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Z=5: £ dFolM e A7 U=UAE e WEEe/dS 7= dipodal FEIS] bis[3-(trimethoxysilyl)propyl]
amine(BTMA) A& 7| &A= 21 i3 &, dgfvte] =¥ BTMAS] 23} obr|i=7]Ql N-H7]9} vle]E 7}
Hk-3-o] 753t acrylate”] & 1323 27148 7EX]E poly(ethylene glycol)diacrylate(PEGDA)Z EH *2]38ked acrylate
71E A7t 9AF ZHe| =Yske 975 33Nt PEGDAY &4 2 37K A2 thE X9 PEGDA
(M.W. 258, 575, 700) 22|17} A&7} Tl =YE = acrylate”]e] Fxof v]X= 92 fourier transform infrared
spectroscopy(FTIR), elemental analysis(EA, ¥14%-4]) ¥ 37| 48] C cross-polarization magic angle spinning
(CP/MAS) nuclear magnetic resonance spectroscopy(NMR)H-S ARE-3le] B3It A g 9] =4 PEGDAS}
T BTMAE 22 & H|2 d-3A17]1H PEGDA 1241 27018 EAISE acrylate”] 5 170 acrylate”]& &5
BTMAS] N-H71¢} 1:19] H] &= vlo|F F7Mikgo] doju} Bamino acid esterS FA3IL, YA 1719] acrylate”]
© "ok S-S0l 7hset ©RAl o] Thssitt. AR, BTMAR 7Hd® 4d2j7l 4AE PEGDASH WHS-A|
719, PEGDA 1221 2704 A= acrylate”] ti-20] A7} YAl Agtso] = BTMAS] N-H71¢} vlo]

& F/MESSE Bamino acid esters F/d310d, acrylate”]2] C=C7] tF-E0] C-CE W3S 1519

==
i
o

Abstract: We used dipodal type bis[3-(trimethoxysilyl)propyl]amine (BTMA) silane coupling agent to modify silica
nanoparticles to introduce secondary amino groups on the silica surface. These N-H groups were reacted with three dif-
ferent molecular weights (M.W. = 258, 575, and 700) of poly(ethylene glycol) diacrylates to introduce different attached
layer thicknesses on the silica surface by Michael addition reaction. After Michael addition reaction, we used several ana-
Iytical techniques such as fourier transform infrared spectroscopy (FTIR), elemental analysis (EA) and solid state '*C
cross-polarization magic angle spinning (CP/MAS) nuclear magnetic resonance spectroscopy to characterize introduced
structures. We found almost complete Michael addition reaction of both two acrylate groups of PDGDA with N-H groups
of BTMA modified silica to form S-amino acid esters. Between equimolar ratio of pure BTMA and pure PEGDA reac-
tion, only one acrylate group of two acrylate groups of PEGDA reacted with N-H groups of pure BTMA to form f-amino
acid ester and the other remaining acrylate group can be used to form a polymer later.

Keywords: bis[3-(trimethoxysilyl)propyl]amine, silica, Michael addition reaction, silane coupling agent, poly(ethylene
glycol) diacrylate.
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Aej7le] gl EAlsls Aeke (silanol, Si-OHY = isolated,
vicinal ¥ germinal®] Al 7] FE|2 SAZ = o, A



et vhegiat o] AgE 27 ofwler

27} FHol| EAlSte ATE7]= sehke-g FElA {71
Aot skt Agts frestAY 248 I5s o

273 g Utk Ae7kE iEATE A = 4E
A A& AZEH A (silane coupling agent)s & + USH, F
7] FAAR] Ael7hel Ak S AlgshAd At
21} ZEATFES FAT 2= kS o] Y3t L Baxas
71 2 7] ARS8 54ES SAlol 7o EN ZH7t
Age] S Hek & 5 e 54o] AUt wpebx] 2
N2AZ Zhgar= Ui B3 Hf'j__ ]J_,q B =98 814
F71EQ AE7He &4 EA #eg 4k
o] HE% A7t xHS JIE 0]'—* 740]‘3}(’

2 AFoMe A7t AR AREHE veyAtel sl
AAAR FHNE WS ATl flste] 1A= AT AE
A2l BTMA (bis[3-(trimethoxysilyl)propyl]amine)S A5}
of 39 NE WS S35t} Dipodal FEj ] A7 AE
FA121 BTMAE 134k -OCHy717F 6714 A3t o] $lof
A, oA oR 1A A A7t % o] Aol 7t
sotth wEbA 3719 Aol 7hs e e AE ASHA
Bt} dipodal Fefe] A AZYA= AElFlele] A )
g W7l del oF 1000008] ©f Zdab A e] 7hds
& S7khe Ae® dElA dn B3 2% sl dEE
FA GF FEHoR HYTE AT sh 3-8 £ATS A
ek Zlo® dEA ekt

HEg-Ado] Q)= methacrylate”] T=Hol T2 ARRE= A
AZA] MPS(methacryloxypropyltrimethoxysilane)= linker
o] Zol7} n=30% Fohd Y= 27 39 methacrylate
71¢] C=0717} A7} FHe w¥hg-o & Ho} e AT
719} 24355 methacrylate”]2] &2 Ag 2 A
of To= Qlste] whgAdo] wolxa FA| e} 4] miEE
28] FfAgo] AlRtEE AR duiA vk’ webA T
kS Agke7]9} ATAZHA ] methacrylate”]2] C=07]
ool AT 7\:/\/\] 171 18l A2zt YeizE BTMA
2 A2 & =Y9=E 23 N-H71E o83l ¥ *’HO] A
acrylate’1 & =% o}—— AFE 351} St} <=4 BTMA
€ 13224 3719 acrylate”7] & 7HA & & ethoxylated
trimethylolpropane triacrylate2} 2719] acrylate’1E 7= &
AFF 4002] <=5 polyethylene glycol diacrylateS} 2z} 7+
< & H|E mo]Z F7MEGAIA WhgAdo] = acrylate’] S
7R QA A Al e A= Y. Y. Qi ol 9Jst
of oJu] o]Fo)A] Ut

2 AollM = A7t 4AE WA BIMAR A3 &,
E=995= N-H71E 2719] acrylate”| S 7HA]& 374 &AFF
2] PEGDA[poly(ethylene glycol)diacrylate]2} WF-g-A]7 N-H
717F AA| e e shgteel EAlshke 7ok A delvt %
Hol| EAfehe 73-9-9] mlo|E F7HEgo| mx]= Gkl o
st A-skATt. Figure 19] BTMAR 728 227k 4=t

© 3] Z’:/\é
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Figure 1. Synthesis scheme to introduce oligomer layer with reac-
tive acrylate groups on the silica surface.

EHLS PEGDAE ARESH 714 vke-S =217 0 2 Ueh)]
T} PEGDA2] 7}& whg- A7k, xqaak M o Bapeke]
PEGDA ¥ Z%E BTMA®] ¥4} & F717} A7l o]
EQEE acrylate”]ell V= FE % FTIR, 94584 & 3
A °C CPMAS NMR& AFg-8le] AAH 02 EA s}, )
e A7t e dAE olgsle] Ak v E9Ae] &
AA 2 AMgshe A st A

d

Aok 9 RF. Ago A8H 42]7= Evonik Degussa©ll
A AR Aerosil® 2003 12 A 973 12nm, EHH
200 m%g, 2.5 -OH/nm*2 120 °C2] dry overelX] 3AJ7F o]
’ 7AZ3E &, desiccator WollA] “F2712] WZA|A Ael7ll
F2E FES A A Ao, & £+= ethanol
(99.9% absolute, Merck)¥} B°]-2*(MR-RU890, Mirae Sci.
Corp., Korea, 18 MQ-cm) ¥ methanol(99.9%, Merck)S- A&
SRt A AZYA = bis[3-(trimethoxysilyl)propyl]amine
(BTMA, 90+%, Aldrichyg AR&-3I15L, ¥Hgdo] U= acrylate
715 E=Y3at7] flste] EAbEe] thE 374 PEGDAM.W.
258, 575, 700, Aldrichy5-2 AME-3FTh BE Al2R AR
o] & A&

BTMAZ &l2|7 & 17H HES." 500 mL F S22
o) ethanol® Bo]l &9 HI LS 8020(vNVY%) & &}
300 mLE H7IeE -, fenpiE 2ol A ww)E ARg-s)
o 300 rpme =2 1027+ L3l et Ag7t 19
o] ==+ BIMA 9] ¥4, = %XF# tHEARS 9
G R sled BTMAS] F=& o} 2ol s}
A A7 AF AT 7HrEEE BTMA°] Si A7 0
AE)7h 0] ATE7] VRS o807 BF whgSithY,
BTMA 124 2709] -Si(OCH,)yt EA1517] wlEel, BIMA
A= A7k 99 2709] Si-OH7|9F 12% REgo] 7hs
slth. BTIMAS] =2 100%=2 7Fg3k, 6.0 g2 A&7t &
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Aol RE AHThg7|e} vhgsl=t] o402 Has BTMA
o] F=2] 18](0.0026%, 0.852 ) & 5H(0.013%, 4.26 9)=
HSIAIA7PHRA 2 Sekol H71eE F 300 ipmeE 10
B2 7hiEsl AT 7 whge] S & ATt 6.0 g
< round flaskol] 23 300 rpmS. 2 WHISPAA 3087 %
AN 9SS Th WS By fAEE )
(Rotofix32A, Hettich)E ©]-&-3t] 3000 rpmoll A 30 &<F
DA Zelste] AF e W Tk Ethanol/2e]47(80:20 v/
V%) &N AREalA 23] T AlHSAL, 5 ethanols AHE-
atod 33] o AlF st AAwE] & oF 50°CY] Az
A 30 AxE F oF 50°C9 gl A 2447F 813
ot 0 Whg Azt 18] BTMA A2]9] 75 23 BTMA
w20l oF 0.9% 1, suf BTMA AHe|¢] A$-= oF 3.5%
o2 AgE des RISk

BTMA JHE Al2|710f| Acrylate?| £Q. BTMAR *|2]d
22)7} 4.0 g& 400 mL methanolo] EX1)E 5 ZEkA
o A7¥staL 3047 Z5 9|2 (Branson, 32105 3t <Y
sHAl EAA AT AR TE 24 & AT A Ee] ALgg
BTMA®| 59| thgh, PEGDA®] &2 9 vl 5}
918ted; a) 0.0132<] BIMAZ A ¥ Az7(BTMA7} ot
TAS e ARE Ae7hel £AHF 57591 PEGDA(S75)]
E<57} Z2E 191(0.013 mol), 28H(0.026 mol) 2 44H(0.052 mol)
7} HE2 vkeAZ oW | b) 0.002652] BIMAR 2@ 2
Z7HBTMA7} THEAS- 0= A3 Ag)7hel PEGDA(575)
o] B<=7} zhzh 5uH(0.013 mol), 104H(0.026 mol) & 204H
(0.052 moly7} E]%=5 Table 13} 7Fo] HSIAIA7FHA] WESA]
ZAth B3 #Ale] thE 37EA] PEGDA &, wAbF 25891
PEGDA(258), ¥4+ 575¢1 PEGDA(575) 2 &2} 70091
PEGDA(700)52] &A1 Wslo] W& 3 HlaLstr| flst
o] YHEE @ thExl® BTMAE #2]d )7kl PEGDA
E7F 212F 0.013 E0] HE5 sl Table 13 72o] WHg-A]
Zith. PEGDAS 3027} dropping funnels- ©]-83l 5 22
2230 FY F Ax 971004 3217 B AN E
o]8-3te] 300 rppmOE WRFSPHA] d2ollA] HEgAIZ ).
o] Bt 842 3000 rpmel|A] 303 EF 4 ARl
S W Tk Methanol v1E AMSSIA 53] B A%

W o (T

o ofo

ol
DATYF F 50°Ce] A27]olM 302 A= F °F 50 °CE]
AELZoNM 24417 A=3I90H.

PEGDA®} 2l2lj(Pristine) M2|71e| &5 A&, Az ]
7te] Agt&719} PEGDAS] acrylate”]|9Fe] 35 28-S 2Rl

Table 1. Amounts of PEGDAs
No. of mol PEGDA(258)(g) PEGDA(575)(g) PEGDA(700)(g)

0.013 3.41 7.48 9.27
0.026 - 14.95 -
0.052 - 29.90 -

Zay, A3648 A63, 20123

3l7] 9lste], ) 27k e PEGDA7L EEl¥oz &
2 A8 theF} 7o) A xsigith. Aejgt THe] Ade
7] B<rol A5 2L 7Fs3 PEGDAS] H|8-S 27] 95l
0.0008E-2] A#e71E 7= el A7} 1ol 0.0035<]
PEGDA(575) 1.87 g& Hlo]d (50 mL)dll -2 5, &1l
CH,CL, °F 30 mLE 3L A wRE71E ARS8t 300 rpm®
2 307 Egeleh. &3 F oF 50°Ce] %04 CH,Cl
E 3zl & S Ay 9F 50°C9] 7E e EolA
12717} A3

=3 BTMAS} &4 PEGDAZQ| HI2. <4 BTMAS] N-
H719} <=4 PEGDAS] acrylate”]9}2] wlo|& F7HES- ofF
= Felsl7] flsted, BIMAS] & H]&S 12 s}l 27119
acrylate”]7} 91 PEGDAE 0.25, 0.5 2 19] & v]&=2 A
SIAA 7P WEEAIZTE 3709] 10 mL vlold Bl =475
PEGDA(575)2 $1¢] & n&= zzt 718l 5 mLe] &)
CH,CLE #7sle] 2k wub71 2 AREsled 300 rpme 2 5
7+ 94 g8 A AlzE g0 =573 BIMAS 919
= HE&E 77} ¥ T 300 rpmeE wHEPHEA 30E7F vt
XA} WHS-3 8988 NaCl window disk 9ol "Hoj=al
, 9F 50°Ce] HFgeEolA 1247 AZxsle] gwlel CH,LCI,
A A8, FTIR 2~2HEHS =431

2. A7t dAEL] E we-S BAE] Sk FTIR
(Jasco FT/IR-620), NMR(Bruker/Advance 400 MHz Nuclear
Magnetic Resonance) 2 EA(Thermo Fisher/Flash 2000)E
ARgBle] 248 AAEIITE FTIR #4418 o0 A|ZT AR
3ko] oF 0.03 g2 pellet FENE A 23 F FHOZ 4000
~400 cm™ ¥ QoA 2008] scandle] 4 cm?! HEFOE
=43t A el NMRS CDCLE = ARSI 2,
TAAE PC NMRE 4 mm ZrO, rotorS AHg-3sle] 314 &
EE 9kHzE CP/MAS & AHE3te] A8kt TMS
(tetramethylsilane)E A3} calibrationd}SAt}. @aiA]-2
AlEe] C B NO| FE%E Akt

tt ot olo

#n o =8

CHEXIS BTMA JHE Al2|710f| CHgt PEGDA HISA|ZE
Yk TR BTMAR 7% A7l ik PEGDAS)
I A WESAIZRe] G AT flEH, A
BTMA= 7R3 Hel7k= 0.0132¢] PEGDA(S75)E 1, 3 &
6A17F WAL A2)7t YAFES] FTIR w4 A¥E Figure 2
o YepH ATt

Figure 2(a)= tHiAE BTMAZ 711283 Ag]7le] A8 E
PO 3747, 3308, 2975, 2931, 2886 = 2818 cm A F|=L
o] YEIOH, 3747cem” I A= 1Y ATHE I3,
3308 cm™ ¥ == N-H 215, 2975 cm! ¥]=+ -CH; H]ti3
2%, 2931 em™! Y3 -CH, BIthA A1, 2886 cm™ 3T+
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Figure 2. FTIR spectra of silica nanoparticles with different treat-
ment time: (a) multilayer BTMA modified silica; (b) pure PEGDA
(575); (c) 1 hr PEGDA(575) treatment for BTMA modified silica;
(d) 3 hrs PEGDA(575) treatment for BTMA modified silica; (e)
6 hrs PEGDA(575) treatment for BTMA modified silica.

-CH; 4 215 9 2818 em! I3 -CH, U 415 ¥a=z
HE T Figure 2(b)= =5 ¢t PEGDAS] S EH O R
3105, 3035, 2945, 2872, 1726, 1639, 1622 2 1462 cmol|A]
H3E0] JEREO™, 3105 cm” ¥ 3= =CH 413, 3035 cm™
¥ 3= =CH, A%, 2945 cm™” ¥ 2+ -CH, Bt H A&,
2872 cm™ ¥|FE -CH, A A%, 1726 cm™ 93+ C=0 Al
=, 1639 2 1622 cm” T IAEL acrylate”] ] C=C A=,
1462 cm™ ¥]A= -CH2l w3 so= vt 1417}, 3
AIZEE 6A17F B9 PEGDAR *2E Ag)71] Figure 2(c),
(d) % (e)°] FTIR w4 ZAFollX= 3308, 2931, 2886, 2818,
1865, 1735, 1639 & 1462 cm™ ol ¥ AE0] Yelyit) =,
3308 cm™ Y= A]7te] BTMA #glel o8] =4 N-H
Al5olH PEGDAZ FH 2|t Foll= F3¢] A7+ &
A|RE, oksHA HolSle AL FRIsk3AT gk 2931 em! I
e -CH2) ¥t A% 2886 cm™! ¥ T 2% ol &
BTMA -OCH;®] -CH;®] 3 415, 2818 cm™ ¥|F+= -CH,
A A2 1865 ecm™! ¥ 3= A7 7F] overtone,”” 1735 cm™
3= C=02] A1=5 1639 cm™! T3+ A7} vjuke- A
S #3 2 Ag7lel 23 E¢] -0H ¥, 1462 cm™ ¥

Table 2. Peak Area Change with PEGDAs Treatment Time

F= -CHO| w8 5o lsiiom, " #5=3t PEGDA
oA YElSE 31059 3035 ecm™ 2] =CH, ¥ =CH ¥ =9}
1622 cm™oll X YERFE C=C 9|37} Alb 2102 Kol n}
o|F F7pkeo] & BE3} acrylate?] C=C7]7} i &
3le A& SIS FTIR ~FEZH ] HilE AP o =
YeRl7] ¢5te] Alg)7ke] overtone$! 1865 em'e] == U
- 7]=(internal standard)® 2 3}],'%1¢ Figure 20 Yehd 3]
3 AHES A (1) AREste] AlRKEE W2 vl Table 201
YERAT

(Area of characteristic cm™ peak)
(Area of 1865 cm™ peak)

Area Ratio (AR)=
(M

Table 2014 B PEGDAS] ¥H )2 wkgA7ko] 1, 3 &
N7 E Z71E4E 1735 em oA YERFE acrylate”]€)
C=0 F=¢] AR %2 1.83, 293 2 3.128 A} Z7F6l3 L,
1462 cm'ol A YeElE -CH, w8 9= ¥)E 2,12, 2.11 ¥
21702 Ae] Wy} gl AL 5Tt = PEGDAY)
EH A wkgA7Ro] (A7 3A 7o 2 Z71EE, AR
ol 1.83014 29302 A F7FsAIRE, 3417kl A 6A17F
o2 F7rske Ao, AR 3 571 Zo] 2939014 3.12
2 34 LS ¢ & AT EI YA AE HA
PEGDA W™ /W& REGAIZR] 1, 3 ¥ A7 o= S7HE
5 Ah TS 171 170 B L2%E 254 Fol=e A
o2 vElskon o= PEGDAS] #H /|d wkgA|7ke] F
7o 2N =YEE PEGDAS] ol S718t] iAo
Ao 7adt Aoz 1Bl e, v TR 1143,
12.53 ¥ 12.77%= 57l =945+ PEGDAS] %ol F71%t
S =2ZH gAagkgo] St g o= At
CH2XIE BTMA 7HE A2|7t0ll thet PEGDA(575) &

A&k PEGDAS] = <+ W37} tHiAts BTMAR 712
A7) vkgel A= G ATebr] Sk, ohEA
BTMA= 7§ &3 A 2|7}l Table 13} +o] PEGDAE
0.013, 0.026 2 0.052E= WHSIAIZ|HA] Z}2}F 3A17F WA
A7} JAE9] FTIR w4 A& Figure 39 YERARAT

Figure 3(a), (b) 2 (c)2] FTIR 2Z|EZo|X=, Figure 2(c)
o} 7+& 9]x]91 3308, 2931, 2886, 2818, 1865, 1735, 1639
2 1462 cmol|A] F|FE0] YeRY, BTIMAR 7|2 A2)7}

ofe it 4>

Peak area Area ratio
Treatment time(hr) Area Area Area
(1 865 Cm-l ) (] 735 cm-]) (1462 Cm-l) A]735 cm'l/A1865 cm-! A1462 Cm"/A|865 cm-!
1 1.83 3.34 3.89 1.83 2.12
2.00 5.86 4.72 293 2.11
6 2.30 7.17 4.99 3.12 2.17
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Absorbance

(b)

(a)

4000 3500 3000 2500 2000 1500
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Figure 3. FTIR spectra of silica nanoparticles with different
amounts of PEGDA(575) treatment: (a) 0.013 mol PEGDA treat-
ment for BTMA modified silica; (b) 0.026 mol PEGDA treatment

for BTMA modified silica; (c¢) 0.052 mol PEGDA treatment for
BTMA modified silica.

9} PEGDAS] WHg-& RISt Bt 2] (1)l <Js) Alaka
AR %S YERA Table 30914 2™ PEGDAS] & 57} 0.013,
0.026 2 0.052E=Z Z715HH acrylate”] 2] C=0 W& H]:=
293, 3.12 ¥ 4582 A=A} F7F8I9AL, -CH, w8 s 3=
o] WA HZ 211, 276 ¥ 3.052 F7tste =Y EHE
PEGDAS®] 3ol F7lske As SRlsiqirt. Bgh 94
Ao A B W-SA)7)E PEGDAS] 2 47} F7lslode &
22 3RS 170, 169 2 171 %E 2 o7} gl 2o
bl Zeig gk kRS 1253, 12.83 2 13.87%E 37}
8l =Y== PEGDA®] ¥ S7I= Qg &hadhs 7=
SEdnl=

CHEXHES BTMA 7HE Al2|710l| Cist PEGDA &Xt&e]
gk, Eajzko] T2 3711 PEGDAY} Ad)7t 39 AgHe
BTMA®]| N-H7]¢}e] REgel mx]& 3k Aal7] Sk,
A2 TREAE BIMAS 3714 TR BX2H(M.W. 258, 575,
700y 7 PEGDAS} 3417+ WEgAIRL A2l dA1=<2] FTIR
B AFE Figure 49 YERASITH

Figure 4°] FTIR &HERJME Figure 2(c)9} 42 914
21 3308, 2931, 2886, 2818, 1865, 1735, 1639 2 1462 cm’'
oA FAE0] e, BIMAR /2% A87ket PEGDA

Table 3. Peak Area Change with Different Amounts of PEGDAs

Absorbance

(b)

(a

4000 3500 3000 2500 2000 1500
Wavenumber [cm™]

Figure 4. FTIR spectra of silica nanoparticles with different molec-
ular weights of PEGDA treatment: (a) PEGDA(258) treatment for
BTMA modified silica; (b) PEGDA(575) treatment for BTMA
modified silica; (c) PEGDA(700) treatment for BTMA modified silica.

o] W35 gRlskth. B3 2] (1)l oJsf AN AR 7
UEbd Table 4914 H W PEGDAS] EA o] AAF=
acrylate”]2] C=0 WA H]= 3.32, 2.93 ¥ 2532 =} Zoi
S35, -CH, w§ & =°] WA vl= 2.00, 2.11 2 2.14
2 &8 71 & S8kt PEGDAS] #Ak#o] 7}
o 24, BIMAZ 7fd3g AE]7} w9 N-H7|eke] Ay
2 dhgAdo] ZojEoA EYEE C=071= AAsA T,
PEGDA®] EA}7F 7l met i3 o2 =Y== CHyYI
= 3717] WiEe R AR Hgh 44 A Adjola] K
e shere A A7) 0.03%, BIMAR 7§23 g
7= 9.99%, PEGDAS] Ex}2ko] 258, 575 2 700= =7}t
FE 1213, 1253 2 1404%E HzF Frrete Ao
PEGDAZ2] #A}50] S7H845 =95 = -CH719] 34
Q1 ghgo] TUlshHA] Ba o] Sk AS g1
o} 24 shEke A AE7l= 0%, BTMAR 7R3 A7}
£ 1.88%, PEGDA2] #Alko] 258, 575 2 7000141 22t
1.82, 1.68 & 1.57%= A Fishe 202 Yeydtt o=
PEGDAS] 215 SVl W TYsle gaie] g S7lol
et Fi A o= A4e] Fhgo] fHaste] YEhve Zo0R
kg

Peak area Area ratio
No. of mol Area Area Area
(1865 Cm»l ) (1735 Cm-l) (1462 Cm»]) AI735 cm-'/A1865 cm-! A1462ccm'|/A1865 cm-l
0.013 2.00 5.86 4.72 2.93 2.11
0.026 233 7.27 6.44 3.12 2.76
0.052 2.02 9.26 6.13 4.58 3.05

Zay, A3648 A63, 20123



A7 Y=z} FHe) A%k 23} olui=712} Poly(ethylene glycol) Diacrylate®] mlo]E F7PikSol] thal A 827

Table 4. Peak Area Change with Different Molecular Weights of PEGDAs

Peak area Area ratio
M.W. of PEGDA Area Area Area
(1865 cm-] ) (1735 cm-l) (1462 cm-]) Al735 cm-l/AIS()S cm-! A1462 cm-l/AISGS cm-l
PEGDA(258) 2.85 9.64 5.70 332 2.00
PEGDA(575) 2.00 5.86 4.72 2.93 2.11
PEGDA(700) 2.13 5.39 4.57 2.53 2.14

EHEXIS BTMA 7HE 4l2[7i0]l Chst PEGDA(575)2 &
%= 98k ThEx= BTMAR 7j2= Ag]7}e tlg PEGDA
o] & & WP} viAl= GFE A8 Hste], HEAS
BTMA= 7§23+ Ag)7lo Table 12+ 7+o] PEGDAZ 0.013,
0.026 2 0.052== WA 7IHAA Z+2F 3417 AR AlE]
7} YAF=4] FTIR 4 Z3E Figure 590 YERH AT

Figure 5(a), (b) ¥ (c)2] FTIR 2= EH| X% Figure 2(c)
9} 7+ £1x]91 3308, 2931, 2886, 2818, 1865, 1735, 1639
2 1462 emolA] Z|AE0] YERY, BTMAZ 712¥ A7t
9} PEGDAS] WHg-& RISt sk 2] (1)l <Js) Alaka

2931 2886

3308 1735
(€) 818 1639

(d)
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Figure 5. FTIR spectra of silica nanoparticles with different
amounts of PEGDA(575) treatment: (a) monolayer BTMA modi-
fied silica; (b) pure PEGDA(575); (c) 0.013 mol PEGDA(575) treat-
ment for monolayer BTMA modified silica; (d) 0.026 mol
PEGDA(575) treatment for monolayer BTMA modified silica; (e)
0.052 mol PEGDA(575) treatment for monolayer BTMA modified
silica.

Table 5. Peak Area Change with Different Amounts of PEGDAs

AR 7S UERA Table 5914 B9 PEGDAY] T¢ 2 471
S7FePH acrylate”] €] C=0 W4 M= 039, 1.06 3 1.29%
AzF F7F8EA 3L, -CH, w8 X5 ¥ 39] WA vl= 051,
0.71 B 0.762-2 F7ksh= A& glstitt. 5 Abgshe
PEGDAS] & 7} S7Hd= i d=l7kel c=07]¢t
-CH,9] $tego] S71et Zlo g yter), ot Ay Ax
oAl ®¥ ¥k3A7]= PEGDAS] & 7t 3715 da
SRS 0.36, 0.40 2 041 %= Z 2|7k AR, BhA 3EF
2 3.64, 493 ¥ 5.17%= Z7F] £9%E PEGDA®] 3
VIR g g% SUHE AZE

CHEXALS BTMA ZHE 42|70 Chst PEGDAS| EXt2
sk, BExlgo] ThE 371X PEGDAY} A)7F B wkg-
o mAe FFS AT3] sk, HEAS BTIMASE A
gt Ag7tE 37K thE £4FS 7H] PEGDAS} 3417
A7 Ae)7) AE2] FTIR £4 232 Figure 69 Y
ERf AT

Figure 62] FTIR 2= Eo| M= Figure 2(c)2} 2& 94|
1 3308, 2931, 2886, 2818, 1865, 1735, 1639 = 1462 cm™]]
Al F3E0] YeRY, BIMAZ 7129 A7k} PEGDAS]
8-S SRlstth TS 2] (1)l &) Aldke AR 7 U
E]"ﬂ']_ Table 6|41 ¥ PEGDAS]| Exlgo] A-ZGFE acrylate
712l C=0 W3Z H|&= 042, 031 E 0.28% 2} Zo]50L,
-CH, 58 %l'& 372 WA H]= 032, 032 2 03302 &
21ol7F e AL FR1SATE & PEGDAS] EAldo] S7}
o 24, BIMAZ 7f& e 42]7} xwe] N-H7|eke] A
A g o] FojEoA, =YEE C=07]= HAsIIA T,
PEGDA®] A7 7t wet i3 o2 === CHyYI
= S7HE7] Wi E AZbE e YA Adea 1
W ek shRe g AE7k= 0.03%, BTIMAZ 7|23k A
7= 2.91%, PEGDA®| #A}o] 258, 575 H 7002 57

Peak area Area ratio
0.013 3.92 1.51 2.01 0.39 0.51
0.026 3.98 421 2.81 1.06 0.71
0.052 4.19 542 3.2 1.29 0.76
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Figure 6. FTIR spectra of silica nanoparticles with different molec-
ular weights of PEGDA treatment; (a) PEGDA(258) treatment for
monolayer BTMA modified silica; (b) PEGDA(575) treatment for
monolayer BTMA modified silica; (c) PEGDA(700) treatment for
monolayer BTMA modified silica.

ST4E 324, 3.64 B 383%FE FUIeIA o, HEste
PEGDAS] ZA}8o] S7Igro=M E=qis = Bha ghgo] =
A F7Fehs A RIS Aae] FHEre A At
= 0%, BTIMAZ 7123 d2]7k= 0.58%, PEGDAS] #AF
o] 258, 575 2 7000014 Z}2}+ 0.36, 0.36 E 0.34%= A=F 7+
28h= o2 Yelt) o] PEGDAS] 4 F7lel uh
E EYEe v 3 STl uhet diE o R Al gt
Fo] sl Hole Zoz dArtHEc)

&8t PEGDA(575)2} ¢zl M2|7te| &3 ME. ¥
AE]7Fe BTIMAZR 1 7HEste] =€ N-H71¢} PEGDA
9] acrylate”] ¢}9] mpo] & F7uk-g3} A7k ol thgh
PEGDA®| =27 F3H8 Hlastr] flste, e He7t &
Holl PEGDA7} =8]8 08 F2E A|RE Alxste] 43
FTIR 2= E-S Figure 79 YERNRATE. Figure 7(a)= 5
3 PEGDA(575) 2~FEZ o2 1723 em™ =4 C=0 4l
=, 1635 2 1618 cm™ I += acrylate”]2] C=C 2% 3=
2 Yeskom, Figure 7(bye PEGDA(575)% 329 A7}
o] 2HEFHOZ 1721 em” F A oA C=0 A=, 1635 E
1618 cm™ ¥ == acrylate”]2] C=C 215 I A2 Vel
T3k Figure 7(c)E THEANS BIMAZ 712 d A5

1735

1639

(© 1721

Absorbance
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Figure 7. FTIR spectra of: (a) pure PEGDA(575); (b) PEGDA(575)

adsorbed on the silica; (c) PEGDA(575) reacted with multilayer
BTMA modified silica.

PEGDA(575)= Ag|gt Agj7e] 29 Ef o2 1735 cm™ I
oA C=0 A%, 1639 cm™ I Z= A7t 1AL Si-OH
73 2 2 E9] -OH 5322 dAeteth. BTMAS] N-H
719} PEGDA2] acrylate”] Ale]e] mlo]E Hrke-S &1}
7] 938led C=0 ¥ == Bl wsY o). Figure 7(a)2] <=
PEGDA(575)°1E C=0 =7} 1723 em'oA] Yelytom
Figure 7(b)2] PEGDA(575)7} Azgl7lel Ee]&oz S2%
7399 PEGDA(575) acrylate”|2] C=0717} Ag}7} FHol
Aok ATE719F FAARE 5 11 em'2 $50=
ks ©)E319 2™, Figure 7(c)PlA+= acrylate®] C=C7} v}
olF F7hgl oJal C-C x3} Aoz wHalglo 23 =0
937} 17239014 1735 em™ 2 ©]5¢ AL 1A &
PEGDA2] acrylate”]9] C=C7|= BTMAZ 7|&¥ 227} %
Ho] N-H7]¢9} nlo]Z Hrhkgo 2 ¥31H acrylate’| 2 A
ghsted, C=Ce} C=0 Ate]o] Fof ddo] glojAA C=09]
937} 97t 2o weko 2 o)|%dt Aoz ArhE LS T
&t Figure 7(a)2} (bllA] EH 16189} 1635 cm oA YER =
acrylate”|°] C=C Al oJgt F 7§] F=7} Figure 7(c)el
A= 1618 em™ ¥ =7F §loIA AL 1639 cm oA W 2] =7} 1}
Rl 1639 em™ 93 A7l ] Si-OH 93 2 &
2hg Eo] .OH $3o2 ATE]7| wjZd, vle]Z F7HES

Table 6. Peak Area Change with Different Molecular Weights of PEGDA

Peak area Area ratio
M.W. of PEGDA Area Area Area
(1865 Cm-] ) (1735 Cm—l) (1462 Cm-]) Al7350m'1/A]865cm'| Al462cm'|/A1865cm'1
PEGDA(258) 3.95 1.66 1.28 0.42 0.32
PEGDA(575) 391 1.21 1.22 0.31 0.32
PEGDA(700) 3.97 1.10 1.32 0.28 0.33
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Figure 8ol YERHSITE. Figure 8(a), (b) 2 (crir HH 1618
cm” I F A PEGDAS] acrylateo]] £A3l= C=C 3] =29]
A7) EIAT 25 YER} PEGDAS] C=C 7] %=
o} 922 EIsIAth 3 WHSAl7]= PEGDAS] & H|7}
Z7VeRE C=09] =7} 1729, 1727, 1725 cm™ & ©] %3
Ao 7 Hol PEGDA(575)2] &7} Z7182, BTMASH
alo]E F7t whgo] dojuh= HEo] FojEolA C=0 7=
7 Yehbe 37t ashe 202 shdEn) o]k C=C
¥|=1¢] Wsts AR o= Yehl7] flste] 1723 em™e] C=0
A5 7l R C=Co| 7} #A7t FHE 1635~1618 cm™
w2 9 HAH|E AAslo] Table 70 YERNSITE Table 79
Al B PEGDA/BTMAS] & H|7} S7F8rE acrylate”]<]
C=C ¥]=2] W 8]7} 0.046, 0.0068 2 0.111Z H=} Z7}
she AS g1 & 2dow, =43 PEGDA®] AR %2
0.199¢]t}. & PEGDA/BTMAS| = ¥I7} S7F5 BTMA
9] N-H7]|9} WH-8-8= PEGDAS] acrylate”]2] H]-&o] Foj=
= A el

BC CP/MAS NMR AHER iz 2 opixz
BTMA= 712¥ 22|72 PEGDA(575)% ARg-3te] A3t
O 22X E=UEE acrylate”|2] +ZE EA4317] 8t CP/
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Figure 8. FTIR spectra of: (a) pure PEGDA(575); (b) PEGDA(575)/
BTMA = 0.25; (c) PEGDA(575)/BTMA = 0.5; (d) PEGDA(575)/
BTMA = 1.

Table 7. Peak Area Change with PEGDA/BTMA Mol Ratio

Peak area Area ratio
PEGDA/BTMA Area Area a 63‘2.“61"‘6 18/
. -1 - -1 ~
mol ratio (1723 cm™ ) (1635~1618 cm™) 1723 cm™)
Pure A

PEGDA(575) 47.90 9.53 0.199
0.25:1 41.67 1.90 0.046
0.5:1 38.65 2.64 0.068
1:1 31.65 3.51 0.111

3, BIMAZ 723 28712 PEGDAE Wk2AZl Ag7}
£ CP/MAS ¥ 74 C NMR 2418 22514 Figure
9l Z}z} YERHRITE. Figure 9(a)2] <=5 PEGDA(575)¢] C
NMR Z=#HEHo|ME 166.2 ppmol A C=0 3=, 131.19}
128.4 ppmellAl C=C ¥ =,"° 70.7-69.2 ppmlA] -OCH, 3] =,
63.8 ppmolA] -CH,0 T|ZE50] Ueptor, tHixls BTMA
2 Jhdsgk Ag7HE 0.01352] PEGDA(575)= 2| g g
7Fe] A NMR 2 E-HQ] Figure 9(b)el = 170.9 ppmell
A1 C=0 ¥ =, 48.6 ppm°IA] -OCH; %= Z 21.8 ppmei|4]
-CH; ¥ =7} Yeht PEGDAYF =9€ 25 SISk, o
25 BIMAR 7188k A27HE PEGDA(575) 0.013&5 %
2] g A7kl 23 NMR 2ZHE- 9] Figure 9(c)ol A+
171.6 ppmoll A} C=0 ¥ =, 50.1 ppm°l A -OCH, ¥ = ¥
23.7 ppmellX -CH; ¥=7} YEh} PEGDA7F =9 A &

00>Si—CH1CH2CH1\ . 3 o

Sio, | NiCHZ_CHZ%O\ﬁ\O/VCHZ
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Figure 9. ’C NMR spectra of: (a) pure PEGDA(575); (b) 0.013 mol
PEGDA(575) treatment for monolayer BTMA modified silica; (c)
0.013 mol PEGDA(575) treatment for multilayer BTMA modified
silica.
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