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ABSTRACT: We describe the doubly thermosensitive micellization-unimer-inverse micellization self-assembly
of diblock copolymers in ionic liquids (ILs). Well-defined diblock copolymers (PBnMA(11)-b-PNIPAm and
PBnMA(22)-b-P(NIPAm-r-AAm)) were prepared by reversible addition-fragmentation transfer (RAFT) polym-
erization, where BnMA, NIPAm, and AAm refer to benzyl methacrylate, N-isopropyl acrylamide, and acrylamide,
respectively. The typical hydrophobic ILs 1-ethyl-3-methylimidazolium bis(trifluoromethane sulfonyl)imide
([C2mim][NTf2]), 1-butyl-3-methylimidazolium hexafluorophosphate ([C4mim]PF6), and a 1:1 mixture were selected
as solvents. Both PNIPAm and P(NIPAm-r-AAm) exhibit an upper critical solution temperature (UCST) phase
diagram in these ILs, whereas PBnMA has a lower critical solution temperature (LCST). Consequently, at low
temperature, the copolymers formed micelles with PNIPAm cores, whereas above the LCST of the PBnMA,
inverse micelles with PBnMA cores were formed. Single polymer chains (unimers) were observed at intermediate
temperatures. This doubly thermosensitive aggregation behavior was monitored by light scattering intensity and
via the hydrodynamic radius obtained by dynamic light scattering.

Introduction

Ionic liquids (ILs) have received considerable attention
because of their attractive properties such as negligible vapor
pressure, nonflammability, high ionic conductivity, and wide
electrochemical window. This promising class of fluids has been
called ‘designer solvents’ because of the tunability of solvation
properties by choice of chemical structure of the cation and
anion.1 Composites of ILs and polymers have also recently been
recognized to afford new challenges and opportunities in
polymer materials science.2,3 In particular, block copolymer self-
assembly in ILs offers potential advantages over conventional
low-molar-mass surfactants and lipids in their design flexibility
for controlling nanostructure and functionality through molecular
weight, composition, architecture, and choice of monomer
units.4-7 In a solvent that dissolves one block but not the other,
copolymers form micelles that consist of dense insoluble cores
surrounded by soluble coronas.8 In more concentrated polymer/
IL mixtures,9 the self-assembly process can lead to structures
with well-defined long-range order or symmetry, such as body-
centered spherical micelles, hexagonally packed cylindrical
micelles, bicontinuous double gyroid, and lamellae.10

We have reported the phase behavior of several polymers in
ILs, particularly in 1-ethyl-3-methylimidazolium bis(trifluo-
romethane sulfonyl)imide ([C2mim][NTf2]). Poly(benzyl meth-
acrylate) (PBnMA),11 random copolymers of PBnMA with
styrene (P(BnMA-r-St)), with methylmethacrylate (P(BnMA-
r-MMA)), and P(St-r-MMA),11,12 or poly(ethyl glycidyl ether)13

show lower critical solution temperature (LCST) phase dia-
grams. Interestingly, poly(N-isopropylacrylamide) (PNIPAm),
which has a well-known LCST phase diagram in aqueous
medium,14 exhibits the opposite upper critical solution temper-
ature (UCST) phase separation in an IL.15 Therefore, by
combining appropriate LCST and UCST blocks, one can gen-

erate a doubly thermosensitive block copolymer, that is, one
that undergoes demicellization at an upper critical micelle
temperature (UCMT), followed by micellization with the other
block in the core upon heating through a lower critical
micellization temperature (LCMT).

Such stimuli-responsive polymers in ILs are of fundamental
interest as well as of potential importance in many applications.
As reported in our previous work, the volume phase transition
of nonvolatile, thermally stable, and hydrophobic (water-
immiscible) ion gels could enable the development of environ-
mentally stable smart gel materials for a variety of purposes.11

The LCST liquid-liquid phase separation of a polymer in an
IL13 could be utilized in extraction and separation processes
without the need for solvent evaporation. The utility of the
UCST phase behavior of PNIPAm in ILs has recently been
demonstrated in the fully reversible micellization-transfer-
demicellization block copolymer micelle shuttle between water
and ILs16 and in thermoreversible ion gels made from triblock
and pentablock copolymers.17

It is possible to obtain both micelles and the inverse micellar
structure from the same diblock copolymer by choosing ap-
propriate selective solvents. For example, polystyrene-b-poly-
butadiene (PSt-b-PB) diblock copolymers18 can form micelles
with either PSt cores (in n-alkanes) or PB cores (in DMF or
MEK). Diblock copolymers of PSt and polyisoprene (PSt-b-
PI) exhibit a similar type of reverse micellization in PSt-selective
solvents (diethyl phthalate, dimethyl phthalate) and in PI-
selective solvents (tetradecane, squalane).10c,19 The stimuli-
sensitive micellization/inverse-micellization self-assembly of a
block copolymer in a single solvent has been reported only for
aqueous solutions triggered by either pH or temperature.20-22

In many cases, it is preferable to apply physical (e.g., thermal,
optical, magnetic) rather than chemical stimuli (e.g., pH, ionic
strength, chemical substance) to induce aggregation or deaggre-
gation to increase the number of possible switching cycles. Here
we present the micellization-unimer-inverse micellization of
doubly thermosensitive block copolymers in ILs (Figure 1). The
molecular design presented here is based on the LCST of
PBnMA and the UCST of PNIPAm in ILs, respectively. The
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UCMT and LCMT of both blocks can be manipulated by using
IL blends or by decreasing the solubility of a polymer via
random copolymerization. Two well-defined block copolymers
(PBnMA-b-PNIPAm and PBnMA-b-P(NIPAm-r-AAm)) were
prepared by reversible addition-fragmentation chain transfer
(RAFT) polymerization,23 and the micellization properties were
studied by light scattering techniques.

Experimental Section

Materials. 1-Butyl-3-methylimidazolium hexafluorophosphate
([C4mim]PF6) was purchased from Solvent Innovation GmbH.
1-ethyl-3-methylimidazolium bis(trifluoromethane sulfonyl)imide
([C2mim][NTf2]) was synthesized and characterized according to
a previously reported procedure.24 All other chemicals were
purchased from Aldrich. Benzyl methacrylate (BnMA) monomer
was purified by passing through basic alumina columns to remove
acidic inhibitor before polymerization. N-isopropylacrylamide
(NIPAm) was purified by recrystallization (two times) using toluene/
hexane (1:10 by weight) mixed solvent. 2,2′-Azobis-isobutyronitrile
(AIBN) was recrystallized from methanol prior to use.

Preparation of PBnMA-b-PNIPAm and PBnMA-b-P(NIPAm-
r-AAm) Block Copolymers. Doubly thermosensitive block co-
polymers were prepared by RAFT polymerization.18,25,26 Here we
describe the synthetic procedure for the PBnMA first block,
followed by the second block comprising a random copolymer of
NIPAm and 3.8 mol % acrylamide (AAm) (Scheme 1). The chain

transfer agent (CTA) cumyl dithiobenzoate (CDB) was synthesized
and purified by modification of previous methods.25 BnMA 8.54 g
(48.5 mmol), CDB 0.08 g (0.31 mmol), and AIBN 20 mg (0.122
mmol) were dissolved in 20 mL of anisole. The solution was
deaerated three times by freeze-pump-thaw degassing, and
polymerization was carried out at 70 °C for 20 h. The products
were purified by reprecipitation three times from toluene as a good
solvent and hexane as a poor solvent. The obtained light-pink
powder of PBnMA homopolymer was collected and dried under
vacuum and used as a macro-CTA. The structure was confirmed
by 1H NMR in CHCl3-d1. The conversion was found to be 75%.

Diblock copolymer PBnMA-b-P(NIPAm-r-AAm) was synthe-
sized using 1 g of the PBnMA macro-CTA (4.54 × 10-5 mol),
0.21 g AAm (2.99 mmol), 6.41 g NIPAm (56 mmol), and 3.1 mg
AIBN (1.87 × 10-5 mol) dissolved in 20 mL of anisole. Solutions
were degassed by freeze-pump-thaw cycles three times, and
polymerization was then carried out at 70 °C for 16 h. Polymer
products were obtained by reprecipitation twice from toluene/
hexane. The conversion of NIPAm was found to be 72%. 1H NMR
for PBnMA-b-P(NIPAm-r-AAm) (CDCl3, δ): 7.2 (5H, s, Harom),
4.9 (2H, s, -CH2-C6H5), 4.0 (2.4H, s, -CH-(CH3)2)). The
composition of AAm in the second block was calculated to be 3.8
mol % by elemental analysis for carbon and nitrogen (C: 65.95%,
H: 9.04%, O: 15.15%, N: 9.81%). PBnMA-b-PNIPAm was also

Figure 1. Concept of a doubly thermosensitive self-assembly of block copolymers in a single solvent. The red and blue blocks show UCST-type
and LCST-type phase behavior, respectively, in the solvent. Photographs show the appearance of a PBnMA(22)-b-P(NIPAm-r-AAm) 1 wt %
[C2mim][NTf2] solution at low, intermediate, and high temperature, respectively.

Scheme 1. Synthetic Procedure for Doubly Thermosensitive Diblock Copolymer PBnMA-b-P(NIPAm-r-AAm) Using RAFT
Polymerizationa

a Cumyl dithiobenzoate (CDB) was used as the chain transfer agent (CTA). PBnMA-b-PNIPAm was also prepared by a similar protocol.
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prepared and characterized in the same manner, except there was
no AAm in the second step.

Number-average molecular weights (Mn) of the block polymers
were calculated by elemental analysis (nitrogen) combined with
size exclusion chromatography (SEC) analysis of the PBnMA
macro-CTA. PDIs were determined by SEC. The SEC system
consists of three Phenogel (Phenomenex) columns with pore sizes
of 103, 104, and 105 Å. The eluent was tetrahydrofuran (THF)
containing 1 vol % tetramethylethylenediamine (TMEDA). The
characterization results of all polymers are shown in Table 1. All
four prepared polymers exhibited narrow polydispersity (<1.2). SEC
profiles of block copolymers were also unimodal without the high-
molecular-weight species indicative of uncontrolled polymerization.
In the RAFT polymerization process, polymerization kinetics can
be significantly changed because of differences in the chemical
structures of monomers.27 For PBnMA(22)-b-P(NIPAm-r-AAm)
polymerization, to maintain monomer composition of the second
block close to the initial feed, NIPAm was randomly copolymerized
with the chemically similar AAm, which allowed us to decrease
the solubility of the block (leading to an increase in the UCST-
type phase separation temperature in an IL).

Dynamic Light Scattering Measurements. All DLS samples
were prepared by the cosolvent evaporation method. Block co-
polymer was first dissolved in THF. Then, an appropriate amount
of IL ([C2mim][NTf2] or 1:1 by weight mixture of [C2mim][NTf2]
and [C4mim]PF6) was added to the homogeneous THF solution.
The solution was then filtered with 0.45 µm PTFE syringe filters
to remove dust. The volatile THF was evaporated by heating at 75
°C with stirring under reduced pressure for at least 12 h. After the
addition of each solution to a DLS tube (i.d. 0.51 cm), the tube
was flame-sealed to prevent any contamination. Polymer solutions
were investigated using a home-built photometer equipped with a
Brookhaven BI-DS photomultiplier, and a Lexel Ar+ laser operating
at 488 nm. DLS measurements were made with the assistance of a
Brookhaven BI-9000 correlator. Temperatures were controlled to
within ( 0.2 °C using an index-matching silicon oil bath.
Experiments were performed at various temperatures from 5 to 200
°C, and the intensity correlation functions g2(q,t) were recorded at
scattering angles between 60 and 120° at each temperature. Samples
were equilibrated for 20 min before data collection.

For solutions containing monodisperse particles, the electric field
correlation function g1(q,t) displays a single exponential decay

g1(q, t)) exp(-Γt)) exp(-D0q
2t) (1)

where q is the scattering vector (q ) (4πn/λ) sin(θ/2), where n is
the refractive index of the solution, λ is the wavelength of the light
in vacuum, and θ is the scattering angle), Γ is the decay rate, and
D0 is the mutual diffusion coefficient at infinite dilute limit. The
recorded g2(q,t) is related to g1(q,t) through the Siegert relation.28

The hydrodynamic radius, Rh, can be estimated with knowledge of
the solvent viscosity, η, by using the Stokes-Einstein equation

Rh ) (kBT)/6πηD0 (2)

For solutions that contain polydisperse particles, g1(q,t) can be
analyzed using the method of cumulants29

g1(q, t))A exp(-Γt)(1+ (1 ⁄ 2!)µ2t
2 + ...) (3)

where Γ is the mean decay rate, and µ2/Γ2 characterizes the width
of the distribution. In this work, the apparent hydrodynamic radius,
Rh, was calculated using eq 2 by substituting D ) Γ/q2 of 1 wt %
solutions for D0. The distribution of Rh was also examined by
applying the inverse Laplace transformation to g1(q,t) through the
well-established CONTIN program30 and, in one case, by a sum
of two exponentials.

To estimate Rh, the temperature dependence of the viscosity of
[C2mim][NTf2] and [C4mim]PF6 was calculated from the appropriate
Vogel-Tammann-Fulcher (VTF) equations.24,31 The temperature
dependence of the viscosity of [C2mim][NTf2]/[C4mim]PF6 was also
calculated from the VTF equation with consideration of the molar
ratio between two ILs. The refractive indices of the ILs were
obtained from previous reports.7,12

Results and Discussion

PBnMA(11)-b-PNIPAm. Figure 2a shows the temperature
dependence of the scattering intensity of 1 wt % PBnMA(11)-
b-PNIPAm in the [C2mim][NTf2]/[C4mim]PF6 mixed solvent
(1:1 by weight). The scattering intensity measured at each
temperature at an angle of 90° was divided by that measured at
50 °C. This result clearly indicates that the diblock copolymer
micellizes below ∼30 °C, near the UCST of PNIPAm, and also
above 130 °C, the LCST of PBnMA. The UCST of PNIPAm
in [C4mim]PF6 is higher than that in [C2mim][NTf2],

16 and thus
the UCMT can be tuned by mixing the two ILs.32 The molecular
origin of the higher UCST in [C4mim]PF6 is not yet clear;
however, it is generally accepted that the solvation power and
polarity of an IL strongly depends on the chemical structure of
the anion.24,31b,33 We previously reported that whereas the
solubility of PNIPAm in molecular solvents could not be
correlated with the magnitude of the Lewis acidity (acceptor
number; AN), it could be correlated with the Lewis basicity
(donor number; DN). In low DN solvents such as chlorobenzene,
nitrobenzene, nitromethane, 1,2-dichloroethane, and propylene
carbonate, PNIPAm was not soluble at low temperatures;
however, it became soluble with increasing temperature.15 It is
conceivable that [C4mim]PF6, having a lower DN than
[C2mim][NTf2], makes the solubility of PNIPAm worse, result-
ing in a higher UCST.

The temperature dependence of the hydrodynamic radius, Rh,
for PBnMA(11)-b-PNIPAm in [C2mim][NTf2]/[C4mim]PF6 IL
blend is shown in Figure 2b. The dual temperature sensitivity
and the UCMT and LCMT are both clearly evident. The size
of the micelle with a PBnMA core and a PNIPAm corona at
high temperature is larger than that of the micelle at low
temperature, even though the molecular weights of each block
are similar. This suggests that the structures of the two micelles
are different. We speculate that the glassy micellar core at low
temperature provides one possible explanation of the smaller
size than that observed at high temperature. The glass-transition
temperatures, Tg, of bulk PNIPAm, bulk PBnMA, [C2mim]-
[NTf2], and [C4mim]PF6 are 135, 54, -87, and -77 °C,
respectively. From the Gordon-Taylor equation, the Tg of the
PNIPAm core would be near 25 °C only when the core is
swollen by more than 32 wt % of the IL [C2mim][NTf2]/
[C4mim]PF6 blend. (The Tg of [C2mim][NTf2]/[C4mim]PF6

mixed solvent is -82 °C from the Gordon-Taylor equation.)
Because this would be a substantial amount of solvent, it is
reasonable to infer that the cores are in fact glassy, thereby
inhibiting equilibration of micelle structure. It is also possible
that there is some preferential partitioning of [C2mim][NTf2]
in the core given that the UCST of this solvent is much lower.
In such a case, the interfacial tension between swollen core and
solvent would be less, favoring the formation of smaller
micelles. In contrast, the self-assembly of the block copolymer

Table 1. Characterization of PBnMA-CTA and Diblock
Copolymers

polymer Mn (kDa)a Nn
b Mw/Mn

c

PBnMA(11) 11.0 62 1.13
PBnMA(22) 21.8 124 1.14
PBnMA(11)-b-PNIPAm 18.9 62-70 1.15
PBnMA(22)-b-P(NIPAm-r-AAm) 99.3 124-696 1.16

a Number-average molecular weight, Mn, of PBnMA-CTA was esti-
mated by GPC. The Mn of block copolymers was calculated from the
results of elemental analysis based on the Mn of precursor obtained from
GPC. b Number-average degree of polymerization. c Mw/Mn was determined
by GPC in tetrahydrofuran (THF) with 1 vol % tetramethylethylenediamine
(TMEDA).
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at high temperatures features a rubbery core micelle. There is
also a hint in Figure 2b of the low-temperature micelles
contracting upon further cooling, which could reflect a contrac-
tion of the corona blocks.

To explore the high temperature micelle structure in more
detail, we extended measurements to higher temperature.
However, after heating above 180 °C, there was evidence of
polymer degradation. This presumably reflects the fact that the
PF6 anion can generate acidic products such as HF,34 which
could induce decomposition of the polymer. When the sample
was kept below 140 °C, no noticeable decomposition was
observed. Therefore, to access higher temperatures above the
LCMT, pure [C2mim][NTf2] was used as the solvent.

Figure 3a shows the temperature dependence of the normal-
ized scattering intensity for PBnMA(11)-b-PNIPAm 1 wt % in
pure [C2mim][NTf2], and Figure 3b shows the corresponding
Rh. A significant increase in scattering intensity and Rh above
140 °C are observed, but in this case, there is no evidence of
micellization at low temperature. This presumably results from
the lower UCST of PNIPAm in this solvent. In our previous
study, the UCST in 1 wt % [C2mim][NTf2] solution of PNIPAm
homopolymer with Mn ) 15.4 kDa (Mw/Mn ) 1.64) was
approximately 20 °C.15 The Mn and the concentration of
PNIPAm segment shown in Figure 3 are similar, but the
covalently connected, well-solvated PBnMA block suppresses
the critical micelle temperature below 5 °C, the lower limit of
the current apparatus. Similar results have been reported in other
systems, namely, that micellization occurs at a lower temperature
than phase separation of the corresponding block.19

PBnMA(22)-b-P(NIPAm-r-AAm). To observe the doubly
thermosensitive aggregation using pure [C2mim][NTf2], we
prepared a diblock copolymer PBnMA(22)-b-P(NIPAm-r-
AAm). PAAm also shows UCST phase behavior in [C2mim]-

[NTf2], but at much higher temperatures than PNIPAm; for
example, the cloud point of 3 wt % PAAm (Mn ) 100 kDa,
Mw/Mn ) 2.2) in [C2mim][NTf2] solution lies above 150 °C.
Therefore, random copolymerization of NIPAm with a small
amount of AAm can decrease the compatibility of the second
block with the IL. We also increased the molecular weight of
both blocks, particularly the second one. (See Table 1.) Figure
4a shows the normalized scattering intensity of PBnMA(22)-
b-P(NIPAm-r-AAm) in [C2mim][NTf2] 1 wt % solution, and
Figure 4b shows the corresponding Rh. These results confirm
that PBnMA(22)-b-P(NIPAm-r-AAm) exhibits the full sequence
of a UCMT, unimers at intermediate temperature, and high-
temperature inverse micelles above the LCMT. The micelles at
low temperature were significantly larger than before, which is
consistent with the increased molecular weight of the P(NIPAm-
r-AAm) block. Furthermore, the system was fully reversible,
even after heating up to 190 °C.

To investigate the distribution of micelle sizes, Laplace
inversion of the correlation functions was performed. The
CONTIN results at representative low, intermediate, and high
temperatures are shown in Figure 5. The narrow, intense peaks
above 100 nm clearly indicate the formation of well-defined
micelles at both low and high temperatures (Figure 5a,c).
However, a broad peak around 200 nm can still be seen in the
CONTIN results at 100 °C, where most of the block copolymers
are unimers (Figure 5b). The total intensity obtained here is
relatively weak compared with the peaks shown in Figure 5a,c.
(See Figure 4a.) The Rh from the smaller peak (peak top; 12.7
nm) corresponds to single polymer chains. The larger one
indicates that a few P(NIPAm-r-AAm)-core micelles remain
even at this temperature, a phenomenon that was not seen for
PBnMA(11)-b-PNIPAm. We speculate that this arises from the
composition distribution of AAm in the second block. Although

Figure 2. (a) Normalized scattering intensity for PBnMA(11)-b-PNIPAm in an IL mixture at a scattering angle of 90°. Normalized intensity is
defined as the intensity at each temperature divided by that measured at 50 °C. (b) Temperature dependence of the hydrodynamic radius (obtained
by cumulant analysis) of PBnMA(11)-b-PNIPAm in the IL blend, which contains 1:1 [C2mim][NTf2]/[C4mim]PF6 (by weight).

Figure 3. Temperature dependence for PBnMA(11)-b-PNIPAm in [C2mim][NTf2] 1 wt % solution: (a) normalized scattering intensity and (b) Rh

from cumulant analysis.
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the average composition of AAm was determined to be 3.8 mol
% from elemental analysis, the random copolymer will possess
a certain comonomer distribution from chain to chain. Chains
with the highest AAm content will be much more insoluble in
this solvent, leading to a few persistent micelles. However, as
the analysis below reveals, the number of these micelles is small.

Recently, Shibayama and coworkers proposed an analysis of
bimodal (or multimodal) dynamic light scattering (DLS) cor-
relation functions to evaluate the weight fraction, w(Rh), of a
small amount of large aggregates in a dilute solution.35 In the
case where qR1 e 1.78 < qR2, the weight fraction of the smaller
component can be described by the following relationship

w1 ) [G(Γ1)/R1
3]/[(G(Γ1)/R1

3)+ (G(Γ2)R2q
4/1.784)] (4)

where w and R are the weight fraction and the hydrodynamic
radius of the particle, respectively, and G(Γ) is the distribution
of the decay rate, Γ. Subscripts 1 and 2 refer to the small and
large component in solution, respectively. We applied eq 4 to
estimate the fraction of single polymer chain and large ag-
gregates from our CONTIN data. The weight fractions of single
polymer chains and large aggregates were estimated to be 87.6
and 12.4 wt %, respectively. This result suggests that almost
all of the polymer aggregates break down to form single polymer
chains. Assuming a typical aggregation number above 100, the
number fraction of unimers in this solution is therefore estimated
to be >0.999. In Figure 4b, Rh was determined from cumulant
analysis at low and high temperature. In the intermediate
temperature range (50-130 °C), only Rh for the smaller size
particle, calculated from a double exponential fit, was plotted
as a function of temperature. The Rh values of large-size
aggregates were not included in the plot because they represent
such a small number fraction.

It is interesting to note that in this diblock copolymer solution
the UCMT increased to around 50 °C because of the lower
miscibility of the longer and AAm-copolymerized NIPAm

block. However, the LCMT aggregation of PBnMA was not
affected by increasing the molecular weight from 11 to 22 kDa.
It has been reported that the LCST of PNIPAm in aqueous
solution is affected little by the concentration and molecular
weight of the polymer,36 whereas the LCST of aqueous PEO
solutions37 depends on the concentration and molecular weight
of polymer. In the case of PBnMA in ILs, the tendency of
molecular weight dependence of phase separation temperature
is similar to PNIPAm in water.38 We previously noted that the
effect of decreasing the mixing entropy of PBnMA in ILs that
underlies the LCST-type phase separation came from the liquid
clathrate structure formation of cations around the benzyl
group.2,11,12,39 The cation-π interaction40 is analogous to hydro-
phobic hydration of water around the isopropyl side chain of
PNIPAm. The absence of a dependence on PBnMA molecular
weight of the LCMT observed in this study may also suggest
that the solvation of PBnMA by ILs is a similar situation to
PNIPAm in aqueous solution.

Conclusions

In this Article, we prepared well-defined diblock copoly-
mers (PBnMA(11)-b-PNIPAm and PBnMA(22)-b-P(NIPAm-
r-AAm)) by RAFT-polymerization. The two blocks exhibit
opposite thermosensitivity, that is, LCST- and UCST-type phase
separation in ILs, respectively. The temperature dependence of
Rh of PBnMA(11)-b-PNIPAm in an IL blend solution clearly
confirmed that thermal stimuli triggered aggregation at both low
and high temperature but with a regime of unimers at intermedi-
ate temperature. To realize doubly thermosensitive behavior
without any decomposition in [C2mim][NTf2], the UCMT of
PNIPAm segment could be manipulated by copolymerization
with AAm. These results demonstrate that the temperature at
which self-assembly of block copolymers in IL occurs can be
controlled by the structural design of the polymer as well as
that of the solvent. Multi-stimuli-responsive self-assembly of

Figure 4. Temperature dependence for PBnMA(22)-b-P(NIPAm-r-AAm) in [C2mim][NTf2] 1 wt % solution: (a) normalized scattering intensity
and (b) Rh from cumulant analysis (except for the intermediate temperature range, as discussed in the text).

Figure 5. CONTIN results for PBnMA(22)-b-P(NIPAm-r-AAm) in [C2mim][NTf2] (1 wt %) solution at: (a) 40 °C (low-temperature region; core:
PNIPAm-r-AAm, shell: PBnMA); (b) 100 °C (intermediate temperature region; single polymer chains with small number of aggregates); and (c)
170 °C (high-temperature region; core: PBnMA, shell: PNIPAm-r-AAm).
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block copolymers in ILs provides a possible route to various
smart materials.
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