
Vol.:(0123456789)1 3

Iranian Polymer Journal (2018) 27:43–48 
https://doi.org/10.1007/s13726-017-0583-4

ORIGINAL PAPER

Photo‑induced ATRP of MMA under blue light irradiation 
in the presence of 3,4,9,10‑tetra‑(12‑alkoxycarbonyl)‑perylene 
as a photocatalyst

Guo‑Xiang Wang1 · Mang Lu2 · Min‑Jie Zhou1 · Enxiang Liang1 · Binhong He1

Received: 21 May 2017 / Accepted: 11 November 2017 / Published online: 17 November 2017 
© Iran Polymer and Petrochemical Institute 2017

Abstract
Photochemically mediated atom transfer radical polymerization of methyl methacrylate (MMA) was conducted at ambient 
temperature in N,N-dimethylformamide under blue light irradiation in the presence of 3,4,9,10-tetra-(12-alkoxycarbonyl)-
perylene (PTCDA) as a photoredox catalyst and ethyl α-bromophenylacetate as an ATRP initiator. The polymerization pro-
ceeded in a controlled manner in the absence of metal catalyst, and was indicated by narrow molecular weight distributions 
(Mw/Mn < 1.5) for the synthesized polymers. The first-order kinetics was observed through the course of the reaction, and 
the number-average molecular weight values (Mn,GPC) obtained by experiments were in good agreement with theoretical 
values. The effect of PTCDA concentration on photochemically mediated atom transfer radical polymerization of MMA 
was investigated. The reaction conversion increased with higher concentration of PTCDA. Furthermore, narrow molecular 
weight distributions were obtained when the PTCDA concentration varied from 400:1:0.005–400:1:0.05. In the absence of 
PTCDA, the polymerization reaction did not take place. The polymerization was manipulated by on/off light with an excellent 
control over Mn,GPC, Mw/Mn and chain ends of the resulting polymers. The resultant poly(methyl methacrylate) (PMMA) was 
characterized by proton nuclear magnetic resonance (1H NMR) spectroscopy and gel permeation chromatography (GPC). 
The living nature of photo-induced ATRP of MMA with PTCDA as photocatalyst was successfully confirmed by chain 
extension. A probable mechanism is presented in this manuscript.
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Introduction

The development of controlled/living radical polymeriza-
tion (CRP) methods provides a way to synthesize well-
defined polymers [1–3]. There are some living free radical 
polymerizations commonly studied, including nitrox-
ide-mediated polymerization (NMP) [4–6], atom trans-
fer radical polymerization (ATRP) [7–9] and reversible 

addition–fragmentation chain transfer (RAFT) polym-
erization [10–12]. Atom transfer radical polymerization 
(ATRP), a living polymerization technique, is an effective 
and convenient method known to produce narrow molecu-
lar weight distributions of polymer chains since the discov-
ery of the method by Sawamoto [13] and Matyjaszewski 
[14] in the 1990s. ATRP is catalyzed by transition metals 
and its dynamic equilibrium is established between high-
oxidation-state transition metal and low-oxidation-state 
metal. In recent decades, through excellent studies, much 
progress has been made in the field of ATRP techniques 
[15–17]. Zhu and coworkers [18–20] reported the ATRP 
reactions carried out in bi-phase systems. In these systems, 
the catalyst was separately recycled in a heterogeneous sys-
tem [21, 22]. More recently, photo-ATRP systems [23–25] 
have attracted significant attention due to their facile opera-
tion and minimal addition of catalysts [26, 27].

Photocatalyst materials play an important role in photo-
ATRP. Semiconductor nanoparticles, such as ZnO [28],  TiO2 
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