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Progress in Stimulus—Responsive Dendritic Gels™
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Abstract In recent years, stimulus-responsive supramolecular gels, as a class of smart soft matter materials, have shown
very promising applications in the fields of ion recognition materials, self-healing materials, biomaterials and drug release,
and have attracted increasing attentions. Dendrimers and dendrons are highly branched macromolecules with well-defined
molecular architecture and have been widely used as building blocks in the self-assembling of supramolecular gel-phase ma-
terials. The unique dendritic architectures make the dendritic molecules as ideal candidates to be modified with various dif-
ferent functional moieties to develop multiple functional soft materials, which ensure each functionality to work inde-
pendently without interfering. This characteristic makes them show unique advantages in the construction of stimuli-
responsive gels, especially multiple stimuli-responsive gels. The research progress of stimuli-responsive dendritic gels is
summarized in detail from the aspects of dendritic gel design, gel-formation mechanism, response performance and response
mechanism. Based on the different stimulus, the stimulus-responsive dendritic gels are classfied into the following categories:
light-responsive dendritic gel, redox-responsive dendritic gel, ion-responsive dendritic gel, thixotropic-responsive dendritic
gel and multiple-responsive dendritic gel. In addition, the current challenges and perspectives on stimulus-responsive den-
dritic gels are also discussed.

Keywords supramolecular gels; dendrimer; stimuli-responsive; smart materials; progress

1 sz B 0 BRI T A 0 AR 1 PR (L

o N rm R P K S 063 T B LK =
I PR R AL NI TR IESEHBAT  mpeqraniy, tegemak s, S A% T

L AR RIEALEIAT BT 00 gy s g s DABLLE R4 T3, TRt fe
OO, AEALRE, R T R RENRIRIT I e b 3 G e R 6. 0 TR D — H R )
AP TREVRNTEGAAIN; AL, WOTE g, e mIhRes b B REIMBIAEL 3D T8,

* Dedicated to the 10th anniversary of the Youth Innovation Promotion Association, CAS.

* E-mail: liuzhixiong@iccas.ac.cn; fengyu211@iccas.ac.cn
Received August 19, 2022; published September 14, 2022.
Project supported by the National Natural Science Foundation of China (Nos. 21871270, 21472192), Doctor Research Fund of Shanxi Datong University (No.
2019-B-01), Science Foundation of Shanxi Datong University (No. 2020YGZXO011) and Open Research Fund of Key Laboratory of Marine Materials and Re-
lated Technologies, CAS (No. 2021K02).

HPRBL R R B 7 AR QT et 24 R,
I H 52 18 5 3 AR 34 (Nos. 21871270, 21472192)  thPE K [R5+ 5 2124 (No. 2019-B-01).  th P4k 8] F 28R 530 H (No. 2020YGZXO01 1) FiH
]k 2 Bt 5 T A e I P A B 2 51236 8 T il E 42 (No. 2021K02) 7 B

1424 http://sioc-journal.cn © 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2022, 80, 1424—1435



F F R

2R TR LA B A A 25 1 25 T e A L T LA AR 1)
iR, W51 T AR 2RI TAE# R ATz iR AR
BIF T4 8 oy M e ik JE LA B A AR 43
MR, 5T IX—RetE, Uil TR 2 2 MRS
TR . 6. L B, pH. W mR AN
SV, AR RERE PR N, WA R A . B
AR AR S, AR, R Re N B Sy T AR
BT IRAIMRL. BIEEMEL VIR 259 2% B 40
BORBLH T RGN BT R, Z BT AT R
%EUSJ9L

PEACIR K 2 — B ez 20 L E RN
BRI R & SR a7, RARH. 2—70
B = ZESTAREE R, o TR OIRFITHRE AT 7E 43 K
SRS B BT AR R, R > T A 2 A B TR R Y
% 5 S5 AH ELAE T A R T T e e (0 8 ) 5 5 B e I
W Z, B S S0t AT DR A B MR SR vT DA 4ERE RS e
R TERS . BEIR 7 T 5E B AE v — Fh e ik 1) 68 o 7
I, FE B LN TR R0 58 A e I i S AR A, 3B
WSl T NATTRR R A 98 6 R AT T 32 O3 P22). 1986
4F, Newkome S52OHRIE T g 72T “ME4R 8L RPR 7>+
1 (Bola-amphiphiles) 7K &4 &, Bfif5 2000 4, Aida
SELTRGE T8 B TR OB K Fréchet
FRERDIR 77 2 B HLEE R AR R (B 1), H I T HPIR
I3 TR IR FU T RS, U AR — R B R P e A = 1)
PR 23 fe 8] -4k ok 4 T K

OH OH HO HO

HN-° Oy NH
OHO OHO
HO OH
NH HN
H
© HN™ o 1 07 "NH OH
HO% &OH
HO"Ho OH OH

COOMe

2 ;
S,
N S ﬁQ/COOMe
~H o
NH 0
Hie, o @coom
HaC =0
R
COOMe

B1 EHRPRS TKERET 1RGSR T 2 (15 T4
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Figure 3 (a) The chemical structure of asymmetric bis-dendritic gelator
4; photographs of the cyclohexane gel of 4 (0.05% w/V) (b) before and (c)
after UV irradiation; the corresponding SEM images from the (d) gel state
and (e) solution state

2016 4F, g HaZEBUHRTE T AL S EUR R
L-BRABPIR D T EIRH 7 5. KA AR K P pifa e
R KB, FLIG SRR B TR 0.25% (w). EEE
1B RS 75 38 2 (8] re-modfE AR F A A e /K 8 R 11
FEIBN 7. A, BPRSF 5 fEKTRE H A A

1426  http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

HIRTR S M2, AR BA W B8 S TF1%, &
ZERER AR CD B9, ZKERTELME(365
nm) M, AR B e i R a8 M AR M IR 45 14,
T RINE RS-SRS AR, T b A Bl 15 1 i
Y R N IR B RSB 42). FL L, BT
AR PR ECOR B e 2 8] ) s e-me e R R FE PR ) T 36
SRR T BE U F M1k, RIEEL CD 1555 miEE
SEAE . AR, AR o PR nE R & A
WAMEFER 5/a-CD T EEW, %> TEEY
[FRE W] LA B KB IR:, ZHE or T 2 A WK B (e
FHM(365 nm)IRG T, RAMEE R T REAM a- 2RIk
ZTA) PR 2 2 A4 R A A A 48 22 430 e A A A i =X
PR, SEBL T % W BV B R AR (B 4b), AR
CD {55584 K, MTER] Wot(420 nm) I RES T, %A
I E BE A I R B A A e SR Y, AR, A
Rafk CD (55 T H I, ZitfE T LG £k

O Reversible optical switching
O Incomplete chiroptical switching

uv
365nm

Vis
420 nm

O Complete reversible optical/
chiroptical switching

uv
365nm

Vis “"@
420 nm . 7

-d/

AZOC;GAC/a-CD

B4 @FPIRSTHRURE T 5 ) EFEE S 5/a-CD FIERIE A
T EARAL R B . AR R B T 5 KRN 0.41% (w), B
A7 5/0-CD HI# AR LGN 12 1

Figure 4 Photographs of the gels and illustration of the reversible phase
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Figure 6 Anthracene and p-nitrocinnamate modified dendritic hydro-
gelator 7 and organogelator 8
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well as the formed solution upon counteranion exchange
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Figure 13 (a) The chemical structure of halogen bond donor modified
dendritic organogelator 24. (b) Photographs of the dendritic gel 24 in
acetone/n-hexane mixed solvent (1 : 8, V/V, 12.0 mgemL™") before and
after the addition of chloride anion. SEM images of (c) the gel state and
(d) the aggregate from the sol state after the addition of chloride anion. (e)
Calculated structure of the 24-C1” complex and (f) electrostatic potential
surface of 24 (chloride-bound conformation, blue indicates sites of partial
positive charge and red sites of partial negative charge)
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Figure 16 (a) The photographs of the gel-to-solution phase transition of
the dendritic gel 12 (4 mgemL™") in CH;CN/THF triggered by addition of
Pb*" ion and the recovery of the gel phase after further addition of OAc™;
the corresponding SEM images for (b) solution and (c) gel state
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Figure 17 The chemical structures of pyridine cored poly(aryl ether)
dendrons 33 and 34
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Figure 18 The molecular structures of the 3,4-disubstituted
twin-dendritic organogelators

2014 4, Fan SEEH5SI 5T R LA HEl TR 2R — F R — H
P T e A 1) 5 5 Tk 20 45K 2 Jie [0 2L AT i % o 7
PERE. ZZERDIR T 41 A 42(1& 19a)7E 38 2 R vE 7
FNEERR A 770 35 R DATE AR RO, JFL I St s [
TIREAIA 2.2 mg/mL. 75 &S 2 [ n-nERER . 4
TR C—H/mon = BB S5 55 AH FL A H 7702 F Rk (1)
TEEIREN 7. 42/1,2- & LB AL T 1IR3 )5, B
AR IR BN, T R B — B A R RE s AT IR R
(FE 19b). B 5 AR 77 2 S ot o A8 1 B3k AT R AE
(Kl 19¢, 19d). BEAb, Z 250 I AR i )9 e S I A HEAT
2 UM e W AR A
2.5 ZENNERIR D FERR

FEOGT T B — SN PR BR A7 0 y  7 (PR 7 s
R Z, RERE XS 2 B 4D SR G A EE A DL L) e
A R T S )RR R 8 s A R LA EE N N I i 5 56,

http://sioc-journal.cn 1431



oF ¥ R

BB A ATy IE, 2 EmE B RREAR 7 5B A & 1 4E
AR, ARk

(@)

S i e

@', G" (Pa)

400 800 1200 1600 2000 2400 2800 3200
Time (s)

Bl 19 (a)fhHEIAE — HER — R e A 58 05 BEAUREIR 7 1 BEI R
41 1 42 95> 745K (0)BE 42 (1,2- & 2 8%, 6 mmolsL™")fihay
Wi RS R (e, d)BEIL 42 FITRAR /1A M RERAE(1,2-— S 2k, 15 C,
6 mmolsL™): (c) AR 4, ()BT (B F14H

Figure 19 (a) Molecular structures of peripherally DMIP-functionalized
poly(benzyl ether) dendrons 41 and 42; (b) reversible sol-gel phase transi-
tion of the gels of 42 in 1,2-dichloroethane gel (6 mmol-L™") triggered by
external mechanical stress; rheological data of 42 gel from
1,2-dichloroethane (15 ‘C, 6 mmolL™"): (c) strain amplitude sweeps, and
(d) time sweep measurement
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ether) dendritic gelator 43 and reversible sol-gel phase transition of den-
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Figure 23 (a) The molecular structure of 2-(2'-hydroxyphenyl) benzox-
azole cored poly(aryl ether) dendritic gelator 47. (b) Reversible sol-gel
phase transition of dendritic gelator 47 tuned by multiple chemical stimu-
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temperature, sonication, and shear stress)
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poly(aryl ether) dendritic gelators 48 and 49
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