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In decades, the polymerization carried out in an aqueous media is receiving more and
more attention. On the one hand, the polymerization proceeding on an industrial scale is
commonly performed in an aqueous dispersed system, ascribed to the affordable and
readily available source of water. On the other hand, the increased environmental
concern and sharp growth of pharmaceutical and medical applications for hydrophilic
polymers, which fits the arising trend, make an aqueous phase attractive.

Nevertheless, the mostly used polymerization performed in an aqueous phase is
emulsion polymerization focusing on the preparation of submicrometer-sized particles.
Therefore, we gave an eye to the preparation of micrometer-sized particles in an
aqueous phase, which commonly achieved by the technique of microsuspension
polymerization.

In addition, to achieve well-designed polymers, which is limited in the convention
radical polymerization, nowadays, tremendous progress has been realized in
reversible-deactivation radical polymerization (RDRP). Different techniques benefiting
from RDRP enable built polymer architecture, composition, and chain length
distributions in the construction of advanced materials with unique and enhanced
properties. More recently, the preparation of block copolymer with incompatible
segments by RDRP has been intensively studied, which is not only attractive in
maintaining the opposite physical and chemical properties simultaneously but also
introducing different morphologies by self-assembly, appealing in the field of drug
delivery, micromotor, hydrogel, stretchable materials, etc.

Among the methods of RDRP, iodine transfer polymerization (ITP) as a simple
and close to industrial production polymerization method, has the merits of low cost,
easy acquisition, mild polymerization condition, and no additional metallic additives.
Moreover, from the view of the mechanism, there are no other side radicals to meet the
termination with the propagation radicals, but only the iodine capping group takes part
in the degenerative chain transfer.

Therefore, in the previous work, the microsuspension iodine transfer
polymerization (ms ITP) was applied to methyl methacrylate (MMA, solubility in
water: 1.5 g/100 mL at 20°C) to synthesize micrometer-sized poly(methyl methacrylate)
(PMMA) particles with control/livingness. In this case, the iodocompound was used not
only as the chain transfer agent but also worked as a kind of hydrophobe. Specifically,
the preliminary radicals having iodide group(s), must scarcely exit from the monomer
droplet, because of the high insolubility of these iodine-captured radicals, which they
named as radical exit depression (RED) effect. That is, CHI; could capture monomers or
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oligomer radicals within monomer droplets. While, the hinderance was met in the
realization of more hydrophilic monomers in an aqueous heterogeneous system. A
number of oligomer radicals would exit from monomer droplets to the aqueous phase
before captured by the chain transfer agent. Therefore, a few works devoted to
preparing micrometer-sized particles of hydrophilic monomers by using ITP in an
aqueous heterogeneous phase.

However, it was found in Okubo’s works, by decreasing the decomposition rate of
the initiator or lowering the polymerization rate could decrease the number of the
generation of oligomer radicals in the early stage, resulting in the decrease of exiting
oligomer radicals from monomer droplets. Consequently, using the above idea, the
optimal conditions to synthesize micrometer-sized homopolymer particles of
hydrophilic monomers — methyl acrylate (MA) and vinyl acetate (VAc) by utilizing ms
ITP was studied theoretically and experimentally in this work. Moreover, the synthesis
of micrometer-sized block copolymer particles and the morphology transition of these
synthesized particles were also studied. This dissertation consists of 5 Chapters to cover
the content.

In Chapter 1, the kinetic model for ITP was proposed to predict the possibility of
a certain polymerizing condition, in which the temperature and the concentrations of
monomer, initiator and transfer agent were preset. The simulation comprised the
following individual reaction steps: initiation, propagation, termination, and chain
transfer reactions, including their kinetic coefficients. The comparison of the
polymerization processes would be emphasized at a conversion of 20%, according to
the calculation results of the maximum monomer units of an oligomer radical (Pmax),
which can still exit from monomer droplets before turning to absolutely hydrophobic.
The chain transfer constant of CHI3 under different polymerization conditions was
further complemented in the case of MA and VAc.

In Chapter 2, under the instruction of the kinetic simulation, the synthesis
mechanism of micrometer-sized poly(methyl acrylate) (PMA) particles without
submicrometer-sized byproduct particles by conveniently applying microsuspension
polymerization with iodoform (ms I) with a two-step temperature process at a threshold
content of BPO was clarified. The influence of the pretreatment temperature was
studied practically to fulfil the requirements of 100% micrometer-sized particles and the
maximum industrial efficiency at the same time.

In Chapter 3, the synthesis of poly(vinyl acetate) (PVAc) through ms ITP was

demonstrated for the first time, in which VAc is an unconjugated monomer. As well as
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MA, with the instruction of the kinetic simulation, the synthesis mechanism of
micrometer-sized PVAc particles without submicrometer-sized byproduct particles were
clarified. The occurrence of side reactions between iodic species and PVAc was studied,
including the hydrolysis of iodine molecules, the degradation of iodine-terminated
PVAc chains, and the generation of crosslinking points through aldol reactions.
Moreover, the influence of iodine ends on hydrolysis of PVA was investigated. In this
chapter, a well-defined PVA was obtained from the controlled PVAc prepared through
ms ITP, which offers a new route to synthesize PVA-based materials with desired
molecular weight (M,) and narrow molecular weight distribution (Mw/Ms).

In Chapter 4, the synthesis of micrometer-sized block copolymer particles using
two hydrophilic monomers, MMA and Vac, was demonstrated through two-step ITP for
the first time. Besides the synthesis mechanism, the inner morphology of the obtained
PMMA-block-PVAc (PMMA-b-PVAc) was also investigated to judge the existence and
location of PVAc block in the particle.

In Chapter 5, a series of PMMA-b-PVAc was synthesized with the different
degree of polymerization ratios of PVAc to PMMA (DPvac/DPmma) using the two-step
ITP. The convertible affinity of the PVAc block to water and microphase separation
were achieved by hydrolyzing the micrometer-sized PMMA-b-PVAc particles directly
in an aqueous phase at high temperature, resulting in the (multi)hollow inner structure.
Three different morphologies were observed with the increase in the DPvac/DPmma, and
the formation mechanism of each morphology was clarified in detail. Overall, the
morphological change of PMMA-b-PVAc particles after hydrolysis arises from the
synergistic effect of the ionized iodine and hydrophilic PVA segments.

Basing on the above content, iodine transfer polymerization (ITP) in a
microsuspension system could be performed in the environmentally friendly media —
water at a mild condition. It provides new insights into the control of the ITP over
homopolymer or block copolymer micrometer-sized particles  without
submicrometer-sized particles using hydrophilic monomers to meet the demands of
industrial production. Moreover, for the obtained polymer maintains the iodine
functional group, it offers a new strategy to realize environmentally friendly particle
morphology transition by utilizing the high reactivity of the iodine end. Therefore, the
results are summarized in this work under the title of “Synthesis of Micrometer-sized
Polymer Particles by Microsuspension Iodine Transfer Polymerization using
Hydrophilic Monomers” (FI&R : /AT / v~ — 2 AWevA 7 u i@ 3 U REH)
HAICL B~ A 70 A —F—P A ZDELSFHRLF DERL).
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