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ABSTRACT: We have investigated transition behavior for block copolymer (BCP)mixtures composed of a
lamella-forming polystyrene-block-poly(2-vinylpyridine) (PS-b-P2VP) and phenylacetamide derivatives,
where the hydroxyl functionality at phenylacetamide unit is available only for 4-hydroxyphenylacetamide
(HPA) and not for phenylacetamide (PA). Unlike a similar transition temperature for BCP mixtures with
PA, measured by in situ small-angle X-ray scattering (SAXS) and depolarized light scattering (DPLS), an
annealing temperature dependence for BCP mixtures with HPA indicates that only the complex by
H-bonding mediation between the nitrogen units of P2VP block and hydroxyl group in the HPA enhances
nonfavorable segmental interactions between two block components, leading to a significant increase in
d-spacing for BCPmixtures withHPA. This result illustrates the importance of the availability forH-bonding
mediation to control over transition behavior for BCP mixtures with the functional molecules.

Introduction

Block copolymer (BCP) self-assembly, consisting of chemically
different polymers linked covalently together, has recently been
the focus of active investigations due to the potential necessity of
nanoscopic arrays or patterns in applications as the storage
media and biomaterials such as data storage, drug release,
biodegradable hydrogels, and biomedical applications.1-7 Such
an ability to microphase-separate into mesophases can be attrib-
uted to the nonfavorable interactions between two block com-
ponents, the so-called Flory interaction parameter (χ). When χN
is sufficiently large (χN > 10.5 in the case of symmetric BCP)
whereN is the total number of segments in the BCP, in principle,
the microphase separation occurs in tens of nanometers depend-
ing on the volume fraction of each component, thereby demon-
strating a rich library of mesophases: lamellar (LAM), hexa-
gonally packed cylindrical (HEX), body-centered cubic spherical
(BCC), and the complex phase such as gyroid (GYR)8-14 and
hexagonally perforated layers (HPL)whichhas been believed to be
a metastable phase.14-16 As temperature increases, a phase-mixed
(disordered) state can be observed in the weak-segregation regime
since χ is inversely proportional to temperature (χ decreases with
increasing temperature), while microphase-separating upon
cooling.17-19 This phase transition from the ordered to the dis-
ordered state occurs at a thermodynamically balanced temperature
ofTODT,when the nonfavorable interactions are sufficientlyweak-
ened and the entropy of mixing in two block components do-
minates, which is rheologically characterized by a solidlike to
liquidlike behavior.20,21

In contrast, the supramolecular structures are composed of the
specific molecules by use of noncovalent interactions such as
hydrogen bonding, leading to the self-organized assembly.22-40

These supramolecular approaches based on the molecular inter-
actions or complexation can be applied to the polymer systems
attractable with a low molecule, as a versatile concept for the
preparation of nanostructured and hierarchically assembled

macromolecular materials. When one block component of BCP
is tuned by the specific interactions such as hydrogenbonding,22-28

metal coordination,32-34 and electrostatic interactions,37-40 the
BCP complex may phase-separate into the nanostructures with
the built-in assembly, where the small molecule in turn forms the
internal interactions within the selective microdomains.Moreover,
this simple approach offers advantages over the covalently linked
analogues, since the different functionalities can be incorporated
into the assemblies simply by substituting the small molecules with
the ease of detaching them.26,36 Several studies have reported that
the small molecule into polymers influences the phase transitions
depending on the specific interactions with small molecules, as
temperature also plays a key role in controlling the strength of the
molecular interactions.27-29

In this study, we report on the transition behavior for BCP
mixtures composed of a lamellar-forming polystyrene-block-
poly(2-vinylpyridine) (PS-b-P2VP) and lowmolecules depending
on hydroxyl functionality at phenylacetamide unit to figure out
the influence of the molecular interactions by hydrogen bonding;
a 4-hydroxyphenylacetamide (HPA) where two functionalities of
hydroxyl and amide units are available and a phenylacetamide
(HPA) where one functionality of amide units is available. The
transition temperatures, measured by in situ small-angle X-ray
scattering (SAXS) and depolarized light scattering (DPLS),
indicate that the effective hydrogen bonding between BCP and
low molecules enhances nonfavorable segmental interactions
between two block components during heating process and
increases d-spacing for BCP mixtures.

Experimental Section

ABCP, PS-b-P2VP, was synthesized by the sequential, anionic
polymerization of styrene and 2-vinylpyridine in tetrahydrofuran
(THF) at -78 �C under purified argon environment using sec-
butyllithium as an initiator. Refluxed THF from basic silica
column was stirred over fresh sodium-benzophenone complex
until it showed a deep purple color, indicating an oxygen- and
moisture-free solvent. Degassed monomers with CaH2, styrene,
and 2-vinylpyridine (Aldrich) were vacuum-distilled over dried

*To whom correspondence should be addressed: e-mail dyryu@
yonsei.ac.kr.



Article Macromolecules, Vol. 43, No. 14, 2010 6121

dibutylmagnesium and trioctylaluminum, respectively, until a
persistent characteristic color was observed. The polymer solu-
tion terminated with purified 2-propanol was precipitated in
excess hexane. The number-average molecular weight (Mn) and
polydispersity (Mw/Mn) characterized by size-exclusion chromato-
graphy (SEC) were 15100 and 1.05, respectively. PS volume
fraction (fPS) of PS-b-P2VP was determined to be 0.504 by 1H
nuclear magnetic resonance (1H NMR) with mass densities of
two components (1.05 and 1.14 g/cm2 for PS and P2VP, respec-
tively). 4-Hydroxyphenylacetamide (HPA; TCI product) and
phenylacetamide (PA; TCI product) were used without further
purification. The melting temperatures of HPA and PA are 178
and 156 �C, respectively.

BCP mixtures with various amounts of HPA (or PA) were
prepared by the freeze-drying method in benzene solutions. For
instance, a predetermined amount of PS-b-P2VP and HPA is
dissolved separately in benzene and ethanol, respectively, main-
taining the composition of benzene/ethanol (approximately 1:7
ratio). The concentration of the solutionwas set to lower than 3%
to ensure the homogeneous mixture formation. The quenched
solution was evaporated under vacuum for 24 h at room tem-
perature, followed by sequential annealing at 150 �C for 40 h to
attain the thermal equilibrium at solvent-free state. The molar
ratio of HPA to 2-vinylpyridine units of the PS-b-P2VP, denoted
to as x = [HPA]/[2VP], was varied up to ∼0.10. Especially
for BCP mixtures with PA, an annealing temperature was set to
140 �C below the melting temperatures of PA. No macrophase
separation was observed for BCPmixtures, which was confirmed
by turbidity measurement.

FT-IR spectroscopy (Bruker Tensor 37, Germany) were used
to measure the molecular interactions for BCP mixtures with
HPA (or PA) at room temperature. All the spectra were collected
in a standard wavenumber scan range of 4000 to 600 cm-1, the
scan number of 64, and the spectral resolution of 4 cm-1. The
dried samples were physically mixed with potassium bromide
(KBr) and pressed to a disk before measurements.

Synchrotron in situ small-angle X-ray scattering (SAXS) was
used to evaluate the transition temperatures for BCP mixtures,
which were performed in 4C1 beamline at the Pohang Light
Source (PLS), Korea. The operating conditions were set to a
wavelengthof 1.608 Å (Δλ/λ=1.5� 10-2), the sample-to-detector
distance of 2 m, the beam size of 1 � 1 mm2, and the sample
thickness of 1.5 mm. A 2D-CCD detector (Princeton Instruments
Ins., SCX-TE/CCD-1242) was used to collect the scattered X-rays.
The scattering profiles were collected during temperature sweep
experiment with the exposure time of ∼120 s. Furthermore,
depolarized light scattering (DPLS) was used to confirm the
transition temperatures using a polarized beam from a He-Ne

laser at a wavelength of 632.8 nm, where the intensity detected at
photodiode through A/D converter was recorded as a function of
temperature. All the heating processes were controlled automati-
cally by a PID controller at constant heating rate of 0.9 �C/min
from 140 to 260 �C under the nitrogen flow to avoid thermal
degradation of the polymer samples.

Results and Discussion

An earlier study by the Brinke and Ikkala group reported that
the aromatic alcohols can form hydrogen bonding (H-bonding)
with the pyridine units of poly(2-vinylpyridine) (P2VP) and
poly(4-vinylpyridine) (P4VP) because they are relatively acidic
than alkyl alcohols in terms of proton donation.35 On the basis of
H-bonding capability in the aromatic alcohols, herein, we set the
BCP mixtures composed of PS-b-P2VP and 4-hydroxyphenyl-
acetamide (HPA) in comparison to those composed of PS-b-
P2VP and phenylacetamide (PA), as illustrated in Figure 1. HPA
involving two functional groups in para-positions to the benzene
ring is thermally stable due to the intermolecular H-bondings at
hydroxyl and methylamide groups and selectively attractable to
the nitrogenunits of P2VPblock viaH-bonding at partially acidic
alcohol groups, whereas for PA involving only amide group, no
hydroxyl group is available.

Figure 2 shows FT-IR absorbance spectra for the pristine PS-
b-P2VP and BCP mixtures at selected wavenumber (ν) range
from 3600 to 1400 cm-1 to ensure whether the specific interac-
tions in molecular level are concerned between the units in PS-b-
P2VP and small molecules. The FT-IR absorbance spectrum for

Figure 1. Molecular structures for PS-b-P2VP, HPA, and PA. A com-
plex formation is indicated by theH-bonding between the nitrogenunits
of P2VP block and hydroxyl group in the HPA.

Figure 2. FT-IR absorbance spectra for BCP mixtures with (a) HPA
and (b) PA. All the spectra were measured at room temperature.
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the pristine PS-b-P2VP and BCP mixtures in Figure 2a,b shows
the typical bands due to phenyl ring stretching at 1600 (tiny
shoulder), 1568, 1493, and 1452 cm-1 and pyridine ring stretching
at 1591, 1474, and 1434 cm-1, respectively. For the BCPmixtures
with a small amount (x = 0.08 and 0.10) of HPA in Figure 2a,
two bands at 1675 and 1516 cm-1 correspond to CdO stretching
(amide I band) and aromatic N-H deformation (amide II band
with minor contribution of C-N stretching), respectively, in-
dicating a concentration ofHPA.A band shift of CdO stretching
from 1662 to 1675 cm-1 presumably indicates a free CdO
from the neighboring H-N in the amide groups due to the low
concentration of HPA because the corresponding band at
1662 cm-1 for HPA arises from the strong H-bonding environ-
ment between two amide groups. With increasing amount of
HPA up to x=0.10, a broad band near 3395 cm-1, the constant
bands for pyridine ring stretching, and a small shoulder band at
1614 cm-1 can be attributed to a mild H-bonding between the
nitrogen units of P2VP block and hydroxyl group in the HPA,
not to the strong protonation of nitrogen. The evidence for a
shoulder band at 1614 cm-1 was confirmed for BCP mixtures
with a large amount (x ∼ 0.4) of HPA.

For comparison, FT-IR absorbance spectra for BCP mixture
with an amount (x=0.10) of PAare shown inFigure 2b. There is
neither a broad band near 3357 cm-1 nor a characteristic amide
band, even though BCPmixture with HPA (x=0.10) shows the
characteristic amide I and II bands. These results represent that
for the BCP mixtures with HPA the significant amide bands at
1675 and 1516 cm-1 are presumably attributed to the influence of

the plausible H-bonding between the nitrogen units of P2VP
block and hydroxyl group in the HPA, as will be discussed later.

SAXS intensity profiles and the scattering parameters for BCP
mixtures with HPA after thermal annealing at 150 �C for 40 h,
measured at various temperatures from 135 to 260 �C during
heating at a heating rate of 0.9 �C/min, are shown in Figure 3,
where scattering vector q = (4π/λ) sin θ, where 2θ and λ are the
scattering angle and wavelength, respectively. As for the pristine
PS-b-P2VP in Figure 3a, a strong and sharp scattering peak
located at q=0.446nm-1 at low temperatures (T<160 �C) arises
from the microphase separation due to the nonfavorable seg-
mental interactions between two block components. No second-
order peak relative to the first-order reflection (or q*) is caused
presumably by the volumetric symmetry between two block
components, rather than the low contrast in electron densities
between two components is relatively low. Taking it into account
that the PS-b-P2VP in this study is symmetrically composed of PS
and P2VP (fPS = 0.504), the morphology should correspond to
lamellarmicrodomains,which is further confirmed tobe the same
lamellar morphology for BCPmixtures withHPA up to x=0.10
by the peak ratios of q/q* = 1:2:3 (shown in Figure 8). With
increasing temperature forT>163 �C, the primary peak weakens
and broadens significantly and then remains to be a diffuse
maximum, characteristic of the correlation hole scattering of a
phase-mixed (or disordered) BCP. It describes a transition from
the ordered to disordered state with temperature, hereafter
denoted to TODT for BCP mixtures. Figure 3b demonstrates
SAXS intensity profiles for theBCPmixturewithHPAofx=0.08,

Figure 3. SAXS intensity profiles for (a) the pristine PS-b-P2VP and (b) BCPmixture with HPA of x=0.08 as a function of scattering vector (q) and
(c) the scattering parameters derived from the SAXSprofiles as a function of inverse temperature (1/K). All the BCPmixtures withHPAwere annealed
at 150 �C for 40 h before measurements.
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indicating an increase of TODT by 69 �C compared to that for the
pristine PS-b-P2VP. This increase represents the increase of non-
favorable segmental interactions (χ) between two block compo-
nents by the addition of HPA.

The scattering parameters derived from the SAXS profiles are
plotted in Figure 3c as a function of inverse temperature (1/K).
TODT for BCP mixtures increases with increasing amount of
HPA, which are determined by a discontinuous change in the
inverse of the maximum intensity (1/I(q*)), full width at half-
maximum (fwhm), and d-spacing (d) by d = 2π/q*. At higher
temperatures than TODT, a remarkable increase in 1/I(q*) and
fwhm indicates that the thermal fluctuation increases propor-
tionally to temperature since χ between two components de-
creases with increasing temperature. The d-spacing, as a charac-
teristic length scale of the radius of gyration (Rg) for BCP
mixtures, reveals a discontinuity atTODT and gradually decreases
with further increasing temperature. It also should be pointed out
that an increase in d-spacing with increasing amount of HPA
confirms the increase of nonfavorable segmental interactions
between twoblock components rather than a volumetric increase.

To supplement transition information for BCP mixtures, the
depolarized light scattering (DPLS) was used to probe the tran-
sition temperatures effectively due to the optical change between
lamellar microdomains and isotropic disordered state of block
copolymers. Figure 4a,b shows optical intensities for BCP
mixtures as a function of temperature depending on the amount
of HPA and PA, respectively. Such a high intensity at lower
temperatures (T< TODT) for the pristine PS-b-P2VP arises from
the optical anisotropy of the birefringent lamellar microdomains,

followed by a sharp decrease to zero at TODT of T = 167 �C,
remaining disordered with further increasing temperature up to
260 �C due to the optical isotropy of phase-mixed state. Hence,
transition temperatures can be confirmed byDPLSmeasurement
taken by the discontinuity in intensity for BCP mixtures. An
increase in TODT with increasing amount of HPA is in good
agreement with SAXS results within reasonable error range. A
little difference in transitions between SAXS andDPLSmeasure-
ments was observed because of the broad transitions or different
mechanisms in temperature experiments. On the other hand, for
BCPmixtureswithPA inFigure 4b, there is no discernible change
in the transition temperature with increasing amount of PA.

Figure 5 summarizes the transition temperatures (or TODT’s)
evaluated by SAXS and DPLS measurements as a function of
molar ratio (x) of HPA and PA to PS-b-P2VP. An increase in
TODT for BCP mixtures with increasing amount of HPA is in
contrast to the similar TODT’s for BCP mixtures with PA. To
further discuss whether HPA or PA locates in the specific block
components in PS-b-P2VP, we investigated the phase miscibility
(turbidity) between the monodisperse homopolymers and either
HPA or PA. Turbidity measurement shows that HPA is miscible
with P2VP homopolymers up toMn= 20000 g/mol, but it turns
out to be immiscible with PS homopolymers even when the
molecular weight of PS is controlled down toMn = 7500 g/mol,
which is close to themolecularweight for one component ofPS-b-
P2VP used in this study. However, PA is miscible with PS homo-
polymers up to Mn=24000 g/mol but immiscible with P2VP
homopolymers down toMn=5000 g/mol. This molecular weight
dependence on the phase miscibility leads to the fact that HPA
favors P2VP component rather than PS component in PS-b-
P2VP, while PA favors PS component. It should be here men-
tioned thatWAXS (wide-angleX-ray scattering) andDSC results
show no evidence for crystallization (or aggregation) of phenyl-
acetamide derivatives in the mixtures. Therefore, Figure 5 in
addition to the phase miscibility results enables us to speculate
that the effective H-bonding between the nitrogen units of P2VP
block and hydroxyl group in the HPA enhances nonfavorable
segmental interactions between two block components during
heating process because the difference in chemical structure be-
tween HPA and PA is only the hydroxyl functionality at phenyl-
acetamide unit.

One may raise a key question whether the H-bonding at
hydroxyl functionality is working at higher temperature than
the melting temperature (Tm = 178 �C) of HPA because the

Figure 4. Depolarized light scattering (DPLS) intensity for BCP mix-
tures with (a) HPA and (b) PA as a function of temperature. All
intensitiesweremeasured during heating process from140 to 260 �Cat a
heating rate of 0.9 �C/min, and the maximum intensities were normal-
ized to unity.

Figure 5. Transition temperatures (orTODT’s) evaluated by SAXS and
DPLSmeasurements for BCP mixtures as a function of molar ratio (x)
ofHPA andPA to PS-b-P2VP. The dotted lines indicate the linear least-
squares fits to TODT’s for BCP mixtures.



6124 Macromolecules, Vol. 43, No. 14, 2010 Naidu et al.

intermolecular interactions along with H-bonding weaken sig-
nificantly above Tm close to the dissociation temperature of
H-bonding. To elucidate the influence of H-bonding on transi-
tion behavior, we set an annealing temperature to 192 �C for BCP
mixtures with HPA at the same procedures. Figure 6 shows the
scattering parameters derived from the SAXS profiles for BCP
mixtures with HPA (x = 0.08 and 0.10) as a function of inverse
temperature (1/K), where the samples were annealed at 192 �C
and compared to that annealed at 150 �C. A discontinuous
change in the scattering parameters allows us to determine TODT

for BCPmixtures. For BCPmixtures withHPA of x=0.08 (and
0.10), transition temperatures for the samples annealed at 192 �C
indicateTODT∼ 170 �C,which aremuch lower than that (232 �C)
for the sample annealed at 150 �C. Even d-spacings at ordered
state for the samples annealed at 192 �C are smaller than that for
the sample annealed at 150 �C. The consistent results were
confirmed by DPLS measurement, as shown in Figure 7 for
BCP mixtures with HPA. Unlike an increase in TODT with
increasing amount of HPA up to x = 0.10 for BCP mixtures
annealed at 150 �C, the similar TODT’s (∼170 �C) for BCP mix-
tures annealed at 192 �C were observed regardless of the amount
of HPA. The differences in TODT obtained from BCP mixtures
annealed at different temperatures can be attributed to the
availability of H-bonding depending on annealing temperatures,
more than likely because the intermolecular interactions at 192 �C
are soweak thatBCPmixtures cannot form the effectiveH-bonding
between thenitrogenunits ofP2VPblockandhydroxyl group in the
HPA, leading to the similar TODT’s. It should be noted that all the
samples annealed at 140-170 �C, well below the melting tempera-
ture of HPA, indicate an increase in TODT with increasing amount
of HPA.

Figure 8a shows SAXS intensity profiles for BCP mixtures
with HPA, which were measured at room temperature after

Figure 6. Annealing temperature dependence for BCP mixtures with
HPA (x = 0.08 and 0.10) between 150 and 192 �C, as measured
with SAXS. The scattering parameters were derived from the SAXS
profiles for BCP mixtures with HPA as a function of inverse tempera-
ture (1/K).

Figure 7. Annealing temperature dependence for BCP mixtures with
HPA of x = 0.08 and 0.10 between 150 and 192 �C, as measured with
DPLS.All intensitiesweremeasured during heating process from140 to
260 �Cataheating rate of 0.9 �C/min, and themaximum intensitieswere
normalized to unity.

Figure 8. (a) SAXS intensity profiles for BCP mixtures with HPA,
which were measured at room temperature after thermal annealing at
150 �C for 40 h. (b) d-spacing from the SAXS profiles for BCPmixtures
as a function of molar ratio (x) of HPA and PA to PS-b-P2VP, which
was measured at room temperature after thermal annealing at each
temperature. The dotted lines indicate the linear least-squares fits to
d-spacings for BCP mixtures.
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thermal annealing at 150 �C for 40 h. The third-order peak for the
pristine PS-b-P2VPwith respect to the first-order reflection (or q*)
is weakly visible with no second-order peak presumably due to
the volumetric symmetry between two block components. The
development of the higher-order peaks (the peak ratios of q/q*=
1:2:3) for BCP mixtures with HPA of x = 0.10 confirms the
enhanced ordering degree of a typical lamellar morphology.
Interestingly, the position of q* moves toward the lower q as
the amount of HPA increases up to x = 0.10, indicating an
increase in d-spacing by addition of HPA. The d-spacing from
the SAXS profiles measured at room temperature was ana-
lyzed as a function of molar ratio (x) of HPA and PA to PS-b-
P2VP after thermal annealing at each temperature, as plotted
in Figure 8b. For BCP mixtures with HPA, d-spacing for the
samples annealed at 150 �C increases with increasing amount
of HPA, whereas for the samples annealed at 192 �C, it remains
relatively unchanged regardless of the amount of HPA,
which is very similar to that for BCP mixtures with PA. The
d-spacing, as a consequence of the thermodynamic balance
between the domain free energy and interfacial energy of two
block components, is proportional to a(N2/3)(χ1/6); d ∼ χ1/6 in
the strong segregation limit (SSL), where a and N are the
statistical segmental length and the number of monomer,
respectively.41 Therefore, a variation of d-spacing represents
the conformational changes of the polymer chains between two
block components. Consequently, we can speculate that only
the effective H-bonding between the nitrogen units of P2VP
block and hydroxyl group in the HPA causes the block chains
to stretch more in a direction perpendicular to the inter-
faces due to the increase of nonfavorable segmental interac-
tions between two block components.

To ensure thermoreversibility for H-bonding, the sample
annealed at 192 �C was reannealed at 150 �C for 3 days and an
additiomal 10 days. Figure 9 shows FT-IR absorbance spectra
for the pristine PS-b-P2VP and BCP mixtures with HPA of x =
0.10 depending on the annealing temperatures and times at
selected wavenumber (ν) range from 1800 to 1300 cm-1. When
the sample is annealed at 150 �C, two characteristic bands at 1675
and 1516 cm-1 corresponding to CdO stretching and N-H
deformation, respectively, indicate a concentration of HPA.
Especially for the sample annealed at 192 �C, two characteristic
bands disappear, presumably representing that these bands are
generated by the effective H-bonding between the nitrogen
units of P2VP block and hydroxyl group in the HPA, not by
HPA only. Interestingly, the absorbance at two characteristic
bands increases with increasing time when the sample was
reannealed at 150 �C, although the maxima in absorbance were
not recovered entirely. This indicates that a long time is necessary
to recover H-bonding between a polymer chain and a low
molecule.

On the basis of the results characterized by SAXS, DPLS, and
FT-IR spectroscopy, we depict a schematic illustration in Figure 10
for BCP mixtures with HPA of x=0.10 depending on the anneal-
ing temperatures. When the sample is annealed at 150 �C, BCP
mixtures with HPA can form the effective H-bonding between the
nitrogen units of P2VP block and hydroxyl group in the HPA,
leading to a significant increase (12%) in d-spacing up to 16.2 nm,
because the increase of nonfavorable segmental interactions bet-
ween twoblock components causes theblock chains to stretchmore
in a direction perpendicular to the interfaces. However, when the
sample is annealed at 192 �C, the d-spacing forBCPmixtureswith
HPA indicates 14.5 nm, which is close to that for the BCP itself.
This behavior describes that HPA detached from the nitrogen
units and randomly displaced in P2VP block cannot influence
transition behavior for PS-b-P2VP because of no meditation by
H-bonding.

Conclusion

Transition behavior for PS-b-P2VP mixtures with phenylace-
tamide derivatives such as HPA and PA was investigated to
elucidate whether the H-bonding mediation efficiently influence
transition temperatures, where an extra hydroxyl group in the
HPA in comparison to PA is available for the intermolecular
interactions with block copolymer. For BCP mixtures, we ob-
served an increase inTODTwith increasing amount ofHPA,while
a similar TODT regardless of the amount of PA. This indicates
that the effective H-bonding between the nitrogen units of P2VP
block and hydroxyl group in the HPA enhances nonfavorable
segmental interactions between two block components during
heating process, leading to a significant increase in d-spacing for
BCP mixtures with HPA.

An annealing temperature dependence for BCP mixtures with
HPA between 150 and 192 �C, measured by SAXS, DPLS, and

Figure 9. FT-IR absorbance spectra for BCP mixtures with HPA of
x = 0.10 depending on the annealing temperatures between 150 and
192 �C and reannealing times for 3 and 10 days at 150 �C for the sample
annealed at 192 �C.All the spectraweremeasured at room temperature.

Figure 10. Schematic illustration for BCP mixtures with HPA of x =
0.10 depending on the annealing temperatures. For the samples
annealed at 150 �C, a complex formbyH-bonding between the nitrogen
units of P2VP block and hydroxyl group in the HPA causes the block
chains to stretch more in a direction perpendicular to the interfaces.
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FT-IR, demonstrates that the sample annealed at 150 �C success-
fully forms the selective complex by H-bonding mediation
between the nitrogen units of P2VP block and hydroxyl group
in the HPA, while the sample annealed at 192 �C above the
melting temperature (Tm = 178 �C) of HPA leads to the lower
transition temperature than that for the sample annealed at
150 �C. At higher temperatures (192 �C) than Tm of HPA, the
intermolecular interactions without H-bonding are so weak as to
influence transition behavior for BCP mixtures although HPA is
embedded in P2VP block component. In addition, a recovery for
H-bonding mediation between a polymer chain (P2VP block)
and HPA was observed when the sample is reannealed at 150 �C
below Tm of HPA, indicating a thermoreversibility for the
molecular interactions. This result illustrates the importance of
the availability for H-bonding mediation to control over transi-
tion behavior for BCP mixtures with the functional molecules.
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