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Fig. 1 Left: Schematic formation of the p ( FA-co-DMC) /silica hybrid nanoparticles by biomimetic synthesis under ambient

conditions; Right: Images of the p(FA-co-DMC) latex dispersion used as templates before adding TMOS precusor (A ) and silica

hybird nanoparticles dispersion after TMOS desposition ( B)
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Fig. 2 The typical TEM images of the FA copolymer latex (a) and resulted silica hybrid nanoparticles (b), as well as the corresponding

SEM image (c¢) of SiO, hybrid nanoparticles

( Synthesized conditions; DMC =10 wt% , P/TMOS (W/W) =1:10 under 6 h at room temperature )
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Table 1 The influence of different TMOS concentrations on the compositions of SiO, hybrid nanoparticles

P/TMOS Si0, content” EDX(mol% ) Si0, content b Si0, deposition®

fun (W/W) (wt% ) N (0] F Si (wt% ) efficiency (% )
1 1:10 27.82 0 76. 4 6.9 16.7 44.74 9.77
2 1:100 52.20 0 70.0 6.8 23.2 53.32 2.77
3 1:200 65. 86 1.6 60.7 7.9 29.8 55. 80 2.44
4 1:400 75.07 3.0 64.5 6.0 26.5 59.65 19.91

* As estimated by TGA data;” As determined by EDX data
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Fig. 4 (a) The typical TEM image of SiO, hybrid nanoparticles; (b) EDX spectrum of a randomly-selected nanoparticle from (a)
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2.3 FA #RY/Si0, R A KB FHIF RS AW FLIBORL AR A b 5 ik D) BE 2k 4] (DMC)
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Fig. 5 (a) TGA curve of SiO, hybrid nanoparticles; (b) Raw data of XPS spectrum of SiO, hybrid nanoparticles at 45° take-off angle

Synthesized conditions; DMC =10 wt% , P/TMOS (W/W) =1:100 under 6 h at room temperature

MR 0 A Al i, vk JBE R /N K A3 A 4 T 3 Y
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M FA LR YBAR h DMC ¥R R 5 wi%
(6 (a)) , A B i 2% fhokn 2 1 4 6 o, (HoRL 7
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Si0, KL 1 238 G5 A B e A B A% ook 7 ™ 8 O B

A WKL I B, XN Si0, 52 J& H A7 1R B
Z BB Si—OH,, il B e i A rhos 1 18] 48 e 4
B FEOH . 2 DMC ¥ B2 4k 228 KN 6 (d)
6 (e) FIr 7 , & AL KL 5 N R IT ot B2 i, B 3
LU T i 2 1) 5 A, HG 3R T AR RE , B R A R
nm (/)N SiO, FORL B . =5 il B R R 4 b as 4
HysE s (B 6 (), R34 B/ Sio, 61 &
H IO 3% 5 B A0 1) B G B i 2 2% AR 1Y 23 L
PEAS 2%, I BURL TR E R LR I BLAF 1A
KL FRiARBR, 297 300 nm 72 47 Si0, (UL Kk
HEFE RIS B DMC e B2 37 , 21k iy 36 2%
Wy 2K LB TN, BAAS I3 -5 5 N T R {HL ) T BED
L) B 5 5% DRI S MR 1 ) F) R i R 4 3
A RA B A AL T

PEHL DMC #5814 B 4 10 wi% 1 20 wt% 1)
FA JE SRy 2L IBORL A 1 M i 1] 7 19 Si0, 2% Aok 7

Table 2 The influence of different deposition conditions on the compositions and the shell thickness of SiO, hybrid nanoparticles

DMC concentration P/TMOS Deposition Si0, Diameter of SiO, hybrid NPs (nm) Thickness of SiO, shell (nm)
(wt% ) (W/w) time (h) content® (wt% ) DLS TEM DLS TGA
10% 1:20 6 22.05 155.1 1.90 3.36
20% 1:20 6 36. 17 153.0 5.30 6. 05
10% 1:10 6 27.82 118.43 91.6 +20 — 3.58
10% 1:20 6 27.00 141.2 100.0 15 10. 60 3.45
10% 1:50 6 47.00 137.3 97.5 +14 8. 65 7.71
10% 1:100 6 52.20 130. 4 104.9 £ 14 5.20 9.29
10% 1:20 1 19. 16 144.3 106.5 +17 12. 15 2.25
10% 1:20 2 16. 85 128.2 103.8 £ 16 4.10 1.94
10% 1:20 4 37.81 149. 4 102.9 £ 14 14.7 5.48
10% 1:20 6 27.00 141.2 100.0 £ 15 10.6 3.45
10% 1:20 12 29.52 127.0 100.0 £ 19 3.50 3.87
10% 1:20 24 33.13 158.6 100.0 £ 17 19. 30 4.53

* As estimated by TGA data
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Fig. 6 TEM images of the FA copolymer/SiO, hybrid nanoparticles and the pure SiO, nanoparticles with different DMC concentrations: (a)

5% , (b) 10% , (c¢) pure SiO, nanoparticles obtained by calcining sample b, (d) 15%,

obtained by calcining sample e

(e) 20% and (f) pure SiO, nanoparticles

Synthesized conditions; P/TMOS (W/W) =1:20 under 6 h at room temperature
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Rk 1 TEM BE 401 7 iR b 7B 50 A
BV 5 850, OF LR/ —. 3T R B Y
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QUKL BIR B B e A5 A B R 3R T AF TR
W I R AR B (181 7 (a) ) BB TMOS 511
BN, 4 AbRE - 2 1T 0 RE 48 R T B0 5 8 0 O
BROE A% S 45 1 e T FL &, (DR 38 1 A8 159 305
FHRE .

FRIY R, B 6 rh Si0, 44 fboki 1 2% T 30
TOR R R B AR 4 U B4 (s Sk TR )
{HBE#E DMC ¥R B B3 K, Ak PO bl 22t R

ST Y

Fig. 7 TEM images of the FA copolymer/SiO, hybrid nanoparticles synthesized by changing the mass ratio of copolymer to TMOS; (a) I:

10, (b) 1:20, (c) 1:50 and (d) 1:100

Synthesized conditions; DMC =10 wt% , and the reactive time was 6 h at room temperature
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Fig. 8 TGA curves of SiO, hybrid nanoparticles synthesized by

different mass ratios of copolymer to TMOS
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Fig. 9 TEM images of the FA copolymer/SiO, hybrid nanoparticles synthesized under different deposition time: (a) 1 h, (b) 2 h,

(c¢)4h, (d) 6h, (e) 12 hand (f) 24 h

Synthesized conditions; P/TMOS (W/W) =1:20, and DMC =10 wt% at room temperature

a i 200 nm k

200 nm ¢

‘ ZM d

200 nm

Fig. 10 TEM images of the FA copolymer/SiO, hybrid nanoparticles synthesized under different deposition time: (a) 0.5 h, (b) 1 h,

(¢)2hand (d) 4h

Synthesized conditions; P/TMOS (W/W) =1:1000, and DMC =10 wt% at room temperature
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BIOMIMETIC SYNTHESIS OF HYBRID SiO,NANOPARTICLES
WITH A MOBILE CORE TEMPLATED BY HYDROPHOBIC COPOLYMER

Ping Huang, Ting-ting Yang, Jian-jun Yuan, Rong-tao Hu, Shi-yuan Cheng
( Faculty of Materials Science and Engineering , Hubei University, Wuhan 430062)

Abstract A series of well-defined hydrophobic copolymers latexes of fluorinated acrylate ( FA) with 2-
methacrylatoethyl trimethyl ammonium chloride (DMC) were synthesized as potential colloidal templates,and
then the core-shell FA copolymer —SiO, hybrid nanoparticles ( NPs) with a mobile core were synthesized via
deposition of tetramethyl orthosilicate (TMOS) in aqueous media at room temperature , allowing the formation
of hollow-structured silica NPs by subsequent calcinations. No experimental evidence was found for
nontemplated silica formation, which indicated that silica deposition occurred exclusively in the latex surface
and formed FA copolymer-SiO, hybrid NPs,which was confirmed by the combination of FTIR,EDX,TGA and
XPS determination. Studies from TEM and TGA indicated that the morphology and composition of the resulted
Si0, hybrid nanoparticles could be well controlled by adjusting the DMC concentration, the amount of TMOS
and the deposition time. Higher DMC concentration, higher level of TMOS amount or longer deposition time
produced the FA copolymer-SiO, hybrid nanoparticles with more enriched SiO, content and thicker SiO, shell.
Moreover, the morphology of the core-shell hybrid nanoparticles with dented wrinkled surface turned to regular
spherical nanoparticles with a mobile core after SiO, deposition. These new core-shell FA copolymer-SiO,
hybrid nanoparticles with a mobile core and corresponding hollow-structured silica nanoparticles would have
potential applications for high-performance encapsulation and delivery of drugs, pigments and the active organic
molecules.

Keywords Biomimetic synthesis, FA copolymer-SiO, hybrid nanoparticles ( NPs), Core-shell morphology,

Mobile core



