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Figure 1 (Color online) The effect of size on metal materials'"’

1 AU SRR ARAL S FR 55

HAZE M TSR TR EARGFE, WRER
AL S ROHEE, MIREILSFIE SR H 245
WIS, HAET, SEEN TR AR —2h
ZE&IRAMREL; 1 —FREBAOKIARE. AR, ¥R
L4 BATREL(POMEY H 425 RETREESE
ZWFSERIARR . Horh, AR EPOM | 20 %%
PGSR AT T HABAE T — BRI, %
SN Weakly B 2 4 J& A R ER EuW | FlIPreyssler 8 £ 4>
JE AR ERP s Wil 1 AN R 2R B A HL N+ ik 7 L 4L
AT BRI RIS FIE S AL AR, IR 1
NI, P R &R 9K B R ER S L
ST B RT7E E PR LRI TR BB, B T R
ITEOBF ST, PR M o o 2E 2 S S B x4 s ok
PR EILSAIE S IR, 7L E B 4REnmrsR
SO IS B4 T A oK A R T Re A,

S BEXT 43 8 40K R S5 R AR 35 B U T AR
PR RSO IR . IREE RS . pH A
2 B 1) S5 25 A4 P s ol DA s i HC A 282 A BOURAE 77, LA
AR FOR S 5E i s 7 R T4 m gk
R H A2 RERS IR E LR ERR, HEA
— SR N, SRR s p kg g 4y

1718

Bulk metal
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Figure 2 (Color online) Aggregation behavior of various silver clusters. (a) Aggregation behavior of 50 pmol/mL Agg and different concentrations of
PEI (¢pgr.; = 0.001, 0.005, 0.02, 0.025, 0.03, 0.04, 0.045, 0.05, 0.055, and 0.06 pmol/mL); (b) aggregation behavior of 5 mmol/mL Ag, and different
concentrations of succinic acid; (c) aggregation behavior of Agy and hydrochloric acid with changes in concentration; (d) aggregation behavior of Agy
and ethanol with changes in concentration and volume fraction
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Figure 3 (Color online) The morphology of the assembly of various metal clusters. (a) The image of Cu NCs self-assembled nanoribbon and
nanosheet[m; (b) the image of Agy/HCl self-assembled nanorod; (c) the image of Agy/SA self-assembled nanoribbon; (d) the image of Agy/ethanol self-

assembled nanofibers
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Figure 4 (Color online) Effects of different solvent environments on the PL properties of metal nanoclusters. (a) Photographs of Au(I)-SR complexes
in ethanol/water mixtures with different volume fractions under visible light and ultraviolet lightm]; (b) PL spectra of Au(I)-SR complexes in ethanol/
water mixtures with different volume fractions[l4]; (c) photographs of Ags@C;smim-NCs complex in fractional water/DMSO mixture with different
volumes under visible light and ultraviolet light; (d) PL spectra of Agy@C,mim-NCs complex in fractional water/DMSO mixture with different
volumes; (e) PL intensity of Ag¢@C,;mim-NCs (¢ = 0.3 mg/mL) at 540 nm in DMSO/water solvent
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1 and UV lamp irradiation below, the visual sample diagram of Agg in different solvents (365 nm irradiation) (c) and the PL spectrum
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Figure 6 (Color online) Schematic diagram of the pH-guided strategy in the fabrication of water-soluble protein/CuNCs hybrid nanostructures (a)[43],
the PL spectra of aqueous solution with different concentrations HCI for excitation at 500 nm (b) and their fluorescence intensity at A = 615 nm (4., =

500 nm) (c)
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Figure 7 (Color online) Effects of polymer type and concentration on the PL properties of metal nanoclusters. (a) Excitation and emission spectra of
Au-GSH (dashed lines) and Au-GSH-PAH (solid lines) sols; Au-GSH and Au-GSH-PAH solutions under UV illumination (b) and fluorescence emission
(Ax=450 nm) (¢)"*"’; (d) observed under a portable UV lamp, the ratio of Agy/PEI-1 is fixed to 50/0.02, and the c,, =4,6,8,10, 20, 40, 60, 80, 100,

200 pmol/mL sample visual diagram; fixed c,, (:50 pmol/mL; fluorescence spectra at different concentrations of PEI-1 (e) and fluorescence intensity at

). =420 nm (J, = 300 nm) (f)

HCACIT, GIRIRFOLIRE RRER LA BRI R, X
VLW, DOKBRIYATERE ) 2550 T AR, n] LUHED, 5%
JEHE TR I J5 R 2 A ge/PEI-1 Z B Y EFHEAE T, TR T %
WA PR, KRG T Ag LR 2T iR, B
Wi 7 AR ST A RE R B, R TR LR, it
Gb, GOKRERP IR AR a2 o0 i T AR R L o), X
WU AgeTEAAR BRI AL A HE A 3 K%

3 SRR

RGO B HLIOER R 7 ol
YN, POt mANK A% LA R R B AT P
RA RIS TIFEF. Biln, RAEAPLIOCHEAE T 4%
R REm LS eh, R ENS TRBOEA™. BTN

1724

BIREATOCRTNE, JERA REFADERENE, (L2E
(INERRS PN N =g )07 R 175 3
42 B 0K B R B ek AR RO R
B N RO R S S T i,
R BRI A SRR ETE s . HAOk
Be58. AR AT Y 2E % PR T DIAR G i e B 3o,
AR B HARIRAPLIRE . RIFHDLEVENE. 58
O/ 22h o/ N 08 8 E e e Y L AN SR 7/ B
HEAL BOCFAR AR E RO A

3.1 fbEfRK

M T OLE B AR BAT T SR Ry 5
P, AT SOEHEN R T B A =80+



P A

(a) (b) ING
500 |
o
Z 400 - 2 400
& b g Cpp» mmol/L
£ 300 < 0
= J O 5
o o 10
200 — 200 - 15
_ 20
25
100 — %
0- [ IR ————
350 400 450 500 550 350 400 450 500 550
Wavelength (nm) Wavelength (nm)
(c) (d)
y=-145.85x+17842.04
« [R?>=0.984
2 >
2 =
5 2
Q
- [0]
< £
-
e o
Q

Wavelength (nm)

500 550 600 650 700 750 800

10 20 30 40 50 60 70 80 90 100

Temperature (°C)

B8 (IR ) AR B AN 4 I B 75 95 0 (Cper=50 pmol/mL) (a)s A ZE A A AR RIVREE I AL 5 B3 0GE (D). A

[F] 3 B R T PR PLOYG R () FHAH L 1) & D08 B (=470 nm, 4, =625 nm)(d)

Figure 8 (Color online) Fluorescence spectra of nanovesicles after adding metal ions (¢pe = 50 pmol/mL) (a), fluorescence spectra of fluorescent
vesicles after adding different concentrations of Al (b); PL spectra of samples at different temperatures (c), and corresponding luminous intensity at

different temperatures (4.,=470 nm, 1.,=625 nm) (d)
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Figure 9 (Color online) The fluorescent images (a)—(d), corresponding emission spectra (f)—(i) and CIE chromaticity coordinates (e) of the LED in
the assembly, blue phosphor, green phosphor, and the mixture of the blue phosphor, green phosphor and assembly
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Metal nanoclusters (NCs) are relatively stable aggregates composed of several to several thousand metal atoms through
physical or chemical bonding, and their size is generally less than 3 nm. It has excellent quantum size effect and has
outstanding applications in many fields such as optics, electricity, magnetism, catalysis, chirality, etc. However, NCs have
poor optical properties at room temperature, which limits their further applications in the optical field. Therefore, the
assembly of metal clusters with different types of molecular materials is driven by non-covalent bonds inspired by the
concepts of “aggregation-induced emission” (AIE) and “supramolecular chemistry”, which can not only regulate the
optical properties of metal clusters, but also can realize multi-functional coordination. As an important category of
supramolecular chemistry, self-assembly provides a way to construct ordered structures from the bottom up. Self-assembly
mainly uses non-covalent interactions to precisely control the specific structure of the building element to obtain
functionalized micro-nano materials. Supramolecular self-assembly is one of the hot research fields in the chemical
industry. It has been widely used in biomedicine, environment, sensing, optoelectronic devices and catalysis due to its
simple operation and easy availability of raw materials. Herein, firstly, this paper introduces the effect of self-assembly on
the assembly structure in detail combining the research work of this research group and related research on the self-
assembly of design metal clusters at home and abroad. The research involving the aggregation morphology and
morphology of metal nanoclusters is currently in its infancy in the world, and is a relatively popular research topic.
Therefore, the self-assembly strategy to achieve the control of the aggregation morphology and morphology of metal
nanoclusters can enrich the research field of self-assembly and realize the functionalization of metal nanoclusters.
Secondly, fluorescence is one of the most important properties of metal clusters. Compared with traditional PL materials,
the quantum yield (QY) of metal nanoclusters is relatively low. In addition, the proportion of fluorescent metal nanoclusters
is also very low. Therefore, precise control of the metal composition and clearly defined surface chemistry factors not only
provide a basis for a firm understanding of the structure and fluorescence, but also provide a method for the design and
preparation of new nanoclusters with PL enhancement and adjustable emission wavelength. Hence, the vibration and
rotation of the ligands around the metal core can be effectively restricted, and non-radiative transitions can be reduced,
thereby achieving enhanced fluorescence through self-assembly. The fluorescence intensity and emission wavelength of
the metal clusters can be controlled by controlling the assembly conditions of the metal clusters. The effect of self-assembly
on the luminescence of metal clusters is commonly regulated by solvent regulation, pH, and co-assembly of other
molecules to obtain highly stable luminescent clusters. In addition, the research progress in the application of metal cluster
assembly and other aspects are summarized. Although precious metal nanoclusters have been used in chemical sensing,
biological fields, catalysis and light conversion materials, the stability of the metal nanoclusters itself is relatively poor and
the fluorescence is relatively weak. The assembly of nanoclusters can well solve the above shortcomings. The cluster
aggregates have strong PL intensity, good light stability, and wide emission wavelength, which makes it a new type of
fluorophore used in chemical sensing, biological fields, catalysis and light conversion materials. Finally, the improved
scope and future prospects of the new nanoclusters are summarized and emphasized. Our review is expected to open up
new horizons for these scientists to effectively control the functional properties of nanoclusters.

metal nanoclusters, self-assembly, aggregation-induced emission, assembly structure
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