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ABSTRACT: Bulk and surface organization properties of grafted copolymers having an hydrophilic poly-
(vinyl alcohol) backbone and hydrophobic palmitic side chains were investigated. A structural study shows
the existence of a microphase separation into lamellar structures for grafting ratios of only 0.09. Water
wettability of films obtained by solvent casting from these grafted copolymers indicates a good segregation
and organization of the alkyl chains at the surface of the films even at grafting ratio as low as 0.04. The
quality of the solvent used during the copolymer film formation is shown to have a strong influence on
organization and wetting properties of these materials. The existence of specific interactions of H-bond
type in the PVA phase seems to be responsible for a strong incompatibility between the hydrophilic
backbone and the hydrophobic side chains leading to such surprisingly good bulk and surface organizations.

Introduction
A large number of technologically important applica-

tions of polymeric materials require to control the level
of surface hydrophilicity or hydrophobicity. Depending
on the application, one may require that a given liquid
wets the polymer surface (adhesion, printing, etc.) or,
at the opposite, beads up on a repellent polymer surface
(waterproofing, oil or soil repellency, etc.).

Various methods have been developed to control the
wetting behavior of polymer surfaces. That goal may be
achieved by external surface treatments and/or by
surface modifications induced by a bulk restructuration
of multicomponent polymeric systems.1 External surface
treatments include chemical and physical methods such
as acid etching, flame treatment, plasma treatment, UV
irradiation, etc., and may be combined with the surface
grafting of new molecules or macromolecules onto the
top of the initial polymer surface. Multicomponent
polymeric materials are particularly interesting since
surface modifications can be induced by a reorganization
of the surface, in particular due to a change in its
environment. For example, low molecular weight addi-
tives are often used since they are able to diffuse from
the bulk toward the surface of the polymer material.
Similar effects can be observed in films made of block
copolymers or grafted chains where blocks or pendant
groups can reorientate on the surface exposing hydro-
philic or hydrophobic moieties. Chemical compatibility,
molecular mobility of components, and molecular ar-
chitecture are among the main parameters that control
surface wettability of such materials.

A considerable theoretical and experimental effort has
been devoted to understand the structuring and surface
properties of polymer blends2 and block copolymers.3-6

Much less is known about grafted copolymers7,8 and

even less about copolymers able to crystallize. Yet, such
systems could exhibit unique features since they can
organize both on a very local scale (crystallization) and
on a mesoscopic scale (microphase separation).9,10 One
can ask the question how such a system could organize
in a bulk phase. For low incompatibility between the
grafts and the backbone, a homogeneous phase can be
a priori expected (Figure 1a). In the completely opposite
limit of very incompatible grafts regularly spaced along
the backbone, a very regular mesophase with both the
backbone and the side chains crystallized could occur
(Figure 1b). In intermediate situations and polydis-
persed systems in which grafts are not regularly spaced,
less organized structures could exist.

The aim of this paper is to study an example of such
a system, namely an amphiphilic grafted copolymer
consisting of a hydrophilic poly(vinyl alcohol) backbone
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Figure 1. Two possible organizations of grafted copolymers
where both the backbone and the side chains are able to
crystallize. (a) Coil conformation in the homogeneous phase.
(b) Crystallization of the backbone and of the side chains in
separated domains. In practice, intermediate cases where
either the backbone or the side chains crystallize could also
be expected.
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onto which hydrophobic palmitic side chains are ran-
domly attached. The general formula of the synthesized
grafted copolymers may be written as [CH2-CH(OH)]1-X-
[CH2-CH(OCO(CH2)14CH3)]X with X, the grafting ratio,
ranging from 0.015 to 0.17.

We discuss both bulk organization and surface prop-
erties of these materials and show that by varying the
number of side chains per chain we are able to control
both the bulk structure and the wettability of the
surface. A spectacular result is that depending on the
conditions of surface film formation and on the environ-
ment we can get either hydrophilic or hydrophobic
materials. The paper is organized as follows:

In section II we describe the materials and experi-
mental methods used in this study. Next, we discuss
the observed structures and demonstrate the existence
of a microphase separation between alkyl chains do-
mains and PVA domains. The important result here is
that a crystallization of either the side chains or the
backbone can occur depending on the grafting ratio.
From classical theories of microphase separation in
amorphous grafted copolymers,11 one would expect no
microphase separation for molecular architecture stud-
ied here. Our observations thus tend to show that
specific interactions along the polymer backbone and
crystallization of both segments could lead to mi-
crophase separation. In section IV, we show that the
surface wetting properties of these materials, particu-
larly their water sensitivity, are very dependent on their
bulk organization. A crystallization of hydrophobic side
chains appears necessary to get the more hydrophobic
material with the lowest water sensitivity. Finally, in
section V, we demonstrate that depending on the
conditions of surface film formation and on the environ-
ment, we can get either hydrophilic or hydrophobic
materials.

Experimental Section

Materials. Palmitic chains were grafted on poly(vinyl
alcohol) (PVA) by partial esterification of PVA with acid
chloride in homogeneous phase as described by Arranz et al.12

The used PVA is a commercial product, Rhodoviol 4.20 from
Rhone Poulenc. Its number-average molecular weight is 27 000
with a polydispersity index of 1.2 and an hydrolysis degree of
98% as given by the supplier. Palmitoyl chloride (Aldrich) is
used as received. PVA is dissolved in N-methyl-2-pyrrolidone
(NMP) (Fluka) at 80-90 °C in a reactor equipped with a dry
N2 flow to prevent any contact with water vapor. Then the
solution is cooled to room temperature, and pyridine is added
as a catalyst. Palmitoyl chloride is added dropwise under
vigorous agitation. After 16 h reaction at room temperature
the polymer is precipitated in diethyl ether and then thor-
oughly washed with diethyl ether and water until all residual
NMP, pyridine, and palmitoyl chloride or acid are removed.
Then all the copolymer samples are dried at 50 °C under
vacuum and characterized by NMR spectroscopy. The grafting
ratio X ranges from 1.5 to 17 mol % with respect to the total
number of hydroxyl and ester groups as determined from 1H
NMR in d6-DMSO. A statistical distribution of the palmitic
side chains is obtained for X ) 0.17 as seen by 13C NMR in a
d6-DMF/DMF mixture.

Film Preparation. Copolymers were dissolved at a con-
centration of 10 wt % in DMSO which is a good solvent for
the PVA and the alkyl chains.

Thick films (∼100 µm) were prepared for structural studies
by casting the copolymer solutions at room temperature with
a very low evaporation rate under dry nitrogen for several
days. Films are finally dried at 50 °C under vacuum to remove
the solvent completely.

Thinner films (∼5 µm) for wetting studies were obtained
by coating glass microscope coverslides (24 × 30 mm2) as
follows: Glass coverslides are cleaned by soaking in sulfochro-
mic acid for 1 h, thoroughly rinsed with ultrapure water (Milli
Q-185 Plus), and finally dried in an oven for 6 h. Films are
formed by dipping these coverslides for 1 h into the copolymer
solutions. The coverslides are then slowly removed at a
constant velocity of 0.4 mm/min and dried directly at 50 °C
under vacuum in a vertical position to remove slowly and
completely the DMSO.

Indeed, DMSO is well-known for its water affinity and can
absorb water from the atmosphere, thus reducing solvent
quality for the alkyl chains and affecting film formation. The
influence of solvent quality was checked by letting the coated
coverslides for 24 h at room temperature under ambient
relative humidity before the final drying at 50 °C under
vacuum.

Film Characterization. Bulk Structure. X-ray diffraction
and small-angle X-ray scattering were used to study structure
variations in thicker films at size scale ranging from about 1
to 300 Å. Observations were performed in transmission mode
by using a Cu KR radiation (1.54 Å) from an X-ray rotating
anode generator (RU-200, Rigaku Ltd.) operated at 40 kV and
30 mA. Wide-angle diffracted intensity was collected between
3° and 120° using a curved position-sensitive detector (CPS
120, Inel). Small-angle scattered intensity was measured with
a linear detector (LPS 50, Inel) and film-to-detector distance
of 315 mm.

Surface Tension. The Wilhelmy plate method was used to
measure advancing and receding contact angles of water on
the copolymer-coated coverslides.13 Measurements were per-
formed at 25 °C by moving the plate up and down in the water
at 0.4 mm/min using a Lauda tensiometer. Surface tension of
water was measured before and after contact with the copoly-
mer coatings to check whether no copolymer was dissolved
during the measurements.

Surface Topography. The surface roughness and coating
thickness were measured by atomic force microscopy (AFM)
using a Dimension 3000 (Digital Instruments, Inc., Santa
Barbara, CA) operated in contact or in tapping mode with a
G-type scan head (maximum scan range 90 × 90 µm2). The
measurements were carried out in air under normal conditions.

Images obtained with the height mode and a 512 × 512 dots
resolution in the XY horizontal plane are presented. The mean
surface roughness, Ra, was calculated on these images accord-
ing to the following formula. Ra is defined as the mean value
of the surface height relative to a center plane calculated so
that the above and below delimited volumes are equal.

where f(x,y) is the surface relative to the center plane and Lx

and Ly are the dimensions of the scanned area.
All measurements were performed at ambient temperature,

pressure, and relative humidity unless specified.

Results and Discussion
Structural Organization in Copolymer Films.

This section deals with the characterization of the bulk
structural organization of the grafted PVA’s as a func-
tion of the grafting ratio X of hydrophobic palmitic
chains on the hydrophilic poly(vinyl alcohol) backbone.
We first describe the structure deduced at very small
length scales (∼1-25 Å) from wide-angle X-ray diffrac-
tion (WAXD) experiments; then we discuss results
concerning the existence of a microphase separation, as
observed from small-angle X-ray scattering (SAXS)
experiments. WAXD and SAXS curves for grafted PVA
with X ) 0.015 are not presented in the following; they
appear to be similar to the ones of raw PVA, indicating
no major change of the small and long-range organiza-

Ra ) 1
LxLy

∫0

Ly∫0

Lx|f(x,y)| dx dy
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tion for this very low grafting ratio. More interesting
results are observed for X ) 0.09 and 0.17. In these
samples the volume fraction occupied by the alkyl
chains is 0.43 and 0.59, respectively. The corresponding
WAXD and SAXS curves are shown in Figures 2 and 3,
along with those for PVA.

WAXD. The Bragg spacings associated with the main
diffraction peak are listed in Table 1. For X ) 0, 0.015,
and 0.09 this peak is located at 4.55 Å and can be
attributed to the distance between lattice plane (101h)
of crystalline PVA domains14 in monoclinic structure.
When X increases from 0 to 0.09, the domain size of
these PVA domains, estimated from the broadness of
the peak according to the Scherrer formula,15 decreases
from about 300 to 200 Å. At the same time, the
organization of the alkyl chains increases. Indeed, for
X ) 0.17 the main diffraction peak at 4.16 Å is found

very close to the one obtained for palmitic acid (strongest
line dhkl at 4.10 Å in a monoclinic structure16) and for
hexadecylpolyacrylate (strongest line d110 at 4.19 Å with
an hexagonal structure17) and is associated with the
characteristic spacing between planes of alkyl chains
in quite well-ordered domains.

SAXS. A typical SAXS curve of a semicrystalline
polymer is observed for the raw PVA (X ) 0). The
q-position of the intensity maximum may be related to
a long period of about 140 Å as indicated in Table 1 and
the scattered intensity to the difference in electronic
density between amorphous and crystalline phase in
PVA domains (∼0.05 electron mol cm-3). For X ) 0.09
and 0.17, the scattered intensity I is much higher. Its
variation vs q is faster than the q2 prediction of Benoit
and Hadziioannou11 for homogeneous grafted copoly-
mers, suggesting a microphase separation. Figure 4
shows the existence of a plateau in the q4I vs q
representation after the background correction sug-
gested by Koberstein.18 This q4 dependence as well as
the Ruland representation18 (Figure 4 inset) clearly
indicates the existence of a sharp interface (thickness
∼ 10 Å) between domains of different electronic density
inside the films and hence probes the microphase
separation. Indeed, this interface thickness appears
smaller than the one found by Mao et al.19 for liquid
crystal-coil diblock copolymers having a polystyrene
block and azobenzene side groups. In addition, the
increase in scattered intensity from raw PVA to grafted
PVA certainly reflects the increase in electronic density
contrast when passing from raw PVA to grafted PVA
where the contrast is due to the difference between PVA
and alkyl chains (∼0.15 to 0.33 electron mol cm-3). Since
the volume fractions of PVA and alkyl chains are about
equal, we expect these systems to be organized in
lamellar phase. To confirm this hypothesis, we deter-
mine the mean period L of this lamellar structure by
two independent methods, either from the maximum of
the SAXS peak or from the Porod plateau. The two
values presented in Table 1 are in good agreement and
appear compatible with a lamellar structure. The period
L equals the sum of the mean distance between grafting
points along PVA backbone (lb) and twice the length of
the alkyl side chains (lsc = 16.4 Å) (cf. Table 1).
Therefore, SAXS and WAXS results suggest an organi-
zation in the phase separated domains as illustrated in
Figure 5 for X ) 0.09 and X ) 0.17. At low volume
fraction in alkyl chains, PVA crystallization dominates
the process of phase separation, while at volume fraction
higher than 0.5, the alkyl chains crystallize, preventing
PVA crystallization. In addition, almost no intensity is
scattered near zero angle, suggesting rather wide
organized domains.

Actually, according to existing theories11 for amor-
phous grafted copolymers A-g-B and reasonable øAB
parameters, our grafted copolymers should exhibit only
homogeneous phases. Wang et al.20 observed phase
separation and lamellar organization with fluorinated
side chains ionenes having a greater øAB. In our case,
the ability of either the backbone or the side chains to
crystallize, together with the existence of specific inter-
actions of H-bond type along the backbone, seems to be
at the origin of the observed phase separation. It would
be interesting to perform complementary studies on
PVA grafted with lower alkyl chains or on grafted poly-
(vinyl acetate) to precise this point.

Figure 2. Wide-angle X-ray scattered intensity vs Bragg
angle (2θ, deg) curves as a function of the grafting ratio X.
Note that the intensity scale is correct for X ) 0. Baselines
have been shifted upward for X ) 0.09 and 0.17 for curves
differentiation.

Figure 3. Small-angle X-ray scattered intensity vs wave
vector (q, Å-1) curves for nonmodified PVA and for grafted PVA
with X ) 0.09 and X ) 0.17.

Table 1. Characteristic Spacings for PVA and Grafted
PVA

L (Å) from

grafting
ratio X

vol fraction of
alkyl chainsa

Bragg
spacing (Å) qmax

Porod
law lb + lsc (Å)

0 0 4.55 137
0.015 0.11 4.55 137
0.09 0.43 4.55 63 56 59
0.17 0.59 4.16 41 41 48

a Volume fractions have been calculated for the different graft-
ing ratios assuming mean densities of alkyl chains and poly(vinyl
alcohol) of 0.83 and 1.20 g cm-3, respectively.
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In the next section we examine how this bulk orga-
nization influences the surface properties by investigat-
ing wetting properties on thin films dried directly under
vacuum.

Wetting Properties. Figure 6 shows the variations
of the advancing (θa) and receding (θr) contact angles of
water on grafted-PVA coatings as a function of X. The
surface tension of the water used for these measure-
ments has been checked before the experiments (γl )
72 mN/m) and was found to decrease from 72 to 65
mN/m for the nonmodified PVA and for the grafted PVA
with X ) 0.015 after three dipping cycles of the coating
in water, indicating a partial solubility of these two
polymers in water at room temperature during the
duration of the experiment (about 2 h). Surprisingly,
even for this small grafting ratio the advancing contact

angle (θa ∼ 114°) is much higher than with pure PVA
(θa ∼ 55°).

For X higher than 0.02, the surface tension of water,
γl, remains constant, indicating that no copolymer was
released from the coating during the measurements. As
the grafting ratio increases, the advancing contact
angle, θa, seems to pass through a maximum around X
) 0.04 and then decreases slowly. On the contrary, the
receding contact angle, θr, remains very low and almost
constant (about 16°) at a value corresponding to pure
PVA as long as X < 0.04. Then θr increases up to 80°
for X ) 0.17, showing the hydrophobic character of the
copolymer film surface.

A comparison with homopolymers confirms the good
organization of the grafts at the surface. Indeed, Kase-
mura et al.21 have reported θa and θr values of the same
order of magnitude for poly(vinyl palmitate) homopoly-
mer, i.e., X ) 1 at the same dipping velocity.

The high θa value, we observed for a very low grafting
ratio, is in favor of a strong segregation and organization
of the alkyl chains at the surface and may be related to
the bulk phase separation observed in the previous
section.

Figure 4. Porod representation (q4I ) f(q)) for the grafted PVA samples with X ) 0.09 and 0.17. Inset: Ruland representation18

ln(q4(I - Ib) ) f(q2) for X ) 0.09. The background intensity, Ib, has been approximated to an exponential at wide q according to
Ib ) Fl exp(bq2). The slope of the curve for 0.04 < q2 < 0.12 yields a thickness of the interface of the order of 10 Å.

Figure 5. Model representation of the organized domains in
grafted PVA films for X ) 0.09 and X ) 0.17.

Figure 6. Advancing and receding contact angles of water
on grafted poly(vinyl alcohol) coatings dried under vacuum as
a function of the grafting ratio X (full square, θa; open square,
θr).
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The contact angle hysteresis ∆θ, defined as the
difference between the advancing and receding angles,
is rather high (∆θ ∼ 110°) near X ) 0.04 but decreases
slowly down to around 34° at X ) 0.17. Many effects
could in principle be at the origin of the observed contact
angle hysteresis.22,23 A very common source of hysteresis
is a presence of impurities (dust) at the film surface.
To eliminate it, we have taken special care during
preparing, drying, and studying the coatings. The
surface roughness and/or chemical heterogeneities at
the surface of the film can also lead to the contact angle
hysteresis.24,25 Indeed, as the coating advances in water
(or water spreads on the coating), the triple contact line
tends to be stopped (“anchored”) by either the asperities
or the low-wetting hydrophobic patches on the surface,
leading to a higher apparent advancing contact angle.
Similarly, once the entire surface has been covered by
water during the advancing step, the valleys or the high-
energy hydrophilic zones will prevent water from reced-
ing.

To determine an eventual role of the surface rough-
ness, we have examined the surface by atomic force
microscopy (AFM). Figure 7 shows a 2 × 2 µm2 AFM
image of the surface topography of a coating prepared
from grafted PVA with X ) 0.09. The surface presents
some steps whose higher depth is lower than 3 nm. The
mean surface roughness is very small, only 0.6 nm. This
value is negligible compared to that usually considered
as having an effect on hysteresis (Ra > 100 nm).22

In our experiments, the hysteresis appears to be time
dependent, suggesting that dipping in water is respon-

sible for surface modification. We observe a decrease in
the advancing and receding contact angles as the
number of cycles in water increases. At the same time
the hysteresis increases (Table 2). Clearly, the surface
becomes more hydrophilic. Actually, in the presence of
water, polar groups of the copolymer can orientate
toward the water/polymer interface and thus decrease
the interfacial tension.20,26-28 For instance, Takara et
al.29 observed surface reorganization for segmented poly-
(ether-urethane-ureas) in contact with water with
poly(ethylene glycol) as the polyether component. For
more hydrophilic polymers an appreciable swelling of
the film surface layer is even possible.30 As a result, the
film surface after having been in contact with water
becomes more hydrophilic, and so the receding contact
angle decreases. For even more hydrophilic copolymers,
the polymer may be partially soluble in water, leading
to a decrease of the surface tension of water as observed
above for X ) 0 and X ) 0.015. As a consequence, the
apparent receding angle also decreases.

We have investigated the effect of successive dipping
cycles in to and out of water on the topography of the
copolymer film surface for X ) 0.09. After the third
cycle, the film has been dried at room temperature in
the presence of air and its surface examined by AFM.
The comparison of Figure 8 with Figure 7 clearly shows
that dipping the film into water affects the topography
of the film surface. The number and depth of asperities
have increased appreciably after the film has been
dipped into water. Their presence suggests a partial
swelling of the film surface in water. Still the surface
roughness remains very small (0.9 nm), too small to
induce such a strong hysteresis. Hence, we are tempted
to conclude that the observed hysteresis is mainly due
to the restructuration of the water/polymer interface
both by a reorientation of polar hydroxyl group and by
water penetration. Such a surface reconstruction may
also increase the “chemical” heterogeneity of the surface
and thus increase the hysteresis. It is important to
stress that hysteresis effects are strongly reduced for
the most hydrophobic copolymer with X ) 0.17 (cf. Table
3). The good ordering of the alkyl side chains, demon-
strated by the bulk structural study presented in section
III, prevents easy surface reconstruction, and the overall
hydrophobicity of copolymers reduces the film swelling.

Macrophase Separation at Copolymer Film Sur-
faces. In contrast with the above studies where the
films have been dried under vacuum, the grafted PVA
coatings examined here have been let evaporate slowly,
the coverslides in a vertical position, for 24 h at room
temperature in the presence of air and at ambient
relative humidity, before being dried under vacuum to
remove completely the DMSO.

During the drying in air, a whitening of the coatings
is observed. Topography images realized at different
heights on the coverslide coated with the grafted PVA

Figure 7. (a) 2 × 2 µm2 AFM micrograph of the coating
surface topology for grafted poly(vinyl alcohol) with X ) 0.09,
directly dried under vacuum. (b) Cross-sectional profile along
the line drawn in the topography image.

Table 2. Contact Angles of Water on a Coating of a
Grafted PVAa with X ) 0.09, Directly Dried under

Vacuum; 1, 2, and 3 Refer to the Number of Dipping
Cycles in to and out of Water at a Velocity of 0.4 mm/min

wetting cycles in water θadv (deg) θrec (deg) ∆θ (deg)

1 121 52 69
2 122 32 91
3 118 23 95

a The AFM topography images 7 and 8 were obtained on this
coating on areas which has not been into water (Figure 7) and
which has been three times into water (Figure 8).
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having X ) 0.09 are shown in Figure 9a-c from the top
to the bottom. Figure 9a shows the existence of big holes
with a radial symmetry at the film surface after
complete solvent evaporation. This surface topography
is clearly different from the one obtained by drying the
coating directly under vacuum, i.e., in absence of
humidity (see Figure 7). The hole size is large, typically
of the order of 2 µm in diameter and 200 nm in depth,
and explains the whitening of the films.

This phenomenon is observed on thicker films (∼200
µm) prepared by casting a solution of copolymer in
DMSO in the presence of air under relative humidity
and is attributed to a macrophase separation. This
macrophase separation certainly originates from a
change in solvent quality at the surface due to water
absorption by DMSO during its slow evaporation.
Indeed, as mentioned in the Experimental Section,
DMSO, which is a quite good solvent for poly(vinyl
alcohol) and alkyl chains, is well-known for its water
affinity. As soon as water is absorbed, solvent quality
is reduced for alkyl chains, and macrophase separation
occurs, leading to the formation of high- and low-
viscosity macroscopic domains with radial symmetry at

the film surface, attributed to “copolymer in DMSO” rich
zones and “DMSO plus water” zones, respectively. After
complete solvent evaporation, the “DMSO plus water”
zones are replaced by the holes observed on Figure 9a-
c. Such macrophase separation can be completely avoided
by drying the film directly under vacuum or nitrogen
to avoid contact with water vapor.

This macrophase separation appeared to be time and
film thickness dependent. The variation in hole dimen-

Figure 8. (a) 2 × 2 µm2 AFM micrograph of the coating
surface of Figure 7 after three successive dippings in water.
(b) Cross-sectional profile along the line drawn in the topog-
raphy image.

Table 3. Contact Angles of Water on a Coating of the
Grafted PVA with X ) 0.17, Directly Dried under

Vacuum, as a Function of the Number of Dipping in to
and out of Water (Dipping Velocity 0.4 mm/min)

wetting cycles in water θadv (deg) θrec (deg) ∆θ (deg)

1 114 79 35
2 111 78 33

Figure 9. 25 × 25 µm2 AFM micrographs showing the
dewetting of a film of poly(vinyl alcohol) grafted with 9 mol %
of palmitic chains coated on glass and dried in the presence of
humidity in a vertical position: (a) Top of the coating. (b)
Middle of the coating. (c) Bottom of the coating. The depth and
diameter of the holes in (a) are of about 200 and 2000 nm,
respectively.
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sions from the top to the bottom of the coating illustrates
the combined effect of time and thickness. Because of
drainage, the thickness of the film decreases from the
top to the bottom. As a consequence, the drying of the
film, associated with solvent evaporation, is faster at
the top and phase separation is quenched in an earlier
stage when the phase separated domains are still
relatively small. In the middle of the coating, the phase
separation can proceed further. The increase in hole size
between (a) and (b) results from a coarsening of the
domains under line tension effect which tends to reduce
interfaces in order to minimize surface free energy. The
bottom of the holes in Figure 9b is formed by a flat
copolymer film. The mean roughness at the bottom of
the coating is of the order of 80 nm on a surface of 25 ×
25 µm2 (Figure 9c) that is much higher than the 0.6 nm
measured on films directly dried under vacuum. This
phenomenon of holes formation has been used recently
to prepare controlled patterned polymer surfaces.31

Macrophase Separation and Wetting Properties.
When contact angles against water are measured on a
surface such as the one shown in Figure 9c, the
advancing value is comparable and sometimes slightly
higher than the one on film dried directly under
vacuum; on the contrary the receding angle is always
smaller. For instance, in the case of X ) 0.09, θa and θr
values of 128° and 0°, respectively, are obtained. The
small increase in roughness can explain the slight
increase in θa. After dipping into water, water may be
retained by capillary forces by this rougher surface, thus
explaining that θr is zero. After being in contact with
water and dried at air, surface roughness still increases
slightly up to 140 nm. Surface chemical composition
may also be different as observed by Yuan32 with poly-
(trifluorovinyl ether)/polystyrene blends films depending
on the casting solvent. AFM observation of the film
surface under water would be informative of the real
surface topography and rugosity during contact angle
measurements.

Indeed, the topography of the surfaces shown in
Figure 9 is analogous to the one obtained during the
phenomena of phase separation and dewetting of poly-
mer surfaces. Most of the polymer phase separation and
dewetting studies reported in the literature concern
polymer blends,33,34 grafted polymer brushes, microphase-
separated block copolymers,35-37 or grafted copolymers
bearing mesogenic side groups.38 In this last case,
dewetting is activated by a change in temperature. At
low temperature the organization of the mesogenic
groups tends to microphase separate the copolymer,
hence balancing the coiling tendency of the backbone.
Dewetting is shown to occur above the isotropisation
temperature of the mesogenic groups.

In our case, dewetting at the copolymer surface can
be induced by the phase separation process associated
with the change in solvent quality. When films as in
Figure 9c are dipped into water, penetration of water
in the PVA domains at the outermost surface can start
such a dewetting process and/or a partial swelling of
the film, leading to the surface roughness increase.

In conclusion, it seems that solvent quality and drying
conditions used to make a coating strongly influence the
topography of the films and its wetting properties.

Conclusion

A bulk microphase separation between PVA and alkyl
chains domains and a good organization of the alkyl

chains at the polymer film surfaces is found from X-ray
scattering and wetting studies on films made of palmitic
chain-graft-poly(vinyl alcohol) with grafting ratio lower
than 17 mol %. This behavior, unusual for copolymers
grafted with short side chains and at low grafting ratios,
is attributed to a strong incompatibility between the
hydrophilic and hydrophobic segments reinforced by
specific attractive interactions (H bonds) in the PVA
phase. Because of the polar nature of the backbone,
below 10 mol % grafting ratio, polymer film surfaces still
have significant water sensitivity which lead to water
contact-time-dependent contact angles, the main causes
for this being surface swelling and group reorientation.
At 17 mol % of palmitic chains, water sensitivity is
greatly reduced, and wetting properties become similar
to those of poly(vinyl palmitate) homopolymer. In ad-
dition, it has been shown that the quality of the solvent
used during the copolymer film formation has a strong
influence on its organization and wetting properties. A
good solvent for both the backbone and the side chains
leads to the best wetting properties, while a bad solvent
for the side chains can induced macrophase separation
and surface roughness.
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