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FE e Stober 5 F1JC B R AW 4525 40 A 1 A AL iE/ PMMA -5 90K GER. GG Stober
Pt 3-C A S EE T R TR SR kot (MPS) B M AE 9k ) kSRS, FIJC B 2LBR A kil & -7k
k. RS HAAREES SR EYWE R, A AR MMA &R, FH3h & 6m0Em &,
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AT R D48, Stober 25178 2B R BAE AL 1 48 28 0 A ARG KRBT IS, AMTIRA S
T RN | 224340 B SR AL REG KR F I — S AR A W% -FetBK.  Bourgeat-Lami 45> 1| FiI FH
BT51 &7 (AIBA) , FERMEIER .l DL NP30 /ER iG], FAEUERA HEESCEL T PMMA Xf %
T A AR ORE 7. Zhang %5 FR BLFLIGR G, UL SDBS fEZLAEH, K PS A PMMA 4354
BB RMHERL T MPS 19 4846 AEMOK . Perruchot 252! ] ATRP B2 PMMA £33 3| — A fbakki 7 |
HRNAE A B TR R DIAIKRIEER. Ding U R FHFLIHCR A 97 228 PS I PMMA 43 540 78 51 3 1
FHIMBREAL A RO F |, BAE AR FEE T — D850 AR T, Liu 55 fE i bk
WHRIZHET, LLAIBN 91 &#), 435914535] PDVB #1 PEGDMA f0.75 it kv — A Ak ik ki .

T B IR AR AN 8O, AMEFHZLGN, B S A iR . i s A 1 4
MEA BRI R, TR ADHMERRR, 15200 A5 MERR IS EeN, RiRss). FH
TRABREIE, BREYWUIRR R F FE R, BA R0 R R, A SCR A Sk )
Stsber J71, BUAE 43 Al AR ARG K -3 TH A — )2 T URN LB A HLEAR HEA T 2R A ROV B R A
SRIGRIRTC R FLBRA, B MMA RA B TOALGRR F R R o T, S8 TaENS), B2
JEREETE 6.4 ~96.3 nm Z [ A ¥, RGPS A AVL-THGUKRE A IR, A UL R, Scheme 1.
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Scheme 1 Synthesis routes for silica/PMMA core-shell particle
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1 SEIGE Y

1.1 RXFI5EE

IERERR ZFR (TEOS) , feaial, REERFIFMIL A RAF; KL (EOH) , feal, bt
T) 7 3- A S B IS R 2k e (MPS) |, Acros 23#]; Z/K(NH, - H,0) , 4r#frél, Jbatdbibrignft
A RTUE AL, IR ER (MMA) , 8ral, RET AR50 =), 2R 7813 bk 25 B 5
JECEAEVKAE A b BRER AR (KPS) , Andral, dbstfb T, SEg K E b LBk

JEM-200Cx 5 5 FL - S G0 B% ( TEM) , i e e oh 200 KV, KA i B 422708 Jin 21040 ) - W22, SHI-
MADZU SSX-550 SUPERSCAN 941, 7 {55 (SEM ) , #5228 W5 4 A P 5 W 2E. Nicolet Avatar 360
HILTAMETEAY (FTIR) , F4575H 400 ~4000 ¢cm ™, KBr JEH'. Brookhaven 2\ ] ) ZetaPlus Y34 ST
FiEEAL. PerkinElmer Pyris 1 TGA BRI HTAYL, ¥ Si0,/PMMA #%-58 3R FLIKAE 8000g F 5.0, RIS TE
100 C T2 h. 7EN, KR, HERIFHELL 10 °C/min AYHEE T2 700 C.

1.2 RESTRABHREANESH -SUEMHKRNTHH &

T E AT RA B BRI 43 A A ACEEGKORE + FH 2 1Y Stober 725, FH TEOS Fil MPS J6 5 78 £ B2
ORI 251 T SRR iR, 7R T R ¥ 30 mL TEOS /il A% 350 mL Jo/K Z B, SRIE P A 30
mL 7K1 12 mL 14 mol/L Z/KIEA W, L 200 v/min (I EERFES N 3 h J5, MIA 0.3 mL MPS, 24 h J5
IR AW T 40 CHER 78 & 8 — MR B, AED e & 25 A BT /K M H Wk ) 0. 1 ¢/mL.
FH TEM 1 DLS i (k4543314 80 1 103. 4 nm.

1.3 EHoHNZSfUE/ BRERIGEPEE(SI0,/PMMA ) #Z-5EREBkE il &

BARNAE N, KPR AT, TR B B R R g, A LR gk A erbR ool . &
B PR A MMA BAfK 5l N, 4, 14K (300 ©/min)30 min 5 P THE, 1£75 °CHFINAGE & A9 KPS. fHIR
6 h J5FHRE] 85 C UKL N 30 min, 2R FEIR R, 1382850 A 1Y Si0,/PMMA #%-7e iR FLIE. 3 1
25 R TR BERE HE 45 1F R ) £ B B -e RS- ¥ ki A2 R B A MR P R AR, RTLUER, ME
m(MMA)/m( g-silica) H 1. 85 ¥4/M%E] 18. 46, BAYOENEEH 6. 4 nm ¥E/NF)] 96. 3 nm.

Table 1 Typical ingredient recipes of the preparation of silica/PMMA particles

Sample V(g-silica)/  V(MMA)/ m(MMA)/ Particle size/nm Thickness of PMMA/nm Mass loss

ml® mL m(g-silica) DLS ~TEM  SEM Caled.” DPI® DLS TEM SEM Caled.® (%)
1 — — — 103.6  80.2 96.5 —  0.005 — — — — 6.24
2 4.0 0.8 1.85 116.4 97.3 108.6 90.7 0.038 6.4 8.6 6.0 5.4 22.25
3 2.0 1.0 4.61 145.8 122.3 128.4 127.6 0.022 21.1 21.0 15.9 23.8 59.58
4 2.0 1.5 6.92 184.8 151.5 152.2 161.5 0.005 40.6 35.6 27.8 40.8 77.19
5 2.0 2.0 9.23 207.6 171.2 176.2 181.8 0.005 52.0 45.5 39.8 50.9 83.29
6 2.0 4.0 18.46 296.3 233.6 242.4 253.5 0.005 96.3 76.7 72.9 86.7 93.41

a. g-Silica dispersed in water with 0. 1 g/mL; b. : calculated by TGA; ¢. DPI characterized by DLS.

2 FERE5TE

2.1 #Z-FEHEKE FTIR &5 7

Bk R ACREGRKR T | Bk MPS (9 AL REGAR F A7 AW IR -7 90 KB /Y TR 6
EE. B g% e b, 1398 F1 1639 om ™ IRFIEWE AT LA ZE y Si—0—Si K Si0, 1A 58 27K fif i 2 S 3
5 Si (9 geiRsh; %4k b £, 1700 em ' A1) C = O BEIREHIE LI MPS B A AE S LREAN KK T
s & e EHIL1731 em ™ B PMMA /Y C = O S 4RHR S, 2996 12950 cm =" AL C—H SR
AiPRsh, Uil MPS ORI QORI , 17 PMMA A7 8 — A bREGKR R+ |-
2.2 #%-FHBKE SEM #1 TEM 4347

Kl 2 MR AW Ut G AL REROR Y35 BT FLE (TEM) ARl B3 (SEM) B . B 2(A) &M
22 MPS Bt e i — SR REBRIE I &), ORI A/ N 80 nm. K] 2( B—F) R AW 5 Fr S A [F $50k
PR A% -5 S G ORCIY TEM R R, AT LIS REME 1 B SR A BB % -7e 454, RGN R G aEE T
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) Sio, BRA%. BEE m ( MMA)/m (g-silica) 14
hn, e R G Y TR R ] AR, TEM 45 5R%
M, BEWYCZEEH 8. 6 nm #9576, 7 nm, Fr
ARG PR R & —4 Sio, 3k#%, H Sio, ki
T TEAMERM g, 7EE 2(A") A MPS Bt fa -
TARARREBR R R BT IR . R RIE S ERIE 3
IR, KNSR 103 nm. B 2(B'—F') WRAEY)

1731

WERI-E A URLRY SEM B By (LTS 40000 35000 30002500 2000 15001000 500

Plem!

R/l ez b R AP NN K N S P R iU SIS Fig.1 FTIR spectra of silica(a) , silica particles graf-
B BT 2 (F) SR A B A T Si0, fiEk i i ted by MPS (silica-MPS) (b) and SiO,/
ik 18. 46, BRI FEMERE. BiE MMA/ g- PMMA core-shell particles(¢)

silica Jii e FL A3, T2 A AR FRiAR Bl BAR K, SEM 25 REMRAWIEEH 6.0 nm #NE] 72. 9
nm, 5 H DLS Fil TEM 15 2] (k7 1248 b R — 2.
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Fig.2 TEM(A—F) and SEM(A'—F’) images of the growth of SiO,/PMMA core-shell particles
m(MMA)/m(g-Si0,): (A, A’) 0; (B, B’) 1.85; (C, C') 4.61; (D, D’) 6.92; (E, E') 9.23; (F, F’) 18.46.
2.3 #%-R=REREK TGA S
F AR EORHL BT, RG WX Sio, B BA AR, H TGA MlifZ: MPS
Bt 1 Si0, 3R KR I B I RE 1 52 G k. sl R F 2k, SR Abboud 5T ik, H R A
T AR S A B 5 A Lo 0 & . SRS MR 5 B s 110t PMMA GBI JR . m, =
(473) TP, s> My —my = (4/3)7 (15 =17) Prypya » T, my 2K g-silica BYTTHRE, m, AL S-SR Y
Btid, r, o g-silica B4R (TEM JAH 80. 1 nm) , r, WG R-FEMERI AR, r, RIDGIER S YA
TR, g-silica (1% BEBUE LN 2.6 g/em’,

PMMA f8 ORI 1. 19 g/em®. WA 3 6] LIE T a
£, % MPS it i Si0, 3%, H&E N6 01%, < Y )
REIREE 400 ~ 600 °C, XN Si0, BRFE 1 4L 1 (1 Eﬂ 60

MPS % TEOS A5 2K i i—OR JEHA Al si0, k% Z 40t .
i—OH HOMTZL, Tl T 300 CHIORTMEE 5| y
R Si0, Bk 22 WYy B0 B 14 K S 79 2. B4 el 3 N s —
AT, B R R, K 2 R 0 e T
22.25% M F] 93.41% . £ 200 ~ 400 C ff) 2k & Fig.3 TGA curves of the SiO,/PMMA
3 PMMA 1 B¢ 5 o3 i it 2. BB m ( MMA )/ core-shell particles

m( g-silica) M 1.85 H4 i 2| 18.46, #-52 ki F m(MMA)/m(g-Si0,) : a. 0; b. 1.85; c. 4.64;

PMMA 75 ikt A 22.25% 341 5] 93. 41% . iH5 40923 e 9.23; [ 1846
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ZREW, BEE m(MMA)/m( g-silica) B3N, EERFHREVOEZREN LR, ZEREGYE
FEH 5. 4 nm BEINE] 86. 7 nm, 5 LA EHEWI () 25 R B A — S
2.4 Z-ERERAOBEREIE

T MMA 7E7K RO A B Lk, 78 25 CIEATLAIAE 2 ¢/100 mL. FRATTHT R A9 B AR B2 bR B
b 6 SMNARTE 2 ¢/100 mL DAR, R EE A i R, MMA #2R fAe/K Fhid). B Si0, Bk B8 & sk
MMA 7K. In#AE KPS 235 K RA, TCHLGRR 3R 1 ] A BGEFI L A MMA ARG B
BCERA W TAURR TR KR AR MMA SRS 53 W5 5 A7 320 90 KR T 119 2% 11 3R 6 vh A 7
Bh, WATEKRPREIE TR, TP TR AR TCHLA AR F Al IR, 18R iZ TEAL N KR T3
HEZE, U BRI L KR T R A Y L 2 AR R
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Preparation of Monodisperse Silica/PMMA Core/Shell Nanoparticles with
Controllable Shell Thickness by Soap-free Emulsion Polymerization

FANG Jian-Yong, LIU Xiao-Li, LU Zi-Yang, ZHAO Chun-Shan, GAO Ge,
YANG Wen-Sheng, LIU Feng-Qi”
(College of Chemistry, Jilin University, Changchun 130012, China)

Abstract Monodisperse silica/PMMA core-shell nanoparticles were prepared by soap-free emulsion
polymerization and the modified Stober process. 3-Methacryloxy-propyliriethysilane (MPS) tailored surfaces of
silica can be obtained from sol-gel preparation with Stober process. The core-shell nanoparticles prepared from
the soap-free emulsion polymerization were efficiently created with a uniform polymer shell. The shell thickness
of PMMA was increased from 6.4 nm to 96.3 nm as judged by dynamic light scattering with increasing the
amount of the MMA monomer. Thermogravimetric analysis result indicates the mean PMMA contents of
22.25%—93.41% . The results of SEM and TEM show a well-defined core-shell morphology for the
inorganic/PMMA nanoparticles.

Keywords Soap-free emulsion polymerization; Nano-silica; Core-shell encapsulation; Poly( methyl
methacrylate ) (PMMA) (Ed. . W, Z)



