2019 2020

Operando Spectroscopy Study on the Electrochemical Interfaces

Katayama, Yu

3,200,000

20

We explored the reaction mechanisms on surface-modified Pt in the alkaline
environment by tracking the reaction intermediates using operando infrared spectroscopy. We selected
sulfur-organic copolymer, synthesized from S8 and organic molecule, as a surface modifier. Cyclic
voltammogram and X-ray photoelectron spectroscopy confirm the successful surface modification of the

Pt surface. The alcohol oxidation activity of surface-modified Pt was increased compared to the
pristine Pt electrode. The degree of activity enhancement became more substantial with the increase
in alkyl chain length of alcohol fuels (methanol < propanol < 1-butanol), suggesting the
hydrophobicity and/or steric hindrance of the surface modifier play a key role in facilitating the
oxidation reaction. The surface modification can be an effective strategy to tune the energetics of
crucial reaction intermediates, leading to further improvements in electrocatalytic activity for the

various electrochemical reactions.



¥ X C—19. F—19—1, Z—19 ({5m)

1. WHFEBRAA SO E =

UTAE D BREIRVE O TINEAE A G TR ORI BRI & B RBRBIIREDIWINL LTz THrfse
ARER ] OFEBRNROOND, TOHEERLON, (ER) AELOSORER ETH D, =
AVETIT, AR, FriZZ DL OMWEIZAE B L72AFZERR AT < | ME O &7z £
XD EFREBORIENZDOREK L LTET LN, ZHOHIE—EORREE HIT TWDHD,
IR L 22 D0, 77 OFtE & FZERIZSOGIZB G- 2 iR R E DRk &L OTEBETH 5,
Z 2 T RIS R R T 2 G T X 2 Fik & L TAEREEM2NER STV D, FRiC,
TR 750 B CAHRRALIR O SLARBEE 2 IGH Lo lEZHBeRE ST v | BiaAls L ToicHP D
2, ATAE TR 22 SRS 7 SRR AR IE & RO 0 T OMERRIT K0 PSSR M A il L 7261 b
B DB, o, WUNIREEMS T2 3IRT 5 2 & CTHEBLIZ OISMERRE 4 LA S, &M%
M ESEES H LW, LLEOBING b YR REERIT K 0 SR O@IRNE « 15 M2 Hil1E 7]
RRTHHZ LEFHLNTHS,

—FCHEEE OIL, ZNE TREBURR AT v RaodiEE W5 Z & Otk FCHEfT

T LA v 2 ORI Y A TE 2, ZOH T, PtEM HICH B 2 BT 5 &
A FERR R E EOKEEENEMTEE DK E KBRS L. MEGLEOKS %y hT—271Z
A G2, ETEE RIS 2 LA R LD, 672538 - BERmmE ) D DR
ATOREER, EER-TE 5 TRIOIFELAR G ARG hr E—IC B e 5252 &
B E LZE, 2 b ORFIISOSER L= 3L F—ICE#EEEL 52 5126 b bd, 2
AUE TR EHIIGH S 2 filid e,
[1] Markovic, N. M. et al. Surf- Sci. Rep. 45, 117 (2002). [2] Love, J. C. et al. Chem. Rev. 105, 1103 (2005).
[3] Genorio, B. et al. Nat. Mater. 9, 998-1003 (2010). [4] Snyder, J. et al. Nat. Mater. 9, 904-907 (2010).
[5] Katayama, Y. et al. ACS Catal., 6, 2026-2034 (2016). [6] Huang, B. et al. Phys. Chem. Chem. Phys.,
20, 15680—15686 (2018).

2. MHEOHM

ZAUE CRMABLEEI RIS L 7 $ b . =
DR T o> 12, ABFFECIE, & 0 A o&fé
AL < ol AR TR LT, B | O 89 o
DHEHE A R = M T12 £ 5 ST ¢ P S
Mikz &0 %< TRITRGS) BatEater 8] o e %

+5, L0 RN TS 2 S TRFRIGE
FFOREED T2 BEAF O flE 3 2 | RmEEEORIRSE - ’ :
SNTWAREENY OO KEE, @ | R | EWaE

i IC BiE - .
MEE R ORI <, 1t e T T

{EVEAL = L = ZE AR S 2 OB

Y. Y. 4 Y Y. Y,
FED KAy T-HEE & @TE MR- 684y 1 RiAA S ) %fﬁfﬁé}ﬁ%
HAERZEBE L, SROMBEL o < S5 5 2 %
ST &0 IR E O E - Bl 21T 9
(5 1), LLF. AW B % BIREIZF)] 1 AT OB

%95,

+ EROO~@OR T 2B ANTZHREREEZ AT, ZHEREEM 2T ORFHI LY | RISFHE
DK 2 fliE 27l A 5,

* FPIEMA - M EE DIRBEREE D AT v FEIZRIC LD | Efi 712 £ 2 ORI ErESe
FOGHSRE~ DB AT 5,

- FERA - BERRAVEIARICIE O & MG HA T (B RESARNE, o T-8HE R O) 2L T 5,

3. WFZED Ik

(1) FEREMEA Y I~ —23 T DG Ak & B E A~ D EAf

TICERIEOBUK « KM, Bm &R lDoRTA—=2ZFEHL, 4 I~—BRIcHW5E
~ T ERE. BT S, TNHDE/ v —E AT 4 R EN LTES S8, BHERE
FioleA ) I~—%452%, REEMIIIERE-S MOBNMIAEEHEZHWS, 22T, ALV7 4



NEADNHAELEEB-S A s b LT, B/ v—DRAE~DEMZRALD, ZORIZEL D
&JE-S M) M2 BXALFEANCED Br< Z & ¢, Bl TR SNTEET A SO FIET 5 & 5 728
S TR T 5, £, AVT 4 FiEGREZZ S TREEMFFIZART 28BS H)
FOBEZHET S 2 & T, FEMD TMOMRBERG 25, 2T L0 SRS OFRE % i
T 5,

=2y NET ARG E LT, BREFEIMT NA A~OIEHABIFE SN D T =T b
B, 7 v 23— VAL 2 B RV E D W S\ THET 5, s o 31 1. Feign 22 B AL
FHE S A7V IRNA AN = RRANVZ AN — 70 )T o_ax ) —y)
WZTIT Y, ZAUT KD | By T ORME & SONTEE (ROGEEE, IEE (ko r¥—7 ) Lo
FRZ BT 5,

(2) BRALFIE A 1 =X I fifihT

BonTEmICKE L, AT v ROERIE & U CREERZEZFIH L7z FT-IR (SEIRAS)
EZITH, #—7 v b ETHMBLONT ERO@Y TH 5, MISHFREOEEZEM « SOCHETE
~OEBITRAERB RO IRWIIZ LV ZLEAETH YD . HENOAEREEWEREZ, B
SR AERORIE & RELEE~DEELTMT D, WHHEEIZ X2 80T, Ky T OKRERHBESR
v NI =7 ~OFHIZ X > THRBNZELT 5. RiEEEO K 1K O OH MfEHRENCAE B LT
Bt HED 5, RTINS ~DER 7 112 K 580X, C0 WA % T u—7 37 L LTH
L. TOWIEE - BREMNDZ & TEET D,

4. WFERE

(1) BEREMEA Y S~ —03 T Oa K & B -~ D&

LRI R HIET, ettt ) a~—20 7% 2GR LTz, PSST (ZAF L=y MNEIZT
VHELBRREEDANT 4 RIEEGPFET D, —F. PDSEBIZAF Lo 2=y MR -2 L
T o T2 FFo, ZHUC K0 (RIEBEH LIZBEOATF L o=y MNEOMBEHI#ETX 5,

/ /S_S\
S S stir
! | — s s
+ S S o st S
*s—-5~ 175 °C,5h
PSST

PDSEB

Scheme 1 HEREMEA Y T~ —3FDERIE

BN Y < —2S T X NMR, IR, XPS TXx¥ T 27 X V¥ — 3 %470, HIWED
ERRAEMR LTz, ZNHD5 T Pt BT /VEM E~OER, S OICERILFERE T TOLEN
LR Lz, Effis THDO AN T 4 RiEERDEMOIERN S T BRI EL RITTZ & L
Bk irolo, BigHANT 4 NG EE LORMEEMD 152 EMT 5 2 & T, BEFTFEATIER
T h o L IERERER Y T OREMPEEROHIEIC K L, REICINLOEMTT La—
(LI R AT ST 8 2 A, DT HBEMN 2 0 %FLE DA I KIEAR Pt B L ik L TEwn
EEERTZENRHENE RS T2,

15 T 4500

—— Pristine Pt electrode 4000 —— Pristine Pt electrode
91— PtPSST 1 Gssoo] ——PtPssT
< 57 i & 3000 -
3 < 2500
= 0 >.2000 1
& 2 1500
5 51 1 210004
O 5 5001
10+ ] g 500
o 9
-15 : : : : : -500 — e —
00 02 04 06 08 10 1.2 00 02 04 06 08 10 1.2
Potential / V vs RHE Potential /V vs RHE

X 2 4y TEMFTE T () 0.1 MKOHH, (45) 0.1 M KOH-0.1 M MeOH F CTOYA 27 U v IR
IVHEET T A,



(2) BERACFSG A B = X L fhr
HEIZLLFISORT ARG o RS TE LTz, b BTGk S ENERN - 7 1 )
J = IVBALESICOWT, A= R LD E e LT,

< T T T
9]

%F 030{ —Pristine
£

o ——/Poly(s-st)
T 0.20-

2

@ 0.10-

=

(]

©

£ 000

é 7

3 02 04 06 08 10 12 14

Potential / V vs RHE

3 () T FNe A OB, () %575 TAERRIH% TO 0.1 M KOH-0. 1 M 7
aR )= VHRTOYA T Uy I RVEET T A,

1F ORI AR SOV EFEMICHEAT LTS R, 7 a X — 3 E 3 8 O 7 ek X
X Pt FiE BT COMBEMMICERIND Z ENHALMNE T, Z DT 1k A~DREIERMSY
FORMEREEIIR N -T2, —TF5. Fus ) — AR Pt REWCBRER T2 N L TEAF =2
LTAELLWAETmEA =/ (1500~1600 cm' OFHRIZHHILD) AERIT, REEMSS TI3K
ELHFEL TN ZERHLNE o7, ThUE, HEEM D TOBKME, b L IESIREEIC
L0, TanRy —REgEEN L CEEICREICRET D27 e ARFR oo e
ZHN5,

i 1680 |- % 1680
c 1700} 1600 1700 1600
'% w 1.40 W
% W wﬁ
-g V(CO "’ 0.90 "‘f‘\\
5| v
a

V 0.15 u

2500 2000 1500 2500 2000 1500
Wavenumber / cm-1

X4 0.1 MKOH-0.1 M e/ —=LHTOHA T Y v I HRNVEETTAERECELNTZIR
HART bv, (a) Pt EWR, (b) 4> F1ELHH Pt EE,

T2, AEOBFHC LY, Pt RETOT /8 — )VERLEIGA 2 DORKE THEITT 5 2 &
HENCo T, 1 DHORKIZT v/ — o H OB X5 Co Ak s, Fnicsl £ki< COfE
{BISZ & B — ey 7e 7 v a — VEBEIOS S FERL L7288, 2 D H ORI T m 4 =10l
ENDIMED, TIVT R R, WVAR VB~ RIS TH 5, /i T4 U 5 e HFE
(CO) IXAERIEIEMEY A hE2 7 vy 7T HERARS Y, BLERMEOK TO—K 7%, Kif
BAfilC L > T, et = AmpMEtE S & T, 2 OHOREAAERNC Y | BLETE
OHERIZER T2 EEZXLND,



12 12 6 1

Rao Reshma R. Kolb Manuel J. Giordano Livia Pedersen Anders Filsoe Katayama Yu Hwang 3

Jonathan Mehta Apurva You Hoydoo Lunger Jaclyn R. Zhou Hua Halck Niels Bendtsen Vegge

Tejs Chorkendorff Ib Stephens Ifan E. L. Shao-Horn Yang

Operando identification of site-dependent water oxidation activity on ruthenium dioxide single- 2020

crystal surfaces

Nature Catalysis 516 525
DOl

10.1038/s41929-020-0457-6

Matsuoka Riho Shibata Masayuki Matsuo Kousuke Sai Ryansu Tsutsumi Hiromori Fujii Kenta 53

Katayama Yu

Importance of Lithium Coordination Structure to Lithium-lon Transport in Polyether Electrolytes 2020

with Cyanoethoxy Side Chains: An Experimental and Theoretical Approach

Macromolecules 9480 9490
DOl

10.1021/acs.macromol .0c01634

Sawayama Saki Morinaga Asuka Mimura Hideyuki Morita Masayuki Katayama Yu Fujii Kenta 13

Fluorophosphate-Based Nonflammable Concentrated Electrolytes with a Designed Lithium-lon- 2021

Ordered Structure: Relationship between the Bulk Electrolyte and Electrode Interface Structures

ACS Applied Materials & Interfaces 6201 6207
DOl

10.1021/acsami .0c19293

Huang Botao Myint Kyaw Hpone Wang Yanming Zhang Yirui Rao Reshma R. Sun Jame Muy 125

Sokseiha Katayama Yu Corchado Garcia Juan Fraggedakis Dimitrios Grossman Jeffrey C. Bazant

Martin Z. Xu Kang Willard Adam P. Shao-Horn Yang

Cation-Dependent Interfacial Structures and Kinetics for Outer-Sphere Electron-Transfer 2021

Reactions

The Journal of Physical Chemistry C 4397 4411

DOl
10.1021/acs. jpcc.0c10492




Kazahaya Natsuho Katayama Yu Tsutsumi Hiromori

Contribution of Metal Additives on the Electrochemical Process Involving Solid Sulfur and 2021

Soluble Lithium Polysulfide in Lithium- Sulfur Batteries

ChemElectroChem -
DOl

10.1002/celc.202100353

Yamada Koki Yuasa Shohei Matsuoka Riho Sai Ryansu Katayama Yu Tsutsumi Hiromori -

Improved ionic conductivity for amide-containing electrolytes by tuning intermolecular 2021

interaction: the effect of branched side-chains with cyanoethoxy groups

Physical Chemistry Chemical Physics -
DOl

10.1039/D1CP00852H

Rao Reshma R. Huang Botao Katayama Yu Hwang Jonathan Kawaguchi Tomoya Lunger Jaclyn R. -

Peng Jiayu Zhang Yirui Morinaga Asuka Zhou Hua You Hoydoo Shao-Horn Yang

pH- and Cation-Dependent Water Oxidation on Rutile Ru02(110) 2021

The Journal of Physical Chemistry C -
DOl

10.1021/acs. jpcc.1c00413

Mezzavilla Stefano Katayama Yu Rao Reshma Hwang Jonathan Regoutz Anna Shao-Horn Yang 123

Chorkendorff Ib Stephens Ifan E. L.

Activity-or Lack Thereof-of RuO2-Based Electrodes in the Electrocatalytic Reduction of C02 2019

The Journal of Physical Chemistry C 17765 17773

DOl
10.1021/acs. jpcc.9b01431




Morinaga Asuka Tsutsumi Hiromori Katayama Yu

20

Electrospun Cu- Deposited Flexible Fibers as an Efficient Oxygen Evolution Reaction 2019

Electrocatalyst

ChemPhysChem 2973 2980
DOl

10.1002/cphc.201900663

Zhang Yirui Katayama Yu Tatara Ryoichi Giordano Livia Yu Yang Fraggedakis Dimitrios Sun 13

Jame Guangwen Maglia Filippo Jung Roland Bazant Martin Z. Shao-Horn Yang

Revealing electrolyte oxidation via carbonate dehydrogenation on Ni-based oxides in Li-ion 2020

batteries by in situ Fourier transform infrared spectroscopy

Energy & Environmental Science 183 199
DOl

10.1039/C9EE02543]

Kemmizaki Yuta Katayama Yu Tsutsumi Hiromori Ueno Kazuhide 10

Redox-active glyme Li tetrahalogenoferrate(iii) solvate ionic liquids for semi-liquid lithium 2020

secondary batteries

RSC Advances 4129 4136
DOl

10.1039/C9RA10149G

Karayaylali Pinar Zhang Yirui Giordano Livia Katayama Yu Tatara Ryoichi Yu Yang Maglia 167

Filippo Jung Roland Shao-Horn Yang

The Role of Diphenyl Carbonate Additive on the Interfacial Reactivity of Positive Electrodes in 2020

Li-ion Batteries

Journal of The Electrochemical Society

040522 040522

DOl
10.1149/1945-7111/ab78fe




33 4 9

2020

69

2020

K. Yamada, R. Sai, T. Hitaka, Y. Katayama, and H. Tsutsumi

Operando Infrared Spectroscopy Study on Electrode-Electrolyte Interface in Lithium Secondary Batteries Using Polyethylene
Oxide-Based Electrolyte

PRIME2020

2020

A. Morinaga, S. Uchiyama , H. Tsutsumi, and Y. Katayama

Mechanistic Insights on Enhanced Activity of Cu-Deposited Fibrous Electrocatalyst for Oxygen Evolution Reaction

PRIME2020

2020




Y. Matsumoto, A. Morinaga , H. Tsutsumi, and Y. Katayama

Understanding the Enhanced Methanol Oxidation Reactivity on Sulfur-Organic Compound Decorated Pt Electrode in Alkaline Media

PRIME2020

2020

N. Kazahaya, N. Uesugi, Y. Katayama, and H. Tsutsumi

High-Performance Lithium-Sulfur Batteries with Metal-Deposited Graphite Cathode and Lithium Polysulfide Catholyte

PRIME2020

2020

R. Matsuoka, M. Shibata, K. Matsuo, R. Sai, H. Tsutsumi, K. Fujii, and Y. Katayama

Lithium Local Coordination Structure in Polyether-Based Electrolyte with Cyanoethoxy Sidechain: An Experimental and
Theoretical Approach

PRIME2020

2020

60

2020




31

2020

35

2020

35

2020

35

2020




Koki Yamada, Riho Matsuoka, Ryansu Sai, Yu Katayama and Hiromori Tsutsumi

Understanding the Electrode-Electrolyte Interface of Polyethylene Oxide-Based Electrolyte for Lithium Secondary Batteries
Using Operando Infrared Spectroscopy

2020 MRS Fall Meeting & Exhibit

2020

Yu Katayama, Shunsaku Uchiyama, Asuka Morinaga and Hiromori Tsutsumi

Activation of Electrochemical Water-Splitting by Tuning the Polarity of Cu-Deposited Poly(vinylidene fluoride-co-
hexafluropropylene) Fibrous Catalyst

2020 MRS Fall Meeting & Exhibit

2020

Natsuho Kazahaya, Nanami Uesugi, Hiroshi Yoshitani, Takuya Wada, Hiroji Fukui, Yu Katayama and Hiromori Tsutsumi

Sulfur-Inserted Polymer-Anchored Edge Exfoliated Graphite for High Performance Lithium-Sulfur Batteries

2020 MRS Fall Meeting & Exhibit

2020

2020

2020




2020

2020

2020

2020

operando

2020

2020

2020

2020




Cu

88
2021
88
2021
- Pt
88
2021
In situ Ni2+-Cu2+
88

2021




44

2019

44

2019

140

2019

34

2019




60

2019

2019

2019

Cu

2019

2019

Yu Katayama, Livia Giordano, Reshma R. Rao, Jonathan Hwang and Yang Shao-Horn

Atomic Scale Understanding of the Surface (Electro)chemistry of CO2 on Platinum—Its Implications in Energy Conversion
Technology

2019 MRS Fall Meeting & Exhibit

2019




2020

Massachusetts Institute of
Technology

Imperial College London




