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Synthesis of triblock copolymeric micelle based on poly (ethylene glycol)
and poly (vinyl acetate) through reversible addition–fragmentation
chain transfer polymerization
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a b s t r a c t

Hypothesis: Polymeric micelles are fabricated by the self-aggregation of amphiphilic polymers in aqueous
medium. Amphiphilic block copolymers consist of hydrophobic and hydrophilic blocks. The hydrophilic
blocks form corona, while hydrophobic blocks produce core of the micelle.
Experiments: In the present manuscript, a triblock copolymer derived from poly (ethylene glycol) and
poly (vinyl acetate) (PVAc-b-PEG200-b-PVAc) has been prepared via reversible addition–fragmentation
chain transfer polymerization. Its structural properties as well as micellar stability have been studied
and application as dye carrier has been discussed in details.
Findings: The GPC analysis shows the low polydispersity of the developed copolymer that signifies the
controlled nature of polymerization. The copolymer demonstrates long-term micellar stability, which
has been determined by dynamic light scattering (DLS) analysis. The block copolymer reveals excellent
pH-triggered release behavior of loaded Nile red, which ascertained the dye carrier feature of PVAc-b-
PEG200-b-PVAc.

� 2018 Elsevier Inc. All rights reserved.

1. Introduction

Recently, amphiphilic block copolymers that consist of
hydrophobic and hydrophilic blocks have drawn significant inter-
est in various applications. After micelle formation, the copolymer

is characterized with hydrophobic core and hydrophilic shell [1]. In
aqueous environment, the amphiphilic polymers form micelle
through electrostatic as well as hydrophobic interactions [1–3].
Copolymeric micelles have extensively been used as drug/dye car-
riers [4,5]. Stimuli-responsive polymeric micelles have shown
great impact in biomedical field, in particular bio imaging [6–8].
However, pH-responsive polymers have received special attention
in case of release study. This is because of the release ability of the
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copolymer, which can easily be controlled just by changing the pH
of the media at a fixed temperature and without heating or light
irradiation [9]. Therefore, considering the above-mentioned advan-
tages, pH-responsive amphiphilic block copolymer has been devel-
oped using poly (ethylene glycol) (PEG) and poly (vinyl acetate)
(PVAc) through reversible addition–fragmentation chain transfer
(RAFT) polymerization and macromolecular design via the inter-
change of xanthates (MADIX) polymerization techniques. Here
PEG200 behaves as hydrophilic shell, while PVAc acts as hydropho-
bic core. In the synthesized triblock copolymer, the centered block
is PEG while the terminal blocks are PVAc.

To investigate the release characteristics of developed block
copolymer, Nile red was used as model dye. Nile red is a fluores-
cent dye and hence it is easy to determine critical micelle concen-
tration (CMC). Nile red is highly soluble in the lipids and does not
interact with tissue constituents. Besides, it can also be applied
easily to cells in an aqueous medium [10]. Additionally for staining
of lipid droplets fixed cells, Nile red is usually used [11].

PEG200 has been considered due to its water solubility,
hydrophilicity, non-toxicity, biocompatibility, non-immunogenicity
and biodegradability [12]. On the other hand, VAc can easily be
polymerized through radical mechanism [13,14] and PVAc shows
broad applications in adhesives, paints, pharmaceutical industries
[15]. Hitherto, various reports pointed out the controlled radical
polymerization (CRP) of VAc through ATRP, NMP and RAFT tech-
niques. For example, Matyjaszewski and co-workers carried out
control polymerization of VAc using i-Bu3Al/ 2,20-bipyridine/
TEMPO [16], however it was found that the polymerization was
more difficult [17]. Afterward, they employed other system
[CCl4/Fe(OAc)2/PMDETA], though achieved polymer with broad
polydispersity (PDI � 1.8–2.0) [18]. Wakioka et al. [19] synthesized
PVAc through CRP in the presence of iodine as an initiator,
where Mn was increased in direct proportion with % conversion.
According to Chen et al., [13] neither NMP nor ATRP are suitable
polymerization techniques for VAc. According to Iovu et al. [20]
and Coote et al. [21], the best two control radical polymerizations
for VAc were degenerative chain transfer (in the presence of
iodine initiator) and RAFT polymerization (MADIX). Considering
the above observations, here RAFT/MADIX technique has been
employed for the polymerization of VAc using xanthate as the
RAFT agent, which produced less stable radical adduct and
developed polymerwith excellent control overMn,Mw and polydis-
persity [22,23].

Earlier, Chen et al. [13], Jeon et al. [24], Tong et al. [25], Xue et al.
[26] developed PVAc-based copolymer through RAFT technique,
however the stimuli-responsive release study using fabricated
copolymer was not investigated. Moreover, Nicolay et al. [27], Lip-
scomb et al. [28], Debuigne et al. [29] synthesized PVAc based
block copolymers with comparatively higher PDI. Besides, the
applicability of these copolymers as dye/drug carrier was not
investigated in details. Considering the above facts, herein a novel
triblock copolymer composed of PEG and PVAc has been developed
using RAFT/MADIX technique, its micellization behavior and pH
responsive release of enclosed dye (Nile red) were investigated in
details. The lower polydispersity of the fabricated triblock copoly-
mers authenticates the control nature of polymerization, while DLS
results predict the excellent long-term micellar stability.

2. Experimental method

2.1. Materials

PEG200, vinyl acetate, 2-bromo-2-methylpropionyl bromide and
Nile red were purchased from TCI Chemicals, Japan. N, N0-dimethyl
formamide (DMF) and diethyl ether were purchased from Merck,

India. Potassium ethyl xanthate was purchased from Alfa–Aesar,
USA. AIBN was procured from Loba Chemie, India. Distilled water
was used for experimental work.

2.2. Synthesis

2.2.1. Synthesis of PEG200-Br
1.0 g PEG200 [1H NMR (400 MHz, d6-DMSO) d (ppm): 3.49

(ACH2, PEG200), 3.38 (AOH, PEG200)] was dissolved in 25 mL DMF
in a three-necked RB and kept in an oil bath. After that, pyridine
(1.5 mL, 18.4 mmol) was added. Then, 3.0 mL (24.0 mmol) of 2-
bromo-2-methylpropionyl bromide was added to the mixture.
After 24 h of stirring, the mixture was precipitated in diethyl ether
and was filtered. Afterward, the product was dried at 55 �C. The
reaction was carried out in inert atmosphere (N2 atmosphere)
[1H NMR (500 MHz, DMSO) d (ppm): 3.50 (ACH2, PEG200), 1.89
(ACH3, bromo-ester group].

2.2.2. Synthesis of potassium ethyl xanthate modified PEG200-Br
1.0 g of brominated PEG200 was reacted with 1.0 g (0.0062 mol)

of potassium ethyl xanthate at 80 �C for 1 day. Subsequently, the
solution mixture was precipitated in diethyl ether and then was fil-
tered using Whatman 41 filter paper. The product was dried at 55
�C for two days [1H NMR 400 MHz, d6-DMSO) d (ppm): 3.49 (ACH2,
PEG200), 1.90 (ACH3, bromo-ester group), 4.39 (ACH2, RAFT agent),
1.86 (ACH3, RAFT agent)].

2.2.3. Synthesis of PVAc-b-PEG200-b-PVAc through RAFT
polymerization

The copolymer PVAc-b-PEG200-b-PVAc was synthesized through
polymerization of VAc (4.0 mL, 0.0432 mol) using AIBN (0.0078 g,
4.750 mol) initiator. The reaction was executed at 60 �C for 6 h in
inert atmosphere. After that, diethyl ether was used to precipitate
the polymer, filtered and kept in a hot air oven for two days for
drying [1H NMR 400 MHz, d6-DMSO) d (ppm): 3.51 (ACH2,
PEG200), 2.10 (ACH3, bromo-ester group), 2.72 (ACH2, PVAc),
4.86–4.89 (ACH, PVAc), 2.88 (ACH3, PVAc), 4.62 (ACH2, RAFT
agent), 1.26 (ACH3, RAFT agent)].

With variation of reaction time (4–8 h) and amount of mono-
mer (0.0324–0.0648 mol), different copolymers were prepared.
The optimized copolymer was chosen with higher % conversion,
higher Mn and lower polydispersity (Table S1, Supporting Informa-
tion). The % conversion was calculated using Eq. (1) [30]:

%Conversion ¼ Wp

Wp þWm
ð1Þ

Where ;Wp is the dry weight of polymer and Wm is the initial
weight of monomer.

2.3. Characterization

The synthesized block copolymer was characterized by FTIR, 1H
NMR, GPC, DLS and TEM analyses. The instrumental details are
summarized in Supporting Information.

2.3.1. Swelling characteristics of copolymer
With variation of pH (1.2 and 7.4) at 37 �C, the equilibrium

swelling was measured. Detailed experimental procedure has been
discussed in Supporting Information.

2.3.2. Determination of critical micelle concentration (CMC) of PVAc-
b-PEG200-b-PVAc

CMC of PVAc-b-PEG200-b-PVAc was determined by fluorescence
spectrophotometer (Model: LS55; Make: PerkinElmer USA). Nile
red was used as model dye.
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