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Abstract: Surface modification of a hydrophobic acrylic polymer film has been performed through simple chemical treat-
ment to give a reactive surface. 2-Triphenylstannylthioethyl acrylate was polymerized under UV-illumination with various
contents of a comonomer. When the polymer film was treated with fluoride ion, thiol functional group (SH) was gen-
erated on the film surface, which was observed through infrared absorption spectroscopy. The surface was functionalized
by thiol addition reaction to acrylic chromophores. The SH content on the surface was controlled with a comonomer,
tris(hydroxymethyl)ethane triacrylate, and examined with UV-Vis absorbance of the chromophore attached film. Sim-
ilarly, a polymer film from 2-tributylstannylthioethyl acrylate was prepared. Destannylation from the triphenylstannyl and
tributylstannyl surface completed after 30 and 5 min, respectively. The SH-exposed surface was modified with an iso-
cyanate attached chromophore within 10 min, while acrylic chromophore required 24 h.

Keywords: surface modification, Ph;SnS-acrylate, UV-polymerizaion, chromophore, SH-rich surface.
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Alef A Slstx BA, 2 230 A%l 2-mercaptoethanol,
triphenyltin chloride, tributyltin chloride, methacrylic anhydride
59| AJeke Sigma Aldrich Chemical AF] A]eFo 2 H o]
A A& AR %aL T E ARSIt 780l tetrahy-
drofuran(THF = A4 271 slellA] 54 YEFES go] ¢
3] Gl A AR 1,1,1-Tris(hydroxymethyl)ethane
triacrylate(cas. 19778-85-9)%} perfluorooctane-1,8-diol diacrylate
< ChemopticsAt=FE FFajate] F7F A2 glo] ARE-
SIS W2 silica gel plate(Merk 5715)5 A3t tin layer
chromatography=. 231930 29| 3 2 poanisaldehyde
£ Z3ele Ulgdol ogh W o w IRlsiith. o=
o] B9} AAE= A7 (Merck, 250-430yS ©]-&3 3 =
FrlEaH R Jesisitt. FAE AR shehz XS
VARIAN AFe] Mercury 300 MHz NMR-S- A8-313 0,
CDCL & vl & Wi 7|& 222 AMgsl] SHsIT &
7= #1214 733171 (Dr.Hoenle. AG, UVACUBE 100)Z A}
B3I A oA 5L AT A vheke] =
HAEg SHS Sl8l =4 HE5(Cargille Laps, np=7.85)=
AHE-SFA T FTIR =¥ E&2 MAGA-IR 750 spectrometer
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(Nicolet Instrument Co., USA)S AR&-313iT} UV-Vis 2HE
&2 Jasco V-570 UV-Vis spectrometers A8-3}51 T},

CHEFX| &M, 2-Mercaptoethanol(0.35 mL, 5.0 mmol)3}
triethylamine(1.46 mL)2- dichloromethane(MC, 20 mL)°l =
ol golof] 2.1 F&2] triphenyltin chloride(95%, 4.26 g)5 %
71t F AdL-ollA] 2A17F EF HESAIATE ©]F, methacrylic
anhydride(94%, 0.87 mL)S &H7}sto] Lol 4417 1 W
Halith BR8-S MC(200 mL)E &3l & &8 2 3] A
Atk 7152 57 MgSO= A 2|8kl Agtellr g Al
7sle] F=3kAch E3-8 1 ethyl acetate/hexane(1/7, v/v)
S olgsl= Ael7H AHIRrtE v 25 E methacrylic
monomer 1a(2.41 g, 97%)S F2I5Ith FAIAl 1bE 92%
TEE Pt

1a: 'H NMR(300 MHz, CDCl;, ppm): §7.65 (m, 6H, ArH),
7.46 (m, 9H, ArH), 6.05 (s, 1H, vinyl), 5.53 (s, 1H, vinyl),
4.14 (t, 2H, OCH,), 2.84 (t, 2H, SCH,), 1.96 (s, 3H, CH;),;
BC NMR(CDCls;, ppm): 8167.5, 137.4, 136.5, 130.1, 129.6,
129.3, 125.8, 66.2, 30.0, 18.3.

1b: 'H NMR(300 MHz, CDCl;, ppm): 86.13 (s, 1H, vinyl),
5.57 (s, 1H, vinyl), 4.20 (t, J = 7 Hz, 2H, OCH,), 2.80 (t,
2H, J = 7 Hz , SCHy), 1.95 (s, 3H, CH,), 1.58 (m, 6H),
1.41-1.25 (m, 6H), 1.17 (t, 6H), 0.92 (t, 9H).; “C NMR
(CDCls, ppm): 6167.8, 136.5, 125.4, 66.0, 29.9, 28.8, 27.3,
18.4, 13.9, 13.6.

243l nExt 2Eo M. 1,1,1-Tris(hydroxyl methyl)
ethane triacrylate(Trimer) (Y perfluorooctane-1,8-diol
diacrylate)e} 33 E 1aS 2/8, 5/5, 829 FAMIZ 42 F
7SR ZA] bis(2,4,6-trimethylbenzol)phenyl phosphine oxide
(Irgacure 819)E 0.4% H7Fste] F-25] Wyttt o] &4
= I A st SAjol] Exlehks 7125 AASL e
T Abgtole] 713tk g0l 31 A ete] Wk~ vl
A& Ty wEATE A 27 stollA 242]41 (100 mW/
em’)S 5wAF 2ARSH] BhekS AshAlA JAst At 2E
< e

245 12X 2Ee EMXE|. Tetrabutyl ammonium
fluoride(TBAF, 1.0 M in THF) 0.50 mLE = €H2-(2.0 mL)ol|
ol FAAEE Bael2 &S TEAT vk dAt
TR Axd B3}t L8R BE AESS o] &l ]

=E Yo 3087 F-X5K9 T ©] 3 methanolZ 23] B A
I AFLENA 1A 7F AZE(2 torr/70°C) B 22
IR

B743} IEA E 3a(3b)E WHEATKFigure 1).

M& nEXte| g, Al 1a(0.50 g, 1.0 mmol)2} methyl
methacrylateMMA, 0.50 g, 5.0 mmol)®l] Sl 2F2] azobisiso-
butyronitrile(AIBN, 0.049 g)= y-butyrolacton(4 g)S = T}
o] g0 Hi WES o]&dt] &F AAAE 1027F 7
EFRIL 70 °CollA 16417F keIt 2o ® 23] g
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Figure 1. UV-polymer films and SH generation on the surface.

S WERZ (20 mLyl| M33] "ojrme] 1HAE AEAIZTh
T AEH EAE THFO 59 o] vgkEol] A EA1A
ATt A2 A= FFLE(2 torr/70 °CYllA 2417F
ZANA 42001 4a¢] 'H NMR 418 Z3)], 355419 +
dellA xet y EHIE 132 AR5t 1aMMAS] =HE
172 WA A A& gbe AA] BH)7)F 1/102 B4 5 AT
ARFAzrET oS Bl A5 23 4a0] THEH 1
2 11.0 kg/mol, BAFEEE= 1.82 YENET, 4b2] 3
FTHH T BAFS 7.5 kgmole} EAY EEXE= 1,92 e}
pr=

4a: 'H NMR(300 MHz, CDCl;, ppm): 87.65-7.50 (m,
1.5H), 7.19-7.50 (m, 2.3H), 3.95 (m, 0.5H, OCH,), 3.45 (s,
23H, OCH;), 2.75 (m, 0.5H, SCH,), 2.05-1.51 (m, 2H,
CH.,), 1.08-0.61 (m, 3H, CH;).

4b: '"H NMR(300 MHz, CDCl;, ppm): §7.65-7.50 (m,
0.54H), 7.19-7.50 (m, 0.82H), 3.95 (m, 0.18H, OCH,), 3.45
(s, 2.7H, OCH;), 2.75 (m, 0.18H, SCH,), 2.15-1.50 (m, 2H,
CH,), 1.12-0.61 (m, 3H, CH;).

DEX} 5 M. AF 722 4a(0.50 g)2t 4b(0.50 )= 7}
7} THF(7 mLyl| $H3] =30t} TBAF(1.0M, 1.55%)E 4a
o] 0.95mL2} 4bell 0.50 mLell HaL =24 3A17F B3t wt
SN Z Tk WERE(50 mLYS F7Felar, wrkslHA 213 Ak
(02 mLyS ¥o] AEAE MEAFT 2EAE dejdio] 1
BN ZAZ(2 torr/40 °CYste] ALEA}F 5a9) 5bE AT

ME DEXH4) BEL EHXE]. 0.10 g8 AP A 4a
9} 4bE THF(1 mL)ol| 591 & A7+ A==20lA] f-A1381ed 7]
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Figure 2. Linear polymer films and SH generation.

EE AASAT o] &ee] AR5 FHsle] A5 F 2cem?
ek A3 Algtelo] ACEA 0.5 mm)ell Al =3xS 5
LE(2 torr/70 °CYol A 2417 AZRAIA 72 HES
t}. TBAF(0.5mL, 1.0 M in THF)E WE-E-(2.0 mL)o] &
e EaolR §oo Zzte] HEL EE Yol 308 &
QF FAIEIAT. ©] F methanol® 23] AL F X3 QoA
N7 AZ3d(2 torr/70 °C) A A7t | Az g
& 6a%} 6bE THEUTH(Figure 2).

HrMek7) §4M. 4-(NV,N-(2-Hydroxyethyl) methylamino)
benzaldehyde(1.00 g, 5.58 mmol)9} 2-(4-nitrophenyl) acetic
acid(1.01 g, 5.58 mmol), piperidine(0.28 mL, 2.79 mmol)=
toluene(16 mL)el| =<1 & 24A17F BhFslar, &3 48 3
207 23 ethyl acetate20 mL x3)Z #3l &, FHF
(20 mL)= AT 7155 Kol FrdtEFeR 1
AL & 28k, FFst] 42 27E &9 THF =<l
ethyl acetate-hexane(1/20)2 713t €43 FEAE A1SA
Zit}. o] IAIEA(1.05 g)2 MC(10 mLYll %0132 methacrylic
anhydride(0.625 mL, 1.2 eq), triethylamine(1.47 mL, 3 eq),
Zuj %2] 4-dimethylaminopyridine(DMAP) (0.021 g)& %
&0l A 2A17F S WEEAIZATE HF &3 §olS MCE
w3 § B3 AFER dSst] AL FEPEFS ¥
o] Azt 7189 A TSk vgeS st
0°ColM A=< AE3te] 2-(methyl(4-(4-nitrostyryl)phenyl)
amino) ethyl methacrylate, 72 XA 55% T&= AUt

'H NMR(300 MHz, CDCl;, ppm): 88.17 (d, J = 9 Hz,
2H), 7.56 (d, J = 9 Hz, 2H), 7.44 (d, J = 9 Hz, 2H), 7.20
(d, J= 16 Hz, 1H), 6.93 (d, J = 16 Hz, 1H), 6.76 (d, J =
9 Hz, 2H), 6.08 (s, 1H), 5.57 (s, 1H), 436 (t, J = 6 Hz,
2H), 3.71 (t, J = 6 Hz, 2H), 3.07 (s, 3H), 1.93 (s, 3H).;
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BC NMR(CDCl;, ppm): 8167.6, 149.6, 146.2, 145.2, 136.2,
133.7, 128.7, 126.3, 126.2, 124.9, 1244, 122.0, 112.3, 62.0,
51.1, 39.0, 18.5.; UV-Vis A (CHCLy) = 433 nm, & = 24000
M'lem™,

g ch(g) 2,4-Dinitroaniline(1.83 g, 10 mmol)<
acetic acid(50 mL)l| 35¢1 Egkgallo]] 213} 32H20 mL)yS &
3 ARSI Y o] & do] /(2.6 mL)o| =21 sodium
nitrate(0.69 g, 10 mmol)E- 5 °CollA HH3] FYUT & E3h8-
NS 127 9 ek th v e (10 mL)2 531 2-(V-
methylanilino) ethanol(1.31 mL, 10 mmol)S 1 O] FUsIAL
1’\]7L O Aoj= -.4 ZOOmL/] 7<}7]‘° FHTE ¥ol ¥

BHM,

o O

s F A7 B IAE gk & 21324 24
A7 AZ3F (2 torr/80 °C) A 3HTE(A)yS AUt 1A
A(0312 @& MC(6mL)®| =©]3. methacrylic anhydride
(0.16mL, 1.2 eq), tricthylamine(0.38 mL, 3 eq), Ul F<]
DMAP(7 mg) o] 220N 2417} 52t A7), H% &
3t 84S MCE &3¢ T B3 &A5EE AL FFhE
T2 9ol Azt 171 &ods A w5kl mesS
HA7ksle] 0°CollA PSS HE31] 2-((4-((2,4-dinitrophenyl)
diazenyl)phenyl)methylamino) ethyl methacrylate, 8= %1
45% TE2 AJH(Figure 3).

8: 'H NMR(300 MHz, CDCl,;, ppm): 88.70 (d, J = 2 Hz,
1H), 842 (dd, J = 2, J = 9 Hz, 1H), 7.88 (m, 3H), 6.81
(d, J =9 Hz, 2H), 6.08 (s, 1H), 5.58 (s, 1H), 4.40 (t, J =
6 Hz, 2H), 3.82 (t, J = 6 Hz, 2H), 3.18 (s, 3H), 1.91 (s,
3H).; “"C NMR(CDCl;, ppm): 8167.4, 153.7, 151.3, 149.5,
146.7, 1448, 136.0, 127.6, 1274, 126.5, 120.1, 119.9,
112.0, 62.1, 51.1, 39.0, 18.6.; UV-Vis A, (CHCl;) = 525 nm,

~N COzH
OH 1} piperidine
2) methacrylic
anhydride
CHO

o]

-

7

~N NH;
© OH ©/N02 0m :
NO, :

(i) NaNO3,H.S0,
(i) methacrylic anhydride

Et;N 0>\ v " “weo

(iii) 1,6-hexane diisocyanate | (i)

cat. BuzSn(laurate); (|||
Figure 3. Synthesis of chromophore derivatives.
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ghafch9) B, WA 89 4 T A E A0.69 g,
2.0 mmol)°ll 1,6-hexanediisocynate(1.4 g, 8.0 mmol)E MC
(7mL)el| =o]aL Zuj o] dibuthyltin dilaurateS 3 7}l
7oA 4x7F ksl o] gollol] T o2 Thet
o JAE MEIIL AEE IA Y WSS H7kste 30
E7F sty IAE o H3)o] 2-((4-((2,4-dinitrophenyl)
diazenyl) phenyl)(methyl)amino)ethyl-6-isocyanato hexylcarba-
mate, 95 & 65%= AUt

9: 'H NMR(300 MHz, CDCl;, ppm): 88.65 (s, 1H), 8.39
(d, 1H), 7.98-7.78 (m, 3H), 6.79 (d, 2H), 4.75 (s, 1H, NH),
430 (t, 2H, OCH,), 3.73 (t, 2H), 3.26-3.10 (m, 4H), 3.15
(s, 3H, NCH3), 1.71-1.12 (m, 8H).; *C NMR(CDCl;, ppm):
8154.0, 1494, 146.7, 1462, 1447, 127.6, 1274, 120.1,
119.8, 112.0, 61.6, 51.6, 43.0, 41.2, 39.1, 31.3, 30.0, 26.4,
26.2.; IR (KBr): v, 3480, 3380 (NH), 2250 (NCO), 1700
(urethane) cm™.; UV-Vis Ap. (CHCL;) = 525 nm, £ = 26000

HiAH (7 8) =8!. Triethylamine(1.0 mL)
EF4 (2.0 mL)yl| Yol g8 TER)

. HEX Pﬂi P49 BAst B5S EHAEY
lo] 4o IEA HE 3aE-2 3b)s o] Slo o] 7]
B Aol frAlE A ol %, 5 A
5 AN & EFQIeRE o] H AL ZF2E(2 torr/70 °C)
2 wAghe] =0E IE 10aEE= 10b)E
ARt 72 wpgo 7 uhAth §(50 mg)S <1 7l g9

v}

=1
=9 ZE 11aES 11b)E Ut

SH E& EMo| wMEk9) =9l W H 9(50 mg)S THF
(2.0mL)°ll =<1 & triethylamine(0.20 mL)S ¥ ¥k
|95 T ‘:}ooka = D}"ﬁx}ﬂli 9% 373 2
52 32 IE 3aE o] &) HHo]

Y
e 'L'Oxg_t/}_mz

SH SH SH ., .o . 0
toluene :S_\ o
SH-rich surface S S s
10(a,b): X=CH.Y=H 11(a,b): X=N,Y=NO,
9 THF

NJJ_O_/_NO Q
Oja_(_/)ﬁfﬂ

12

Figure 4. Chromophore introduction on SH excess film surface.
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OE
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- Fgste] def7bdS AMEshe Ak 27t
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F2oAe] SH S5ies AR edrt.
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3 T3 52 W= Tracrylate Za( Dlacrylate
2b)E YAHIEE HEA} 129t EF S & 5 1}94** =X
AbetSitt. 2a0] 2ol o5l AR} AR Atelo] Aol o
ouar, o] 2R Y HEE HEE 4S8 F U o|2RH
SHTREOAN HoVE = 154_ FHsEo| St eHgst At
FrABIAL S|z Aol Hoehs] S & F U
THEAp gl whet 37}Z € A 9EE Al
g A o] B 24ES SToEH I1E
UATH. THEALE] FAHIRE 2:8, 5:5, 8:2(1a:2a)] A|7HA]

A2 HE s} vheE At "2%94 2H4ES YA
o] ot sl tisl 2dE2 FH T 23S Table 191 4
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Table 1. Refractive Index of UV-Copolymer*

Ratio(1a:2a)” 2:8 5:5 8:2 10:0¢
486 nm 1.5408 1.5836 1.6368 1.6671
546 nm 1.5338 1.5752 1.6282 1.6577
589 nm 1.5308 1.5710 1.6220 1.6476
656 nm 1.5273 1.5672 1.6173 1.6456

“The index was measured with Abbe's refractometer at 20 °C(with five
significant figures and standard deviation of 0.0009).

"The ratio based on weight percent of monomers.

‘Refractive index of la was assumed with extrapolation of a linear
plot according to comonomer content.
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o S & F AL, w3 T wet 2HE FUPT
K = 2AS & Uk & o] x3
17F =5 249 5ol doju
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A FEAL 18] gl vigste] S71d Zoz 7|tis)
ATt

A0 sl A o] Age w71 fls Baole A
2] 3ISIt}. Tetrabutylammonium fluorideS WEHEol =21
8901020 M)ll 3738t A BE-2 oF 3084 A2t
W Hog P29 AA 55 AdEAS e Ay}
Figure 59} 7Fo] Uedt). SHell o3t F4= wE=r) v 2}
iy 2600 em’ F-ZollM AZERITH BE FHlA AdE
SHE| &2 4 mlo]a=mE ] -r”ﬂ% Zb= I vlshd
”H-Or S FEo7ol AAH R St oAl BT
5 Al 120 o] S7FETS 5 w1l SAsk= SH

7} S7¥sta wE F4 wse] A7 AtF o sy
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EHe] AYE sHE| At FEsh S35 A
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E
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2700 2600 2500 2400
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Figure 5. Infrared absorption spectra of surface SH films.
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