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Preparation of Magnetic Polystyrene Nanoparticles by the
Controlled/“Living” Free Radical Polymerization of Styrene
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Abstract: Magnetite nanoparticles were synthesized by chemical coprecipitation of ferrous chloride and ferric
sulfate. The obtained magnetite nanoparticles were surface-modified with 3-methacryloxypropyltrimethoxy silane (3-
MPS) to form terminal vinyl groups as grafting sites. The polystyrene (PS)-grafted magnetite nanoparticles were prepared
by controlled/“living” free radical polymerization by using benzoyl peroxide (BPO) as an initiator in the presence of
4-hydroxyl-2,2,6,6-tetramethyl- 1 -piperidinyloxy (HTEMPO +). XRD measurement showed the spinel structure for
the magnetite nanoparticles. GPC analysis suggested the relationship between number average molecular weight of PS
and polymerization time to be with approximate linear. The PS-grafted magnetite nanoparticles are uniform with
diameters in the range from 20 nm to 30 nm from TEM. The content of magnetite in magnetic PS nanoparticles was
62.6% from the analysis of TG. The results of magnetic performance by VSM displayed that the magnetic PS nanoparticles
exhibited the characteristics of single domain system when saturated magnetization was equal to 31.7 emu-g™.
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Fig.1 Schematic representation for the synthesis of magnetic PS nanoparticles
O— OH: magnetite nanoparticle (Fe;0,); BPO: benzoyl peroxide; PS: polystyrene
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3-MPS: 3-methacryloxypropyltrimethoxy silane
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Table1 Results of the characterization of PS?from GPC

n(HTEMPO*):n(BPO)  Reaction time(h) 10°My 10°M, Mw/M,

1.8:1 2 7.08 621 1.14
1.8:1 5 13.30 11.18 1.19
1.8:1 8 2730 2256 121
1.8:1 12 35.54 3038 1.17
1.8:1 16 5092 45.06 1.13

‘obtained from bulk polymerization, GPC: gel permeation chromatography
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Fig.3 Number average molecular weight (M,) of PS
as a function of polymerization time (t)
n(HTEMPO):n(BPO)=1.8:1
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Fig.4 FT-IR spectra of various Fe;0, particles
(a) unmodified, (b) modified by 3-MPS, (c) PS-grafted;
n(HTEMPO):n(BPO)=1.8:1; reaction time: 8 h
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Fig.5 TEM images of nanoparticles of Fe;0, (a)

and PS-grafted Fe;0, (b)
n(HTEMPO-):n(BPO)=2.5:1, reaction time: 12 h
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Fig.6 Hysteresis loops of Fe;0, nanoparticles (a),
PS-grafted Fe;0, nanoparticles (b) at 27 °C
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Table 2 Magnetization data for various Fe;0,
samples measured at room temperature

Sample M,/(emu-g™) H:/Oe M, /(emu-g™)
a 60.3 22 3.4
b 31.7 19 1.5

a) Fe;O, nanoparticles; b) PS-grafted Fe;O, nanoparticles
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