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Synthesis and Properties of Silica Nanoparticles Grafted
With Well-Defined V-Shaped Copolymers
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Abstract: A trifunctional initiator 3-hydroxymethyl-5-prop-2-ynyloxybenzyl-2-bromo-2-methylpropionate
(HPB) was synthesized and used for synthesis of alkyne-mid-functionalized diblock copolymers by
sequential ring-opening polymerization (ROP) and atom transfer radical polymerization (ATRP). Diblock
copolymers were comprised of polycaprolactone (PCL) and other segments such as poly (methyl
methacrylate), poly (tert-butyl acrylate), poly (butyl acrylate) and polystyrene (PSt). Click reaction between
alkyne-functionalized block copolymers and azide-modified silica particles was performed to obtain silica
particles grafted with V-shaped copolymers. Diblock copolymers were characterized by GPC and *H NMR,
and silica-polymer hybrids were characterized by FT-IR, TGA, DSC, SEM and TEM. The hybrid materials
comprising amphiphilic PCL-PAA block copolymers could be efficiently dispersed in water and organic
solvents. As compared with their linear precursors, diblock copolymers grafted onto silica particles exhibited
significantly decreased melting point and glass transition temperature, which could be ascribed to relatively
weak interactions between polymeric chains and thin film thickness (less than 20 nm) of grafted polymers at
the surface of solid supports originating from a mezzo grafting density (0.05-0.08 chains/nm?).
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Scheme 1. Synthetic route to silica-graft-V-shaped copolymer
hybrid materials
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Figure 1. TGA curves of bare silica, SiO,-N; and silica-V-shaped

copolymer hybrids
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Figure 2. TEM pictures of SiO,-g-(PCL-b-PtBA)
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Table 1. Synthesis of silica nanoparticles grafted with V-shaped copolymers
R 1L AR-SHEER VEBRSYREAMHNER
run graft polymer® Mn(GPC)° PDI° G, (%) Gy (chains/nm?)® Ge (%)

1 PCLys-b-PStso 11300 1.16 225 0.0709 4.18

2 PCL35-b-PMMA 2 15600 111 27.9 0.0569 5.18

3 PCL3s-b-PBA7g 14100 1.09 28.3 0.0712 5.25

4 PCL3s-b-PtBAg 15100 1.12 25.7 0.0589 4.77

2 Reaction conditions: [SiOz-N3]o:[CuSO4]o:[NaAscoly = 10:1:2, Wioiymer-aikyne:Wsioz-na = 5:1, in toluene at 80 °C for 20 h. ® Diblock copolymers where
the subscript means DPyur. © Molecular weight and polydispersity. ¢ Weight grafting ratio. ¢ Grafting density. " Grafting efficieny.
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