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Construction and Anti-counterfeiting Application of High-strength and
Tough Supramolecular Polyurethane Materials with
Fluorescent Response Property
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Abstract: This study innovatively introduces the multifunctional group tetrakis-(4-hydroxyphenyl)
ethylene (TPE-TOH) with aggregation-induced emission (AIE) properties into the polyurethane network
structure. TPE-TOH acts as a supramolecular crosslinking point, significantly enhancing the hydrogen
bonding forces between polyurethane segments, thereby improving the integrity of the network structure
while conferring excellent optical properties to the material. Experimental results show that the resulting
polyurethane material HTPU-3 exhibits outstanding comprehensive mechanical properties, including
a tensile strength of up to (54.2+7.6) MPa, toughness of (311.4+17.6) MJ-m=3, and an elongation at
break of (1264.3+25.2)%; additionally, the material possesses high transparency (light transmittance of
85%) and tunable fluorescent emission behavior. Based on this, a simple and effective binary pattern
anti-counterfeiting system was developed to achieve information encryption and identification. This
work provides new insights into the design and application of high-performance multifunctional
polyurethane materials.
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Figure 1 Synthetic route of HTPU
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Table 1 Feed ratios for synthesizing HTPU elastomers
Tl PTMEG:HMDI:BCHM (/K Lt ) TPE-TOH (/)i £ (g) TR 7 B (%) P (%)
HPU-3 1:3:2 0.04 453 92.69
HTPU-1 1:2:1 0.04 26.7 91.78
HTPU-2 1:3:2 0.04 37.8 89.47
HTPU-3 1:4:3 0.04 45.2 90.70
HTPU-4 1:5:4 0.04 51.3 88.18
1.3 HEmRIE £ 400~800 nm G H N HIIE DGR, LAPHL HE

K A B I A 4 21 A O i A (FTIR, BY 5
ALPHA 11, Bruker, {4 [ ) xR R A0 22 25 4 34T
FAE, MR FE 9 4000~400 em™' o it R FH 25 sk
4 ST (ATR) o SR F 58 70— 1] W43 e B v (R
5 Lambda 950, PerkinElmer, 35 [H ) Il & B FE

B RE .

THOULEE5 A6 FRAE AL /N A X5 B tiUT (SAXS) il
XS AT (XRD) Mk . SAXS ik 7F NanoSTAR
(Bruker, {8 )4 & E#EAT, 5 Cu Kad@ 5 (4 =
0.1541 nm), # i = 4k BUR R 4 3k A5 — 4EHUN ih
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Figure 2 Structural characterization of HPU-3 and HTPU
series elastomers: (a) IR spectra, (b) XRD patterns, (¢c) UV

transmission spectra
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Figure 3 TGA curves of HPU-3 and the HTPU series samples: (a) HPU-3, (b) HTPU-1, (c) HTPU-2, (d) HTPU-3, (e) HTPU-4
(Solid lines in the figures represent TG, while dashed lines represent DTG)
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Figure 4 DSC curves of HPU-3 and the HTPU series samples: (a) HPU-3, (b) HTPU-1, (c) HTPU-2, (d)HTPU-3, (¢) HTPU-4
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Figure 5 Schematic illustration of the HTPU structure
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Figure 6 Peak fitting of the C =0 stretching vibration
region in the FTIR spectra of (a) HPU-3 and (b) HTPU-3
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Table 2 FTIR spectrum peak fitting analysis of C = O stretching vibration region for HPU-3 and HTPU-3

) Wavenumber (cm™ ) Area (%)
Assignment
HPU-3 HTPU-3 HPU-3 HTPU-3
Free [ (1714) I (1713) 12.39 12.27
v(€=0) H-bonded
HMDI “onde 11 (1695 11 (1690) 53.92 45.82
(ordered)
v(C=0)
H-bonded - 111 (1683) - 7.39
TPE-TOH
Free 111 (1652) IV (1655) 28.49 24.48
v(e=0) H-bonded
BCHM -bonde IV (1625) V (1626) 5.18 10.01
(disordered)
Total number of hydrogen bonding 59.12 63.25
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Figure 7 Mechanical properties of HPU-3 and HTPU series
elastomers: (a) Engineering stress-strain curves; (b) True

stress-strain curves; (c) Toughness bar charts
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