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i 2 Ao e A7 hedAE 78 WS 7= dipodal FEIS] bis[3-(trimethoxysilyl)propyl]
amine(BTMA) A& AZHAZ 39 /N2 g &, dej7tell =¥ BTMAS] 23} ofv]=7]¢] N-H7]¢} vio]E& #7}
50| 7Fset acrylate”] & 1221 27014 71EA]= poly(ethylene glycol)diacrylate(PEGDA)E ™ 2|3} acrylate
71E A7t YA ¥ =Yske A7E ST PEGDAY &4 ¥ 37KK] A& o2 #4159 PEGDA
(M.W. 258, 575, 700) 2|7} A2)7} T =YE = acrylate”]2] =0l U]X|= Y2 fourier transform infrared
spectroscopy(FTIR), elemental analysis(EA, ¥14%-4]) 2 37| 48] C cross-polarization magic angle spinning
(CP/MAS) nuclear magnetic resonance spectroscopy(NMR)H-S ARE-3le] B30T Az gl 9] <=4 PEGDAS}
T BTMAE 22 & H|Z2 d-3A17]H PEGDA 1A 27018 EAISHE acrylate”] 5 170 acrylate”]& &5
BTMAS] N-H7]¢} 1:1¢] H]&2 nlo]Z Frhkg-o] doju} Bamino acid esterS FA3HL, YA 171¢] acrylate”]
= "o FEREEol 7hedt &Rl Mol Thsettt. st BTMAR 7H2¥ A7t dA-E PEGDASH HE-gA|
71", PEGDA 18413 214 A9+ acrylate?] tif-ito] A7t xtoll Z3t=o] 3= BTMAL] N-H7|$} mlo]
& F/MESSE Bamino acid esters FAJ31Yd, acrylate”]2] C=C7] 0] C-CE W3S F1s1%

FEE

Abstract: We used dipodal type bis[3-(trimethoxysilyl)propyl]lamine (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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27k ERle] EAISHE Al Sokeg

ARt S8 AGS FESAG 254 2

A5SNZ F odek. del7ke AT ERS B
=

7] FAA Aehst TRARS] F§HE AT 28
Ak FHATS BAT 5 Ak ol e e BPAEE
#7] 2 5] AR 5 5L FA oA 2z
AR HHE 1w T 4 e 5o Ak Hep A

= A Fr1ER] Aurke A LEAl a5 B4t
o] HrE A7}t FHS NAsk= Aoltts

2 Aelre A7t FAAR AREEE YAkl tish
AARN TR WS AFal] flste] 1R AT AE
A2l BTMA(bis[3-(trimethoxysilyl)propylJamine) S A5}
#H W4 RS 3513t Dipodal FEj ] A7 AE
FA121 BTMAE 134k -OCHy717F 6714 A 3= o] Slof
A, oA R 1A A A7t % o] Aol 7
sstth wEbA 3719 Aol 7hs st S AE AEHA
K} dipodal FEfS] A AEHA= Agj7keke] AH| o
gk Wi7kRal el oF 1000008 B 7dste AHe] Tl e
T F7hke AoE dEA Utk BEgk 2% TR0 ATEAE
FA &= FEH o R HYTE AT shd 3-8 EATS A
doke AoR dEA Utk?

Hh3-AJo] 9l methacrylate”] =910 F2 AM8-5E A
FAZEH A MPS(methacryloxypropyltrimethoxysilane)= linker
o Ao|7} n=30.2 #ob =9¥= A T2 methacrylate
71¢] C=0717} A7} e nRkgo = Hol Q= ATe
719} =A%t methacrylate”] 9] &2 #g 2 I
of To= Qlste] whg/do] wobda FxA| ek 4] miEY
28] FfrAfol AT AR duiA v’ b
HhS-E Hgke7)|9o} ATAZYA Q] methacrylate”]2] C=07]
ofe] TGS 77 flsle] dEFF WE=ydAE BTMA
2 At & =95 23k N-H71E o] &3l vheAdo] A=
acrylate’ 15 =9)ete A5 stz gtk 57 BTMA
S 13824 3709 acrylate”7] & 7HA & & ethoxylated
trimethylolpropane triacrylate2} 27119] acrylate’] 5 7HAl= &
A4 4002] <=5 polyethylene glycol diacrylateS=} z}zF 7+
< = H|E mo]E F7PEGAIA whgAo] Sle acrylate” |5
7= A XA el tig A= Y. Y. Qi Tl @3t
of o] o]Fo)A] Ut

2 A= A7t Y4AE WA BIMAR A &g §,
%= N-HZ1E 2709 acrylate”] S 7HA& 37FA] B2l
2] PEGDA[poly(ethylene glycol)diacrylate]2} WF-8-A14 N-H
717F AA] e e] SigtEol EAlshs -9k A A7t &
Hol| EAske 499 wlolZ 7ol rlA= F3Fel
st} A3t} Figure 191 BTMAZ 7§23 A7} 4t

£ ot 2

o]
acrylate 9] J’VCHE
~group. Hch\n{ \/‘}0 n=3, PEGDA 258
introduction 0 n n=10, PEGDA 575

n=13, PEGDA 700

Figure 1. Synthesis scheme to introduce oligomer layer with reac-
tive acrylate groups on the silica surface.

FEHE PEGDAS AMS-3 /A W8-S =5 o= Lehiis)
t}. PEGDA®] 7§12 ukS A7k, X2, A2 o2 Bajee)
PEGDA % Z3¥ BIMAS| 24} 2 %771 )7} 3o
EYHE aaylate”]oll PIXE G FTIR, Aai4 8 2
A BC CP/MAS NMRE AMg-ato] AAH oz BAata, /)
Ag A7t heYAe olgste] 1A v H3HA9] F
AAZ Agehe A7 S3slaat i),

d

Aok o TZ. A3 A8-¥ H2]7= Evonik Degussa©ll
A AR Aerosil® 2003 12 A 973 12nm, EHH
200 m%g, 2.5 -OH/nm*2 120 °C2] dry overelA] 3AJ7F o]
7} 7AZ7E -, desiceator WollA] Zd27F4] WZAIA A2]7tel
F2E RS A A AR e, & 2= ethanol
(99.9% absolute, Merck)3} o]-24*(MR-RU890, Mirae Sci.
Corp., Korea, 18 MQ-cm) ¥ methanol(99.9%, Merck)S- A&
siatt. A AZHA = bis[3-(trimethoxysilyl)propylJamine
(BTMA, 90+%, Aldrich)E AF&3I93L, ¥E3-d°] U= acrylate
7158 =93] flste] EAbgo] thE 37FA PEGDAM.W.
258, 575, 700, Aldrichy52 A3t} B8 AloRe A%
o] ItE ARE-sI3AT.

BTMAZ Al2[7t ETIHE 8HS." 500 mL 5 Zeh=3
o ethanol®} Eo]242] H &S 80:20(vv%)L.Z2 &}
300 mLE F71eE 5, frelrbiE 2ol 2 w7l ARg-s)
o] 300 rpme 2 10%-7F FL3HA £ A27F 1A
o] === BIMA 9] ¥4, & d&ale3} a9
JaFS Folaly] 9sle] BIMAS H5E olgel 7o) W3}
ANA7IE Agsidt. 7HEalE BTMAS] Si 94 19
A7} 0] ATE7] U} o|8H o7 BF whgSohd,
BTMA 122 2709 -Si(OCH;)7F EA1817] wiiell, BTMA
152 A7k W1 2719 Si-OH7|¢t 12 wkgo] 715
3tk BTIMAS] =2 100%=2 7F33k, 6.0 g 27t &%
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el BE Agg7]o} wkesl=t o] o2 F g BTMA
o] H%9] 191(0.0026%, 0.852g) 2 5HJ(0.013%-, 426 g)=
WA A7PAA T SEkaol H7HE F 300 ipmSE 10
1 7Rl Al 7l jkee] B $ A2t 6.0 ¢
< round flaskol] 23 300 rpm S 2 WHISPAA 3087 &
AfE WS R EAT wgo] Euw AR
(Rotofix32A, Hettich)E ©]-&-38t] 3000 rpmellA] 30i &<t
A4 FElske] A A2 M) Ethanol/2©]-257(80:20 v/
V%) &S ARSI 23] T MIA S, 5 ethanolks AME-
sted 33] o MAEHATE YAEE] § oF 50°C] Az
A 30 xR F oF 50°Ce] FF oA 2441 7F Ax3EA
ok A v A3 1wl BTMA #2l2] 7% 23 BTMA
BAZo] oF 0.9%0|H, 5H] BIMA A2 A$E o 3.5%
o2 AjE ] U Sl

BTMA 7HE Al2|710] Acrylate?| =Q. BTMAZ 2]
227} 4.0 g& 400 mL methanolo] E01U+= 5 ZTk=
o A7kl 30%7F Z233]2] (Branson, 3210)5 3t 4
SHAl AN AT A7 24F & A7) el ARt
BTMAS] 25| th3t, PEGDAY] &9 93-S H|wslr]
15ked; a) 0.013%2] BTMAZ *&|¥ A2]7HBTMA7}
AS o2 AgtE AEl7hel B2 575%1 PEGDA(575)¢]
E57F 22 191(0.013 mol), 28H(0.026 mol) 2 441 (0.052 mol)
7} HE2 vkeA1ZoH | b) 0.002652] BTMARZ A& 2
Z7HBTMA7} WA 0= A3 Ag)7hel PEGDA(575)
o] 471 z+zh 581(0.013 mol), 1081(0.026 mol) = 204N
(0.052 mol)7} E|%=% Table 13} 7ro] WHSIA|A7FAA WESA]
Atk Egk #A}7Fo] thE 37F4] PEGDA =, w4 25821
PEGDA(258), 2% 575¢1 PEGDA(575) & ¥+ 7002]
PEGDA(700)5¢] A+ #iste] me s vlawsh] 918t
o] tHizlE 2 ThEzlE BTMAR Ag¥ Ag)7ll PEGDA
E57F 22} 0.013 B0] HE5F 51¢ Table 13 70| HHgA|
Zt}. PEGDAS 3057} dropping funnel o83 5= =2}
230 FY F A B97100A 3A17F Bk AR ) E
o83t 300 rppm .= WRHFSFHA] Ag2of|A] WA F] ).
2ol Bt 8§92 3000 rpmollA] 30 53 DA E2AZ
’$H NS HMFTE Methanol S & AME3IA 53] o] AlF 2
AAEE S F 50°Ce] HAx27oA 30% 713 F oF 50 °Ce
Z1F Q2o A 24A7F 21z

PEGDA2} 22l (Pristine) Al2|7le] E&t M. ) Az
7] AE719F PEGDAS] acrylate”|9}2] & 2-8-2 81

Hob 2 0

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, A364 A63, 20123

a17] 9ato], D Ae)7F ¥ PEGDA} E8lFow &
ZHE A 8E g3 o] Azt delv ¥He] Ak
7] B<rol A58 7153 PEGDAS] H|&-S 2H57] 95l
0.00085-2] 715 7= el A7t 1o 0.0032<]
PEGDA(575) 1.87 g& ulo] ¥ (50 mL)dll 22 &, gl
CH,CL, °F 30 mLE ¥ A wnb7]1E ARE-S1d 300 rpm©
2 307 Esith. &3 5 oF 50 °Ce] %04 CH,Cl
2 3N & FFE AYTE ok 50°C9] 7T Bl A
12717 A3

=3 BTMAS} &4 PEGDAZQ| HI2. <5 BTMAS] N-
H719} <=5 PEGDAS] acrylate”]9}2] mlo|& BrpES of 5
£ #Rlsl7] $lsted, BTIMA®] & H| &5 1% 3taL 271 €]
acrylate”]7} 3l= PEGDA= 0.25, 0.5 % 19] & H]&= W
SIAIA 7P WEEAIFTE 3709] 10 mL vlo]ld Bl =473
PEGDA(575)2 $¢] & n&2 ztz; 718kl 5 mLe] &)
CH,CLE F71sle] A wnb71E ARE-3k] 300 rpmOZ 5
7+ o4 s A AlzE g0 =573 BIMAS 919
= HE&E 77t ¥ T 300 rpmoE wHHEPHEA 30E-7F v
SAZ T 98-8k 8NS5 NaCl window disk $]of] "ojx=d
% oF 50°C] FgeEolA 1247 AZxsle] gwlel CHLCL,
£ AAsI, FTIR 2HEHS 4351

24, Hel7l g 1E we-S B8] 918k FTIR
(Jasco FT/IR-620), NMR(Bruker/Advance 400 MHz Nuclear
Magnetic Resonance) 2 EA(Thermo Fisher/Flash 2000)E
ARgsle] B48 AAEIITE FTIR B48 o0 A|ZT AR
3lo] oF 0.03 g2 pellet FENE A 23 F F2EOZ 4000
~400 cm™ ¥ QoA 2008 scandle] 4 cm?! I FOE
=43t A el NMRS CDCLE 7= ARSI L,
TAAE PC NMRE 4 mm ZrO, rotorS AHg-3le] 314 &
S5 9kHzE CPMAS HS AH&ste] S48t T™MS
(tetramethylsilane)E A3} calibrationd}At}. P aiA]-2
AlE2] C B NO| FE%E Akt

Ay o =2

CHEXIS BTMA JHE Al2|710f| CHEt PEGDA HSA|ZE
Y&k T BTMAR 71 A7l ik PEGDAS]
EW A NESAIZRe] G A flEke, A
BTMAZ 7R&3 A2)712 0.0132-¢] PEGDA(G75)E 1, 3 2
6A17F WA A2)7) YAFE2] FTIR ¥4 23S Figure 2
o Yep At

Figure 2(a)E THEAE BTMAR 7f&3 Aejgle] AfE
HO = 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
212, 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; 14 21% 9 2818 em! ¥ 3E= -CH, U 415 ¥a=
AHE T Figure 2(b)= =5 ¢ PEGDAS] S EH O R
3105, 3035, 2945, 2872, 1726, 1639, 1622 2 1462 cm™ol|A]
H3E0] JeREO™, 3105 cm” ¥ 3= =CH A1, 3035 cm™
¥ 3= =CH, A%, 2945 cm” ¥ 2+ -CH, Bt H A&,
2872 cm™ ¥|FE -CH, A A%, 1726 ecm™ 3= C=0 Al
=, 1639 2 1622cm” T IAEL acrylate”] 2] C=C A=,
1462 cm™ ¥]A= -CH2l w3 o= vt 1417}, 3
AIZEE 6AZF B9 PEGDAR X2]E AE)71] Figure 2(c),
(d) & (e)¢] FTIR 4] AFollA= 3308, 2931, 2886, 2818,
1865, 1735, 1639 & 1462 cm™ oA ¥ A 50| Yelyit) =,
3308 cm™ Y= A]7te] BTMA #glel o8] =4 N-H
AlZoln] PEGDAZ X9 2]t Foll= F39] A7+ &3
A RE, okelA Holde Ag ER18k ). g 2931 em™” ¥
e -CH2) ¥t A% 2886 cm’! ¥ T 2% ol &
BTMA -OCH;®] -CH;%] 3 415, 2818 cm™ ¥|F+= -CH,
A A=, 1865 em™ ¥ == A8]7H] overtone,? 1735 cm™
3= C=02] A1=5 1639 cm™! T3+ A7} vuke- A
S #3) 2 Ag)Ftel F3E &2 -OH 3,2 1462 cm™ ¥

Table 2. Peak Area Change with PEGDAs Treatment Time

= CHe| 9 5o gjlsiglon, =53k PEGDA
ol A YeERE 31059 3035 ecm™e] =CH, ¥ =CH ] 3.9}
1622 cm™ oA VERE C=C =7} AR A0 & Hol u}
o|F Hrpkgol o8l B3} acrylate?] C=C7]7} i =
slEl AL RIS FTIR 2FEHS] W3lE AgHoa
e 7] $18ted AE)7ke] overtone$! 1865 ecm'e] HIAE W
i 7] (internal standard)© 2 3}, Figure 201 LERT
3 AHES A (1) AHEst] Al WA v Table 201
HERA AT

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

Area Ratio (AR) =
(M

Table 2914 H™H PEGDAS] 34 71& wkgA7ko] 1, 3 &
ON7rO 7 Z7VEE 1735 em oA YERFE acrylate”]€)
C=0 F=¢] AR %+ 1.83, 293 2 3.128 A} Z7k6l3 L,
1462 cm'ol A YeElE -CH, w3 9= ¥)E 2,12, 2.11 2
21702 A9 Wyt gle RS AT = PEGDAS]
EH JE kA 7Ro] (A7l 3A7Ee. 2 Z71EHE, AR
Zkol 1.83901A4] 2.930.2 A Z7FelA N, 3A 7k A 6A17F
o2 F7kske A9, AR 3] 71 Fo] 2939014 3.12
2 37 LS & F UATE EI AR A4S HE
PEGDA ¥ 70& WEgAIZE] 1, 3 B Ao 2 ST
2 AL FFE 171, 1.70 D 1.602%E 7Y Fol=e A
° 2 e on o]= PEGDAS] %W 7M& REgA|Z o] 5
71te ZH T == PEGDAS] ol S7kste] i o=
Ao 7adt Aoz Hln), ey, v TR 1143,
12.53 & 12.77%=2 571 =Y=+= PEGDASL] %ol 571
S @M eAaglgo] St g Aoz vEh
CHEXIES BTMA ZHR Al2|7tol|l tHEF PEGDA(575) &

Y&k PEGDA®] & < W37} theAls BTMAR 713
A)7ke] wkgel v FFS Aal] fI8te], tht
BTMAZ 7] &gt 2] 714l Table 13 7] PEGDAE
0.013, 0.026 & 0.052E= WHSIAIZ|HA] 7}z 3A17F WEgAIZ)
227} YAFE2] FTIR 4] Z3E Figure 30 YERATE.

Figure 3(a), (b) 2 (c)2] FTIR 2Z|EHo|X=, Figure 2(c)
9} 7+e X2l 3308, 2931, 2886, 2818, 1865, 1735, 1639
2 1462 cmol|A] I A E0] YERt, BTMAR /I € A7}

ojv e 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

(a)

4000 3500 3000 2500 2000 1500
Wavenumber [ecm™]
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.

S} PEGDA®] RE&-S gRlsiginh. T=1k 4] (1)1 2Jsh Ak
AR 7k WER Table 3914 ®¥ PEGDAS] & 7} 0.013,
0.026 % 0.052= = S7F8HH acrylate”] €] C=0 W4 H|=
2.93,3.12 B 4582 H2} S/, -CH, w9 s 9=
o] W3 W& 211, 276 % 3.052 T8t = EHE
PEGDA?] §Hgo] S7kshe Ae Slslaint. B3t flai]
Aol B wkEAl7)E PEGDAS] & 47} S7lelow A
A FERE 170, 169 B 171 %2 F A7t gl 2= 4
ERsiTh e BhA SRS 1253, 12.83 2 13.87%% 7t
&l =9d == PEGDAY] &% S7H= Ieh Badd S7h=
Azt

CHEXIE BTMA JHE A2(710fl thEt PEGDA EXtae]
Qs ko] thE 3714 PEGDAZ} Ae)7} el A
BTMAS] N-H7|¢}e] Wkl vlAl= FaFe A7ab] s,
122 THEAE BTMAS 3714 th2 BR2H(M.W. 258, 575,
700)S 7F PEGDAS} 3417 vEEAIR] Ael7h 2HE2] FTIR
4] A7= Figure 49 JERAATH

Figure 4] FTIR 2= EZJA % Figure 2(c)2} 22 91|
2l 3308, 2931, 2886, 2818, 1865, 1735, 1639 & 1462 cm’
oA ¥AEo] e, BTMAR /A% 42719} PEGDA

Table 3. Peak Area Change with Different Amounts of PEGDAs

Absorbance

(b)

(a)

4000 3500 3000 2500 2000 1500
Wavenumber [ecm™]

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.

(3

o] W3- gRIskTh B3 2] (1)l oJsf AlMkE AR 7=
UEl Table 4914 H W PEGDAS] EA o] AAF=
acrylate”]9] C=0 W4 H|:= 3.32, 2.93 % 2,532 Hz} £
S35, -CH, w§ %l =] WA vl= 2.00, 2.11 2 2.14
2 2% 2718 AL 11T PEGDAS] EA}o] Z7}
sto2H, BIMAR 7]&3g Az2]7} o] N-H7|9}e] gt
2 WA o] FolEolA EYEE C=07]= 7HAAAINE,
PEGDA®] &A% 7t w2t A3 o2 Y= CHyYI
= 3717 Wi ® AzhE) HEgh 4 A Aajola] 1
W Eks ke 9 A7} 0.03%, BTMAR 7|23 2g)
7Rz 9.99%, PEGDAS] #EA}o] 258, 575 2 7002 57
FE 1213, 1253 2 1404%E "z Frrete o=
PEGDAS] #A}5o] 71845 === -CHy1<] 4
Q1 ggo] F7lshHA] Ba o] Srkshes AS gl
o} A e A A2lFks 0%, BIMAR 7|33 227}
£ 1.88%, PEGDAS] Ex}&o] 258, 575 2 70004+ 2zt
1.82, 1.68 & 1.57%= A7 FHidhe 202 Yepdtt o=
PEGDAS] 215 SV w2 Tse g4ie] 5 Sl
whet A A o= Z 40| Fhgo] fhaste] YEhE Ao
ekt

(e}

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-!
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
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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)0 &
2= o4&k hExE BTMAR 7129 227l sk PEGDA
o] & F Wt vR= G Ash] Sk, dEAS
BTMA= 7§23t Az]7le] Table 13} 7+o] PEGDAZ 0.013,
0.026 ¥ 0.052== WIS 7IHA] ZH2} 3417 wkgA1Z] Al
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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 78 YERH Table 5914 2™ PEGDAS| ¢ & 47}
Z71sPA acrylate”] 9] C=0 W& H]&= 0.39, 1.06 2 1292
A S7FsEA 5L, -CH, w§l X5 ¥=9] W3 Hl= 051,
071 % 07622 F7tsle A& A5t & AHgsle
PEGDA®| & 47} 57185 /i€ Adel7ke] C=071¢%
-CH,9] $tago] S71et Ao g ydec), ot Ay Ax
o4 H¥l wk3-A71= PEGDAS] & 7} S71d5 A

T 036, 040 3 0.41 %= Z 2ol7} YA, W FF
< 3.64, 493 2 5.17%Z 571 =Y == PEGDAS] &=

VIR Q1% vk S7hE Az,

CHEXIE BTMA JHE A2|71oll cHet PEGDAS| &Xt&
A5k, Extgo] T2 37149 PEGDA7} Agl7t FHe) ke
off HX= YIS AFsh] {3k, DPE—X}?— BTMACS 2
ggt Ag7tE 37K thE E2E-S 7H] PEGDAS} 3417
H-SAIZL A7 YAFE9] FTIR -‘?—’ﬁ. A= Figure 69 1}
ERf AT,

Figure 6¢] FTIR 2~F|EHo|M T Figure 2(c)e} 728 913
2] 3308, 2931, 2886, 2818, 1865, 1735, 1639 2 1462 cm™]]
Al F3E0] YeR}, BIMAZ 712 A7k} PEGDAS]
1kATh =3 2] (1)l oJ=f AlMkE AR 7S o
ERA Table 6014 H¥H PEGDAS] ¥A}o] AZS4E acrylate
71¢] C=0 W3 ¥]= 042, 031 2 028 FHz} ZHo|EA,
-CH, w3 s 339 WA Hl= 032, 032 ¥ 03302 &
ztel 7t §le AL SIS & PEGDAS] &A1) 57t
sto2H, BIMAR 7l 238 Az2]7} o] N-H7|9be] gt
zq ‘ﬂ"%}‘é‘o] %oizoi}ﬂ 1:01 = C= 07]L‘ 71—/\ }Oﬂ ]U
PEGDA®| #A}7F 7t wet *PEHXq 02 &%= CHYI
= S71E7] Wit o R AYZET ek A AaoA] 1
W ek shERe A AEl7E 0.03%, BIMAR 723 2
2)7h= 2.91%, PEGDA®] ko] 258, 575 B 700= 57}

Peak area Area ratio
No. of mol Area Area Area
(1865 Cm»] ) (1735 cm-]) (1462 Cm»]) AI735cm-‘/Al865cm‘1 AI462 cm-l/A1865 cm-!
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 5.42 32 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.
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£ 0%, BIMAZ 7§23 Ag)7k= 0.58%, PEGDAS] A1
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23h= 202 UElslt o] PEGDAS] AL F7tol u}
2 E=Yue v g Sl met Aiido=s "o g
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9] acrylate”] 2}9] mpo] & F7Rk-g3} He7F ol thgh
PEGDA®| =22 F3H8 Hlashr] flate, el Hel7t £
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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 Agj7ke] 29 E- o2 1735 cm™ I
Aol A C=0 A%, 1639 cm™ | Z= A7t 1AL Si-OH
73 2 53 E9] -OH 5322 Aeteth. BTMAS] N-H
719} PEGDA®| acrylate”] Ate]¢] wle]Z H7ikg-5 Sikls)
71 918ked €=0 ¥ == Bl w3 t). Figure 7(a)2] <=
PEGDA(575)°1E C=0 =7} 1723 em'olA] Yelytom
Figure 7(b)2] PEGDA(575)7} Agl7tell Eeldoz &%
7399 PEGDA(575) acrylate”|2] C=0717} A2}zl FHol
EAlehs ATE719 Fa2%E 5 121 em'2 $50=
kA o539 L™, Figure 7(cPlM+= acrylate®] C=C7} v}
olF F7hgol oJ&l C-C x3} Aoz WHalglo 24 =0
937} 17239014 1735 em™ 2 ©]5¢k AL I &
PEGDA?] acrylate”]9] C=C7|= BTMA=Z 7|¥¥ 227} %
WO N-H7|9} o] F7REgo 2 XE3HE acrylate”| 2
ghsted, C=Ce} C=0 Ate]o] T ddo] glojAA C=09]
937} st 2 WO R o)F e o F AP
&t Figure 7(a)2} (bellA] EH 16189} 1635 cm oA YER =
acrylate”|9] C=C Al oJgt F 7§¢] =7} Figure 7(c)ell
A= 1618 em™ ¥ =7} §loIA AL 1639 cm oA wF 9] =7} L}
Rl 1639 em™ 93 A2)7F ] Si-OH 93 2 &
2hg Eo] .OH #3302 ATs]7| wjiZd, vlo]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-l ) (1735 Cm—l) (1462 Cm-l) 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 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

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
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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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