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Abstract

This investigation describes the synthesis of a dual stimuli-responsive,

amphiphilic ABC tri-block copolymer (BCP) based on the functional mono-

mers via RAFT polymerization. In this case, ABC-type BCP was prepared

based on N-isopropylacrylamide, n-butyl acrylate, and 4-vinylpyridine in

DMF solvent using cyanomethyl dodecyl trithiocarbonate as the RAFT agent

and azobisisobutyronitrile as a thermal initiator in a subsequent macro-RAFT

approach, respectively. The BCPs were characterized by SEC, 1H-NMR, FTIR

spectroscopy, and DSC analyses. Temperature and pH-dependent properties of

the smart BCPmicelles in aqueousmediumwere investigated using dynamic light

scattering. Transmission electronmicroscopic images were taken at cryogenic and

dry conditions to study the morphology of molecular assemblies of block copoly-

mers in an aqueous medium. The phase and topographical images were captured

by atomic force microscopy to understand the assembly of block copolymers in

solvents of different polarities. The morphology of BCP micelles was transformed

from flower-like to spherical in the presence of solvents with different polarities

(H2O or CHCl3).
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1 | INTRODUCTION

Nowadays, stimuli-responsive polymers are widely studied
due to their unique behavior in the presence of external
stimuli like temperature, pH, ionic strength, and so forth.
In the presence of the external stimuli, responsive polymers
can configure themselves in a wide variety of orientations,
including spherical, lamellar, cylindrical vascular, and
many more.[1–4] The upgradation of the polymeric structure
to special orientations allows the polymeric architecture

to be used in smart applications like membranes,[5,6]

controlled drug delivery systems in biomedical applications,[7]

tissue engineering,[8] electronics, optics, environmental or
energy domain or polymeric coatings,[9] which is not possi-
ble for the linear analogous.

The highly cooperative interactions cause the nonlinear
responses of the stimuli-responsive polymer. Each particular
interaction taking place in a separate monomer unit is weak
but additive in nature. So, a significant summation of the
properties is expected in the presence of external stimuli
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when the monomeric units are polymerized. Since the
changes in temperature and pH are relatively simple to
control, and also easily applicable, temperature and pH
are the most widely used triggers in stimuli-responsive
polymer systems. Typical thermoresponsive polymers
are based on N-isopropylacrylamide (NIPAM),[10,11]

N,N-diethylacrylamide,[12] methyl vinyl ether,[13] and N-
vinylcaprolactam.[14] On the other hand, pH pH-
responsive polymers are ionizable polymers with pKa
values between 3 and 10.[15]

He and Shi et al. prepared and studied the effect of pH
on the pyranine-induced micellization of poly(ethylene
glycol)-b-poly(4-vinylpyridine) in aqueous solutions and
pH-triggered release of pyranine from the complex
micelles.[16] Shi et al. also studied the thermo- and pH-
responsive micellization of poly(ethylene glycol)-b-poly
(4-vinylpyridium) in water.[17] Zhu et al.[18] studied the
effect of temperature and pH on the micelles PNIPAM-b-
P4VP in an aqueous medium, which is considered to be a
double responsive block copolymer (BCP). Dai et al. also
report a similar system of a pH-induced reversible
micellization.[19] Marty et al. recently studied the effect of
copolymer composition of RAFT/MADIX-derived poly(N-
vinylcaprolactam-co-N-vinylpyrrolidone) statistical copoly-
mers on their thermoresponsive behavior and hydrogel
properties.[20] In most of these studies of dual dual-
responsive polymers, either AB-type di-block copolymers
or ABC-type tri-block copolymers have been used. In that
context, ABC-type smart BCPs would be an interesting
material, as it can show not only dual-responsive proper-
ties but also multi-responsive properties. However, it needs
challenging synthetic strategies to prepare tri- or n-block
copolymers having asymmetric blocks or block lengths.

In this investigation, we reported for the first time
RAFT-mediated synthesis of thermo- and pH-responsive
poly(N-isopropylacrylamide-b-n-butylacrylate-b-
4-vinylpyridine) (PNIPAM-b-PBA-b-P4VP), as ABC-type
amphiphilic block copolymers using cyanomethyl dode-
cyl trithiocarbonate (CMDTTC) as RAFT agent and AIBN
as an initiator. PNIPAM, being a thermoresponsive poly-
mer, shows a LCST at around 32 �C, whereas. P4VP as a
pH-sensitive polymer is soluble in water when the pH is
less than 4.7 and becomes insoluble at higher pH values.
PBA is chosen as a third block in the ABC-type tri-block
copolymer to introduce a hydrophobic block, which
reduces the volume phase transition temperature (VPTT)
and improves low-temperature properties for the delivery
of water-insoluble drugs. Due to its tackiness, it also
reduces the minimum film-forming temperature to below
room temperature. The micelles formed from such block
copolymers in an aqueous medium can undergo various
conformational changes, depending upon the different
combinations of temperature and pH. In this work, the

effect of solvent polarity on the self-assembly of BCP has
also been studied using AFM technique. This amphi-
philic BCP can act as a potential vehicle for various
water-insoluble drugs in biomedical applications and
coating applications on various surface systems due to
the high tackiness of PBA.

2 | EXPERIMENTAL

2.1 | Materials

4-vinylpyridine (95%, 4-VP, Sigma-Aldrich), n-butyl acrylate
(≥99%, BA, Sigma-Aldrich), and NIPAM (≥99% NIPAM,
Sigma-Aldrich) monomers were purified via vacuum distil-
lation before use. DMF, azobisisobutyronitrile (98%, AIBN,
Sigma-Aldrich), and CMDTTC (≥99%, CMDTTC, Sigma-
Aldrich) were used as received PNIPAM.

2.2 | Synthesis of PNIPAM Using
CMDTTC as RAFT Agent

NIPAM (1 g, 8.85 mmol), CMDTTC (56.2 mg, 0.17 mmol),
AIBN (3 mg, 0.017 mmol), and DMF (2.5 g, 34.2 mmol)
were added to a Schlenk flask equipped with a magnetic
stirrer. The solution was degassed by three freeze pump
thaw (FPT) cycles and set under a nitrogen atmosphere.
The reaction mixture was subsequently heated in an oil
bath at 70 �C. Samples were periodically withdrawn from
the polymerization medium for the determination of mono-
mer conversion and molecular weights by SEC. The poly-
merization was stopped after 3 h by quenching it in liquid
nitrogen (Mn = 5220 g mol−1, PDI = 1.05). The 1H-NMR of
the PNIPAM macro-RAFT is discussed in Figure S1 and the
presence of peak signals at 1680 (>C═O amide) and
3435 cm−1 (─NH st.) in the FTIR spectrum of Figure 3
(a) show the formation of the PNIPAM macro-RAFT.
Finally, the polymer was precipitated from a large volume
of cold diethyl ether and the product was vacuum dried
under reduced pressure at 50 �C. Using the same procedure,
homopolymers of BA and 4-VP were also prepared for FTIR
comparative study.

2.3 | Preparation of PNIPAM-b-PBA, AB-
Type Block Copolymer

In a typical procedure, n-butyl acrylate (1 g, 7.8 mmol),
PNIPAM macro-RAFT agent (0.81 g, 0.15 mmol), AIBN
(2.6 mg, 0.016 mmol), and DMF (4 g, 54.8 mmol) were
taken in a 25 mL Schlenk flask equipped with a magnetic
stirrer (Scheme 1). The solution was degassed by three
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FPT cycles and set under a nitrogen atmosphere. The
polymerization process was carried out at 70 �C in an oil
bath. The reaction was terminated after 3 h by quenching
it in liquid nitrogen. The polymer was extracted from the
reaction mixture by centrifugation in an aqueous
medium and the extracted product was dialyzed with a
3500 kDa MWCO membrane for 3 d to get the pure prod-
uct. Then, it was dried in a vacuum oven at 60 �C for
24 h. Comparing the NMR spectra of the homo- (Fig. S1)
and di-block copolymer (Fig. S2), it can be seen that the
peak intensity at 4.0 ppm increases in the copolymer,
along with the appearance of new proton signals at 0.8–-
2.5 ppm, confirming the successful addition of the PBA
block.

2.4 | Preparation of PNIPAM-b-PBA-b-
P4VP, ABC-Type Block Copolymer

In a typical procedure, 4-vinylpyridine (0.5 g,
4.7 mmol), PNIPAM-b-PBA (1.14 g, 0.09 mmol), AIBN
(1.6 mg, 0.01 mmol), and DMF (4 g, 54.8 mmol) were
taken in a Schlenk flask equipped with a magnetic stir-
rer (Scheme 1). The solution was degassed through
three FPT cycles and set under a nitrogen atmosphere.
The solution was then heated in an oil bath at 70 �C for
24 h. The polymerization was stopped by quenching it
in liquid nitrogen. The polymer was extracted from the
reaction mixture by centrifugation in an aqueous
medium and the mass was dialyzed with a 10,000 kDa
MWCO membrane for 3 d to receive the pure product.
Afterward, it was dried in a vacuum oven at 60 �C for
24 h (see Fig. 3 FTIR spectra 1680 [>C═O amide] and

3435 cm−1 [─NH st.] from PNIPAM, 1734 cm−1 [>C═O
ester] and 1597 cm−1 [C═C bending of aromatic ring]
from P4VP).

2.5 | Characterization Techniques

2.5.1 | Gel Permeation Chromatography

Molecular weights and dispersity of the polymers were
measured by a combined GPC system equipped with a
high-performance liquid chromatography pump (Bischoff
HPLC), a Jasco 2035-plus RI detector, and four MZ-DVB
gel columns (30, 100, and 2 × 3000 Å) in series. A solu-
tion of DMF containing 1.0 g L−1 LiBr was used as eluent
(flow: 1.0 mL min−1). The molecular weights were calcu-
lated using a poly(styrene) (PS) calibration.

2.5.2 | Nuclear Magnetic Resonance

1H-NMR spectra of the copolymer in CDCl3 were
recorded on a Bruker DPX-400 FT NMR operating at
400 MHz.

2.5.3 | Fourier-Transform Infrared

FTIR spectra (resolution 4 cm−1) of homo- and co-
polymers were recorded using a Nicolet NEXUS 670 FTIR
spectrometer. Samples were tested under ATR mode. For
each spectrum, more than 200 scans were averaged to
enhance the signal-to-noise ratio.

SCHEME 1 The schematic reaction for the synthesis of PNIPAM-b-PBA-b-P4VP tri-block copolymer [Color figure can be viewed at

wileyonlinelibrary.com]
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2.5.4 | Transmission Electron
Microscopic

A JEOL USA JEM-2100F TEM was used under cryo
conditions. The electron beam accelerating voltage was
set at 200 kV. Analytical TEM images were taken using
the FEI Tecnai™ electron microscope (made in the
Czech Republic) at 120 kV electron beam accelerating
voltage. Ten microliters of 0.2 mg mL−1 aqueous solu-
tion of BCP was trickled on a piece of Formvar carbon-
coated copper grid, which was cooled to −150 �C with
the help of liquid nitrogen for cryo-TEM analysis, oth-
erwise, for analytical TEM, the images were taken
at 20 �C.

2.5.5 | Atomic Force Microscopy

Intermittent contact mode atomic force microscopy (AC-
AFM) (Agilent 5500 Scanning Probe Microscope) with a
tip resonance frequency varying from 146 to 236 Hz and
48 N m−1 force constant was used to study the phase
morphology and topography of the BCP. Two 5 mg mL−1

BCP solutions were prepared separately in analytical
grade H2O (99%) and CHCl3 (99%) solvent: A 50 μL drop
of BCP solution was placed over the clean microscopic
glass slide and dried in a vacuum oven at 60 �C for 3 h.
Sample coated glass slides were then taken to record the
AFM images.

2.5.6 | Dynamic Light Scattering

Temperature-dependent changes in the hydrodynamic
radius of the micelles formed in an aqueous medium
were measured with a DLS spectrometer (ALV DLS/SLS-
5000) equipped with an ALV-5000/EPP multiple tau digi-
tal correlator and laser goniometry system-ALV/CGS-8F
S/N 025 with a helium-neon laser (Uniphase 1145P, out-
put power of 21 mW and wavelength of 632.8 nm) as a
light source at 90� scattering angle. The acquisition time
was set for 90 s. Based on the data available in the
literature,[18] the critical micelle concentration of similar
BCP lies at 0.01 mg mL−1. Therefore, the PNIPAM-b-
PBA-b-P4VP copolymer was dissolved in acidic water
(pH 3) to prepare an aqueous solution with a concentra-
tion of 0.2 mg mL−1. The solution was passed through a
0.2 μm PET-filter into a clean vial to avoid multiple scat-
tering by impurities. The measurements were performed
at a series of temperatures varied from 10 to 45 �C. A
similar procedure was repeated to compare the effect of
temperature on the hydrodynamic radius of micelles
at pH 8.

2.5.7 | Differential Scanning Calorimetry

A DSC 200 F3 Maia thermal analyzer (Netzsch-Gerätebau
GmbH) was used to measure various thermal transitions at
a 10 �C min−1 scanning rate between −150 and 200 �C.
Approximately 10 mg of the sample was taken on the alu-
minum crucibles for thermal analysis.

3 | RESULTS AND DISCUSSION

ABC-type BCP, i.e. PNIPAM-b-PBA-b-P4VP, was prepared
sequentially, as shown in Scheme 1. In this case, PNIPAM
macro-RAFT agent was initially prepared via RAFT poly-
merization, followed by the preparation of PNIPAM-b-PBA,
that is, AB-type BCP. Finally, the ABC-type BCP was pre-
pared using PNIPAM-b-PBA as a macro-RAFT agent. In
each step, homopolymer and copolymers were character-
ized by GPC, 1H-NMR, and FTIR analyses. Figure 1 shows
the SEC traces of homopolymer, AB-di-block, and ABC-tri-
block copolymer. A gradual shift of the SEC traces for
homopolymer, di-block, and tri-block copolymer toward
higher molecular weights, or lower retention time indicates
the formation of BCP in each step.

Table 1 summarizes the average molecular weight
and dispersity of the different polymers. The theoretical
molecular weight was calculated by the given equation:

Mnth =Conversion %ð Þ M�½ �
CTA½ �

� �
Mm +M CTAð Þ ð1Þ

where ([M�]/[CTA]) is the molar ratio between monomer
(M�) and chain transfer agent (CTA) in the feed, and Mm

and MCTA are the molar masses of the monomer and
CTA, respectively.

FIGURE 1 GPC traces of different macro-RAFT-mediated

homopolymer and block copolymers [Color figure can be viewed at

wileyonlinelibrary.com]
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The chemical structures of the homopolymer of
NIPAM and its BCPs were elucidated using 1H-NMR
spectra. The 1H-NMR spectrum of the PNIPAM homo-
polymer is shown in Fig. S1. The PNIPAM segment
shows a characteristic resonance peak at 3.94 ppm due to
the proton of tertiary carbon (>CH─, h). Figure 2 shows
the 1H-NMR spectrum of PNIPAM-b-PBA-b-P4VP copol-
ymer recorded in CDCl3 solvent. The presence of the
PBA segment in the tri-block copolymer was confirmed
through the presence of characteristics resonances at
0.99 ppm (─CH3, f), 2.20 ppm (>CH2, d), and at 4.05 ppm
(─OCH2─, c). Whereas the presence of the resonance peak
at 8.30 ppm (>CH2, a) is due to the aromatic protons of
P4VP, which confirms its presence in the BCP.

Figure 3(a) shows the FTIR spectra for the P4VP,
PBA, and PNIPAM homopolymers. Aromatic C─H
stretching at 3030 cm−1 and aromatic C═C bending at
1597 cm−1 indicate the presence of the aromatic ring in
the P4VP segment of BCP. Along with this, a peak at
1442 cm−1 shows the presence of C═N stretching vibra-
tion of the P4VP segment. PBA and PNIPAM show char-
acteristic vibrational peaks at 1734 cm−1 (>C═O stretch)
and 3435 cm−1 (amide ─NH─ stretch), respectively. The

IR spectra shown in Figure 3(b) depict all the characteris-
tic peaks of PNIPAM, PBA, and P4VP homopolymers,
which confirm the structure of the PNIPAM-b-PBA-b-
P4VP tri-block copolymer.

3.1 | Self-Assembly Behavior of pH and
Thermo-Responsive BCP

The change in the hydrodynamic radius of the BCP micelles
in an aqueous solution was measured as a function of tem-
perature at different pH (3 and 8) in DLS method and the
results are shown in Fig. 4. Variation of the temperature at
pH 3 resulted in a change in the hydrodynamic radius of
the micelles. The decrease in the BCP particle size
(42–31 nm) with an increase in temperature can be
described by considering the thermoresponsiveness of the
PNIPAM segment [Fig. 4(a)], where the collapse of
PNIPAM chains above its LCST was restricted by the pro-
tonation of P4VP part at pH 3.

The addition of hydrophobic groups into a thermo-
responsive polymer shifts the LCST toward lower temper-
atures.[21] This phenomenon could be observed when the

TABLE 1 Summary of the Molecular Weights of PNIPAM Macro-RAFT, AB, and ABC Block Copolymers

S. No. Samples
Molar ratio
[M0]:[CTA]:[I] Time (h)

Conversion
(%)

Mn,Theo

(g mol−1)
Mn,GPC

(g mol−1) Dispersity (D)

1 PNIPAM 45:1:0.1 3 87 5100 5220 1.05

2 (PNIPAM)46-b-(PBA) 53
a 50:1:0.1 3 90 11,500 12,040 1.07

3 (PNIPAM)46-b-(PBA)53-b-(P4VP)46
b 46:1:0.1 24 94 16,400 16,970 1.18

aThis AB-type block copolymer was prepared using PNIPAM (Mn = 5220 g mol−1) as the macro-RAFT agent.
bThis ABC-type block copolymer was prepared using PNIPAM-b-PBA (Mn = 12,040 g mol−1) as the macro-RAFT agent.

FIGURE 2 1H NMR spectra of the

PNIPAM-b-PBA-b-P4VP block

copolymer in CDCl3 [Color figure can be

viewed at wileyonlinelibrary.com]
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higher hydrophobic PBA part helped the BCP micelles to
self-aggregate at 24 �C (83–165 nm), which is lower than
the VPTT of pure PNIPAM under basic condition
(at pH 8). After that, a gradual increase in the particle
size from 165 to 282 nm has been observed up to 45 �C
[Fig. 4(b)]. Interestingly, the particle size increased from
282 to 357 nm during the cooling cycle. It is clear from
Figure 4(b) that micelle in an aqueous medium at pH 8
could not re-disperse into smaller micelles and remained
aggregated upon a decrease in temperature.

On the other hand, micelles at pH 3 showed some
reversibility in hydrodynamic radius. This phenomenon
can be seen as an analogy for the coagulation of natural
rubber latex when colloidal particles become destabilized
upon the loss of repulsive force between them.

At pH 8, both P4VP and PBA became hydrophobic in
nature, so P4VP occupied the core position in the micelle
and did not provide the repulsive force between micelles
to prevent aggregation as it used to do in protonated con-
dition at pH 3, thereby lost the reversible swelling/
deswelling characteristics. At pH 8, along with the
absence of positive charge, the formation of the intramo-
lecular interaction between the PNIPAM segments of dif-
ferent BCP particles also accelerates the segregation
while heating.

The particle size distribution index (PDI) of the
micelles was also affected by the pH of the aqueous solu-
tion. At pH 3, the polydispersity of the micelles did not
change significantly and was found within the range
from 0.14 to 0.18 [Fig. 4(a)]. It implies that micelles did

not coalesce, and their size and shape remained roughly
identical throughout the temperature variation. However,
at pH 8 the PDI value of the micelles was found rising
from 0.07 to 0.20, after reaching the critical temperature
[Fig. 4(b)]. This implies that the critical aggregation tem-
perature of BCP seems to be influenced by the pH of the
surrounding environment. Figure 5 shows the TEM
image of the molecular assembly of BCP captured under
cryogenic conditions (−150 �C) and at 25 �C and pH 8. A
vesicle-type structure was observed when TEM images
were taken at −150 �C, where the mean size of the
micelle was found to be 35 ± 2 nm [Figure 5(a)], but at
25 �C, that is, above VPTT of BCP, the mean size of the
micelle was dramatically increased (200 ± 10 nm) (Fig. 5)
almost up to six-fold due to conformational changes cau-
sed by self-assembly.

The model shown in Scheme 2 illustrates the forma-
tion of micelles out of BCP at a temperature lower than

FIGURE 4 Variation of the hydrodynamic radius and PDI of

BCP micelles at different temperatures at (a) pH 3 and (b) pH 8

[Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 FTIR spectra of different homopolymers and block

copolymers in the wavenumber region between 1400 and

3500 cm−1 for (a) P4VP, PBA, and PNIPAM homopolymers and

(b) PNIPAM-b-PBA-b-P4VP block copolymer [Color figure can be

viewed at wileyonlinelibrary.com]

848 PAL ET AL.

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


the LCST and at a pH value greater than 4.7, which sup-
ports the images obtained from TEM analysis. In order to
understand the thermal transition behavior of a typical
ABC-tri-block copolymer, DSC analysis of the prepared
BCPs was carried out. Figure S2 shows the heating and
cooling cycle thermogram of the amphiphilic ABC tri-
block copolymer, indicating the multiple endothermic
transitions and microphase crystallization of the tri-block
copolymer. The soft-microphase, that is, PBA of the ABC
tri-block copolymer exhibits a glass-transition tempera-
ture (Tg) at −49 �C and changes in heat capacity (ΔCp) at
Tg is 0.201 J/(g K). The DSC thermogram demonstrates
the BCPs undergoing microphase separation transition in
the form of an endothermic peak at ~100 �C. However,
the cooling thermogram exhibits two distinct crystalliza-
tion peaks at ~69 and 47 �C, indicating the formation of
two different types of microphases (see Fig. S3).

The most important feature of the amphiphilic BCPs
is the formation of self-assembled structures in the pres-
ence of solvents having distinctly different polarities. In
the presence of a biphasic solvent, BCPs can configure
themselves into different types of self-assembled struc-
tures such as spherical, cylindrical, star, or flower shape.
Among a wide range of amphiphilic systems, linear
amphiphilic BCPs cover up the center of attraction due to

their self-assembly in the presence of a mixture of ther-
modynamically favorable and unfavorable solvents for
specific segments of the BCP. Figure 6 shows the compar-
ative phase morphology and topographical images of
BCP using H2O at pH 8 and CHCl3 as a solvent. In the
given phase and topographical images, the yellowish
region symbolizes the collapsed chain segment of the
BCP, that is, PNIPAM or P4VP, and the dark-brown
region represents the swollen segment, that is, PBA. The
response of the thermoresponsive PNIPAM segment
toward the solvent nature during phase development is
quite evident from Figure 6(a,b). The use of the polar sol-
vent H2O resulted in a star-shaped morphology, but BCP
configured into an inter-diffused spherical type of mor-
phology consisting of collapsed and swollen polymeric
segments when the less polar solvent CHCl3 was used. In
the case of a water solution having a pH of 8, the
PNIPAM segment occupied the outer segment of the self-
assembled structure. Whereas, PBA and P4VP occupied
the center part by formatting a compartmentalized core
as discussed earlier. It has been reported that when
the soluble block predominates over the insoluble block,
it configured itself into a special kind of orientation
like spherical, star-like, flower-like, depending on the
nature of the polymer present on the BCP system.

FIGURE 5 TEM images for

PNIPAM-b-PBA-b-P4VP micelles at

pH 8, (a) at cryogenic condition

(−150 �C), mean particle

diameter = 35 nm (b) at 20 �C, mean

particle diameter = 240 nm [Color figure

can be viewed at

wileyonlinelibrary.com]

SCHEME 2 Schematic representation of the conformational change of PNIPAM-b-PBA-b-P4VP [Color figure can be viewed at

wileyonlinelibrary.com]
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The presence of a molecular curvature formed due to the
relative size of the hydrophilic and hydrophobic block
provides significant influence over the formation of this
kind of interesting morphologies.

The Hildebrand solubility parameter value for H2O
is 48 MPa1/2, whereas, in the case of CHCl3 it is
18.7 MPa1/2.[22] Due to this phenomenon, the hydropho-
bic segments are highly soluble in CHCl3. In our system,
due to the difference in polarity between more hydropho-
bic PBA and other two segments, that is, PNIPAM and
P4VP, the system tries to orient them in a globular mor-
phology where the presence of PBA and P4VP is expected
in the shell position surrounding the PNIPAM core
in CHCl3 solvent.

4 | CONCLUSIONS

In conclusion, a thermo- and pH-responsive (dual-stimuli)
amphiphilic BCP (PNIPAM-b-PBA-b-P4VP) was success-
fully synthesized via RAFT polymerization. Various spectro-
scopic techniques and SEC measurements confirmed the
structure and narrow dispersity of ABC-type amphiphilic
block copolymers. The micelles of such amphiphilic BCPs
showed an interesting assembly transformation upon a
change in temperature and pH in an aqueous medium, as
shown by DLS measurements. TEM images taken under
cryogenic and normal conditions clearly showed the
temperature-dependent molecular association of the BCP.
Furthermore, from the AFM images, it was explained that
the molecular association of BCPs also depends on the

nature of the solvent. Using this simple procedure, such
BCPs can be further tailored to match specific requirements
in applications such as controlled drug delivery, biomedical
engineering, and environmental or energy domain.
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