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ABSTRACT: We present amethod to fabricate micropatterns of a self-assembled block copolymer droplets
with hierarchically ordered nanostructures by controlling solvent-assisted wetting of the droplets. This
method is based on transfer-printing the micropatterned dewetted droplets formed onto a topographic
poly(dimethylsiloxane) prepattern to a silicon wafer, followed by wetting triggered by solvent annealing.
Solvent vapor provides sufficientmobility of block copolymermolecules in convex-shapedmicropatterns and
allows for controlling the 2D circular spread of the ∼7 nm thick brush monolayer, resulting in a novel
structure hierarchically terraced with ordered spherical microdomains in the individual block copolymer
droplets. Our micropatterning technique capable of controlling both shape and microstructure of individual
droplets also enables us to produce a novel polarity tunable surface since contact angle of a water droplet is
easily tailored as a function of solvent annealing time on micropatterns.

Introduction

Hierarchical structures evolved from nanometer, micrometer
to millimeter scale with periodic orders have been successfully
driven by self-assembly of block copolymers in virtue of their
diverse structural motifs and at the same time facile tunability of
the structures.1-3 The simple and cost-effective characteristics of
the block copolymers have drawn many emerging applications
in nanotechnology such as nanolithography, photonic crystals,
nanotemplates for harvesting metals and semiconductors, and
drug carriers.1-4 In particular, surface wetting and/or dewetting
of thin block copolymer films have been often utilized as an effec-
tive route for fabricating interesting hierarchical structures.5-10

The spreading of nonvolatile liquid droplets on awettable sub-
strate has been in fact a long-standing issue attracting much
interest due to its implications for understanding lubrication,
molecular scale friction, and coating and thus for controlling
hard surfaces.11-15 The spreading frequently accompanies the
formation of unique molecular and/or nanometer scale terraces
characterized bydistinctmonomolecular layers in the directionof
z normal to the surface.16-21When a self-assembledmaterial with
an ordered structure, on a molecular or nanometer level, is emp-
loyed for wetting on a hard surface, the system becomes more
complicated, and therefore, one should take into account not
only the first layered terrace directly on the solid surface, fre-
quently known as a frontier layer, but also multiple terraces
regularly spaced in the z-direction arising from the ordered
structure.16-21 There have been several theoretical16-18 and
experimental studies19-21 dealing with the dynamics of terraced
droplets of structured fluids such as smectic liquid crystals and
block copolymers.

Block copolymers with lamellar microstructures showed very
unique terraced hierarchical structures formed upon either de-
wetting a thin homogeneous film or wetting a distinct droplet.6-9

Disklike concentric rings with the characteristic periodicity of the
block copolymer were for instance successively piled up in the

droplet whose cross section resembles a triangle with a stepped
side profile.7,9 In this case, themonolayered first terracewas evenly
formed on a substrate frequently called the brush monolayer of
a block copolymer, in which one of the blocks is preferential to
the surface with the other nonpreferential block pointing toward
the air.7

The regularly spaced wetting and/or dewetting of a structured
fluid in the z-direction is no doubt useful for understanding the
origin and dynamics of the structural formation; however, there
are several issues that require consideration for utilizing it in
further applications. The droplets that have been investigated so
far are all varied in size frommicrometers tomillimeters.Narrowly
distributed micrometer- or submicrometer-scale droplets would
potentially provide interesting micropatterning applications such
as self-cleaning surfaces,22 biochemical sensors,23 and microlens
arrays.24,25 It would be very desirable, therefore, to develop away
that allows to control all x-, y-, and z-directions, whereby one
could imagine nearly monodispersed microdroplets terraced in
a z-direction and at the same time arrayed on the xy-plane in a
periodic order. Such a systemwould also offer amore convenient
route for investigating the growth of brush monolayers in a con-
trolled manner.

In the present study, we have achieved the micropatterns of
the terraced block copolymer microdroplets based on transfer-
printing the microdroplets periodically dewetted on a topographic
poly(dimethylsiloxane) (PDMS)prepattern onto a hard substrate
and subsequently solvent annealing them.26-29 Solvent vapor
treatment gives rise to the wetting of the patterned droplets,
initiated with the concentric spreading of the characteristic brush
monolayer, and thus allows for precise monitoring of the growth
of the brush monolayer over time. The method presented here
enables the fabrication of patterned arrays of the multiterraced
microdroplets which consist of both brush monolayer and hier-
archically ordered block copolymer microdomains over a large
area.Ourmicropattern also becomes awater contact angle tunable
surface in which precise control of the wetting of both brush
monolayer andmicrodroplet with solvent annealing time allowed
for tailoring macroscopic surface polarity of a substrate with the
arrays of the block copolymer droplets.
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Experimental Section

Materials. A PS-b-PEO block copolymer with a total mole-
cular weight of 26 500 g/mol and a polydispersity of 1.06 was
purchased from Polymer Source, Inc. (Doval, Canada). The
molecular weights of PS and PEO are 20 000 and 6500 g/mol,
respectively, corresponding to a 22% minority block volume
fraction. In bulk, the block copolymer was self-organized into
hexagonally packed PEO cylindrical microdomains embedded
inaPSmatrix. 2wt%PS-b-PEOsolutionswereprepared inbenzene.

Micropatterning.An elastomeric PDMSmold was fabricated
by curing a PDMSprecursor (Sylgard 184,DowCorningCorp.)
on a prepatterned silicon master. We used a mixture of PDMS
precursor and curing agent (10:1 by weight) that had been de-
gassed under vacuum. The prepatterned photoresist masters
were prepared by standard photolithography, and the surface of
a master was fluorinated before casting the PDMS precursor on
themaster. After the PDMSprecursor was cured at 60 �C for 6 h
using vacuum oven, the mold was separated from the master.
The PDMSmolds with hexagons arrayed into hexagonal p6mm
symmetry have several hexagon sizes ranging from 10 to 40 μm.
In addition, a 2-dimensional PDMS mold was prepared with
20 μm squares arrayed into tetragonal symmetry. A 1-dimensional
line pattern was also made of 20 μm in width.

Microarrayed convex lens-shaped spherical caps of dewetted
droplets of the PS-b-PEOwere developed on a patterned PDMS
mold via spin-casting (SPIN 1200 Midas-system, Korea) at
2000 rpm and directly transferred to the Si substrates using
different surface energies. The transfer of the PS-b-PEO film
onto a substrate was performed using conformal contact with
gentle pressure for 1 min. The removal of the PDMS pattern
after the conformal contact produced patterned PS-b-PEO drop-
lets on the Si substrate at room temperature without the appli-
cation of additional heat. In order to control the surface polarity
of a PDMS pattern, oxygen plasma treatment was performed for
various time with the power of 40W (PDC-32GHarrick Plasma).

Solvent Annealing. Microarrayed droplets of the PS-b-PEO
on a Si substrate were placed in a chamber with a mixture of
saturated water (vapor pressure at 25 �C: 24 mmHg) and ben-
zene vapor (vapor pressure at 25 �C: 95 mmHg) for various
solvent annealing times (10 s-48 h). The environment outside
the chamber was maintained at 25 �C and 20% humidity. The
films were removed from the chamber at set observation times.

Characterization. The morphologies of microarrayed drop-
lets and their nanostructures were observed using a tapping
mode atomic force microscope (AFM) (Nanoscope IVa Digital
Instruments) in height and phase contrast and an optical
microscope (OM) (Olympus BX 51M) in bright field. Contact
angle measurement was performed with contact angle meter
(CAM101 model, KSV Instruments Ltd., Finland).

Results and Discussion

A poly(styrene-block-ethylene oxide) (PS-b-PEO) copolymer
was employed for fabricating patterned arrays of the microdro-
plets onto a topographic PDMS prepattern as shown in the sche-
matic of Figure 1. The dewetting occurred preferentially on the
individual mesas when a PS-b-PEO solution was spin-coated
onto a PDMSprepattern.Dewetted domains, each ofwhich forms
a spherical cap, are located near the center regions of the 20 μm
hexagonal mesas arrayed with p6mm hexagonal symmetry with
the periodicity of 30 μmwhile trench regions are completely filled
with the block copolymer film as shown in Figure 2a. The height
profile of a microdroplet on the hexagonal prepattern from an
AFM image in the inset of Figure 2a also revealed the diameter
and the maximum height of the droplet of approximately 6 μm
and 600 nm, respectively.

The dewetting is initiated at the sharp edge of topographic pat-
terns due to localized polymer flow at the pattern edges in order
to spontaneously reduce the excess chemical potential induced by

high curvature at the pattern edge, which causes draining of fluid
from the mesas to the trenches.30 Similar dewetting patterns have
been observed in spin-coated polymer on the topographic
pattern.31,32 The capillary-driven flow will rapidly tend to raise
the thickness of the solution in the trenches, thus reducing the
curvature difference and the capillary pressure. This planariza-
tion of the film on a topographic surface renders the film onmesa
regions thinner than on trenches. The planarization is propor-
tional to surface tension and inversely proportional to both viscosity
and shrinking speed with a parameter of ratio [(surface tension)/
{(viscosity) � (shrinking speed)}].31,32 Further planarization can
give rise to an incomplete wetting of the thinner film on the ele-
vatedmesa regions, leading to block copolymer droplets, each on
the center of the individual mesas, as shown in Figure 2a.

The wettability of thin PS-b-PEO films was thus simply con-
trolled by the surface polarity of a PDMS pattern by an oxygen
plasma treatment. We monitored the microdroplet formation on
a PDMS pattern with oxygen plasma time. The droplets are
apparently flattened out on individualmesas when the polarity of
the PDMS pattern was enhanced by oxygen plasma, as shown in
Figure 2.When the PDMS prepattern was exposed for only 7 s at
40 W, partially dewetted PS-b-PEO films were formed over the
mesa area in Figure 2b. On the other hand, the plasma treatment
for 15 s in our experimental setup for instance resulted in PS-
b-PEO films completely wetted over all themesa area (Figure 2e).
A plot shown in Figure 2f exhibits the surface coverage of PS-
b-PEO on a mesa as a function of oxygen plasma time.

The size of convex lens shaped, spherical caps of a dewetted
droplet was varied by changing the size of the PDMS hexagons.
As the size of the PDMS hexagon decreases, the size of the
spherical cap does as well. The droplets are∼2 μm in diameter on

Figure 1. Procedure for controlling the growth of brush monolayers of
micropatterned arrays of hierarchically ordered PS-b-PEO droplets on
a solid substrate. The dewetting of the film on hexagonal patterned
PDMS molds is selectively confined to the center of the mesa regions,
and subsequent transfer printing to Si substrate gives rise to patterned
PS-b-PEO droplets. Solvent annealing provides sufficient mobility for
the block copolymer molecules in convex-shaped patterned domains
and allows control of the 2D circular spread of brushmonolayers of the
block copolymer, which leads to a hierarchical terraced structure with
ordered microdomains.
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the 10 μm PDMS hexagonal patterns, as shown in Figure 3a.
Arrayed microdroplets with ∼10 and ∼7 μm in diameter were
formed on 20 μm squares arrayed with 4mm symmetry and 1D
periodic PDMS lines, respectively, as shown in Figure 3b,c. The
observations thus far apply in principle to PDMS prepatterns of
various shapes and sizes. An AFM image of a magnified droplet
on a PDMS hexagon prepattern in Figure 3d shows that on the
surface of a spherical-cap shaped droplet randomly ordered
cylindrical PEO microdomains are embedded in PS matrix with
an average diameter of 15 nm and center-to-center spacing of
30 nm, respectively. The rapid evaporation of benzene solvent in
a block copolymer solution during spin-coating made films kine-
tically trapped, resulting in poorly ordered microdomains of the
films.

The arrayed PS-b-PEO droplets dewetted on a PDMS pre-
pattern were directly transferred onto a flat Si substrate with high
transfer fidelity over 80%. The transfer was facilitated by con-
formal contact of PDMSmesas containing the dewetted droplets
and a Si substrate for 1minwithout additional heat and pressure.
Figure 4a,b clearly exhibits the dewetted droplets transferred
from ones on 20 μm PDMS hexagons in Figure 2a. In magnified
OMandAFM images, as shown in Figure 4b,c, the diameter and
height of the transferred droplet domain are about 6 μm and
600 nm, respectively, which correspond to those of the dewetted
domains before transfer. On the surface of individually trans-
ferred droplets upside-down from the previous droplets on a
PDMS, we also confirm that randomly ordered cylindrical PEO
microdomains are embedded in PS matrix with an average dia-
meter of 15 nm and center-to-center spacing of 30 nm, respec-
tively (Figure 4d).

The pattern transfer in thin films from one layer to another is
mainly governed by the difference in work of adhesion (T ) invol-
ved with the surface tension of each layer. The work of adhesion

at the PDMS mold and PS-b-PEO interface (WPDMS/PS-b-PEO)
should be less than that at the PS-b-PEO and substrate interface
(WPS-b-PEO/SUB), i.e.,T (=WPS-b-PEO/SUB-WPDMS/PS-b-PEO)>0
for successful transfer. The work of adhesion at layer 1 and 2 is
generally given by33,34

W12 ¼ 4
γd1γ

d
2

γd1 þ γd2
þ γp1γ

p
2

γp1 þ γp2

 !

where γp and γd correspond to polar and dispersion component
of overall surface tension (γ= γp þ γd), respectively. Since the
droplet transfer occurred before solvent annealing, it is reason-
able to take the surface energy value of an as-cast film. The sur-
face tension of PS-b-PEOused in the current workwas calculated
from the geometric-mean method based on the equation of (1 þ
cos θt)γt=2{(γt

dγs
d)1/2þ (γt

pγs
p)1/2},27 where θ is contact angle of a

testing liquid on PS-b-PEO surface and γt and γs are surface
energy of testing liquid and solid surface. Water and ethylene

Figure 2. (a-e) OM images of arrays of PS-b-PEO dewetted droplets
on a 20 μm hexagonal PDMS pattern whose surface polarity was
controlled by an oxygen plasma treatment with different time intervals:
(a) 0, (b) 7, (c) 9, (d) 11, and (e) 13 s.Water contact angles on a plasma-
treated PDMS pattern were varied from 108�, 98�, 90�, 84� to 72� with
the time intervals of 0, 7, 9, 11, and 13 s, respectively. (g) A plot of the
ratio of the covered area by a droplet (A) to original hexagon area (A0)
as a function of the oxygen plasma treatment time. Insets of (a-d) are
AFM images of individual droplets dewetted on hexagonal patterns
after different oxygen plasma treatment.

Figure 3. OM (a-c) and AFM (d) images of the microarryays of PS-
b-PEO dewetted droplets on PDMS prepatterns. Microdroplets on
(a) 10 μm PDMS hexagonal prepattern, 20 μm PDMS (b) square, and
(c) line prepattern. (d) Surface nanostructure of a dewetted droplet on a
20μmPDMShexagonal prepattern in the phasemode.Randomlyorde-
red cylindrical PEO microdomains are embedded in PS matrix.

Figure 4. OM (a, b) and AFM (c, d) images of the microarrayed PS-
b-PEO droplets on Si substrate after transfer printing. (a) Transferred
PS-b-PEO droplets with the diameter of ∼6 μm microarrayed with
p6mmhexagonal symmetry. (b) AmagnifiedOM image of (a). (c) (upper)
Surface morphology of an individual droplet in height mode. (lower) A
height profile of the droplet. (d) Surface nanostructure of an individual
droplet clearly displays in-plane cylindrical PEOmicrodomains embed-
ded in PS matrix.
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glycol were used as testing liquids at least required for the cal-
culation of γPS-b-PEO

p and γPS-b-PEO
d . On the basis of the contact

angles of 80� and 70� for water and ethylene glycol on a thin
as-cast PS-b-PEO film surface, γPS-b-PEO

p and γPS-b-PEO
d were

obtained of 5.8 and 19.4 mJ/m2, respectively. The computed
values of WPS-b-PEO/Si wafer and WPDMS/PS-b-PEO are 67.0 and
41.2mJ/m2, respectively, which givesT=25.8mJ/m2. This rationa-
lizes the successful pattern transfer, consistent with our experi-
mental results in Figure 4. It should be also noted that the contact
area of a droplet on a PDMS is different from that on a Si surface
due to the curved top surface of a droplet. The ratio of height to
diameter of a droplet is, however, very small (∼0.1), which allows
us to ignore the surface area difference during transfer. In addi-
tion, a gentle pressure applied during conformal contact may
minimize the contact surface area difference.

We have investigated how the transferred PS-b-PEO droplets
are modified on a Si substrate during solvent annealing. It is
apparent that the dewetted droplets transferred from PDMS
surface spread out on Si substrate, making their diameter larger
and larger with solvent annealing time. The captured morpho-
logies of the sample after 3 min solvent treatment exhibit two
distinct features as shown in Figure 5a,b. One is the formation of
unique terraced structure on each droplet, and the other is the
concentric growth of a thin sublayer around each droplet.

Upon spreading of a dewetted droplet on Si substrate, the
characteristic terraced structure was developed, arising from the
self-assembled microstructure of PS-b-PEO copolymer. The
similar terraced structures have been reported in lamellar forming
poly(styrene-block-methyl methacrylate) copolymers when the
droplets were thermally annealed at a temperature above the
glass transition temperatures of the consistent blocks and below
order-disorder transition temperature (TODT) of the block
copolymer.7 Whereas, droplets thermally annealed above TODT

showed typical smooth surface profiles similar to those obtained
from homopolymers. Step height of the terraced droplet, there-
fore, corresponds precisely to lamellae periodicity of the block
copolymer. In our micropatterned, terraced droplets, the step is
∼20 nm in height as shown in the cross-sectional profile of
Figure 5b. The terraced structure was also developed in the
arrays of the smaller droplets of 5 μm in diameter after solvent
annealing, as shown in Figure 5c. The observation of the surface
of terraced droplets revealed circular PEO microdomains of
∼20 nm in diameter well developed with improved ordering as
compared to those observed in as-transferred droplets (Figure 5d).

In our system with the microarrays of the terraced droplets
consisting of hexagonally ordered PEO microdomains, several
implications should be made. First of all, the terraced structure
developedupon solvent annealing implies that the improvedorder-
ing of PEO microdomains occurred through rearrangement or
reorganization of the pre-existing PEO cylinders in as-transferred
droplets without complete disordering of the structure. Second,
the previous cylindrical PEO microdomains were transformed
into spherical ones during solvent annealing. If the cylindrical
PEO microdomains were aligned perpendicular to the surface as
speculated from Figure 5d, the terraced structure with the step
height of 20 nm would not be formed because the perpendicular
cylinders do not require commensuration in z-direction. Our
previous results have also demonstrated the cylinder-to-sphere
transformation of PEOmicrodomains of the same block copoly-
mer upon solvent annealing in the confined geometry.5With help
of the detailed studies by Kramer et al.35,36 of spherical morpho-
logies developed by solvent annealing, two possible reasons were
suggested: the selective swelling of PS blocks with benzene vapor
in an individually isolated micropatterned film and the packing
frustration of PEO cylinders in a spherical cap.5 Both can be also
affected to the current system and our results indeed confirm the
order-to-order structural transition to spherical microdomains.

The thin concentric layer grown around the terraced droplet is
another characteristic feature of our system and corresponds to
brush monolayer of PS-b-PEO copolymer. The monolayered
brush layer is ∼7 nm in thickness in which polar PEO blocks
are in contact with native oxide of Si substrate as shown in the
schematic of Figure 5e. The wetting tendency of the brushmono-
layer on Si surface can be estimated by the spreading coefficient,
S, which can be defined by S= γSiwafer/benzene - γPEO/Siwafer -
γPS/benzene in our system. Based on the interfacial surface tensions
calculated by the harmonic mean equation with the values given
in the literature as summarized in Table 1, S turned out a positive
value of ∼17.1 J/m2, indicative of the stabilization of brush
monolayer on a Si substrate.

The growth of brush monolayer was monitored as a function
of solvent annealing time. As as-transferred dewetted droplets
were exposed to a benzene vapor for 20 s, concentric wetting of
the brushmonolayer began at each droplet, as shown in Figure 6a.
At the same time, the size of the as-transferredPS-b-PEOdroplets
increased gradually with solvent exposure time (Figure 6b,c). The
brush layer exhibited slow, continuous growth with the dewetted
droplet acting as a reservoir which feeds block copolymer mole-
cules. As time progressed, the spherical-cap droplets were trans-
formed into terraced ones arising from the formation of the

Figure 5. AFM images (a-d) of micropatterns of hierarchically ter-
raced PS-b-PEOdroplets with the concentric spreading of characteristic
brush monolayers after solvent annealing. (a) Terraced PS-b-PEO
droplets transferred with 40 μmhexagonal prepatterns. The inset shows
a magnified image of a terraced droplet in 3-D visualization. Solvent
vapor treatment time was about 170 s. (b) (upper) Terraced structure of
an individual droplet with the 2D concentric spread of a brush mono-
layer of theblock copolymer. (lower)Aheight profile of thedropletwith
∼20 nm in step height, corresponding to the size of the block copolymer
microdomains. (c) Microarrayed and terraced PS-b-PEO droplets
transferred with 10 μmhexagonal prepatterns. Solvent vapor treatment
time was about 60 s. (d) Well-ordered PS-b-PEO nanostructures deve-
loped on the surface of droplets after solvent annealing. (e) A scheme of
cross-sectional view of PS-b-PEOdroplets with terraced structures after
solvent annealing.
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spherical PEOmicrodomainswith the improved ordering. Further
solvent annealing resulted in merging separate brush layers with
each other (Figure 6e) and finally covered the entire Si substrate
with the grown brush layer (Figure 6f). We examined the growth
rates of both radii of brush monolayer and dewetted droplet, as
defined in the scheme of Figure 5e. Interestingly, both radii
increase linearly with

√
t before concentric brush layers were in

contact with each other, as shown in Figure 6g, which indicates
that both radii growpseudo-diffusivelywith the relationofR(t)∼
(Dt)1/2, where D corresponds to a diffusion coefficient of the
front. Spreading of symmetric block copolymer droplets above
and below the order-disorder transition is recently developed by
Croll et al.37 The droplet in a disordered state grows as R ∼ tm,
where t is time, with m=1/10, consistent with Tanner’s law. In
contrast, a droplet in ordered state spreadmuchmore slowlywith

m ∼ 0.05 ( 0.01. In our case, as noted, we observed a diffusive
growth of both brush layer and droplet with an exponent, m ∼
0.5, much faster than that of droplets thermally induced. The
diffusive motion of our system may be attributed to solvent
vapor, i.e., solvent precursor wetting layer.

In spite of universal behavior of the pseudo-diffusion of vari-
ous monolayers including simple liquids,20,38-40 smectic liquid
crystal,19 brush macromolecules,41 and block copolymer,42 the
resulting structure of the droplet significantly depends in a com-
plex way on the nature of the fluid and the layer grafted on top of
the substrate. On pure substrates, the diffusion coefficient is
proportional to the affinity of the liquid molecules for the solid
surface and inversely to the friction of the fluid on the solid. The
estimated diffusion coefficients of both brush and droplet layer
are approximately 8.58 � 10-10 and 8.1 � 10-11 cm2/s, respec-
tively. In our system, the spread rate of the brush monolayer is
∼10 times faster than that of the droplet.

Our micropatterning technique of block copolymer droplets
combined with solvent annealing provides an efficient way to
tune surface polarity of a substrate containing the patterned
droplets as a function of solvent annealing time. For instance, the
contact angle of a water droplet on an as-transferred micropat-
tern of ∼55� almost linearly increases with solvent annealing
time, as shown in Figure 7. In this particular micropattern con-
taining ∼2 μm droplets (Figure 3a), solvent annealing for 100 s
was long enough to cover whole Si wafer with brush monolayer
grown from the individual droplets, resulting in a water contact
angle of∼105�, which corresponds to that of a pure PS as shown
in Figure 7. The controlled growth of brush monolayer with PS
block pointing to air by solvent annealing, therefore, allows us to
tune the contact angle of a water droplet in the range over 50�.

Conclusions

We precisely controlled the growth of brush monolayers of
micropatterned arrays of hierarchically ordered block copolymer
droplets on a Si substrate. Solvent vapor annealing rendered the
brush monolayer with the thickness of ∼7 nm concentrically
spread around the individual PS-b-PEO droplets micropatterned
and transferred from a topographic PDMS prepattern. The
radius of the concentric brush monolayer turned out to grow
proportional to

√
t. The characteristic terraced structure was

developed upon solvent annealing, arising from highly ordered
spherical PEO microdomains confined in the droplets. Our
method allowed for the fabrication of patterned arrays of the
multiterracedmicrodroplets, consisting of both brushmonolayer
and hierarchically ordered spherical microdomains over a large
area. In turn, the control of both shape andmicrostructure of the

Figure 6. (a-f) AFM images of a dewetted PS-b-PEO droplet with the
characteristic brush monolayer captured at different solvent annealing
time: (a) 20, (b) 200, (c) 290, (d) 890, (e) 1130, (f) and 1370 s. (g) Plots of
the radii of the terraced droplet and the circular brush monolayer as a
function of solvent annealing time. Both plots show the linear relation-
ship between root value of solvent annealing time and both the radii.

Table 1. Interfacial Surface Tension Values of the Materials
Used in the Experiments

material A material B
γAB(γ

p þ γd)/
dyn cm-1 γd/dyn cm-1 γp/dyn cm-1

Si wafera air 65.1 29.9 35.2
benzenea air 29.2 28.5 0.6
PEOa air 33.8 9.6 24.2
PSa air 32.1 26.7 5.4
PDMSa air 19.8 19 0.8
PS-b-PEO air 25.2 19.4 5.8
Si waferb benzene 33.57
PEOb Si wafer 12.47
PSb benzene 3.99

aObtained from Polymer Handbook by J. Brandup, 4th ed. bCalcu-
lated from the harmonic mean equation

γ12 ¼ γ1 þ γ2 -
4γd1γ

d
2

γd1 þ γd2
-

4γp1γ
p
2

γp1 þ γp2

where γp and γd are polar and disperse surface tension.

Figure 7. Plot of contact angle of a water droplet on micropatterned
PS-b-PEO droplets transferred from 10 μm hexagonal PDMS prepat-
tern as a function of solvent annealing time. The contact angle of∼55�
on as-transferred pattern is varied to 105� after 100 s solvent annealing,
as shown in photographs from bottom to top. A schematic not in scale
shows a water droplet on the controlled micropattern of PS-b-PEO.
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individual microdroplets with solvent annealing time enabled us
to tune the contact angle of a water droplet in the range of 50�,
offering a new way to develop polarity tailored surfaces.
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