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Fig. 1 Schematic illustration of the preparation route to thermo-sensitive core-shell PCL/PNIPAM nanospheres and
hollow spheres of cross-linked PNIPAM 2
N N- DMF 1.4 PCL/PNIPAM
1.2 - PCL/PNIPAM PCL PCL/PNIPAM
AIBN PCL/DMF 25°C  45C
1:10 Tshell S shell
30 min Toa = < Dy >1205 =< Dy >pcieome 122
MBA NIPAM 15 min s < D, > %/:25 <D, > iCLm 3
76°C 4 h. T <Dy > s =< Dy >t
3 DMF < Dy > potcore DMF
: PCL
1 x 10" r/min 30 min 1.5 PCL/PNIPAM
3 Malvern Autosizer 4700
ILT-5500QSL
PNIPAM 100 mV 532 nm.
PCL/PNIPAM Malvern PCS 7132
76°C 90° 25+0.1 C
PNIPAM TEM Philips
CM120
1.3 PCL/PNIPAM PNIPAM 80 kV. SEM Philips X130
St 2
2.1 PCL/PNIPAM
S real PNIPAM
PCL PCL/PNIPAM
PNIPAM PCL
PCL/DMF
PCL AIBN PCL/
1 PNIPAM PNIPAM
Y pxipan shel PNIPAM PNIPAM
Na-b-c-x
YPNIPAM shell % = Sresal {_ S;E;d /r :_+1 1 X 100% PCL/PNIPAM
oo N a PCL/DMF
1 mg/ml. b
r PCL PCL c mol% «x

AIBN



138 2007
0.5 1.0 1.5 mol% . PCL/PNIPAM 1.
Table 1  Various PCL/PNIPAM nanospheres prepared under different conditions
¢ of PCL/DMF MBA / MBA + NIPAM Content of AIBN
Sample NIPAM + MBA /PCL W/W
mg/mL molar ratio mol %
N7.5-2-5-m 7.5 2 5 1.0
N7.5-5-10-1 7.5 5 10 1.5
N10-1-5-m 10 1 5 1.0
N10-2-5-s 10 2 5 0.5
N10-2-5-m 10 2 5 1.0
N10-2-5-1 10 2 5 1.5
N10-3-5-m 10 3 5 1.0
N10-2-10-m 10 2 10 1.0
N10-2-15-m 10 2 15 1.0
N10-5-10-1 10 5 10 1.5
N15-2-5-m 15 2 5 1.0
N15-2-10-1 15 2 10 1.5
NI15-5-10-1 15 5 10 1.5
2.1.1 2 MBA NIPAM
PCL MBA .
123 PCL/PNIPAM
PNIPAM PNIPAM PNIPAM
PNIPAM
SReal YPNIP‘\NI shell
Table 2 Parameters of PCL/PNIPAM nanospheres with different weight ratio of NIPAM + MBA /PCL
Sample NIPAM + MBA /PCL W/ W Steed mg/mL S sl mg/mL Yonipam shen Wt% Precipitant *
N10-1-5-m 1/1 1.80 1.44 60 None
N10-2-5-m 2/1 2.70 1.94 57.8 Very little
N10-3-5-m 3/1 3.56 2.00 41.6 A little
* Precipitant in the dialyzed solution
3 MBA
PCL/PNIPAM 25°C 45°C PNIPAM
<D,> PCL/PNIPAM MBA
PCL PCL PNIPAM
PCL
PNIPAM PNIPAM
PNIPAM T PNIPAM
Sshe]l
PNIPAM MBA
MBA MBA PNIPAM
PCL
PNIPAM
Table 3  Characteristic data of PCL/PNIPAM nanospheres with different weight ratio of NIPAM + MBA /PCL
< Dy > nm PDI
Sample < Dy > pet, core M Tgen nm Snelt
25C 45°C 25C 45°C
N10-1-5-m 125.4 167.9 164.4 0.04 0.01 21.3 1.12
N10-2-5-m 125.4 319.9 200.3 0.03 0.05 97.3 5.07
N10-3-5-m 125.4 354.1 210.2 0.05 0.03 114.4 5.80
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2.1.2 4 PCL
PCL/PNIPAM PNIPAM
AIBN
5% 10% 15% PNIPAM
PNIPAM PCL PNIPAM
MBA NIPAM
MBA
NIPAM . MBA PNIPAM PNIPAM
PCL
PNIPAM
Table 4 Parameters of PCL/PNIPAM nanospheres with different target shell crosslinking degree
Sample MBA/ MBA + NIPAM mol% Steet mg/ml, Sy mg/mlL Yoxtpam sl Wt% Precipitant
N10-2-5-m 5 2.70 1.94 57.8 Very little
N10-2-10-m 10 2.70 1.83 51.7 A little
N10-2-15-m 15 2.70 1.39 27.2 Some
5 PNIPAM
PCL/PNIPAM 25C 45C < D,> PNIPAM
. 5%
10%  PNIPAM
15%
4 PCL/PNIPAM
Table 5 Characteristic data of PCL/PNIPAM nanospheres with different target shell crosslinking degree
< Dy> nm PDI
Sample < Dy, > per, core N T ghen N Sehell
25C 45°C 25C 45°C
N10-2-5-m 125.4 319.9 200.3 0.03 0.05 97.3 5.07
N10-2-10-m 125.4 318.6 212.8 0.04 0.04 96.6 3.96
N10-2-15-m 125.4 273.8 196.9 0.04 0.03 74.2 3.28
2.1.3 PCL/DMF 6 NIPAM + MBA /PCLL. 2 5
PCL/PNIPAM PNIPAM PNIPAM PCL/DMF
PCL/DMF . PCL/DMF
PCL/DMF PCL/ PNIPAM
PNIPAM PNIPAM PCL/DMF
PCL/DMF PNIPAM
7
Table 6 Parameters of PCL/PNIPAM nanospheres prepared from PCL/DMF solution with different concentration
Sample ¢ of PCL/DMF mg/ml. Steed mg/ml, Syeal Mg/mL Yonipa st W% Precipitant
N7.5-2-5-m 7.5 2.02 1.41 54.7 Very little
N10-2-5-m 10 2.70 1.94 57.8 Very little
N15-2-5-m 15 4.04 3.32 64.3 Very little
7 1 PCL/PNIPAM I PCL/PNIPAM
1 PCL/PNIPAM

PCL/DMF
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Table 7 Characteristic data of PCL/PNIPAM nanospheres prepared from PCL/DMF solution with different concentration

<Dy> nm PDI
Group Sample < Dy > pet core MM T nm Shell
25C 45C 25C 45C
N7.5-2-5-m 116.9 154 .4 140.8 0.05 0.06 18.8 1.75
I N10-2-5-m 125.4 319.9 200.3 0.03 0.05 97.3 5.07
N15-2-5-m 133.7 313.3 187.3 0.04 0.05 89.8 7.38
N7.5-5-10-1 116.9 284.2 172.8 0.03 0.04 83.7 6.00
I N10-5-10-1 125.4 393.7 224.5 0.05 0.01 134.2 6.32
N15-5-10-1 133.7 431.2 235.8 0.01 0.04 148.8 7.26
2.1.4 AIBN
PCL/PNIPAM
1.0 mol %
8.
PNIPAM
Table 8 Parameters of PCL/PNIPAM nanospheres prepared with different content of initiator
Sample code Content of AIBN mol % Steed mg/mL Sreal mg/mL Yenipeam et W% Precipitant
N10-2-5-s 0.5 2.67 1.06 — Some
N10-2-5-m 1.0 2.70 1.94 57.8 Very little
N10-2-5-1 1.5 2.69 2.05 64.3 None
AIBN 0.5 mol % PCL
AIBN AIBN
/DMF 10/1 VIV PCL . AIBN
DMF PCL AIBN
PCL
PCL
DMF
PCL
PCL/PNIPAM
PCL PCL/PNIPAM
PNIPAM . 0.5
AIBN . mol %
AIBN AIBN PCL
PCL . AIBN PCL
DMF/water 1/10
viv DMF AIBN
AIBN  PCL/DMF DLS 8 PCL/PNIPAM
PCL AIBN 25C 45C <D, > 9.
N10-2-
Table 9  Characteristic data of PCL/PNIPAM nano-spheres prepared with different content of initiator
<Dy> nm PDI
Sample code < Dy > per core NM Tgar nm St
25C 45C 25C 45C
N10-2-5-s 125.4 433.5 325.8 0.06 0.06 154.1 2.43
N10-2-5-m 125.4 319.9 200.3 0.03 0.05 97.3 5.07

N10-2-5-1 125.4 178.2 156.6 0.08 0.06 26.4 1.97
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Fig. 3 SEM micrographs of N10-1-5-m a and N10-3-5-m b
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PREPARATION OF THERMO-SENSITIVE CORE-SHELL POLYMERIC
NANOSPHERES via“ in situ” POLYMERIZATION METHOD

ZHANG Youwei' > JIANG Ming' ZHAO Jiongxin® WANG Jiaye’
! Department of Macromolecular Science and the Key Laboratory of Molecular Engineering of Polymers ~Ministry of Education of China
Fudan University ~ Shanghai 200433
% College of Materials Science and Engineering and The State Key Laboratory for Modification of Chemical Fibers and Polymer Materials
Donghua University  Shanghai 200051

Abstract A new method in which the polymerization of the shell component accompanies the self-assembly of
macromolecules was proposed to prepare core-shell nanospheres. Based on this in situ polymerization method
thermo-sensitive core-shell nanospheres with poly e-caprolactone ~ PCL  core and poly N-isopropylacrylamide

PNIPAM  shell were prepared from monomer NIPAM and crosslinker methylene bisacrylamide MBA . The
influences of the total amount of monomer and crosslinker the target crosslinking degree of PNIPAM shell the initial
concentration of PCL in DMF and the content of initiator AIBN on the yield of PNIPAM shell the size the thermo-
sensitive behavior and the morphology of PCL/PNIPAM core-shell nanospheres were studied in details. The resulis
show that during the preparation of PCL/PNIPAM core-shell nanospheres the polymerization on the surface of PCL
nanoparticles competes with that in the water. Increasing the amount of initiator AIBN properly is favorable to the
preparation of PCL/PNIPAM core-shell nanospheres with controlled core/shell weight ratio. In addition the relatively
higher reactivity of cross-linker MBA compared with NIPAM leads to the formation of unevenly crosslinked PNIPAM
shells.

Key words Thermo-sensitive Core-shell Polymeric nanospheres Preparation





