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Development of Polydiacetylene-Polydimethylsiloxane Based Chloroform Sensor
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Ao s SulHAAg S AU Zejtho]old B3l (polydiacetylene, PDAYS 5§31 o5 i3 Zaitt
] = 2}(polydimethylsiloxane, PDMS) 7|4+e] HEAME 7Laion o] o] &dlo] FEZE <] &uf
grolstsitt. trololM e #ll(diacetylene, DA) THFAIQ1 2-methoxyethyl pentacosa-10,12-diynoate(PCDA-EGME)
A4 254 nm UVE 2ARSIe] PDAE & S8 &, o]& PDMSH WXAA HE AAE Az}
AAE A (Mpe=545 nm)S WL o, AME FE2E2EE =Z3ATIH N (4,,,=477 nMm)C. 2 H

e

CMYK % yellow, magenta %= F&3to] 2po] ke 45t

Abstract: In this study, we have developed a solvatochromic polydiacetylene(PDA)-embedded polydimethylsiloxane
(PDMS) film-type sensor for selective colorimetric detection of chloroform. PDA-PDMS film was readily fabricated by
mixing PDA which was derived from 2-methoxyethyl pentacosa-10,12-diynoate (PCDA-EGME) and PDMS precursor.
The PDA embedded PDMS film displayed a red (A,,=545 nm) to yellow (A,,,,=477 nm) colorimetric transition upon
exposure to chloroform. The film-type sensor was found to be selective for chloroform among 19 common solvents.
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A| 2258 ©]8-3F protective layer approach o] 17531
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B Aol A FRAZ AMEE ZEvield g
(polydimethylsiloxane, PDMS) A& o] {3 T3Py Fro
AHste] S8}, AE, 717 5 thgst EokllA AAA|, 53
(mold), ZAK(patterning) 5-2] AEZ AREFITES6 et 72
7} el A A 7] BEEC] B 2 FaEE
EAS AU Qo] AN Fx2AZ FeET Q) H2 =2
ATHE sEEES HEY F e AXAEE PDMSO
WEAA Aabrk, 12) oS AEsAY, wislrae] 4o]
£ sk A5 HASITETY o]21gk PDMS AlAE9
AZ WMAUEE ZA F 7R 27T F ok 3 WAle
AZ 4] PDMS A Woll FrE] o] viiel] Exjshd
A=A JHg-shes Wrgolm, ol PDMS A& AloollA]
AZEZHAMEAZ vhgo] BAsl] gipdo g B35 7
=% F Aok T WAe EYHAY 2248 AMEEE A}
g3le] sleHEZo] 2)3 PDMSe] HaAS o] sk Whigo)
] o] HAUSE Agsle] & A7l 4177125k 14
o] 7Fs Y C5-C139] %3} ©hslraE A7} o= s}
E A7E Bausie

B ApMe FE2XE giste] SupHage AYs
PDAE 7W#a}7] flsted wE| ol 243 287171 8l
= PCDA-EGMEE @733t JAVFH ZEAtstE 5ot
poly(PCDA-EGME)S S#3I3ith. B3k ©]& PDMSO| W=
A7l D& A (PDA-PDMS)E A %3 5 FE2XE 9] 18
N 718058 =5 Al UYehte AlA el Gufwial ol &
sto] Akt
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Al & TE. - AolA] ARSgE §7] 8vli9} 2-methoxy-
ethanol, 4-(dimethylamino)pyridine-> Sigma-Aldrich A}l 4]
T4 3L 1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide
= TCI APl Q4321 10,12-pentacosadiynoic acide=
GFS-Chemicals AfollA] 43It 22X 5 AlA 9] &
ZF AAA (matrix)2 AR EE] ol d A =HSYLGARD®
184 silicone elastomer base 2 curing agent)> Dow Corning
Al A 48t AT

4. 34 € T =52 +x= VarianAFe] Unity-
Inova(300 MHz)2} Premium COMPACT NMR Magnet
System(150 MHz)S AR&-3te] E493199a7, Ake)d 2 7kA]%
A Bsg 8492 Agilent AF9] 8453 UV-Vis spectrophotometer
£ ARgsidinh Eeoml Rl S5 A AR EE W7le 2
E]o](peltier) 7RO 2 B A t2Alo] A z}slSi T,

2-Methoxyethyl pentacosa-10,12-diynoate(PCDA-EGME)
9| BHd: AeollM A #9171 o] T2 Sekid] HE

Zan, 41404 A535, 20163

2}3] = & # P(tetrahydrofuran, THF) 20 mL-S 23 10,12-
pentacosadiynoic acid(PCDA) 1 g (2.66 mmol), 1-ethyl-3-(3-
(dimethylamino) propyl)carbodiimide 1g (5.34 mmol), 2-
methoxyethanol 2.1 mL, (26.7 mmol)S &3jA71 F, 4-
(dimethylamino)pyridine 30 mg2 37}sle] ¢413] &A1
512717 FF wnkelint, gheS ARnEIYYE o &
sto] Whe- FAS SIS & AT HRIIE ARl 2Tk
] HEZHS|ER2FT-S AASI STk Yol "ot
AE Aol & Hhexane) 100 mLe} 9= 300 mLE ¥
HAZN7IE RSl {7150 2eEdh & Sivadlae
2 {715 el S AT AZEE ARsle]
715% ekl AASR71E ARt s5% § ol 2
Y F2rkE gy @Azl od=20:1)2 o]&3sl] YAE
1 g5 87%°] &= AUt

'"H NMR (300 MHz, CDCl;): & = 4.23 (2H, m), 3.56 (2H,
m), 340 3H, s), 2.34 2H, t,J =7 Hz), 224 4H, t, J =7
Hz), 1.62 (2H, q, J = 7 Hz), 1.56-1.46 (4H, m), 1.41-1.26
(26H, m), 0.88 (3H, t, J = 7 Hz), 0.88 3H, t, ] = 7 Hz).
BC NMR (150 MHz, CDCly): & = 174.0, 77.7, 77.6, 70.7,
65.4, 653, 63.4, 59.1, 343, 32.1, 29.8, 29.8, 29.7, 29.6,
29.5, 29.2, 29.2, 29.2, 29.0, 29.0, 289, 28.5, 284, 25.0,
22.8, 19.3, 19.3, 14.3.

Poly(2-methoxyethyl pentacosa-10,12-diynoate) (Poly
(PCDA-EGME))e| =g} PCDA-EGME 700 mg3 2 E] o]
W7 (-5 °C) flollA] ZF2)4d (254 nm, 1 mW/em?)yS A}
o Az Bt 2ol BE s ¢4Ed F RES £
2bod S AMgEle] =2] ¢ Feloolodala) F3e] F
2] ek ek Adele] PCDA-EGME 220 mgs +ZEIE A}
Gste] Eeleiinh. Eejd AM AEAE =AE FEEX
o ARESie] 3W FE381] 337 meS 48%°] &= AT

'H NMR (300 MHz, CDCL): & = 422 (2H, t, J = 44
Hz), 3.59 2H, t, J = 4.6 Hz), 3.38 (3H, s), 2.47 (2H, br),
234 BH, t, J = 7.3 Hz), 1.61 (7H, br), 1.42-1.18 (27H, m),
0.88 (3H, t, J = 6.8 Hz). °C NMR (150 MHz, CDCL,): & =
173.7, 70.5, 63.2, 58.9, 342, 31.9, 29.8, 29.7, 29.6, 294,
29.3, 29.2 28.7 24.9, 22.7, 14.1.

PDA-PDMS #& MM H|=. Poly(PCDA-EGME) 20 mg
= FEEXE SmLell &3A]A PDAEH S A x38HTh
SYLGARD® 184 744} 35 20 gol] A=+ PDA &2 ¢
S T AAo] FdeA wEY w7k AFetA £t
SYLGARD" 184 73s}A] F 2 g& ¥ H thA] EH3IA

o &9t &g A Ml 1K B9t Yo ERERE
8l 7125 AASIATE 71 A7 Fol] E9tE §4S AE
2] HA(12.5%12.5 cm)oll LAl EXEAT) T FH S 3L
ol A=(25°CplIA 29 &t 73tkste] A 0.95 mme] 2

& AME AlxsiiTh



Z2jtjolopigal-Erlol| g A4

An =2

B Apoila] ARSE 2-methoxyethyl pentacosa-10,12-diynoate
(PCDA-EGME)= Yukz o2 W ¥ tlololx| e (diacetylene,
DA) @A (720l n-n stackingS dh= WEE 12]3H3E
oL} AATE R 28] Tol 2 kA tiEA
o] 2B ZFS AU o] FARF AFE et 150l
Atk o2 et T/ GHAEL A2l AR FE = E=A)
SHHA] SAI7E A7tRY EHE ol FA] kot RS
AbstA = F5eto] XY= ] eFort, 0°C o] ake] A2l
A= van der Waals 31l 23] 2p7} Zg=|m z}e] Mol ofs)
A e] PDAR Fgeth>

PCDA-EGME= THF €1l 3JlA] 10,12-pentacosadiynoic
acid2} methoxy-ethanol®] EDC ©l|2~E]3}(esterification) ¥+&-
S 5310 87%9] wo S8 FHE A Ao dEAE
ggstlen, shgheel 732+ 'H NMRZ °C NMR2 ©]
f3to] 224319 tHScheme 1). PDAE 22A14+¢] DA 7}
s ARl TP e R S%°] 7FssHAT PCDA-
EGME 72 o7 DA @A) 735 2 AL A W23

£ A5k Zlo] ErFssith £ A7 HEjo] W
& ARSI 5°C 27 THEoA TEAE A EE
FABIAAL A& A8 IAZE B2t Zols=3ltt. A
¥ PDAE AAIste] 1] 9hg @A 32%E HE et o
48% G-&= poly(PCDA-EGME)Z 313l 'H NMR3} BC
NMR$S o]-&-ato] FA a3t

PDA-PDMS Z & AAME A z37] 3] poly(PCDA-
EGME)g S22 ¥ 50| =o &3 A%t PDMS
elastomer base®ll H7FsI ). ©l& 73lAl E£H3FH PDAYF
PDMS Well #dsA ExEshs Sl EREEF0] TUS
WA A PDA-PDMS EFES o
PDMS 73S F7Fsle] thA] -3k
E7+ Z3AA 242 PDA-PDMS Al
(Figure 1).

PDA-PDMS AlA 52 FEo] mepr] 7 2 F4S
A o A4S AYAL ot Figure 200 YERA
A%ol, A 9 TR S ARSSle] EE2XE
& A9E SANEH =& 9] 29| PDA-PDMS &
< Z48ES o 545 nmelA Hdl T M) = AH L
At FEEZE =34 JE 3370 S01EA 477 nm
o= Hd F5uge] HAHo|(blue-shift) =& A4S 2l

Ho/\/OMe
A oH THF,RT. S ) o~ OMe
PCDA PCDA-EGME

Scheme 1. Synthesis of PCDA-EGME.
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Figure 1. Preparation of PDA-PDMS film sensor.
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Figure 2. UV-visible absorption spectra of PDMS film containing
poly(PCDA-EGME) before(black line) and after(red line) exposure
to chloroform.
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red-phase

Figure 3. Schematic representation of the macromolecular behavior
of red phase PDA after exposure to chloroform.
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Figure 4. Photographs (A); Y-M plot (B) of PDMS films containing
poly(PCDA-EGME) in various solvents: (1) benzene, (2) dimethyl
sulfoxide, (3) dioxane, (4) chloroform, (5) dichloromethane, (6)
THF, (7) diethyl ether, (8) acetone, (9) dichloroethane, (10) water,
(11) toluene, (12) N-methyl-2-pyrrolidone, (13) ethyl acetate, (14)
methanol, (15) ethanol, (16) isopropyl alcohol, (17) hexane, (18)
acetonitrile and (19) DMF.

e Aow e,
PDA-PDMS®| 7A&H

A9 H7ts 98 2
095 mm’ A7|2 8|S ¥ SEEXES
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Figure 4(A)¢] ARIE B &afe]l 22 PDA-PDMS
A Z A, 2Ry E, tEE2rE todiHE, EF
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R

poly(PCDA-EGME)E 7} &ufjoll &3f A Y3 A= 4
A _ghA A o] Fro] zlolE HRIth, o]z gh &u WAL
4zt o] web M2 tE WEEE 2= PDMSY 54
I BgEo] SRRIXFoA ez oz Alyo] o] 1t
ERHAl €k A g o] S AFE 0" Atts)|
sl AFL] Mgk (chromatic valueyS #4319 Figure 4(B)
o =AI3} . Adobe Photoshop ZZ 23 2] A2 H (color
profile)@-s & CMYK#S AH&-sl] Figure 4(A)] 7719
59 A, &, 3t FollA o F 27702 A (pixel)2l
magenta @t yellow 348 F=3I3Th 28] 2771 Ao +
ANZrol 2k Zk(yellow intensity-magenta intensity)2] <3k
& Folo] i =e A8t PDA-PDMS ZEo]
fre WA, SEEXE, U2, toddEHzZE, &F
ol, Akl g, Sk dEo] HAo| HoJA WA magenta %t
o] yrolx]7] witol] BHEA] o= A GulEo] Hlal A
A o2 xto] Fro] =%4O™, Figure 4(A)°] AR} FHst
A F2ZEEQ] 20| Fro] 11692 7P =2 7S YR

o] UmA] 1870 &rjSoll Blal grds] 20T

=

[ —

7E:|
B AFere gl B A sl 2 i1
= DA ©#4¢l PCDA-EGMEZ EDC A= ¥-3-S AR
ste] FAstaL, o] & A2olA 254 nm A9 HS FAFSHA
poly(PCDA-EGME)E % %3t &, |5 PDMS®| WEA|
71 PDA-PDMS Z & AIXE A| 2313tk PDA-PDMS Z&
AA = 545 nmoll A HSrabgS AYs A4S Wi Q)
on, B2 AME FEEEE =EA)7]H FEo| Yol H
E2 1.56M WEHEA HFFoHdo] 477 nm= ©]E5H
galo 7 HAE s A4S B9t PDA-PDMS ZEA4
Aol Aerde Flsh] SI8iA 19 F<9] UREHQl gujjo] =
ZxAeH o] WA, SFRaxE tE=auE todd
HZ, B4, 22bld, dilolx] HEe] A{EH, S22
ZEA AgH oz wag o] whlshs S RIS
iRt g g k=& Al9] ARK] A4S S-Sl AR H (color
profile)&5 & CMYK®] yellow, magenta %2 &3t &
I FO] ANAGE o= I
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