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Abstract

Metal nanoclusters are a new class of nanomaterials with sizes between metal nanoparticles and
metal complexes. They are characterized by precise structure, unique electronic structure, and
abundant active sites, which show potential applications in the field of catalysis. Among them, Ag-
based nanoclusters have been applied in the field of electrocatalysis due to their good electrical
conductivity, relatively low cost, and tunable structure. In this paper, we briefly introduce the re-
cent research progress of Ag-based nanoclusters in electrocatalysis, including COz reduction, am-
monia synthesis, oxygen reduction reaction, hydrogen precipitation reaction, and other reactions,
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summarize the factors affecting their catalytic performance (e.g., metal composition, type of ligand,
etc.) and the corresponding catalytic mechanism, point out the challenges in the current research,
and look forward to their future development direction.
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3. Ag BEAREA BB ELNA

124 N1k, Ag & NCs 72 HUEAL USRI N T AL CO it Ja . SR FURJE RN Hr U B BL
Lo HAb B RI(C-N ABHR, EFEEINE N EE), FEmH A PR REAI D R L2 Ag 2k NCs BIZ5H (<)
A O AR S R AL S B AF AR LA, FRLR VR R SR AR AR JEE 55 o

3.1. B CO, T FE KR M (ECO:RR)

HAT, KEBEAL A RE S E0™ = AEIR FEHLAT COp SR = AR HEUH 8. ECO,RR @iL A] FA: fig
JRCITRRHAE . RAESE) ™ AL (1 FLREBRB) , K CO» e A v BB PR SORLRIAR 27 i, B 40 9 S BB 34
MBI B SIS IR 2 — (9]

3.1.1. ECO:RR KI#138

ECO,RR A HUL R P2 4)(CO~ HCOOH Z5)[f AT, JLRMIBRIRE ZE, M AR B0 A A B )
FEP[6]. {H/E, ECORR AEHUEJE =W il 3 AN AN R JiFE: (1) COx /3 FIRMITEMEALFIRTT: (2)
PR TR G B TR, 3) 2l TEFAS . MEFZREMRN, ERGEE~10] [11]. B
A, Ag & NCs 7£ ECORR H7 %2 Hyw CO. HCOOH, /B¥i£Em Co 7 #I(C.Hsw CH3COOH %)
Hrr, H RIFETFHTERM(HER). HER {4 ECORR 55 N, 4 BRI 3= LA R = ik B[ 6]

3.1.2. Ag E4KHF#% ECO:RR 4 8ERF2 I E =&

(1) SR

2022 4, JHIEAREER AIBAR F 42 J8 A8 3 07 v ) 45 B M0 3207 (bee) & B AZ 510 1) Mys BB BIE. 1
ECORR ', AusAgs ¥ CO, # 4L CO(FEco > 95%), MMidr Cu H AgoCus Al AuaAgsCus HIHEAE ik CO FlH
1%, H 5 K1 FEucoon 17 AN 47.0%. 28.3%(MLIE 1). AusAgs Al AgoCus REA R4 HER, 7EMI AL
JEFE N FEm < 10%. 52 A0, HMAHBEAT, AusAgsCus X HER HIEFMETH S, FEm e KME N 37.0%.
I RES(DFT) W H R, LBRACASS BEE RO Ag TR Au JE T2 CO TERUE LN 55, 1
HERITE S RO Cu R 5 Ag TR EERA S @B HlsIER CO (CO, + H + e —
*COOH; *COOH+H'+e — CO+H0); A - FFHLEIE K HCOOH, B CO, ME b (H*)
NA R HCOO*, H4id i FAuid FE# Ly HCOOH(LIA 2) [12] [13].
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Figure 1. Structural anatomy (a) FEco (b), FEucoon (c), FE of various products (d) of Mis NC [10] [13]
B 1. Mis NC B+ 4Bl (a), FEco (b), FEucoon (c), & =K FE (d) [10] [13]
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Figure 2. Reaction pathways of ECO2RR and HER on Mis5 NC (a, c, e); schematic diagrams of the formation of CO by the
proton mechanism (blue region) and the formation of HCOOH by the hydride-proton mechanism (green region) (b, d, f) [13]
2. Mis NC £#J ECO:RR #1 HER IR B B2 (a, c, e); BIRFHHIFA CO (EaXE)MENY - BRFHHIR
B HCOOH (& X#E)HI~EE (b, d, H)[13]

(2) ACERRNL
2022 4, Chen % NRILAHIERS 11 Ag,, (C= CAr") FIFBELELHI [ Ag,, (DPPE), (SR,,) | %
ECO,RR H 17298528 CO Al Hyo o, BEECARRISHE AR o MRS Ag R T RECA 8, 1M

JREEFAR T I o A1 AP RO S &R R T B Ar 8, X SR T e e AR 22 e, i Al
2 ECORR HEfiE /L% 5t . FI#HMLL, Ag,, (C=CAr") WA AI] HER, FEco Fiik 96.44%. DFT it
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Agy, (C=CAr") FETEHHE PR A*COOH (fiE & 8%, MEALIRTEE r[14].

2023 4, Yoo NG T 2 FhEA M E K G JE N ZAA R KR Ags NC, BISEIKIER
[Agas(Capt)is] (Capt = R FE F)) AT B /K 1 1 [Agos(IPBT)1s] (IPBTH = 2- 7 K i) . M & ML,
[Ag2s(IPBT)1s] B A H 47 ECO.RR 1hfE, BIFEMEHLR(MEA)HMEIE T, FEco M1k 90%, jco miik—240
mA/em?, FEHFE 120 h WCREA-3.2 V)IRRFFRE ) ECORR PERE . AT T Uk 4 S S 2 11 3 3 21 2 i
J i (ATR-SEIRAS) M DFT 5, AR RISEH KM /T LAY %R SR EVER, o 28 i S
[E /R (*COOH AI*CO)MIfE &2, MMM FIETE ECORR WAL iE 1 . IR B AR e M 15].

(3) ERALFIPHES F AL

2025 4, Chen 25 A\ B K MR 7 )RBE 4 TH 8 715 F A R BH 25 7 25082 6 4 o 2 O 47 1) [Agus (C=C —
Bu)12]"(Agis) ECO:RR VEREMIRZMA o 25— SRR Fo Ak 22 S B0 25 S oK, N (38 J5 s AT Bk £, Agas
ARG BRI IEEAR, 5 2 4 o B Ag-C B4 o Y Ag-C BRI 2, 275 1 Ag JR T RAMEALIETEAL &
B AR N FRAE DL SR AE Agrs I GIN Nat B -3 0] 35 35 58+ CO, a4, 8Id TR R Na'—CO. E-&4, ik /i
FHEFEE B COOH A1*CO, #2 ECORR FIESEME, FEHIH] HER(LIE 3); 4 RN 0.1 M NaCl i,
Agis I H B AET ECO2RR 168, FEco Ml 96%, jeo 7E 13 h WARFERRE (LK 4) [16].

(a) Environment-nano interface

Alkynyl-ligand removal
e ce )
8 SSa SCENERT RS

[¢ ov -
< oral-ligand i@t ™C
ce SRR @ik,

! 00 P 6,
sl deo¢ & ©
= ©
T

>

~
=

~

[

Ag;s~H,0-4Na(0S
U=051V

H*+OH- Ag,H,0-2Na(1S) )
U=-020 V 1.0 4

COOH*+OH"-  CO*+OH- COZ*‘/COOH*+OH'

0.54 —

=
n
L i
=

*
0.0 ——
CO+* CO*+OH-

CO*

€Oy* coon

Free energy (eV)
' £

X
Free energy (eV)

CO+*

Ll
o u o
i

HER CO,RR HER CO,RR COOH* %
-2.0 1 CO*

-1.0
) Reaction Coordinate

Reaction Coordinate
Ag,<H,0-2Na(IS)-2Na(0S) HP+OL Ag,H,0-4Na(IS)
U=051V U=-0.51V

~_
()

-’

[

~
(=]
i

S
wn

COOIT*+0II- OOH*+OH"

S— /

CO,*

.
=)
n

CO*+OH"

Free energy (eV)
=3
=3

Free energy (eV)
(=1
(=1
=

CO*+OH"

=3
1

H* e
HER CO,RR COOH*

£=)
L

o HER CORR (Gon Cor COF

n
1

-1.5

Reaction Coordinate Reaction Coordinate

Figure 3. Schematic representation of the removal of alkyne ligands on Agis NC and CO2RR at the Agis~ water interface (a),
Free energy landscapes of the reaction paths of CO2RR and HER calculated by DFT for different scenarios (b)~(e) [16]

3. Agis NC _ERREFARIRERTN Agis 7K RE LAY CO:RR AI7REE(a); DFT iHEAFREIER T CO:RR F1 HER
B R BB 12 B R EE(b)~(e) [16]

DOI: 10.12677/ms.2025.155111 1062 PR R


https://doi.org/10.12677/ms.2025.155111

Eq
H

(a) B 0.01M NaCl BB 0.05 NaCl B 0.1M NaCl (b) ¢ - 5
10049 ¢y ) E ‘\
e 20 -
80 - | ] ) <5
o g N E e 404 3
e ]& z £
S { 5]
60 | b
o i | g -60
F 404 1 g |[——00mNaC
"™ .80 { ——0.05M NaCl
20 - ‘ ——0.1M NaCl
} -100
o 1LUGER [T [ TCim [ L s r r r . . . : r .
412 13 -14 -15 -1.6 -1.7 -1.8 -19 -2.0 412 13 -14 -15 1.6 -1.7 -1.8 -19 -20
E (V vs.Ag/AgCl) E (V vs.Ag/AgCl)
¢) 400 d) .
( ) —0.01M NaCl ( )60 4100
350 1 ——0.05M NaCl we®®®e o [ o I
——0.IM NaCl L—co
300 4 70 480
—_ !\Il L
= 250 £
— bl {603
»}e\200- E w %
= Eo20f )
O 150- 5 Atis 140
e = a0t
100
50 5 -60 - 420
N~ — s
0 -80|es® © @ ) ° L4 .
12 13 -14 -15 -16 -1.7 -1.8 -1.9 -2.0 0 2 4 6 8 0 12 14
E (V vs.Ag/AgCl) Time(h)

Figure 4. Faraday efficiency (a), partial current density (b), and conversion frequency (c) of Agis NC in ECO2RR for the
generation of product CO at different potentials and different concentrations of NaCl (cathodic electrolyte); Long-term stability
tests of Agis NC in ECO2RR at 0.1 M NaCl and —1.3 V (d) [16]

E 4. EARRBMAFRERE NaCl T, Agis NC £ ECO:RR FERL 4] CO MIAR B H(a), HMABREE(D), ¥
IRE (c); £ 0.IM NaCl F#-1.3 V £H T, Agis NC 7£ ECO:RR F YK HARRE MMz (d) [16]

HHT, CHRIER Ag 5 NCs 7£E ECORR ¥R ZH CO Fl Hy (W4 1) ARFEFKEZHE
FEALPERE = A ARG Ag 5 NCs, FFR N B = 0% £ 10 R AL, 52 300k 2874041 CoHa C.HsOH
S PIEFEE6] [10].

Table 1. ECO2RR performance of reported representative Ag-based nanoclusters

= 1. SIREMEESRRME Ag EKHFEAY ECORR 1448

A% AR M p ] FE fae ik
TiAgq 0.5 M KHCO H-cell co 69.87% (~0.9 Vi) - [17]
0,H(TC4A), : 3 : 7 VRHE
TisAgsOZHNa(TC4A)4 0/ (4 —
(HIde BOyDME (o) -5 MKHCO; H-cell co 92.33% (0.9 Vri)  20h (<0.9 V) [17]
ShyAg,(TC4A),0 | M KOH Flow-cell co 94.78% (1.4 Vrue)  12h(~1.1 Veue)  [18]
ShyAg:(TC4A)0 1 M KHCO; H-cell co 81.99% (-12 Vi) 120 (-12 Ve)  [18]
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Ag3M0204H2 0/ (i ) —
(TCAALFBUC=CL(OE!) 0.5 M KHCO; H-cell co 16.84% (~0.8 Viur) [19]
(T‘éfx%gggilé)é 0.5 M KHCO; H-cell co 60.85% (0.8 Vi) 3h (0.8 Vegg)  [19]
ClAg(C=C-tBu)i," 1 MKOH Flow-cell co 51% (400 mA/em?)  30h (235 V) [20]
PtlAg14 CcO 38.28% (_1 4 VRHE) _
(PhS)s((p—OMePh);P); 0.5 M KHCO, Hcell  HCOOH  10.96% (<1.0 Ve [21]
PdlAgM 0/ (— A —
(PhS)e((p-OMePh)P)r 0.5 M KHCO; H-cell co 81.44% (-1.3 Viue) [21]
[Agis(C=C—Bu);,]" 0.5 M KHCO; H-cell co 95% (—0.6 Vese) 9 h (<075 Veur)  [12]
e co 95.0% (~0.49 Viur) 3 _
[Au;AgsCus(C=C—Bu);.] 0.1 M KOH Flowcell  yooon  283% (2099 Vi 100 (099 Va)  [13]
R co 94.2% (~0.49 Viue) 3 _
[AgoCug(C=C—Bu);1] 0.1 MKOH Flowcell  yoooH  47.0% (119 Vi 10N CL19 Vi) [13]
[Au;Ags(C=C—'Bu)y,]" 0.1 M KOH Flow-cell co 98.1% (—0.49 Vgug) 10 h (<049 Ver)  [13]
[AusAgs(TP)s : o/ (., ] _
(6-OMePhY )N 0.5 M KHCO; H-cell co 70% (=0.9 Viuir) [22]
[AusAgs(p~-MOTP), _ co 46.53% (—1.2 Viur) B
((p~OMePh);P);SbF; OSMKHCO, — Heeell  beoon  2337% (<12 Vi) 1221
[AusAgs(PET), _ co 46.37% (—1.2 Viur) B
((p~OMePh);P)s]SbFs 0.5 M KHCO; Hocell HCOOH  23.49% (~1.2 Viur) [22]
AgoCuy(C=CFc);, 0.1 MKHCO;  MEA-cell co 99.4% (—4.00 V) 200h(-3.0V)  [23]
AgyCus(TBA) ;> 0.1 MKHCO;  MEA-cell co 64% (=375 V) - [23]
AgiCu, 83.71% (~1.175 10 h (-0.975
1 MKOH Flow-cell co 24
(C=CAT"),4(PPhs), ow-ce A7) Viie) [24]
AgisCu; 1 M KOH Flow-cell Cco 95.26% (—1.37 Veug) 140 (=0.97 Veue)  [25]
(C=CAr")2(PPh;)«Clg PR L RE o VRHE
[AgisCus 0.1 M KHCO H-cell Co 91.3% (—0.81 Veur) 1450 (-325V)  [26]
(CECR)lg(DPPE)z:r : 3 -ce 270 . RHE : 0
co 91.8% (-3.4 V) 3
Agas(IPBT) 5](PPhy) 05SMKHCO;  MEA-cell ool 8% (3.6 V) 120h(-32V)  [I5]
Agas(Capt)1s](N(CsHs)s) 0.5 M KHCO; H-cell co 66.6% (~0.82 Viue) - [15]
Ags(SPhMe,) 5™ 1 MKOH Flow-cell co 90% (0.6 Viu) - [27]
241 (200
AgiAu3(SEtPh);g | MKOH Flow-cell co 92% (<0.2 Viuir) " /émZ) [27]
[AuAZso(S—Adm)sS] EMIM(;PI?‘/ H.0 - co 98.4% (-0.97 Vu) 111 (097 Vir)  [28]
Agy(C=CAr)y 0.5 M NaHCO; H-cell co 96.44% (0.8 Viur) 15h [14]
[Ags2(DPPE)s(SR),]* 0.5 M NaHCO; H-cell co 56.67% (~1.0 Viu) 15h [14]
[AgsCuiz 0% (— ) -
(Dppm).(SAdmC2+ 0.5 M KHCO; H-cell co 52.7% (=0.9 Vi) [29]
AgxCuio 0.5 M KHCO; H-cell co 70.8% (—0.9 Viu) - [29]
(Dppm),(SAdm),4Clg ’ ’ ‘ 7 VRHE i
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[Ag17Cuys _ o/ (— ) —
(SAdm) s(DppmCL]* 0.5 M KHCO; H-cell Cco 59.83% (—1.0 Vi) [29]
Ci (CO, C1:60% (—0.67
HCOOH A%
Aga0.63Cu9.37(C7H,08)3 2M KOH H-cell G, (Zﬂ?ﬁ%? Cy: 29.;‘525)(—0.57 - (301
L. R) VRHE)
C, (CO, Ci:50% (-0.67
HCOOH A%
Ags6.14Cuy386(C7H,08) 2M KOH Hecell (U:ﬁ%\) C,: 47, 5“;:)(70‘ 57 140 (=057 Ver)  [30]
LT, LR) VRHE)
Ag49M016H3053(TC4A)6 — % (— -
(iP1S) s CH,CN)(HLO) 0.5 M KHCO; H-cell Cco 44.75% (—0.8 Vrug) [31]
[AusAgss(Dppp)s . 0/ (— .
(CeHnS)s](BPha), 0.5 M KHCO; H-cell Cco 66% (—0.8 Vgue) 9h (—0.8 Vi) [32]
[AusAgss(Dppp)s . o/ (— _
(C6H118)5:CL]Cl 0.5 M KHCO; H-cell CcO 60% (—0.8 Vryu) [32]
[Aui2Ageo(Dppp)s 0.5 M KHCO, H-cell co 45% (0.8 Vi) - 132]

(CeH118)31Bro]Br,

vE: a H-cell=H BHiith; Flow-cell= VzENTY MR ; MEA-cell= fX B ELARID: Vrue A2FIN T A5 S BAR(RHE)
HL3A

3.2. RIEHSRIE(ESA)

ZNNH3) Z N TR, JEFR, NHy BSOS REEEFIREIE 71, SR TR E 2
K. SR, &40 Tk R A Haber-Bosch T. 24 i NHs, AF7EREFEST A R DA SCHERCR 35 SR S5t
Mi[33]. ESA MR ZAFRA, BT LARIFRBHRE RUAESE o] B4 BRIR = A2 1 F AR IR Bl [ BE, SITBR R €A A
NH; [34]. HAETI, ESA M REZ 5 NESE AR £hi4 )5 [35] [36].

3.2.1. BEXESER(EN:RR)

EN,RR AEMSAEH IR K N K Ny #6408 NHs, A B Tl o A ok R, = SR HERG. Hox
FLPRAEELHE Ny WBH . N=N BRI N JEFE40, DU NHs 20 F RIS, SOSLIa] 23 i s AL (N=
N A IR 24 A S BB LA (R I 1R 4T N=N 4B 2480 N R T E40) [37] [38].

2022 4, AIFHINBEZ IR A B MaNio(SR)s RV (M = Au/Ag, SR=2, 4-ZHIHIRGE), M
FH T ENoRR - My Niy NCs F i 74 25 440 B 4% 2 /N Ni(SR )4 # 7T ) My 5704 1% - AgaNia ) FEnws 15115 78.97%,
NH; (177 R Al 1A #] 23.32 pg'mg™"-h™'c AugNi> [ FEnus =135 23.92%, NH; (177 R Al 1A 3 20.77 pgrmg™"-h 7',
KA T AgaNia X Ny AW B 8 ) 5 58 0R0 S B s IR RE 22 IS, R IR S T4 o0 Ak v 1t B 22
SO . FALZES S IO 3 I S 2 S BRI AT B A O B TR PR AL s, DR m TR E[39] 6

3.2.2. BBEHTHERENIT R (ENOsRR)

ENO;RR ¥ M Z T - TR TR G H AR, ARk No R NHs PR =9 s SR HE TR 82 R A
IR SR B AR R B AR SR B8 AT, ¥ 2 2 P& A (A4 [40]

2023 4E, FEIEAEHPEREARE A I AgaoCui, (C=CAr")y FiF ENOsRR, FEwms ik 84.6%, T
FONARIERY 1) Agso, F HEE RIFHMMAFE . DFT 50 L : NH; A
ROEPERL B2 AgaoCun BT — N8 BEb s T 2 5 2 85 1) Ag-Cu & JEALA. R, Cu sz
KRAEHET NO; FIWIGGHIR, FIRHBIE R T R &=k FrE[41].
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2023 4, FEIEHEEIIREA E IRH] % [AgoPds (C=C—'Bu)ys](BPha)2(AgsoPds). AgsoPds I H AL 5 HY
ENOsRR #4148, FEnus I 71& 90%, NH;3 B2 28 a1k F] 1.28 mmol-h !*mg™!, NO; K ZFrEN 92%
(LI 5(a)~(b)e AgaoPds 7E 5 UCESAFHMAR A LI H R i fa e, H FBan (XIS R . A2
LT 1 (situ FTIR)AT DFT THESE R, M8 Ag 17 s EZD6 NO; #4009 NO; , 1fi Pd A7 21 51 574 NO,
W JE A NHs, 457~ 20 4 s S HLEE 2 313 F) R AR AR AL AR (L ] 5(0) [42]

2024 £F, JEOAE FEZ IR AL H % T K [ Ago(mba)sHs ] (Homba = 2-37 3 25 F R ) RN 38 THI S /K P 1
B TisC2 Mxene, LK Ago/MXene EAMEL. £ PEZAE FiEAT ENOsRR L5045 R B7R, Ago F 2R
NO; i J5 4 NO; » H FEws it KAEAUHN 18.1%; Ago/MXene (¥ FExus i3 80.2%., 1R /04 i NOJ ; Ago/MXene
JEILH RIF AR E P, H jaus 7E 108 h A 0. i@ i TEM. XPS. FTIR 8 RAE 7%, #8575 | Ago/Mxene
£ ENOsRR H IR RiHLEE, Ago H B TH NO; #4k 4 NO; » Mxene R 42 Ago FIFRE IR 1 NO; 1D
INEGEJE 9 NH, , SEIL AR BRI )R RO R, 48T+ X NH; B #6104 F0 FE [43].
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Figure 5. FEnus and NH3 yields (a), cycling stability tests (b), and overall mechanism of NH3 formation (c) of AgsoPds in
ENO:RR [42]
[ 5. AgsoPds 7E ENOsRR H1 FEnis 1 NH3 B9/~ % (), {EMFFREMMIR(b), WURMR NHs B2 EHIE(c) [42]
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3.3. &R R (ORR)

PRRH I SNV (FCR) T LA ek R FREEREIA /N . R 2 R AL, B2 AT I i il A e
RLREPR AR [44]. FCR W LAELHEKMEAFAE Hoy FHEE. ZFEA NHs SRR T L 2 RE A0 A FLBE[45]
[46]. ORR 1EA FCR HIBAM N, 1K O, 850N HoO BE Ho02. ORR HIRMNISFER 2%, ¥ &£ Tk
[, Hah e Aew g8, JE RS FCR MERERICHEDR =

2021 4, RIHMNHGRREHER T 2 MR MiAg, (M=Auw/Ag), Bl Agy (dppf)s (SAdm)i»
(BPhs)2(Aga2) 1 AuiAgai(dpp)s(SAdm)12(BPha)2(AuiAgar)e Agn Fl AwiAgy I EA AR Mis &8N
%, B34 Ags(SR)s H=TCAI 3 A dppf FLRCRY . 4 MiAgar 73 S s fEvE e bl e f s B pE A 77 .
HITERE R UR A 2 PR SRS AR R HoOo, EILH AR 1Y ORR 5. DFT iFH 45K, FIfEm
M3 42 J&@ P AZ AN dppf B4 2 8] (A B 5 28087 4 [ 15 A A A P 254, JRRZ 3L ORR 45 ME[47].

2024 4F, G P 20 F PAOE I L8 R AN 4 @ S A B — R AukAgos<(MHA) 15(x = 0~25, MHA
= 6-3 3k OR), JFMETIZTH RS0 78 FIFE AL ORR LRI MM . FEE AucAgoss ' Au JRTEE
(I, ORR 1 HL TR BB W K (3.9~2.1), KM FEMWEILIE MM H,0 #7424 Ho0,. DFT 1HE
ZER IR, Auxs MIAGoon T I FIARME 4.22 eV, HHITAEK H0.; MHIFET Ag R THISERSZ, H
AGoon2 12 Wi B B R AR, FEMUA] T4 i HaO (WLIE] 6) [48].

d)a4o b) 40
( ) /——-Wo ( ) Agzs
0/0\—0—0——0/0/0 —9—Agys 35 \° “tha
= S5 —0— AuAgy, _
g iAok, 3 @AU2,AG28
21022, @Au.
g //9/\_0\0 Ay A g A 5370197
5 3.0 AuisAGias &
173
g 0_0’_’0__0__%_0\3 O AUis2AGes S AU105AG14 59— @AU152A0s 8
= > B —0— Auyg3AQ = @Au1g3Ag
; == ——u 193057 7 19.3A0s.7
® 25 s —0—AuyAgy; 257
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E H;\\W Auz2AG226 2 Augg, 5A9145 /QAU193A957
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Figure 6. Electron transfer numbers (a) (b) and selectivity for H202 (c) (d) of AuxAgas series clusters in ORR [48]
B 6. AuxAgasx RIIFIFETE ORR HEVEE FAEF5H () (b) AKX H20: BRI (c) (d) [48]

3.4. T8 R (HER)
Hy BAE & AR5 Je i, AR B RN AREIR . HER 2 AL MK AR R RE[49] [50]
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ML B KR 2 — A S B IR e AR R, 2 H AT AR il Hy AT O2 1 FH SR E [49] [50].

2023 4E, N H K Agao(BDT)12(TPP)«(BDT=1,3-7 —HilE)/E N EHAR R, il i &41k(Pt
TCEBAR) A TAR(1,3,5- 2K =i & 4 BDT)MR AT NI I8 8 5 1) 55345, Hi % PtiAgs-BTT-
M (M = Mn, Fe, Co, Ni)f#{L7], N F HER. A1, Pt;Agy-BTT-Mn(10)f# 1k 7 &8 H £ HER 1A
(WLFE 7)o DFT iH5AER, PtiAgos-BTT-Mn (10)/EAL71 5 ) Mn 47 &2 HER SN EPELL AL, A2 Ags
THI[51].

(a) .

—~~
O
p—

0.504 PtyAg g-BTT-Mn
—=9—=Pt;AQ,s-BTT-Fo
== Pt;Ag,y-BTT-Co
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< -20 o 0.451 o—pr,ag,,BTTNI
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> s B .
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Figure 7. Surface activation schematic of PtiAgas-BTT NC (a), LSV curves (b) and Tafel slope (c) for PtiAg2s-BTT-M(50)
catalyst, LSV curves (d) for PtiAgas-BTT-Mn(X) catalyst, and comparison of overpotentials and current densities for different
catalysts (e) [51]

[& 7. PtiAgos-BTT NC HIRTEE L IRIEE(a), PtiAgs-BTT-M(50) fE{LFIRY LSV BhiZk(b)F0 Tafel £12&(c), PtiAg2s-BTT-
Mn(X)BELFTIEY LSV #hZk(d), FRIMELTIRYT B AFIERREZEXTEEE (e) [51]
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3.5. Hib

2025 4F, OB A FURR VR A ) £ S B A4 3L [E R4 ) AgiaPd (PTFE)s (TPP)s (AgisPd)Hl AgisAus
(PTFE)1o(DPPP)4(Agi3Aus). X 2 NHIFEHRA — AN 48 A% (Pd@Ag:: %, Au@AusAgs %) FIAHAL
ECIR . FERMELGEURR TR T, AgPd HAHFT NOsIBJE, HIREMEK FE N 15.8%, JRE™
ik 1433 mgh g s AgisAus BAFT CO 1L, HIRZME AN FEMEN 9.7%, JREZH 1A 82.3
mgh ™ gea ' FTIR Al DFT F5 25 5AF 8, M H A A*NOH F*COOH K4 57y fil v NO; B Al CO, it
JE P D s C-N AR & BUR 2 A JCHE h R R 4 *NH, FI*CO; AgisPd A R FAE U A4 *NH,, 17 AgisAus
SR A B (AR *NH . 3K U 70 1IE B 57 0 4 S8 45 4 TG R0 15 [ A% R VA i i s AR AL, R H
AL C-N R R R IR AR R [52]

2025 4E, Zhang %5 N3 A TREHEIE S Agos(MHA) s (MHA=6-373E CLER) I35 PE 07 55, S8l &L
FL LB B S R 2 . Agos(MHA) s STBR 136 (b 2 im0k 98%, Mike i) FE (B =ik 85%, T
18 YRAE IR S50 AR FF R AT A 1 . o SR A B =2 sk A FTIR %538 4FE BA & DFT iH&, R
Agos(MHA) s AU N USRI JE TP SRR MHA TCAR,  SEBlE AR RIRELE Agos R 1HI )
JAERE s Ages LEA FUEAT . 2R i S /K e S AR I R TR 1, W RR R THDK 28, 18
SR LB, HAEH ARSI O EREARCH, (2 THH BB EPR: Ags FIRE OS2 IKILRE
TR R o- AR Ag b, ARITEEBEH, Bk Ea bR [53].

4. BESRE

AT, Ag & NCs £ HUEAL USRI T TARVIAAE LU Bkl — &, #70 Ag & NCs fEHLELL
AREP KRR 7> REASE, LA IERE: 2, Ag 3k NCs i E s ek mic Az &
% BRI ITETER RBD, PRI R RE USROS R P ik R s =7, RZHWt7tidid DFT it
BRI Ag B NCs FIEA MBI, 256 JRALRAE T iR UE AL MLER (T 82D DU, Ag 2 NCs fE
ECO:RR W FEEREL L, £ ESA. ORR S5 WA (F FE B A B /b o g phe b3k ) L P ) A 1k S s
TEA . 2, RS R TR B A% (R A ) <2 Ja 2 [0 PR Bl [0 28080 A E A TR (R e AR T A 1 2 7
AR T Ag 2 NCs BT 450 . RO AL, (B EE 2 AR PR AL, DLSEELEE i i
ekRE. —2, ¥ Ag B NCs HHABMENBIL: MOF. frbf k. 48 b4 %5) 52 & il B SE A2 e (M 5 A fi
Wi, SR E k. TR PERE =R, CRRALRAEOR(W: FTIR. Raman. EPR %)M DFT if
Bahie, LRI Ag FE NCs LS BILEL . 1R Ag 5 NCs BN 7E i M A6 SR s I 5 22 1) 2228 )
FMECn: FFR A PERER Ag 2 NCs, 454 ZFRIET BAR s HEANLHISE).
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