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Figure 1 (Color online) Classification of stimuli-responsive metallo-supramolecular gels and their synthesis, functions and applications.
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Figure 2 (Color online) Molecular structures of some low molecule ligands containing pyridine functional groups.
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Figure 3 (Color online) The photographs of the organogel formed by ligand 1 and silver ions as well as the formed solution upon counter anion
exchanges. The folded and unfolded conformations of a coordination chain upon counter anion exchange [37].

SR B G, 0T T AR 3 + 31ECAL SR & ek 7
BN 4 BER4/s (K4b)°7. %4 B & 2 AN B R
[ R o S 4 1Y W1 P L e P AR 4 5 — 0 (1) 32 A S 2 2% 1
F, 124 i R A (R 2R IOt T 2~ il e oz e

ShiZe 08 il 7 & A T /S it e i [ 1 A O R I
k6. ZEAR S E TR B IRS) T B 2T pli Lk
YEHE 7R AW, dbmimid & v AR T
BARRAEA, TR T RGN, 18
FEIREZMT, 2B EBTRT T, B
RtsE FEERL(E5). MRS EE R R ImALl &, 12
IR RSV RIBCALZ5 M), AT 5| KBRS -I IR AR AS
AR,

Mitra25s B A T —243,5- TR IE-1,2,4-
(DATRCARS. WH5 2R E R, ERcA 8~
H eI Co  IDATEL &Y, b5 B 4L T R — 4 R4
. LEBRFIRN S Co—CoAH EAE FH LA 3K sh R, —
PSRBT AR Y ARG, R IRG i —
WRAEREG, TR =g PSR R EM, S
BRI T, EREEES FHEKRCo-8. HIn %K+
TOABr B )5, BEREBEIIN WO, BTfs
V2 AGNOLE TR G, TR S B A5 (6). Wang ™)
BB R T — 2 e 5 [ 1) 5 e TR 34 < W 1y fic A

IR0 5Ag B RN G, 16 iR T LK s (i 4
JEHE TR, MM S T (B fD)E, B
SR ERBIR, AN, HINANE R AgBF, S,
&R EAT AR B AL

S A R LRI E T (CNT) A 7E
Tl 24 IRBEEARY Fo A S fg BRI R 2R L
HCON B NGB FEUR IR R, Heg5&HR T
&8s 1 R AERECAE R, BRI RSB EE ),
TR R T R S AR NS, A, CNT
I 784 4 JeE AR - e s Dl SR IR A 1 T AR ARG I B 4t
THASE S, DamodaranZE™ I T Rh I IE JL-N-
AL (PNO/INOYEL A (11F112), Fo43 5l 5 Zn” 8Cd™
WAL L R4 B Tk, 5Zn” T4 B4 1
BEIRAECNT F- U AR R 1B W 380 H 37 A8 I
175 Cd” T I 4 8 43 - U5 % B B 306 36 1 b i 2 7K
HHIRICNT, BN 28 B o . s BV U CNT 1)
WUV T CN~ 5 Cd®" 2 1832 24 e A2 A, fECd™ M
JRUG 4G SR TR R P S H ok, SRS R R R T
SER RO, BET 5] R B R IR AR NS E
Ab, HA S 1 4B 2 TRt FE B H SR CN™
M 2 4 4,

B A5 T I R IBK I8 SIS R 57 B A TR R ek i T R

2217



KU RARFESE:: SR N <l ) T RE: Bk DhfE S R

(a)
Hierarchical
Self- Assembly
Coordination-Driven °‘.j’1/
Self-Assembly
Dendritic Stimuli-responsive
ligand supramolecular gel
Supramolecular
rhomboid
2-3
N=
\ 7/ Et P ONOZ
N\ ‘ PEtg
e ‘<260 = ['D
glm
/ P"ouoz
Dendritic i Eta
ligand 3
9 \—”
(b)
P N=
\ 7/ N OC1oHas .
AN " B~ OC1oHps !
o)\\/\(() H OCq3Hys
4
V4 ,H [3+3]
N—7 % i Self-Assembly
+

Bl 4 (W92 R ) KRG SR I 45 3~S0HR B FE BR BB (a) BYBCIRIC 1425 52 43 4L S TR 45442-3, LR T3l
B AR A AR (07 7 Y, (b) 12001445 1200 —HI(ID B ARSI RN #0742 P 4-5 1) 73 5 )

Figure 4 (Color online) Schematic diagram of the response of macrocyclic metal complexes 3-S5 to bromide ions. (a) Self-assembly of dendritic
donors 2 and acceptors 3 into thomboids 2-3, and schematic structures of the reversible stimuli-responsive gel-sol phase transition [38]. (b) Cartoon
representation of the formation of hexagonal metallacycle. 4-5 from 120° donor 4 and 120° di-Pt (II) acceptor 5 [39].
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Figure 5 (Color online) Chemical structures of guest molecule 7 and a cartoon representation of the formation of the metallogel and the gel-sol state

transformation upon adding I" [40].
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Figure 7 (Color online) Molecular structures of some organometallic
compounds containing ferrocene functional groups.
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Figure 8 (Color online) (a) The responsiveness of the ethyl acetate gel
of compound 13 to the oxidant ammonium cerium (IV) nitrate
((NH,4),Ce(NOs)e) [52]. (b) Schematic representation of redox induced
morphological transformations of organometallic compounds 15 via
different modes of assembly [55].
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Figure 12 (Color online) (a) Molecular structures of the metallohy-
drogelator 23. (b) Optical images of oxidation induced gel-sol transition
and transmission electron microscopy (TEM) images corresponding to
the samples at different states of transition. The hydrogel (reduced state)
was formed by 0.8% (w/v) 23 in water at pH = 1 [64].
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Figure 13 (Color online) (a) Molecular structures of the metallogelator anti-24 and ultrasound-induced (0.45 W/em®, 40.0 kHz) gelation of
complexes anti-24 with schematic molecular packing [75]. (b) The molecular structure of metalated peptides 25a—25¢ and reversible gelation of a
1.50 x 107> M solution of 25a in EtOAc at 25°C. The solution is shown before and just after sonication (0.45 W/en’, 40.0 kHz, 60 s) [77].

AT VR R (A 5. K 2 OB 7 IR A B D7)
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Bl 14 (MEWREE) (a) AN TR A6 2451
(b) 51 3 42 B S A {Zn(26),(OTH), }, 5 AV H I A
< B BRI . (o) WHBCIRES T ZE IR BTSN,
(d) #7753

Figure 14 (Color online) (a) Chemical structure of the ligand 26.
(b) The coordination polymer {Zn(26),(OTf),}, in MeOH: the
suspension before sonication (left), and the gel after sonication (right).
(c) Sheet-like microparticles of {Zn(26),(OTf),},. (d) Scanning electron
microscopy (SEM) image of the xerogel [78].
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Figure 15 (Color online) Molecular structures of some ligands.
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1). Shaking the gel with a vibrator;
I1). Leaving the gel for several Seconds;
(b) 111). The regenerated gel state.
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Figure 16 (Color online) (a) Photographs showing the thixotropic behavior of the metallogel 31 in decalin (10 g/L). Shaking the gel with a vibrator
results in a gel-to-sol phase transition (I, II). The regenerated gel state after resting (III) [83]. (b) The mechano-responsive nature of the thixotropic
32: Zn/La system. Both materials are swollen in acetonitrile (800% by wt.) [84]. (c) Structure of the ligand 33 and schematic representation of the
formation of the metallopolymers and the gelation process [65]. (d) Molecular structure of ligands 34 and 35, and proposed model of the self-
aggregation of 35 and metal halides (X) [85]. (e) Illustration of the mechanoresponsive nature of 35-CuBr, metallogel [85].
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Figure 17 (Color online) (a) Chemical structures of ligands 36 and
37. (b) Ball and stick model of the X-ray crystal structure of Eu(37);.
Oscillatory rheology measurements of 36-Eu’’ gel. (c¢) Frequency
sweeps at 0.1% strain amplitude of the storage modulus G’ and loss
modulus G". (d) The corresponding strain dependence at a f = 1 Hz.

(e) Recovery test for 36-Eu’ gel with alternating strain amplitudes of
20% and 0.1% at /=1 Hz [87].
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igure 18 (Color online) Molecular structures of organometallic . . N O

complexes with thixotropic properties. HQ-/%?'EQ*H%\E(20b) m’}fjﬁz{%i)ﬁ , G o]
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Figure 19 (Color online) (a) Molecular structures of 45-47. (b) Metallogels upon combining Cu(BF,),-3H,0 and 45 in water. (c) TEM micrographs
of the hydrogel 45/Cu: (I) fresh gel upon standing (>4 h), (II) sol after shaking (5 min), (III) transition of NMOPs of reformed gel into “pearl-necklace”
structures (in red) (3—6 weeks), and (IV) nano bundles in aged gels (about a year) [90].
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Figure 20 (Color online) (a) Molecular structure of the ligand 48 with metal ions and illustration of the properties of the metallohydrogel. The ferric
gel shrunk without disruption. If the as-prepared gel was shaken immediately, the gel showed thixotropic properties. (b) Strain dependence at
6.28 rad/s. (c) continuous-step measurement of the ferric hydrogels formed in a mixture of 48/Fe’" solution (12 mM 48; 24 mM Fe’*) with alternation

of the strain amplitude between 0.5% and 10% (black: G', red: G") [92].
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Figure 21 (Color online) (a) Synthetic technique and the inverted
image of the Zn2+-metallohydr0gel. (b) Schematic representation of a
glass/Cu/Zn@5AP/Cu-based device (left: inset) and /-J characteristics
plotted on a linear scale for the same device and /-V curve for the same

device on a logarithmic scale in the sequential evaporation treatment
(SET) process (right: inset) [93].
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4)0.1. 0.2¢ 0.3 0.4F10.5 equiv. H 6 B SR T RESNAT IR FRSNBE, AEERT0.3. 0.4F10.5 equivid REESNIFIEERAL 5
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(d) R e E 1A, —70 °C P

Figure 22 (Color online) (a) CuBr, metallogels of ligand 50 (1 wt%) in MeOH using (from left to right in each picture) 0.1, 0.2, 0.3, 0.4 and 0.5
equiv. of CuBr,. The left-hand picture shows thick flowing liquids before shaking, and the right-hand picture shows the same samples after shaking and
gelation of the 0.3, 0.4 and 0.5 systems. Cryo-SEM images of a gel sample of 50 in MeOH with 0.3 equiv. of CuBr, (b) before shaking, at —100 °C and
(c) after shaking, at —80 °C, and (d) the shaken sample after 1 week of resting, at —70 °C [94].
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Figure 23 (Color online) Molecular structures of ferrocene-contained organometallic complexes exhibiting multi-stimuli responsiveness.
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Figure 24 (Color online) Reversible sol-gel phase transition of the gel of 51/cyclohexane, triggered by chemical redox reaction, shear stress,

sonication and temperature [95].
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Figure 25 (Color online) (a) Chemical structures of the ligand 60 and the formed metallic cage 61 and photographs of reversible stimuli-responsive
phase transition of the gel 61 [100]. (b) Chemical structures of the ligand 61 and the trinuclear ring 63 and photographs of reversible stimuli-responsive

phase transition of the gel 63 [101].
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Figure 26 (Color online) (a) Chemical structures of organometallic
complex 64 and anionic water-soluble pillar[S]arene WPS 65, and
cartoon representations of the gelation process and WP5-induced
morphology transformation. (b) Photographs of the gel-sol transitions of
the metallohydrogel triggered by different stimuli [102]. (¢) Molecular
structures of the organometallic compound 66.
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Figure 27 (Color online) Molecular structures of dendritic organo-
metallic complexes with multi-stimulus responsiveness.
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Figure 28 (Color online) (a) Chemical structures of dendritic
metallogelators 69 and 70. (b) Reversible sol-gel phase transition of
the metallogel triggered by shear stress, temperature and the presence of
anions and chemicals [108].
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Figure 29 (Color online) (a) Images of metallogels (20 mg/mL in chloroform) derived from polymer 72 with varying amounts of Zn>" and Eu’*
(from left to right Zn/Eu: 100/0, 75/25, 50/50, 25/75, 0/100) under 365 nm UV light, demonstrating the effect of metal combinations on the
photoluminescence color. (b) Chemo-responsiveness of metallogels to various chemicals [113].
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Figure 30 (Color online) (a) Chemical structures of ligand 73. (b) Coordination of ligand 73 with Tb*'/Eu’* (in different ratios) results in
coordination polymer gels (CPGs) with tunable emission property, including white-light emission. (c) The white-light-emitting CPG shows multi-
stimuli responsive behaviors [114].
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Figure 31 (Color online) Graphical representation of Eu’'-directed supramolecular metallogels and the schematic illustration of their quadruple-

responsive (K', F~, pH, and mechano-) properties [115].

2235



KU RARFESE:: SR N <l ) T RE: Bk DhfE S R

Zn(OAc), 4
(0.5 mmol)
H,0-DMF
. OH :
|0
: NH
z
<
N

Bupjeys

Pt x e ¢ Y
F——————J

uoneduos
/Bunsay

EDTA
f —————— 3
13208 Uiz

b

(iii) : (iv)

Bl 32 (MUK (a) fEAFZAE & MRZn-CP1 (L)FIEE(Zn-G1) (F)F787 B Zn-CPLFYES EIR LK Zn-G1 ()4
LT A R (LB RN 1/100 nm). (b) Zn-GLIA 2RI RIRFE . () BEAATSIIIL-LAH). (d) 75/Culisr T4 Rk
(6 mMPRE 47516 mM 2, i 7 FF I F 1] 46 1 4 8 6k ) 26 o o 47 A

Figure 32 (Color online) (a) Schematic diagram showing the synthesis of Zn-CP1 (top) and Gel (Zn-G1) (bottom) under different conditions. Optical
images of the Zn-CP1 and SEM image of Zn-G1 (bottom) (scale bar: 1/100 nm). (b) Multi-stimuli responsive nature of Zn-G1 [116]. (¢) The chemical
structure of the ligand 75. (d) An illustrative pictorial representation of the multi-stimuli responsive behavior of MG1 (metallogel prepared with 6 mM

ligand 75 and 6 mM Cu(Il)-acetate in MeOH) [117].
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Figure 33 (Color online) (a) Schematic representation of polymer-network hydrogels cross-linked by ultrafast complexation of metal ions and
chitosan chains in water. (b) Chemical structures of chitosan and their interwoven networks are driven by the complexation between metal ions and
—OH and —NH, groups in the chitosan chains. (¢) The complexation in (b) leads to the formation of hydrogels [68].
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Figure 34 (Color online) (a) Schematic illustration of supramolecular Zn-guanosine metal-organic gel formation by simple mixing of alkaline
guanosine with Zn*" ions. (b) Digital images showing the gel-sol transition of the Zn-guanosine metallogel induced by the pH and chemical stimulation [119].
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Figure 35 (Color online) (a) Molecular structures of heteroditopic monomers 77-79 [34]. (b) Schematic representation of controlling the topology
and rheology of the supramolecular polymer prepared from heteroditopic monomer 77 [120]. (c) The reversible gel-sol transitions of the
supramolecular polymer network gel (50 mm of monomer 77) triggered by four different stimuli (pH-, thermo-, cation-, and metallo-induced) [121].
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Figure 36 (Color online) (a) Self-Assembly of B, C;-functionalized discrete metallacyclic hexagon 80/81. (b) Cartoon representation of the
formation of a cross-linked 3D supramolecular polymeric network from self-assembly of hexagon 80/81 and bisammonium salt. (c) Reversible gel-sol

transitions of supramolecular polymer gels [122].

B 7633 FE S KPF o/ DB gC o 125 X H3 T & AE w3k (1 gk
-1 I AHAZ (] 36¢).

b5, StangZ5!* AR Y 25 7,4 J: 25 R R A
1483 (TPEFREACAA). i -Pt(PEt;),(OTY), 84 151t
B, C, 2 A 1 26 M kg B A 85 A 4 25 3 I, @il Fi s
VRSB VYA R R 5 1083/84/85 (F137a).
UM R SR % 1R 7 186)5, H:T B, C ot
W B 2 (A ERARRGIER, WM& T =458 57
REVMLE, FAEREIRE TR, T AW
2 25 K o [ I A7 7E 30 25 4 O A B8 A 3 &4 TAE
R, Z&RER R 2 BEIRETREm N & E A
RErE. BEJS, ZHIBNG BT 2R EAR8T, F—umh =Bk
MEmE R, 3 — o A AN BA120° M E B e ne 36 . o
Sl 1200 I E S ] 5 4 PC ARS8 Ay, 4 T
TERIMUE87/88; 1255 AT M4 8 R IR W Il (1) =Tk
M S ) — 0 5 2n® B TR, TR TR
HYN BN B AR T-85)5, AT

A il el ek /2 3 e A 2 TR I 2 AR I AE
H, TERASEGHE D T REVIMNG. fERIKRE T, %88k
W28 A [ 5 R0 o0 1, T 7 & IR (I3 7).
TERRRE . KB F BRI SAN R R, %48
Iy TR R AE T R B R - I A AR AL, %R
5 T B I3 B A i AR v 97 (P13 7d) Je L AB 1 R
(K37¢).

Hefoltts, YangZ5!' ¥ e B B, C, 5 H AR
PERCAR90RIO 5 HLAAZR100R G, TERCAIE/EH T
I3 B AT N T4 B A 92 193, 5] AW T4 3%
T IG, 7NTuEBIMb G il e b/ 2 £ 3 % A
WU S ot A B RO B2, TS 7 5
EYIN L% (KEI38). ZATHR LK AE10.0 mMIK N #5238 R
FOE M & REER. X4 R EE I BE s Xt 22 Fh &b ) i
(s A % S S P A ) 7 A i

HanZ Pt 3 A i T #8708 R T et ik 2 (4]
(B15Cs~ BysCen B21C7&DB24C8)E"JEH}K@%EMZ’”S-

2239



KU RARFESE:: SR N <l ) T RE: Bk DhfE S R

@0 74

®

W,
S
OO
=
|

L}
1
'
1
1
'
1
'
'
'
LI o~
1Na00C
'
1
'
'
1
1
'
'
'
1
\

o~
e} b
/\f/\ﬁﬁh = e\ N\
86
O S e & e e :
o “ret, :
NS 7; Q{;:)
o Noulon 5
.. A SUNUSUROUN, . S, N
ad
el = e e ” =

Linear Supramolecular Polymer

(d) 10°

4
g 10-! esoTteteseseetd cng— ’ ap—
H
9. 10’]
o
10,]“' = # -
10'

0 200 400 600 800 1000 1200 1400 1600
Time /s

Bl 37 (MM (a) By Co I M4 S 83/84/85 11 14 2125 K XUk #h86/1) 43 T 540" (b) B, C,IE M 1 B B/ E 2 B
87/88(1 FI 4%, ME BN, Zn™ SRR S TR AW, (o) B2 TR A A A R M M. BRI EE 2 Bl B2,
4, 6+ 8 10+ 127114 min. (d) BERSAE RN A B A T 9 R 3>

Figure 37 (Color online) (a) Self-assembly of B,,C;-functionalized metallacage 85 and molecular structure of bisammonium salt 86. Cartoon
representation of the formation of rhomboidal metallacycles 83/84/85 [123]. (b) Self-assembly of B,,C;-functionalized discrete metallacyclic hexagon
87/88. A linear supramolecular polymer from metallacycles, Zn®*, and the molecular structure of bisammonium salts [124]. (c) Photographs of the self-
healing process of the supramolecular gel. The gel was cut and left to stand for 2, 4, 6, 8, 10, 12 and 14 min, respectively. (d) Gel in continuous step-
strain measurements [124].
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Figure 38 (Color online) Schematic representation of the construction of cross-linked supramolecular polymers from monomers 89, 90 and 10
through the stepwise approach (top) and the one-pot approach (bottom) [125].
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Figure 39 (Color online) Formation of cross-linked supramolecular polymer network from trinuclear Au’ hexacarbene assembly 95 and
bisammonium salt 96, and the reversible gel-sol transition of the supramolecular gel [27].
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Figure 40 (Color online) (a) Formation of functionalized trinuclear Aul tricarbene assemblies 98 and cartoon representation of the formation of
supramolecular polymer [126]. (b) Formation of cross-linked supramolecular polymer network SPN1 from face-capped tetrahedral cages and

bisammonium salt [127].
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Figure 41 (Color online) Schematic representation of the hexagonal macrocyclic assembly, the formation of supramolecular polymer gels, and

reversible gel-sol transitions of supramolecular polymer gels [128].
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Figure 42 (Color online) Representation of the redox-controllable supramolecular network pFc'-pP[6] based on the functionalized polymers 103 and
104 [129].
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Figure 43 (Color online) (a) Chemical structures of host SHPS and guest DSPy and the schematic representations of the formation of the
metallosupramolecular gel DSPyCSHP5@Zn-G based on hierarchical host-guest recognition and metal ion coordination [130]. (b) The multi-stimuli-
responsive properties of the metallosupramolecular gel DSPyCSHP5@Zn-G triggered by different stimuli [130].
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Figure 44 (Color online) (a) Schematic illustration of supramolecular gels constructed through hierarchical self-assembly based on metal-ligand
complexation and host-guest recognition [131]. (b) Photographs of gel-sol transitions for 105/106 triggered by various stimuli. (¢) The metal
supramolecular gel formed by the assembly of a host molecule 109 containing B-cyclodextrin functional groups and a guest molecule 110 with dual

recognition sites for ionic liquids, along with images of multiple environmental stimulus-responsive behaviors [132].
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Figure 45 (Color online) (a) Chemical structures of compounds 111.

(b) Change in the emission of the 111 ~Hg2+ gel (HgG) in the presence of

CN'. The inset presents the color change of the 111'Hg2+ gel (HgG) in
the presence of CN™ [46].
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Figure 46 (Color online) (a) Molecular structures of compounds 112—
115. (b) Fluorescence spectra of CuG (0.8%, in DMF) in the presence of
various anions (Fv ClI'v Br . I'v AcO . H,PO, - N5y . SCN'.
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Figure 47 (Color online) (a) Photographs of the enantioselective responses of the gel of (R)-116 toward (R)/(S)-phenylglycinol [139].
(b) Enantioselective responsiveness of the metallohydrogel 117 toward (R)/(S)-phenylglycinol [140]. (c) Fluorescence spectra of (R)-116 (5.0 x 107" M)
in CH,Cl,/n-hexane (2:3) in the presence of (R)- and (S)-phenylglycinol (5.0 x 107 M) (4., = 289 nm) [139].
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Figure 48 (Color online) Visual chiral recognition of (R)/(S)-BINAP through gel 118/CHCI; (1 wt%) enantioselective collapsing [141].
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Figure 49 (Color online) (a) Molecular structure of gelators 120 and 121. (b) The schematic mechanism of the gelation via a self-assembly process in
sonicated gel 120 [142].

Building of Multi-Stimuli-Responsive Chromic Luminescent Lanthanide Metallogels
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Figure 50 (Color online) Schematic illustration outlining the preparation of multi-stimuli-responsive lanthanide metallogels with chromic behaviors,
along with their application in information encryption [143].
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Figure 51 (Color online) (a) Structures of polymer networks G1, WP6, MP, and doxorubicin hydrochloride (DOX-HCI). (b) Illustration of the
dramatically promoted swelling of Glc by WP6-ferrocene host-guest interactions, and subsequently pH-responsive swelling-shrinking transition and

application in controlled drug (DOX-HCI) release [144].
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Figure 52 (Color online) (a) Cartoon representation of the formation of DSPN1 and MSPNI1. (b) Confocal laser scanning microscopy (CLSM)

images of MDA-MB-231 cells incubated with DSPN1 and SPN1 [127].
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Figure 53 (Color online) (a) Chemical structures of ligand 122, 123 and metallo-copolymers 124. (b) Schematic representation of the smart
properties, including light-powered actuation, photoluminescence and self-healing [146]. (c) Chemical structure of metallo-polymer 125 cross-linked

via Ln—Terpy coordination.
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Stimuli-responsive metallo-supramolecular gels: synthesis, functions
and applications
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Abstract: In recent years, stimuli-responsive supramolecular gels have shown promising applications in ion-selective
recognition, signal sensing, self-healing materials, and biomedicine, owing to their ability to intelligently respond to
external stimuli such as heat, light, electricity, magnetic fields, mechanical stress, pH changes, ions, specific chemicals,
and enzymes. During the stimuli-responsive process, supramolecular gels exhibit reversible changes in gel/solution
phase, color, and fluorescence. The incorporation of metal elements into supramolecular gels enables precise regulation
of gel assembly behavior through metal-ligand coordination interactions. Importantly, this endows the gel system with
unique metal-based functionalities, including optical, electronic, redox, catalytic, and magnetic properties. Compared
with conventional supramolecular gels, metallo-supramolecular gels often exhibit richer stimuli-responsive
characteristics, making this an emerging and rapidly advancing research field. Based on this, the present review
systematically summarizes the research progress in stimuli-responsive metallo-supramolecular gels, covering design
strategies, self-assembly behavior, stimuli-responsive properties, and underlying mechanisms. According to the type of
external stimuli, these gels are categorized into three main classes: chemically responsive, physically responsive, and
multi-stimuli responsive metallo-supramolecular gels. Finally, the review provides an outlook on the rational design and
optimization of metallo-supramolecular gels, as well as their potential applications in emerging fields.
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