyst can stably
electrolyze water even in a strong acid environment.



8 X C—19, F—19—1, Z2—19 (dm)

1. WFFEBRAE Y W) DTY 5

AR LA BTRITIRTE L7 WE O FE R CORE ATRE 22t b2 O ST mT, Ky 2B RE L
KFERIE TR B NC N LA RIS L DS AR AT L OWMERFE NI ATbR T\, 2
OKREFH LIALFEE R AT L H KB T H ETHX LR DOPMERERILTHDH, LoL,
ANLHHNZAKRDPOEFZG R ICIFRERZIAF —DEEGEBLETH Y | FRICEZESDFET
BRE) X 2 AR E O BRI 1, (LFEEIC & > TREDFBE L 72> T D, BIETIE, K728
R LY | IrPRuZp EOF DR GEN T A A B T 5 FIEBNEL. SO0 h 5, FEERIT,
I b & it & U CHWZSEITE, BALTETEY A N Y72 0 O A aR5E B 3 A REE SR (Mny
cluster) &% EA%, 512, O &F, AEREERERDFIH T 2WEEESCT LS VIR
IZBWT B TEWENE & ZEEZ R, L LARRS, BEICIAET HMnSoFe /2 & OJEHI £
3d7 vy 7 I BT HuEE N TMBICHAND & IS LR T 5, FHiC, Irk3d7mry
7 ek L ERITHRMEDN BB IB W TBEE 1272 0 . pHOBUZEWETED 272 & Tl D %2
EMETHENRFELIRT T D, L7edi> T, oRlIE, S HIZITKETROTEMA) Z2FNEH & v D
Bl DL, 3dITHRE MR T TRV pHIKAEE DO LR A B & 232 L, A C OpHiEk THREY L 15 5 It
R DBARE AR D SN TN D,

2. WHEDO AT

AFRRECIE, BRI A RMBEIC 31T 2 n RIS . L0 BARMICIE Tr & Mn BRL®) OTENE & ZE D
EWAAELH L TW DB LR -2 U, Bt QN A PRI C S BRE) L1532 Ir AUl
ERIBETAHZEEAAME Lz, #iC, 13d & 5d 71 v 7 THREOBEERAELIGEOTEMEDE N,
PERETND “WF-TRERBEOER” OERICHFKT DO TIER L BEO BN Z b7
T “EMEEEE ICHRT D) LWV O HEEE S I E TOMERRICE S E | B ALK
i A9 2 5 iR O BRI B FHLAUTE,

3. WDk

Mn BR{b#) % W2 B8 AR O BRRS I B W T, SOGF A TH 2 MIn® OFE IREED KA
ARARTH D, K2, BRrELHE pH 2R W TR, Mn> D Mn®" & Mn" ~ARIME RS 238 T L, 5
MRESETT D, £io, REEBEITT S Z LT, MDD Mn A A2 OIRHDNHES, ZENE
FTCONREFELET T2, AKRETIE, INEMRLT HHIEE LT, MEEDOEAIZLD Mn®”
DZENZRE LT, Mn BIEWICTHEEEAZEANT 2 FiEL LT, Bd D~ T Bt
FHOFTYH, MEEADOKEEHIENFHETH Y |, Microtwinning &2 AT 25 4 >~ Mn0, 2
SRR & U TR 2D T& 7z, H o~ Mn0, 13, BV REZ b QNS BT HHIEIC L v
AR LT, BOMRSAME, b NS, SRt HiET 224 T (X1 & (1X2) HEDOHR
B2 D A v~ Mn0, 157,

4. BFFERA

77 v~ Mn0, % BRI & U TRV, BERIEAERUET O Mo DA E . BRI TRy b 7e
BONCHM T ~ v kiEa FVIBEE L7z, &0 BRMIZIE, pHl~2 OfMEREEICE W CER L
IR AN E BB S, Mn OFEERDOZE(LE ) TAX A ATBH L, TORE, #
B Mn0 IZEB W T Y, BEFRAIZHL D, W ARISFARE UTEKRT D Z & &2 LT,
L2rL, ZHETHFEAZED TE T L7 7 BT L2 BID Mn0, & bl LT <~ RIZBW T



. M & D AR W EEALREIR 2> B AERR L. Mn® @ Mn® & Mn" ~REULSIS TR S Tnb Z &%
R U7z, R CROSEMETIT o 72 in-situ B 7 ~ 0 el K 0 | B ATIZB W TH
HINHEFF SN TWA T L 2R LT, Lo CZOERIZ. Microtwinning &2 A9 20~
ANZEBW T, HEEEAIZE D W™D e, BB ORISR T . AU R IH ST
ZEERLTNAS,

FREORREEE X T~ Mn0, DERFMEEZ D Z LT, B HHEEESDEANITT
DRATS, BRI, IBEFEOBEMEMR Y AT L&AV, 90 CLLEDRETTI A v =ik
(2 Mn0, ZFEMTT 22 & T, FRMITEELZHEATE LI L2 AN LTz, SO, #
R LNIZ T <R M0, KV REVREEESLZH LTV, E72, pHI~2 ORI CE
MEZIEFRGI L7228 B Mn ORREE D ZE L% in-situ 2840 TR TIBBR L 2R 8, (1) fil
BERTEIC M0 SRS Lot MBREBERICHDETTL28, 2L T, (2) SHICEMA ECH
G192 2 & TITIZIRE SN DI E— 7 Bt S iz, in-situ BT < e k0 | BiETE
(T~ > U ERA A (Mn™) IIRE S A, Mn0, iR HICH kT2 2 & & R Lz, Mn" D4
R D EARENARAFIE 2 FEANCRFT L2 & 2 A, HIEE AR E U Mn0, D5 A3, Mn" DAL ENL
EIZMELTWDZ 2R Lz, 22T MWn"OARRD, BERRAERN LV EOBM I HHEST
THIEEMEZD L, M0 1T1E, BMERREICHE VT, KEMICERSET A 4 BiEh T & 5 BN
RS D T EBHEES N,

L EZESE 2 BEIEERETIC BV T, H < Mn0, DL EMEICOW TR 21T - 72, £ O3,
TFRLT@EY | b~ WA F o BART DB L D ARWENIZEMEN Z EET 5 & T,
pH2 &\ 9 iEEZRERERIC VT H 10mA/em?® T 8000 WEIZIE > CRESE R A s & 2 ERICBEE) T &
LZEaRM LT, £, MEERORE S, EEORMNELEZR D Z LT, SHITKERER
i (100mA/cm®) (IZFHWTHLZEL THEITE 5 Z & AMER L7z, £72. Mn0 (Zxf L CTEFE 3d oo
FRae =752 LT, EOREMEZHER LIOREBCBBEREOIENZED D 2 & 3 AlHE
bHZ LR LI,

IS ORI, M0, 12T &N 5 3d seFiL, BRIEEREE Tl VYIRS 25 7o DOk T A fih
BELfE S ZENTERWN] LW INETOBEXEEZXDHHD TS, [FKEZ, 3d £ENHRD
FERBRAMBEEZRRET D92 T, ZhETO  “ME-MBEAOALER” KB LgRICx L
T, BEEOEM &M ATE S 2 “ERERBERE” ORERENRGEwRE 8D I EERT D
DThHDH, H, ARETRE LB %E:&wvi MnO, D 7372 &9 L8 BBV C o
D MoS ICHHHTED Z L 2R L TV 5,



4 4 4 0

Li Ailong Ooka Hideshi Bonnet Nadege Hayashi Toru Sun Yimeng Jiang Qike Li Can Han 58

Hongxian Nakamura Ryuhei

Stable Potential Windows for Long- Term Electrocatalysis by Manganese Oxides Under Acidic 2019

Conditions

Angewandte Chemie International Edition 5054 5058
DOl

10.1002/anie.201813361

Hideshi Ooka and Ryuhei Nakamura 10

Shift of the Optimum Binding Energy at Higher Rates of Catalysis 2019

The Journal of Physical Chemistry Letters 6706-6713
DOl

10.1021/acs. jpclett.9b01796

Yamei Li, Yoo Kyung Go, Hideshi Ooka, Daoping He, Fangming Jin, Sun Hee Kim, Ryuhei Nakamura 59

Enzyme Mimetic Active Intermediates for Nitrate Reduction in Neutral Aqueous Media 2020

Angewandte Chemie International Edition 9744-9750
DOl

10.1002/ange .202002647

Ailong Li, Shuang Kong, Chenxi Guo, Hideshi Ooka, Kiyohiro Adachi, Daisuke Hashizume, Qike 5

Jiang, Hongxian Han, Jianping Xiao, Ryuhei Nakamura

Enhancing the stability of cobalt spinel oxide towards sustainable oxygen evolution in acid 2022

Nature Catalysis 109-118

DOl
10.1038/s41929-021-00732-9




3 3 3

Ryuhei Nakamura

Energy Conversion with Bio- and Geo-Inspired Catalysts

RIKEN-NCTU Symposium on Physical and Chemical Sciences

2019

Ryuhei Nakamura

Progress on Water Splitting by Mn-based Electrocatalysts

The 4th Solar Fuel Material Workshop, September

2019

Ryuhei Nakamura

Reaction Networks in Electrochemical Oxygen Evolution by Mn oxides

International online Summer School on Electrocatalysts for Energy Applications

2020

PCT/JP2019/31640 2019







