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Abstract

Metal nanoclusters have exhibited unique advantages in photocatalysis owing to their well-defined
compositions, structurally resolvable architectures, and discrete electronic energy levels. In recent
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years, silver-based nanoclusters have achieved remarkable progress in photocatalytic carbon diox-
ide reduction, hydrogen evolution, organic transformation, and pollutant degradation. This review
systematically summarizes the structural characteristics, photophysical and photochemical proper-
ties, and recent advances in the photocatalytic applications of atomically precise silver-based nanoclus-
ters. Particular emphasis is placed on their atomically precise structures composed of metal cores
and surface ligands, as well as the resulting quantum size effects, and on their unique advantages in
light absorption, charge separation and transfer, and surface catalytic reactions. On this basis, various
performance optimization strategies, including ligand engineering, heteroatom doping, construction
of composite structures, interfacial regulation, and stabilization design, are comprehensively discussed,
together with the stability issues of silver-based nanoclusters during photocatalytic processes and
the corresponding stabilization approaches. Furthermore, this review provides a detailed overview
of their current applications in photocatalytic carbon dioxide reduction, hydrogen evolution, organic
transformation, and pollutant degradation, with representative examples used to elucidate the struc-
ture-activity relationships and underlying mechanisms. Finally, the current challenges in this field,
including insufficient structural stability, limited visible-light utilization efficiency, unclear charge-
transfer mechanisms, and restricted practical applicability, are discussed, and future perspectives
are proposed.
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1. 3]

B REVR S LFIA SR M H 25 R, PR mRL. SREBRIR AL 515 GG BERR © BN FE 34 [ 1]
[2]. M HRBER HEFH RKFHAELREN CO, i JH . Heff /KA B EFE LTS Y b i 5 I v
FER i REVR AL ISR A 2 U R AT B B2 N AT 372 2] (3] AR, ARG HEAL AR A AR DG I i v
BIR FIRT B RERAC WEVEAL RN B S S R BEVEAS R A5 IR, PR T ol — P R (3] [4]. JRT
F 1 42 )& 49 K [ 7% (Metal nanoclusters, MNCs)E A B FIALRC AT AT I LART 45 0 R BS B - Re e, RN
2 R RGP RN NS AR o XA AR RIS BB A . L ar S B AV A s S 55 7 1T B A
FRLF, (AR O R A WL ER RN S 2540 - PR REOC RERML T BRAEREAL[S] [6].

TERZ S BRI T, GG K I % B A B0 1A E YA BRI FUHERR[S] [ 7], ARGk A1 7%
BA AN R SE HER RS Rr AL, (AHAAAE 5 A FRE tEA RS M [8]. MR, HIEGK A%
(Silver-based nanoclusters, Ag NCs) K 454 2 FF . BV a8 TR H 28 15 A B I 0 5 25 i 2R 14 171 52
BISVZRVET] (9], HHBTEESHMAKR T, Ag NCs AMUATVE ML IEE R IT, AR A R K
MIREZLULHEC IR &R 78 M0 6BOR . BIEAGH) sF AR S AR B TR S AL i, AT SE R AR B 1 77 B 7%
Lo Z ISR AR[9] [10] MT4FER, B RGHES OGS RAEBAR IR FE, AgNCs FEGHEML CO B
AL BT SR LB S R R I AT B AR RE[1 1] [12]0 B6Ah, AR ROE SR Be i AT 78 )51
RUE ERGHEE, NPEREILA AR BOOC R FUBEE [ 2EAI[13]. Flith, REGELS AgNCs 7E GG U
Wb, W TR R B SO AR A X

][l
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2. Ag NCs G H4FER LS

Ag NCs ¥ HAR R T B & R AR IR B, = T R T W5 15 55 R AR TR 2 [A]
[ —SRAEFBRM R 14] [15]. SHEGURGUKIEHALL, Ag NCs BA B EM &7 RAF 2408, R H B Hh 7
RERANK Sy T oL T i, HBeR AT BRI R )@ L S B R S AR A T R 5[ 15] 0 IX BRRFAE A F
FESCMRMS . S8 I TR 5 DA K O A B 1 ) 3 B AT A i R v B L R L %5 . Ag NCs 19 55 — R4 o
et ARSESITTITR a7 d X W S e I B T A b AR O P S i s e A IR S A R ) =g AR el L]
PREIR AT o Sl R AR SIAR IR T B R R G4k, arat— D Ui % o7 454
AL A B F R P S S I AT RS I RE[10] [16]. PRIE, Ag NCs BEAZ mil JefEAL], it Sl
B EIERR R JTAMAHE, TSRS S I8, AgNCs CAELHELL CO IR JR . Hr
A WU S8 B R4 (0 B A 5[ 17]-[ 1910 FSRRSE dlm. Bk & S ks e, Ck
NFRTEHOGAEA E AR M £ 1 A B

3. Ag NCs FERAEN P HITRRE M RIRE 578 R 1L SR s

BRIGTEREREIESN, FoE ME R VP Ag NCs SGHEAL PERE I B AR bR[6] [7]. RE HIE FRBZ A
FIT RO R FURE RE 42, (BAEFRFSEIE . AR IR IEIR S B A I M T, AgNCs 3 5 K A= 4514
AL RIE[9] [20]o AR ARE H A HERCAARI T . FIFERSE . MER LT R REEAT,
RIMACAFRER AW SHEE, FEURETRBIFII KR EMN. FR, BHTHREmRRE,
Ag NCs Gy RAMA . RS FIREE, B AN R ARG, TR TR S i [21] [22].
AN, OGRS, BUEATRERAE Ag(0YAg(D)FAL, FFAERE = ER A AL JFd R 5| R 4 b e i B A i)
WEH23]. EEAERRT, 5 Ag NCs 5Tk, &8 G HIHEL (Metal-organic frameworks, MOFs)a{ %
4 J& %A% 2k (Polyoxometalates, POMs) 2 [A] S 25 & AN A2 [H], BUREILECANA 2, I8 W] RE S B FIT R
R UL B A A 2 BH 18] E%F Bk il i, H AT E Zd@ i ik TR MERIR. &8 RS fmE 57
TH] 30 e B SR 12w LA PR 6] [18 ] WA TR Py 3 i i R 5 4R A% 2 18] R AH ELAE FH 38 PR mT 5 By MOFs
g POMs #ifi| FIFE R AR AR KK, A e A B TR s i i 7450, Wt m e 22fett, i
TSR A B T Aae RS 450, RGO Aoy k[6] [24]. BRI S, ARKNLE T 2 5% b [F
wit, EEiETE. ikt S5 KINRE B AT L A SEIL AR T4

4. Ag NCs TR EN R M IR A S1ERE BT

BT IR TR BRI R TH LA A B, AgNCs 7EXHEAL CO 1B IR HTEl. A HLFE LA
155 G 8 g S ST R 3 T T R PR N FH AT (6] [13 ] AN R B AR 28 %65 AL 70 AR S R WA A 77 < RE AT DL SR &R
FEL AT 3 B8 200 e R S B s LA AR TRV EESR, Rl Ag NCs 78 H A RS I S SF A AR [17] [18]. Ak
M, ERJER RN COy IR AT T, AgNCs 8 EERDUNHE TR G B IS NAT A5
Bk MTEA VLIS 15 Qi b, AR RS 2 AR DU RIS R G RN AR TR 4% 20 4 LA Ko
PR A0 [25]. RHIEE G ART, AgNCs fiE— AR NRfOR. S iy B i
EREEA T OS5 RN, @ AR SR TR P b R A SOE R A B AR, e
R LEE K M RESR B[ 18] [26].

4.1. &L COBE

HefiAl COL I8 JR A N AE SEIL IR 2 SR BHIEAL R F AR BHBEAL 2~ A I BB 2R 1%, DK CO Hitb o
CO. HCOOH. CHjy Z5& M r=#[27] [28]. #R1fi, CO, 7 T E AR E IS 2r e YR 112446 1,
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HAm A RE N ME . 12 N W R R 2 T/ 2 R TR G A% L el ke grisifl, &5 S BURNZ)
TR BRI YIEFENEA 2 [6] [27]. BEAN, fESEPROLHELIR RS, Se B8R IR R &, S e
ROCRAAR ST SR S S 58 4 46 1) it ik — 2B BRI T COL IEJRRR(27] [29]. BRBL, FFR MR @R COL T
BHEALRE TS DU R 7 B VEREAN R AP P WD FEPE RO AL AR 2R, S22 S Lo ). ITEEOK, AgNCs
RGBT SRS R . WABAAR AL md S v I F PR, FE AR E R G BEXE R T PR B H AR

4.1.1. CO: MR SR T EE

EEXF COa 23 FHE LLVE b LS P BRI 22 1) 1n) 8, A 98 3 1 2RI Ag NCs 514 ff 45 #4 R B ff
FETHT L P R 25 WUSOSEIR B« o T A e o A e L 8 4 T 2 4 5 THTIEA T AL . AR R ARGK AT R AR LE,
AgNCs HA IR0 TR R, Ay 78 7 RO L SR 0 i 128 SR AT, A
A FT CO 2 FHIWIETE b Ko<ttt IRA AR 2 [6]. [RINE, H TR TIE MO s A X T 0T, ASTH)
H [ A 7 7% 2 TR P R P g 2R AR A B 42 B S A b R, DRI = A9 g 428 i 2 1) 7 T J AL ) B A
o B, Xiong &5 A[30]LA Agos HIFARAIMEALR, 1E CO, JaibJF S T #4518 100%01) CHa 3E R,
T T RE B AR R T G R IR P 2 IR SR R . i R, I S A R 4 A T R SR
HLFIREE, TITE—ERERE DGR COy 5/ PRI S I B A AN B 4% il (¥ 1) 5L, AT S0 L B 7 1 2 [ A=
o

4.12. EEEMS5AEIE
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Figure 1. Agz4 nanoclusters for photocatalytic CO2 reduction [26]
B 1. Ago AR AFLA T AN CO TR [26]

Bk COL W BHE A AT P= e B PR T Ah, Ja AR IR 7 5 & DA S TH T A s R I A2 R CO, it
JEE e LR R [29]. [RIG, F 3R G S R 0 A ST A A i ORI T AL B I R LS . 7R
HRH, AgNCs MURTEAR BT R HC . B FIFIEIEAL SEik, R FERmEESER, K
B AFar, CAE RN S CO MM Whik S lalRieAk, AT i R s 3 ) 2 5 3 0T
Wi 725127] (] 1)e 16 Agas/CdS KR SRR F, CdS Bt ERIF = A T - 70, Agas I
TE TR RO MR BMEAAL A, (R THRA 2 B I MH E S . B8 T Agu RN TH—LP S
55 CO W B FIIE S5, AT SEBRIE 14 5 G BV I R 32 T [29] . BHULRT L, 52 & 25 e i st A St i AR fR AL e
A R L B 5 AR, RIS SRER L SR R B, SRR TE Ag NCs J= CO, Jaid [ M R i) 5 22
b G

4.2. FEXHRES
Tl T S LK IR M E e AL EE IR, BHARBEZHRRTES™E. a3 1¥%%
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18 DL MR 25 R VEAS SR S TR 29[ 24] [31]. RIBE, FFRZHIMIRA . 7P n] I B AR e I R 11
AR B 2 . AgNCs B BEAede . IR i 7454, BIAR AL A5 2 RAFI) ST AR A1, 7E
JCHEALHT A F R T RS AR . BRI O K S IR SR, TR HEBGA T E F
FRTHHTANERE[15] [25]. JEEFERK, WHTTE BISe TA IR 5 & m 5 2% DU BRIBUM B MRS & 45 SRns T g
TIZAIE, ARERTE T Ag NCs FEGHEAHT SR REVETE 5FaE k.

4.2.1. BRIGFNEEIIA R

Ag NCs USRI RINRER r, FEJCHRFI R B T By RASE M B SEARER R, AT sEma LA AL,
FRETE[6] [18] [24]0 PRIL, R FHBRASCFN R MARE & SR, DAY ik A A 4 M A e M o et LT FL T A i . 7E3X
REEEREY, Ag NCs @HEIE NN O BT RN ST EE AL, TR SR 2 (A PRI 1%
nETE AR . i, B4 SFIRAN321ME TR A Ag NCs e —4EF A 34h, seil
T HESH AR I 4 A M AR . 2R, A AR B R B R e M, ISR R AR T
HLFILRE B NS, AT IE 2y AL s (R T BT AE . E—2DHh, Btk 2 & s AR % AgNCs 1
PRISE SRR, 16 3 - ZURAHELAE F RE0s W38 AT IR AR B R, b FAT M RE[33]

4.22. AgiEE

a - b s
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Figure 2. Photocatalytic performance evaluation of Ag«M (M = Au, Ag, Pd, and Pt) nanoclusters confined in UiO-66-NH: [24]
[ 2. AgasM (M = Au, Ag, Pd, POZAREIFEEF 52T UiO-66-NH2 FH B AL I BEMit [24]

Eab g A Ag NCs B TS5 MEHIGTEAL S B BT B, a8 51 R b 5028 e ek f ey 20
i 5 RO A0, TR BT S PERE[31] [34] [35]. BT 5]\ Pt. Au. CuZsR&EE T, "k
T RIR 2R, (R AERR TR B S5RIH, FoEE R R 35 & =Ead /. flal, Du A
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[31PHR5FA Pt 3 5L NARBIR T, MU 1 i BRI B AL AR & o T P AL A A T T E R TR,
SRR I B OGNS M YL HIR RS A 2414 7 &R B 441 Agos WK B %3256 T MOF
I T AT S 2 AR IS R R R B 1 S5 4, (5 B MOF BRI A 1 4 w141 % 7>
HCHE AN SRR E I, AT M T 2R 30 1 I 2 S M S Tl S Mt AT« 45 SRR W, L8R 53
MBS &2 32T Ag NCs HraltEREmA RO&1R (K 2). 4k, A Rng rE e iy 450 i 12 5 i
UL PR EIEF, 3R TH Ag NCs ST A PEREIR A RU& 12

4.3. fELANEL

A WU AL BE S A IR AN SR A R SBLA ML T HE AL SIEEEA AL, RO AL R A EE
B X[36]. 5 CO i JRANMT U SAR L, A AL o B AR T A 702 T i Ak 6 e FROR B 42 L TR B A
TR A S S BR AR B FEVE 51 5« AgNCs HTT A BT RSB 404 « T ri 1 SR B 1 R T B AL
FEA LN TAE A R 2 0 I B 2 v R B R L 5[ 6] [ 7] [371

4.3.1. [R¥ENK
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Figure 3. Structures, catalytic performance comparison, and substrate scope of Ag, (n=2, 4, 6, and 9) nanoclusters. (a) Overall
structures of Ag, (n =2, 4, 6, and 9) nanoclusters; (b) Comparison of TON and TOF for the cyclization of propargylamines
with CO2 over different catalysts; (c) Substrate scope of the cyclization of various propargylamine substrates with COz cata-
lyzed by the Ags nanocluster [38]

3. Agn (n=2, 4, 6, HAREFRIEN, EICHRELLBRIRIER. (2) Ag (n=2, 4, 6, NIREAFRHIEERLER; (b)
TEMEAFIELRARRS CO FMER ZHI TON # TOF EEEL; (o) Ags PRAZEUTRRAIZRYS CO2 MR &
B RIE R SE R 38]
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AHEACY SRR S A IR AR =R I S5 2 AN R, X sl RIS 5 A7)k
THI P Je 3B S5 A R0 P T IR B B DA O . Ag NCs LA A 1) SR T HEFU AT ATAS S, mT 4R (AR X 35— EL T i)
RIS, AR T B 5 RS 2 M RS R [6] [37]. B, Lin 25 AN[381RE T
JE T ARG Ags GPK PIFRLE G IR IZ 5 COp IS H IR o 285 SR 2 B, 12 71 7% R 0 (1 33 JEC A2 PR B
COL it A R RV A G Ak, T SEII B BR =P i s A 1, ARBLT Ag NCs 162 AT WLEE AL A (1 7 £ 1
AR (K 3).
4.3.2. RERMHFEFE

TEANEEAAR R, FAARAM T Ag NCs (45 Fase I, 3 af idad 45 iE AT 5 FR R R B . 2= AL
BHL K% Stk 45 44, 3k — 25 B SRR B 5 30 S B 4213710 Guo 28 N[391K B, KAy PHAC (A AT
FRRER Y BE 2 RECALRAL A, TR B4 OB A T m R B 4 RR M, @R
BT FREE, AT CALE CRRF A e 1 () (RIS 384 0 T B G PR A, T B THE A BE . 53— D7 T, ks
FZHIBN[40]3Rk1E, Ag NCs 752K F A MBI SN, HE R DU H B m I AR S P, X 5 LR T RS PR A5 1
e RS T EEARRE LA R R O B BE S B DA G . BB BRAT AR AN, RIE AL BN T o
A A0 B R (R Y 2 (R 2 S5 3 M AL R B 4). Ag NCs (192 T P57 155 RE S 7] A3 3% M Asr i T
JHE RN YRS, AT REMA AT LI b S B 35 1k S e v . T8I & BT R R LA g5 4,
HE— 25 S AL 1 B RS AR -

=

W

~ 80 K
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Figure 4. Ligand-protected Ag27 nanoclusters for the oxidative coupling of benzylamine [40]

B 4. ECRRIFE Agy FIFRR T RBRRREMIBEK R F2[40]

4.4, FELTRIbER

FeMEAL TS G B i LA HLTS e iR S840 2 e A Ak o B bR, AR AR HR T e A s 25 o P 4R
VIR FEE R o« ASE I8 R R e b, 20 R AR A AL TR O TSR EE J7 35 1 S8 AR 2B 8% LA
Je G LT 2 B MERE[3] [41][42]. Kk, AgNCs FEZAMI A (/R H 3 2 AR B SR TH s iR . e g
o 1 2% T 2 AL e it

4.4.1. FEMEFFPERL

TEFS Y it R b, - O - OH S5 375 P S8 Pl 5 2 S LTS e ViR 8 AL IR 5% . Ag NCs 1]
T T D T A R AR S A A0 A, (RIS T R SR, SRR R e A T B AR A R
Fo s, M BG5S M AR A B RE (4310 BEAN, SRR EAT RGBT WG R, 7R AR R
AT 3 T R 4 TR 45 28 s IR A0 1 R IR R e A ORI 2 (3] [41]. Rlt, Ag NCs 1ET5 444
B M AR 2 P AT R BRI N I SR AL 5y . L TR AR R R T R RO S 2 A
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4.4.2. RRGWESFERE

SR AE AR I 5 ST RS BT H S G B AR RE Y B B SRS [25] [31]. I KE Ag NCs BUERY)F 5
FUMBE A, AR EMG IR, (et T - 2R BIFH R E] WO N, Shen 58 A[44]4)
T AEIR Ag/AgeSin07/Binn017Cl 458 T4 S-scheme 7 B4 DG, HhaJE Ag RN RIEE & 71400
AL AN S A IR R, B S 1 -OH A0y SEiEVEMI AL BR , ITTAE AL 3RS G i b
B AL PERE(K 5) BT TR, ARV TE L Py R R e, B IR AR T NV IR, A AR
THG QIR A R

Visible light

AgeSi,0,

+
\ VB=1.16V

P . ¢ by w Y 2 2
S aarg VB=2.14V 2 ‘E/‘E/‘E/
Ag/AgGSi207 /Bi12017C12 @ + =+ +
microflowers H, O: & % @ \
Figure 5. S-scheme mechanism of the Ag/AgeSi207/Bi12017Cl2 plasmonic heterojunction and schematic diagram of photocata-

lytic degradation of tetracycline hydrochloride [44]
5. Ag/AgeSin07/Bin017Ch FB TR F FREER S-scheme HLEI AR AL FEFEE BRI ZRERE [44]

Bi;,0,,Cl,

4.5. HitbrefEtb R B

Bk BRSO RiA, Ag NCs fESHEAGREIA . o A A B AGE BE M S S5 07 T R B — s ¥ 11 [45]-
[47]0 X RLE W R 2 BT, SHEWTRIOETRICIERE . HL 7 B8 2803 S R TE VAL RUA s 2R
[45] [46]. Ag NCs EA 25K BIRA . FLF-PE 58 o] PRRN R T B 28 Ry S R o, 8 /N0 T W B R 4k 7 T
HA—EMRHB(5] [48]. Ak, HATHIHHTANEA R, HRBHLEE A HOC & — BIRAR Y

5. REERE

JATRE Ag NCs [RIZLRHIRA . SR mT i S R INE T m 0%, 7RG HE L U B H 1R 47 f B FH i
Sto HEERMSZAEAL, A5 TiO,. MOFs SEMHE SRR, BERR CO LR, Hra. AL 5
QMRS S N AL TERE . JTAER, MERIRTE. RIET B2 S et Mot TS s i) A e,
NPEREAR T T 4. 5 Au NCs Fl Cu NCs #HEL, Ag NCs fEZHHE. Gitlfaeth. m#Ea Mk
JeEE AR 2 TR R L o, BRI A T AR BT AL OME S R E . R GRRT, AgNCs
AR CRON . BT AR R BRI P R, BETT R C IR A 20 B IE A% B R T
R, REmt, HErE s TRk M, SiRRE RV A Rk, EEIRECRIEN T B kA
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P ALt P A S RS =, ATDe R RGBT 7o Eae it — bt 2=, ¥
BRSBTS EERN 5 JUHR T A R 42 AR A K RT #% F 7 45 R S5 07 TS R 2 R GE IR
HVY, MRS TR, RSP 2. RRETON H S B S BU R LA 5T
Jeot: B, KRENMRSAER & )& RO %, S AgNCs BT Pl 2 5 AL 5T, Ok, 456 TR0z
FALSER TR, RS AR R SR T s i Al . AT R RS IR AR Sy FOSm VRO R, RS
TR RIE TSR SERNS, PRI AN EPERE S FUa, B0 Ui AgNCs
FER G R T IRARDIREf o, HESH I ML EAL IR FGE R SEBR N - 25 F, T KeRE Ag NCs N7
AR RSB SR T BB 6, FEKPH BERE A 5 A BT A B AR AU R AT ™ ] (14 52 Y i 3¢

SE
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