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ABSTRACT: Well-ordered block copolymer (BCP) morphologies are obtained by blending PEO-PPO-
PEO triblock copolymer surfactants with the room temperature ionic liquid (IL) 1-butyl-3-methylimidazo-
lium hexafluorophosphate. The selective association of the IL with the PEO blocks increases the segregation
strength by raising the effective interaction parameter between the PEO and PPO blocks. Therefore, the
copolymer/IL blends form well-ordered microdomains in the melt, whereas the neat copolymers are phase
mixed. The IL is shown to interact with the PEO chains of the copolymers by a depression in themelting point
of the PEO crystals with increasing IL concentration. Wide-angle X-ray diffraction and polarized optical
microscopy also show a disruption of PEO crystallization in the copolymer/blends. Infrared spectroscopy
indicates a favorable enthalpic interaction between the PEO blocks and the IL, which does not exist between
PPO and the IL. Small-angle X-ray scattering confirms the enhanced ordering of the copolymers upon
addition of the IL, the formation of well-ordered microdomains, and a change in the characteristic spacing
with increasing IL concentration.

Introduction

Microphase-separated block copolymers (BCPs) have attracted
considerable interest due to their ability to self-assemble into
ordered periodic structures.1,2 To increase the degree ofmicrophase
separation, a phase selective additive can be incorporated into the
copolymer that selectively partitions into a single copolymer
microdomain. This enhances the nonfavorable interactions be-
tween the blocks of the copolymer, increasing the segregation
strength. Recent work has shown that the addition of a selectively
interacting homopolymer can induce microphase separation of a
lowmolecular weight PEOnPPOmPEOn triblock copolymer.3,4 Salt
complexation has also been shown to have a significant effect on
BCP morphology, in the bulk5,6 and in thin films.7-9 The salts
selectively interact with one block of the copolymer, increasing the
effective interaction parameter, χeff. Small molecule phase selective
diluents and solvents have also been used to alter the morphology
of a BCP and have been extensively studied.10-18

Room temperature ILs are typically composed of large mo-
lecular cations and anions. The asymmetry and conformational
flexibility of these ions result in small lattice energies that depress
the melting point.19 ILs have been termed “designer solvents,” as
the properties of an IL vary considerably between different cation
and anion pairs.20 With over 1 million IL combinations possible,
it is conceivable that an IL can be engineered specifically for a
particular application or reaction.21 Many reviews regarding the
properties and applications of ionic liquids have been published,
several of which are cited here.21-23

In addition to lowmelting temperatures and negligible volatility,
ILs have several other interestingproperties, includinghigh thermal
stability, high ionic conductivity, and large electrochemical
windows.22,24-27 These properties are desirable for electrolytes,28

and as such, ILs have attracted considerable interest as potential

electrolytes for dye-sensitized solar cells,29-32 fuel cells,33-35 and
lithium ion batteries.36-39 There has also been considerable effort
devoted to the gelation of ILs for applications as solid polymer
electrolytes23,40,41 and stimuli responsive gels.23

ILs have also been employed to induce the self-assembly of
block copolymer amphiphiles and surfactants. IL selectivity for
the polar hydrophilic block has been demonstrated to induce self-
assembly into ordered BCP microphases42-44 and into core-
corona micelles for solutions of BCPs in ILs.45-47 Triblock
copolymers with PS end blocks and IL coordinating midblocks
form gels with physical PS cross-links when swollen with an
IL.41,48 Pluronic copolymer surfactants have also been demon-
strated to self-assemble into ordered BCP microphases49,50 and
into micelles.51-54 Self-assembly of other nonionic surfactants in
ILs has also been extensively studied.55-60

In this work, copolymers from the Pluronic series of nonionic
surfactants are blended with the room temperature IL 1-butyl-3-
methylimidazoliumhexafluorophosphate ([BMI][PF6]). Pluronic
surfactants, low cost, low molecular weight PEOn-b-PPOm-b-
PEOn triblock copolymers, having a range of molecular weights
and PEO fractions were used. Previous work has established the
selectivity of [BMI][PF6] for the PEO blocks of several co-
polymers.41,42,49 In the present work, this selectivity drivesmicro-
phase separation in several Pluronic copolymers of varying
molecular weight and PEO weight fractions, as demonstrated
by small-angle X-ray scattering. Differential scanning calorime-
try and infrared spectroscopywereused to characterize the nature
and strength of the interactions. Polarized optical microscopy
and wide-angle X-ray scattering were used to characterize the
effect of the IL on PEO crystallinity. These results provide clear
evidence for the formation ordered ion gels.

Experimental Section

Materials. The Pluronic copolymers used in this work were
provided byBASF.Three different copolymers from the Pluronic
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series were used: F127, F108, and F77. These copolymers are of
varying molecular weight and PEO weight fraction. The char-
acteristics of the polymers are summarized in Table 1. The PDI
of the Pluronic surfactants used in the study range between 1.07
and 1.21. PEO homopolymer and PPO homopolymer were
purchased from Sigma-Aldrich. The molecular weight of the
homopolymer was chosen to closely match the block lengths of
the corresponding PEO or PPO segments in F127. The Pluronic
copolymers and neat PEO are white crystalline solids, and PPO
is a colorless viscous liquid. The polymers were dried under
vacuum at 70 �C for 24 h prior to use, but were otherwise used as
received.

The IL1-butyl-3-methylimidazoliumhexafluorophosphatewas
purchased from Sigma-Aldrich and used as received. The IL has a
melting point of 10 �C and is transparent with a faint yellow color.
Sigma-Aldrich specifies less than 200 ppm of moisture and less
than 10 mg/kg of halogen impurities. The IL was stored in a
nitrogen-purged glovebox, as the IL is hygroscopic.

Blend Preparation. Polymer/IL blends were prepared by
mixing the polymer with varying concentrations of IL in a
common solvent. For each blend, the appropriate amounts of
each component and a stir bar were placed in a vial while in the
glovebox and capped with a septum. Outside the glovebox the
cosolvent, anhydrous grade N,N-dimethylformamide (Sigma-
Aldrich), was added through the septum, forming 3-4 wt %
polymer solutions. The solutions were stirred at≈40 �C for 3 h.
Most of the cosolvent was then evaporated by purging the vial
with nitrogen over a period of 24 h. The temperature was
increased to 70-80 �C to speed the evaporation. The blends
were then dried under vacuum at 70-80 �C for 24 h to remove
any remaining cosolvent and residual moisture. The polymer/IL
blends were stored in a nitrogen-purged glovebox immediately
after drying.

Differential Scanning Calorimetry. 5-15 mg of each blend
was added to hermetically sealed aluminum hermetic sample
pans for differential scanning calorimetry (DSC). The pans were
filled and crimped while in the nitrogen-purged glovebox to seal
the pans. The hermetic seal was sufficient to prevent moisture
absorption by samples within the DSC pans once the pans are
removed from the glovebox.

DSC thermograms were obtained with a model Q200 DSC
from TA Instruments, equipped with a liquid nitrogen cooling
system(LNCS).Each samplewasheated to80 �C, cooled to-20 �C,
and then reheated to 80 �C. The cooling and second heating
scans were run at a 5 �C/min ramp rate. Thermograms are
reported only from the second heating scan. For blends with
high IL concentration (50 wt % and higher in F127 and F108

and 40 wt % and higher in F77), in order to ensure sufficient
time for crystallization, it was necessary to hold to blends iso-
thermally at 0 �C for 1 h upon cooling from the first heating step.
Melting points are taken as the temperature at which the last
trace of crystallinity disappears, i.e., the high temperature end of
the endothermic melting peak. The heat flow output from the
calorimeter was normalized by the mass of PEO present in
the blend. Themelting enthalpies weremeasured by determining
the area of the endothermic melting peaks by integration using
the Universal Analysis software from TA Instruments. The
crystalline fraction can then be calculated by taking the ratio
of the melting enthalpy for a particular blend to the heat of
fusion for an infinite, perfect PEO crystal (188.9 J/g).61

Optical Microscopy. Films for optical microscopy were pre-
pared by drop-casting 5 wt % polymer/IL blend solutions in
THF onto glass coverslips. The solvent was removed by drying
under vacuum for ∼24 h. The films were then melted on a hot
plate, and a second coverslip was added on top of the film. The
films were heated for an additional 30 min and then allowed to
cool. Films were observed with polarized light on an Olympus
BX60 optical microscope. Optical micrographs were obtained
10 days after the addition of the second coverslip and were
stored in the glovebox under nitrogen during this time.

Infrared Spectroscopy. Infrared spectra were obtained with a
Bruker Tensor 27, equipped with a diamond ATR-IR acces-
sory and anMCT detector. Spectra were obtained from 4000 to
600 cm-1 and were averaged over 32 scans with a 4 cm-1 re-
solution. For the neat [BMI][PF6], a small droplet of the IL was
placed directly onto the ATR crystal. For the solid blends and
neat polymers, a small amount of each sample was placed onto
the crystal and formed into a film using a small press attached to
the ATR-IR accessory.

X-ray Scattering. Sample holders for small- and wide-angle
X-ray scattering were made from 1.0 mm thick washers with a
Kapton film window. Polymer/IL blends were added to the
sample holders while in the glovebox. Air gaps were removed
by heating the samples to 70-80 �C under vacuum for 24 h.
A second Kapton window was adhered to the washer after the
heating step to prevent leakage from the sample holder.

Small-angle X-ray scattering (SAXS) experiments were per-
formed in-house using a Molecular Metrology instrument
equipped with a 30 W microsource (Bede) with a 30� 30 μm2

spot size matched to a Maxflux optical system (Osmic) produc-
ing a low-divergence monochromatic Cu KR beam (wave-
length λ=0.1542 nm). The SAXS intensity was collected by a
two-dimensional gas-filled wire detector (also from Molecular
Metrology) at a distance of about 1500 mm from the sample.
The instrument was calibrated for SAXS using the well-known
reflection from silver behenate. A homemade heater was used to
run the scattering experiments at 70-80 �C to ensure that all
samples are in the melt. The 2-D patterns were integrated azi-
muthally to give a one-dimensional representation of the scat-
tering, with integrated intensity plotted against the scattering
vector.

Wide-angle X-ray scattering (WAXS) experiments were per-
formed using the same setup, but with an image plate positioned
in the sample chamber at a distance of 139mm from the sample.
The image plate has a hole in its center allowing the direct X-ray
beam to pass through. The instrumentwas calibrated forWAXS
using a tricosane standard. The homemade heater was similarly
used to obtain WAXS profiles at 70-80 �C as well as for room
temperature WAXS profiles.

Results and Discussion

IL/Polymer Interactions. Differential scanning calorimetry
provides a means to assess the miscibility of the IL in neat
PEO and Pluronic copolymers. By measuring the melting
point depression and reduction in crystallinity, the strength
of the interaction between the polymers and IL can be

Table 1. Polymer Characteristics

polymer total Mn wt % PEO PDI

F108 14600 80 1.21
F127 12600 70 1.19
F77 6600 70 1.09
PEO 4600 100 1.07
PPO 3500 0 1.14

Figure 1. Chemical structure of a typical Pluronic and of [BMI][PF6].
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qualitatively measured. The heat flow output from the DSC
thermograms for all the polymer/IL blends investigated was
normalized by the mass of PEO present in the given blend in
order to accurately access the crystallinity of the polymer/IL
blends.

Figure 2 shows DSC thermograms of F127/IL blends.
Thermograms for PEO/IL and copolymer/IL blends with
F108 and F77were also obtained and show similar behavior.
For each polymer/IL blend thermogram, the heat flow data
were normallized by the mass of PEO present in the given
blend. The degree of crystallinity and melting temperature
as a function of IL concentration is summarized for each
polymer blend in Figure 3. For each series of polymer/IL
blends, there is a general decrease in the melting point and
PEO crystallinty with increasing IL concentration. At 60wt%
IL concentrations, the crystallinity of F108 and F127 blends
is reduced considerably, and with the 60 wt % in F77/IL
blend, no melting point was observed.

The crystallinity of the polymer/IL blendswas also investi-
gated by wide-angle X-ray scattering (WAXS) and polarized
optical microscopy. Figure 4 shows the WAXS profiles of
F127/IL blends, obtained at room temperature.

The two main reflections observed for the neat F127 cor-
respond to the (120) and (112) planes of the PEO unit cell. As
the concentration of the IL is increased, these peaks become
less distinct until only an amorphous halo is observed, in
agreement with the calorimetry results. The neat IL has
two broad peaks at approximately 9.7 and 14.0 nm-1. The
14.0 nm-1 peak corresponds to the interplanar distance
between quasi-stracked imidazolium rings, and the 9.7 nm-1

peak is assigned to the in-plane cation-cation correlation.62

Polarized optical micrographs also demonstrate the effect
of IL concentration on crystallinity. Figure 5 shows polar-
ized optical micrographs of F127/IL blends with a range of
IL concentrations. As IL concentration is increased, the
proportion of material that is not birefringent (amorphous
material) appears to increase. With a 60 wt% concentration
of IL, only occasional crystallites are still evident. These
results are consistent with the calorimetry and WAXS
measurements.

Infrared spectroscopy was used to examine interactions
between the IL ethylammonium nitrate and Pluronic
triblock copolymers. FTIR has been established as a means to

Figure 2. DSC thermograms of F127/IL blends with increasing IL
concentration.

Figure 3. (a) Melting point and (b) percent crystallinity for blends with
PEO and with Pluronic copolymers of varying molecular weight and
PEO fraction. For each of the thermograms, the heat flow data have
been normallized by the mass of PEO present in the blend.

Figure 4. Room temperatureWAXSprofiles of neat F127, the neat IL,
and F127/IL blends with increasing IL concentration.
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probe hydrogen bonding in polymers63,64 and ILs.65-67 Berg
et al.67 investigated interactions between mixtures of imida-
zolium-based ILs with chlorine anions and with hexafluor-
ophosphate anions. As the concentration of PF6

- anions in
the mixture was increased, stretching vibrations of CH
groups on the imidazolium ring were observed to shift by
40-50wavenumbers. In the present work, if the ether groups

on F127 are stronger hydrogen bond acceptors than the
PF6

- anion, the absorbance peaks of the CH stretching
vibrations should shift position in comparison to the neat
IL. A similar approach has been used to probe hydrogen-
bonding interactions between the IL ethylammonium nitrate
and PEO microdomains of Pluronic P12350 and between
cellulose triacetate and the IL 1-methyl-3-propylpyrrolidi-
nium bis(trifluoromethylsulfonyl)imide.39

Figure 6a shows the infrared spectra for the F127/IL
blends in the imidazolium C-H stretching region for the
IL. The neat IL has two absorbance peaks in this region at
3170 and 3124 cm-1. These peaks are assigned to asymmetric
stretching of the HCCH group and stretching of the CH
groups on the imidazolium ring, respectively.66 The absor-
bance profile of neat F127 clearly shows that F127 has no
absorbance in this wavenumber region. For the F127/IL
blends, a shoulder peak is present between 3082 and 3090
cm-1, shifted by ∼30 wavenumbers from the CH stretching
peak. This shoulder arises from the stretching vibrations of
CH groups that have been red-shifted by an interaction with
F127. This shift suggests the formation of a hydrogen bond,
as H-bonding will dampen the stretching mode vibrations,
resulting in the observed red shifts to lower wavenumbers.

Figure 5. Polarized optical micrographs of F127/IL blends at various
IL concentrations.

Figure 6. FTIR spectra of F127/IL blends (a) in the imidazoliumC-H
stretching region of the IL and (b) in the ether stretching region of F127.
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The size of the shoulder for the F127/IL blends, and hence
the proportion of IL H-bonded to the copolymer, does not
vary significantly with IL concentrations in the blend from
20 to 60 wt %. However, at the 80 wt % concentration, the
shoulder peak is substantially smaller.

It is possible that at the 80 wt % concentration the IL has
saturated all sites capable of H-bonding on the copolymer.
Several works have examined hydrogen bonding by imidaz-
olium-based ILs67-69 and have demonstrated that each of
the three ring protons is capable of forming a hydrogen
bond. Therefore, it is assumed that each imidazolium ring
proton is a hydrogen bond donor, resulting in three donors
per IL. It is also assumed that only PEO ether functionalities
and no PPO ethers are hydrogen bond acceptors. By these
assumptions, at an 80 wt % concentration there are only
0.38 mol acceptors/1 mol donor, suggesting that the hydro-
gen bond acceptor sites (PEO ethers) are indeed saturated.

Figure 6b shows the FTIR absorbance in the ether stretch-
ing region of F127. Neat F127 has three peaks in this region
at 1061, 1097, and 1145 cm-1. These peaks correspond to
symmetric or asymmetric stretching of the ether group of
F127.70 The neat IL has a strong peak at 1169 cm-1 which is
assigned to amixed band of CH3N andCH2N stretching and
in-plane ring asymmetric stretching.66 There is also a weak
peak at 1113 cm-1 assigned to bending of the CH3N group of
the IL.66 For the F127/IL blends, a shoulder peak on the
ether stretching peak at 1097 cm-1 is apparent in Figure 6b.
The shoulder peak appears to increase in relative intensity as
the concentration of IL in the blends is increased. This red-
shifted ether shoulder peak indicates that the H-bonding
interaction is formed between the IL and the ether groups of
the F127.

FTIR spectra of F127/IL blends were compared to PEO/
IL and PPO/IL blends at a constant 30 wt % concentration
of IL in Figure 7. The spectra in the imidazolium C-H
stretching region are shown in Figure 7a and in the ether
stretching region in Figure 7b. Both the F127/IL and PEO/
IL blends have red-shifted stretching peaks in the imida-
zolium C-H stretching region and the ether stretching
region arising from the interaction of the IL with the ether
groups of F127 and PEO.

This interaction does not form in the PPO/IL blend. The
blend is optically opaque after agitation, demonstrating that
the IL is immiscible with the PPO. This suggests that the
methyl group on the PPO chain shields the interaction
between the ether oxygen and the IL, and this interaction
appears to govern the miscibility of the IL with these poly-
mers. Figure 7 confirms the absence of any interaction
between PPO and the IL, as the shoulder peaks present for
F127/IL and PEO/IL blends is not observed. The capacity
for PEO chains to H-bond to the IL and the lack of this
capacity for PPO chains explains the IL selectivity for PEO
chains of F127.

It is possible that the peak shifts observed in these spectra
are not caused by an H-bonding interaction but rather by an
electrostatic interaction. Salt complexation with PEO has
been well established by molecular dynamics simulation71

and experimentally,5 for which the cation from salts
coordinates with the ether oxygen. Shifts in FTIR absor-
bance peaks have been clearly demonstrated in PEO/Liþ

complexes.72,73 The imidazolium cationmay coordinatewith
PEO in a similar fashion.

However, other work has demonstrated the ability of ILs
to behave as hydrogen bond donors. NMR69 and infrared
spectroscopy67 have shown that the anion forms hydrogen
bonds with protons on the imidazolium ring of the cation.
NMRmeasurements have also shown large downfield proton

peak shifts when an IL is blended with increasing concentra-
tions of poly(ethyl glycidyl ether), indicating the formation
of hydrogen bonds.68 Solvatochromic probes have shown
that ILs have a measurable H-bond acidity by their interac-
tion with the strong hydrogen bond accepting dyes.74-76 In
the present work, regardless of the exact nature of the inter-
action, it is sufficient to state that infrared spectroscopy
demonstrates a favorable enthalpic interaction between the
PEO segments of the copolymer and the IL.

PhaseBehavior of Blends.Small-angleX-ray scattering has
been used to determine the morphologies of the copolymer/
IL blends. The scattered intensities are plotted as a function
of the scattering vector for blends of the IL in F108, F127,
and F77 in Figure 7. The scattering vector is q=4π/λ sin 2θ,
where λ is the wavelength of the incident X-ray and θ is the
angle between the transmitted and the scattered X-ray
intensity. Superscripts above a scattering peak indicate the
ratio of the scattering vector at the maximum intensity of the
labeled peak to the scattering vector at the maximum of the
primary peak.

In Figure 8, a broad peak is observed for the neat
copolymers, indicating that the PEO and PPO blocks are

Figure 7. Comparison of FTIR spectra for IL blends in F127 and PEO
and PPO homopolymer at constant concentration of IL (a) in the imid-
azolium C-H stretching region of the IL and (b) in the ether stretching
region of F127.



Article Macromolecules, Vol. 43, No. 24, 2010 10533

phasemixed in themelt. There is a large decrease in thewidth
of the peak upon addition of 10 wt % of IL to the F108 and
F127 copolymers. With higher concentrations of IL, the

peak width is further narrowed and higher order reflections
are apparent, indicating an increase in the degree of micro-
phase separation between the two blocks. The ILmust there-
fore be selective for a particular block. It has been demon-
strated that the IL is selective for the PEO blocks, as DSC
measurements show that the IL forms a favorable enthalpic
interaction with the PEO blocks, and the FTIR measure-
ments have confirmed that this interaction does not occur
between the IL and PPO.

The F127 blendwith 20wt% IL has a q1:3
1/2q1:7

1/2q1 ratio
of peaks for the first- through third-order peaks. This
indicates a hexagonal arrangement of cylindrical micro-
domains, with the minority blocks of PPO forming cylinders in
amatrix of PEO swollenwith IL.Normally a 2q1 peakwould
be expected, but this peak is often suppressed due to a
minimum in the structure factor. The 2q1 peak becomes
more apparent in the 40 wt % blend, although it is still
subdued. Upon increasing the IL concentration to 50 wt %,
an order-to-order transition occurs. The peaks show a q1:2

1/

2q1:3
1/2q1:4

1/2q1... pattern. This pattern indicates a change to
a body-centered cubic (BCC) arrangement of PPO spheres in
a PEO/ILmatrix. Increasing the IL concentration to 60wt%
causes the fifth-, sixth-, and seventh-order peaks to combine.

From the SAXS profile, the morphology for F108 blends
with 10 wt % of IL is unclear. Considering the volume
fraction of the PEO majority block (0.79), the scattering
profile most likely represents a cylindrical morphology with
only a single higher order peak. The 20 wt% blend is clearly
cylindrical, considering the q1:3

1/2q1:2q1 ratio of the higher
order peaks. A body-centered cubic morphology is apparent
for 30 wt% and greater concentrations of IL. It appears that
the Fl08 blends also go through an order-to-order transition.

Increasing the IL concentration in the copolymer blends
increases the domain spacing calculated from the primary
scattering peak, as shown in Figure 9. The IL selectively swells
the PEO microdomains, increasing the distance between
PPO microdomains. Selective swelling of the PEO micro-
domains increases the curvature of the PPO domains, until
spherical domains become the stable morphology, and the
blends go through the observed order-to-order transitions
from cylindrical to spherical morphologies.

Blending IL with F77 does not result in the formation of
higher order peaks, although weak microphase separation
does occur. Also, blends with F77 do not appear to swell as
quickly as the higher molecular weight copolymers. It is

Figure 8. Scattering profiles with increasing IL concentration for
blends of IL in (a) F108, (b) F127, and (c) F77.

Figure 9. Bragg spacing of the primary scattering peaks for copolymer/
IL blends with increasing IL concentration.
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possible that due to the lower molecular weight, the χN
product is not large enough to induce strong microphase
separation despite the selectivity of the IL additive.

Other work has shown similar behavior, with blends of
Pluronic P123 copolymers blendedwith the ILs [BMI][PF6]

49

and EAN.50 P123 is also a PEO-b-PPO-b-PEO copolymer,
with 30 wt % PEO blocks. The approximate average molec-
ular weights are 3600 g/mol for the PPO block and 770 g/mol
each for the two PEO blocks. SAXS experiments demon-
strated that these blends also form ordered morphologies
and that order-to-order transitions occur as the IL concen-
tration is altered.49,50However, these scattering profiles were
attributed to the formation of lyotropic liquid crystals,
whereas in the present work, the scattering profiles indicate
microphase segregation of a BCPmelt. In the previous work
with IL blends with P123, the blends display birefringent
textures when observed under a polarized optical micro-
scope, indicating the formation of liquid crystalline phases.

The blends of [BMI][PF6] with the Pluronic copolymers
characterized in this work, however, do not appear to form
liquid crystals. The birefringent textures of the films dis-
played in Figure 5 are not characteristic of a liquid crystalline
morphology. When these films were heated above the melt-
ing temperature, birefringent textures were not observed by
polarized optical microscopy. Therefore, the films were
completely amorphous in the melt with no liquid crystalline
morphology present. Birefringence is expected from lamellar
and cylindrical BCP morphologies due to the anisotropy of
the copolymer microphases and has been observed by static
birefringence measurements.15,18 In the present work, how-
ever, birefringence in the F127/IL melts is not observed by
polarized optical microscopy even for blends that micro-
phase separate into a cylindrical morphology. It is possible
that the grain size is too small to resolve birefringent textures
by optical microscopy.

In addition, the WAXS profiles obtained at room tem-
perature in Figure 4 display peaks corresponding to scattering
from (120) and (112) planes, which cannot be characteristic
of a liquid crystal and must therefore be from the PEO unit
cell. WAXS profiles of F127/IL blends with little or no
PEO crystallinity (with 60 and 80 wt% IL concentrations)
do not display peaks associated with liquid crystal reflec-
tions, only broad peaks associated with IL correlation.
Therefore, the SAXS profiles observed in this work are
attributed to the microphase separation of the PEO and
PPO microdomains.

Conclusions

The phase behavior of blends of the IL 1-butyl-3-methylimid-
azolium hexafluorophosphate with Pluronic surfactants has been
investigated. The IL is selective for the PEOmicrodomains of the
PEO-b-PPO-b-PEO triblock copolymer Pluronic surfactants. As
the concentration of IL in the blends is increased, a large melting
point depression of the PEO blocks is observed. This finding
indicates a strong, favorable interaction between the ILandPEO.
The appearance of a shoulder peak in infrared spectra of F127/IL
blends represents the formation of a specific interaction between
PEO microdomains and the IL. The formation of a strong,
selective interaction between the IL and PEO microdomains
enhances the nonfavorable interactions between PEO and PPO
microdomains, strengthening microphase segregation in the
copolymer melt. This is demonstrated by the SAXS profiles,
which show that increasing the IL concentration of the copoly-
mer/IL blends results in the appearance of higher order peaks in
the scattering profiles. Increasing the concentration of the IL also
causes an order-to-order transition from cylindrical to spherical

PPO microdomains. These results demonstrate the potential appli-
cationofPluronic copolymers for the generationof ordered iongels.
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