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Fig. 1
after(b) treatment

FTIR spectra of composite samples before(a) and
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Fig. 2 FESEM images of samples: (a) PS; (b) PS/D-mSiO,-1; (c) PS/D-mSi0,-2; (d), (¢) PS/D-mSi0,-3; (f) PS/D-mSiO,-4
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Fig. 3 TEM images of samples: (a) PS/D-
mSiO,-1; (b) PS/D-mSiO,-2; (c), (d) PS/D-
mSi0,-3; (¢) PS/D-mSiO,-4
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Fig. 4 Low-angle and wide-angle (inset) XRD patterns of

composite samples

KRLFFE A A TV AR 26 Hy B 536, R
H BT A FUAARHIR BE B B REAE o S AXT R 7T plpg KT
0.4 I, SR LB T W R M ER, WHE
P/po=0.4~0.55 Kb B BB A B S, T REUR
H TN ALILE S E S0 T2 R BAEA, 15K
FEXT e 73 (p/po) T 50 46 5 (i 1) Y il W RE HHT-5K 7
580 5 AR PO I, BUE SRR 2R p/po 1E 0.45 Jo AT 58
R, mAREIMA. B 50b) (d)s (OFM)FTRN
4 ARSI ALAR A M 2, W] LAt I R B S
M AL S PR EHEER . BT
5K IR FE N AEAE, T EUBLP S A5 H 1L A AT it 42
£ 3.5 nm P ABIHIL T — Lo A, A RE 5K
Hhy S IR it FRAEAE I FLEE M o A FF i N A A FL
SERANGEFLAR A A, BT ORAL B S B AT AT S
TN, 5 BRI SO SRAS P SLARE R KT
BRSO TS A S . 28 B AT AT 50, X A SR aG B
1R FLIE L BN A EOIR A FL AR B 5
M R B S A R AR FLAR 20 A ST 2 LA Bt T 5E g AT

R/ 1 GORKLT AL S

Table 1 Pore structure parameters of composite samples

fGo BbAkh, TEBEHEE RN 300 rv/min 25 1F T i 5
PS/D-mSi0,-3 gHKHKi T HIFLA A B (LA 5(), #
BFLAR RSO — o T 23 2 0 e s (KT
BT S 8 V)l KEUE N AT R S BUH I 2 AN LA
il Wik 1 Frgl, Frfd PS/D-mSiO, 49K ki 171
FLARAE 6~9 nm O (BB SR EAR), FLAREUE
0.3~ 0.5 cm’/g.

24 HIEHS

ZiEE 6 i d R E R, W EAWECR
FR ML PS/D-mSi0, 91KKL T[] fe T AL
1] 55 S e R 2R A T 18

PR AL B ARETE S K S 53 2 S A R HH )
TERL, PIREW R AR I A A IR R . I SR
FERBEFINFLALIE AR K SE— R E R d . KB
W, R PS WH%Y CTAB Z[HfF{E M 8] /% 71, 2
PS K1 PVP SV CTAB &7E LA 8155
FHEAEFBISREN N, A 46 G FF B H A PR E o
T E H AR AR IR R o X LA R I AR AT
] TR e W AE PS A%, SBUIRTES . B4k,
REAEMREF SIS DVB WA B TREER L
IRAE T KAR R P B AR A RS e 1, AR T A LA
WHEFE R RIS 52 A o (R 1PN = 1 4
F, CTAB FIE 5T A= L g /KA BAE A,
1E e AT AE M T SE T ) CTAB e HUE SR SO K
AR FLRCR, XATRe S “AHRUAEE” FERA K.
F4h, CTAB FIECbeff R AF UL ECEE KA B T fa e
AR . FEARTIG ST, BN TEA W75 5N
W Z KA pH 1, WiEd TEA BIELIE R
TEOS KAEIKERAEA, AEM/ZK AL = R AL Rk
TR ERGIK AL . BT AAAESE K Si—OH %:H], Wik
SEHEFILE 7R B il K X . R R IR
Yk B S A% IR B, RERR SRR T i — 2Bk A
TKAH DA fid 2 A% A o 30 %o S 7 A R G SR AN

Sample Averggi particle A\./erage ihell Average pore size“/nm Pore V;)llJ;IIIled/
size’/nm thickness’/nm Adsorption Desorption (ecm™g )
PS/D-mSiO,-1 251 16 6.6 52 0.40
PS/D-mSi0,-2 293 32 6.1 5.1 0.38
PS/D-mSiO,-3 301 41 7.2 5.2 0.41
PS/D-mSiO,-4 259 21 8.4 6.6 0.47

a: Determined by FESEM observation; b: Determined by TEM observation; ¢: BJH method from adsorption and desorption branches;

d: Single point pore volume determined at relative pressure of p/py=0.99
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Fig. 5 Nitrogen adsorption—desorption isotherms and pore size distributions of nano-particles samples: (a), (b) PS/D-mSiO,-1;

(¢), (d) PS/D-mSi0,-2; (e), (f) PS/D-mSi0,-3; (g), (h) PS/D-mSiO,-4
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Fig. 6 Schematic diagram of fabrication procedure for PS/D-mSiO, composites
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BORA LA RE I SR FE /N o it 35 35 P R (220 5%
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Fra@E e, AT TEOS K AT E B
WAE/KH A CTAB IRHAEH FHE E W% R . BE
TEOS ¥ BURI/K i 2 B 1 b0, Emife ik 7 /v fL5%
JE A K I i A AT R R K . T A R R R
(500 r/min)if, WRESE T R BT U] AR T A
WA, /KSR S FLIRAE . S EUHFEL 2
ff) CTAB iR, FF{#75 TEOS LA K HAT A=Wk ok vk i
BRAK, BAEAFINBTEENE KR Z BRG],

JEJRFEARR AR . ST FLE L RE R BRALIE 1 )
TR SO R 5 R R 3R A 5t BIRAIR R

3 g

1) AN bk = B IR A 5 (CTAB) 9 45 14 3t )
PR 7« IERERR TG (TEOS) AR IRIA . = ZEE(TEA)
AT IE 25t (n-hexane) A iHiAH, I it/ 7K P AR
SRR REE G IR ZI T B, 1R LI (PS) %
1000 78 WECIR A AL AL TE(D-mSi0,) 72 2, #il4 T A

SEREN LT S5 ) PS/D-mSiO, 49K KL T

2) ATAS 9N KR KR AR 43 93 8 (251£10) nm .
(293+10) nm+ (301£11) nm M(259+13) nm, 7 EE
FEYRIZ9 5 164 32 41 A1 21 nm, “FHIFLIEH 6.1~8.4
nm, FLIERIEE 0.38~0.47 cm’/g. & ILHA 3k %
(150~500 r/min) 38K, GUKRL T IR 2 555 B 2 58
KSR/, ATRES BIYIE R S AL G 4
B, AERA YR BRI R IR A K

3) FEARSR AN, SHEE A 300 r/min 1,
FHS P= A% 7 B S S M LI S ST e . BT
BRI PS/D-mSiO, 4K 7 KA TFiR =4k 1L
TEEEH, AR AR AR R TN 155
7 THI HLAT T A R F B
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Controlled synthesis and structural regulation of dendritic
polystyrene/mesoporous-silica nanoparticles with
core-shell structure

MA Xiang-yu', CHEN Ai-lian’, WANG Wan-ying', CAI Wen-jie', CHEN Yang'

(1. School of Materials Science and Engineering, Changzhou University, Changzhou 213164, China;
2. School of Mechanical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: The monodispersed polystyrene (PS) spheres were obtained via a soap-free emulsion polymerization method
using divinylbenzene as a crosslinker. The cross-linked PS cores were uniformly coated with dendritic mesoporous silica
(D-mSi0,) shells via a developed Stober method accompanied by the self-assembly of CTAB micelles with TEOS in
terms of an oil-water biphase system, and the PS/DmSiO,nanoparticles with a well-defined core/shell structure were
prepared. The obtained hybrids were characterized by Fourier transform infrared spectroscopy, low-angel X-ray
diffraction, transmission electron microscopy, field emission scanning electron microscopy and nitrogen
adsorption-desorption measurement. The results show that the silica shells are composed of abundant dendritic and
three-dimensional mesopores, and the radial meso-channels (6.1—8.4 nm) are perpendicular to the surfaces of PS cores.
As confirmed by low-angle XRD, the meso-channles in the silicashells are not in long-range order. For a given PS core,
the particle size(or shell thickness) of composites increases firstly and then decreases as the stirring rate increasing. Under
the experimental conditions, an appropriate stirring rate contributes to the improvement of the structural integrity and
pore size uniformity of the final products. The possible formation mechanism involves the interfacial emulsion to form
oil-water hemimicelles, exclusive composite micelles on the solid nuclei, funneling gradient assembly, and growth of the
mesochannels.

Key words: mesoporous silica; dendritic mesopore; nanoparticle; core-shell structure; oil-water biphase system
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