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We reported the deliberate control on the micelle opening and closing of amphiphilic polystyrene-block-poly-
(2-vinylpyridine) (PS-b-P2VP) micellar films by exposing them to selective solvents. We first treated the micellar films
with polar solvents including ethanol and water (pH=4, 8, and 12) that have different affinities to P2VP. We observed
opening of the micelles in all the cases. Both the size of opened pores and the opening rate are dependent on the solvency
of different solvents for P2VP. We then explored the closing behavior of the opened micelles using solvents having
different affinities to PS. We found that the opened micelles were recovered to their initial closed micelle forms.
The recovery was accompanied by a slow micelle disassociation process which gradually reduced the micelle size.
The rates of the micelle closing and disassociation are also dependent on the solvency of different solvents for PS.

Introduction

Smart polymer materials, which respond to external stimuli,
e.g. changes in temperature, pH, etc., are of great interest in recent
years because of their important applications in sensing, drug
delivery, separations, and mechanical actuation, just to name a
few.1-4 Among many candidate materials for the construction of
smart polymer systems, amphiphilic block copolymers (BCPs) are
unique:5-7 First, the hydrophobic and hydrophilic blocks in
BCPs ensure the mechanical robustness and stimuli-responsive
function of the thin film in aqueous environment, respectively.
Second, the hydrophilic domains can be contronlled to distribute
periodically in the BCP film and form well-defined nanoscale
surface patterns, which makes the responsive behavior of the
smart film site-specific. This site-specific stimuli-responsive
property may find their potentials in many fields including
advanced printing, lithography, components and devices for
nanomachines, etc.8-10

Amphiphilic BCPs self-assemble in nonpolar solvents, forming
reverse micelles where the hydrophilic chains collapse in the core
surrounded by the corona of dissolved hydrophobic chains
extending into the solvent.11 The BCP reverse micelles typically
have diameter in the range of several tens of nanometers and
narrow size distribution. These micelles can be transferred to

planar substrates via spin-coating, for example, and undergo the
next level of self-assembly to form thin films of hexagonally packed
micelles. The coronae of neighboring micelles will contact and
merge with each other in the spin-coating process, leading to a
continuous film with regular protrusions under which the insoluble
hydrophilic cores are covered.12 Itwasdiscovered recently that there
was a solvent-induced structure reconstruction of micelle films. For
instance, upon exposure to a selective solvent for the core consti-
tuents, micellar films of polystyrene-block-poly(x-vinylpyridine)
(PS-b-PxVP; x=2, 4) and polystyrene-block-poly(acrylic acid) will
open partially, forming pores on the film surface.13-18 Themechan-
ism for the solvent-induced structure reconstruction can be ex-
plained as follows: the swelling cores (e.g., P2VP) break the glassy
PS matrix from the upper side, and P2VP chains overflow on the
film surface. Upon drying the P2VP chains collapse, resulting in the
opening of micelle cores. In previous studies with the focus on
nanostructure fabrications using reconstructed BCP films as mask
or templates,19-22 different selective solvents, including methanol,
ethanol, acetic acid,23 water or water vapor,24 and glycerol,25 were
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used, mostly, at random. However, there has been no systematic
and detailed investigation focused on the stimuli-responsive beha-
vior, for example, the kinetics of BCP micelle opening, the
responding rate, and the sensitivity of micelle toward different
solvents. The sensitivity of BCP micellar films to various solvents
may provide a chance to tune the size of the opened pores. On the
other hand, the sensitivity of the core-opened BCP films to corona-
selective solvents, i.e., the recoverability of the reconstructed
micellar films, is mainly an untouched area, although it is quite
important from the viewpoint of practical applicationof responsive
polymer films. The continuous control on micelle opening and
closing may serve as a way to finely tune the feature size of surface
patterns,26 and the releasing rate of drugmolecules incorporated in
the micelle cores.27 In the present work, we systematically investi-
gate the control of the micelle opening of PS-b-P2VPmicellar films
by exposing them to solvents with different affinities toward
P2VP and the reverse process—the micelle closing of the opened
micellar films—by exposure to PS-selective solvents with different
strengths.

Experimental Section

Polystyrene-block-poly(2-vinylpyridine) (PS-b-P2VP; Mn(PS) =
102 000 g/mol, Mn(P2VP) = 97000 g/mol, Mw/Mn = 1.12) was
purchased from Polymer Source, Inc., Canada, and used as
received. All organic solvents, o-xylene, ethanol, cyclohexane,
and chloroform, were commercially obtained with a purity higher
than 98% and used without further purification. Water was
purified from a Millipore purification system, and its pH was
adjusted with HCl or KOH to desired values. PS-b-P2VP was
dissolved in o-xylene with moderate agitation overnight to obtain
a 0.5 wt % solution, which was then filtered through a 200 nm
poly(tetrafluoroethylene) membrane several times to remove any
big aggregates. After equilibrium for at least 1 day, PS-b-P2VP
solution was spin-coated onto silicon substrates at 2000 rpm for
60 s. The PS-b-P2VP-coated silicon substrates were immersed in
either ethanol or water with different pH values for a desired
periodof time to inducemicelle opening and thenwithdrawn from
the liquid and dried in a nitrogen steam. PS-b-P2VP films treated
in ethanol for ca. 1 h were further dipped into different organic
solvents (o-xylene, cyclohexane, or chloroform) for a certain time
and again dried in nitrogen. All the PS-b-P2VP films after
immersion in different liquids were imaged under an atomic force
microscope in the tapping mode (AFM, Digital Instruments
Dimension 5000-1 Nanoscope IIIA, Veeco Instruments) equip-
ped with silicon cantilevers (NSC15, MikroMasch, resonant
frequency 325 kHz). For all the samples, the scan size is 1 μm �
1 μm, and AFM height images were provided with a Z scale of
20 nm. The average full width at the half-maximum (fwhm) in the
AFM height profile of the micelles or pores was measured to
determine their diameter. For the TEM characterization, a drop
of PS-b-P2VP solution was deposited on hydrophobic carbon-
coated copper grids. The excess solution was promptly removed
from the grids using soaking tissues. After being dried in air, the
PS-b-P2VP deposited grids were dipped into ethanol and water
for 3 min. The original, ethanol- and water-treated PS-b-P2VP
deposited copper grids were exposed to iodine vapor in a sealed
container at 60 �C for ca. 30 min to selectively stain the P2VP
phases. These samples were then probed under a JEOL 1010
transmission electron microscope operated with an accelerating
voltage of 100 keV. Water contact angles of the PS-b-P2VP

films treated in different solvents were obtained fromDataphysics
OCA 15 plus contact angle system.

Results and Discussion

In o-xylene, PS-b-P2VP forms reverse micelles with dissolved
PS blocks as the extended coronae and P2VP blocks the collapsed
cores since o-xylene is selectively a preferential solvent for PS
while nonsolvent for P2VP. Upon spin-coating, PS-b-P2VP
micelles are deposited onto substrates and form a densely packed
monolayer of micelles. The thickness of the micelle film is ∼23
nm, as measured from AFM, while the diameter of the solvated
micelles in the solution is around 100 nm,28 suggesting that PS
chains collapse significantly from their initial extended state in the
solvent after spin-coating. In addition, since P2VP is not soluble
in o-xylene and its glass transition temperature (ca. 104 �C) is
much higher than room temperature, P2VP cores keep intact in
the micelle transferring process via spin-coating. As shown in
Figure 1a, the averagemicelle size is ca. 53 nm.When immersed in
ethanol which, opposite to o-xylene, is a good solvent for P2VP
while nonsolvent for PS, even for a very short time, for instance,
30 s, the PS-b-P2VP film undergoes a remarkable morphology
change: the original densely packed micelles monolayer is trans-
formed to a continuous film with periodically distributed holes
(Figures 1b-d). In all the ethanol-treated films, the average
interhole distance is ca. 55 nm, almost identical to the intermi-
celles distance in the original as-coated PS-b-P2VP film. For the
film immersed in ethanol for 30 s, the average size of holes is ca.
17 nm (Figure 1b), and it increases to ca. 23 nm after immersion
for 10 min (Figure 1c). When further prolonging ethanol immer-
sion time to 16 h, the hole diameter remains unchanged, still
around 23 nm (Figure 1d). We noticed that longer ethanol
exposure makes the film smoother, that is, the height difference
of the features on the film becomes smaller, as evidenced by the

Figure 1. AFM height images of as-coated PS-b-P2VP film (a),
PS-b-P2VP film immersed in ethanol for 30 s (b), 10 min (c), and
16 h (d). Note that all AFM images presented in this work have a
scan size of 1 μm � 1 μm and a Z scale of 20 nm.
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comparison of AFM image of the PS-b-P2VP film immersed in
ethanol for different periods of time.

It is well-known that swelling of micelle cores by the selective
solvent induces micelle opening.12,25,26,28 However, the exact
mechanism for the PS shell reorganization in the micelle opening
process remains unknown. Ethanol may reduce the glass transi-
tion temperature in the PS shell.However, in the present work,we
believe ethanol does not noticeably change the Tg of PS since
ethanol is a nonsovlent toPS,29 andPS chains are still in the glassy
state under the studied experiment conditions. On the other hand,
it is likely that PS shells complete their reorganization in the
opening process via the plastic deformation and disentanglement
of PS chains in the shells. Upon contacting PS-b-P2VP micelle
film, ethanol penetrates through the PS coronae and diffuses into
the P2VP cores to swell and solvate the P2VP chains. This is
actually a two-step process—diffusion and swelling—and the
penetration of ethanol through PS coronae completes quickly
since the thickness of the PS corona is very thin, on themagnitude
of 5 nm.30 With the continuous diffusion of ethanol molecules
into micelle cores, P2VP keeps swelling, driving cores to expand.
Therefore, since P2VP cores are confined in glassyPS coronae, the
expansion of the P2VP cores is prohibited.

At a certain critical point where the tensile force accumulated
from the continuous swelling exceeds the entanglement force
between PS chains, the rupture of the PS coronae occurs and
the core-forming P2VP is exposed to the surface directly and
shields PS from contacting ethanol to reduce the interface energy.
The rupture is most likely to occur in the thinnest climaxes of the
micelles in the as-coated PS-b-P2VP film since these points are the
weakest points in the whole micelles. Also, due to the swelling of
P2VP chains, the already ruptured PS coronae are forced tomove
outward from themicelle center.When rupturedPS coronae from
neighboringmicelles get close enough to each other, theymerge to
form a continuous phase covered by P2VP chains, which is
energetically favorable, and the spaces, corresponding to the
P2VP cores in the dried micelles, evolve to empty holes lined with
P2VP chains because a large part of P2VP chains in the previous
cores move outside to cover the newly formed PS phase. After
withdrawal from ethanol, P2VP chains collapse on top of the
underneath PS while PS still keeps its merged state because the
glassy PS is unable to move without the driving of the swelling
P2VP chains. We note that this diffusion and swelling process
becomes visible under AFM within seconds and can be finished
within minutes. It was reported that the estimated time scale is
around 0.1 s for glycerin induced local morphology transition of
PS-b-P2VP.24

We further investigated the morphology reconstruction of
PS-b-P2VP film induced by water. Although alkaline water is
nonsolvent for both PS and P2VP, it has a stronger affinity to
P2VP. Figures 2a-d show the AFM images of the PS-b-P2VP
films after immersion inwaterwith pH=8 for 30 s, 3min, 30min,
and 18 h, respectively. Apparently, water (pH= 8) is able to
induce the opening of PS-b-P2VP micelles, but it takes a much
longer time to finish the opening procedure. After immersion for
30 s, a shallow pit appears on top of most of the micelles while
micelle size and lateral ordering keep unchanged compared to the
as-coated PS-b-P2VP film. If the PS-b-P2VP film is exposed to

water for 3 min, the pit develops on almost every micelles and
becomes deeper, as judged from a stronger contrast between the
pit and surroundings. Neighboring micelles contact and squeeze
each other, deteriorating the lateral ordering and increasing the
height difference of the micelles. Extending water immersion time
for 30 min leads to higher degree of squeezing of neighboring
micelles, and in some areas the shape of the pits deforms to
narrow gaps other than circular openings. However, the profile of
individual micelles is still discernible although pits are present on
topof them.Further prolongingwater immersion time to 18h, the
individual micelles merge together with each other in the lower
part of the micelles while the upper parts are still separated
between neighboring micelles, and pits become further larger
and deeper with an average diameter of 19 nm. In addition, the
whole film is flattened compared with that treated in water for
shorter time. Furthermore, the lateral ordering is recovered to at
least the level of the as-coated PS-b-P2VP film.

By comparing Figures 1d and 2d, we can find that there is a
clear difference between the morphology of PS-b-P2VP film
treated by ethanol and that by water. For the ethanol immersed
PS-b-P2VP film, it is a continuous porous film with the area
between holes protruding over the plane of the holes, while for
water-treatedPS-b-P2VP film (even after immersion for 18 h), it is
pitted-micelle arrays connected through the bottomparts with the
area between the pits concaved, lower than the height of the plane
of the pits.

If PS-b-P2VP film was immersed in water with higher pH, for
instance, pH=12, themorphology transition still can be induced
but takes an even longer time when compared with the case of
pH = 8. After exposure to water (pH=12) for 30 s, the PS-b-
P2VP micelle film keeps its initial spherical micelle morphology,
and no concaved structure (pits or holes) could be found
(Figure 3a). When water exposure time is increased to 3 min,
the morphology reconstruction is observable under AFM and a
shallow pit appears on the top of most of themicelles (Figure 3b);
these pits become deeper and wider when further prolonging
water exposing time to 30 min (Figure 3c). On the other hand, if
the pH of water is reduced to 4 (Figures 3d-f), the morphology

Figure 2. AFM height images of PS-b-P2VP films immersed in
water with pH= 8 for 30 s (a), 3 min (b), 30 min (c), and 18 h (d).

(29) Virgili, J. M.; Hexemer, A.; Pople, J. A.; Balsara, N. P.; Segalman, R. A.
Macromolecules 2009, 42, 4604–4613.
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average diameter of micelles is around 53 nm, and the PS-b-P2VP used here has a
symmetric structure; therefore, the volume of the core can be estimated as half of
the whole size of the micelle. As a result, it is reasonable to estimate the thickness of
the PS corona is ca. 5 nm.
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transition occurs faster than the cases of pH = 8 and 12. This is
evidenced by the size and depth of the pits on top of the micelles
andby the degree of the neighboringmicelles squeezing eachother
in the PS-b-P2VP film treated in water with different pH.

Apparently, water, regardless of its pH, can induce opening of
the PS-b-P2VP micelles, and this water-induced opening needs
much longer time (at least >30 min) to reach the equilibrated
state when compared with the case of ethanol-induced micelle
opening. This is because water (δwater= 47.8MPa1/2) has a much
lower affinity to PS than ethanol, which can be explained roughly
by comparing their solubility parameters. The higher the pH
value, the slower the transition takes place. Water-induced
morphology transition also occurs in two steps: diffusion through
PS coronae and swelling of the P2VP cores. The variation of pH
strongly influences the swelling of the cores but has almost no
impact on the diffusion rate through the PS coronae. Since at
lower pH (4 and 8), the transition already starts after immersion
within 30 s while at higher pH (pH= 12) it does not, we can con-
clude that the swelling of the cores is the control step. At pH<4.5,
the nitrogen atoms in the pyridyl rings are ionized and
therefore charged, resulting in highly stretched P2VP chains
because of static repulsion between charged nitrogen atoms.31,32

Decreasing pH will make P2VP be ionized to a stronger degree.
Therefore, the repulsion interaction becomes larger, and P2VP
cores have a higher tendency to expand. As a result, the morpho-
logy transition takes place faster at lower pH.

We then investigated the difference in composition between
ethanol-induced and water-induced reconstructed PS-b-P2VP
films. We deposited PS-b-P2VP micelles onto carbon-coated
copper grids and immersed these coated grids into ethanol and
water (pH=8), respectively, and then examined these samples
with TEM after air drying. In the TEM images (Figure 4), the
dark areas correspond to theP2VP componentwhich is selectively

Figure 3. AFM height images of PS-b-P2VP films immersed in
water with pH=12 for 30 s (a), 3min (b), and 30min (c) and PS-b-
P2VP films immersed in water with pH= 4 for 30 s (d), 3 min (e),
and 30 min (f).

Figure 4. TEM images of as coated PS-b-P2VP film (a), PS-b-
P2VP films immersed in ethanol for 3 min (b), and PS-b-P2VP
immersed in pH= 8 water for 3 min (c). The P2VP domains were
selectively stained with iodine to enhance the contrast.

(31) Loxley, A.; Vincent, B. Colloid Polym. Sci. 1997, 275, 1108–1114.
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stained by iodine having a stronger contrast, while the gray area is
PS. In the as-coated PS-b-P2VP film, P2VP blocks aggregate into
spheres and hexagonally disperse into the PS matrix. The size of
the P2VP sphere is around 50 nm. After immersion in water for
3 min, P2VP domains still assemble like individual spherical
domains distributed in the continuous PS phase. But the size of
the P2VP domains is reduced to about 45 nm. We explain the
reason for the decrease of the P2VP domain size after water
immersion as that in the course of water swelling of P2VP
domains, rupture occurred from the top of the micelles because
P2VP cores are tightly constrained by the PS matrix in the lateral
direction and by the substrate in the downward direction. This
means that the swelling occurs only in the upward direction, and
the P2VP cores are stretched in this direction, making the height
of the P2VP domains larger than that of P2VP cores in the
as-coated micelles. The lateral size of the P2VP domains needs to
shrink to keep the total amount of P2VP chains unchanged (the
glassyPS is pulled tomove in a limited range by the swellingP2VP
chains because PS and P2VP components are permanently linked
with each other). In contrast, after immersion in ethanol for
3 min, there is a complete morphology transition: the continuous
phase becomes dark while the dispersed phase becomes gray,
indicative of a structure of PS or empty domains embedded in the
P2VP-rich matrix.

Combining the AFM and TEM results together, we draw the
conclusions as follows: water only induces rupture on the top of
micelles and expose P2VP to the surface, but most area of the
surface is still covered by PS; ethanol strongly solvates P2VP
chains and makes the surface of the film completely covered by
P2VP. These conclusions are further supported by water contact
angle (CA) measurement on PS-b-P2VP films. The CA values for
the as-coated, water- and ethanol-treated PS-b-P2VP films are

79�, 72�, and 67�, respectively, confirming that there ismoreP2VP
exposed on the surface in the ethanol-treated PS-b-P2VP film
than the surface of water-treated PS-b-P2VP film since hydro-
philic P2VP has a lower CA value.33

The strength of the solvents toward the core-forming P2VP
determines the degree of swelling of P2VP cores in the PS-b-P2VP
micelle films. Since PS corona is extremely thin (∼5 nm),31 a
moderate swelling of the P2VP in the cores is sufficient to break
the PS outer shell. A larger variety of solvents including poor
solvents to P2VP homopolymer, for instance, alkaline water, can
induce the opening of the micelles. However, a better solvent, e.g.
ethanol, strongly swells the P2VP cores and makes the P2VP
chains overflow far from their initial position in the cores. P2VP
chains fromadjacentpores contact andmergewith eachother and
form a continuous P2VP top layer, resulting in a complete
opening of micelles. This is shown schematically in Figure 5a.
In the case of poorer solvents, e.g. neutral or alkaline water,
micelle opening also occurs, but to a limited degree, which can be
considered as a partial opening. P2VP chains also extend from the
core positions, but not far enough to get connected with the ones
from neighboring cores. Therefore, the P2VP components still
stay as separate domains although a large part of P2VP has
already been exposed directly to the surface, as sketched in
Figure 5b.

We then investigated the recovery behavior of the micelle-
opened PS-b-P2VP film by immersion in PS-selective solvents.
Figure 6 shows the AFM images of the ethanol-treated PS-b-
P2VP, which is further exposed to o-xylene for different time
periods. After a short dipping in o-xylene for 5 s, the previous
porous structure of the ethanol-treated PS-b-P2VP transforms
back to spherical micelles (with a wide size distribution) arranged
laterally in a disordered way (Figure 6a). However, when the
immersion time was extended to 30 s, these micelles becamemuch
more uniform in size with an average diameter of ca. 55 nm and
arranged in a quasi-hexagonal way, comparable to the as-coated

Figure 5. Schematic drawing of themorphological reconstruction
of PS-b-P2VPmicelle films exposed to different solvents. (a)When
strong solvents for P2VP like ethanol were used, the PS-b-P2VP
micelle film undergoes a complete cavitation and forms a contin-
uous P2VP layer on top of PS. (b) When solvents with a poor
affinity to P2VP, for example, alkaline water, were used, a partial
cavitation appears. Part of the P2VP was exposed to the surface,
but the P2VP phase still keeps as separated domains.

Figure 6. AFMheight images of PS-b-P2VP filmswhichwere first
immersed in ethanol for 1 h tohave the core-corona transition and
then dipped o-xylene for 5 s (a), 30 s (b), 3 min (c), and 30 min (d).

(33) Krishnamoorthy, S.; Pugin, R.; Brugger, J.; Heinzelmann, H.; Hoogerwerf,
A. C.; Hinderling, C. Langmuir 2006, 22, 3450–3452.
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micelle film (Figure 6b). Further prolonging the immersion time
to 3 or 30 min just slowly reduces the size and height of the
micelles while the hexagonal arrangement of the micelles keeps
unchanged (Figure 6c,d).

As discussed above, the ethanol-treated PS-b-P2VP films have
a structure where P2VP is exposed to the surface while PS is
covered underneath. Although o-xylene is a selective solvent for
PS, it is able to slightly swell P2VP.When immersing the reverted
PS-b-P2VP film in o-xylene, o-xylene diffuses through the P2VP
layer and reaches PS domains. o-Xylene swells PS domains
strongly, leading to the rupture of P2VP outlayer. Merging of
PS chains from adjacent cores completes the recovery of initial
core (P2VP)-corona (PS) micelles structure. This recovery pro-
cedure also proceeds very fast (within 30 s). However, dissolution
of the block copolymer occurs simultaneously in the recovery
process, leading to a slowdisassociation of the re-formedmicelles,
which behaves as the gradual decrease of the micelle size. But this
dissolution/disassociation takes place very slowly because of two
main reasons. First, the spin-coated micelles films attach tightly
on the substrate surface, and polymer chains exhibit very slow
desorption rate owing to the large number of “attachment points”
in each polymer chain.34 Second, there exists the P2VP segments
in the polymer chains which are insoluble in o-xylene, and P2VP
chains need more time to be diffused into the bulk of o-xylene
solvent, predominantly by the driving and dragging of the soluble
PS chains.

Furthermore, we are also able to control the recovery rate by
using cyclohexane, which is a weaker solvent for PS. After
immersion in cyclohexane for 30 s, although the PS-b-P2VP film
mainly keeps its porous structure, some neighboring holes coa-
lesce and regularity of the hole arrangement is deteriorated;
moreover, some spherical micelles appear on the film surface, as
shown inFigure 7a. Increasing the immersion time to 3minmakes

the film rougher, even worse ordering of the holes, and more
micelles appear (Figure 7c). After 30 min immersion, the porous
structure of the PS-b-P2VP film completely vanished while
individual micelles with a shallow pit on top, a morphology very
close to that of as-coated PS-b-P2VP immersed in acidic water
(e.g., see Figure 3d), comes up (Figure 7c). Further extend-
ing cyclohexane immersion time to 2 h gives rise to a quasi-
hexagonally arrangedmicellesmonolayer (Figure 7d) with similar
micelle size butmuch lowermicelle height (∼2 nm) comparable to
the initial as-coated PS-b-P2VP micelles, indicating that cyclo-
hexane also works for the recovery of the inverted film but with a
much slower rate, and again the disassociation of the micelles
occurs simultaneously but even more slowly.

It is easy to understand that cyclohexane which, when com-
pared to PS, is a weaker solvent for PS, swells PS to a less extent.
This weaker swelling needs more time to push or pull the
macromolecular chains to the position where chains from neigh-
boring PS domains in the reconstructed film meet, thus slowly
inducing the recovery process. Because of the same reason, the
disassociation of micelles takes place at an even slower rate. Just
because of the slow recovery and disassociation procedure, we are
able to access the intermediate morphology transition state.

If the micelle-opened PS-b-P2VP film was immersed in chloro-
form, which is a good solvent for both PS and P2VP, only quick
disassociation of PS-b-P2VP micelles occurred. Neither hole nor
micelles remained after 3 min exposure; instead, only irregularly
shaped bumps (with a size of hundreds nanometers) of polymer
residuals can be detected on the Si substrate underAFM(data not
shown).

Conclusions

We systematically investigated the micelle opening and the
recovery process—micelle closing—of amphiphilic PS-b-P2VP
micellar films in selective solvents with changing affinity toward
PS and P2VP blocks, respectively. PS-b-P2VP micellar films
deposited on planar substrates display a responsive behavior
and undergo a morphology reconstruction (micelle opening)
upon exposing to selective solvents for P2VP. When a strong
solvent, e.g. ethanol, is used, the reconstruction occurs fast and a
complete opening of micelles happens; while in the case using a
solvent having a weak affinity to P2VP, e.g., water, the recon-
struction needs longer time to reach the equilibrated state-
partially opening of the micelles from the top side. On the other
hand, the opened micellar film will recover its original micellar
structure upon exposing to PS-selective solvents. The rate of the
recovery also depends on the strength of the solvent. There is
always a slow disassociation of the re-formed micelles accompa-
nying the micelle opening procedure. The macromolecular chains
rearrangement in the micelle opening and closing process can be
controlled to occur at a relatively slow rate by using a selective
solvent with a weak affinity to the corresponding block. The
intermediate states in the process of morphology change can be
kinetically frozen by withdrawing the film from the solvent.
Therefore, this finely controllable micelle opening and closing
are expectable to be used in the morphology tuning in surface
patterning and in the regulation of the releasing rate of drugs
loaded in the micellar cores.

Acknowledgment. This work is supported by the National
Basic Research Program of China (2009CB623400), Key Pro-
gram of Natural Science Foundation of China (20636020), and
Jiangsu Natural Science Foundation (BK2009358).

Figure 7. AFMheight images of PS-b-P2VP filmswhichwere first
immersed in ethanol for 1 h to have the core-corona transition
and then dipped in cyclohexane for 30 s (a), 3 min (b), 30 min (c),
and 2 h (d).
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