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Scheme 1 Cu®* -amine redox-initiated radical polymerization
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Scheme 2 Preparation of TiO,-PMMA hybrid nanoparticles via Cu®* -catalyzed redox-initiated radical polymerization of

MMA from TiO,-NH, nanoparticle surface
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Fig. 1 XRD pattern of TiO,-NH, nanoparticles
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Fig. 2 FTIR spectra of the TiO,-NH, nanoparticles and the

TiO, -PMMA hybrid nanoparticles of different reaction time
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(a) TGA curves of the TiO,-NH, nanoparticles and the TiO,-PMMA hybrid nanoparticles of different reaction time; (b) Reaction

time-grafting yield curve of the TiO,-PMMA hybrid nanoparticles prepared hybrid nanoparticles via the Cu®* -catalyzed redox-initiated radical

polymerization of MMA from the TiO,-NH, nanoparticle surface

Fig. 4 SEM images of TiO,-NH, nanoparticles (a, b) and TiO,-PMMA |, hybrid nanoparticles (¢, d)

FE VLBl Al R ERCR A P, %A
FE—NH- 5 K g 2k PMMA - )] MMA SR
B DMSO ¥ 5] 73 1 1Y BE e B8 S vl vl BB JE 1
i B PMMA 5 96k, (H 2 AL PMMA - (14§ %
B8 M0 AR T ISR B R e Y 4
i E i ) MMA SR 7 7 B B RS Bt/ T
UL T2 Bl R 1) DMSO 5] 2 1 1
BB W B — M A 107 L, i

—NH- 53K [ 13k PMMA - [i] MMA {44 F ok
H DMSO ¥ 5 43 F 10 4% 5% B F o A2 7T LA 22 W 1.
h T R RAT R A WY B, AT AT T LR
SRS (1) K LA b B IR A W B — BLi [A]
B0 AT B 5 B 20, DOVE A TR o A
AWM H, (2) % & F DR CuSO, 1) MMA/
DMSO R A& V3 W T 4 A 24 h J5 8] A Tl 05 4
A RE YT . UL FRATA LA AR b



196 i

=

?

i 2013 4F

%

YK TiO,-PMMA Z=4b ki T & A 1) PMMA F 22
Shy 3 2o i R E 0K TiO, R 3R T 2 AL
REWEE, R THIE S IR R A W BE S E AT L
20, BT PMMA 53 i £ 8 # il i Si—0—Si
Hl Si—C 25 A B [ 22 400K TiO, b 1, M
DL b 7K A 45 O ORI B R U TG vk A b v
B $E k PMMA B 1 43 5. Rt FRATT 2 47
T UL CuSO, -2 = Jii Jy S8 Ak 38 R R 78 5 45 1
T5l % MMA F DMSO iy H H R &, i 4
PMMA 28 GPC 45 9 AH XF 553 43 + & Fi 43 F i
ARk 47400 FN 2.78. T4 M 2 B e
JETI &5, K TS PMMA (#4318 0 A 30 B
RERE 51 & (G AIBN) 5] % 15 7= ) 8 v .

& 4 %t T 442K Tio,-NH, ki 44k Ti0,-
PMMA,, Z2 {7~ 1) SEM 45 5. & 4 (a) F14(b) 2>
4K TiO,-NH, B+ F 44k Tio,-PMMA ,, Z¢ 4k
K71 SEM [, R AEECH 5000 5. b Al LUA
845K TiO,-NH, by FURL 5 i A 5% Rz 458 3k 4L
THOK B R WORE , 3 J2 40 K TiO, R my B2 A1 2R i 2%
BT 40K TiO,-PMMA, | 24 A6 kL 7 1) AT 3R 8 B
BN W, A % T Bk PMMA 854 BY T ol 3% 449 >k
K7 TiO, AT R FEEE. 1 4 (c) A1 4 (d) I 2y 43 53]
JEYK TiO,-NH, R F FI 44K TiO,-PMMA |, 2=k k:
Ty SEM [, i K A% %4 50000 £%. & b @R 7Y
VSR AR RS =8I 2 NI E -3 <87 NP W i) 3 I U
T A E AR, B PMMA % /N T Tio, A& 4k,
PRI M 9 25 A B2 22 SR B

ik TiO, KL F R ER 9 T8 25 5@ 2 TEM % W
Z2,B5 XTI T 48 K Tio,-NH, &+ g4 ok Tio,-
PMMA,, Z2fb 47 F () TEM 455 R A5 %0k 97000
i FERERC R BRI , oK TiO ki H B k42 1
25 20 ~ 40 nm, )\ TEM W25 5| (1 45 ok F ,
FRA G Ak Tio ki + H BB S E A K.
W, FRATT I S DU E AN TRD VAR A 5 rh X bl T AR
BT S A1k TiO, A+ A A [] 4 o

K 6 It A& T TiO,-NH, 44 X ki ¥+ 5 TiO,-
PMMA,, 9§ 2K Z Al A 75 A [\ A 5 o 9 R A% 43 A
HH & AT 0L, 7 3 08 R e L 43 )2, TiO, -NH, 44 K
T AE K R R R R AR 208 60 ~ 200 nm; i
TiO,-PMMA | 9 K e fb hi +, i1 TR WA K&
PMMA 7355 , F 7K KW BE T 1%, e 7K o
) B A AR 7% 24k 260 ~ 400 nm , % K F
TiO,-NH, 40 K 78 A 554 T B B 3R 4 R R
S S AR BlCAE A AT R Y TiO,-PMMA | 442K 24 4k

Fig. 5 TEM images of (a) the TiO,-NH, nanoparticles

and (b) the TiO,-PMMA |, hybrid nanoparticles
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Fig. 6 Particle size distribution of the TiO,-NH, nanoparticles

and the TiO,-PMMA , hybrid nanoparticles in different media
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Table 1 Size distributions of TiO,-NH, and TiO,-PMMA éw jk T102 _NH2 *j % E B ‘b'_[: ﬁ T+ F‘E—‘ %{S i X.‘J‘ T élf\] }K
nanoparticles TiOz_PMMA“ %L:‘ 'f’t *ﬁ % s HE[ ﬂ: %% E ﬁ—é T PMMA
o S it 2 B S L 15 A2 O £
Medium Z-average diameter (nm) PDI |:F| :!Ijifﬂ Hj 4‘% E/,J %%fééj\%l .
TiO,-NH, Water 565.1 0.591
Water 1355.0 0.872 3 Z£ig

TiO,-PMMA,,  Toluene 781.9 0.504

DMSO 436.3 0.632 WL AEGOK TiO R T E 1 51 AMAME T2,

o = Y|
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14
15
16
17
18

19
20
21
22
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M — 15 244K Tio,-PMMA Ze b5 &K 1
R A BT 3. Fh T BV U R A i R A
Az, JO AR 20 BR LR U B R, WA
A7 B g5 20 oK Ti0, 20 b 2 b T HR A T — P A

Fig. 7 The image of mixtures of the Ti0,-NH, ( left NS .
ig e image of mixtures of the TiO, , (left) _‘ﬁjé':ﬁr$$nﬁﬁﬁﬁﬂgﬁ{£
and the TiO,-PMMA,; hybrid nanoparticles ( right)

dispersing in toluene/water suspension
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ONE-POT FACILE PREPARATION OF TiO,-GRAFT-
POLY(METHYL METHACRYLATE) HYBRID NANOPARTICLES
VIA CU’" -AMINE REDOX INITIATED RADICAL POLYMERIZATION

Rong Wu', Guang-qun Zhai '’
(" Department of Materials Science and Engineering, Changzhou University, Changzhou 213164)
(*Yipintang Chemistry Co. , Ltd, Changzhou 213166)

Abstract A novel strategy was proposed and then verified to graft poly ( methyl methacrylate) chains from
TiO, nanoparticle surface (the TiO,-PMMA hybrid nanoparticles) via Cu®* -amine redox-initiated conventional
radical polymerization. CuSO,-catalyzed surface-initiated radical polymerization of methyl methacrylate
(MMA) was carried out in dimethylsufoxide (DMSO) from the TiO, nanoparticles surface functionanlized with
amine layers (the TiO,-NH, nanoparticles) to prepare the TiO,-PMMA hybrid nanoparticles. The results from
infrared spectroscopy ,thermogravimetric analysis and electron microscopy showed that PMMA was successfully
immobilized onto the TiO, nanoparticle surface, the grafting yield increased with the reaction time, and the
presence of PMMA chains hindered the further agglomeration and accordingly improved the dispersion stability
in organic media. As there was no free PMMA chains in the reacting mixture , our strategy provided a facile and
universal route to the hybrid nanoparticles of application potentials.

Keywords TiO,, Methyl methacrylate, Hybrid nanoparticle, Cu®* -amine redox initiation, Surface-initiated

radical polymerization



