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Structural analysis and surface wettability of a
novel alternated vinylidene cyanide with fluorinated
vinyl ether copolymer

Ryohei Ishige1, Hiroki Yamaguchi2, Takamichi Shinohara2, Ahmed Meskini3, Mustapha Raihane3,
Atsushi Takahara1,2,4 and Bruno Ameduri5

The structure, thermal properties and surface wettability of a novel alternating poly(VCN-alt-FAVE8) copolymer based on

vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl ether (FAVE8) were investigated via both temperature-variable wide-angle

X-ray powder diffraction (WAXD) and thin-film WAXD using a small angle incidence synchrotron radiation source, differential

scanning calorimetry and contact angle measurements, respectively. The results of the WAXD and thin-film WAXD indicated that

the alternating copolymer possessed a smectic liquid-crystalline phase at ambient temperature with a couple of fluoroalkyl side

chains forming a bilayer with a 3.24 nm spacing and that the fluoroalkyl side chains in a thin-film on a Si wafer align

perpendicularly to the surface. The isotropization temperature of the alternating copolymer was 150 1C, which was higher than

the 29.5 1C for the poly(FAVE8) homopolymer. The spin-coated poly(VCN-alt-FAVE8) copolymer thin-film yielded high static

contact angles for both water and oil similar to those for poly(perfluorooctyl ethyl acrylate), which is known as a

superhydrophobic polymer. Dynamic contact angle and X-ray photoelectron spectroscopy measurements in both the dry

and hydrated states suggested that the polar cyano and ether groups are enriched at the surface in the wet state, and this

reorganization of the surface polar groups caused a large hysteresis of the contact angle.
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INTRODUCTION

Fluorinated polymers1–5 are interesting materials thanks to their
outstanding properties, such as their thermal stability, chemical
inertness (to solvents, oils, water, acids and bases), low refractive
index, permittivity, dissipation factor and water absorptivity, in
addition to their excellent weatherability, durability and resistance
to oxidation. Actually, two families of fluorinated polymers can be
considered: (i) those where the fluorinated groups are located in the
polymer backbone, which are chemically inert, thermally stable and
have low refractive index and low dielectric constant, and (ii) those
containing a fluorinated dangling group that enhances the surface
properties. Of these exceptional characteristics, the surface properties
are featured prominently. It is generally claimed that fluorinated side
groups such as C8F17 have the optimal surface properties/price
ratio, although some compounds that contain C8F17, for example,
perfluorooctanoic acid, perfluorooctane sulfonic acid and their

derivatives, are now criticized as environmental and health risks.6

Of the numerous homopolymers based on methacrylates,7–13 vinyl
ethers14–17 and styrenes18–21 bearing such a group, polyacrylates with
a perfluorooctyl ethyl side chain, poly(FA-C8), possess excellent
surface properties because the side chains form a highly ordered
lamellar phase with the C8F17 chains aligned perpendicular to the
surface.22–26 However, their thermal stabilities are not high. In
general, copolymerization methods have been used to combine the
advantages of two or more monomers and improve the properties of
a polymer. Thus, it was of interest to synthesize original copolymers
bearing such a fluorinated group. The cationic polymerization of a
fluorinated vinyl ether, such as 1H,1H,2H,2H-perfluorooctyl vinyl
ether, was reported by Vandooren et al.16,17 This reaction was initiated
using a HI/ZnI2 system, which formed living poly(ether)s that bore
fluoroalkyl side groups. A few copolymers based on perfluorooctyl
ethyl vinyl ether (FAVE8) and ethylene,27 tert-butyl 2-trifluoromethyl
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acrylate,28 vinylidene cyanide (VCN)29 or chlorotrifluoroethylene30

have been reported. These last two copolymers are alternated with the
last one showing remarkable thermal and superhydrophobic properties.

The objective of this study was to underline the unique structure,
thermal properties and surface properties of an alternating VCN and
FAVE8 copolymer, designated as the poly(VCN-alt-FAVE8) copoly-
mer. To reach this objective, synchrotron variable-temperature
wide-angle X-ray diffraction (WAXD), thin-film WAXD, differential
scanning calorimetry (DSC), contact angle and X-ray photoelectron
spectroscopy (XPS) measurements were performed.

EXPERIMENTAL PROCEDURES

Materials
The synthetic schemes for three polymers with fluoroalkyl (Rf) side-chain

group, a poly(FAVE8) homopolymer14 an alternating poly(VCN-alt-FAVE8)

copolymer,28 and a poly(FA-C8) homopolymer,22 have been reported

elsewhere, and their chemical structures are shown in Scheme 1.

Methylene iodide (CH2I2), hexadecane (C16H34) and dimethylformamide

were purchased from Tokyo Chemical Industry Co., Ltd, Tokyo, Japan, and

AK-225, a mixture of 1,1-dichloro-2,2,3,3,3-pentafluoropropane and 1,3-

dichloro-1,1,2,2,3-pentafluoropropane, was purchased from Asahi Glass Co.,

Tokyo, Japan. These materials were used as received. The water for the contact

angle measurement was purified using a NanoPure Water system (Millipore,

Inc., Billerica, MA, USA).

Measurements
DSC was performed using a Diamond DSC (PerkinElmer Inc., Waltham, MA,

USA) under a nitrogen flow at a scanning rate of 10 1C min–1 to estimate the

glass transition temperature (Tg) and the transition temperatures for the

alternating poly(VCN-alt-FAVE8) copolymer and poly(FAVE8) homopolymer.

Thermograms from the second heating and cooling cycle were used to estimate

these values.

X-ray photoelectron spectroscopy (XPS) measurements were conducted

using an XPS-APEX (Physical Electronics Inc., Chanhassen, MN, USA) at

B10�9 Pa with a monochromatic Al Ka X-ray source operated at 300 W. All of

the XPS data were collected using a take-off-angle of 451 and a low-energy

(25 eV) electron flood gun to minimize the sample charging.

The survey spectra (0–1000 eV) and high-resolution spectra for the C1s, O1s,

N1s and F1s regions were acquired using pass energies of 100 and 25 eV for the

analyzer, respectively. An X-ray beam was focused on an area with a diameter

of ca. 1.2 mm. In the hydrated state, the samples were immersed in pure water

for 2 h, dried under vacuum in an auxiliary deaeration chamber of the XPS

machine and then immediately measured.

The contact angles for water, methylene iodide (CH2I2) and hexadecane

(C16H34) (each droplet had a 2ml volume) at 25 1C were recorded using the

drop shape analysis system DSA 10 Mk2 (KRÜSS Inc., Hamburg, Germany)

and Theta T-200 Auto 3 (Biolin Scientific Inc., Västra Frölunda, Sweden)

equipped with a video camera. A sample on an inclinable plane stage was tilted

until a 50 ml water droplet began to slide down the sample surface, and the

advancing contact angle (yA), receding contact angle (yR) and sliding angle

(yS) were determined.

The molecular aggregation states were investigated via synchrotron WAXD

measurements for powdered samples using a large Debye–Scherrer camera and

imaging plate detector with a BL02B2 beamline from JASRI/SPring-8, Hyogo,

Japan. The wavelength (l) of the incident X-rays was 0.100 nm, and the

exposure time was 300 s. The scattering vector, q, is defined as 2p(s1–s0): where

s0 is a vector parallel to the incident X-ray, s1 is parallel to the diffracted

X-ray and |s0|¼ |s1|¼ 1/l. Therefore, the q value, i.e., the norm of q, is equal to

(4p/l) siny, where y is the Bragg angle.

Thin film WAXD with small incidence angle (thin-film WAXD) measure-

ments of thin-films on a Si wafer were performed on the BL13XU and

BL03XU beamlines at the SPring-8 synchrotron facility (Japan Synchrotron

Radiation Research Institute) using an incident X-ray with a wavelength l of

0.1 nm and an incident angle, ai, of 0.161. Both in-plane and out-of-plane

diffractions from the sample were detected using a scintillation counter. The

data were collected at 0.11 intervals, and the irradiation time at each point was

3.0 s. The sample cell was wrapped with a polyimide (KAPTON) dome filled

with helium gas to prevent the oxidation of the sample during the

measurements. The data were collected by subtracting the intensity of the

background Si wafer from the sample intensity and then analyzed. All of the

thin-film WAXD measurements were performed at room temperature. For

thin-film WAXD, the scattering vector, q, is defined using the same equation as

the usual WAXD configuration. Therefore, the components of the scattering

vector q in both the vertical direction (out-of-plane direction) and horizontal

direction (in-plane) are represented by qz¼ (2p/l)sin(afþ ai) and qxy¼ (2p/

l)sinyxy , respectively. Herein, the af and yxy are defined as the angles between

the diffraction beam and substrate surface and between the projections of the

incident and diffraction beams on the substrate, respectively.

The thin polymer films were prepared on Si wafers by spin coating from the

AK-225 (Asahi Glass CO., Tokyo, Japan) solutions of both the poly(FAVE8)

and poly(FA-C8) and simple solvent casting from the dimethylformamide

solution of the poly(VCN-alt-FAVE8) copolymer before drying in vacuo.

RESULTS AND DISCUSSION

Thermal properties assessed by DSC and WAXD
The DSC thermograms for the poly(FAVE8) homopolymer and
poly(VCN-alt-FAVE8) copolymer are shown in Figure 1a. Interest-
ingly, poly(VCN-alt-FAVE8) possessed a much higher transition
temperature than both poly(FAVE8) and poly(FA-C8). The isotropi-
zation temperatures (Ti) of poly(FAVE8) and poly(FA-C8) homo-
polymer are 29.5 and 79.0 1C, respectively, while that of the
poly(VCN-alt-FAVE8) copolymer is 178 1C. These values were
assessed based on the peak position of the endothermic curve. The
thermogram of the poly(FAVE8) homopolymer only possessed one
peak in both the cooling and heating processes. By contrast, the
thermograms of the alternating copolymer are complex; only two
exothermic peaks appeared during the cooling process at 170.8 (T1

C)
and 111.0 1C (T2

C), while an endothermic step corresponding to a
glass transition (Tg) at 60.7 1C and three endothermic peaks at 103.6
(T1

H), 147.0 (T2
H) and 178.0 1C (T3

H) appeared in the subsequent
heating process. The transition enthalpy at T3

H (DH3
H¼ 1.78 kJ mol–1)

corresponded to that at T1
C (DH1

C¼ 1.80 kJ mol–1). However, the
sum of DH1

H (1.07 kJ mol–1) at T1
H and DH2

H (2.78 kJ mol–1) at
T2

H was not equal to DH1
C (1.81 kJ mol–1) at T1

C, that is,
DH1

HþDH2
H4DH1

C. This result indicates that an exothermic
transition (crystallization) occurred between T1

H and T2
H.

Figure 1b shows the DSC thermogram for the heating process of an
annealed alternating copolymer that had been cooled from 200 to
120 1C, where it was maintained for 2 h. This DSC thermogram displays
only two endothermic peaks: a broad peak at 139 1C (DH¼ 5.19
kJ mol–1) and a sharp one at 177.8 1C (DH¼ 1.78 kJ mol–1). These
findings also demonstrate that crystallization occurs at 120 1C during
the annealing process and that the phase below T1

C when cooled
at a rate of 10 1C min–1 is metastable and yields a Tg of 60.7 1C.
These thermodynamic data are summarized in Table 1.

WAXD intensity profiles for powdered poly(VCN-alt-FAVE8)
copolymer samples obtained during the heating process are shown
in Figure 2. These samples were prepared by cooling isotropic melts at
a rate of 10 1C min–1 to form the metastable phase observed in the

Poly(VCN-alt-FAVE8) Poly(FAVE8) Poly(FA-C8)

Scheme 1 Chemical structures of the fluoroalkyl side chain polymers used

in this study.
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DSC measurement. In small q regions, several sharp diffractions
appear at q¼ 1.94, 3.90 and 5.90 nm�1, while a broad diffraction
appears at approximately q¼ 12 nm�1 in large q regions. The
d-spacings of these sharp diffractions are 3.24, 1.61 and 1.07 nm,
while that of the broad one is 0.53 nm. These data indicate that the
poly(VCN-alt-FAVE8) copolymer forms a smectic liquid-crystal (SX1)
as the metastable phase. The sharp diffractions can be assigned to the
smectic layer, and the broad diffraction corresponds to the average
lateral distance between neighboring Rf mesogens with lateral, liquid-
like packing in the smectic layer. The layer spacing, 3.24 nm, is

approximately twice as wide as the side-chain length and acts as both
a mesogen and spacer, which indicates that the smectic layer was
formed from a couple of fluoroalkyl (Rf) side-chain groups, that is,
bilayer of the Rf side chains. This layered structure is similar to that
observed for other polymers with the same Rf group as reported
previously.22–26 In this bilayer, it is reasonable to assume that the Rf

side chain aligns almost parallel to the layer normal, and the main
chains are segregated between bilayers similarly to the smectic phases
observed for other side-chain liquid-crystalline polymers.31,32

The profile changed drastically on increasing the temperature to
130 1C. Some broad diffractions overlapped with the sharp layer
diffraction at both q¼ 3.9 nm–1 and q¼ ca.12 nm–1. Above 160 1C,
these overlapping diffractions disappeared, while the sharp layer
diffractions shifted to the wide-angle region and decreased in
intensity. Finally, the sharp diffractions disappeared completely at
190 1C. These changes agree well with those observed in the DSC
heating thermogram shown in Figure 1a. The overlapping diffractions
can be assigned to the crystal phases that appear upon thermal
annealing. Both the sharp diffraction in the small angle region
(2.98 nm) and the broad diffraction in the wide angle region
(0.57 nm) were observed above 160 1C, which indicates that a smectic
phase appears during the heating process between 160 and 170 1C.
When compared with the DSC thermograms, this phase corre-
sponded to both the one present between 160 and 175 1C during
the heating process and the one observed upon cooling from 170 to
140 1C. This phase gradually transformed into the SX1 phase during
the cooling process from 140 1C as observed in the DSC thermogram.
Therefore, the smectic phase can be identified as a stable
smectic phase (SX2) that differs from SX1. It was also observed that
the metastable SX1 and stable SX2 are rather unusual because
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Figure 1 (a) Differential scanning calorimetry (DSC) thermograms of poly(FAVE8) (perfluorooctyl ethyl vinyl ether polymer; dotted lines (1) and (2)) and the

poly(VCN-alt-FAVE8) (alternating vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl ether (FAVE8)) copolymer (solid lines (3) and (4)) from the second

heating and cooling cycle. The left and right arrows attached to each thermogram represent the cooling and heating process, respectively; (b) DSC

thermogram (curve (5)) of the thermally annealed poly(VCN-alt-FAVE8) copolymer, which was cooled from 190 to 120 1C and kept at 120 1C for 2 h.

Table 1 Thermodynamic data for poly(VCV-alt-FAVE8) copolymer and poly(FAVE8) assessed by differential scanning calorimetry

Transition temperature (1C) (transition enthalpy DH (kJ mol�1))

Heating process Cooling process

Tg T1
H (DH1

H) T2
H (DH2

H) T3
H (DH3

H) T1
C (DH1

C) T2
C (DH1

C)

Poly(VCN- alt-FAVE8) 60.7 103.6 (1.07) 147.0 (2.78) 178.0 (1.78) 170.8 (1.81) 111.0 (1.88)

Poly(FAVE8) — — — 29.5a (5.34) 6.92b (4.26) —

Abbreviations: poly(FAVE8), perfluorooctyl ethyl vinyl ether polymer; poly(VCN-alt-FAVE8), alternating copolymer based on vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl ether (FAVE8).
aIsotropization temperature for poly(FAVE8).
bCrystallization temperature for poly(FAVE8).
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Figure 2 Wide-angle X-ray diffraction intensity profiles for the poly(VCN-alt-

FAVE8) (alternating vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl

ether (FAVE8)) copolymer during the heating process in the q range of

0–20 nm�1.
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the layer spacing decreased with the transition from SX1 to SX2

(that is, 3.24–2.98 nm) upon heating. In addition, the layer spacing
continuously increases in typical stable smectic liquid-crystals and, in
some cases, discontinuously increased at a transition, for example,
those observed in the smectic C phase and the smectic C to A
transition.33

Thin-film WAXD with small-angle incidence (thin-film WAXD)
measurements
The bulk structures of the poly(FAVE8), poly(VCN-alt-FAVE8) and
poly(FA-C8) thin-films were investigated via both the in-plane and
out-of-plane thin-film WAXD measurements with an incident angle,
ai, of 0.16.34 Figure 3 shows the thin-film WAXD profiles for the thin-
films of these three polymers. The poly(FAVE8) and poly(FA-C8)
exhibit similar profiles with sharp diffractions for the out-of-plane
geometry at qz¼ 1.98, 3.94, 5.91 and 9.84 nm–1 for poly(FA-C8) and
qz¼ 2.29 and 4.54 nm–1 for poly(FAVE8) and a broader diffraction at
qxy¼ 12.5 nm–1 for the in-plane geometry. These statements indicate
that both polymers form smectic B (SB) or crystalline B phases and
that the layers align almost perfectly parallel to the substrate.
Moreover, the fact that poly(FAVE8) exhibited only first- and
second-order layer diffractions, while poly(FA-C8) showed first-,
second-, third- and fifth-order diffractions (We could not find the
fourth-order diffraction in our experiments. It can be attributed to an
extinction rule. In other words, the structure factor of this bilayer
structure becomes zero around the position of the fourth-order
diffraction.) indicates that the layer order is lower for poly(FAVE8)
than for poly(FA-C8).

However, the alternating copolymer thin-film possessed three sharp
peaks at qz¼ 1.97, 3.94 and 5.93 nm–1 for the out-of-plane geometry
and a broad diffraction at qxy¼ ca. 12 nm–1 for the in-plane geometry.
These diffractions were assigned to those observed for the SX1 phase
in the powdered samples. The geometry of both the layer diffraction
and the outer broad diffraction demonstrates that the normal of the
smectic layer and the Rf side chains both align perpendicular to the
substrate.

The reason that the cast thin-films of the poly(VCN-alt-FAVE8)
copolymer did not form a higher-ordered smectic phase (SB phase)
could be because of the low mobility in the main chain due to the
bulkiness and/or strong dipole–dipole interactions of the cyano
groups, which also produces a higher isotropization temperature.
In fact, the bulkiness of any side group attached to the main chain
increases the isotropization temperature as reported for a

methacrylate polymer with the same Rf, where the methyl group also
reduced the chain mobility.22 Furthermore, strong cooperative
interactions between CN dipoles were indicated by the dielectric
relaxation measurements for similar alternated copolymers of VCN
and vinyl acetate35 and may also decrease the chain mobility.

Contact angle measurements
The water repellency of the poly(VCN-alt-FAVE8) thin-film can be
observed from the contact angles of several droplets. Table 2 lists the
water, CH2I2 and C16H34 static contact angles and the surface-free
energies for the poly(VCN-alt-FAVE8) thin-film and poly(FA-C8)
spin-coated thin-film. Figure 4 shows the pictures of the water, CH2I2

and C16H34 static contact angles for the poly(VCN-alt-FAVE8)
copolymer thin-film. The static water contact angle was 1101, which
is larger than 901 but slightly smaller than the 1191 for poly(FA-C8).
In other words, the hydrophobicity of the poly(VCN-alt-FAVE8) thin-
film surface is sufficiently high but is still slightly lower than that of
poly(FA-C8). The same situation occurred when using C16H34 as the
probing liquid. In addition, the surface-free energy of the poly(VCN-
alt-FAVE8) thin-film, as estimated by the Owens–Wendt equation
(see equation below) from water and CH2I2,36 was slightly higher
than that of the spin-coated poly(FA-C8) thin-film.

gdL þ gpL
� �

1þ cos yLð Þ¼ 2
ffiffiffiffiffiffiffiffiffiffi
gdL gds

q
þ 2

ffiffiffiffiffiffiffiffiffiffi
gps gpL

q

Herein, yL is the static contact angle while both gsd and gsp and both
gLd and gLp represent the disperse and polar components of the
surface free energy for the polymers and each contacting liquid,
respectively. gs is defined as gsdþ gsp. The values for gsd and gsp are
listed in Table 2. The value of gs for the poly(VCN-alt-FAVE8)
copolymer is 2.9 mN m–1 higher than that of the poly(FA-C8)
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Figure 3 Thin film wide-angle X-ray diffraction intensity profiles for poly(FA-C8) (polyacrylates with a perfluorooctyl ethyl side chain; lower), poly(FAVE8)

(perfluorooctyl ethyl vinyl ether polymer; middle) and the poly(VCN-alt-FAVE8) (alternating vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl ether

(FAVE8)) copolymer (upper) for the (a) in-plane and (b) out-of-plane geometry.

Table 2 Static contact angle values for the poly(FA-C8) and

poly(VCN-alt-FAVE8) copolymer for various solvents at 25 1C

Static contact angle per degree Surface free energymN m–1

Samples Water CH2I2 C16H34 gs
d gs

p gs

Poly(FA-C8) 119 103 84 7.07 0.78 7.85

Poly(VCN-alt-FAVE8) 110 97 76 8.65 2.06 10.7

Abbreviations: poly(FA-C8), polyacrylates with a perfluorooctyl ethyl side chain; poly(VCN-alt-
FAVE8), alternating copolymer based on vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl
ether (FAVE8).
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homopolymer, where the contributions of the disperse and polar
components are ca. 60% and 40%, respectively. The contribution of
the polar component is relatively large compared with the disperse
component. Therefore, the increase in gs can be attributed to the
strong dipole–dipole interactions between the CN groups and the
lower-ordered smectic structure and lower orientation of the Rf group
in the poly(VCN-alt-FAVE8) copolymer compared with the SB phase
of poly(FA-C8).13,25,26

The dynamic contact angles of both poly(VCN-alt-FAVE8) and
poly(FA-C8) thin-films (the latter being regarded as the reference) are
summarized in Table 3 and shown in Figure 5. A sliding water droplet
on the poly(VCN-alt-FAVE8) copolymer thin-film formed an asym-
metric shape with a high yA and low yR. By contrast, a water droplet
on the poly(FA-C8) spin-coated thin-film started sliding and main-
tained both high yA and yR when the film was tilted to yS¼ 121. The
contact angle hysteresis, expressed as yA�yR for the water droplets
was quite different. In the case of the poly(FA-C8) spin-coated thin-
film, the value was 251 whereas that of the poly(VCN-alt-FAVE8)
spin-coated thin-film it was 841. These results suggest that the
outermost surface structure changed after exposure to water.37–41

The atomic composition at the surface of the spin cast films
measured by XPS in both the dry and pseudo-hydrated states
also supported this model (Figure 6). From the XPS characterization,
the surface atomic ratios for C1s/O1s/F1s/N1s in the poly(VCN-alt-
FAVE8) copolymer under dry conditions were estimated at 0.46/0.06/
0.45/0.04, which corresponds to the theoretical atomic composition of
the copolymer (C/O/F/N¼ 0.45/0.03/0.46/0.06). However, the ratio of
the F1s peaks significantly decreased, while the ratios of the N1s and
O1s spectra increased after immersion in pure water for 2 h. The C/O/
F/N ratio in the wet state was 0.59/0.14/0.14/0.13. These XPS results
show that the O and N atom compositions increased after contacting
water, which suggests that a reorientation of the polar groups
(cyano and ether group) occurred in the outermost surface.

CONCLUSIONS

The structural and thermal properties of a novel alternating copoly-
mer based on vinylidene cyanide and perfluorooctyl ethyl vinyl ether,
the poly(VCN-alt-FAVE8) copolymer, were investigated via synchro-
tron WAXD, thin-film WAXD and DSC, and the surface properties of
the spin-coated thin-film were measured using contact angle and XPS.
Both temperature-variable WAXD and DSC measurements demon-
strated that the alternating copolymer showed some evolution upon
heating: metastable smectic (SX1) and stable smectic (SX2) phases
formed during the heating process after first cooling from the
isotropic phase at 10 1C min–1. These smectic phases had a bilayer
structure with a d-spacing corresponding to the length of a pair of the
Rf side-chain groups. Thin film WAXD measurements for the thin-
film on a Si wafer indicated that the alternating copolymer produced
the SX1 phase at ambient temperature and both the layers of the
normal and Rf group aligned perpendicularly to the substrate

Table 3 Dynamic contact angle values of poly(FA-C8) and poly(VCN-

alt-FAVE8) for water

Water contact angle per degree

Sample Static y yA yR yS Dy

Poly(FA-C8) 119 125 100 12 25

Poly(VCN-alt-FAVE8) 110 114 30 480 84

Abbreviations: poly(FA-C8), polyacrylates with a perfluorooctyl ethyl side chain; poly(VCN-alt-
FAVE8), alternating vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl ether (FAVE8).
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Figure 6 X-ray photoelectron spectroscopy spectra of the poly(VCN-alt-

FAVE8) (alternating vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl

ether (FAVE8)) copolymer in the (1) dry and (2) pseudo-hydrated states. (a)

Survey scan spectrum and (b) high-resolution spectra around the C1s peak.

The peak assignments for the C atoms are inserted in the spectra.

Figure 4 Photographs of the liquid droplets used to measure the static contact angles with (a) water, (b) CH2I2 and (c) C16H34 for the poly(VCN-alt-FAVE8)

(alternating vinylidene cyanide (VCN) and perfluorooctyl ethyl vinyl ether (FAVE8)) copolymer thin film.

Figure 5 Photographs of the water droplets on spin-cast films of the poly

(FA-C8) (polyacrylates with a perfluorooctyl ethyl side chain) homopolymer

(left) and poly(VCN-alt-FAVE8) (alternating vinylidene cyanide (VCN) and

perfluorooctyl ethyl vinyl ether (FAVE8)) copolymer (right) for the dynamic

contact angle and sliding angle measurements.
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similarly to poly(FAVE8) and poly(FA-C8). Static water and oil
contact angles of the poly(VCN-alt-FAVE8) copolymer thin-films
were ca. 110 and ca. 761, respectively, and indicated that the surface
was both hydrophobic and oleophilic. However, the receding contact
angle and sliding angle in the dynamic contact angle measurements
were 30 and 4801, respectively, which is clear evidence of a change in
the surface state after contacting water. XPS spectroscopy in both the
dry and hydrated state also suggested that the polar CN group
gathered on the outermost surface of the thin-films upon contact
with water, which created this large hysteresis in the dynamic contact
angle.
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