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Abstract: Penicillin G (PG), as a broad-spectrum B-lactam antibiotic, has raised increasing concerns due to envi-
ronmental residues caused by its overuse, necessitating the development of rapid and sensitive detection methods. In
this paper, a tetrahedral metal-organic cage (Cage Zn) with aggregation-induced emission (AIE) activity was con-
structed via a subcomponent self-assembly strategy. The structure was systematically characterized by NMR, MS,
and molecular simulation. Cage Zn exhibited significant solvent-polarity-dependent luminescent behavior and AIE
characteristics, enabling reversible fluorescence information encryption and decryption. More importantly, Cage Zn
served as a fluorescent probe for highly sensitive detection of PG, binding with PG in a 1:1 stoichiometric ratio and
achieving a fluorescence quenching efficiency up to 95% via a static quenching mechanism. Molecular dynamics simu-
lations confirmed the spontaneity of the host-guest encapsulation. This study offers a novel approach for fabricating cost-

effective AIE supramolecular materials, detecting antibiotic residues, and developing smart luminescent materials.
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Fig.1 (a) The structure and synthetic route of Cage Zn.'H
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2D DOSY spectrum of Cage Zn

3 #RL5it%

3.1 £EHBN% Cage Zn L RIE

Sk B UE DU TR AR IR S5 48 B TR B, T S8R A H
NMR £ AR X HE 17 R AE (E 1(b) L (e) FIER 78 31
K S1)., Xf i L1 5 Cage Zn A3 K A] 1L L 2%
22 5 L1 —NH i RRAIE 98 W 7E 3 41256 05 58 42 T8
9% [T 6 8. 77x 107 &b Hh SR KA 5T+ (Hd* ) fH
T UESE Tk E —Zn (1) FC A7 58 A B . (A5 TE
R, ORI TR Y MU R S5 0 J5 4 24 R WA
g Horp — 2 2 R B AR AL RS (& 1(e) ), &
= B REAZ X8 P T A T i A Y R AR
Noo i BUF % (Diffusion-ordered spectrosco-
py, DOSY) ([ 1(d)) 7~ B — %5 47 7 1l g | i 5K
T KA SR G R 43 - 58 R B — 2L 4y, JC R PR AE K iE

Cl

—ARE T R FR R RS B R e A
FHBC NMR 4k B VE#E UR 4555 (Correlation spec-
troscopy, COSY ) Il — 7 A% Rk 55 38 5% 2500 3% (Nu-
clear overhauser effect spectroscopy, NOESY) X it
A BT AL AR BEAT T RGN JE (8] S2~84) .
FL I 55 FL B I 3 (ESI-MS) i — 25 B iE T 20
S HGE 7 78 Cage Zn I . W 2(a) T 7,
ESI-MS i P 52 B — 21 3 S04 R, of 7 f 1 285 DA 4+
B 8+ HY L2 oA IR T B T NTR Y ZE 8 Rk
5 FL A A ) S 08 ) 6 2 0 A 5 B R AL A R
BEWy £ (B 2(b), S5) o % & BLAL 4G ) Cage
Zn 1 ¥ BE JR 0T R 7 057 u, 5 HR b 2 4 AR
[C328H233F48N32044S]6Zn4]% )% IE ga ’ % % i/_[E i T %
Xof Ao e IO TR AR AR 45 4 )RS I 19 2 S AR 2
JEE o AT U T B B (TWIM-MS) BE— 4 3E 52
T Cage Zn [N 25 50— (&1 S6) , 4% Ho fif A8 1 52
PUAE G A BE R A | A AL I 3] 45 4 S 4 1R sl R 2 A
P W VU T A T R M ) R RAEIE A
Wit — 2 W Cage Zn B9 B D 41 %%, 3R A1
R TEAR L1 L2 B 240K Cage Zn ULLANGIE (FT-

(a) 7+
Cage Zn
(C.H, F.N_O.S Zn)

8+ 328772887 48" 327447167 4

6+

4+

A

600 800 1000 1200 1400 mlz
(b) 8+ 7+

gt 1 T 1
“fifmm ol

730.5 ml/z

1603.86

“JLJ,-

w7285 7295
89731 1898.31 1132.94 ] >t 113304
il allllgg.
897.33 1898.33 113293 o

—ak uuﬁ“““h.“ .Al“ﬁ“““lhp_

897 898 899 mk 1132 1133 1134 miz

El2 (a)Cage Zn Y ESI-MS %
h BT R S (i
punia

Fig.2 (a)ESI-MS spectrum of Cage Zn. (b)Experimental

i & 5 (b) A T) L far &5 (NT,
A 0) 5HE (L0 ) [F A Z

(blue) and theoretical (red) isotope patterns of differ-

ent charge states (NTf; as counterion)



57

oK, e AIEVG PR Zn (1D ) 4R A BILIE ) # B H G mm R P g 1185

IR). Wi S7Fi7R , Bk L1 A F 25 3 357 em ™ 1Y
N—H i 45 I 5l W 7 41 3% 5 56 420 2% 5 B AR L2 b
BT 251701 em™ 1Y C=0 1 45 § 2l 05 [5] #E 78 2K 5
IR, FEZ9 1 575 em™ &0 1 BT 58 0 RRAE 12 i
U T TR S (C=N) IR g PR sl . bBRer
HMCIE RS 5 A R 53 2 SR AR BB IE , 2 W] 52
MR R - SR -2 (11 ) T A7 B 14 T 8 K D e A
I3 TR R IR

JRAE 2T 2 i 2 ol SR s (R 35 1R T 1L L
JEE A0 3 RS IR 5 6 ) L AT R AR AR 8 T B XA
LATH o BT I AR AR . A, R H Materials Studio
BAE XS Cage Zn WSS H#EAT 150 THREL(IE 3) o
RREAPL 285 2R 5 it 0 I T A A v B U AR =
R I PO A S B Zn D) 00 AT, 440 1l 3R AR
DO TH] AR 235 /) 5 22 1 i A 8 T BE | B & R A 1) R
W, HAR R m AN . BRI AT Cage Zn (9 X /1 43
J& [ BE (Zn---Zn) 29 4 2. 33 nm, F ] H 25 s B Ay
A B AT R GO 8

K13 Cage Zn HYAE It /MBS T HEEL: (a) IEALIE 5 (b) 1
PP (C B8 s N 05 Zn s K AR5 0 206 7 i
W, SR TR F AR BN

Fig.3 Energy-minimized molecular models of Cage Zn: (a)
front view, (b)top view (color codes: C, yellow; N,
blue; Zn, gray; O, red. Hydrogen atoms and counter

anions are omitted for clarity )
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Fig.4 (a)UV-Vis absorption spectra, (b) fluorescence emission spectra (inset: corresponding photographs under UV light) ,
and (¢) CIE chromaticity diagram of Cage Zn in different solvents(c=10 wmol/L). (d) Fluorescence emission spectra of

Cage Zn in CH;CN/CH,Cl, mixtures with varying f;. (e)Corresponding fluorescence photographs under UV irradiation
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Fig.5 (a)Reversible fluorescence encryption of the character “Jii” in the school emblem. (b) Fluorescence switching of the low-

er eyelid in the lion motif
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Fig. 6 (a)Fluorescence emission titration spectra of Cage Zn with PG and (b) corresponding photographs under UV light. (¢)

UV-Vis absorption titration spectra of Cage Zn with PG. (d) Job’ s plot for the host-guest binding of Cage Zn with PG

(mean=SD, n=3). (e) Benesi-Hildebrand plot for determining the binding constant
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