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Study on the performance of Y and —NH, synergistically catalyzing

CO, electroreduction to ethylene

ZHOU Li, YAO Kai-li* , SHAN Shao-yun
(Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract : Developing efficient electrocatalysts for electrochemical CO, reduction ( ECO,RR) to produce ethylene

(C,H,) is central to achieving a carbon circular economy.To address the challenges of slow C—C coupling and low

product selectivity in Cu-based catalysts, this study proposes a synergistic strategy combining rare-earth yttrium (Y)

doping with amino (-=NH,) functionalization.As a result,under a current density of 500 mA +cm™, the Cu, ,; Y, ,s-NH,

catalyst achieved a Faradaic efficiency (FE) for C,H, of 63. 1% ,significantly higher than that of the unmodified sample

(23.9%) . Characterization results indicate that Y doping regulates the electronic structure of Cu, optimizes * CO

intermediate adsorption,and promotes C—C coupling, while surface ~NH, groups act as CO, capture sites, enhancing the

interfacial CO, coverage.This work provides new insights for the design of high-performance Cu-based catalysts for CO,

reduction.

Key words:ECO,RR; Cu-based catalysts; rare-earth doping; amino group modification; synergistic effect

AR ) i iR — SRR ( CO, ) Y B BRI
IEE R NG SRR B T A ax g
PRER K CO, BEAL R 3B (E Ak 2 S T # ST AR R 22 5%
FEXRmED ) AL A ARIE R (ECO,RR) AT LA
TEMRR AT 26T, & — PR A AT I8 1 22 fi i U AN
EZ8 AP R R ¢ Pu N D) ey B NS (N SE
KK CO, 751k 0 B AT w5 16 1 A0 e 28 0 A k=4 4
S X A L S SN UE = R T
Z ML TR I RS S DR AT il T B
AL PR BE 45 X F COo, B 8% (C,) 7=, 1)
R ANATHRED

WFFE M, 56 (Cu) T CO, 2 i v e ik By
T B W B AR, O RE IR L3 E & AR C—C BRI

N, 8N RS2 ECO,RR Xt C, 7= ¥ 5 R i i Ak
FOT AR, BRI T AR AS o TR
B2 AN 4 A AL AE P9 1Y) SR W S R v [ 4A 1)
SEARE, TSR 3255 CO,—C, H, Ak i T 1 ik %
PEUT L BIRAGSE, BUA SR M43 32 BR TR A S ik
PR (FE ) MELAPM IR T, Tovkt /& Tl iy 22
3K, BEAM,7E ECO,RR 3 2 v 37 3K 5 B BE Jin
F N BN 12 ABAR R 0% i B AR X 2, B
xR CO, VR IE SURI R %, T 29 T 4R 1
CO, ¥eAkfe 1™, Wk, 5B 5 T R Rk
A A BT T Cu 3 H A AR ), LS A
ECO,RR, M A= 7= it B & FE iy HL U 25 B 1Y
C,H,,

Y fs B H#A.2025-12-12; & E H #1:2026-07-31

EEHER . ZM A SEAA LHRHRITFTEAA T H (XDYC-QNRC-2024-145) , =B H AR #4130 H (202401CF070148)
B8 H1(1997-) 3 B2k BF5E 05 16 R s AL CO, 3B )5, 1926806352@ qq. com; WEELAN (1991-) , %, i+, #F 58 7 17 Tl <, €O,
FHAEFIFIH  CO, I AT BETT s/ N Tl b SO MRS S IHEK RN yaokaili123_4@ tju.edu.cn,



- 202 - A AL T

His £ ICETE FHAE A AR i A2 e B R
AT, — 5 T, 2 1 oo AR 4w 2
TR HL T R R B T R Y 4 F0 Sd B
TE 1 PR BT LT B AN A=Ak, T 1E 5 400 %) 4
HARHY, A—Jr R TR SRR 4f B
TG IR S W B b AR LA BAE T A
JET R AR PERE N, LA, AR PR BE A FE T AS (UK
T HL T AR LAk, BN A T AL 1 R S I A ik
JE R SO R Y SR N 22— AT g
BRI, 51 A BA I oL 1 5L (-NH,) T 1E R
Lewis %, 51E N Lewis BRI1) CO, 43T & A s Al HAE
FH, NTTA S 351k co, 2211, AT N,
P e R P A AR, 5-NH, B
B P 1 5 S A% 5 R 50 AR 45 A, A SR A e T [
NN PN Y R e =

ARG, AT I T —F+ Y 8
ZR5-NH, B2 A Cu FEMEILF] Cuy Y, -
NH, , FFRARSE T HAE CO, iR JEH] C,H, [ H
AL tERE . BB S RAE SIS AT RIS
PLERER T, AR5 MR T Y 8244 5 -NH, &M 7 32 Tt
C,H, & £8P b 0y W [6] VE T AL . 32 M Ak 500 A
500 mA/cm® B = LA B R, LHL T 63.1% 1)
C,H, BERIERAOR i CH, M E £ AE AR M 1Y
Cu, O AL 3 3 A5, B AR S b 1G 1 S
BfTRRE N,

1 XL#Essy

1.1 XF5#R
KA BERR4R [ Cu( CH,CO0),+-H,0,99.9% ] ¥
R84 ( NaNO,,99.9%) . E A LB (KOH,99.9%) 114
B TR T A AR B A A BR 2 F) 5 7S K S RS IR
$2[ Y(NO,),-6H,0,99% | W [ |- sa bk A= fF}
Ho et A R A Fl; N - 2R 3 COBE B (CgH,, NO,
99.8%) . — W (C,H0,, 99.8%) . JC K & B
(C,H,0H,99.5%) .M (C,H,NO,99% ) . —. L1
f(C,H, NO,,99% ) } = Z. B f% (C,H,sNO, ,99% )
G A T2 R B A PR 22 7 ; Nafion
WWL(5.0% ) W B Sigma—Aldrich.,
1.2 EUFHE
1.2.1 Cu,,, Y, 1AL 695,
HWILEFIPGEG LT Cuy Y, AT
55,8 3. 43 mmol BEBRH1 5 0. 18 mmol il BR 421 T
50 mL Z B, 3553, 30 min, FEJS A 40 mL 2. —
Pt Ak P 30 min AR, HEMA S g NaNO,

FE46 B 10 HY

J5 FEFRE 15 min BHR GRS 2 100 mL R PO 3R
AR N AT R N 22, B TR N THE 2
130°C , JFPRIR SN 24 h RIVEEHRIG ARSI 2%
L, A M R B PR TEK O BEACRTR U 3 Ik, B0
WD, ieJ5 T 60°C BL25 T4 v T8 7,
FRENEH AR X6 HORE 3 o s A 2 i B
H(x=0,0.13,0.23 mmol ) 7] #]5 Cu,0 M %5
Cus Y, AL,

1.2.2  Cuy Y, s~ NH, 1AL 64 ) &

TE LR Cuy Y, o B0 A B H, #058 n A
3.43 mmol ) CH, NO, J5 220 3R [F) I, 3RA5 B9 IR ¥
PRI Cuy 43 Y, s —NH, AR, 382 530
AR (C,H,NO . C,H, NO, ,C;H sNO, ) AT 15 5] A
[ Cuy 4y Y, =X fHEAEF]

1.3 RIESHMALZFEMR

KH X B AT S (XRD, SmartLab SE, H A
Rigaku ) 73 i A0 S AR 2548 5 SR 37 A St A i v 1
A% (SEM , Sigma300 , 72 [F ZEISS) M Hid £ fE ik
IX(EDS) MEAE S B A 5708 400 5 R FH X 40
%%ﬁgﬁ%ﬁ(( XPS,K~-Alpha, 2 [E Thermo Scientific)
D7 R TR A2 RS s SR A B AR 2T PO
L (FT-IR, Tensor Il , %[ Bruker) X} #4 4} & 1H & At
A AT HRAE

i b EERME ET, 7
CHI1140F Hi A= T AR, Babdr, @k B &l i3 sh
HIW7E 1 mol/L KOH ¥k rh JF 2k HI = i i I & A
FORIEALFN ) CO, IBJFEMERE . SR 1r0,(1 em?®) |
SRR HLIE (Ag/ AgCl) FNA7 A8 A0 70 1) 5 /K B 4R R
(1 em®) 43 5E X B AR S AR A T AR FL AR
IHAdi FHBH B 752 46 5 ( AEM, Fumasep FAA-3-PK-
130) ¢ [ 2 A BH AR 28 40 FF , Horb, AR R 09 1l
7, E SR 10 mg LTI RSB 950 pL F A EE
F150 L 5% Nafion H1, SR 75 2/ 1 h, il &AL
Bk, B S B A G I AR K S A 7 B K M ik 4R
(RRYHUZ, YIS-30T) |, H-7E 60°C H 25 1148
R SR 0 1 mg/em® BIEEFI TR, 7E1E
TZL R S L 5, 76 B4 8 3E 30 mL HL AR Y
ZMET, ISR 50 scem AR 10 mL/min
AT CO, RSN ,

BRAE 55 A U0 A, AR SCrp i BT A L A A X T
W HL L (RHE) AR, R EAT TR A= (1)
FiR .

Epe = E'*g/Ag(:I +0.197V + 0.059 1V x pH (1)
Hort By AAAXS T RHE LA, VS E 0 FARXS



2026 FE 10 B

T Ag/AgCl Z LLH A I & B A7, V., pH hy HL AR TR
(BRI
1.4 F=HY5Hh

FE T AE H DUE o A = A7 i A A K 3
Tt g I AS ] 3 A S LAY 5 min , SR P 8 i A
K IEES AR %8 ( FID ) FIHSEAS I &% ( TCD ) )
TELLSAOTEI(GC 9790 11, 482 /A2 A RS
Al AT RE BT, CO, PR @ BRI RR
(FE) AR (2) 75,

FE(%) = [(n, Xz, x F)/Q] x 100% (2)

o n, HETAR B =0 ) mol 5 z, A AE g
T E AR =4 BT 55 B () M40 (i S H, . CO CH, A
C,H,,z 23 2.2.8 Fl 12) 3 F g vk i 45 % 4%
(96 485 C/mol) ;Q N EEA N HFERY HLfaf &, C.,

2 SRS

2.1 BUFSEHERRSH

T, 385 XRD X il #5045 4 Al
TorHT . A1 TR, RBAR Y RURE AT AT ST
D5 A Cu, O FrifER F (PDF#77—0199) 544, it
B R IH A B T 45 b ARG Cu, 011 fERE Y 824 &
W2, Cu,0 FAHRYAT SR A7 5 A W o A2 Ak, d ik
BRI Y AT B F IR SR~ 1 BT (FWHM) A7
TR AR B8RRI (111 & B FR I B84k
X R SCHR PR T A TR I 20 R R AR 1 B
G KW YT ERIIBA Cu,0 Mk I Bl
THOREE AR Bl , 33X Sy ik — 2D PR o F 45 M 558 T
S

N 4]
D\ N

/\,. 2
A 1
|

R /a.u.

Cu,0-PDF#77-0199

L L N P
20 30 40 50 60 70 80
20/(°)

1—Cu,0;2—Cu; 43 Y 1333—Cus 43 Y 1554—Cus 53 Y0 23

E 1 Cu,0.,Cu;y 45 15.Cus 43Y 45 Y3
Cuy 43 Yo 5 18 15 XRD £ [

HE—2 54T T H 7 B AR (SEM) 5 58 1%
(EDS) FRAE, N 2 fi7R, RIBLRM Cu,0 HE i I
HORDRE 1 = ek 454, IS AR A A 7E 2 6. 82 ~
8.15 um JLHIN, &4k Y $B%)5 (Cuy 3 Y, ) , MEH
PRRE TERRIE S, (AP AR B B AR /N, 29 4. 45 um,

BN :Y 5-NH, hEEK CO, BRRHIZIGEVIERERSR - 203 -

EDS M &5 AT W, Cu 0. Y 3 FonE ek
PRI B P o A 24 5], oI Woe R MR B, Ui Y
B A Cu,0 b, A4 R4 [ 43 A 34 5] 1
B -NH, J&, B i B ROk 450, Hag /N &
2.24~4.15 pm, EDS ¥ Wik I 2] N Je K ¥ 5] 4015
FERIR, UL -NH, B Re 1345 3 55 A i fb ) 2k
T TS e 1A 0 15

(a)Cu,0 (b)Cuz 43,15

(c) Cuz 43Y, 15~NH,
2 Cuzo\cu3.43YoA1857 Cu; ;Y s—NH,
AL 7| SEM E 1% B A8 2 EDS 76 % 4 A

L FT-IR S 45 14578 T -NH, Yiigfb A
i, Cuy 3 Yo s~ NH, FESRTE 3 460 em ™7 B HHE T B
S IR I X U JE T N—H B 0 i 45 ik B
(FE3), MEZT, REWH Cu,0 B Cuy Y, o FF
sl TE 12 B8 DX B A DL B S W s {5 5, AT A A - NH,

B REA] TR T bR R i, JE T VA Y3
(A=

3

3440\

W

500 1000 1500 2000 2500 3000 3500 4000

/em™

BEXHE au.

1—Cu,0;2—Cu; 43 Y, 1533—Cu; 43 Y 5 ~NH,
K3 Cuzoxcuszo.lsLﬁ Cu; 43Y, 5—NH,
121 7 By FT-IR %3 %t b



- 204 - FAX AL L

2.2 XPS g

R TIRABT Y 8425 -NH, &M% b7 i
TE5H) 5 R APE R ASHE T T XPS RAE, WAl 4
(a) fIi7R, Cu 2p KEANE AT UL, Y 8444 Cu™ 2p,, %5
GHEM 934.7 eV FE3 934. 4 eV, UL Cu {75 LT
SRR XIET Y B AE SR A G, S
HoE T AR Cu (SR LT ARG * CO
FRRMAR AR B RS -NH, B2 45 A fE /N

2
2 P
cur P Cut 0343 eV
LE¥E 9544 eV . TR

R /a.u.

1

965 960 955 950 945 940 935 930
254588 eV

1—Cuy 032—Cuy 43 Y, 1533—Cusz 43 Yo ;5~NH,

(a)Cu 2p

SRR
5314V,

R
Wﬂ eV
! 3

BREE/a.u
o
g
r w
s
a 2
4
g
~
a b2
N

536 534 532 530 528
44 RBleV

1—Cu, 0;2—Cu;y 43 Y, 1533—Cu; 43 Y, 15~NH,

(b)O 1s

R /a.u.

164 162 160 158 156 154
L5k IeV

1—Cuj 43 Y, 1852—Cusz 43 Y 15 ~NH,
(e)Y 3d

406.9 eV
i NO;

3999V 398.4 eV
NH, BEBE-N

403.8 eV :

NH;

R /a.u.

Cu3 ASYD u_NHz

410 408 406 404 402 400 398
ZEi4fkleV

(d)N 1s
K 4 CuzoxcusAsYo,185 Cuy 43Y, s—NH,
18 47 B 2 FE & XPS i E

FE46 B 10 HY

W [B1 3 2 934. 3 eV, A -NH, # N 9% fL 75
Cu S HC AR R P 7, B — B MR T
Cu {7 53 W JR A AR I e P, b L 45 Y ek
EIFEAE O 1s i H iR R 4(b)],Y
e, BRFEE RS N XPS 454 fEIE (531. 4 eV)
SiRE IR I 78 K, U I BE R B AR B A 210 22
—NH, &M , 3™ 458 B 9 55 34 HH A A% 158 I e 1
e JEE I 57 A R A A L S0 o A6 a1 B 30 A 455 ¢ R
M AN, Y 3d RSN BN BT Y 45 G R
SEL UL Y FE S A% B EE + 3 M AR R
[El4(c)]. N1si&H i T 399. 6 eV (R IETIESE
T-NH, BREEI AP [E 4(d) ], ZHEREREE
HL 2800 S0 Cu L F25, Lewis Bl s 38 BE A AL
AR E 4R CO, , Ir LIS Bt Jm il CO, W R
AL
2.3 H#EWL CO, B[R EREIEM

T R MR R RINTRGE WAL T
H ECO,RR EfE, B, RMFEET Y BIaxtr™
Yk PR 52, R 5 (a) BTz, 7E 500 mA/em?
FIHLILEE T, KB Y 1Y Cu,0 XF C,H, i FE
F24%, 5IAYJ5,C,H, MR ERA, Koy
FIHEAE=AE 0. 18 mmol MEEERAL, C,H, B9 FE A5
42.3% , HAREME T Hr 2N (HER) . Bifs , 364
FERTRI L B E T 558 TIZ LB 2k it 0 7=
MLEIS(h) ], G5HRFRM, Y% T % 600 mA/ cm’
mf, HER 3240 R, S50 C,H, S8k T . BET,
FA DA B Be MBI o f Ak 70 AT T R
B, FE 4 Tl FAB ) o N—2R 3 2 B e 16 1 A R
C,H, B i &, FE # it 60%, 3= 3L 58 K1Y
C,H, TEFEIE[ B 5(c) ] TEUHEEAN b, FATTX -NH,
1) 5 £ 16 M it 1 A7 07 3, A e el e ) R R G,
C,H, By FE 5 LAY @3 Y H R 3. 43 mmol
A BN B 5(d) .

e W PERERRAL Y Cuy 4y Y, s~ NH, fEALH i
177 JE 2 B B I, aniEl 5 (e) iR, 1E

100
YRR % FE~500 (A - em?)
N 80+
g
= 3
= 40 2
H

N
(=]
T

0

0 0.09 0.13 0.18 0.23
Y#Z44 8 /mmol

1—H, ;2—C0;3—CH, ;4—C, H,
(a) RIA Y B2 Cu, O HEALFIAG =4 534



2026 £ 10 B

100

80F

601

401

LRI %

201

0=200 300 400 500 600
HLE B /(mA - cm™)
1—H, ;2—C0;3—CH, ;4—C, H,

(b) Cusy 43 Yo 1 fHEATRIAN ] oL 55 BE 7 ) 53 A1

100 B 500 (mA-om™)
o 5
¥ o 4
5 3
2o =
H ot )
0

C,HNO C,H,NO, CH,_NO, CH,NO

47711 6”15

x l:l”é‘N’é’ ﬁﬁm@’ﬁﬁ
1—H, ;2—C0;3—CH, ;4—C,H,

(o) NRIEREPHB IR Cuy 43 Y 15 HEALTI B9 53 A1

100 | BB Fi 8 ~500 (mA -
N 801
‘K; 60+ 4
& )
40t
#® 2
-"ﬁ 20.
L1
0 1.03 3. 43 5. 15
N %gaﬁﬁégﬁ'ﬁlmmol

1—H, ;2—C0;3—CH, ;4—C, H,

() N[l -NH, MR Cus 45 Y, 15~ NH, HEALTIRYT= 45311

R %

100F
80}

60t

a0t 8

20} e
07200 300 400 500

L3 /(mA - cm‘z)

1—H, ;2—C0;3—CH, ;4—C,H,
(e)Cus, 43 Y 15~NH, AT [F] 3 2% B2 7= 43 1

4 100
WA FHE ~500 (mA- om )

2 180 &
>0 @ o 9o 5 o0 e o 160 ﬁ
= ° &®
-2 q40 &

)

—at {20 =,

| ©

1 5 3 56 7 8°

i
18]/ h
(£) Cuty 45 Yo, 15— NH, FEALFIRE FE

B S5 Cu,0.Cu; ;Y 185 Cu; 43Y, 5—NH,

8 ) B 2 BE IR

BN .Y 5-NH, thE#EEK co, BIRERHIZ EHVIEREHR - 205 -

200~700 mA/cm’ ?EI%IW,CZH4 i) FE 7F 500 mA/cm?
AR B i (63.1%) , BIEZE 700 mA/em® 1 Tl
UL T, C,H, FE AT RRREAE 50% L4 1, [RlAT,
TE 500 mA/em® FXF Cu, Y, o~ NH, fEALFE P17
TRGEMENNA, R BH AR E B T 8 h DAL R T
TERBAMF TN I E 5(6) ],
2.4 EUHIEFRR
RARGEAERE SR T N FE LR, FR A T8 i A B AR
Z(CV) MRS TR 4 (LSV) MR, IR AR
TR IS AL S B S RN B 12T,
T, BATRA CV 3 Cu,0,Cu; 5 Yy 135 Cuy g Y -
NH, fEAE 70 0 A2 0% 1 2 1 AL ( ECSA ) 64T T8
fii, WE 6(a)~(c) iR, {E0.96~1.08 V vs.RHE
Eﬂﬁﬁnv\] PL10~50 mV/s [if 421 41 35 6 X 45 Ha Al
TEAR AL ML, 15 3 — R oV g, Bl
Egm( 1.02 V vs.RHE) " [ H U0 25 B 5 1 4 il 3R gk

0.02

0.01

0.00

-0.01r

L3 B /(mA - cm™2)

-0.02

0.96 0.98 1.00 1.02 1.04 1.06 1.08
HAL/ v

1—10 mV/s;2—20 mV/s;3—30 mV/s;4—40 mV/s;5—50 mV/s
(a) Cu, O HEALFITE 10~ 50 mV/s BFIE A CV fhek

0.03
0.02f
0.01f
0.001
-0.011
-0.021

-0.031
0.96 0.98 1.00 1.02 1.04 1.06 1.08
BV

1—10 mV/s;2—20 mV/s;3—30 mV/s;4—40 mV/s;5—50 mV/s
(b) Cuy 43 Yo s HALFITE 10~50 mV/s BIFAE R CV 4k

L /(mA - cm™2)

e e
(=} [=3
—_ N
T

S o
2 8
.-

LB /(mA - cm™2)

-0.02 : : : : : :
096 098 1.00 1.02 1.04 1.06 1.08
HLAL/V
1—10 mV/s;2—20 mV/s;3—30 mV/s;4—40 mV/s;5—50 mV/s
(¢)Cuy 43Y, 15~ NH, HEALFITE 10~50 mV/s 9

R CV 2



- 206 - I A AL T 5546 555 10 B
oo 3 AR ZE 95. 5 mV/dec, i —NH, M5 HY Cuy Y, 10—
g oo 1 NH, B A AR Tafel £ (74.1 mV/dec) , 3% W
 on 2 S T e S R Sy
2 0.006} anit: /e £ b,CV 5 LSV Ak RIS R RV, Y 554
2 o004 ///% 5-NH, 1 10 DY T, A (50583 0 7 e f 51
0.002 y 7

10 20 30 40 50
HE/(mV-s)
1—Cu,03;2—Cuj 43 Y, 1533—Cusz 43 Yo ;3~NH,
(d) Cuy0.Cuj 43 15 5 Cujs 43Y¢, 15~NH, HEALIRY

MZHEE(Cy) A

K6 Cu,0.Cu; Y, 18§ Cu; Y, s—NH,
1AL 7B CV MK 5 W4

&AM, 155 Cu,0,Cu;y 43 Yo 55 Cuy gy Yo 5—
NH, B HLJZ L (C, ) 53900 110. 8 132.7,222.7
pE/em’ [ 6(d) ], BT ECSA 5 €, MIE L, X%
WY 528 RSS20 e B A, b 2515 1 AR 1
LA PER R, NIRRT S 2 A0S HE0 5

PRk, BATE T LSV #h R PEAs T 4L Y
AAETE RS RO B 157, ANl 7 (a) iR 7E CO, 1
B AR T, Cu, Y, s —NH, 230 H % F B R G
F, o7 e v 114 P O 285 2, 3 I L LA A I ) 2 )i g
2R PR S RN AR R T AT N Bl )
2 WAL T AN Y Tafel £ B 7(b) ], Y 8
ZRfdi Tafel B M LS Cu,0 B 137. 1 mV/dec i3

T ot
£
o
< -100F
5?;, -2001
3
-300r 7 5 3
-1.5 -10 -05 00 0S5 1.0
HLAL/V
(a) Cuy0.Cu; 3 Y,, 135 Cus 43Y( 15~NH, ALY LSV i
3.0
3 74.¢
2.5} N’u\m'
> 2
S2.0f '_
i Vi3,
: ~
1.5} \\2%
1

1.0 . . . . .
14 -12 -1.0 -08 -0.6 -04 -02
Log[j(mA * em™)]

(b) Cuy0.,Cus 43 Y 155 Cus 43 Y 15~ NH, LTI
Tafel £HE

1—Cu,03;2—Cuj 43Y 1533—Cuz 43 Y ;5 ~NH,

A7 Cu,0.Cu; Y, 18!{7 Cu; Y, s—NH,
ATt LSV MR 5 #L &

A P s B0 I R IR B T AR I M 5 I i
I, XTHILFEEM, W8T — IRk
FAE R0 5 v R S A 1 B A AL B, o LS
TR B E TN CH, AR RER A T IR S
MLERSZHE . 4T $E T ECO,RR HERE .

3 it

ARG 6 & T —Fis L Y Ba 56 0L
BRI Cu FEAEALT (Cu, 3 Y, s —NH,) , fff CO,
AR AL CH,, REEMSEIESE, Y B4
B Cu, 0 HLF2549 15 5 7 AR A S 3 N Cu £
JHHL R ISR« CO AR IR B, BhfE c—C Hl
A, CH, RSB ROR R RS Cu,0 19 23.9% F+ &
42.3%, Gl N-J85E O e, Ho-NH, ‘H Be AT A
HWEITIRE . 7Y Lewis Bl Sl 3k & % CO,, R
FHHE 5T ; [ B 55 B AL VE T, A0 A Cu 137 43
HL RS X R PR R VE L CLH, 35 H 58 20K A 5
63. 1% (500 mA/cm®) , HLAE TV B 3 2 3 Pl e 2t
RIFFENE, A& TAERUHR CO, 52 Z k™Y
PEAET —FhE R AR AL, o oy 3 AT £ SR N I [ i
PRI N — BRI AL R AL T 5 i

S Uk

(1] BRI, B N AR A S e bt T — 4l i AL 208
JEHERERSE [ )] BARIE T, 2024,44(9) 1 160-166.

(2] BRB s BN X AR I, 45 LA AEIE 5 CO, Az s (L fh 27 i
Tt R[] . IR AL T ,2025,45(4) 143-48,53.

[3] Xu R,Si D H,Zhao S S, et al. Tandem photocatalysis of CO, to
C,H, via a synergistic thenium-( I ) bipyridine/copper-porphyrin-
ic triazine framework[ J].Journal of the American Chemical Socie-
ly,2023,145(14) .8261-8270.

[4] Yin C,Li Q,Zheng J,et al.Progress in regulating electronic struc-
ture strategies on Cu-based bimetallic catalysts for CO, reduction
reaction[ J ].Advanced Powder Materials,2022,1(4) :100055.

[5] Zhang J,Li Z,Cai R, et al.Switching CO, electroreduction selectivi-
ty between C, and C, hydrocarbons on Cu gas-diffusion electrodes
[J].Energy & Environmental Materials,2022,6(2) ;e12307.

[6] Zhang J,Li Z,Xia S, et al. Reconstructing two-dimensional defects
in CuO nanowires for efficient CO, electroreduction to ethylene[ J].
Chemical Communications,2021,57(67) :8276-8279.

[7] Song X,Xiong W,He H,et al.Boosting CO, electrocatalytic reduc-



2026 FE 10 B B

tion to ethylene via hydrogen-assisted C—C coupling on Cu,O cat-
alysts modified with Pd nanoparticles[ J].Nano Energy,2024,122.
109275.

[8] Ma L,Liu H,Mei B, et al.Cu supraparticles with enhanced mass
transfer and abundant C—C coupling sites achieving ampere-level
CO,-to-C,, electrosynthesis[ J ]. Nature Communications, 2025, 16
(1) :3421.

[9] Wang X, Tang Y, Lee ] M, et al. Recent advances in rare-earth-
based materials for electrocatalysis [ J ]. Chem Catalysis, 2022, 2
(5) :967-1008.

[10] Zhang S,Saji S E,Yin Z, et al.Rare-earth incorporated alloy cata-
lysts: Synthesis, properties, and applications [ J ]. Advanced Materi-
als,2021,33(16) :202005988.

[11] Chen C, Jin H, Wang P, et al. Local reaction environment in
electrocatalysis[ J ].Chemical Society Reviews,2024,53(4) :2022—
2055.

[12] Xu T,Yin G,Wang F,et al.Creating a microenvironment in an a-
mine solution for integrated CO, capture and electroreduction[ J].
ACS Catalysis,2025,15(20) :17133-17143.

[13] Liu J,Li P,Bi J,et al.Switching between C,, products and CH, in
CO, electrolysis by tuning the composition and structure of rare-
earth/ copper catalysts[ J].Journal of the American Chemical Socie-
ty,2023,145(42) :23037-23047.

[14] Yao K,Wang H, Yang X, et al.Metal-organic framework derived du-
al-metal sites for electroreduction of carbon dioxide to HCOOH[ J].
Applied Catalysis B: Environmental ,2022,311.121377.

[15] Yang Y,Zhou J,Zhou L,et al.Pulsed electrocatalysis on Sn0O, elec-
trodes for boosting formate selectivity and activity during CO, elec-
troreduction[ J ]. Advanced Functional Materials, 2025, 35 (43):
2425346.

[16] Wang X, Wei Y, Tang Z, et al. Photogenerated electron transfer

channels in carbon nanotube-intercalated Cu,O nanospheres for

.Y 5-NH, thE#Ek co,

BB RHI G IERE ST - 207 -
boosting visible light-driven CO, reduction [ J]. Applied Catalysis
B:Environment and Energy,2025,365:124905.

[17] Guo Z,Zhu H, Yan Z, et al. Manipulating adsorbed hydrogen on
lanthanum-modified CuO, ; Industrial-current-density CO, electrore-
duction to C,, products or CH, [ J]. Applied Catalysis B: Environ-
ment and Energy,2025,364 124839.

[18] Zhang Q,Wang R, Feng B, et al.Photoluminescence mechanism of
carbon dots ; Triggering high-color-purity red fluorescence emission
through edge amino protonation[ J].Nature Communications,2021,
12(1) :6856.

[19] Zhang J,Yu L,Chen Y et al.Designed formation of double-shelled
Ni-Fe layered-double-hydroxide nanocages for efficient oxygen evo-
lution reaction[ J].Advanced Materials,2020,32(16) :1906432.

[20] Chen L,Moore C G,Umhey C E,et al.Tuning catalytic reactivity
via wetting control through oxygen vacancies: Ru clusters on anatase
TiO, and CeO, supports[ J].Journal of the American Chemical So-
ciety,2025,147(35) :31779-31790.

[21] Zhu T, Zhao L, Xu D, et al. Triple optimization of yttrium-doped
lanthanide MOF'; Polarized nanochannels driving norfloxacin turn-
on sensing and background-free cell Imaging[ J].Advanced Func-
tional Materials,2025,36(24) :e24150.

[22] Sun L, Chai L, Jing L, et al.2, 6-Diaminoanthraquinone modified
MXene (Ti;C,T )/graphene as the negative electrode materials for
ionic liquid-based asymmetric supercapacitors[ J].Green Energy &
Environment,2025,10(4) :845-853.

[23] Li A Z,Wang X, Li S, et al.Direct electrooxidation of ethylene to
ethylene glycol over 90% Faradaic efficiency enabled by Cl™ modi-
fication of the Pd surface[ J].Journal of the American Chemical So-
ciety,2025,147(12) :10493-10503.

[24] Kou C,Zhou J, Wang H,et al.Boron pretreatment promotes phos-
phorization of FeNi catalysts for oxygen evolution[ J].Applied Ca-
talysis B :Environmental ,2023,330.122598.

it H ,{Iﬂ‘élﬂ*ﬂ{n‘u
?Eiﬁé& TRE T A2 b R BT JE R G35 T =%
TR A BT B IR ORI S R LT T ARE

JT N 2026 4FE VLR

2022—2025 45, R PR AR B 1 g8 AL T U R Y A TR
b B 7 000 777650 4 B e AL T i
i R, TR S 1 b Tl LA A B
i@zfrmﬁazﬁﬂc%% BB 400 x5 i 5 24 )

R IER K EIMRIR TS

LA N B e W E AR T

+
+
HELRHRERT ;
+
+
Yo, AR R . RGUR, IFi‘Aﬁiﬂ%ﬂfi?ﬂi

IR% CHERMRSE SR LS RESRLET |
RS, S PRI RS S isthebl Rt g +
REET A RER A
LA AT IR R . IR 1, T8 %Hﬁ%‘l

VR AR R O BRI f

—

AR FRI2 T AT WA I 45 e Ak 3 5t 2R @H%@%Lﬁz

(PHER) |

B G S S G S SO S U O SO



