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Synthesis and the effect of hydrophobic dodecyl end groups
on pH-responsive micellization of poly(acrylic acid)
and poly(ethylene glycol) triblock copolymer
in aqueous solution
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Abstract A pH-responsive triblock copolymer of poly

(acrylic acid)-b-poly(ethylene glycol)-b-poly(acrylic acid)

containing hydrophobic dodecyl end groups (C12H25-PAA-

b-PEG-b-PAA-C12H25) with narrow molecular weight

distribution (Mw/Mn = 1.30) was synthesized via revers-

ible addition-fragmentation chain transfer polymerization

of acrylic acid (AA). Poly(ethylene glycol) (PEG) capped

with S-1-dodecyl-S0-(a,a0-dimethyl-a00-acetic acid) trithio-

carbonate (DDATC) end groups was used as the macro

chain transfer agent (PEG macro-CTA) and 2,20-azobisi-

sobutyronitrile (AIBN) as initiator for monomer acrylic

acid. The effect of the hydrophobic dodecyl end groups on

pH-sensitive self-association of C12H25-PAA-b-PEG-b-

PAA-C12H25 in aqueous solution was investigated by

fluorescence spectroscopy, dynamic light scattering and

atomic force microscope. At pH C5.5, the solution

behavior of C12H25-PAA-b-PEG-b-PAA-C12H25 is like

polyelectrolyte in aqueous solution, and the effect of

dodecyl end groups is negligible. At pH \5.0, the hydro-

phobic dodecyl end groups contribute dominantly to the

pH-sensitive micellization and result in the formation of

micelles with stronger hydrophobicity and larger size at

low concentration (critical micelle concentration is 0.062 g/L).

In the range of pH 2.5–3.5, the steady (Rh & 35.0 nm) and

narrow size distributed micelles (polydispersity index,

PDI \ 0.2) can be obtained. The micelles formed by C12H25-

PAA-b-PEG-b-PAA-C12H25 triblock copolymer in acidic

solution are expected to have a core–shell–corona structure,

where the hydrophobic dodecyl groups form the core, and

weak hydrophobic PAA/PEG hydrogen-bonded complexes

form the shell and the uncomplexed PAA, and PEG chain

segments form the corona.
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Introduction

In recent years, the stimuli-responsive copolymers have

received considerable attention for the practical and

potential applications in smart materials and biomedical

fields. The stimuli-responsive micellization or gelation of

these copolymers in aqueous solution can be induced by

changing temperature, pH or ionic strength [1]. Poly

(acrylic acid) (PAA) is commonly used as the pH-sensitive

block in stimuli-responsive copolymers for its response to

the changes in pH and ionic strength. In most cases, the

well-defined copolymers containing PAA block were syn-

thesized by atom transfer radical polymerization (ATRP)

of t-butyl acrylate (tBA) and followed by acidolysis of the

poly(t-butyl acrylate) (PtBA) blocks [2–4]. Reversible

addition-fragmentation chain transfer (RAFT) is a conve-

nient method to carry out directly polymerization of acrylic

acid in a controlled fashion without protecting group

chemistry [5–10]. The suitable chain transfer agent (CTA)

is very important for the successful RAFT polymerization,

which is typical a dithioester or trithiocarbonate [5, 6]. S-1-

dodecyl-S0-(a,a0-dimethyl-a00-acetic acid) trithiocarbonate

is a carboxy-terminated trithiocarbonate and has been

proven to be a highly efficient RAFT CTA for the poly-

merization of a very wide range of monomers [7, 11–13].
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