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Synthesis of Stimuli-responsive Multi-colored Fluorescent Material and
Its Application in Trademark Anti-counterfeiting
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ABSTRACT: The work aims to design a flexible organic fluorescent dye with aggregation-induced emission
enhancement (AIEE) characters to develop colorful organic fluorescent materials with multiple stimuli-responsiveness.
The pyran-based organic D-n-A compound was facilely synthesized, with a conjugated malononitrile unit as the
electron-withdrawing group and alkoxy aryl ether as the electron donor. Its photophysical properties and stimuli-
responsive properties were measured, and the inherent mechanochromic mechanism was investigated. The synthesized
compound exhibited an aggregation-induced emission enhancement character, showing intense fluorescent emission in the
solid state. Upon mechanical force, it changed its fluorescence from orange to red, and turned green upon thermal
treatment, exhibiting tri-color changes during the stimuli-responsive process. The tri-colored mechanochromism should be
ascribed to the 3 different molecular packing modes. Owing to the multiple-stimuli-induced tri-colored character, it has
potential application in the anti-counterfeiting of trademarks and logos.
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Fig.1 Synthesis of DPO-PC6
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Fig.2 UV-vis absorption spectra of DPO-PC6 in different
solvents (concentration=1.0x10"> mol/L)
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Fig.5 Concentration-dependent fluorescent spectra of
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Fig.6 Concentration-dependent fluorescent spectra
of DPO-PC6 in chloroform (normalized)
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by recrystallization from different solvents

| ——HOE —— Ak I

T —FekE —— & — HIEE

Yy
091}
% 0.6
0.3

0 540 600 660 720 780
B /mm
& 10 DPO-PC6 ZEA R H
E%Eﬁlﬁnn E/JJQJ%J'LLJE

Fig.10 Fluorescent spectra of DPO-PC6
samples obtained by recrystallization
from different solvents

T DPO-PC6 [ HARZOEHIAIR] n-n RAEMR )2
NP E 2R, PRk o BRERZ FE—E M A
PR AT EAE IS RS H B AR AR
umaﬁfﬁ$m%%ﬁm%ﬁékﬁ#mﬁw%
A (E ), XSFHIEFTHFEE . InESEA R, By
ANFEREE M AT R . W 12 B, FERIGRS #m
B EIE L T 2 AN A, 4567 T 600,660 nm
Rb, FHsr ik 4.04, 412 ns (& 13), H¥ RS
LA, WIS EA Z AN EFES . MRS
e XRD EIH el LA, 7E 22.91°, 25.95° (260) &b
BT —RBURATIE, XTRArFHIEE 039, 0.34 nm
(E14), VLEARIARA R AFE AR 2SR o R,
5950 K A5 a2 RAHST

LGRS

.

Kl 11 DPO-PC6 fEANF AT T A ZEIE A
Fig.11 Fluorescent images of DPO-PC6
under external stimuli

B UR SR e E I TIPS, K& BLoe 6t i
WA, hakit, ETAFIENT 660 nm,
WA 12 fis . 267540 2.03 ns, IR IEFEEEUS
WE 13 i, XRD M2 R FE I, #mfiﬂ%#
T I, BTN, BRA I m AT A
T SEARI G, UL AR R TC e IR, WK 14 s,

FE 100 °)CEA MG, MHEAS R 2 @5 (582 nm ),
XRD EIH ST WIGR S ER i g, uiBAAE
WM T RET Mk, B, ZMBHERIRESR, 5
TR AT RS T o RAEIR =T PSS,
15500 o VEFIGSR, SENLH; FEJE IR T
P o B, DROmiEE A A BRRES K 5.

12
— WIS
— BB
09} ——
% 0.6}
03k
0 L L L L
540 600 660 720 780

K /mm

Kl 12 DPO-PC6 fEAMFHIH T WFE i
Fig.12 Fluorescent spectra of DPO-PC6
under external stimuli

sk —— W
T
—
103
)
=
102

FEfir/ns

Kl 13 DPO-PC6 fEAN AT T 9 ZE L0 ih £k
Fig.13 Fluorescent decay curves of DPO-PC6
under external stimuli

*

TREE

WU W ¥ e N

10 20 30 40
RS A E/C)

14 DPO-PC6 fEAMAHIFL T 19 XRD fh£k
Fig.14 XRD patterns of DPO-PC6 under external stimuli




454 o3y

R, A 0N R 2 SRR A BRSO <173 -

T2 BRI TR T A7 W Aok, 1l
VR kA kb F BRI, IRIR B DPO-PC6 il
YET H=AFEIE R FbreeE. Ll DPO-PC6 HIIE O\ e i
Sy, RABEAA A Fim s aE %, HRA e
Rpfg R i ORISR . FEZE T, SRITLAMNE R LS
IZEIZERIE 7, RV AR BRI AR s £ et Rl -
ORI, AR R s s RS . th Fizad BT A 1)
A YIERAR, REAARE RN, BERE ]I
TG BB LR SRR N R, AT L AR R 2T (5%
I, GAE COREA RIAb S BRI TR S IR Y B O E
%, TERI AU 2 B AR = B R AN (EL, Q] 15 BT

TR

WRIEAR

Kl 15 LA DPO-PC6 i &l ff: ) =t
PN IS A E S
Fig.15 Tri-colored stimuli-responsive fluorescent
images made of DPO-PC6 ink

3 4k

R T By ) T 3 ) o 1 0380 L 2R ARG A
L2 S A 0 5 PR A ) R ORHE R ) AR i £
AT, AR BRI (RGO ) 5AR o RIEA (H
@RZL ) Z IR e, TSR = @ a5 s
o AR ZEMERRE, s b R, & T
PR ™ i B B DA R A

&% 3Lk

[1] ARPPE R, SURENSEN T J. Physical Unclonable Func-
tions Generated through Chemical Methods for An-
ti-Counterfeiting[J]. Nature Reviews Chemistry, 2017,
1:31.

(2] BREME, MERZE, Wi, % RS RBELIH S
i # S B D LI, A2 TRE, 2023, 44(23): 44-51.
CHEN G J, LIN K H, PAN X, et al. Preparation of Poly-
saccharide-Based Room Temperature Phosphorescent Ink
and Its Application in Packaging Anti-Counterfeiting[J].
Packaging Engineering, 2023, 44(23): 44-51.

[3] YAO W J, TIAN Q Y, WU W. Tunable Emissions of Up-
conversion Fluorescence for Security Applications[J]. Ad-
vanced Optical Materials, 2019, 7(6): 1801171.

[4] SCHE, ZRREF, BRIE, . HTE A S S
R VRKBEIE[T]. A% TRE, 2024, 45(3): 37-44.
WEN B, LI W, CHEN T, et al. Dynamic Fluorescent

(3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

Antifreeze Hydrogel for Information Storage and An-
ti-Counterfeiting[J]. Packaging Engineering, 2024, 45(3):
37-44.

LI Y J, GAO P F. Emerging Luminescent Materials for
Information Encryption and Anti-Counterfeiting: Sti-
mulus-Response AlEgens and Room-Temperature Phos-
phorescent Materials[J]. Chemosensors, 2023, 11(9): 489.
HUANG G X, XIA Q, HUANG W B, et al. Multiple
Anti-Counterfeiting Guarantees from a Simple Tetra-
phenylethylene Derivative-High-Contrasted and Mul-
ti-State Mechanochromism and Photochromism[J]. An-
gewandte Chemie (International Ed), 2019, 58(49):
17814-17819.

TAN R H, WANG S, LAN H C, et al. Polymor-
phism-Dependent and Mechanochromic Luminescent Mo-
lecules[J]. Current Organic Chemistry, 2016, 21: 236-248.
YANG Z Y, CHI Z H, MAO Z, et al. Recent Advances in
Mechano-Responsive Luminescence of Tetraphenylethylene
Derivatives with Aggregation-Induced Emission Proper-
ties[J]. Materials Chemistry Frontiers, 2018, 2(5): 861-890.
UBBA E, TAO Y, YANG Z Y, et al. Organic Mechano-
luminescence with Aggregation-Induced Emission[J].
Chemistry, an Asian Journal, 2018, 13(21): 3106-3121.
YANG W, YANG Y Y, QIU Y T, et al. AIE-Active Mul-
ticolor Tunable Luminogens: Simultaneous Mechanochromism
and Acidochromism with High Contrast beyond 100
nm[J]. Materials Chemistry Frontiers, 2020, 4(7):
2047-2053.

GUAN J P, XU F, TIAN C, et al. Tricolor Luminescence
Switching by Thermal and Mechanical Stimuli in the
Crystal Polymorphs of Pyridyl-Substituted Fluorene[J].
Chemistry, an Asian Journal, 2019, 14(1): 216-222.
ZHANG Z Q, WU Z, SUN ] B, et al. Mechanofluo-
rochromic Properties of B-Iminoenolate Boron Com-
plexes Tuned by the Electronic Effects of Terminal
Phenothiazine and Phenothiazine-S, S-Dioxide [J].
Journal of Materials Chemistry C, 2015, 3(19):
4921-4932.

WANG W, LI R H, XIAO S Z, et al. Design of
High-Contrast Mechanochromic Materials Based on
Aggregation-Induced Emissive Pyran Derivatives Guided by
Polymorph Predictions[J]. CCS Chemistry, 2022, 4(3):
899-909.

ZHANGJ Y, LU J Y, WANG W, et al. Pyran-Based De-
rivative: Non-Conventional Organogel and Tri-Colored
High-Contrast Mechanochromism([J]. Tetrahedron Let-
ters, 2022, 100: 153888.

KRISHNA G R, KIRAN M S R N, FRASER C L, et al.
The Relationship of Solid-State Plasticity to Mechanochromic
Luminescence in Difluoroboron Avobenzone Poly-

morphs[J]. Advanced Functional Materials, 2013,

23(11): 1422-1430.



