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Abstract

Chiral metal nanoclusters, as a special type of nanomaterials, have demonstrated great potential in
various fields such as chiral catalysis, biomedicine, optical materials, and information storage in re-
cent years. This article begins with the introduction, presenting the research background and devel-
opment history of chiral metal nanoclusters, and elaborating on their extensive application prospects
in asymmetric catalysis, biomedicine, optical materials, etc. In the section on the exploration of chiral
sources, the three sources of chirality—chiral metal cores, asymmetric arrangement of surface lig-
ands on nanoclusters, and chiral ligands—are analyzed in detail, supported by specific cases and re-
search results. Subsequently, the article delves into the resolution techniques of chiral metal nanoclus-
ters, including supramolecular assembly strategies, crystalline self-assembly, chiral ion pair strate-
gies, efficient chiral liquid chromatography, chiral ligand resolution, and chiral inducer resolution,
each with corresponding research examples and achievements. In the application section, it focuses
on the applications of chiral metal nanoclusters in asymmetric catalysis and the construction of opti-
cal devices, demonstrating their potential through specific research results. Finally, in the summary
and outlook section, the current research achievements are summarized, and the future research di-
rections and challenges are pointed out, such as improving optical activity, achieving large-scale pro-
duction, and expanding application fields.
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1. 53|

FHERERA A — R AR, MO E R TR 2 Z R RN, FHAFIER T %
ANRPE . FEWE, 15— BRI HBRRE (1 S2 A 25 W R B AL 25 O T 4% 52 D00, LR AEZWIHF K
NS FRUEAL LR A0y TR AR 1] [2]0 PR R E N ERE T T 5 A FR 45 M B2
AR RAEF A . AR5 SR DL RS B A6 55 7 TR B BRI R I 1[3]

F1E4 8 91K H1% (Nanoclusters, NCs)TE N — 8RR GRA R, HORSHBFAE 1~3 4Kk a], BAH
B 1) S 2 PR B () T 45 M [4] o IR BEPR FRAMY AR B T 6 i SR S B T, 3 R RO~ 30
R RN R & T HERE[S] . FHEEBYPKAFERINE i i6 T 20 tHhad 90 454X, FlE A AR S
FIEFBMAWELD, BIEFNCKRERHER AR 50, FHFIRAR T FERIE6].

WAk, FHEBACKEABITI IS T RERE. BREFATEE E A . BOARRS e Ll b o w4y B8
LT, RIS T — RINEA AR TS B YURIAFE ). PR ET Loy N4 24 [8]-[10] R
[11]-[13]+ HAFE[14]-[16] AL EA TG g AFE[17]-[20]. [FIRF, fEBhEE X SHERATS . ] — ik (CD). IR
BNE — 1% (VCD). iR & (CPL)RAETF-BL, IRNEHT T FHEE B APK HE S SR IR & .

2. FHEERAKBARIKIRRT
S EISTSIT R, (ERRRRAR IR R BRREE & PR R I S R PR R
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. ZERRE

A, PRARHORRME, AT TSN EA FE[21]. ARG AATHR 17— SedfE, 5 403 i ic 4 1)
ANKERR AT (140, B AR FAEHES ) A 00 T A% (140, <) SR 1 = PEHERR) , (B i S5 R i
VIR T4k O IR SR IR AE LA 5E - (BREE RILBORIAE Y, 9K BRR NS RES PO il E, BIRT
PERRIEA 13 AR R T E TR SRR BIRRIFERDRIET DU =451 (1) FHESENZ: (2)
iR A A FRHES: () BRI i) FIERCA

21 FHEBRZ

TERIER G R R, IR N Z G 8 5 TR R AE AT RRHES, TS 45 A1 A2 A8 A 1.
2014 4F, FIRBIEEREH A R [Auo(PP3)a] Cla(PPs A = (2(2- R AL ) .38 ) 9ok B 7%, 1IX 2 A
e gE Rt B FHE U O &K%, 2 Au20 .00 B C3 X R, |1 Aul3d —THAF Au7 12
WERTCAH R, DL AR PP IS VR FI IS 9 7 9K BRI AR E PR 1) [22]. UbAh, FIEEJE A HAT
FETREECRY )& @Ak A g, filtn, 2018 4, & R MBI BA G & 7 —Fp B A WRNEN 0 3707 451
i) AQ23(PPhs)s(SCaHaPh)1s 4K 1%, 1214175 Hi 3 ALl B THTCo 3277 BT AL, XS B T AR T3 e it
IR A A 2 27°, SRS RAR N TT TR BT RRREETE IR, ZBIERF IR T H & B0 r R
THF, TAECRY ECAR C B [23]

Figure 1. Overall structure diagram of Auzo cluster (a) and top view (b) and side view (c) of the Auzo metal core [22]

1. Auz B SRR EE R 25 A E] () FN Auzo £ B #Z BV IIFAL E (b) SIFLE () [22]

2.2. AERAR TR

& - O A S B AR FRHE S A % T 1 0 B SRR . 2007 4, B4R K% Roger D. Kornberg 4%
GNE KIRIE T [Aui02(SR)as) AR LS 450 . 25 AR B, Z R W AEFYER AuT9 Bl T
A, H AU79 W% 19 NEAE T TER” g5RIIRREE £ AR (RS-AU-SR) R 2 MR - & “iT Pk 4504
TR (RS-AU-RS-AU-SR)tLZE . HISRIE AuT9 AL I T A BRI - & “IT BEH” gty stk B Xt
PRI AT, SRT, HOBE ERIBREE - & “IT BEH” S EGAXNFR AT, KB BFERSFRIERE S C, M
MR N B EA FPE[24] . 75 2010 4, Jin 55 A& 1 [Auss(SR)24) 175, N AZ THI fil& (13— T
s, BA DanxtFctt, RAEFIER. R0, HAMRET =AY RS-Au-SR 81751 RS-Au-RS-Au-SR — %
PR G AR LS 4 B0 T BT HEB ], 4 [Auss(SR)24] A% R0 BRI B 28 Da, AT AEAS AN B A F 1 [25]

2.3. FitHcix

SINTFYERCAAAE DR AP R T 1R 5N R 90K B % B EL 2 1 71 . RIS-BINAP(R/S-1,1- 1k Z%5-2,2"- XX
AR A AR LT M R A4 - Tsukuda 25 N FE 2016 438 f# F R/S-BINAP & % 1 [Aus(BINAP)s(PPhs),].
+ YPOKBIE, HEA R Au8 %0, H AP A & 574 P A4S PPhs FCAABC AL, /S AN4 J5 13 =~ BINAP
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BCARRECAT . RIS EAZ OAR G A BT, WA E R F RS FE TN T FHEE 2) [26]. o4
FUZ IR BAE 2023 FEAH 1 N-Z4R R S (NHC)BL AR & i T — 1l Cus & @Ak AR, Z PR &8 1% 0
R ANEMIGREE, HEAMR TR, BA TR, 10 1Z% 5% 5 T2 8@ A8 FH i % NHC IiE
NI PN P

Figure 2. (a) The total crystal structure of Aus nanocluster by X-ray diffraction and (b) the comparison of the geometrical
structures of R-Aus and S-Aus. In this figure, the gray, yellow, blue and green spheres represent carbon, gold, phosphorus and
chlorine atoms respectively. In (a), the benzene ring of BINAP and PPhs is highlighted, and the benzene ring of the bipyridine
part is depicted as a gray line [26]

& 2. (a) Aus K F TR x ST R RIAEHFI(b) R-Aus 5 S-Aus JLIATZEMIEL . Hep, &, BE, ERMERAIK
SRRKR. & BMNEET. EE@F, KEEBIEREE/R, BINAP F PPhs BUREIME LA AR B 4k[26]

3. FUERMKARBXREFS AR

T 1 < R 4 oK % W DL AR O SUAE A, TR RE 0 FLdb AT X AR 7 A4 BE SRAT P %
WRAA . Tt H AT T < 9K R A% 70 AR 2 — R BB RN M 4, i PR R R AR IR 2 SR B
i 1) mREARGIE(HPLC); 2) FIER TR 3) Zidh B IR 5kNg ;s 4) il 7 4IREskNs; 5) FIERC
PRVE AN 6) TEFE I 50k

3.1. B FHEFRE

2018 4F, Tang Z5 Nl —Fhi sy FLA2ESRNE, sl T CfiE M —F A WETFHE BN Eg0K
1% Auzo(PP3)sCls IR, X HOGEE MR PR ISEAT TIRA AL BRI a-P Wik (a-CD) 5
Al JK IR T A HLEC A 2 (811 2 B - FAH EAER, SEBL 1 BAR 1 i R B . alid 72 DMF 55
TBA Al Ml a-CD, SRJGEIIAA RIEFI(UW CHCL)E FUTHE, Ih o B8 HUE & A e (R) AN Jie (L) e g iy =
Yo 2R IR, AT BN UK (CE)IE 70 B 5 Auo FIX WUALERE , TiEIRTT 1 2l 2 Ohf et
H1H ee = 97%) X WA 3) [28]. IXFRTVEHA makge, MilE . IRSARRIR S, HREE R .
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Figure 3. Flowchart of the supermolecular strategy for the resolution of enantiomers of Au20(PP3)4Cla clusters [28]

3. B FRIEIRS Au(PP3)sCls F#ESTRR{R AR FZE[28]

3.2. LmBE%

o-carboranetrithiolate

7%

THF-CH;CN Self-resolution

DMACc
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Figure 4. Schematic diagram of the synthesis and self-resolution of the racemic form Agso-rac [29]
4. SNHEREMR Agso-rac BYE RN B iR 2 E[29]

ARG AR, TSR AR FREX Wk 2 i 4 i, AT SRR 45 o

2020 4, Zang VREIZHARIE T —Fp T 2 R EE ORI AR 9K 7% Agao(C2B1oHeS3)sDppme & Al 24
MIRAE . W E — HIE 2B FE(DMAC) FE S &, S TAME R B R &, BT FHEF R & E(R-
Agso Fl L-Agso) (K] 4). % TAE B RAE B ARSI i U 45 R & BOa AR RScBl 7 Hes M a s, 4dA
PR AN BB TR 2 B HR AL 1 B8 fai (A 2 77 2%, I R ST P R B MR e B 4 M B it 1 A8 %5 [29]

2023 4, Wang V2 A 5T 08 H 4 SR IS ST I 1 AN A T B B R YUK AR L, B A
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AT FAE DR 22 (U TR BC AR BT PR ) o BF TN 53] P AR 9K R A0 9 T P AR DR AR e b, Sl i
Tilt 748 SRR S TE ) Agao AR IR AL A BT AR .l X SRR 2378 T NI TE Agao 4K 1A
PR ARG R, JF R DLEAE RS RE 261 AT LA B A e A0 D B T4k d A [30] o

3.3. FHE TR

2016 4, Zheng %5 N JE R T —Ffudid 257 0F SR SC I F-1E & 8 4K BURE A KT BR & R vk 1E
FIFH PR B BH B S B T8 A R T R AR R I & i, B T — T (B R A T PR XS R [
[Ag2sCu12(SR)2a]*» I ELIE ok T 11 e P 25 15 6 H fif 4 K [T 2 ) D 5 3 1 o AR ELAE S8 T 909 e v
E VI BRI E B AT FR A R [31] o 1%77 2WF T 8 1 5 90K AR R TH P BT B X6, 3@l B8 1
XoF IR AR ELAE I SE IR WA ) 20 85 o SR SRIRAETT(E, & T 2 R BB MK A%, AT AR SR AN ) S A4
NREAT, R T R B R TS T 2 AR X K B SS R R . R UR BEOR B AN RS B R, OF
HAlRe sl N D E AR BRI =Y, B — D gt PR,

3.4. B FHRHEEIEZE

TERHH, Doy B AT oA 1) 3 BE D7 A T 1k = OB i, R R e AR S TS RN
KA FEERT WA 2 18] (R AF AR B 22 57, SRBIRT 7 1 4 8 9 oK A I 6 BeAA 4 43 BL7E 2012 4, Thomas Blirgi
S N RESEDL T B AEF PR AR I 1) 42 175 (Auas(SCH2CHoPh)2a) FRINT B S5 A A 43 B, 56t LR — ke i
(CDYHHAT 7T, & 5(a)~(f). 1 5CiEI Bt i85 (il (GPC) 2 2 H B — ST ) Auss(SCH2CH2Ph)2s 17
W RS IEH8 )5 1) rac-Auss(SCH2CHPh)24 BRI R T- I BN AR, IRAIAHA IE O b/ 7 A BE(80:20), fE=iR N
Y. WRINER AN, RIS 7 B R AR U (43 A e N Xt B S AL A 1 A 2, e ST ) 4031l 8.45 43 A
17.45 50%p) . AR NI B, AT B e i R, CD il BoR s R MR KRR, & TR
THE 4 x 1078, RUPIFEEA BEROLEETER2]. tE, MR AN AR TS B g2 e gk
A%, Blan[Auzs(SR)20] [33], [Auss(SR)2e] [33]155. XFhJr = HarHAER Z—Mr=, #) ZmH
T & B K R 0 -1 50 85, (R X SR A B AR e 1 A P ELAS B TE VR A0V e A s A

i Y7 X Vv
““.T'%\‘
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Figure 5. (a) Top view and (b) side view of the crystal structure of Auss(SR)24. (¢) Schematic diagram of the chiral Auss(SR)24
cluster. (d) Top view and (f) side view of the Auss(SR)24 cluster in the space-filling model. The enantiomeric form Auss(SR)24
and the CD spectra after chiral separation [32]

5. Auss(SR24 SR A L5 HEN () TR B FI(D) AR E . ZFREFHERNREE(C). EZEEFTER THIZEZERRLE()
FOMIARE (F). SMHEREMA Auss(SR)2 AR F 1R 53 FEHY CD H1E[32]
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3.5. FHEEFS

2017 4F, Zheng % \idid {5 VR & FOAR (BLHE AR A) & BOR AT T3 14 B2 (1 A 2 1R & B 4K 141
%, ST A JiE (racemic) I e 2 Al B R KA — 2D & . Agrs HIRELH — 1 Ades MI#%0, H
Ag@Ag21 %N Agas AMFEL . Ag@AQ21 VI F = M Z 4 i) TR 4L, A D SRR o Agas
Ah5EE 26 NI A JR T 6 MR Agd BLIT(FIA = A TR IL = — 251 F 12 ANTHAS T Ag i 728 (14
6(a)). HIFEIFMERIE T R AR I HES] . N [Ags(DPPP)2(SPhCFs)s]* # Iyt L 2 P4~ PAgSs P T 14
LG, IXEEEITIE T DPPP LR C-C-C A BR il 1T 2 AT AH R A E ) o FEMCERRE b, A — X 1 XU
BCAA(2S, 4S)-({-)-2,4- 3= FFERE) R I AI(2R, 4R)-(+)-2,4- 3 (— FFERE) R )% (25,45-BDPP #1 2r,4r-BDPP) K
R E AT ) DPPP E k& % B17% . 25,45-BDPP Al 2r,4r-BDPP {45 FH BRI 1 XUBE A 44 _E-C-C-C-#5 43
31, MIMAE[Aga(2s,4s/2r,4r-BDPP)2(SPhCF3)s] H.70 A [1] —ANJ7 [al %%, SKBIL 7 A #0475 23 (] 6(b))
[34]0 IXF 592 0] LIRS A5 ] AR SE MO T G, SIS WA R ade Bk 2 A, R AR LA 6 51 N AT DA 3
YRR AR, P s HAEF ARG EAM R R R R 77 (R TR IR AR XA L Ak
A, R T RN -

wi  R-Ag;,@Agy, \,_]

( V'S-Agn@Agu 4
- Ag4(SR)g(2r,4r-BDPP)

Ag,(SR)s(2s,4s-BDPP) /(g

300 400 500 600 700
Wavelength/nm

Figure 6. (a) Crystal structure of the chiral cluster Agzs. (b) CD spectrum of the chiral cluster Agzs [34]
[ 6. () FEFFE Agre IERIAELEH. (b) FHEEFK Agre B9 CD FiE[34]

3.6. FHIFESFHIHFS

2021 4, Zang N E XA T8 7E Agis@Ag1sCus 2 & 44K 175 1) 41 H e 44 v W n N 2 4y
F-(W R-IS-HEA TR ), MEL B T BAZ N FR I 5 — kA5 5 (1 7(a)~(d)) . XF o EFIH T FHES 75
YRR IMMAHEAE R, 5% T DGR TR, M SEIL T % WA 1o 2% & 4E[35], JFidid ¥ it
THEARAL 60 NN K TAERBIE AL, 5% T BIEMTEA (K 7(e)~(h)). 2022 4, Zheng 5§ A fi H
T XA BEA R O6 B SEFI(RIS-(3,5- A 2k -4-BE 4 FH BE2,1-a;3,40" 25 L) — HIIZ, fAIFR RIS-MA,
¥ R-MA 5 S-MA A Ago.Cuz i 1, i AEILMAH BEAEH (I C-H---F. C-H---n Ml -+ -) i T XS Bk
EHE % A R-MA B S-MA J&, B AR — 061 (CD) s AR IE, H B AT 56 S5 A 15 X FR
PE[36]. X BITH M —F TSR 5k, A RF RS, HESSZH I agsD, HiE
PEANE
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Figure 7. (a) UV absorption spectra of Agis@Agi6Cus dissolved in CH3CN at different temperatures; (b) UV absorption
spectra of Ag1s@Ag1sCuas dissolved in a mixed solvent of CH3sCN and PO at room temperature; (c) and (d) CD spectra and
gabs factors of Agis@Agi1sCus dissolved in a mixed solvent of CH3CN and PO at different temperatures respectively; (e)
Structural model of 60 S-PO molecules surrounding the S-Agis@AgisCus cluster molecule; (f) Overlap diagram of S-
Ag13@Ag16Cus after structure optimization with and without S-PO (transparent and light-colored parts); (g) and (h) Compari-
son of interface bond lengths of S-Ag1s@Ag16Cus with and without S-PO (right and left respectively) [35]

& 7. (a) Ag1s@AgisCus;AMET CH:CN ZEREIRE TRILIMNRUIE; (b) Agis@AgisCus iBfET CH:CN F1 PO R &
EFIT R RRINRBAE; () (d) 3K Agis@AgisCus iBFRT CH:CN # PO SE&RFI TARLRER) CD SitkFn
gabs ¥ ; (e) 60 I S-PO 53 FEISE S-Ag1s@Ag1sCus FIFE 77 FRIEHIERL; (f) S-Agis@AgusCus LB (ERRIR B ERSY)
FF S-PO TEHMIMRILERIZERE; (9) (h) S-Ags@AgisCus FEH(H)FNT(Z)S-PO TH A EEAKIILL[35]

4. FHERAKEFRL A

FHEBAOKBIFE B TEEARFRMEA, 4300h, TR S SUR IR, BONaKE
SRR HAT, B R AN RR A A A DA B B T B IR A e T 2 A O AR,
U Wang 25 NG T T4 B9k 7% AuzAgs(dppf)s(L-/D-proline)s(BFa)(fEi R L-/D-AusAgs), 5T H4h
Pl S e DL TEAS G} BRI B S S0 R AL B IEAT T Rt 7. SEIG 45 R, L-/D-AurAgs 75 7T L
FIX IR BE W CD F5, WAAKMKREFIER 2.4 x 1073, 2 & T ARk M AT 88 B %
HH, TEREEERIF, AuzAgs M AL (TON)Z i B I IR I =%, AR ER N A% TON A% 12, &
I 5 AR A R R e B (B v T1% ee), X UE IR T4 @ A% 0 5 T R 2 TR) O R RO P (1 8). itk
4, AurAgs TE R N 5 S M TR FRSERE, A RIFMARENME .. S AA MR R T &8 %56 VLR A Y F A
FARIAL, 9T B AT M A AR A T 7 i B8 [37]. Zang S5 N dd & B TE 2 U F-1E N-Z= 38
RENHC)A A, FRABIAM E RS, ST —RIIEEZ 0N AuCus TS BACKAIK. XL
& J i i B A T S T B AL IE IR 9 OG(TADF), MRS T #d 93.0% 1) @& 68Uk B 7%,
AT B [ R A o X 6 45 Ja AR TE A VR e I K [ i 't & 3 (CPL), A XS FR Rl F-(glum) 7 104 2] 10-3
7K, R BRI T eAm e . JE T IX 5 & @ 9K B 7R 13 WA i) %% ¥) CP-OLED #3458l 1
=ik 20.8%HIAME T RUR(EQE), ST 5600 cd/m?, XEIE4 AIERIERIFET NHC R34 @ % 1)
OLED "t s, X T Fidd & BB AG R A TADF RetE i) F & @ik, Seol 1 et Re i 3
AR Ie R SA R, FE7E OLED " EUS T IR MRS . XA 3 Y R i Y6 & S 4 MR AL 17 3 A 3R
W&, o B 4 ik RO A R — 25 B BEE 1 R A[38]
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Figure 8. The reaction mechanism of the asymmetric Aldol reaction catalyzed by AuzAgs for the formation of S-hydroxy
ketone from ketone and ether [37]
[ 8. AurAgs LB SEEER 3FFR Aldol |2 R4 A} -2 EERR & RI#1IR[37]

5. RESRE

FHEERAUK A (CNCS) BT 7L LS R g, RS IR J5 1 25 A R 2 AR ) PRI ER AR T
TGO BR B T R8P 6. B ERA M. B SSHR WA #4577, Sl 2
i BA MR 6225 PR ) CNCs, B [5 — (AN [ i R SO . 1X 28 CNCs FEARI PR . AR
PP S AT S S A FRE T ) o ) S FH 5t

REFEERARBIFRN T DS 17— €8, B3R mIRE — kbl flan, w5
SO E, AT SEIL T B 9K BRI AR AR %, LR T 3 R L AE B8 2 USRI N 5 . R
RAIBETC T EAE UL JUANTT A TIRANRR . — I SO M PR A G 7%, DAl P& R )
KA R RS PERE TR, O RIRA BB TR BN, MR TR mHER TR, =2 Tk
BB DK PRAE SEBR N R BORIT AT, AnfE AR FRGEAL . VIR 2R SIRTT . DCSAMREE N, i
MIEREEFC [ BRI A o SATTARAT , BEE BT AWIARN, CNCs A3 88 TR BB A KBTI 5%
B AR SRR BT 1R A S
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