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E8 ! Styrylpyrylium salt SEDOHSP) & $d5k Fo|231A
cyclobutane® ©1ZA(DHSP dimer) & TAI3I5ITE o)7)el] wWEl==
Ho)EZE £305ke] DMSP dimerZ 416151tk DMSP dimer %7}
WES FT-R 84 A3}, 38 Al 28 cyclobutanedlo] HdE
o] styryl C=C FZ& HEopk= Ao Ik 385 nme] 4l
ol &3t} DHSP= 626 nm2 333g WEaH= wbd DHSP dimer
= v oFE FmkE JeERdiSick DMSP dimerd) 37 EEo
microcrackS AJA1713 330~385 nme] Ve FARSH A7), g B
Tollxel B vgo] E1EITh

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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AP A A2 Aol A AS(piezoelectric film),* ™
A7)t WalE o8k A B A 5o gl 1
v} HBE o] g3ke I A, 3 AlAe] ANHERl ARl =
& A5t 74EY oldolt Bsla obazkA| Harsle] 9l o
th HF MAS T8 Rl JAFAA 28E drkke FE5A
AH(fluorescent penetrant inspection) 7} EIEo] X3 o4
2%k ojn) o] AN & 4= ek

B A= styrylpyrylium saltg ARSE 2758 &
A& sl Styrylpyrylium salts [2+2] Fol=kalo]
cyclobutane® oFAIE A, o] o]z 71 Slal WA
TEE HEoPRe AR defA Qo wakAle} oAt 7
g3 /o] th27] ulizol|, viek of=kA7L, Z12 el 2%t 7| A1
¢l 7}” (mechanical cleavage) ol 2J5to] QA2 HEsold 4= Sjct
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Figure 1. The crack sensing concept in this study.
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25 7R 7kl 727t 28] e 2sled dEle] vk
A2 BEolrPa I BRoA F%g = dgolth
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Al2F o BM | 4-Hydroxybenzaldehyde, methacryloyl
chloride, 1,6~bis{(methacryloyloxy—2~—ethoxycarbonyl-
amino) —2,4,4—trimethylhexane (UDMA), camphorquinone (CQ)
= Aldrich Chemicaloll*] 73t} 2,6-Di—fert—butyl—4—
methylpyrylium (trifluoromethanesulfonate) &= TCIollAM 7<U3I3
t}. Proton nuclear magnetic resonance ((H-NMR) 244 &=
CDCls$} CFsCOOH?®) 3 : 1 (Fun)) £3 8912} Bruker 400 MHz
spectrometerZ- AFES}9It) A4 #2492 Genisis Fourier trans—
form infrared(FT~IR) spectrophotometer® ARS8 S=8835]
o} Yadoll= EA 1108 CHNS~O(Fisons Instrument) A
ek 8% AHAEHL LS 55(Perkin—Elmer) & ARg3lo] Aich
32 BEol g3t Azl 5‘“0301] BX-51 #%&v74 (Olympus) 2
ARREIEC), HopAlol el (100 W, Osram) 8 Curing Light
XL.100(3M Dental Products) £ AMgasith

2,6-Di-tert-butyl-4-{4-hydroxystyryl)-pyrylium{trifiluoro-
methanesufonateDHSP)2 &8, oleh&oll &3iA70 2,6—di—
tert-butyl—4—methylpyrylium (trifluoromethanesulfonate)
(1.00 g, 0.0027 mol) | 4—hydroxybenzaldehyde (0.98 g, 0.0082
mol) $} ethyl ether(25 mlL) & 718I5ict o] o4& 30A7 &<t 3
Falck S9ilE AAG 3 egle] ol Jisle] Wb ERES
i R A %H ethyl etherE 7}l AR F o T3}
DHSPE 99tHE+& 97%). Melting point 286—288 C. FT—-IR

(KBr, cm™): 1640(C=0), 1619, 1571, 1529(aromat), 949 (C=C).
'"H~NMR (CDClz/CF3CO0H, 400 MHz) & [ppm]: 1.45(18H, s),

7.03(2H, d, /=87 Hz), 715(1H, d, /=16.3 Hz), 7.61(2H, s),
7.72(2H, d, /=886 Hz), 8.12(1H, d, /=15.7 Hz). Elemental
analysis: cale, for CooFsHgOsS: C 57.38, H 591, O 17.37, S
6.96; found: C 57.77, H6.02, 0 17.24, 5 6.81.

DHSP Dimere| . 2ol Zof vAlshA| Tk= DHSP 2%
(0.500 2)& n—hexane(50 mL)Z] 471 &54 HZES
AREBlo) 16A1E Bt HRARIIC Asksleld] n—hexaned AlA
3o DHSP dimerE A#4 0% A3tk FT-IREBr, cm™):
1622, 1568, 1528 (aromat). "H—NMR (CDCl3/CF3COOH, 400
MHz) & [ppml: 1.39(36H, ), 5.05(4H, s), 6.90(4H, 4, /=8.3 Hz),
7.24(4H, d, /=8.3 Hz), 7.60(4H, ). Elemental analysis: calc,
for CeaFsHs4010S2: C 57.38, H5.91, 0 17.37, § 6.96; found: C
56.84, H6.05, 0 17.18, S 6.76.

DMSP Dimer2| §d. 22X F(40 mL) | &3A17] DHSP
dimer (0.500 g, 5.4 mmoD el pyridine (0.088 g, 1.1 mmoD &
7¥eigit) o] ool ERFZEEMU0 mL) o) {347 methacryloyl
chloride(0.057 g, 1.2 mmol) & Z7I8Ith ©) %—0“ S A E3)
BloAl 0 Tollr] 3417 wdbalsict 0.1 M HCL =80 8 Adslo]
pyridine®} P]9kg- DHSP dimer AlA313ch %‘“H(aﬁ,‘_‘a)a
7rek3loil] AAEe] DMSP dimers 38%<] 483 Uitk FT-

Z2|H, 4327 A2F, 2008¢
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IR(KBr, cm™1): 1736 (ester C=0), 1635 (methacrylate C=C),
1626, 1528, 1517 (aromat). 'H-NMR (DMSO-d, 400 MHz) &
[ppm]: 1.48 (36H, s), 4.65~4.85(H, m), 5.90 H, s), 6.27
(OH, 9, 7.77(4H, d, /=85 Hz), 7.98(4H, /=85 Hz), 8.04(4H, s).
Elemental analysis: calc. for CsFeHez01252: C 59.08, H 5.91,
0 18.16, S 6.07; found: C 60.57, H6.09, 0 17.67, S 5.83.
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Figure 2. Synthesis of DMSP dimer.
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methylpyrylium (trifluoromethanesulfonate} ¥  4—hydroxy—
benzaldehydeZS W-g-A174 DHSPE $/J3ith DHSP 27%& #+42
oA Zo} ulid AR THE F n-hexane Foll A1 Aol
A FzAF8l] DHSP dimerE 4584 0% %Ik DHSP dimere]]
methacryloyl chloride S #5217 DMSP dimers 38kt

DMSP dimer 34| $22A 7 AR Pk ghgo] 2gs]
2} ket whbA, G7kmrt Thesk wlet BEE Alxslr] fsiod,
Ao} TEL BipAe] Wy o] &= s AA) dolwelad
#HelEQl UDMAE E3si8ict. AR = 7l s g5et
o Br)zhe B435R= camphorquinone (CQ) & AME8ISITE =Rl
& cyclobutane& 7BAIZ 7Fs7do] Q171 wiiell F7hane] 741
g At

DMSP dimer, UDMA, CQE -#o]l £3IA A KBr pelletol]l &3
3§ 420~500 nme] W& Ao fufjof B84l Wntel AF
< Ak Figure 39 FT-IR A#E=o] Ljehd Zixy Al
(Figure 3(a))l Reold oelmadyo]E C=C) 7|elsk= 1635
cm 9] 57 BEARE(Figure 3(b)) ol AR APAERE] 37}
3T ko] ot L aelslgir) o1

7hre 5ol IR 3l AE KBr pellet frdkd 018310
% 5 oA pellets THEo] Ao FHEAE it o3k
TE BEE EARCEN Ft Z9E WENA, 29 g 9
3 PRk 248 folgl shual § Aolot Figure 3(o) ol B
2l XY BT styryl C=C E5017} 1640 cm "ol vieht =2
2 Ao} 28 styryl C=C ZAo] A== 2E Flallc) & A
g2 o)A wEME cinnamate?] cyclobutane® dimer”} 2
2 AAe] 28] cyclobutane 737} HEEe] B2 cinnamate®
HBoPke 218 9% nl ek 012 cyclobutaned] C-C 2
ol ring strain WiEel TR ZHEel vlgle] 4% oAt 53] B
7] WhEQl Ao Mg 4= IeB Al oflgA dienet dienophile
9] Diels—Alder (DA) adduct® PA4%E 71 5L, adduct] W& 2
 ofuAjell 71218H= retro—DA HEg©o] & AP 2] 2 il A
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Figure 3. FT—IR spectra of a film consisting of DMSP dimer,

UDMA, and CQ: (a) before irradiation, (b} after rradiation for
3h, and (¢) after grinding.
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FZY|E C=C Aol AL = A=A Ak Hste] UDMA
9} 0Q2) FAES Axsle] FrkAFth o)F w4l FT-IR
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C=C Ago} 78k Aoleka A9 e 4 9lvh

Styryl C=C A2 7} DHSP%} cyclobutane 725 71 DHSP
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Figure 4. Fluorescent emission spectra of (a) DHSP and (b)
DHSP dimer in solid state (excitation wavelength 1 =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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L3N T quartzBell EEIEL $0iS SEAIR F 420~500
nm&] 9& AR PlaAzth o] BEol Z2A(Z 1 um olBh&
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ZAksIgeE. A Jdela) 330~385 nme) U ZABISLS u,
Figure 5@l 22 ZA¥ microcrack F-5oll4] 333 vhgo] el
S} BhE B sl Fgo) BREERX WK Figure 5(b)).
Figure 594 & = 9l%0], o] & Z# MAsfo T Ahdo| 7}
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ATk
2 8

Cyclobutane®d vlolrElaZ ol E(DMSP dimer) & 37} uAA
IEE ARSI 2 WNEAME J1sdE itk 53 38
WS ZARIGNS u), A¥o] A Fiolq o] WEEHE RS
RIS vlAgE 222 A 27| Adelelr] A2 Far) Q=
AZel thiste] dF F2 AMEA ] 5-80] 7[eiE)

ZAR 2 o] AT 20049 EsteEATe] X9l 9
3] AFHRS(KRF—2004—041-C00265).
2oz d
1. J. A. Sauer and M. Hara, Adv. Polym. Sci, 91192, 69
(1990).
2. C. Dry, Composite Struct., 35, 263 (1996).
3. Y. Zhang, Proc. SPIE—Inter. Soc. Opt. Eng., 5765, 1095
(2005).

4. R. Ali, D. R. Mahapatra, and Gopalakrishnan, Smart Mater.
Struct., 14, 376 (2005).

=0/, #3248 A2z, 20089

=
s

5.

10.

11.

12.

13.
14.

15.
16.

17.

18.

19.

20.

ri

a

S. Rattanachan, Y. Miyashita, and Y. Mutoh, Sci. Technol.
Adv. Mater., 6, 704 (2005).

. S.—G. Shin, H.—J. Lim, and J.—H. Lee, Hanguk Chaelyo

Hakhoechi, 13, 732 (2003).

. W. Kazuhiro, N. Hiroaki, and G. Nishino, JP2005172809

(2005).

. B. Zhang, B. Benmokrane, J.—F. Nicole, and R. Masmoudi,

Mater. Struct., 35, 357 (2002).

. Y. Zhao and F. Ansari, Sens. Actutator A—Fhys., A100,

247 (2002).

A. Singhvi and A. Mirmiran, J. Reinf. Plast. Compos., 21,
351 (2002).

1. B. Kwon, C. G. Kim, and C. S. Hong, Compos. Sci.
Technol., 57,1639 (1997).

H. Tsuda, T. Ikeguchi, J. Takahashi, and K. Kemmochi, /.
Mater. Sci. Lett., 17, 503 (1998).

E. R. Generazio, Adv. Cer. Matrix Composites, 169 (1996).
K. Novak, V. Enkelmann, G. Wegner, and K. B. Wagener,
Angew. Chem. Int. Ed. Engl, 32, 1614 (1993).

J.—G. Kim and C.—M. Chung, Biomaterials, 24, 3845 (2003).

G.—J. Sun, Y.=J. Park, and K.—H. Chae, Polymer (Korea),
23,113 (1999).

C.—M. Chung, Y.—S. Roh, S.=Y. Cho, and J.—G. Kim, Chem.
Mater., 16, 3982 (2004).

M. B. Smith and J. March, March's Advanced Organic
Chemistry, Reactions, Mechanisms, and Structures, John
Wiley and Sons, New York, p. 24 (2001).

D. Cremer and J. Gauss, J. Am. Chem. Soc., 108, 7567
(1986).

X, Chen, M. A. Dam, K. Ono, A. Mal, H. Shen, S. R. Nutt, K.
Sheran, and F. Wudl, Science, 295, 1698 (2002).



