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x5 Ao AE)F =Y AE dipodal FEN2] bis[3-(trimethoxysilyl)propyl]lamine(BTMA) A& HZ3A|
2 E‘W} EHS /WET T glycidyl methacrylate(GMA)E BH 222 slo] Aaj7lel] ZgtE BTMAS N-H7|9}
GMAS®] epoxideZ]9] 718k HEgo 2]} “ﬂﬂ ¥ 38 methacrylate’| & =Y A+E 33Tt vt
SAIZE BEERE B FUshs GMAS] F% W37 BTMAS] N-H712F GMA®] epoxide?| Ate]o] whgof wjx|=
93 Fourier transform infrared spectroscopy(FTIR), elemental analysis(EA) 2 A€ C cross-polarization
magic angle spinning(CP/MAS), nuclear magnetic resonance spectroscopy(NMR)H-2 ARg-5ke] 43130tk BTMA
= NEE A27E GMAR A2lshd de)7} fzkell o] 2= BTMAS N-H719 GMAS] epoxide?] 7k 2]
AA FS Rhgo] dojwtom, A3g oM = vREAIZE W E B B9lshe GMA &7t S718S At
FH =9%= methacrylate”|7F S7FHS 21315

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 grafted N-H groups were reacted with gly-
cidyl methacrylate (GMA) to introduce polymerizable methacrylate groups on the silica surface. After modification reac-
tion, we used several analytical 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
(NMR) to analyze the effects of reaction time, reaction temperature and used GMA concentration on the modification
degree between N-H groups on the silica surface and epoxide groups of GMA. We found increased introduction of meth-
acrylate groups on the silica surface by ring opening reaction of epoxide groups of GMA with N-H groups on BTMA
treated silica with increased reaction time, reaction temperature and used GMA concentration within our experimental
conditions.

Keywords: silica, bis[3-(trimethoxysilyl)propylJamine, glycidyl methacrylate, hydrolysis, silanization.
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Figure 1. Schematic diagram of BTMA and GMA reactions with
silanol groups on the silica surface.

F dEl7ke] EHS BIMAR fdsted vgAS 7= 2
2} N-H717F =908 3 GMAZ 7123 GMAS] epoxide”]
7} Gex BTMA®S] N-H7|9} REgsled ¥E8-d methacrylate
717F =8l H = Ae HolErh

Al |

Aok A xHE. HFol A8 A2]7l= Evonik Degussa©l
A AR Aerosil 200%(FH 12 A Y73 12 nm, EHF
200 m%g, 2.5 -OH/nm?yZ 150 °C2] dry ovenclA] 3AIZF €]
A %3 3 desiccator WollA] 2712 WzhAA A7}
SHE FES AAs Agskl e, &l 2 ethanol
(99.9% absolute, Merck)Z} E©]-24*(MR-RU890, Mirae Sci.
Corp., Korea, 18 MQ-cm) % methanol(99.9%, Merck)
tetrahydrofuran(THF, 99.8+%, AldrichyS AM-3IT}E. THFS
FrdE 2 REE7] f1ske] THFS] A1 ke 20%¢]
molecular sieves(tUOP Type 3A, Aldrich)E o] 2447t &
QF Aol Akl WE By & AMESISTh AT AE
A2 bis[3-(triethoxysilyl)propylJamine(BTMA, M.W.= 342,
90+%, Aldrich)$} glycidyl methacrylate(GMA, M.W.=142,
97%, Aldrichy= “8A] §lo] ARg-sI3iTt.

BTMAE 0|88t 2|7 =™ JHE P37 500 mL &
Zt2=0) ethanol¥}t ol &9] HIEE 80 : 20 (VWV%)E
&to] 300 mLE F7HeE F, frElvpl2 9L A 2l
ARESE 300 rppm o2 307 A E3SHATE AR
Agj7te] FHAF 1 nm* & -OH7]] 7|25 E BTMA 1
A AE)7h 2919 Si-OH7] 2707} whg-ghttar 718k,
o] og Qs BIMAS] 4 7ANteted, 6 gol A7l
ko] 19(0.84 2)¢} 5HH(4.251 2)¢] BTMAS 7Hz; AF&-3}



A7} e} 3ol gk olrir]9} Glycidyl Methacrylate2] Whg<ll ¥k EBgsbd A 779

ATk 9] Akt wel HFe BTMAS 500 mL 5 32}
223.9] ethanol ~&%ol] 718132 300 (pmeE 10827} 715
A AL 7R vhgol 2t $ = APt 6.0gS
< FekAC] BTMA &0 ¥32 300 rpme= wREsHH
A 3087 19 J1E WS kT vkgo] By 9
A1%2]7] (Rotofix 32A, Hettichys ©]€-514 3000 rpmell4] 30
53 dAEEEl] e WEH T Ethanol/go]25(80:
20 vv%) §US ARE-ste] 23] B = ethanots ARESE 3
3] o MlFsled oF 50°Ce] AxT|olM 308 AZ F °F 50°C
o] ZFg B 2487 AT,

BTMAZ ZE™ JHEE A2|7} LI=XI0l Methacrylate
7| =9, Shollx] BTIMAZ 712E AE]7F 4.0 g& 100 mL 7
4 THE7} 990 250 mL 47+ St~ H718tal 30%
7+ 22314 2] (Branson, 3210)2 3}o] #A3HA] A A
Agl7h FA4F & F9H HEe ARE-gE BTIMAS] mol+E 12
sted 17]€] methacrylate”] 7} 1= GMAE 141(2.32 g), 24
(4.64 ), 4M(9.28 g) 2 G (13.92 g)¢] & H|&=Z WHIAIFIH
A REEAIZ T 47 Sepise)] W& A & AaE
Al FYahEA AR 300 (pmOF WA ATFEHA
A&t A7 E o]&3le] 3087 GMAE FY sttt T3k
WS- of WhgA 7o mhE 3RS H|wslr] $ske] 25°C
oA 1AIZE B 3AIZE, 55°CollA A7 | 3Ake R ZH7F
HESFAA HEEAIZ T BEg-o] £ 8912 3000 rppmel| 4] 30
st 94 EEste] el wR T 74 THF €9&
ARR-Ele] 33] 2 <=4 methanolS AR&EFe] 23] O A% 3
%, 50°C] Azx7100A 308 Ax T 50°Ce] FQEoqA
2407 B Az

4. A7t dAES] E ve-S 415] 98k FTIR
(Jasco FT/IR-620), NMR(Bruker/Advance 400 MHz Nuclear
Magnetic Resonance) ¥ EA(Thermo Fisher/Flash 2000)E
ARgsle] 228 AABIITE FTIR 2418 <2 A8k AR
atod 9F 0.03gS HABFEYE A %3 T FIFHOZ 4000
~400 cm™ I} HL]ollA] 2003] scanste] 2 em™! #3 TR
43t EAZE 2189 C 2 N9 3 %E F431%
o}, AAGE NMRS CDCLE &l 2 ARSI, AT
BC NMRZ 4 mm ZrO, rotors ARE-3IA.2H, TMS(tetrame-
thylsilane)Z calibrationdt & CP/MASHZ spinning rates
8 kHzZ #4313t

[N
=l

}

GMA2S| =M JHE HISA|ZH| e ¥Ek BTMAZ 71Z
H A7l tigk GMAL] RESAIZH w2 F3kS goli|
fsle] HEE L E 55°CE 17331, BIMAR 7/|dE 4y
7} 4.0 goll ko], 11e] GMAR.32 g)= F71ste] Whg-A|7H
< WZF 2 3AZke 2 WS kg A7t A=

EE

p

FTIR 4] Z3E Figure 20 JERI M, GMAL] HH-SA|
Zhol W& yaEe wWss #FEsH7] ¥ 4000~
1400 cm™ ¥ 91¢] ~FEHnke YRl Figure 2(a)0] <&
I GMAS] FTIR 2~ E-HS HWH 3064, 3001, 2957, 2930,
1719 2 1632 cm™ol| A T ZE0°] YEFG ST, 3064 cm™'=
=C-H 4l %, 3001 cm'= epoxide ring®] -CHS} -CH, 2135,
2957 em'= -CH;9] vt Al=, 2930 cm™= -CH,2] H]U)
A AlZE 1719 em'= C=0 215, 1632 ecm™= C=C 1= X
UL FRISIATE! Figure 2(b)2] o5~ 2 2l7k9] FTIR 2=
HEHS BE 3739, 1865 E 1632 cm'o|lA ¥ E0] YEt
o 3739 cm” HT= IHE A, 1865 cm” FI= A
27k thEZA2] overtone T2, 1632 cm™ ¥|F+= &3 H,0
o] -OH w3 &Ye IRISHATE"” Figure 2(c)9] &5 A
g7tel 1] BTMAR 10%-7F 7Italisied 71 A7t
o] FTIR 2 EH| X 3739, 3306, 2977, 2937, 2887,
2818, 1865 2 1632 cm™ ¥=ZEo°] VEFEOH, 3739 cm™ T
A= IHE AeE, oFshA Y= 3306 cm™ ¥== N-H
A& 2977 em'= -CH,2] B3 A=, 2937 cm’'= -CH,9]
HIt)A A%, 2887 cm™= -CH,;2] tha 41%, 2818 cm™= -CH,
o] i A=, 1865 cm™ ¥]== A7k overtone AR, o]
g BAEe] EAle A7 YA FH BTIMA7F =9¥
S UERITE? B3 2977 2 2887 cm oA YER}E -CH,9)
A% 3358, BIMAS| -OCH,9] 447} 71=a] w#] &
3L ol e RS YERiE Zlo R A

T3 BTMAR /M2 ¥ 8712 GMAR 1A 2 3870
2] 32] FTIR 22 E&2] Figure 2(d)2} Figure 2(e)lM &=
3739, 2977, 2937, 2887, 2818, 1865, 1719 % 1632 cm™ 3
AEo] YERESH 1719 em™= methacrylate”]9] C=0 3=

Absorbance

4000 3500 3000 2500 2000 1500
Wavenumber[cm™]
Figure 2. FTIR spectra of silica nanoparticles with different reac-
tion time: (a) pure GMA; (b) pristine silica; (c¢) BTMA modified sil-
ica (same concentration); (d) 1 hr GMA treatment for BTMA

modified silica at 55 °C; (e) 3 hr GMA treatment for BTMA mod-
ified silica at 55 °C.
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Table 1. FTIR Peak Area Change with Different Modification Time

Area Area Area Area ratio Area ratio
(3739 cm™) (1865 cm™) (1719 cm™) (3739/1865 cm™) (1719/1865 cm™)
Pristine silica 241 4.37 0 0.55 0
BTMA modified silica 0.96 4.26 0 0.23 0
(same concentration)
1 hr GMA treatment for BTMA 0.68 5.80 0.20 0.12 0.03
modified silica
3 hr GMA treatment for BTMA 0.58 5.98 0.78 0.10 0.13

modified silica
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Figure 3. FTIR spectra of (a) pristine silica; (b) BTMA modified
silica (same concentration); (¢) 1 hr GMA treatment for BTMA

modified silica at 55 °C; (d) 3 hr GMA treatment for BTMA mod-
ified silica at 55 °C.

Table 2. Nitrogen and Carbon Contents of Silica Nano-
particles with Different Modification Times

Treatment Time Nitrogen (%)  Carbon (%)

1 hr GMA treatment for 0.53 2.77
BTMA modified silica
3 hr GMA treatment for 0.52 3.06

BTMA modified silica
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Figure 4. FTIR spectra of silica nanoparticles with different treat-
ment temperature: (a) BTMA modified silica (same concentration);
(b) 3 hr GMA treatment for BTMA modified silica at 25 °C; (c) 3
hr GMA treatment for BTMA modified silica at 55 °C.
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Figure 5. FTIR spectra of different GMA treatment concentration:
(a) BTMA treated silica (5 times concentration); (b) 2 times con-
centration of GMA treatment for BTMA modified silica; (c) 4 times
concentration of GMA treatment for BTMA modified silica; (d) 6
times concentration of GMA treatment for BTMA modified silica.
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