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ABSTRACT: Lamellar platelets of triblock copolymers grown in dilute toluene solution with trace amounts of
water can be used as templates for tethered diblock copolymer chain preparation and analysis. Polystyrene-b-
poly(2-vinylpyridine)-b-poly(ethylene oxide) (PS-b-P2VP-b-PEO) with two different block fractions were used
as model templates to generate tethered P2VP-b-PS chains on the platelet basal surfaces. In toluene solution the
aggregation states of PS-b-P2VP-b-PEO were sensitive to the water content in the solution. For toluene with
trace amount of water, spherical micelles were formed in the early stage and large square platelets would gradually
grow from these spherical micelles. The hydrogen bonding between water and EO units was responsible for the
formation of micelles and subsequent square platelets in the solution. Tethered P2VP-b-PS chains on basal surface
of PEO platelets could be regarded as diblock copolymer brushes and the density (σ: 0.086-0.36) and height (d:
3.5-14.3 nm) of these tethered chains could be easily modulated by changing the crystallization condition and/
or the molecular weight of each block. The tethered P2VP-b-PS chains were responsive to different solvent
vapor. The selectivity of tethered blocks to various solvents is responsible for the change of morphologies of the
basal surface of the platelets.

Introduction

Polymer brushes refer to an assembly of polymer chains
tethered by one end to a surface or interface.1 Theoretical studies
indicated that many factors, such as grafting density, molecular
weight, chemical composition, solvents, and temperature, can
influence behaviors of tethered block copolymer brushes.2-6 For
tethered linear flexible AB diblock copolymer brushes, patterned
films could form in a selective solvent in which the polymer-
solvent interactions for each block are different.7 The responsive
properties can be exploited in the development of “smart”
surface and nanoactuators.1,5

Polymer brushes are typically synthesized physisorption and
covalent attachment. Covalent attachment of polymer brushes
are normally prepared by either “grafting to”8 or “grafting from”9

techniques. In order to achieve uniform tethering density and
narrow molecular weight distribution of the tethered chains,
crystalline-amorphous block copolymers can be used to grow
platelets in dilute solutions, which have a “sandwiched” structure
with the single crystal in the middle covered by two nanoamor-
phous block layers on the top and bottom of the basal surface
of platelets.10-15 Cheng et al. have designed an experiment to
detect the interaction changes of the tethered homopolymer
polystyrene (PS) chains on the poly(ethylene oxide) (PEO) or
poly(L-lactic acide) (PLLA) platelet basal surfaces using PEO-
b-PS or PEO-b-PLLA diblock copolymer.12,13They also created
tethered diblock copolymer poly(methyl methacrylate)-b-
polystyrene (PMMA-b-PS) on the basal surface of PLLA
platelets using self-seeding technique of triblock copolymer
PMMA-b-PS-b-PLLA.14

Self-seeding technique is based on partly dissolving pre-
formed crystals at lower crystallization temperature. The sample

is subsequently reheating to a seeding temperature and then
quickly cooled to a preset crystallization temperature to grow
single crystals. Continuation of the procedure to higher tem-
perature dissolves most of the crystals, leaving microscopic
nuclei to grow a uniformly sized population of crystals. So the
self-seeding technique is probably now the most widely used
method of growing polymer lamellae from dilute solution.11,16-18

The morphology of polymer single crystals critically depends
on the crystallization conditions, such as solution concentration,
crystallization temperature, self-seeding temperature, etc. The
main drawback of self-seeding method is that the precise control
of different temperatures is necessary to the success of this
technique. Herein, we developed a novel and simple approach
to prepared platelets with uniform and controllable size via
modulation of the water content in the solution. We produced
lamellar platelets of a semicrystalline ABC triblock copolymer,
polystyrene-b-poly(2-vinylpyridine)-b-poly(ethylene oxide) (PS-
b-P2VP-b-PEO), in toluene with trace amounts of water. The
obtained lamellar platelets can acted as templates for tethered
P2VP-b-PS diblock chain analysis. This embodies one of the
advantages of triblock copolymers over diblock copolymers.19-26

We found that the trace amount of water in the solution could
greatly influence the solubility and aggregation behavior of PEO
blocks in toluene. We studied the influence of water content in
solution on the structure of obtained platelets and the unique
morphological evolution from spherical micelles to square
platelets in the solution. The tethered P2VP-b-PS chains on the
basal surface of PEO platelets had similar behavior with normal
block brushes on flat substrate when they were exposed to
different solvent vapor because of the selectivity of tethered
blocks to various solvents. The surface morphology of these
tethered block copolymer brushes can be reversibly changed
under the treatment of different solvent vapor.
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Experimental Section

Sample Preparation.Two polystyrene-b-poly(2-vinylpyridine)-
b-poly(ethylene oxide) (PS-b-P2VP-b-PEO) copolymers were sup-
plied by Polymer Source, Inc. The characteristics of these two
copolymers are summarized in Table 1, according to the data of
the provider. The solvent, toluene, purchased from the Alfa Inc.
and the Beijing Chemical Plant were found to produce identical
results. The PS-b-P2VP-b-PEO copolymers were dissolved in (i)
toluene dried with MgSO4, (ii) distilled toluene, (iii) toluene without
any treatment, and (iv) toluene with additional water. In some case,
as indicated in the context, magnetic stirring for 3 days was
performed before storage at room temperature for various periods.
In other case, PS-b-P2VP-b-PEO was dissolved in toluene by
heating the solution to 40-60 °C for ca. 5 min27 The concentration
of PS-b-P2VP-b-PEO was 0.1 wt % or 0.2 wt %. The PS-b-P2VP-
b-PEO thin films were prepared by spin-coating the dilute solution
onto the freshly cleaved mica at 2500 rpm for 90 s. Spin-coating
was performed on a commercial spin-coater KW-4A, Chemat
Technology Inc.

Treatment of Tethered P2VP-b-PS Chains with Different
Solvent Vapor. The tethered P2VP-b-PS chains on the basal
surfaces of platelets grown in distilled toluene were exposed to
saturated ethanol, 1,4-dioxane, or toluene vapor in closed vessels
for 60 min at room temperature. The samples were then removed
from the solvent vapor and dried in air for at least 60 min before
any further characterization.

Characterization. The morphologies of crystals or aggregates
of PS-b-P2VP-b-PEO in toluene were investigated by atomic force
microscopy (AFM) and transmission electron microscopy (TEM).
AFM images were acquired (SPA300HV/SPI3800N Probe Station,
Seiko Instruments Inc., Japan) in tapping mode. A silicon micro-
cantilever (spring constant 2 N/m and resonance frequency∼70
kHz, Olympus Co., Japan) with an etched conical tip (radius of
curvature∼40 nm as characterized by scanning over very sharp
needle array (NT-MDT, Russia)) was used for scan. TEM
experiments were carried out on a JEM-1011 transmission electron
microscope (JEOL Inc., Japan) operated at 100 kV accelerating
voltage. The samples for TEM were prepared by dipping a drop of
copolymer solution on a copper grid and wicking away the excess
solution with filter paper. Surface enhanced Raman scattering
(SERS) spectra were measured with a Renishaw 2000 Raman
spectrometer (Renishaw Ltd., Gloucestershire, United Kingdom).
Radiation of 514 nm from an air-cooled argon ion laser was used
for the SERS excitation with power of not more than a few
milliwatts at the sample position. The silver mirror was prepared
by dipping a clean glass plate into a solution of silver ammonia
complex and acetaldehyde. The glass plate was washed with
distilled water and then, dried under high vacuum overnight. The
lamellar platelets were spin-coated onto the glass platelets at 2500
rpm for 90 s. The glass platelets were then dried under high vacuum
and were ready for further measurements. In order to identify the
FT-SERS spectra of tethered diblock copolymers, we also carried
out the SERS experiments on P2VP and PS homopolymers. The
strong peaks at 1123 cm-1 in all spectra were caused by the daylight.

Results and Discussion

A. Preparation of Platelets from Toluene with Trace
Amount of Water. 1. Effect of the Water to EO Molar Ratio
(Z) on Morphology of Aggregates.Figure 1 shows different
crystals or aggregates of 1# PS-b-P2VP-b-PEO (14.1-12.3-
35.0) formed in various mixtures of toluene and water. The
molar ratio of water and EO unit in the solution played an
important role in the aggregation behavior of PS-b-P2VP-b-
PEO. When the concentration of PS-b-P2VP-b-PEO was 0.1

wt % in toluene dried with MgSO4 (Z ≈ 0), a few multilayer
crystals could be observed on the spin-coated film (Figure 1a).
The sizes of these multilayer crystals were polydispersed (from
the results of light microscope), and the average value was about
8 µm. When the concentration of PS-b-P2VP-b-PEO was 0.2
wt % in toluene without any treatment (Z ≈ 0.75, the water
concentration in untreated toluene is about 0.03 vol %), a small
quantity of multilayer or monolayer crystals could be obtained
(Figure 1b). The sizes of these crystals were uniform (about 5
µm) although they were not perfect platelets. When the
concentration of PS-b-P2VP-b-PEO was 0.1 wt % in distilled
toluene (Z ≈ 0-1.5), regular square platelets with monodis-
persed size of 2µm could be routinely observed on the spin-
coated film or slowly dried film on copper grid (Figure 1c).
These platelets were identical with those observed in PEO
homopolymer17 or PS-b-PEO copolymer11,16 platelets and the
selective area electron diffraction (SAED) pattern (inset of
Figure 1c′) was recognized to be the [001] zone pattern of the
monoclinic lattice of PEO,16,17 indicating that the chain direc-
tions in both “sandwiched” crystals were parallel to their
lamellar surface normal. All other square platelets of two PS-
b-P2VP-b-PEO grown at different conditions had similar TEM
images and SAED patterns. When the concentration of PS-b-
P2VP-b-PEO was 0.1 wt % in toluene without any treatment
(Z ≈ 1.5), small platelets with monodispersed size of 0.2µm
could be obtained (Figure 1d). When the concentration of PS-
b-P2VP-b-PEO was 0.04 wt % in toluene without any treatment
(Z ≈ 3.8), square platelets and spherical micelles could be
simultaneously observed (Figure 1e). Further increase of content
of water resulted in the disappearance of platelets and formation
of a few irregular aggregates (not shown).

2. Evolution from Micelles to Square Platelets.Figure 2
shows the evolution of aggregates of 1# PS-b-P2VP-b-PEO
(14.1-12.3-35.0) (0.1 wt % in toluene without any treatment,
Z ≈ 1.5) with aging time. The stock solution was stirred for 3
days and then aged at room temperature for various periods.
When the solution was aged for 3 days after stirring, most
micelles were spheres with the diameter of about 50 nm (Figure
2a). After this was aged at room temperature for 109 days, some
quasi-rectangular aggregates with the size of 60-180 nm could
be observed (Figure 2b). When the solutions were aged for even
longer times (115 days), many quasi-square aggregates with the
size of about 500 nm could be routinely obtained (Figure 2c).
After this was aged for 169 days, more regular square platelets
with the size of about 200 nm could be observed (Figure 2d).
The difference of the size of the aggregates in parts c and d of
Figure 2 may partially produced by the sample preparation
procedure and the amplification effect of the AFM tip. The
nuclei could be clearly seen in the center of the platelets from
both the AFM and TEM images.

3. Mechanism for Aggregation Behavior of PS-b-P2VP-
b-PEO in Toluene with Various Amounts of Water. The self-
assembly of block copolymers in organic solvents can be
modulated by the water content in the solution. Je´rôme et al.
reported the different aggregation behaviors of PS-b-P2VP-b-
PEO in water/toluene mixtures with various composition.28 The
self-organization of the PS-b-P2VP-b-PEO at the water/toluene
interface of the water-in-toluene and toluene-in-water emulsions
was responsible for the different structures of the formed

Table 1. Molecular Weight of Each Block and Polydispersity of Two Series of PS-b-P2VP-b-PEO Triblock Copolymers

sample Mn(PS) Mn(P2VP) Mn(PEO) Mw/M(copolymer)

1# PS-b-P2VP-b-PEO (14.1-12.3-35.0) 14 100 12 300 35 000 1.08
2# PS-b-P2VP-b-PEO (20.1-14.2-26.0) 20 100 14 200 26 000 1.10
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aggregates. In fact, the compatibility of water and EO units also
determined the aggregation behaviors of other systems, such
as PS-PEO in cyclopentane,29-31 Pluronic L64 ino-xylene,32,33

and Pluronic L92 inp-xylene.34 However, few investigations
have been reported about the transformation of the micelles to

regular platelets, especially for semicrystalline ABC triblock
copolymers. As discussed in ref 28, when PS-b-P2VP-b-PEO
was dissolved in pure toluene, no micellization occurred.
Nevertheless trace amounts of water in the solution could result
in the aggregation of the triblock copolymer. Similar effect of

Figure 1. AFM height images and TEM images (c′ and d′) of aggregates formed in solution with various molar ratio of water to EO unit (Z): (a)
∼ 0, (b) 0.75, (c)∼ 0-1.5, (d) 1.5, and (e) 3.8. Inset of part c′ shows the selective area electron diffraction (SAED) pattern.
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water on the self-assembly of PEO containing copolymers had
been reported. The primary role of water is to solvate the PEO
blocks by hydrogen bonding and the water to EO molar ratio
(Z) played an important role in determining the structure of
aggregates in the solution.28-35 The limit of solubility of water
in toluene at room temperature was∼0.03 vol %.28 Then for
1# PS-b-P2VP-b-PEO (14.1-12.3-35.0) 0.1 wt % in toluene
without any treatment,Z was about 1.5. Spherical micelles
consisting of a hydrated PEO core, a P2VP shell and a PS
corona28 were obtained by stirring the solution for 3 days. The
shape of micelles in the mixed solvent is the result of the
minimum of the thermodynamic equilibrium, which can be
calculated using the concept of reduced tethering density in
micelle system.36,37 Due to the crystallization of core forming
blocks (PEO), these micelles were not stable.38-45 When the
solution was stored at room temperature without stirring for a
long period, spherical micelles would gradually evolve to square
platelets (Scheme 1). Since the crystallizable blocks were
isolated in each core of the spherical micelle, the growth of
square platelets was a quite slow process (about 6 months,
Figure 2).46

On the other hand, when the stock solution was not stirred
before the storage at room temperature, formation of regular
square platelets could be completed in relative short period
(about 1 month). This can be explained by the heterogeneous
nucleation due to incomplete dissolution on a microscopic order
without stirring.47 The crystallization behavior of PEO homo-
polymer or block copolymers has been widely investigated.10,48-55

Amis et al. found that no crystallization of PEO in pure toluene
occurred when the solution were held at 20°C for several days.
Clusters consisted of several staggered layers developed after
an aliquot of seed suspension was added to the very dilute PEO
solution of toluene.56 Branched layers of lamellae of PEO could
grow in more concentrated solution of toluene.47 Gast et al.
investigated the competition between spherical micelles and
semicrystalline aggregates of PS-b-PEO in cyclopentane, a
selective solvent for PS blocks.31 This is similar to our results
because the hydration of PEO and toluene makes PEO seem-
ingly insoluble in toluene, although pure toluene is a good
solvent for dried PEO.35 Then the hydrogen bonding between
the water and EO facilitated the nucleation of the crystallization
of PEO blocks in toluene with trace amounts of water. So it is
reasonable that the size and structure of the crystals depended
on theZ values (Figure 1). When toluene was dried with MgSO4,
the amount of water in the solution was quite small. The
obtained crystals were multilayer, and the total number of these
crystals was very few probably due to the rare nuclei in the
solution (Figure 1a). When distilled toluene was used to dissolve
PS-b-P2VP-b-PEO copolymers, the size of the platelets de-
creased and the number increased since the water in the distilled
toluene was more than that in the toluene dried with MgSO4

(Figure 1c). The water content in the toluene without any
treatment further increased and the size and number of the
platelets further decreased and increased, respectively (Figure
1d). For 1# PS-b-P2VP-b-PEO (14.1-12.3-35.0) 0.04, 0.1, and
0.2 wt % in toluene without any treatment,Z values were about

Figure 2. AFM images (a-c) and TEM image (d) of aggregates (formed from 1# PS-b-P2VP-b-PEO 0.1 wt % in toluene without any treatment,
Z ≈ 1.5) after stirring for 3 days and then aged at room temperature for various periods: (a) 3 days, (b) 109 days, (c) 115 days, and (d) 169 days.
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3.8, 1.5, and 0.75, respectively. So the size and number of
crystals in 0.2 wt % toluene without any treatment were larger
and smaller than that of 0.1 wt % solution, respectively (Figure
1b). When the concentration of 1# PS-b-P2VP-b-PEO (14.1-
12.3-35.0) in toluene without any treatment was 0.04 wt %,
all the hydrogen-bonding sites of the PEO blocks were saturated
by water, which produced many spherical micelles at the
expense of the disappearance of some platelets (Figure 1e).

B. Properties of Tethered Diblock Copolymer Chains on
Platelets. 1. Structure of Tethered P2VP-b-PS Chain. Like
the crystalline-amorphous diblock copolymers, PS-b-P2VP-b-
PEO triblock copolymers also grow the platelets having a
“sandwiched” structure with the PEO single crystals in the
middle covered by the two amorphous layers on the top and
bottom of the PEO basal surface, respectively. Then the P2VP-
b-PS blocks can be viewed as the tethered chains on a substrate.
Cheng et al. have developed an approach to study the interac-
tions of the tethered PS chains on the PEO or PLA single-crystal
basal surface with controlled and uniform tethering densities.12,13

In this paper, we adopt a similar method to analyze the properties
of the tethered diblock chains on the basal surface of PEO
platelets. An overall thickness of a semicrystalline block
copolymer platelet (doverall) after drying can be measured using
atomic force microscopy (AFM). To calculate the thickness of
crystals (dPEO) and the thickness of the tethered amorphous
chains (da) values based on thedoverall (Scheme 2), we modify
the approximations developed by Cheng et al.12,13 as follows:

and

whereMn
PEO, Mn

P2VP, andMn
PS are the MW’s of the PEO, P2VP,

and PS blocks,FPEO, FP2VP, and FPS are densities of the
corresponding blocks, andυPEO represents the volume fraction
of PEO blocks, respectively. According to the results of Cheng
et al., the crystallinity of PEO in the platelets is about 95% and
thus the practical density of the PEO crystals is about 1.23
g/cm-3.11-13 For a semicrystalline block copolymer, the density
of the tethered amorphous blocks on the platelet surface of the
crystalline blocks,σ, can be calculated by13

where NA is Avogadro’s number. The thickness of platelets
could be modulated by changing the condition of crystallization,
such as the concentration of PS-b-P2VP-b-PEO and water. The
calculated values about these platelets grown in different
condition are summarized in Table 2. The tethering densities
can be varied from very low (0.086) to quite high (0.36). The
total thickness of the platelets is in inverse proportion to the
size for the platelets of the same triblock copolymer grown in
toluene with various amounts of water. In other words, high
tethering density and height can be obtained with large water
to EO molar ratio. For the platelets of triblock copolymers with
different molecular weight of each block grown under the same
condition, the total thickness of 1# PS-b-P2VP-b-PEO (14.1-

Scheme 1. Schematic Representation of the Morphological Evolution of PS-b-P2VP-b-PEO in Toluene with Trace Mounts of Water
with or without Stirring

dPEO) doverallυPEO

υPEO)
Mn

PEO/FPEO

Mn
PEO/FPEO+ Mn

P2VP/FP2VP+ Mn
PS/FPS

(1a)

da )
doverall - dPEO

2
(1b)

Scheme 2. Schematic Representation of the Multilayered
Structure of Tethered P2VP-b-PS Diblock Brush on Basal

Surfaces of PEO Platelets

σ ) 1/( 2Mn
PEO

NAFPEOdPEO
) )

NAFPEOdPEO

2Mn
PEO

(2)
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12.3-35.0) is larger than that of 2# PS-b-P2VP-b-PEO (20.1-
14.2-26.0) probably due to the higher PEO fraction and
molecular weight of the former triblock copolymer (Table 2).

2. Response of Tethered P2VP-b-PS Chain to Different
Solvents. We choose the platelets of 1# PS-b-P2VP-b-PEO
(14.1-12.3-35.0) grown in the distilled toluene to investigate
the response of the tethered P2VP-b-PEO chains to different
solvents because of their regularity and large size (Figure 1c),
compared with platelets grown under other conditions. We
should emphasize that the glass transition temperature is
suppressed more than the melt temperature when the polymers
are exposed to solvent or solvent vapor because the solvent
molecules cannot easily diffuse in the compactly folding chains.
So the structure of the PEO crystals will not undergo significant
change after treated in various solvent vapors. We utilized
surface enhanced Raman scattering (SERS) to determine the
surface chemistry of the PEO lamellar platelets before and after
different solvent vapor treatments (Figure 3). The spectra of
homopolymer P2VP and PS were measured as the reference
(Figure 3b). The bottom spectrum of Figure 3a was obtained
from platelets grown in toluene solution. It showed two
characteristic vibrations associated with PS, one at 1617 cm-1

(ν(8a) of PS)57 and one at 1002 cm-1 (“breathing” mode of
benzene rings) [14b]. The middle spectrum of Figure 3a was
obtained after treatment with 1,4-dioxane (common solvent for
PS and P2VP blocks) vapor for 1 h. It showed another
characteristic vibration associated with PS, at 1597 cm-1 (ν-
(8b) of PS).57 After the lamellar platelets were treated with
ethanol (selective solvent for P2VP blocks) vapor for 1 h, the
characteristic vibration associated with P2VP blocks could be
clearly seen at 1589 cm-1 (ν(8b) of P2VP)57 besides several
characteristic vibrations associated with PS blocks (the top
spectrum of Figure 3a). These results indicated that the surface
of the lamellar platelets was mainly composed of the end PS
blocks for lamellar platelets grown in toluene solution or treated
with vapor of common solvent for PS and P2VP blocks. After
being treated with the vapor of the selective solvent for P2VP
blocks, the surface of the lamellar platelets partially contained
the middle P2VP blocks. This conclusion could be further
confirmed by AFM characterization.

Figure 4a shows the AFM height image of the upper surface
of a typical platelet in the film spin-coated from toluene solution.
The surface morphology was not quite smooth with a roughness
of 0.98 nm although the phase separation was not obvious.
Figure 4b shows the AFM height image of the upper surface of
a typical platelet after treatment with 1,4-dioxane vapor for 60
min, which revealed a smooth, featureless surface with a
roughness of 0.46 nm. The sample of Figure 4b was then further
treated with toluene (Figure 4c) or ethanol (Figure 4d) vapor
for 60 min. After the treatment in vapor of selective solvents,
the roughness increased. Since toluene is the selective solvent

for upper PS blocks, the change of the surface morphology is
not obvious (Figure 4c, roughness from 0.46 to 0.55 nm).
However, after treated in ethanol vapor (selective for lower
P2VP blocks) for 60 min, an irregular wormlike network
structure appeared on the surface with a roughness of 0.88 nm
(Figure 4d). Figure 4e shows the AFM height image of the upper
surface of a typical platelet after treated with ethanol vapor for
60 min from the original spin-coated platelets, which showed a
similar surface pattern (roughness from 0.46 to 2.05 nm) with
that successively treated by 1,4-dioxane and ethanol vapor
(Figure 4d). The sample of Figure 4e was also further treated
with toluene (Figure 4f) or 1,4-dioxane (Figure 4g) vapor for
60 min. The surface morphology after treated by ethanol and
toluene vapor (Figure 4f, roughness of 0.51 nm) is similar to
that after treated by 1,4-dioxane and toluene vapor (Figure 4c,
roughness of 0.55 nm). On the other hand, the surface
morphology after treated by ethanol and 1,4-dioxane vapor
(Figure 4g, roughness 0.61 nm) is similar to that after solely
treated by 1,4-dioxane vapor (Figure 4b, roughness 0.46 nm).

All these results revealed that surface morphologies were
mainly determined by the last treatment process and the
selectivity of tethered blocks to various solvent vapors is
responsible for the different evolution of surface patterns on
PEO platelets (Scheme 3). It has been found that tethered block

Table 2. List of Calculated Tethering Heights and Densities of
P2VP-b-PS Diblock Brush on Basal Surfaces of PEO Platelets

Grown under Various Conditions

PS-b-P2VP-b-PEO
(14.1-12.3-35.0)

PS-b-P2VP-b-PEO
(20.1-14.2-26.0)

υPEO 0.54 0.40

doverall (nm) 62.0a 15.0b 18.0c 42.0a

dPEO(nm) 33.5 8.1 9.7 16.8
da (nm) 14.3 3.5 4.2 12.6
σ 0.36 0.086 0.10 0.24

a 0.1 wt % in toluene without any treatment (Z ≈ 1.5). b 0.2 wt % in
toluene without any treatment (Z ≈ 0.75). c 0.1 wt % in distilled toluene
(Z ≈ 0-1.5).

Figure 3. SERS spectra of 1# PS-b-P2VP-b-PEO lamellar platelets:
(a) (bottom) spin-coated from toluene solution, (middle) after treatment
in 1,4-dioxane vapor for 1 h, and (top) after treatment in ethanol vapor
for 1 h; (b) SERS spectra of (bottom) homopolymer P2VP and (top)
homopolymer PS.
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copolymer chains self-assembly into micelles whose core is
formed by less soluble blocks (the more soluble blocks form a
shell around the core) in the selective solvents.7,58 When spin-
coated from toluene solution (Figure 4a) or treated with toluene

vapor (Figures 4c and 3f), the morphology of the upper surface
of platelets was not quite smooth (with roughness of 0.51-
0.98 nm) and the phase separation was not obvious. Considering
that toluene was a non-solvent for P2VP blocks and a good

Figure 4. AFM height images of basal surfaces of PEO platelets (formed from 1# PS-b-P2VP-b-PEO 0.1 wt % in distilled toluene,Z ≈ 0-1.5)
before and after treated by different solvent vapor: (a) after spin-coating from toluene solution, (b) treated by 1,4-dioxane vapor for 60 min, (c)
successively treated by 1,4-dioxane and toluene vapor for 60 min, (d) successively treated by 1,4-dioxane and ethanol vapor for 60 min, (e) treated
by ethanol vapor for 60 min, (f) successively treated by ethanol and toluene vapor for 60 min, and (g) successively treated by ethanol and 1,4-
dioxane vapor for 60 min.
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solvent for PS blocks, P2VP blocks adopted the collapsed
conformation on the basal surface of PEO crystals and PS blocks
adopted the conformation close to the random coil in the bulk
(left part of Scheme 3).59 After treated with ethanol vapor
(Figures 4d and 3e), an irregular wormlike network structure
appeared on the upper surface of the platelets (roughness of
0.88-2.05 nm). We speculate that P2VP blocks adopted random
coil and PS blocks aggregated to form a core surrounded by
P2VP blocks to avoid contact with ethanol vapor since ethanol
was a selective solvent for P2VP blocks (right part of Scheme
3).7 After being treated with 1,4-dioxane vapor (Figure 4b, 3g),
the morphology of the upper surface of platelets was smooth
and featureless (with a roughness of 0.46-0.61 nm). This can
be explained by the fact that 1,4-dioxane is the common solvent
for P2VP and PS blocks and the phase separation in lateral
direction cannot complete under the experimental conditions
(upper part of Scheme 3).7

Conclusion

In summary, lamellar platelets were prepared in dilute toluene
solution with trace amounts of water. In toluene solution the
aggregation states of PS-b-P2VP-b-PEO were sensitive to the
water content in the solution. ForZ ≈ 1, spherical micelles were
formed in the early stage and large square platelets would
gradually grow from these spherical micelles. The hydrogen
bonding between water and EO units was responsible for the
formation of micelles and subsequent square platelets in the
solution. Tethered P2VP-b-PS chains on basal surface of PEO
platelets could be regarded as diblock copolymer brushes and
the density (σ: 0.086-0.36) and height (d: 3.5-14.3 nm) of
these tethered chains could be easily modulated by changing
the crystallization condition and/or the molecular weight of each
block. The surface morphology of tethered P2VP-b-PS chains
was responsive to different solvent vapors. The selectivity of
tethered blocks to various solvents is responsible for the change
of morphologies of the basal surface of the platelets. Our results
confirm the leading role of water in the formation of reverse
micelles and provide a convenient method to prepare and
investigate tethered diblock copolymer chains with uniform and
controllable chain tethering density and height.
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