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Synthesis of Nanoparticles Having Isotactic Poly methacrylic acid
Chains on Their Surfaces

CHEN Ming-qing YANG Cheng LIU Xiao-ya CHEN Yu NI Zhong-bin
School of Chemical and Material Engineering  Wuxi University of Light Industry Wuxi 214036 China

Abstract Poly tert-butyl methacrylate PBMA macromonomers were synthesized by anionic poly-
merization using bis 2 6-di-t-butyl phenoxy methyl aluminum MeAl ODBP 2 as an initiator and
trimethylmethacrylate  TMSMA as end capping agent in dry THF solvent. Then poly methacrylic
acid PMAA macromonomer was obtained through hydrolysis reaction for PBMA macromonomer in
the presence of HCl. The structures of PBMA macromonomers were characterized by using 'H-NMR.
It was found the resulting PBMA macromnomers have highly isotactic properties and PMAA
macromonomer has an end vinyl group for per polymer chain. Nanoparticles were prepared by the
copolymerization of styrene with PMAA macromonomer using 2 2’ -azobisisobutyrnitrile AIBN as a
free radical initiator in ethanol water vol vol=70 30 mixed solvents at 60 C for 24 h. It was found
that the concentration of PMAA macromonomer can affect nanoparticle formation morphology and its
size in the copolymerization system. The monodisperse polymeric nanoparticles can be used in immobi-
lization of metal catalyst drug-controlled release medical diagnosis and capture of Human Immunode-
ficiency Virus-1 HVI-1 .

Key words synthesis macromonomer isotactic structure dispersion copolymerization nanoparticle

9]
~

2000—-12-22 2001 -05-10.

1962 -



392 20
60 C
24 h. 5d
(i:HJ 1) MeAODBP G (I:H’
? 10 cyy=c  MeANODER: L cu-d Src-c=cn,
I 1
(I::OZ)TMSMA =00
R R
L A o
— _ECHI_(I:_)H_S_C:CHI
¢=00
OH
functional
macromonomer 1
Fig.1 Synthesis of PMAA macromonomer
PBMA 1.4
'HNMR JOEL TNMGSX 400 MHz
PMAA PMAA PEMA .
C=—=C CDCl,
GPC Tosoh HLC-8120
M., M,
TEM DLS
M, M,  DMF
1 mL min 40 C. TEM Hitachi-
1 7010A
.DLS Coulter N4SD
1.1
tert-BMA )
bis 2 6-di-t-butyl phenoxy 51
hyl aluminum MeAl ODBP |
methyl aluminum Me OTHF2 PBMA
PMAA
trimethylsilylmethacrylate Lp
TMSMA A 8.41x10° 1.11x10°. 1
IBN 0C
TMSMA
1.2 ~60 T TMSMA
MeAl ODBP ,
TMSMA M, M,=1.15 . 'H-NMR
PBMA PBMA
PBMA
PMAA L. 97%. PMAA
1.3 PBMA a-
PMAA PBMA
AIBN
7:3



4 393

1 190
100 % 2 'H- 80+
NMR W 60l
o
# 4dop
100% . a0 b
1 PMAA 0 , . .
Tab.1 Characterization of PMAA macromonomers 0 l%%ﬁﬁiﬂi‘fﬂf/g 30
M M M71 Mu* 00
I T TMSMA x10° M, 2
1 15 -60 20 8.41 1.15 97 2 1 Fig.2 Conversion profile against polymerization time
2 15 0 10 11.1 2.10 9% 2 2
11 12
M I TMSMA ’
2.2 '
D, PMAA M, =8 410
uAs D,=K PMAA ~*#
PMAA " ‘
0.44 101 PMAA
3:7 . 2
5 .
PMAA-g-PSt TEM
DLS TEM 3 D
. PMAA M, = "
D, P
8 410 PMAA-g-PSt
D, = >.d; | 1
PMAA D, = 2;d* 2D/

(OS]

i

a PMAA S;= 2% b PMAA S;= 4% M,=8.41X10° ¢ PMAA S§;= 4% M,=11.1x10°
3 PMAA-g-PSt TEM X 10 000
Fig.3 TEM images X 10 000 of PMAA-g-PSt nanoparticles that were prepared at 60 C in ethanol water mixed sol-

vents



394 20

D, P 1 030 nm 1.01 3a 770 .
nm 1.04  3b 470 nm 1.02 3C. P PEG-g-PSt ' PNIPAAm-g-PSt !
1.05 PMAA
B DLS . PMAA
TEM . .
DLS PMAA-g-PSt A Con A
C, C,<25% HIV-1 6
3 HIV-1
PMAA
33
ab. PMAA
10% PMAA
PMAA
PMAA-g-PSt
3¢

10

11

12

13

CHEN M Q KISHIDA A AKASHI M. Thermosensitive properties of polystyrene microspheres having poly N-isopropy-
lacrulamide branches on their surfaces ] . J Polym Sci Part A Polym Chem 1996 34 2213~2220.
SERIZAWA T CHEN M Q AKASHI M. Polystyrene nanospheres with novel thermosensitive poly N-vinylisobutyramide s
on their surfaces J . J Polym Sci Part A Polym Chem 1998 36 2581—~2587.
. J. 2000 1 9~13.
CHEN CW CHEN M Q SERIZAWA T et al. In situ synthesis and the catalytic properties of platinum colloids on
polystyrene microspheres with surface-grafted poly N-isopropylacrulamide J . J Chem Soc Chem Commun 1998 2 831~
832.
. J. 1995 44 242~247.
AKASHI M NIIKAWA T SERIZAWA T et al. Capture of HIV-1gpl120 and virious by lectin-immobilized polystyrene
nanospheres ] . Bioconjugate Chem 1998 9 50~53.
SAKUMA S SUZUKI N KIKUCHI H et al. Oral peptide delivery using nanoparticles composed of novel graft copolymers
having hydrophobic backbone and hydrophilic branches J . Int J Pham 1997 149 93~106.
SAKUMA S SUZUKI N KIKUCHI H et al. Absorption enhancement of orally administered salmon calcitonin by
polystyrene nanoparticles have poly N-isopropylacrulamide branches on their surfaces J . Int J Pharm 1997 158 69~78.
MMA BA Im j. 2000 21 1
148~151.
PAINE A] LUYMESW MCNULTY J. Influence of reaction parameters on particle size and molecular weight in poly N-
vinylpyrrolidone -stabilized reaction J . Macromolecules 1990 23 3104~3109.
CHEN M Q SERIZAWA T KISHIDA A et al. Particle size control of poly ethylene glycol coated polystyrene nanoparti-
cles by macromonomer method J . J Polym Sci Part A Polym Chem 1999 37 2155~2166.
CHEN M Q KISHIDA A SERIZAWA T et al. Nanosphere formation in copolymerization of methyl methacylate with poly
ethylene glycol macromonomer J . J Polym Sci Part A Polym Chem 2000 38 1811~1817.
RIZAM TOKURA S IWASAKI M et al. Preparation and properties of water-dispersible polyanionic microspheres having
poly methacrylic acid branches on their surfaces ] . J Polym Sci Part A Polym Chem 1995 33 1219~1225.



