Mo

SEOUL NATIONAL UNIVERSITY

TR
25T

LT
<y
VERIjLUX
TAS|MEA

P Ty

Y
o
X

S

[
1E

HEXIR

KO
okl __
§o.H|
1+ <
o
_ o —~
< |8
o K&
. K &
Wiy 5
ol | T | H
S lan| ~ <
A i O O
an | 2|8
o< | <{F
.
KR | @ gy
Al AN
o|B5| 20
H_ o | kD o
N <E | E =
< | KK A | =
Tl & | =
5! | ko 2 | =
Hlaom™ | >
|z -~ | oH
K |30 | BERC
oK %Lﬂm o)
21 S
< K
o = s
= o1 R | D
Y | R
g |
gl | 3l
> i
uldl 2 | od
=< |
girg | 8l
< _
oll ol
H oR
H

H A=

S AR 717

= G873, o

A =

o & o1 - <0 ol ol W ol of 0 ©
ar wl <mw ol H o o = RS T R ol M
S ~ ol o — ° {o 5 ha
HER =0 NT-nlL o ° 1 wd O
T — — .AL ~N |_|A - E -l = _,° - _I T
o gl o T NT o 5 T 10 R

e —_ - m] =
e HEax Bl S M2
10l Jo " H K 7 i T D
=] ol 2™ o K 0oz a0
—op O o I - A R
© gy I N ol |y 0 — ~ - B
o o dar N %0 | Q ol Lol 1| or 1o

K- H 1

L TN XS et - B~ S L
X o4 T oo ~
= Ny op — = ol <f Lu|
= =~ T . p Mo o Jo . <l o
RN 2T R 4 3 W Zo ol .| I
O zp &y 10 = o0 TH{ <0 0] Bl U | o
Cw._o._ _.T_._L|L|E_=.r._.o L.ermM_.77|
KT DT oo N D
b o -~ = o o o < K o}
wl gl el e S ] st o M __|gon &
o oopzo 2 s ol oy
DL o MES gy Wy N Oy
O Jof 10 ol 1 <0 Ko o = Kl _ < m =]

= o0 | Z = 70 = - < M =|RO .WA
Ko 2= m=r pu o oo = 5% K

o |_..A. O_H ._IH_VE X0 1l = ~ il ojnu 1 wf 8
N ol i ol = 31 =2 K R I = o0
= ] o 2% =y O pp MroAT Jol KO ot _ ~N
= TN o3 Wo__ﬂ_ W R =< of ol g Kok X
A Z R _ ol T w2

- | [=]
o n AR ul = Kk o © 1
T 5o MWun s — 3 g Hop g |8 W
on_Ll.a_._ MW= ° 5 N 3% oT KM 3 jor ol
@ s W @ Wy 20 Fozoogy T W
ol M mo A5 B m g, |3
ol © o Kio N T oaed Pl T [or
BH 3 08 o M¥Py T 5w HT N
B FmdT L0 Ee - W oo
N < YW o o T X0 X0 our ol o WX X
SN
0 " o
- m_ 70 1o
8 L=
81 N




MUBEAE o2z HEsts HE T e FHOie| Lk =et oist
7:
o

5}
£ flof xd ojde=z #

—

-l

Of AFE Soff OluttstEra [ HEO| 2gs =0|l& "#dd'2 27l 02 +
7

—
2402 THEUCHE HS HER HHCL E3, Oy A2

Abstract

Professor Jongwoo Lim’s research team at SNU has successfully probed, in
real-time at the nanometer scale, the transformation of a high-efficiency
electrochemical catalyst that converts CO: into ethylene, elucidating the formation

mechanism of the 'Cu?" phase' on the catalyst surface.

Revealing and redirecting the dynamic evolution of active species in efficient
electrochemical CO; reduction (ECR) catalystsis challenging. By observing the
chemical and morphological evolution in highly efficient ECR catalysts at the
nanoscale via operando soft X-ray microscopy, we identified the dynamic
transformation of cationic Cu species during operation. The surface Cu?' phases,
observed during a dynamic phase transformation of Cu(OH),, additionally boost C
-C coupling activity beyond the capability of metallic Cu phases. We suggest that
copper(ll)-carbonate-hydroxide species could dynamically persist under a cathodic
environment. By observing the Cu' phase during the phase transformation and
the formation of surface Cu? species, we were able to electrochemically redirect
low-active catalysts into high-active catalysts for C-C coupling. Density functional
theory calculations also support that Cu? species could contribute to C-C

coupling activity enhancement via "*CO adsorption energy modulation.

Journal Link

https.//www.cell.com/joule/home
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Spatiotemporal active phase evolution for CO, electrocatalysis
Si Young LeeT,Se-Jun KimT,

Subin Choi, Jimin Kim, Sungjae Seo, Chihyun Nam,Karl Adrian Gandionco, Gwangsu

Juwon Kimf,
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Bak, Sugeun Jo, Namdong Kim, Hyun-Joon Shin, Keun Hwa Chae, Da Hye Won,
Matthew A. Marcus, David A. Shapiro, Shu-Chih Haw, Daan Hein Alsem, Norman ]J.
Salmon, Byoung Koun Min, Hyungjun Kim*, Yun Jeong Hwang*, and Jongwoo Lim*

(Joule, in press)

ojatstet4 :7A 4l &8 (Carbon Capture and Utilization, CCU)2 A AAIACZ 2ATLA
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HE =Alet AU +2 S7Hs sidste St 7le2 FEUL lsyd 53], 7

, ° 3
WU olgfdt oiets sl2e BgMoR AAED] YA Ar|E0 medA Ha
Axt 7k0] o[ FAISHC-C ARPE A Lofutor It of wRol, T2 7|¥ Hr|EoholA
C-C AZel 719 FHsh] AT cheket Al 2agElel goul, ofe] aQlso] o Aol
Qe AT ®islel $iEUch Jeu opalzta] C-C AFe] o] didt S sy
glon], REAQ pH Wek, A3 Rejo e FE|H @9lolu AlghE FelA(Cu’, Cu)ol
sysoz Er S C-C 2o A& A EAl] dis) o] EAjgct maty olejgt
2 S s, C-C A%l 7Y 2 Aee UAE 298 FUsH] YsiAE F0) uie
% &0j9) def U sfelpaS %A (operando)st: 7149] o] Wagct.

Te] patete A7)E0jE cheba slrEol OS] Ee HYEe AHYe UER & sy
ShAlRE A7) &0 A1SlebA A7 o), EAlW} 2 BAst solA A% A4 vists 7]
2o, Sujo] iut stebd 7ag FSH AAsHE o] B ojusYct 7al J|u &)
ol ECR 59 Cu' Abo] EAIstALl, &ujo] gejrt Wa Ei Alskstei C-C A ¥Hgol
Zskd 4 ks 7bdol A7lEo] $AlS oS AdMoR WasH] U Al: =29
Surt.

oo ¥ ApolNE H7lekebe ojitstele 29l ¥rS & AJfd 3b XAl #0]7(Scanning
Transmission X-ray Microscopy, STXM)& At&35te, CO, Y ¥re =90t 12]9] ststA
£74(Cu, Cu’, Cu™) U FEBY Z9449] wigts ArztoR ojujx|gkste 714S

STXMZ ®ARZ7FE7] 718F XA dojjdez, Ukolg oA Atsh HEIS WdstAl W
& % glom, 71E AR lal AlRol JHalRlE WA Eato] Wl e Aol g

a AN
SUck. ol2fat Flold UzHe uigoR, B APAe Pel 2418k Sujol4 CO2 BY WS

A
FOF Cu” Alebyo] Al4MoR EAES Wl wHSUH £3t, Mg Az ol E,
A olM SEd S0l e wdol Cu” Aebgel Pe s, oY Aege
C-C A% 7ot WHF WA UeL wASGAUL o ATE A F 88t ol
71¢0] A71E0) UAUSS AL, o &M CO, B FUIE AASE o Fad o
g2 ¢ 2 9ee AXEYY
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