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ABSTRACT: We report the preparation of nanostructured adap-
tive polymer surfaces by diffusion of an amphihilic block
copolymer toward the interface. The surface segregation of a
diblock copolymer, polystyrene-block-poly(acrylic acid) (PS-b-
PAA), occurred when blended with high molecular weight
polystyrene employed as a matrix. On annealing, the polymer
surfaces changed both the chemical composition and the
hydrophilicity depending on the environment and pH, respec-
tively. By exposure to either water vapor or air, the surface
wettability varied between hydrophilic and hydrophobic. In
addition, surface enrichment on diblock copolymer by water

vapor annealing led to self-assembly occurring at the interface.
Hence, nanostructured domains can be observed by AFM in liquid
media. Moreover, the PAA segments placed at the interface
respond to pH and can switch from an extended hydrophilic state
at basic pH values to a collapsed hydrophobic state in acidic
media. Accordingly, the surface morphology changed from
swelled micelles to nanometer size holes. © 2010 Wiley Periodi-
cals, Inc. J Polym Sci Part A: Polym Chem 48: 2982-2990, 2010

KEYWORDS: block copolymers; polymer surfaces; self-assembly;
stimuli-responsive; surfaces; surface segregation; topography

INTRODUCTION The ultimate performance of materials
depends, for many applications, not only on their bulk prop-
erties but also on their interfacial behavior. The fabrication
of patterned surfaces with controlled functionality, shape,
and structure dimensions has attracted considerable atten-
tion as these surfaces can be employed for the development
of new materials with improvements in such properties as
adhesion, wettability, gas impermeability, stain resistance, or
biocompatibility."

Till date, most of the research groups have been involved
either in the functionalization or the structuration of poly-
mer surfaces. On the one hand, methodologies to obtain
functionalized surfaces are based on physical® or chemical
modifications, such as plasma or flame treatment, surface
grafting* or metal coating” All these modifications are
bound up with several major drawbacks including tedious
additional steps, relatively low control of the surface compo-
sition and structure, which can be additionally altered in
terms of mechanical properties and are normally difficult to
replicate.’ An alternative approach, employed throughout
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this study, concerns the use of spontaneous segregation of
one of the components in compatible binary blends. Surface
segregation, which is a phenomenon common to most mate-
rials, uses the preferential migration of one blend component
to the interface, thereby inducing selective enrichment at the
near-surface level.” The resulting composition of the surface
is markedly different than that of the bulk. The driving force
for this reaction is the minimization of the surface energy.
Whereas low-surface-energy functions (—F, —Si), which are
usually hydrophobic, migrate to the air surface to reduce the
surface energy,® polar functional groups (high-surface-energy
functions) either stay hidden beneath the surface”?® of dif-
fuses away from the interface into de bulk.'® On the con-
trary, exposure to a polar condensed phase induces surface
reconstruction and force the diffusion of the polar organic
functional groups from the bulk to the surface until the
hydrophilic functions are in contact with the solvent>!?!
Equally, the molecular parameters such as chain length or
chain topology (entropic driving force)'? suppose an addi-
tional driving force for surface segregation. Finally, the
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interactions between the polymer and the contact phase, the
exposure of the film to either a hydrophobic or hydrophilic
environment can lead to a surface rearrangement where the
chemical composition can be modified in response to a
change in the polarity of the environment. Hence, whereas
hydrophilic blocks will migrate to the surface upon exposure
to water, they will stay hidden beneath the surface in contact
to dry air. The appropriate use of this behavior offers inter-
esting advantages compared with other surface modification
methods including the control of the type and density of
functional groups at the interface (determined by the nature
of the additive employed) or the stability of the chemical
groups at the interface. Moreover, the rest of embedded
block copolymer within the homopolymer matrix can pro-
vide, in case of surface damage, an additional source of func-
tional groups by simple additional annealing.

On the other hand, many strategies are currently under
investigation to prepare structured interfaces with controlled
shape, dimensions, and the regularity of the patterns.'® Sur-
face patterning of polymeric materials has been obtained by
different approaches including soft-lithographic techniques,
oxygen plasma etching, electron beam lithography, or
through electrodynamic instabilities produced by applying an
electric field.'* Although, all these approaches formed well-
defined moieties, they often require expensive equipments.
Equally, they are often limited by the size of the patterned
area and the minimum feature size is usually above 100
nm.15

Attempts to obtain surfaces with both controlled structure,
with moieties sizes of tens of nanometers (molecule size),
and functionality have been recently reported in which “top-
down” and “bottom-up” approaches have been combined in
the so-called templated self-assembly (TSA) approach.'®
Hence, topographically patterned surfaces'” [lithographically
defined grooved substrates, polydimethylsiloxane (PDMS)
stamps or hard imprint molds] and/or chemically patterned
substrates'® are typical templates used to order block
copolymer films at larger length scales. Equally, hydrophobic
surfaces in which the roughness has been artificially modi-
fied have been fabricated with hierarchical structures such
as electrodeposition, nanowire arrays, colloidal systems, or
photolithography.'® As an alternative to those complex pro-
cedures, Brittain and coworkers described the preparation of
tethered PS-b-PMMA brushes in which the surface chemical
composition could be reversibly modified upon treatment
with selective solvents.”’ More interestingly, this group dem-
onstrated the structural variations at the surface after expo-
sure either to a common solvent forming a smooth polymer
layer or to cyclohexane in which the PS blocks are swollen.
Nevertheless, to the best of our knowledge all the
approaches previously reported concerned the preparation
of structured polymer films using inorganic supports.

In this manuscript, we prepared functional polymer surfaces
with nanostructured domains by surface segregation of a
block copolymer, used as additive in a block copolymer/
homopolymer blend. Self-assembly of block copolymers leads
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to long range order at the nanometer scale due to the incom-
patibility between the blocks.?* Thus, depending on parame-
ters such as the preparation conditions (solvent cast, spin
coating), interactions with the interface (air, water, organic
solvent), or the molecular parameters (ratio between the
blocks, chain lengths) different structures can be achieved.??
Hence, based on the advances on polymer synthesis, self-as-
sembly of block copolymers offers unprecedented ways to
form nanostructured interfaces.

The block copolymer employed is an amphiphilic block co-
polymer, polystyrene-b-polyacrylic acid (PS-b-PAA), having a
polar and pH sensitive segment which is expected to deco-
rate the interface upon annealing to polar media.*® Several
major advantages can be obtained from this approach. First,
the number of functional groups available at the interface is
enhanced compared with single end-functionalized poly-
mers.?* Second, the use of a polar segment instead of a sin-
gle functional group stabilizes the functionalized interface in
air, retarding the diffusion from the surface to the bulk.?®
Finally, the combination of block copolymers in a homopoly-
mer matrix has been demonstrated to form unprecedented
morphologies.?® Thus, if the block copolymer concentration
at the interface might be sufficient to induce simultaneously
macro- and microphase separation upon annealing, a struc-
tured interface is obtained. As a conclusion, one single prep-
aration step combining surface segregation and block copoly-
mer self-assembly (microphase separation) could substitute
in many cases time-consuming and tedious procedures com-
bining separately functionalization and structuration steps.

In addition, the block copolymer was designed to include pH
sensitive segments (PAA). Thus, the last part of this manu-
script will describe the variations of the surface nanostruc-
tures on the polymer surfaces by changing the environmen-
tal pH.

EXPERIMENTAL

Materials

Styrene (St) (Aldrich, France, 99%) and t-butyl acrylate (¢BA)
(Sigma-Aldrich, Lyon, France; 98%) were distilled under
reduced pressure over calcium hydride before use. Copper (I)
bromide (CuBr) (Sigma-Aldrich, Lyon, France; 98%), 2,2'-
bipyridyl (bipy) (Sigma-Aldrich, Lyon, France; 99+ %),
N,N,N',N",N"-pentamethyldiethylenetriamine (PMDETA; Sigma-
Aldrich, Lyon, France; 99%), phenylethyl bromide (PhEBr;
Sigma-Aldrich, Lyon, France; 97%), and other solvents were
used as received.

Sample Preparation

The diblock copolymers have been prepared by ATRP in two
steps following previously reported procedures which are
briefly described below.

Synthesis of Polystyrene (PS) Macroinitiator by ATRP

All polymerizations were performed in Schlenk flasks previ-
ously flamed and dried under vacuum. ATRP was carried out
using the following stoichiometry [M]:[I]:[CuBr]:[L] =
250:1:1:2, where M = styrene, | = initiator (PhEBr), and
L = ligand (bipy). The reactants were added under N,. The
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reaction mixtures were then degassed by three freeze-pump-
thaw cycles and placed in a thermostated oil bath at 110 °C.
After the polymerization, the mixtures were cooled to room
temperature; diluted with dichloromethane (CH,Cl;), and
passed through a neutral alumina column to remove the cop-
per salt. After evaporation, the polymers were precipitated
in ethanol, filtered, washed, and dried under vacuum.

Synthesis of PS-b-PtBA by ATRP

The macroinitiator PS-Br and 5 mL of degassed acetone
were added to the mixture ([M]:[I]:[CuBr]:[L] = 400:1:1:1).
Acetone enhanced the solubility of the CuBr/PMDETA com-
plex. The tBA polymerizations were carried out at 65 °C.

Hydrolysis of the PtBA Block in the PS-b-PtBA
Copolymers

Copolymers were first dissolved in CH,Cl,. Trifluoroacetic
acid (TFA) was then added (10 equivalents to t-butyl ester
units), and the mixture was stirred at room temperature for
3 days. The deprotected polymers, precipitated in the reac-
tion media, were filtered and washed with CH,Cl, and finally
dried under vacuum.

Preparation of the Films

Thin films of diblock/linear PS (M,: 600,000 g/mol) mixtures
were prepared by spin coating from THF concentrated solu-
tions (60 mg/mL) onto clean silicon wafers (piranha solution
at 80 °C for 30 min) and were dried under vacuum during
several hours at room temperature. Film thicknesses were
determined by AFM to be between 200 and 300 nm. Anneal-
ing was carried out either by exposure to saturated water
vapor or to dry air. Whereas humid treatment temperatures
were varied between 90 °C and 130 °C, treatments carried
out at dry air were done at 95 °C. After annealing, the sam-
ples were rapidly cooled. Those films treated under humid
conditions were additionally dried under vacuum, to remove
possible adsorbed water at the surface.

Characterization

'H NMR spectra of the copolymers were recorded at room
temperature on a Bruker Avance 400 MHz spectrometer,
using the residual proton resonance of the deuterated sol-
vent as internal standard. Average molar masses and molar
mass distributions of the samples were determined by Size
Exclusion Chromatography (SEC), using a Varian 9001 pump
with both a refractive index (Varian RI-4) and a UV detector
(Spectrum Studies UV 150). Calibration was obtained using
narrowly-distributed polystyrene standards and THF as the

mobile phase at a flow rate of 0.5 mL min ™.

Contact Angle Measurements

Contact angles of water were determined using a Kriiss
DSA100 (Germany) contact angle measuring system at room
temperature. A water droplet of 2 uL. was placed on the speci-
mens at two different pH values: 2 and 10. A charge coupled
device camera was used to capture the images of the water
droplets for the determination of the contact angles.

XPS Experiments
The surface composition of selected blends was obtained by
X-ray photoelectron spectroscopy (XPS). XPS spectra were

2984

recorded with a 220i-XL ESCALAB from VG (The Nether-
lands). The films, supported on silicon wafer, were put under
UHV to reach the 108 Pa range. The Nonmonochromatized
Mg X-ray source was used at 100 W, as well as a flood gun
to compensate for the nonconductive samples. The spectra
were calibrated in relation to the Cls binding energy
(284.6 eV), which was applied as an internal standard. Fit-
ting of the high-resolution spectra was provided through the
AVANTAGE program from VG.

Atomic Force Microscopy

The AFM images recorded in tapping mode and force curves
reported were measured using a Digital Instruments Nano-
Scope Illa Multimode. The solution was held in a standard
fluid cell sealed by a silicone O-ring. Both were cleaned by
rinsing with ethanol and distilled water and dried using fil-
tered nitrogen. Experiments were performed at room tem-
perature (~22 °C). Millipore water with a conductivity of 18
MQ cm~! was used for the solution preparation. The pH of
the aqueous phase was adjusted by adding small amounts of
NaOH (Prolabo, France) or nitric acid (Sigma-Aldrich, France)
as necessary. The ionic strength of the aqueous phase was
not controlled, as no extra salt was added to it. FESP cantile-
vers with standard tips (Veeco, CA; nominal spring constant
2 N/m and nominal tip radius 20 nm) were irradiated with
ultraviolet light for 30 min before use. All the AFM force
curves reported were measured with the same tip to avoid
discrepancies due to the variability in the spring constant of
the cantilevers and the radius of the tip.

RESULTS AND DISCUSSION

Surface Segregation of Amphiphilic Diblock Copolymers
The spontaneous surface segregation is a particular case of
self-assembly where a functional additive in a blend diffuses
toward the interface. Surface segregation is driven both by the
type of functional groups enclosed on the polymer structure
(enthalpic driving force) and the molecular parameters such
as chain length or chain topology (entropic driving force).?”

The block copolymer/homopolymer blends employed
throughout this study were prepared mixing an amphiphilic
block copolymer polystyrene-b-poly(acrylic acid) (PS-b-PAA)
(additive) with linear homopolystyrene (host). The amphi-
philic block copolymer was designed to have a segment simi-
lar in nature to the polymer host, in this case polystyrene,
and a second block that will provide the surface functionality
upon water annealing. In this case, polyacrylic acid has been
chosen for several reasons: first, it can be easily obtained by
controlled radical polymerization techniques. Second, carbox-
ylic acid groups placed at interfaces can be employed for
further chemical modifications, thus providing access to a
variety of surface functionalities. Final, organic acids respond
to environmental pH by protonation/deprotonation modify-
ing their charge. Hence, when the PAA is at the interface the
surface wettability may exhibit large changes with pH.*®

Series of PS-b-PAA block copolymers were prepared by two
consecutive ATRP polymerization reaction steps in which
the conditions employed were adapted to obtain block
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TABLE 1 Molecular Characteristics of the Diblock Copolymers

ARTICLE -

GPCP
Composition?® M2 M, M., M,/M,, Mol % of PAA
PS,o-b-PAA;, 3,500 5,800 6,500 1.12 28.6
PSa-b-PAAss 8,000 11,800 13,300 1.23 40
PSsg-b-PAA 35 16,000 34,000 36,000 1.08 63
PSgs-b-PAAsg 12,000 16,500 19,400 1.17 24.4

@ Calculated from the 'H NMR spectra measured in THF for the protected polymers.

b Carried out on the PS-b-PtBuA protected polymers.

copolymers with variable composition (i.e., the percentage of
acrylic acid units) and molar masses.”> The molecular char-
acteristics of the block copolymers prepared are summarized
in Table 1.

Films of the blends were prepared by spin coating from con-
centrated solutions of THF (60 mg mL~!) and subsequently
exposed either to air (95 °C) or to water vapor (temperatures
ranging from 90 °C to 130 °C) as is schematically shown in
Figure 1. Spin coating that leads to homogeneous films with
controlled thicknesses was employed to produce films with
low roughness. As it has been extensively reported, rough
surfaces dramatically modify the contact angle.°

The first important insight on the interfacial diffusion of
the diblock copolymer and further surface rearrangement
as a function of the annealing environment was obtained
from contact angle measurements of the annealed films
either to humid or dry air at high temperature for three
days. The contact angle values obtained as a function of
the diblock percentage within the initial blend are repre-
sented in Figure 2. As depicted in Figure 2, films annealed
to dry air exhibit contact angles of about 90° independ-
ently of the quantity of diblock in the mixture. Under

these conditions, the driving force is the minimization of
the surface energy and the PAA polar functions diffuses
away from the surface into the bulk. Hence, the resulting
surface is hydrophobic due to the polystyrene contribution
provided by either the segment within the block copoly-
mer or the host. On the opposite, in those films exposed
to water vapor the contact angle values decreased in com-
parison with the films annealed to dry air. Moreover, the
contact angle decreases linearly with the quantity of
diblock within the blend, that is, those samples containing
a larger amount of diblock exhibit larger changes in the
surface composition. The interactions between the polar
functional groups of PAA and the polar environment force
the diffusion of the block copolymer from the bulk to the
surface.’

Contact angle measurements were complemented with XPS
measurements to obtain quantitative (surface concentration)
and qualitative (type of functional groups) information on
the surface chemical composition. XPS analysis evidenced
(Fig. 2) that the quantity of oxygen on the surfaces annealed
to water vapor is higher than in those heated in dry air. In a
particular case depicted in Figure 2, in which the block

l Dissolved in THF

l Spin Coating

FIGURE 1 lllustration of the film

,l, A (Water vapour)

preparation and the diblock co- R e
polymer surface rearrangement ..-"' ""'--‘!' =,.--._
within the polymer blend when ’ -;.'.'.:: o \'-= e
annealed. [Color figure can be ks San

viewed in the online issue, which
is available at www.interscience.
wiley.com.]

Silicon Wafer

Silicon Wafer
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FIGURE 2 (a) Contact angle measurements of a blend contain-
ing different percentages of PSzg-b-PAA3z3 that was either
annealed to water or to air at 95 °C during 3 days. (b) XPS
spectra of the same blend annealed either to air or to water.
The amount of O1S increases upon annealing to water vapor
indicating the surface segregation of the PAA block towards
the interface.

copolymer PSzgs-b-PAA33 was employed, the amount of oxy-
gen detected at the surface upon water vapor annealing was
as high as ~6% in mixtures that contains only 10% of
diblock copolymer. The quantity of oxygen within the bulk
material was calculated from the initial blend composition to
be ~1%, which resulted to be in good agreement with the
percentage obtained (~1.3%) upon surface sputtering to
remove the outmost layer. These values indicate that the sur-
face has been largely enriched in oxygen, and therefore in
block copolymer upon exposure to water.

Reversible Surface Rearrangement by

Changing the Environment

Spontaneous surface rearrangement of either the hydrophilic
or the hydrophobic block to the surface depends on the envi-
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ronment of exposure and should be reversible, back and
forth, when the external conditions drive or counteract the
surface energy minimization.” Previous studies evidenced a
similar behavior in plasma modified polyethylene with
reversible wettability by exposure either to 2-propanol or
upon protonation with sulfuric acid.*! To address the revers-
ibility of the process, we investigated the response in terms
of surface chemical composition to environmental changes
by measuring both contact angles and the amount of oxygen
at the surface (XPS) during successive annealing treatments
either to water or to dry air. In Figure 3 are illustrated the
contact angles obtained as a function of the exposure time.
Water contact angles decreased upon annealing in contact
with water as a result of the surface enrichment in polar
(polyacrylic acid) functional groups. Upon subsequent heat-
ing of the film in air, initial water contact angle values are
perfectly recovered (6, ~90°), as a consequence of the diffu-
sion of the polar groups back into the bulk thus forming a
top layer preferentially occupied by polystyrene. The anneal-
ing procedures dry air and humid water vapor were
repeated several times producing alternatively hydrophilic
and hydrophobic surfaces which is an evidence for the
reversibility of the surface rearrangement.

Nanostructured and pH Responsive Interfaces

Surfaces annealed to water have the PAA block oriented
toward the interface as is schematically shown in Figure 4.
As PAA, which is a soft acid, can exist either as a charged
anion or as a protonated neutral group depending on the pH
of the water droplet, the wettability of the annealed surfaces
depends also on pH. For pH values below 4, the carboxylic
acid groups are protonated and the surface relatively hydro-
phobic (contact angle, 0a comprised between 65 and 70°). At
pH values above 6, the carboxylic groups are as carboxylate
anions forming an ionic surface, which is more hydrophilic
as evidenced by the decrease of the contact angle to 35-40°.
As a consequence, the wettability of the surface increased

100 - -
90 - !
804 &

o] \ II; /
60 - /
50 -
40 -
30 4
20 -
10

Contact Angle (°)

Time (days)

FIGURE 3 Contact angles of a film composed of 20% of block
copolymer PS,p-b-PAA;; and 80% of homopolystyrene meas-
ured after successive annealing either to air at 95 °C (2) or to
water vapor at 95 °C (1). (pH of the water droplet 7)
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FIGURE 4 Contact angle measurements as a function of pH of the water droplet obtained from polymer blends composed of 20%

of block copolymer PSyo-b-PAA;; and 80% of homopolystyrene.

with the pH of the water drop. This result is in agreement
with those reported by Whitesides and coworkers, who
observed large variations on the wettability of polyethylene
surface functionalized with acid groups when exposed to
acidic or basic water.?® More interestingly, the process is
reversible so that carboxylic acid groups can be protonated/
deprotonated several cycles without decreasing the stability
of the interface.

200
= 150+
= Approach
g — Separation
= 100
<
L
=
©
A 50

0 T ¥ T ¥ T Y T v T
0 100 200 300 400

Z position of Piezoelectric (Zp) / nm

(a)

Atomic force microscopy (AFM) was used to complementary
study the responsive character of the PS-b-PAA enriched
surfaces by measuring the interaction force between a silicon
nitride AFM tip and the functionalized surfaces.®* Figure 5
depicts the deflection-distance curves between the SizN4
AFM tip and the water vapor annealed surfaces measured
under water at different pH values. A long-range exponential

repulsion, typical of the interaction between charged
200 4

= 1504

= —— Approach

: —— Separation

2 1004

(53

5

A  s0q
04

0 100 200 300 400
Z position of Piezoelectric (Zp) / nm

(b)

FIGURE 5 AFM deflection-distance curves for silicon nitride tip and polymer surface of a blend composed of 20% of block copoly-
mer PSyo-b-PAA;; and 80% of homopolystyrene annealed to water vapor for 3 days at 95 °C. The curves were obtained at two dif-
ferent pH values: (a) Acidic pH (pH 3.5) below the pKa of the acrylic acid, i.e., 4.8, (b) Basic pH (pH 8.0). [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.com.]
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FIGURE 6 AFM height images of PAA-b-
PS/PS blends upon annealing to water
vapor (during 3 days at 95 °C) obtained in
aqueous media at two different pH values:
(a) pH 3.0 and (b) pH 7.0. Right images
above are 1 x 1 um?, below images are
0.35 x 0.35 um? and the height scale is
| | . 0-10 nm. As depicted in the cartoons,
20 40 60 80 100 120 140 160 nm / depending on the environmental pH val-
ues, the PAA either protonated or dissoci-
ated collapse or stretch respectively,
resulting in the formation of nanometer
sized holes or grains.

Sl\-o-nou:-mm-a

surfaces, is observed at pH 8.0. It is not related to the below the isoelectric point of SizN,, where the tip is
steric interaction between extended chains on the sub-  positively charged but the carboxylic acid groups are neu-
strate and the tip assuming an extended chain of PAA. tralized, illustrating the responsive character of the
The electrostatic repulsion disappears at low pH values  surfaces.

2988 INTERSCIENCE.WILEY.COM/JOURNAL/JPOLA



Analysis of the surface morphology was carried out by AFM
in aqueous media. The images of the water annealed sur-
faces, obtained by means of AFM at acid and basic pH values,
are depicted in Figure 6. As can be seen in Figure 6(b), the
images obtained in neutral aqueous media, exhibit the for-
mation of micellar structures with characteristic dimensions
of 35-50 nm in lateral direction. Taking into account the
asymmetry of the block copolymer employed, PS;o-b-PAA4;,
the micelles should be formed by an external PS block in
contact with the homopolystyrene host and a central PAA
core.

In these mixtures, there is interplay between two phase-tran-
sition phenomena, that is, homopolymer domains as a result
of macrophase separation coexisting with microstructured
domains rich in diblock copolymers.®* Significant differences
in terms of molecular weight between polymer host and addi-
tive produce a macrophase and microphase separation to
occur. Whereas the addition in solvent-cast mixtures of
diblock and low molecular weight homopolymers led to its
localized /uniform solubilization,®®* the incorporation of a
diblock copolymer in high-molar-mass matrices (Nyomo™>
Naiblock) induces macrophase separation.35 The theory behind
these processes was elaborated by De Gennes with the intro-
duction of the concept of wet and dry brushes.>® Thus, careful
design of the diblock copolymer (molar mass and composi-
tion) and homopolymer (molar mass) may allow the prepara-
tion of hierarchically structured surfaces having different
levels of order. Such structures with dual periodicities (micro
and macro) are known as mesoscopic superlattice struc-
tures.?” Several examples have been reported in which double
hydrophobic block copolymers were blended with a high-mo-
lecular-weight homopolymer® Similarly, the images depicted
in Figure 6(b) clearly indicate the complete segregation
between the diblock copolymer and the homopolymer matrix.

The exposure of the functionalized surface to a different pH,
in this case acid pH, changes the surface morphology dramati-
cally. Instead of grains related to phase separated domains,
the formation of holes of similar dimensions could be
observed [Fig. 6(i)]. Above the pKa, the number of dissociated
carboxylic acid groups increases, hence a higher degree of dis-
sociation produces a greater repulsion between the acrylic
acid monomer units.>? As a consequence, at pH > 7.0 the
chains become fully dissociated which results in the maximum
degree of swelling®® of the core of the micelles. At low pH
(pH < 4.0), the surface exhibits holes with a characteristic
dimensions of 35-45 nm. This behavior can be attributed to
the protonation of the acrylic acid monomer units that favors
the contraction of the PAA chains as pH decreases.

CONCLUSIONS

In this contribution, we attempted to identify and analyze the
role of a certain number of parameters in the surface segrega-
tion process. We first described the surface reconstruction
when the environmental conditions are inversed from dry air
to water vapor. Annealing time and temperature, composition
and size of the diblock copolymer, and size of the matrix in the
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blend influenced the surface migration process and have been
also considered. The control of the hydrophilicity and the sur-
face charge is of highly importance due to its role in applica-
tions such as polymer adhesion where polymer surfaces often
require activation or even in medical purposes for the devel-
opment of biocompatible materials able to regulate cell adhe-
sion. Equally, blends of PS and PS-b-PAA are interesting
responsive materials with PAA domains that exhibit function-
ality and PS provide mechanical stability.
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