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Polymer brush modification on ZnO particle surface
by ultrasonication-induced SI-ATRP
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Zinc oxide (ZnO) / polymer composite materials show excellent electrical, thermal, and
mechanical properties. However, due to the high surface energy, the ZnO is easy to aggregate in
polymers. In this study, we tried to modify the surface of ZnO particles with a polymer brush to
improve the affinity of ZnO particles for organic solvents. In the polymer brush modification by the
surface-initiated atom transfer radical polymerization (SI-ATRP), the polymerization is difficult to
control due to the interaction of the ZnO particle surface with the copper catalyst. On the other hand,
the ultrasonication-induced SI-ATRP successfully controlled the polymerization by avoiding the
deactivation of the copper catalyst. Polymer brushes prepared by this method formed bimodal
structures composed of short and long-chain brushes.
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Fig. 1 (a) TG and (b) FT-IR spectra for PMMA-brush
modified ZnO particles.

Table 1 Brush structure parameters of PMMA-ZnO
particles by SI-ATRP method. These parameters are
estimated from TG and GPC.

ZnO (®=100 nm)
Sger = 32 m?/g
[Fmﬁ;ﬁjﬁ[jcrjgﬁ 300 1000 | 1500
Polymerization time / hours 3 8 16
Molecular weight Mn 20,100 20,000 22,500
Polymer distribution index 1.31 1.44 1.32
Graft density / nm™ 0.22 0.19 0.17
Brush thickness / nm 17 16 18
Surface occupancy / % 20 18 17
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Fig. 2 Optical microscope images of prepared particles. (a)
before PMMA brush modification, and (b) after PMMA
brush modification. (c-f) Elemental mapping of PMMA-
ZnO particles by SEM-EDS.
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Fig. 3 XPS spectra for PMMA-ZnO particles.
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Fig. 4 Polymerization time dependence of grafted PMMA
and free PMMA molecular weight in U-PMMA-ZnO
particles.
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Fig. 5 (a) Thermal weight change of U-PMMA-ZnO

prepared at various polymerization times, (b)
polymerization time dependence of weight loss rate.
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