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Preparation of Polystyrene Nanospheres in Confined Space

Wang, Xiaofeng Yuan, Qiaolong*
(Key laboratory of Shanghai Advanced Polymeric Materials, School of Materials Science and Engineering,
East China University of Science and Technology, Shanghai 200237)

Abstract The poly(ethylene glycol)-b-poly(propylene glycol)-b-poly(ethylene glycol) terminated with
pentacyano(4-(dimethylamino)-pyridine) ferrate (EPE-Fe) complex surfactant was synthesized and was used
to be self-assembled with styrene (St) in water to form a nano-reactor (EPE-Fe-St). The free radical polym-
erization of styrene occurred in the confined space in nanosize. And the polystyrene nanospheres
(EPE-Fe-PS) were prepared in the nano-reactor. Furthermore, ferric ion was used to cure the shell of the
EPE-Fe-St to form a hardened nano-reactor (Fe-EPE-Fe-St). The styrene polymerization was also arisen in
the nano-reactor to form polystyrene nanospheres (Fe-EPE-Fe-PS) with a hardened shell. The results of mo-
lecular weight and morphology of polystyrene nanospheres show that the various size of monodispersed
polystyrene nanospheres in 60~200 nm have been obtained in the confined nanospace. The effect of po-
lymerization temperature on the size of self-assembled EPE-Fe-St is remarkable, and on the size of the
Fe-EPE-Fe-St is slight. The higher molecular weight of the polystyrene has achieved more than 700000 in
the confined space. In the self-assembled nano-reactor, the molecular weight of PS decreases with increase
of initiator content in St solution and enhancement of polymerization temperature, and increases with aug-
ment of EPE-Fe content in water. The glass transition temperature (7) of the polystyrene nanospheres pre-
pared in two kinds of the confined space are in the range of 90~135 "C. The T, of polystyrene nanosphere is
enhanced obviously after hardening the shell of nano-reactor whether the hardening shell arises before or af-
ter the polymerization.
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Table 1 The styrene polymerization process in self-assembled

nanoreactor
Composition . o
Standard recipe Variation

and process
St/g 1.0 0.6~2.0
[AIBN]“/wt%o 3.0 1.0~4.0
[EPE-Fe]"/wt% 4.0 1.0~4.0
[nFeCB/nEPE-Fe]/(mOl. 3 (Only in Fe-EPE-

o Constant
mol ) Fe-System)
Water/g 10 Constant
t/°C 60 60~95

“ AIBN mass concentration based on styrene of 1.0 g; * EPE-Fe mass concen-
tration based on water of 10 g.
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Scheme 2 Schematics of self-assembled and polymerized styrene particles and photographs of resultants in different steps
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Figure 1 FT-IR spectra of commercial PS (a), EPE-Fe-PS par-
ticles (b), Fe-EPE-Fe-St particles (c), hardened Fe-EPE-Fe-PS
particles (d) and EPE-Fe (¢)
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Figure 2 Effect of EPE-Fe and styrene content on the nanore-

actor size
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Figure 3 The effect of temperature on self-assembled nano-
reactor size and its distribution
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Table 2 Effect of polymerization temperature on the different
polystyrene particle size with EPE-FE and Fe-EPE-Fe shells

Temperature EPE-Fe-PS Fe-EPE-Fe-PS

°C Z-average Polydis- Z-average  Poly-
mean/nm  persity mean/nm  dispersity

60 94.9 0.15 99.1 0.13

70 95.7 0.17 99.8 0.15

80 — — 100.4 0.12

85 102.9 0.13 — —

99 439 0.98 101.7 0.15

Ambient

femperature 93.4 0.17 95.8 0.11

(no polym-

erization)

EPE-Fe 57Kk 2 FI AR 1 (¥ B BRAE 7 A7 TC i
BRI K LR HOR(EL 4), (HEERL AR Rk
FER LRI TR RSB, R AR i T
KA WRREAORGER, 5202 — BRI LA

ﬁ.%%ﬁﬁﬁﬁﬁEmFe%%@%ﬁ%?%i%*
RSN R, A B T2 IR AT R S
TE U R LI akbiae e, Bl 4 s Mg 2 sy
B3 ) EPE-Fe Al Fe-EPE-Fe 3f F [ Fl 38 2K 2445
IR, I H Fe-EPE-Fe H%eRIK LIGTIER L (A JCRGE.
HH B T LA H SRR IR R IR R, PS 1) 76 )= 3R 1
S8k E ST o ﬁZ%ﬂ%ﬁ@ﬁﬁmm$ Xny Y
IR LR TIAR, AR T L0 B 6 ) 4

B 4 7ERAk ()RR AR AL (0) 4K N 2% i 46 P SR 2K 2003
BRI SEM B4

Figure 4 SEM images of PS microspheres prepared in

nano-reactors of Fe-EPE-Fe-System (a) and EPE-Fe-System (b)
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Figure 5 GPC chromatograms of polystyrenes formed in
EPE-Fe-St and Fe-EPE-Fe-St nano-reactors

Polymerization process for EPE-Fe-PS: St 1g, AIBN 1.0X10° g, EPE-Fe
0.15 g, H,0 10 mL, 18 h at 60 ‘C; for Fe-EPE-Fe-PS: St 1 g, AIBN 1.5X 10>
g, EPE-Fe 0.15 g, H,0 10 mL, 10 h at 60 C
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Figure 6 The effect of temperature on M,,, M,, and M,,/M, of the
PS prepared in Fe-EPE-Fe-PS

Polymerization process: St 1 g, AIBN 4.0X 10 > g, EPE-Fe 0.15 g, time 10 h
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Figure 7 The effect of AIBN concentration on M,, M, and

M, /M, of the PS prepared in Fe-EPE-Fe-System
Polymerization process: St 1 g, EPE-Fe 0.15 g, time 10 h, temperature 60 'C
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Figure 8 The effect of amount of St content on M,, M,, and
M, /M, of the PS prepared in Fe-EPE-Fe-System

Polymerization process: AIBN 3.0X 10 ° g, EPE-Fe 0.15 g, 10 h at 60 ‘C
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Polymerization process: St 1 g, AIBN 3.0X10 * g, EPE-Fe 0.15 g
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Figure 10 DSC scans of GPPS (a), EPE-Fe-PS particles
(EPE-Fe content: 0.4 g) (b), Fe-EPE-Fe-PS particles [EPE-Fe
content: 0.15 g (c¢), 0.2 g (d) and 0.4 g (e), and hardened
EPE-Fe-PS ()]

Polymerization process: St 1 g, AIBN 1.5X10 > g, EPE-Fe 0.15 g, 10 h at 60
C
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