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Abstract : A styrylpyrylium salt (DHSP) was synthesized and
then photodimerized to obtain a cyclobutane—type dimer (DHSP
dimer) . Methacryloyl group was incorporated into DHSP dimer
to obtain DMSP dimer. Based on FT—IR analysis of a crosslinked
DMSP dimer, it was considered that the cyclobutane structure
reversed to styryl C=C bonds upon crack formation. Fluores—
cence measurement of DHSP in solid state (excitation at 385 nm)
showed emission centered at 626 nm, while DHSP dimer revealed
very weak emission. Fluorescent emission from microcracks
in a film of crosslinked DMSP dimer was observed upon exposure
to 330~385 nm light.

Keywords : crack sensor, fluorescence, cyclobutane, styryl—
pyrylium, mechanical cleavage.
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Figure 1. The crack sensing concept in this study.
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AleF 2 BAM AH|. 4—Hydroxybenzaldehyde, methacryloyl
chloride, 1,6—bis(methacryloyloxy—2—ethoxycarbonyl—
amino) —2,4,4—trimethylhexane (UDMA), camphorquinone (CQ)
+ Aldrich ChemicalollX 7+J33itt 2,6—Di—tert—butyl—4—
methylpyrylium (trifluoromethanesulfonate) = TCIolA 435134
t}. Proton nuclear magnetic resonance (H—NMR) 22 ojA =
CDCl3¢} CF3COOH®] 3 = 1 (F-jH]) =7t 82} Bruker 400 MHz
spectrometerE ARSI 291 2482 Genisis Fourier trans—
form infrared(FT—IR) spectrophotometer& ARg3}o] =285}
o} AAFEHofl= EA 1108 CHNS-O(Fisons Instrument) & AR
33k 4 ~FEHL LS 55 (Perkin—Elmer) & AM-310] 43Itk
A BRo] 3 AR ool BX—51 &3d3v]7 (Olympus) =
ARSI FEAlellE &2 B (100 W, Osram) £F Curing Light
XL100(3M Dental Products) & AR&-31th

2,6-Di- tert-butyl-4-(4-hydroxystyryl)-pyrylium(trifluoro-
methanesulfonate)(DHSP)2| &, ol eh-Eef &3|A1Z1 2,6—di—
tert—butyl—4—methylpyrylium (trifluoromethanesulfonate)
(1.00 g, 0.0027 mol) °l] 4—hydroxybenzaldehyde (0.98 g, 0.0082
mol) £} ethyl ether (25 mL) & 71513tk ©] §94& 30417k 5<F
il Bl AIE F oRie] oblES Aol W EES
FaA7)ar e k] ethyl etherE 7}8le] A7 F o w}alo
DHSPE AAtHEE 97%). Melting point 286—288 C. FT—IR
(KBr, cm™): 1640(C=C), 1619, 1571, 1529 (aromat), 949 (C=C).
"H-NMR (CDCls/CFsCOOH, 400 MHz) & [ppml: 1.45(18H, s),
7.03(2H, d, /=8.7 Hz), 7.15(1H, d, /=16.3 Hz), 7.61(2H, s),
7.72(2H, d, /=8.6 Hz), 8.12(1H, d, /=15.7 Hz). Elemental
analysis: calc. for CooFsHo705S: C 57.38, H 5.91, O 17.37, S
6.96; found: C 57.77, H 6.02, 0 17.24, S 6.81.

DHSP Dimer2| &y, follx] o} mjAahA| Rk= DHSP %
(0.500 g)& n—hexane(50 mL)Zol ¥AA 7)1 stZ24 A==
ARGl 16417 51t FxARsIgIH: 7HekslellM] n—hexanes A7
alo] DHSP dimerE A#%4 02 A3tk FT-IR(KBr, cm ™ ):
1622, 1568, 1528 (aromat). "H—NMR (CDClsy/CF3COOH, 400
MHz) & [ppm]: 1.39(36H, s), 5.05(4H, ), 6.90(4H, d, /=8.3 Hz),
7.24(4H, d, /=8.3 Hz), 7.60(4H, s). Elemental analysis: calc.
for Cy4FeHz54010S2: C 57.38, H5.91, O 17.37, S 6.96; found: C
56.84, H 6.05, 0 17.18, S 6.76.

DMSP Dimer2| &4. 2 2% X5 (40 mL) el €3|A1%] DHSP
dimer (0.500 g, 5.4 mmol) ]| pyridine (0.088 g, 1.1 mmol) =
713Iiek o] golof] FRFFE(40 mL)oll E3lXX] methacryloyl
chloride (0.057 g, 1.2 mmol) = 27513t} o] g-ohg Aka #-917]
Slellr] 0 ColA] 341 wnkslodrk: 0.1 M HCL 8902 A1ga}o]
pyridine®} #]4+g- DHSP dimerE #A|AsISItE l(E22XE5) &
stelld AlASIe] DMSP dimers 38%%] &% AUtk FT—

Zo|M, 43298 2%, 20089
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IR(KBr, cm™Y): 1736 (ester C=0), 1635 (methacrylate C=C),
1626, 1528, 1517 (aromat). 'H-NMR (DMSO—dk, 400 MHz) &
[ppm]: 1.48 (36H, s), 4.65—4.85(4H, m), 5.90 (2H, s), 6.27
(2H, ), 7.77(4H, d, /=8.5 Hz), 7.98 4H, /=8.5 Hz), 8.04(4H, s).
Elemental analysis: calc. for CsoFgHgoO12S2: C 59.08, H 5.91,
0 18.16, S 6.07; found: C 60.57, H 6.09, O 17.67, S 5.83.
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Figure 2. Synthesis of DMSP dimer.
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Figure 3. FT—IR spectra of a film consisting of DMSP dimer,
UDMA, and CQ; (a) before irradiation, (b) after irradiation for
3 h, and (¢) after grinding.
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Figure 4. Fluorescent emission spectra of (a) DHSP and (b)
DHSP dimer in solid state (excitation wavelength 41=385 nm).
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Figure 5. Microscopic fluorescence photographs of microcracks
formed in a copolymer (DMSP dimer/UDMA) film on a quartz
plate. The photographs were taken while the film was exposed
to (a) 330~385 nm light and (b) white light.
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