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Research on Kinetic and Thermodynamic Transformations of Organic-
Inorganic Hybrid Materials for Fluorescent Anti-Counterfeiting
Application information: Introducing a Comprehensive Chemistry
Experiment
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Abstract: Organic-inorganic hybrid luminescent materials are highly favored in the luminescence anti-counterfeiting
field due to their tunable structural and luminescent properties. This study investigates Sb(lll) doped Bi(lll)-based zero-
dimensional organic-inorganic hybrid metal halides, demonstrating the transformation from kinetic products
(compound 1) to thermodynamic products (compound 2) by various crystal growth methods. X-ray powder diffraction
and fluorescence spectroscopy were employed to characterize their phase and optical properties, revealing distinct
differences between the two compounds. Compound 2 exhibits fluorescence quenching when exposed to distilled
water and possesses robust hydrophobic properties, allowing for stable long-term storage in aqueous environments.
Leveraging the exceptional color-changing properties of compound 2, a simple water-writable fluorescent anti-
counterfeiting board/paper was fabricated. This experiment exemplifies the principle that “structure determines
properties” and embodies the educational philosophy of “learning through application”. The experimental design and
implementation aim to cultivate students' innovative thinking and enhance their abilities to analyze and solve practical
issues.
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[ 92 T £ X% A W] FLS980) .
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maximum, FWHM), k&K 5K FWHMA172 nm, 1L&920FWHM 4120 nm.
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A P2RIL T B AR (5, 7R3 B AR S B D B R U LA U B F AT 5. ik, 3R
ATHIE T 18 55 T K 'S 98 605 BB iR/ 48 . AR 2 8 Z 4 0IMHHsM RL, 10L& 902 BARTE K IAE



K 2 AL 2 Univ. Chem. 2024, 39 (6), 397

MR RIeHE K, ABFEAE KT e 22, RILH RIUFHSOKME, IR 5615 BB Dy AR
St WE8HR, KL G2 MPMMALE & F R iR G5, IRIREA KB b, FIEA 20
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B9 ETEWHENE ST KSREERHE: DARKAERK
“UWELT” FHmE-FFELRE

5 FERWUELKRRH

ARERE SIS IR R, RER ARV R, 2 KNI REAT R & A S A A A ARAL
TCEEMEPRARAL  F 4 o AW RO SR B BLRCR e MR 55 22 RO, iR LA S S5kt
FULRAX AR 45 2 AR R S S R, SRS MO R E AL TR SR AR R . SEge R A A
— AT SRR (GOOCIE N E AN N — D). B I6URIN, B —ARAEI . B AT )
FPEMI2A0E SR B T RIRASEI . PXRDAMIE &SSO B = IER4EI . KBUR G 5 6 A
PXRDE2ERS, & 5 P K'E 5605 BB O AR/ 4RI E2 5 1 s SE DY IRIRAZERS . AR SREG 2L )
& LR HOM PR RAT S A e 8 7 by B Originff &

UG 2 HE: (1) RATT AT, @i “ 25087 #esF SRATH I SMES N %54, B
FEAZ AL & W AR AR T SR S SRR, 17 A XS 2o AR AT S SR 9 516 0 1 S PR 0 ki 24 DA % A
7%, B BA - e B Dy W S G SCIR B R, B Bt skin i 58, AR AT —
AR TSIt HR AT, FUMERE AL S0 T R & 8, WBNAERBIRALIRTTE: 2) LR
SERAEIRTT, BT AT 5 A0 256 I sl A FE A B AR AN 00, 2 AR PRS00 75 R
S, A7 1) R N A M B B5ts (3) RHE/NESCIRE AT, AR SEIR 4f R4S MAHEGR 3, AU
X SR S B S A o B ) R AT RS L XA R S B AR DU PR (4) BRJA BOR RBA
T, S A A B S A HL-TENL A A RO R E B Dy AT FURH S SCHR TR, U S e 1 AR
FEH . X TR RE BRI AR, SR HARGE A R U T SR B T B P A, #
JiTiAR S 22 AR BEAT BEOINVAR 2 IR BB T

6 LWEELIERE

FESRI BT LA SR R IR 2 EA B H W &, HUNREESFEREE 2 EEMIRENT
6. TES) 1%~ PN I H & R, & JEShIIB R LLBIES5%, S BEA R ? 2 i
BERIR? B 15 =W A BT = 2 i B v, B AR BT P A R RN & SR AT 4 R
M ? 7 AE 26 BB OV BR/ARE , IMAPMMARIE R 244, RIS G AR ? NsLBp;
B/ARFIPE AR, FRATTHT B TE (0 D) REAA B} R 12 H £ WREe PR 5T 2 3@ 1] R 5| 5 2% A 1) 7 3 mT AR R #i
FHEEAR IR TR, B A R IR R, AN SR

ARSI AT AE L SEIe N SR al Lt — b i . EL s gk S R R AL B SEI6 N 2, XS 2R
FL AT 8 (single crystal X-ray diffraction, SCXRD); 4 J&Sb(IIN#B4Bi(IIL &Y+, &8 E 11
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Fra Il e v] Dhod i H GRS A 55 5 48 B RS (Inductively Coupled Plasma Mass Spectrometry, ICP-MS)
ME; ZERBRIGEMNEIESOE FR- G oA, v LUK H 3 B B 558 (scanning electron
microscopy, SEM)FIX-4t 2k g8 1% (energy dispersive X-ray spectroscopy, EDS)JGE 73 Af K MKk,
B A T R E 25 AR IR AE TV o 38 W] DR SR 8 L ik — AR I8 6 I8 SbA5: Ik LU 451 X 4 ) 25 4
PASR G RE R SE M AR o Sl 2 AR IR T RO RHE SE Z U ], BE AR B . A0t
T #% % (white light-emitting diode, WLEDs)2%$%4%,

7 45iE

I ARSI R 5O2E, 2R AUAT AL BT 27 b G R S0 R A R AR B R, T DUk
— S HR T2 A ) BT 2 AR A R T 10 R RS D, SN AL ROV AT . 22 T DL S B AR B bk
] 4% - PERY FAE-55 AP BT -PHRL R 16 SO S 1A A2, AT AR K M 3R T RLFF I 295 5 454 2R
[R5 B T 45 32 BN BIME . 4 TA VRIS ST, J9J5 MRV BR T F IR SE Rl . A & 80 5t
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