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Activators regenerated by electron transfer in ATRP of methyl
methacrylate with alcohol as reducing agent in the presence
of a base
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Abstract Poly(methyl methacrylate) (PMMA) was syn-

thesized via activators regenerated by electron transfer

(ARGET) in atom transfer radical polymerization (ATRP)

(ARGET ATRP) of methyl methacrylate in N,N-dimethyl-

formamide and using ethyl 2-bromoisobutyrate as initiator,

CuCl2 as catalyst, N,N,N0,N0-tetramethylethylene-diamine

as ligand and ethanol as a reducing agent. The polymeriza-

tion temperature was kept at 70 �C. A well-defined PMMA

with predetermined molecular weight and narrow molecular

weight distribution was obtained. A linear relationship

between ln([M]0/[M]) and polymerization time was found to

show the living and controllable radical polymerization. The

molecular weights of the obtained polymers increased line-

arly with monomer conversion and the data are in good

agreement with the theoretical values with narrow molecular

weight distribution (Mw/Mn). That is to say, alcohols were

found to be a kind of highly efficient agents in the presence of

Na2CO3 in this system. The effects of temperature, different

types of alcohols and the amount of n-propanol on the

polymerization were investigated. With increasing temper-

ature (changed from 70 to 90 �C) and the amount of n-pro-

panol (changed from 500:1:1:2:1:2 to 500:1:1:2:10:2), the

conversion increased from 15.6 to 34.7 % and from 8.6 to

26.8 %, respectively. However, the value of Mw/Mn became

broader when the molar ratio of [MMA]0/[EBiB]0/[CuCl2]0/

[TMEDA]0/[n-propanol]0/[Na2CO3]0 was 500:1:1:2:1:2,

indicating that the amount of n-propanol played an important

role in ARGET ATRP of MMA. The activation energy was

calculated to be 51.96 kJ/mol. The different types of alcohol

were demonstrated to be an efficient reducing agent in this

system except for tert-butyl alcohol. The ‘‘living’’ feature of

the obtained polymer was further verified by a chain exten-

sion experiment. The obtained polymer was characterized by
1H NMR and GPC.
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Introduction

Atom transfer radical polymerization (ATRP) provides a

simple route to many well-defined (co)polymers with pre-

determined molecular weight, narrow molecular weight

distribution, and high degree of chain end functionality [1–

3]. This method has been very successfully applied to the

preparation of many nanocomposites, hybrids, and

bioconjugates.

ATRP is based on creation of a fast transition metal-

complex mediated equilibrium between active species and

a dormant species during the polymerization process. The

process involves the combination of an alkyl halide and a

low-valent transition metal complex, which is capable of

being oxidized to the high-valent transition metal complex

by addition of a halogen atom, resulting in the formation of

propagating radicals.

Although ATRP has many advantages, however, it

suffers from two main drawbacks. A relatively large

amount of the transition metal catalyst is needed. The
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