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Spectroscopic Analysis on the Michael Addition Reaction between Secondary Amino
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E5: B AFoMes 287 Y=Y AE bis[3-(trimethoxysilyl)propylJamine(BTMA) A& AZHA =2 3 7/fEe 5
A7t =Y== 23 olu|i=7]9] -NH719} Michael F71H8-0] 71538t acrylate”] S 7FAl= trimethylolpropane
ethoxylate triacrylate(TMPET)$} 3-(acryloyloxy)-2-hydroxypropyl methacrylate(AHM)Z X AT & 3led Hk-g-A]
(meth)acrylate”] & 7FA= brush& =¢3k= A5 F333IATE 13824l Michael F7PH-82d¢] AUE acrylate”]E 3
7N Zk= TMPETS} 1EA}) WEsAdo] Q1= acrylate”]9} WF3A0] §lE methacrylate”| S Z2F 17014 Zh= AHMS
ARESl], 2] E(mol)4=e] W3t Ayl T =YE= (meth)acrylate”]o] PIX= 932 Fourier transform
infrared spectroscopy(FTIR), elemental analysis(EA) % 324 €] cross-polarization magic angle spinning(CP/MAS)
nuclear magnetic resonance spectroscopy(NMR)H-2 A8-31e] £4151% T BTMAZ 7|2€ A2]715 TMPETZ A
2ot AAFE O] & TMPETSH -+ BTMAS] Whg-3h= g2 TMPET 184 3714 A3S)E acrylate”] T
o] BTMA®| -NH7|¢} Michael #7pEgo] doju= 718 Rlsigitt. wieb BTMAR #2]dh dej7tol
Michael ¥7PH-8-0 2 vhE-A (meth)acrylate”] S =317] Ysteir= AHM= 7Fo] Michael F7PHSAl0] &=
acrylate”] ¢} Michael F-711-8/d0] $1= methacrylate”| & 712} VR4 7FA&= AHME ARE-ste Aol 283 gl
SF3ATH

Abstract: In this study, we modified silica nanoparticles with bis[3-(trimethoxysilyl)propyl]amine (BTMA) silane cou-
pling agent to introduce secondary amino groups on the silica surface. After modification of silica, we investigated effects
of different types of (meth)acrylate group containing monomers on the Michael addition reaction to introduce reactive
(meth)acrylate groups on the BTMA modified silica surface. We used two kinds of (meth)acrylate monomers, tri-
methylolpropane ethoxylate triacrylate (TMPET) which has three identical acrylate groups, and 3-(acryloyloxy)-2-
hydroxypropyl methacrylate (AHM) which has one acrylate and one methacrylate group. We used fourier transform infra-
red spectroscopy (FTIR), elemental analysis (EA) and solid state cross-polarization magic angle spinning (CP/MAS)
nuclear magnetic resonance spectroscopy (NMR) to understand reactions between NH groups on the silica surface with
(meth)acrylate groups of TMPET and AHM monomers. We found almost complete Michael addition reaction between
all three acrylate groups of TMPET with NH groups on the BTMA modified silica. But, for the AHM treatment of
BTMA modified silica, we found Michael addition reaction occurred only between acrylate groups of AHM and NH
groups of silica surface, not between methacrylate groups of AHM and NH groups of BTMA modified silica surface.

Keywords: michael addition reaction, silica, silane coupling agent, FTIR, CP/MAS NMR.
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JEARE Apol7] whitel] AElrke] TS JHEsk] 7]
aApete] s WS ST Aol vl T8t
o} gk 319 Auke A 1At viEY 2] +F
A3l HAAT717] SleiMe sFehe 2 EEjF] e R
Aej7ke] FHS st EARte] 2sMdS SN
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2 AFelre A7t SAAR AREE vkl thsh
AAA FHNE S A6l flste] 1= A AE
A1 bis[3-(trimethoxysilyl)propylJamine(BTMAYE A&
sto] /A WSS S351itt. Dipodal FEfe] A&t A=
FA0 BTMAE 1 24l -OCHy17F o714 A= o] o]
A, o] o= 1 A AEl7t 39 Si-OH71¢F At o7
o] Aol 7ksaitt. wbx 37ie] Aol 7hseh T A
& ASTAED dipodal FE] A ASHA = deiietel
Aol thg W7kegsidol oF 1000008 5 Zahs A
VRS S7iehs Z0® dEA Aok B3 2% ke
AT ASYA &F A0 =2 HE7E ATsh 3~8 B4
To Ak ZeE dEA okt S wReAdol e
methacrylate’] =0 F2 AMgEE Az AZHAQ] MPS
(methacryloxypropyltrimethoxysilaney= linker] ZAo]7} n=3
o2 Fop =Ys= AT F9 methacrylate”]¢] C=0717}
Ag]7} 9] Pk Si-OH2}F 574~ 233l methacrylate
719 22 Ak 2 JAe] TR Qlte] whgAdo] wo}
A SRt A mjEE 2] FFATe] AlgtE = AR
dex Jot’ wEb wEkEE Si-OHeF ATAEFEA e
methacrylate”]] C=071¢}¢] 4 AFES AaA717] st
o] A7t = AE BTMAR #2]8F & =91%= 2%} -NH
715 o83l Whedo] = (meth)acrylate’| & E=Y3hk=
7= TP &5 BTMAS FHe] 28718 7H=
ethoxylated trimethylolpropane triacrylate®} 2712] 28715
7FA= polyethyleneglycol diacrylate®} ZF2} Michael 77 FiF-
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Figure 1. Synthesis scheme to introduce oligomer brush with reac-
tive (meth)acrylate groups on the silica surface.
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AgMe A7t dAE WA BTMAR A28 5,
HE NH/Z, 3709 acrylate’]2 7HAE TMPET
(trimethylolpropane ethoxylate triacrylate)2} acrylate”] 17119+
methacrylate”] 17148 7FX]:= 3-(acryloyloxy)-2-hydroxypropyl
methacrylate(AHM)Z HESATA, -NHZ|7F Ao ERljsk=
73 5-oH0 AA] Aej7tel] EAekE 7392l Michael 77l
AE Gl dieted Hlw A S, Figure 19
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MRS =AM o2 Yehlslth. TMPET 3 AHMS| A
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Al 2 Y=, Ao ARE-H AE]7= Evonik Degussal
A ALHE Aerosil® 20037 12F 9AF 97 12 nm, £H
2 200 m¥g, 2.5 -OH/nm* 120°CY] dry ovenolA 3
AI7F o)A} AZXFF B desiccator HollA ARL7kA] WZIA)A
Agjzlel] F2hE RS AAS] ARgsIieH, grEs
ethanol(99.9% absolute, Merck)?} o] 25(MR-RU890,
Mirae Sci. Corp., Korea, 18 MQ-cm) ¥ methanol(99.9%,
Merck)yS ARESIE. A3 AZYAE Aldrich AR bis[3-
(trimethoxysilyl)propylJamine(BTMA, 90+%, AldrichyS A}
2319937, W0l = (meth)acrylate” ]S =U35H7] $151]
trimethylolpropane ethoxylate triacrylate(TMPET, M.W. =
428, Aldrich)2} 3-(acryloyloxy)-2-hydroxypropyl methacrylate
(AHM, M.W. = 214, AldrichS AF&3l83th =& Al2ke A
A flo] Ti= ARSIt

BTMAE 0|88t 2|7} EMH/HE B3." 500 mL 5+ &
2k2F0) ethanolt Bol22] HIES 80: 20(vv%)OE &
o 300 mLE F7IeE §, fevplE 2ol A4 wRb)E AL
231 300 rpmo2 1027 L3l Esiict. ks
Ag)7l ¥He] Si-OH7|¢] B9} BTMAS] B9 H]7}
1:2.6°] E== 0.013 E(4.44 g)°] BIMAS 5 Z2}=3
o H7KEF 3 300 rpmO2 1057 7RSI AT, 78]
Hkgo] ik & A7}l 6.0gSi-OH B+ = 0.005 )&
round flask®] BTMA &l ¥ 300 rppm= wHlslHA]
3047 FHANE WS et wkgo] Eihd 4l
7](Rotofix32A, Hettich)E ©]-835}%] 3000 rpmellA] 30% &
Qb Palwelste] ATee Wk ofleke /2ol 24780 : 20
VIv%) &8-S ARGl 28] T MlASLL, o ollekeE ARS-
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sle] 33] o] AFSIGITE G = oF 50°Ce] HAxR7elA
30 Az & oF 50°Ce] FFeEoA 2407 ¥ 713
T}
BTMAZ ET/HAE A2[7Iet TMPET ¥ AHMS| BiS.
BTMAZ 22]® 227} 4.0 ¢& 400 mLe] Hgkeo] E0i3)
52 ZkaIe F7rekal 3057 28 9K(Branson, 3210)
2 sl ddsA AR Aelg 24 = AR A
glol] ARS-St BTMAS] E¢} H]wste], TMPET2 AHMS]
E57F zH2b 1, 2 2 441(0.013, 0.026 2 0.052 By} HEE
Table 13 7o) WSAA 7FAA 9RSAIZTE. TMPETS}
AHM Z}7ke] A|9kg 3047} dropping funnels: ©]83l 5
ZekTe) FY T da 2971004 3AZE S A uRY]
£ o]g3le] 300 rpmeE wHksPEA Ad2olM wh-SAIZIT)

T AZe BFHTl Methanol &0iS AMgsiA 53] ] AlF
2 AR SE & oF 50 °Ce] AxR7oAM 307 Az & oF

50 °Ce] FFEA 24417F B AZ3ISIT

TMPET ¥ AHMe| 2l2f(Pristine) Al2|7} S& M8, o
g A8)7ke] Si-OHSF TMPET 2 AHM2| (meth)acrylate®]
C=071919] 45 28 1P| Slste, 9 A7t 19
o TMPET®} AHMe| E8]4 o2 S24 AEE thaat 2
o] A|zsluct. A7t EHe] Si-OH &7¢ Joag 7t
g TMPET®} AHMO| H]&-S B57] 918te] 0.0008 E°
Si-OH71E 7H& 9= d2)7h 1ol 0.003 =2 TMPET
139 g, ZZ2]3L 0.003 B2 AHM 0.70 g& Z}7} w2 njo]&
H(50mL)yl| Y& 3, 809l CH.Cl, ¢F 30 mLE 23 A4
RS ARER] 300 rppmlE 3087 Tt £5 &
oF 50 °Ce] &%=00M CH.CLE 3TAIZ & §3H Aevts
oF 50 °Co] XF2EA 1247+ 71x33iTt.

=% BTMA2I TMPET ¥ AHMe| HE2. <5731 BTMA
o] .NH”7|9}, TMPETS} AHM®] (meth)acrylate”]2+2] Michael
7 kg o5 gRlsl] flgted, BIMAS] £ 12 st
o] 37h9] acrylate’]7} 4= TMPETE 0.25, 0.5 2 19] H]
2, VN9 acrylate”]19} 1712] methacrylate”]7t = AHM
0.5, 1 2 2¢] BZ ®ISAA 7P RESAIZITE 10 mL Hle]
& Wol| <=573F TMPETS} AHMS 91¢] 2 H|& zHzF 37}
sl 5 mLe] v CH,CLE H7Isle 2R amb|E AMg
sled 300 rppmoZ 5% Hd GalAIAATE AlzE §He &
T BTIMAE 9 & Hlof| 3 ¥ % 300 rpme= Rk

Table 1. Amounts of TMPET and AHM Used to Treat BTMA
Modified Silica Nanoparticles

No. of mol TMPET(g) AHM(g)
0.013 5.56 2.78
0.026 11.13 5.56
0.052 22.26 11.13
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SPHA 307 RESAIZATE. whgSE 898 NaCl window
disk 91l "Hoj=d -, &l CH,CLE 3217171 flal X
QB oF 50°CE 12417 AZ3I L)

=M. A7t A= AEES w4E] 918k FTIR
(Jasco FT/IR-620), NMR(Bruker/Advance 400 MHz Nuclear
Magnetic Resonance) @ EA(Thermo Fisher/Flash 2000)&
AR 2498 AAEITE FTIR 492 5540 A 55 AMS-
3lod ~0.03 g pellet FENE A 23 & FIPHOZ 4000 ~
400 cm™ <= HEoA 2008 27831 4 cm! EIleoR
43It AA] A NMR CDCLE SVl = AR5,
AV °C NMRE 4 mm ZrO, rotors ARE-d1] 317 <
E5 9kHzZ CPMASHE ARgsle] ZA4s0Ith TMS
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o] C ¥ NO gF %E At
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= 0.013, 0.026 2 0.052 2= WH3AF|HA z}7; 34|78 1t
SAIZ A7t YAFES] FTIR ¥4 Z3E Figure 20 e
WSIt}. Figure 2(ay= <975 TMPETS| ~HEHOZ 3105,
3038, 2962, 2879, 1727, 1635, 1619 2 1462 cm'ollA 1=
So] Yeptoen, 3105 cm’ ¥=E =CH A=, 3038 cm’'
= =CH, 2%, 2962 cm™ I == -CH; H|tA 213, 2879
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Figure 2. FTIR spectra of silica nanoparticles with different amounts
of TMPET treatment: (a) pure TMPET; (b) 0.013 mol TMPET treat-
ment for BTMA modified silica; (¢) 0.026 mol TMPET treatment
for BTMA modified silica; (d) 0.052 mol TMPET treatment for
BTMA modified silica.
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1635 2 1619 ecm™ YIEL acrylate”]2] C=C 2=, 1462
em’! ¥F= -CH #8 Foz ke 0.013, 0.026
4 0.052 ¢ TMPETZ 39 *2]¥ d2)7F] Figure 2(b),
(c) @ (d)9] FTIR ¥4 Ax}ollA= 3305, 2934, 2885, 2811,
1865, 1742, 1639 X 1462 cmoA] ¥=E0] Yepdt). =,
3305 cm! ¥ == AE)7ke] BTMA Adl 28] =49 -NH
NZolm ko] TMPETE FH A3t Solx =39 F7)
B EAT, o HelE S s Ed 2934
cm! I F= -CHel HIUIA 4%, 2885cm™ IF= -CHS
3 A= 2811 cm™ ¥]=+= -CH,o] WA 213, 1865 cm™ ¥
= A7k overtone,? 1742 ecm’ Y= C=02] A= B
1639 cm” ¥3= A7t v¥ke- Si-OH ¥ 2 A7l
&9 29| -OH ¥3,” 1462 cm” 33+ -CH2 w3 A
Foz Iolsom ¥ =5t TMPETOIA UERSE 3105
¢} 3038 em! 9] =CH, % =CH Z=¢} 1619 cm™ oA YE}
Ud C=C =37} Algzl Ao2 Hol Michael F7PHS
ol £33} acrylate®] C=C7|7} i 23le AS 2ist
Atk FTIR 2 ERe] Hals Aoz Yeplr] $Js14
Si0,2] overtone?l 1865 cm™e] T|AZE WH 7]F(internal
standard)©.Z &}o'1316 Figure 20 VRt 33 HHES 2
()& 283t AlLFsE WA H|= Table 201 LFERAITE.

£ ml<po] ¥ A\
1865 cm™¢] = HZ

HH] (Area Ratio, AR) = (D

Table 2014 ¥ W-S-A]7]= TMPETS] &7} $718<
F 1742 cm™olA YERU= acrylate”]9] C=0 I|F9] AR
e 446, 6.61 2 7.042 Hx} 7181993, -CH, w3 9=
°] AR 3 248, 2.82 2 29608 Z7lsk= AL Folsl9]
t. &, Hgsie TMPETS] E57F S718<= TMPETS)
=g S7RHATE *2lskE TMPETS =571 0.013 =
olA 0.026 B2 Z715PH, AR o] IA Z7FHAT, 0.026
ol 0.052 B2 Z7FR= A9ols, AR el 7 2o
7] %S & 4 UATE 3 o]HT HS-S EAR RIS}
=8 L Z3= Table 39 YERISIT). Table 39] g4F4
Ao B WkSAl7lE TMPETY 257} S7180= 2
2 FFERS 154, 149 2 145%8 25 Folug Zlow

Table 2. Peak Area Change with Different Amounts of TMPET

Peak area Area ratio
No. O jges ot 1742 et 1462 e L2 1462 em”
mol 1865 cm’' 1865 cm”
0.013 1.95 8.70 4.84 4.46 2.48
0.026 2.17 17.34 6.14 6.61 2.82
0.052 1.42 9.99 4.20 7.04 2.96

Table 3. Elemental Analysis Results of TMPET Treatment for
BTMA Modified Silica Nanoparticles

No. of mol N(%) C(%)
0.013 1.54 12.71
0.026 1.49 12.97
0.052 1.45 13.45

ettt ol =YEs TMPETS] o] Z71gro g,
TMPETE 335k 4, B4 3 Ak 3hgo] F7lsle] 4
H o= Aighgko] 144t AoR HTh Hgk w4 I
S 1271, 1297 2 13.45%2 54 Z71) ole =Ys=
TMPET®] 2ol o]t ehaidhed F7k= A7bent,

=gt TMPETSL 2 AE2|7le] &8 AME. Eg5o=
L AelFF 39 $2E= TMPETZF FTIR Z=HE-
"R = GEFS ATsl] f18k, TMPET/F 22802 &3t
H A8E AFsle] =438 FTIR 2 EHES Figure 31
YERNRITE. Figure 3(a)= =73t TMPET, Figure 3(b)y=
TMPETZ &2H 2] A2)7}, Figure 3(c)= BTMAZ 71%
¥ d27ke TMPETZE A2|d dej7te] 2 ERSS 77}
YeRNRItE. Figure 3(a)9t Figure 3(b)2] C=0 ¥|3= vl
sl H¥, 48k TMPETOIA 1727 emellAd] YeRE
C=0 ¥=7} Hgj7lol] F2d TMPETE 1721 cm'O& o]
Eale] UERdTE o= TMPET/I A7l S2g o=
TMPET?] C=0¢} 92 da7} 919 Si-OH/} 4 2%
< 3t 1721 em '8 ¥]=7} st W WRko g o)Edh
Ao AzZbET gt BTMAS! -NH7|9F TMPET?)
acrylate”]7} Michael 771F&-sk= 7-9-¢] 2~ E-Q] Figure
3(c)ellME acrylate®] C=C7} Michael F71+-gof 2J8] C-C

1742
~
RN
/ \
N
(c) / N 1639
3 ! 1721 S e o -
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Figure 3. FTIR spectra of: (a) pure TMPET; (b) TMPET adsorbed
on the pristine silica; (¢) 0.013 mol TMPET treatment for BTMA
modified silica (in the 1800~1550 cm™ region).
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3} Agto g walsto 23 C=0 ¥=7} 17279014 1742 cm’?
2 olEst AL RIS =, TMPETS| acrylate”]2]
C=C7]= BTMAZ 7Id% 2|7} 31He] -NH71¢} Michael
H7REeo 2 ¥3kE acrylate’ |2 A¥slo], C=C2} C=0 A}
ole] Foll &Ato] gloIxA C=02] ¥} F7) = Wk
o7 o]Fd ZAow ekt B3l Figure 3(a)2t (bl
B 16199} 1635 em™ollX YEU= acrylate”]9] C=C A3
o 28 & 7] ¥=7} Figure 3(cPIME 1619 cm™ 3|27}
AT 1639 emol|A H=Z7F VERSTE 1639 em? T|FE=
A7t 799 Si-OH w3 2 §3% &9 -OH w§e=
)7 wjEol], Michael ¥71+3-0 2  TMPETe £33}
acrylate®] C=C A%°] BTMAZ /H&% 4g7te] -NH7]¢}
HHg-3lo] o ¥3lE= S vepdh

=55t BTMAR} &=38F TMPETQ| HES. Az Adejoilr
% BTMAS] -NH7|9} TMPET®] 3712] acrylate”]2F2]
Michael F7HES- AFE ERIs] 95te], BTMAS] &<
g 12 7|5o2 SIS uw TMPETS &2 025, 05 ¥
1(C=C/-NH H]&= 0.75, 1.5 ¥ 3)2 WHSA[A7PH 1hg-3lo
=783k FTIR Z¥ERS Figure 49 72} Jepiich
Figure 4(a)llE <58+ TMPETS] FTIR 2¥EHS veh)
Atk Figure 4(b), (c) ¥ (dPlA= TMPET/BTMA = H|&
0.25, 0.5 % 1.00=2 WHSA7|HA] BESAIZ] AAES] FTIR
2 EHE0|T}, Figure 4(b), (c) @ (d)elA] EH, TMPET/
BTMAS] & 7} S71S C=0 3= 1735, 1730 ¥
1728 em'Z o|gsk=dl °]= TMPETS = Y7} 7P W
0.25¢] 73%- TMPET?] acrylate’]7} BTMA2] -NH7]}
Michael F7RESe] oJ3led E3}x]o] 1735 em'E 57} =
S gko 2 ¥ A7} o 53N, TMPETS| 7} 571
5 TMPET®] 37l acrylate”]7} Fi& o= AA kg3t

17231"\
/
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, ‘
/A730
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Figure 4. FTIR spectra of: (a) pure TMPET; (b) (# of TMPET mol)/
(# of BTMA mol) = 0.25; (c) (# of TMPET mol)/(# of BTMA mol)
= 0.5; (d) (# of TMPET mol)/(# of BTMA mol) = 1 (in the
1800~1550 cm™ region).
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Table 4. Peak Area Change with TMPET/BTMA Treatment
Ratio

Peak area Area ratio
TMPET/ 1635~1619 cm™
BTMA 1725 cm™ 1635~1619 cm™ TS e
molar ratio om
0.25/1 721 0.13 0.018
0.5/1 17.39 0.95 0.055
1/1 23.32 1.90 0.081
1/0 62.02 11.15 0.180

C=0 ¥|=7} 357} =& Wo g A ol5s Zlo=w At
A}, =3 573 TMPETO| SA18k= acrylate®] C=C 2%
°] 1635 ¥ 1619 cm’ i FA=E Yeptom® ojzgl
C=C 79| WHsls AP o= Yepl7] 9t 1727 em”
o] =0 ¥z WAL 7|Few Cc=Co| 2| vz} FHE
1635~1619 cm™ W% H|E ALkste] Table 40 UERHATE
Table 4014 X TMPET/BTMAS] & H|7} Z718r=
{C=C Y= W#/C=0 v|= W32} 4|7} 0.018, 0.055 L
0.0812 xt Frlkele S ERIE & dow, &3
TMPET®] AR %t 0.180°]t}. =, TMPET/BTMAS] = H|
7t 57FE BTMAS] -NH7|9} ®kS-S= TMPETS
acrylate”]2] H]&o] Eoj=e= AS RIS

TMPET X2[0ll 28t BTMA 7HE Al2|7le] *C CP/
MAS NMR £4. BTMAZ 712% 28712 TMPETS A}
235 M gozZM TE= acrylate’]9] 25 B8]
9lale] CP/MAS HO2 34 BC NMR 248 AA|s15it).
5478 TMPETE CDCLOY €3l13led 94 °C NMR #41&
8351503, BTIMAZ 7}23H 28]7}S TMPETZ ¥HA|Z1 4
7= CP/MAS Hog 74 BC NMR #4823k
Figure 5o 22} YeRAATE. Figure 5(a)2] <53+ TMPET
o] BC NMR ZFHEHIME 166-165 ppmollA] C=0 3=,
130-128 ppmellX C=C 3=, 77-69 ppmollA -OCH, 3=,
65-63 ppmollX -CH,O 3=, 43-42 ppmellA] -CH, & 23-22
ppmelA -CH; ¥|FE°] YR, Figure 5(b)2] BTMAZ
AA3 He]7}2 TMPET 0.013 22 223 dgj7te] 14
NMR Z=HEZHME 171.1 ppmelr] C=0 3=, 70.6 ppmol]
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Figure 5. °C NMR spectra of: (a) pure TMPET; (b) 0.013 mol
TMPET treatment for BTMA modified silica.
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Figure 6. FTIR spectra of BTMA modified silica nanoparticles with
different amounts of AHM treatment: (a) pure AHM; (b) 0.013 mol
AHM treatment for BTMA modified silica; (c) 0.026 mol AHM
treatment for BTMA modified silica; (d) 0.052 mol AHM treatment
for BTMA modified silica.
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Table 5. Peak Area Change with Different Amounts of AHM

Peak area Area ratio
No. of 65t 1735 om 1462 em oo 462 em”
mol 1865cm” 1865 cm’
0.013 2.53 9.94 6.64 3.93 2.62
0.026 2.00 10.02 5.14 5.01 2.57
0.052 2.06 11.52 521 5.60 2.53
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Table 6. Elemental Analysis Results of AHM Treatment for
BTMA Modified Silica Nanoparticles

No. of mol N(%) C(%)
0.013 1.78 11.21
0.026 1.68 11.72
0.052 1.67 11.80
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] dg]7t Tl F2kEE AHMe] FTIR ~#EHo] njx
= 9¢S A7) Y8k, AHMe] g7l 3] B84
o7 FHHE AEE Axsl] 5AT FTIR 2HERES
Figure 79 YERNRIT}. Figure 7(ay= <5 AHM, Figure
7(by= AHMOZ 32+ el Ae2)7), Figure 7(cyi= BTMA
2 AR AE7E AHMOZ Xg)dt Ag7le] AHEHS
S 7zt JeRARIT}. Figure 7(a)?] <573 AHMS C=0 3
=7} 1720 em oA YERC ™| Figure 7(b)2] AHM®] &2
H Ag7ke] F3E= 1722 em OIA|RE T B £o 2 1)
27F YA veRdsdl, ol AElFke] Si-OH7I7F =%
AHM®] acrylate’] 2 methacrylate”]2] C=09} 424~ A33}
of g7t W2 WRko R olFstema FAvt WA vEht
= Ao2 HRAT} Figure 7(c)e] 7d-99l= AHMS| acrylate
719] C=C717} BTMA2] -NH”|¢} Michael F7HFol] 2]3)
Falgogn C=0717} I=27} 1741 em'E o) 53k] LhERt
t}. =3 C=0 F=°] FWHH(full width at half heighty=
Figure 7(a)2] <538+ AHMS 57.4 cm’, Figure 7(b)2] AHM

b

=

Absorbance

1800 1750 1700 1650 1600
Wavenumber[cm™]

Figure 7. FTIR spectra of: (a) pure AHM; (b) AHM adsorbed on
the pristine silica; (c) 0.013 mol AHM treatment for BTMA mod-
ified silica (in the 1800~1550 cm™ region).
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Figure 8. FTIR spectra of (a) Pure AHM; (b) (# of AHM mol)/(#
of BTMA mol) = 0.5; (¢) (# of AHM mol)/(# of BTMA mol) = 1;
(d) # of AHM mol)/(# of BTMA mol) = 2 (in the 1800~1550 cm”
region).
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Table 7. Peak Area Change with AHM/BTMA Treatment
Ratio

Peak area Area ratio

AHM/BTMA

1635~1621 cm’!

molar ratio 1725 cm™ 1635~1621 cm™ 1725 om
025 /1 15.94 0.73 0.046
05 /1 15.07 0.69 0.046
1/1 19.94 1.06 0.053
1/0 49.68 11.97 0.241

BTMAS} AHMS- HES-A171H, AHMS] acrylate”]2] C=C=
Michael F-7HEg<l efaf EslEojr £} C=0 4155 et
WL, AHM®] methacrylate”]9] C=C7]= & A@z716A
Michael 77Hkg0] YoJupA] o} B33} C=0 415 W5
YERH7] wfiEo= ket

AHM/BTMA?] & H|7} Z7184=2 AHM®| acrylate”]2]
C=C= Michael #7HH-gol oJaf x3l=3, AHMS 3 A
43 PRESE  acrylate’]9} Michael F7HESAe]l §l=
methacrylate”|7} 5718 AiH o2 1725 em™ ¥]=27} S7}
3 Hole Aoz YeRdth E3$ Figure 7(a)0] o5
AHMOY C=C7]& 1635 2 1621 cm™ 32 YEh}H,
1635 ¥ 1621 cm™ FIE acrylate’]9] C=C7], 1635 cm’=
(meth)acrylate”]2] C=C7]°|t}. Figure 7(b), (c) ¥ (delHE
1621 cm™ 937} shoulder® UElUE®] ©]= AHME)
acrylate’]== Michael F-71kg-sle] 927} 7H4atr] wfjszell
=7} shoulder®l Ze1™, AHMS] methacrylate” == Michael
RI7RESS &1 o} 1635 em’'s Y=} AiE o =7
Yehhs Ao2 shctec s

T3 C=C T 3°] HtE AFH o= e 7] 95t
1725 cm™e] C=0 HAE 71Fo=2 C=C V| =7} TH
F 1635~1621 cm™ HAS Al4te] Table 70 VFERA AT
Table 7914 2¥H AHM/BTMAS] & 7} S7145 {C=C
vz WH/C=0 F= W3} H]7} 0.046, 0.046 2 0.053% 3
2t F7khs Ag ERlE o Jon, =73 AHM®] AR %
0.241°|t}. =, AHM/BTMAS] & H|7} 37185 BTMA
-NH71¢} Wh3-3l= AHME] acrylate 71¢] H]&0] Zol=
AL It

BTMAZ JHEE 4Al2[7IE AHMSZ Xz|st AZ2|7le]
®C CP/MAS NMR £4. BTMAZ 7% 42715 AHM
S ARgsle] AP W EYEE (meth)acrylate”’]] 25
#A517] 915k CPMAS o2 34| C NMR 415 4
A3l =78 AHMS CDCLell -&3liate] 914 “C NMR
4S5 Yel3lL, BTMAR 7idE del7le AHMC = %1

fr 1o o

H-SA17) AE7ks CP/MAS WHeE 74 BC NMR #4&
2A8to] Figure 99 ZH2F UERNITE Figure 9(a)e] <5

1

0 0 0
—0——=8i——CH,CH,CH, 3 4 2

. o /lk /(Hz

Sio; | o N—CH,— CH, o/\(\o
f—0——8i——CH,CH,CH, OH CH:g 7
Lo

: 8 6 5 8

c=C /.\—CH3
Y -CH,0
lan)
(}:\0 -OCH,
cDaly| | |-OCH,
(@ ‘ 1 M CH,
L 7
200 150 100 50 0

Chemical Shift [ppm]

Figure 9. >°C NMR spectrum: (a) pure AHM; (b) 0.013 mol AHM
treatment for BTMA modified silica.
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