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Abstract

Abstract

The development of polymer materials science and engineering depends to a
large extent on the exploitation of facile and versatile synthetic approaches that
possess high ability of control over composition and morphology. Hydrothermal
method has been widely applied in the preparation of various inorganic materials with
controllable particle size, morphology and surface properties. In this paper, hollow
spheres have been fabricated through a simple hydrothermal route by using
double-solvent (ethanol/water or ethylene glycol/water) as reaction media. In this
one-pot approach, step-growth polymerization of resol precursor and chain
polymerization of styrene are allowed to carry out simultaneously under hydrothermal
treatment. The main achievements of our work are shown as follows.

(1) Polymer hollow spheres with various thicknesses and components can be
easily fabricated through a simple hydrothermal route by combining the chain
polymerization of St and step-growth polymerization of resol in double-solvent
(ethanol/water or ethylene glycol/water) as reaction media. The polymer spheres with
hollow structure have been characterized by dynamic light scattering (DLS), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), Fourier
transform infrared (FTIR) and Thermogravimetric Analysis (TGA).

(2) The thickness of the polymer shells and the morphology of the hollow
spheres can be adjusted by changing the volume ratio of ethanol and H20O. When
using a solvothermal media with 16.6 % of ethanol, the resultant polymer shells show
bowl-like morphology. Polymer shells prepared in hydrothermal media with 41.6 %
of ethanol exhibit typical shriveled morphology. A further increase of ethanol content
leads to a significant increase in the shell thickness. Hydrothermal media with 58.3 %
of ethanol results in mushroom-cap like hollow spheres, while that with 75.0 % of

ethanol affords multi-face cupped hollow spheres.
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Abstract

(3) The versatility of this hydrothermal route has also been demonstrated by the
facile functionalization of the polymer shells through an introduction of a third
functional monomer such as 4-VP. These multi-component PSt-PF-P4VP polymer
shells have high ability for the loading of noble metal nanoparticles. The vesicles have
been characterized by energy dispersive spectroscopy (EDS) and UV-visible
spectroscopy.

(4) The Janus polymer particles with solid-hollow structure have been prepared
by easily introducing DVB into the reaction system. The optimum reaction condition
of fabricating this Janus particles has also been explored.

(5) The formation mechanism of this hollow structure has been studied by a
series of control experiments. The component of the reaction media and the
hydrothermal temperature have been demonstrated to be key factors for the
morphology control of the resultant particles. This reaction is carried out in an
undisturbed manner without stirring treatment which is also a critical factor for this
hydrothermal route to generate particles with hollow structure and solid-hollow Janus

morphology.

Keywords: polymer hollow spheres; hydrothermal method; organic-inorganic hybrid

material; Janus nanoparticles
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