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o] A TIAFA SFETEH O 7 Bt 4= 9JQIT}. 2-Triphenylstannylthioethyl acrylatet trls(hydroxymethyl)
ethaneol| Al =% triacrylateE EFst] A& 3 7§§]r HEAA AL & Hslol| w2 SHe| X9 =& W3t

A F USS FFEYERAS 3 BT FASA, 2-tributylstannylthioethyl acrylateE ©|-8-3 373} H&
S WEo] BUNES AFE ek o] A, ool AEE T 2H sk oF 5% olUlE mEA 1Y
=AUk OV\"]C’} 875 Zte wATs S 03] D5 WRAIA FHl AT woletke Bl ATE s
th ol=E fEAIZE ¥ SHOF WhEo] 24x]7F oS ks RH o] AARE fEAIE 102 ool Agkgol
%Eﬂ?iﬁ}.

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, B 3ol A% 2-mercaptoethanol,
triphenyltin chloride, tributyltin chloride, methacrylic anhydride
59] A]ek& Sigma Aldrich Chemical AF2] A|eFo 2 WH 9]
A S ARA] AL IR ARSI, &0l tetrahy-
drofuran(THF)= Z4 27 3l a4 YEFS Yol ¢
A3 g5A1A ARSI 1,1,1-Tris(hydroxymethyl)ethane
triacrylate(cas. 19778-85-9)%} perfluorooctane-1,8-diol diacrylate
& ChemopticsAF25-E] Fufjate] F7F AA|7 flo] AHS
SIS} WS- silica gel plate(Merk 5715) ARE-St tin layer
chromatography=. 21313127 2}2]d 3 Y p-anisaldehyde
£ sl T gl ot B ow Slsgrt. o=
o] B9} AAE= A7 (Merck, 250-430yS ©]-&3F 3 =
2rlETu R At FAE A8 s8hx a2
VARIAN A}¢] Mercury 300 MHz NMRS AF8-31%] 0.1,
CDCL & vl & Wi 7| 242 AMgste] SHsIT &
7= #1214 733171 (Dr.Hoenle. AG, UVACUBE 100)E A}
3L Aa 2704 5T AR A Bkl =
HAE F4L 98 2=4d J5Y (Cargille Laps, mpy="7.85)
AHE-SEA T FTIR =¥ E72 MAGA-IR 750 spectrometer
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(Nicolet Instrument Co., USA)S AR&-313iT} UV-Vis 2HE
HE Jasco V-570 UV-Vis spectrometer2 AF&-3}53 T},

CHEFR| M. 2-Mercaptoethanol(0.35 mL, 5.0 mmol)3}
triethylamine(1.46 mL)2- dichloromethane(MC, 20 mL)°l =
o1 -gollof| 2.1 F#<] triphenyltin chloride(95%, 4.26 )= 3
7t & AdLollA] 2A17F Bt WHSAIAATE ©]F, methacrylic
anhydride(94%, 0.87 mL)S #H7Fsto] Lol 4417 o o
stk RES-8-9S MC(200 mL)E %31 & &2 2 3] A
AT F715S 77 MeSO.= A2kl A golx &rijE A
Aste] T3t 381 ethyl acetate/hexane(1/7, v/v)
S olgsle A7 AP aRvlE v ZHE] methacrylic
monomer 1a(2.41 g, 97%)S E238I5th. AR 1bE 92%
TEE AT

1a: '"H NMR(300 MHz, CDCl,;, ppm): 87.65 (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;).;
C NMR(CDCl;, ppm): §167.5, 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), 420 (t, J = 7 Hz, 2H, OCHa), 2.80 (t,
2H, J = 7 Hz , SCH,), 1.95 (s, 3H, CH;), 1.58 (m, 6H),
1.41-125 (m, 6H), 1.17 (t, 6H), 0.92 (t, 9H).; °C NMR
(CDCl;, ppm): 8167.8, 136.5, 125.4, 66.0, 29.9, 28.8, 27.3,
18.4, 13.9, 13.6.

Zysl DXt 28 M. 1,1,1-Tris(hydroxyl methyl)
ethane triacrylate(Trimer) (Y& perfluorooctane-1,8-diol
diacrylate)e} 3 E 1aS 2/8, 5/5, 829 FAMIZ 4 F
ZAsHAIZA] bis(2,4,6-trimethylbenzol)phenyl phosphine oxide
(Irgacure 819)E 0.4% H7Iste] F-2-3] wHkslTh, o] &4
< WZF BRIE] SAjel] EAlsks 712E AASIL 72
BE= Atgtelo] 713t 9ol 31 g ste] whak(E~A wlol
AE TS HEAT dA 27 FfollA] 2124 (100 mW/
em’yS 57 ZAVSt] WS ASIAIA B7st At 35
< RESlTh

Z24s 12X 2Ee EHAE|. Tetrabutyl ammonium
fluoride(TBAF, 1.0 M in THF) 0.50 mLZ =] ¥H&(2.0 mL)ol|
Hol FHAEE E4ol S48 TEUTE oheFe Tk
SR AxH F7st i & AES o] o 3]
=5 o] 3081 FAI8FIT ©] ¥ methanol® 23] B A

FQEA A7 A3 (2 torr/70°C) A A
B733} 1 B2 DE 3a(3b)S WHEATHFigure 1).

ME DEAe| M. TR} 1a(0.50 g, 1.0 mmol)Zt methyl
methacrylateMMA, 0.50 g, 5.0 mmol)*l] =1l 32| azobisiso-
butyronitrile(AIBN, 0.049 g} y-butyrolacton(4 g)< 5 AT}
o] gofe] AA WES o83t §& AAIAE 1027 2
SBIAIL 70 °CollA 16A17F ntesith, o' 23] §o

¢
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Figure 1. UV-polymer films and SH generation on the surface.

< 220 mLpl| HH3] "ojriy] TREAE AHEA|ZIT} o]
T AEd EAE THFO| 5o oA vlekEo] AEAA 4
Attt G IEAE FAF2E(Q2 torr/70 °CellA 2417+ A
ZANA 9001 4a8] 'H NMR 41 Z3)], 353419 +
dellA xet y EHIE 132 AR5t 1aMMAS] =HE
1172 WHSA1A AL gbe A ZH)7) 1/1082 45900
ARFaznET 9 S Bl 25 23 4a8] THEHF T
21 11.0 kg/mol, BAFEFE= 1.82 UENET, 4b2] 3§
FTHH T BAFS 7.5 kgmolot EAF BEE 1.92 UE}
et

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} THE(7 mLyl| 2F3] =39t} TBAF(1.0M, 1.59%)E 4
o] 0.95mL2} 4bell 0.50 mLell HaL =24 3A17F F<t vt
SAIZTE WS (50 mL)yS F7Fstar, mRkslHA] sk 4k
(02 mLyS ¥o] IFAE AMEAZTE 2EAE Zejdie] X
T2 AZ(Q2 torr/40 °CYstd HAF 5a} SbE AT

ME DEXH4) DES FHMX2. 0.10go] A¥ IEAL 4a
o} 4bS THF(1 mL)o =591 & IA7F 232004 fA]51ed 7]

=

%_0,] I SIS = %6‘]_ vt L:_CQ 797

1+)LWOCH3 AIBN [ |
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Figure 2. Linear polymer films and SH generation.

FE A AT o] &ee] AR5 FHsle] AF F 2cm
S 4F Algtolo] A&7 0.5 mmyll Sl =S § Z1F
L2 torr/70 °CYNA] 2A17F AZRAA EA BES A
t}. TBAF(0.5mL, 1.0 M in THF)E W &-2(2.0 mL)ol ¥
e w4l Sl Zzte] HE2 7S Yol 307
b FAISHATE. ©] F methanol® 28] A2 F X3 Q2ollA
1AM 7F AZE (2 torr/70°C) EH g7t © AP iz &
& 62} 6b= TH=STH(Figure 2).

UrMEk7) §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)°l| 35¢1 & 2447 Sk7ala, £3F &4
202 23 ethyl acetate20 mL x3)2 #H3l F, F7F
Q0mL)Z AL §715S Bol FFihEFoR 7
Al F 28k, FFst] 4 27E &9 THF| =21
ethyl acetate-hexane(1/20)2 7}t €43 FEAE ASA
Zit}. o] IAIEA(1.05 g)2 MC(10 mLYl %0132 methacrylic
anhydride(0.625 mL, 1.2 eq), triethylamine(1.47 mL, 3 eq),
Sl k2] 4-dimethylaminopyridine(DMAP) (0.021 g)S 2
7ol A 2A17F E9E WESAIZATE HE &3 S-S MCE
3§ 23 £FERE d&st] HA P EFS ¥
o] Azt f7189ds S w5k vEeS A7t
0°ColA] A4 B8-S AE31] 2-(methyl(4-(4-nitrostyryl)phenyl)
amino) ethyl methacrylate, 72 XA| 55% T&= AAUT}.

'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'em™.

gt k@) M. 2.4-Dinitroaniline(1.83 g, 10 mmol)S
acetic acid(50 mLyl| =21 &Eg-golo) 21k 420 mL)yS ¥
3 Rk o] 8o F/FF(.6 mL)ol =<2 sodium
nitrate(0.69 g, 10 mmol)E- 5 °CollA] HH3] gt & &3-&
NS 127 FF ket th v e (10 mL)2 531 2-(V-
methylanilino) ethanol(1.31 mL, 10 mmol)S 3] FY3}aL
IMNZFH Ao F 200 mLe] A HE: SRTE 9ol v
%7435t} Sodium bicarbonate -8 02 WEg-gNS F
szl & A7 Bl TAE AHg & 21304 24
A|7F AZ38 (2 torr/80 °C) A 3HE(A)S LUT). A
A(0312 @95 MC(6mL)4l =°]3 methacrylic anhydride
(0.16mL, 1.2 eq), tricthylamine(0.38 mL, 3 eq), ZUll F<]
DMAP(7 mg) go] ‘=204 2A17F &<t RESAIALE 2 &
g &dS MCE #3 § £ &5EE HA 7 E
B2 ¥l Azt 7] &S At sFokaL ek
A7Vl 0°CoA AAEES AE31] 2-((4-((2,4-dinitrophenyl)
diazenyl)phenyl)methylamino) ethyl methacrylate, 8= %1
45% &= AJAtH(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): §167.4, 153.7, 151.3, 149.5,
146.7, 144.8, 136.0, 127.6, 1274, 126.5, 120.1, 119.9,
112.0, 62.1, 51.1, 39.0, 18.6.; UV-Vis 4.« (CHCl;) = 525 nm,

COH O
\N/\ )|
OH | 1) piperidine o
Ao
2) methacrylic N Q
anhydride /
CHO NO,

7

O,
N NH, ) <
i/\OH @Noz ()i J
+

e N NO,
/N—< >—N
NO, O,N
8
(i) NaNO,,H,SO,4
(ii) methacrylic anhydride o
EtsN ANV
(iii) 1,6-hexane diisocyanate | (i) >~NH NCO
cat. BupySn(laurate), (iii) o N NO
—_— ) 2
e
/ O,N
9

Figure 3. Synthesis of chromophore derivatives.
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&= 28000 M'cm™.

ghAch9) B, T 89 A 7 A E A0.69 g,
2.0 mmol)°ll 1,6-hexanediisocynate(1.4 g, 8.0 mmol)E MC
(7mL)dl =o]iL Zwnj 3] dibuthyltin dilaurateE 3 73t
ZF2o A 4AZE wksliTh, o] &fof T SHIEE st
o JAE MEIIAL AEE Ao HEESS FHUlsked 30
7 2st I A E o 38k 2-((4-((2.4-dinitrophenyl)
diazenyl) phenyl)(methyl)amino)ethyl-6-isocyanato hexylcarba-
mate, 95 & 65%%= AU}

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, NCH;), 1.71-1.12 (m, 8H).; *C NMR(CDCl;, ppm):
80154.0, 1494, 146.7, 146.2, 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 Ay (CHCLy) = 525 nm, & = 26000
M'em™.

| 2FAick(7,8) =Ql. Triethylamine(1.0 mL)
FAE 750 mg)ys EF<1(2.0mLyl Ho] 898 wHEQL
Sl FEA R P B3 255 A

6}()1 T
T5 3t 2407F 5ot Ao A RS o), & A
22 7 EFQ0E o] H A 1F2E(2 torr/70 °C)

A} 2o wHoz AT §(50 me)S =<9 EF4 &
< o] &3ty lthe] £lE AE 11aES 1Ib)E A9t

SH EE IEoo| wch9) =9l whalE 9(50 mg)S THF
(2.0mL)°ll 3591 &0 triethylamine(0.20 mL)S o] Wk$-
LS TEQIT et £ HEAE FAHE 3783 2
52 XAAEsl] 42 A F 3aE o] £ BHO]

| Y

A
SH__SH _SH 7or8 O XONOZ

toluene MPNM

SH-rich surface S S 8
3a, 3b
10(a,b): X=CH,Y=H 11(a,b): X=N,Y=NO,
9 THF

Figure 4. Chromophore introduction on SH excess film surface.



Poly(2-trialkylstannylthioethyl acrylate) %

3 243
< 7AW & THFZ o8] ¥ AL AF2E(2 torr/70 °C)ollA]
4 Z E 2 1 = 1:}~)\E]'

SH7} ®Wol| =% 382 52 A2A}F 2-mercapto-
ethanol27-H Fotoll a3t Tixls dsidict. Akl &

B3k e Bl TRAS W] A olmB 48] =
Qo] LA, BA7ENN SHF EAT B35 0= of
T A W Usel ofd A, A, oha

3733} wt

S3jo] Qslew By =

\__ O 1—:'_
Ash= SH7} ‘j/]":]% AHREE A 715E s17] el &
&3k 2o HEAEE SHE Zhe i 58 A4S F
gtk & 9= SHE WA HE el vheAds 29 &
B7sE Bl it D55 FAL o]F A E S8 2
& FHo SHE AAA7I= WHE "kt
%] 2-mercaptoethanol®] AE1%] o}3d wk-g-o] WHE 9]

s
S|

=8,* 44 249 SHeF OH A% w3 dd&H ol 2
g ykgo] OHellRt Aez oz oyl ol F4EZ 0]
At A= BYEAek. g FAEH0] ks AR Y
%A O 2 tributyltin chloride®} triphenyltin chloride®] F+ &
AMg3l] SHE Sn-SE ATA olgstaat sk, zt
735 AR EE o= WHEA 72 12 EEEHUT o]
ol QFY I L triphenyltin®] ZA3HE 2 1ad
Hgste] Hej7td s ARgsle AErtET Y] 27t
STk Aeke] 44 SH 2871 Sl ®zkst qu]
T EH (]R 2HE-YS 53 FESINL 2600 cm!
“HE‘C WA FUT
]5H At 10 AL 2SS
2 wll§- B Al ool =o}
S S AP At -zl os)
RSk QHYRE SRR} :—’i%‘% @71
A&l TS5 ZES WHEQIT Triacrylate 2a(3-2 Diacrylate
ZbF‘ O]Xq‘j]gi WA} 129t SR - SR X}ﬂ’ﬂ = x
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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.

F/}Lﬂ Atk o]

A Q2 A7 dEelAM, FRe =2 jﬁ )3k e] =
A HEAF 1a9] Fol] nlFste] S7He A o2 7thet
At

FAol| ol AgtE o] A #71 flal B4l A
2= 3t} Tetrabutylammonium fluorideS ™ &0l =<1
89020 Myll 3738t ATAF BE-2 oF 3081 A2soinh
#9 AEgE 5o HYH g+ 2HE :% e A3
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