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Abstract

In the aim to tune the surface nanostructures and the resulting surface hydrophobicity and
water adhesion, we report the preparation of surfaces by electropolymerization of 3,4-
ethylenedioxypyrrole (EDOP) and 3,4-propylenedioxypyrrole (ProDOP) with both a short
fluorocarbon chain (C4Fg) and an alkyl chain of various length (C2Hs to Ci2Hazs). The surface
properties are very different following the choice of the polymerizable core (EDOP or
ProDOP) and the alkyl chain length. The PEDOP polymers are here easier to electrodeposit
while the ProDOP could be electrodeposited only with long alkyl chains (> CgHi7). Their
electrodeposition leads to the formation of both nanoparticles and wrinkles. The highest
properties with apparent contact angle (&) ~ 141° and extremely strong water adhesion
(parahydrophobic properties) are obtained with EDOP monomers and using intermediate

alkyl chains (Ce¢Hi1z and CsgHi7). Such properties could be exploited in the future in



applications where the control of the interaction forces with the media is required such as in

oil/water separation membranes or in water harvesting systems.
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1. Introduction

Controlling the surface wettability is fundamental for various practical applications for
example in waterproof textiles, oil/water separation membranes, microfluidic devices, non-
stick pans, water harvesting systems, anti-icing windows or antifouling paints [1-4]. The
bioinspiration and biomimicry allowed to solve complex wettability problems [5-7]. Indeed,
they are numerous species in Nature with special wettability properties. This is case of the
superhydrophobicity, characterized by high water apparent contact angle and low water
adhesion [8-10]. This property is presence in various species allowing to have strategic
advantages such as self-cleaning, anti-fogging properties, or the capacity to slide on the water
surface. Other species such as rose petals have the capacity to trap water droplets even in arid
or hot environments thanks to surfaces with parahydrophobic surfaces characterized by high
water apparent contact angle but high water adhesion [11-14]. All these examples have
allowed to find to key parameters for the control of surface wettability, which are the surface
energy and the surface roughness/structuration.

The strategies to control both the surface structures and the surface energy are numerous in
the literature and are generally classed in two categories called top-down and bottom-up
approached [15-19]. To prepare structured surfaces, the electropolymerization, one of the
bottom-up approaches, is a very interesting and fast technique with a control by
electrochemical parameters and the monomer structure [20-24]. This technique consists in the
electrochemical oxidation of a monomer to deposit conducting polymer films on a working
electrode. In order to control also the surface energy, substituents can be easily grafted on the

monomer. For example, linear hydrocarbon or fluorocarbon chains are often used for



superhydrophobic properties while branched hydrocarbon chains or aromatic groups for
parahydrophobic properties.

The monomers of the 3,4-alkylenedioxypyrrole (XDOP) family such as 3,4-
ethylenedioxypyrrole (EDOP) and 3,4-propylenedioxypyrrole (ProDOP) have ultra-low
exceptional potential and lead to polymers with unique opto-electronic properties including
high conductivity, multicolor cathodic and anodic electrochromism, and rapid redox
switching [25-28]. Moreover, substituents can be grafted not only on the nitrogen [29] but
also on the 3,4-alkylenedioxy-bridge [30,31]. However, the substitution often needs multiple
chemical reaction for each monomer. Very recently, thanks to a reaction with
epibromohydrin, we found a strategy to prepare both EDOP and ProDOP platform molecules
with hydroxyl group, easy to functionalize [32]. For example, fibrous structures with
exceptional anti-wetting properties were obtained but only with short fluorocarbon chains
(C4F9), compared to longer fluorocarbon chains (Cs¢Fi3 and CgFi7). Moreover, short
fluorinated chains such as C4F9 chains are expected to have less bioaccumulative potentials
compared to long fluorinated chains and potentially less persistent in the environment [33-35].
To go further in this direction, here, we wanted to investigate the influence of mixed
hydrocarbon and fluorocarbon chains on both the surface morphology and wettability. As
shown in Scheme 1, we kept a short C4F9 from the previous results [32] and changed the

length of the hydrocarbon chain from C; to Cio.
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Scheme 1. Original monomers studied in this manuscript.

2. Experimental section

2.1. Monomer synthesis
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Scheme 2. Synthesis way to the monomers. (n =2 to 12)

The monomers were synthesized according to publications reported in the literature. On the
one hand, the key intermediates are the molecules coded ProDOP-OH and EDOP-OH
obtained in eight steps from iminodiacetic acid (Scheme 2), thanks for example to a reaction
with epibromohydrin [32]. On the other hand, acids with both alkyl (ChH2n+1 with n = 2, 4, 6,
8, 10 and 12) and fluorinated (CsFg) chains were synthesized in four steps from diethyl
malonate: two nucleophilic substitution, saponification/acidification and decarboxylation
(Scheme 3) [36].
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Scheme 3. Synthesis way of the mixed (hydrocarbon and fluorocarbon) acids (n =2 to 12).

Then, the acids were grafted by simple esterification reaction. For that, 1.2 equiv. of the
corresponding acid, 0.31 g of N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride
(EDC) (0.0015 mol, 1.2 equiv.) and 20 mg of N,N-dimethylaminopyridine (DMAP) were
added to 20 mL of absolute dichloromethane. After stirring for 30 min, the mixture was added
to 20 mL of absolute acetonitrile containing 0.2 g of ProDOP-OH or EDOP-OH (0.0013 mol,

1 equiv.). After 1 day, the products were purified by column chromatography using



tetrahydrofuran/petroleum ether 60:40 as eluent. 10% of triethylamine was added in the silica

gel and in the eluent because of the product sensitivity.

(3,6-dihydro-2H-[1,4]dioxino[2,3-c]pyrrol-2-yl)methyl 2-ethyl-5,5,6,6,7,7,8,8,8-
nonafluorooctanoate (EDOP-F4-C3). Yield 53%; beige Crystalline solid; 6u(200 MHz,
CDCl3): 7.15 (s, 1H), 6.19 (m, 2H), 4.37 (m, 3H), 4.20 (m, 1H), 4.04 (m, 1H), 2.45 (m, 1H),
2.00 (m, 4H), 1.66 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H); 6c(200 MHz, CDCl;): 174.56, 132.08,
131.77, 98.67, 98.47, 72.06, 66.45, 62.65, 45.95, 34.22, 30.30, 25.25, 11.44; MS (ESI
LC/MS): [MH]" = 472.07.

(3,6-dihydro-2H-[1,4]dioxino[2,3-c]pyrrol-2-yl)methyl 2-butyl-5,5,6,6,7,7,8,8,8-
nonafluorooctanoate (EDOP-F4-C4). Yield 77%; beige Crystalline solid; 6u(200 MHz,
CDCl): 7.11 (s, 1H), 6.19 (m, 2H), 4.35 (m, 3H), 4.21 (m, 1H), 4.03 (m, 1H), 2.48 (m, 1H),
1.90 (m, 4H), 1.60 (m, 2H), 1.29 (m, 4H), 0.89 (t, J = 6.6 Hz, 3H); 6c(200 MHz, CDCl;):
174.74, 132.09, 131.81, 98.67, 98.47, 72.05, 66.45, 62.65, 44.51, 31.91, 30.30, 29.20, 28.61,
22.48, 13.83; MS (ESI LC/MS): [MH]" = 500.07.
(3,6-dihydro-2H-[1,4]dioxino[2,3-c]pyrrol-2-yl)methyl 5,5,6,6,7,7,8.8,8-nonafluoro-2-
hexyloctanoate (EDOP-F4-Ce). Yield 71%; beige Crystalline solid; du(200 MHz, CDCls):
7.09 (s, 1H), 6.19 (m, 2H), 4.35 (m, 3H), 4.20 (m, 1H), 4.03 (m, 1H), 2.46 (m, 1H), 2.08 (m,
4H), 1.64 (m, 2H), 1.26 (m, 8H), 0.87 (t, J = 6.0 Hz, 3H); 3c(200 MHz, CDCls): 174.74,
132.10, 131.80, 98.67, 98.47, 72.00, 66.46, 62.65, 44.52, 32.17, 31.80, 29.69, 29.41, 29.33,
29.19, 28.60, 27.07, 22.62, 14.06; MS (ESI LC/MS): [MH]" = 528.13.
(3,6-dihydro-2H-[1,4]dioxino[2,3-c]pyrrol-2-yl)methyl 2-(3,3,4,4,5,5,6,6,6-
nonafluorohexyl)decanoate (EDOP-Fs-Csg). Yield 56%; beige Crystalline solid; du(200 MHz,
CDCl): 7.16 (s, 1H), 6.19 (m, 2H), 4.36 (m, 3H), 4.20 (m, 1H), 4.02 (m, 1H), 2.47 (m, 1H),
2.10 (m, 4H), 1.66 (m, 2H), 1.25 (m, 12H), 0.87 (t, J = 6.0 Hz, 3H); 6c(200 MHz, CDCl3):
174.74, 132.08, 131.77, 98.65, 98.46, 72.04, 66.47, 62.64, 44.52, 35.52, 34.21, 32.18, 31.81,
30.30, 29.40, 29.34, 29.18, 27.03, 22.66, 14.07; MS (ESI LC/MS): [MH]" = 556.13.
(3,6-dihydro-2H-[1,4]dioxino[2,3-c]pyrrol-2-yl)methyl 2-(3,3,4,4,5,5,6,6,6-
nonafluorohexyl)dodecanoate (EDOP-F4-Cio). Yield 72%; beige Crystalline solid; 6u(200
MHz, CDCl3): 7.15 (s, 1H), 6.19 (m, 2H), 4.35 (m, 3H), 4.20 (m, 1H), 4.05 (m, 1H), 2.50 (m,
1H), 2.00 (m, 4H), 1.70 (m, 2H), 125 (m, 16H), 0.87 (t, J = 6.3 Hz, 3H); 6c(200 MHz,
CDCL): 174.74, 132.09, 131.77, 98.65, 98.46, 72.02, 66.48, 62.65; 44.52, 35.53, 34.21,



32.18, 31.88, 30.30, 29.65, 29.57, 29.47, 29.42, 29.39, 29.30, 27.20, 22.61, 14.08; MS (ESI
LC/MS): [MH]" = 584.13.

(3,6-dihydro-2H-[1,4]dioxino[2,3-c]pyrrol-2-yl)methyl 2-(3,3,4,4,5,5,6,6,6-
nonafluorohexyl)tetradecanoate (EDOP-F4-C12). Yield 86%; beige Crystalline solid; 6u(200
MHz, CDCIls): 7.10 (s, 1H), 6.19 (m, 2H), 4.35 (m, 3H), 4.21 (m, 1H), 4.02 (m, 1H), 2.50 (m,
1H), 2.00 (m, 4H), 1.70 (m, 2H), 1.25 (m, 20H), 0.94 (t, J = 6.3 Hz, 3H); 6c(200 MHz,
CDCl): 174.74, 132.10, 131.79, 98.66, 98.47, 72.05, 66.46, 62.64, 44.53,35.52, 34.21, 32.21,
31.90, 30.30, 29.63, 29.55, 29.42, 29.39, 29.34, 27.08, 22.68, 14.10; MS (ESI LC/MS):
[MH]" = 612.20.

2,3,4,7-tetrahydro-[ 1,4]dioxepino[2,3-c]pyrrol-3-yl 2-ethyl-5,5,6,6,7,7,8,8,8-
nonafluorooctanoate (ProDOP-Fs-Cz). Yield 53%; beige Crystalline solid; 6u(200 MHz,
CDCl): 7.19 (s, 1H), 6.31 (d, J = 3.2 Hz, 2H), 5.20 (m, 1H), 4.22 (dd, J = 12.6 Hz, J = 4.8
Hz, 2H), 4.05 (dd, J = 12.6 Hz, J = 2.4 Hz, 2H), 2.49 (m, 1H), 2.00 (m, 2H), 1.69 (m, 4H),
0.96 (t, J = 7.4 Hz, 3H); 6c(200 MHz, CDCl3): 174.28, 138.85, 103.17, 73.04, 72.46, 45.94,
34.22,30.31,25.28, 11.41; MS (ESI LC/MS): [MH]" = 472.00.

2,3,4,7-tetrahydro-[ 1,4]dioxepino[2,3-c]pyrrol-3-yl 2-butyl-5,5,6,6,7,7,8,8,8-
nonafluorooctanoate (ProDOP-Fs-Cs). Yield 62%; beige Crystalline solid; 6u(200 MHz,
CDCl): 7.30 (s, 1H), 6.30 (d, J = 3.3 Hz, 2H), 5.19 (m, 1H), 4.22 (dd, J = 12.5 Hz, J= 4.8
Hz, 2H), 4.05 (dd, J = 12.5 Hz, J = 2.6 Hz, 2H), 2.49 (m, 1H), 2.07 (m, 4H), 1.74 (m, 2H),
1.30 (m, 4H), 0.89 (t, J = 6.7 Hz, 3H); 3c(200 MHz, CDCls): 174.45, 138.82, 103.13, 73.01,
72.43, 44.49, 31.86, 30.30, 29.17, 26.90, 22.48, 13.83; MS (ESI LC/MS): [MH]" = 500.07.
2,3.,4,7-tetrahydro-[ 1,4]dioxepino[2,3-c]pyrrol-3-yl 5,5,6,6,7,7,8,8,8-nonafluoro-2-
hexyloctanoate (ProDOP-Fs4-Cs). Yield 70%; beige Crystalline solid; du(200 MHz, CDCls):
7.22 (s, 1H), 6.31 (d, J = 3.3 Hz, 2H), 5.19 (m, 1H), 4.22 (dd, J = 12.6 Hz, J = 4.9 Hz, 2H),
4.05 (dd, J = 12.6 Hz, J = 2.6 Hz, 2H), 2.53 (m, 1H), 2.02 (m, 4H), 1.80 (m, 2H), 1.26 (m,
8H), 0.87 (t, J = 6.3 Hz, 3H); 6c(200 MHz, CDCl3): 174.45, 138.84, 103.14, 73.01, 72.43,
44.52, 34.22, 32.19, 31.57, 30.31, 29.07, 26.99, 22.53, 14.01; MS (ESI LC/MS): [MH]" =
528.07.

2,3,4,7-tetrahydro-[1,4]dioxepino[2,3-c]|pyrrol-3-yl 5,5,6,6,7,7,8,8,8-nonafluoro-2-
hexyloctanoate (ProDOP-F4-Csg). Yield 70%; dark beige Crystalline solid; ou(200 MHz,
CDCl): 7.26 (s, 1H), 6.31 (d, J= 3.3 Hz, 2H), 5.19 (m, 1H), 4.22 (dd, J = 12.6 Hz, J =4.8
Hz, 2H), 4.05 (dd, J = 12.6 Hz, J = 2.4 Hz, 2H), 2.56 (m, 1H), 2.08 (m, 4H), 1.74 (m, 2H),
1.25 (m, 12H), 0.87 (t, J = 6.3 Hz, 3H); c¢(200 MHz, CDCI3): 174.45, 138.84, 103.13, 73.00,



72.43,44.52, 35.52, 34.21, 32.18, 31.81, 30.30, 29.40, 29.34, 29.18, 27.03, 22.66, 14.07; MS
(ESILC/MS): [MH]" = 556.07.

2,3,4,7-tetrahydro-[ 1,4]dioxepino[2,3-c]pyrrol-3-yl 5,5,6,6,7,7,8,8,8-nonafluoro-2-
hexyloctanoate (ProDOP-F4-Cio). Yield 70%; dark beige Crystalline solid; 6u(200 MHz,
CDCl): 7.22 (s, 1H), 6.30 (d, J = 3.3 Hz, 2H), 5.20 (m, 1H), 4.22 (dd, J = 12.6 Hz, J=4.9
Hz, 2H), 4.05 (dd, J = 12.6 Hz, J = 2.6 Hz, 2H), 2.55 (m, 1H), 2.12 (m, 4H), 1.78 (m, 2H),
1.25 (m, 16H), 0.88 (t, J = 6.4 Hz, 3H); 6c(200 MHz, CDCl3): 174.45, 138.84, 103.13, 73.00,
72.43, 44.52, 35.53, 34.21, 32.18, 31.89, 30.30, 29.56, 29.52, 29.39, 29.30, 27.04, 22.66,
14.08; MS (ESI LC/MS): [MH]" = 584.20.

2,3,4,7-tetrahydro-[ 1,4]dioxepino[2,3-c]pyrrol-3-yl 5,5,6,6,7,7,8,8,8-nonafluoro-2-
hexyloctanoate (ProDOP-F4-C12). Yield 76%; dark beige Crystalline solid; du(200 MHz,
CDCl): 7.26 (s, 1H), 6.31 (d, J = 3.2 Hz, 2H), 5.19 (m, 1H), 4.22 (dd, J = 12.6 Hz, J=4.9
Hz, 2H), 4.05 (dd, J = 12.6 Hz, J = 2.6 Hz, 2H), 2.53 (m, 1H), 2.07 (m, 4H), 1.77 (m, 2H),
1.25 (m, 20H), 0.88 (t, J = 6.4 Hz, 3H); 6c(200 MHz, CDCl3): 174.46, 138.84, 103.13, 73.00,
72.43, 44.52, 35.52, 34.21, 32.18, 31.90, 30.30, 29.62, 29.53, 29.39, 29.34, 26.90, 22.67,
14.09; MS (ESI LC/MS): [MH]" = 612.07.

2.2 Electrochemical parameters

The depositions were performed with an Autolab potentiostat from Metrohm. The electrolyte
consisted in acetonitrile with 0.1 M of tetrabutylammonium perchlorate (BusNCIO4). 10 mL
of electrolyte and 0.01 M of monomer were inserted inside a glass cell. The connection to the
potentiostat was performed with three electrodes. A saturated calomel electrode (SCE) was
used as a reference electrode and a carbon rod was used as a counter-electrode. As a working
electrode, a platinum tip was first used to electrochemically characterize the polymerization,
while 2 cm? gold-coated silicon wafers were used for the surface characterization. After each
deposition, the surfaces were washed acetonitrile and slowly dried.

2.3 Surface characterization

The surfaces were characterized to determine the surface morphology by scanning electron
microscopy (SEM), the surface roughness by optical profilometry and the surface wettability
by goniometry. For the SEM images, a 6700F microscope from JEOL was used after
metallization. For the optical profilometry, a WYKO NT1100 optical profiling system from



Bruker was used to determine the arithmetic (Ra) and quadratic (Rq) surface roughness with
the working mode High Mag Phase Shift Interference (PSI), the objective 50X, and the field
of view 0.5X. Each data given is a mean of five measurements. For the goniometry, a DSA30
goniometer from Kriiss was used. First, 2 uL water droplets were placed on the surface to
determine the apparent contact angles at the triple point using the software Drop Shape
Analysis. For the dynamic contact angles, the tilted-drop method was used using 6 pL water
droplets placed on the surface and the surface was inclined until the droplet moves. The
advanced and receding contact angle and as a consequence the hysteresis (H) were taken just
before the droplet moving. When the droplet moves for a surface inclination (o) below 10°,
the surface is superhydrophobic. When the droplet does not move whatever the surface
inclination, the surface is called sticky or parahydrophobic.



3. Result and Discussion

The electrodepositions were performed in an electrolyte containing anhydrous acetonitrile and
0.1 M tetrabutylammonium perchlorate (BusNCIO4). First, the monomer oxidation potentials
were determined by cyclic voltammetry and were found to be around 1.05 and 1.15 V vs SCE.
Then, cyclic voltammograms were realized in order to have information of the polymer
growth on the working electrode (Fig.1 and Fig.2). The cyclic voltammograms are displayed
in Figure and Figure. Unfortunately, due to the presence of both a hydrocarbon and a
fluorocarbon chain, the growth of the polymer is highly affected by steric hindrance. Only
with EDOP-F4-Cg the steric hindrance is minimized and the polymer could polymerize very
easily by cyclic voltammetry. Indeed, it is extremely known that the presence of a substituent
and especially its size and its rigidity can highly affect the polymerization because it changes
the intra and intermolecular interactions. Moreover, there is steric hindrance whatever the

polymerization method.
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Figure 1. Cyclic voltammograms of the EDOP derivatives (0.01 M) in anhydrous acetonitrile
with BusNCIO4 (0.1 M); scan rate: 20 mV s,
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Figure 2. Cyclic voltammograms of the ProDOP derivatives (0.01 M) in anhydrous
acetonitrile with BusNCIO4 (0.1 M); scan rate: 20 mV s™.

Hence, for the surface characterization, using these monomers it was preferable to deposit the
polymers at constant potential rather than by cyclic voltammetry. The deposition at constant is
an extremely interesting deposition technique because the amount of polymer can be easily
controlled with the deposition charge (Qs). For all the monomers, we have chosen to vary Qs
from 12.5 to 400 mC cm?. With this technique, it was possible to obtain polymer films with
all the EDOP derivatives and the ProDOP derivatives with long alkyl chains (> Cs). The
ProDOP polymers with shorter alkyl chains were found to be too soluble. With longer alkyl
chains, even if the polymer conductivity is affected, the polymers could be easily deposited
because of their high insolubility. This is possible thanks to the exceptional polymerization

capacity of EDOP and ProDOP monomers [26-28]. The presence of the two oxygen atoms on



the 3- and 4-position highly reduces the monomer and polymer oxidation potential while their

presence also suppresses polymerization defects.

First, the polymer films were characterized by infrared (IR) spectroscopy. For that, it was
preferable to reduce the polymers because the dopants absorb in IR. The reduction was
performed at constant potential of -1 V vs SCE for 15 mn. Examples of IR are given in Figure
3. As expected, the spectra of PEDOP and PProDOP are close because the chemical functions
are the same. For example, the spectra display bands at 3400 cm™ for the stretching of N-H
bonds, at 2930 and 2855 cm™ for the stretching of C—H bonds, at 1735 cm™ for the stretching
of C=0 bonds and at 1080 cm* for the stretching of C—F bonds.
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Figure 3. Infrared spectra of PEDOP-F4-C12 and PProDOP-F4-Cao.

Then, the surface morphology was investigated by SEM. Using these monomers, it was
observed both the presence of both nanoparticles and wrinkles. With the EDOP derivatives
(Figure 4 and Figure 5), the presence of ultra-small nanoparticles is observed with the shortest
alkyl chains (C. and Cs) but the nanoparticles do not cover all the surface. As the alkyl chain
length increases, the size of the nanoparticles increases, and they cover almost all the surface
using intermediate sizes (Cs and Cg). Using these chains, the surfaces are extremely rough and
porous. Using longest alkyl chains (Cio and Ci2), the size of the nanoparticles increases but
their number is highly reduced. For the wrinkles, they seem to increase in size with the alkyl
chain length until to be extremely large for the longest alkyl chains (C12).

Concerning the surface wettability, the presence of both nanoparticles and wrinkles induce a
high increase in surface hydrophobicity, as shown in Table 1. Here, the standard deviation of
the data can be relatively important because the wrinkles are not homogeneously distributed

on the surface. The highest surface properties with &y up to 141° were obtained with EDOP-



F4-Cs and EDOP-F4-Cs for Qs = 400 mC cm? because of the high coverage in nanoparticles
leading surfaces with high roughness and porosity.

Moreover, dynamic contact angles shown that these surfaces are also extremely sticky
(parahydrophobic), as observed on rose petals (Figure 6) [11-14]. Indeed, water droplets
remain completely stuck on these surfaces whatever the surface inclination. These
parahydrophobic properties are extremely interesting and this kind of surfaces could be used
in the future in water harvesting systems. As reported in the literature, parahydrophobic
properties are intermediate state between the Wenzel and the Cassie-Baxter states [11-13].
These states can be explained with the Cassie-Baxter equation [37] because there is air
between the surface and the water droplet, even if the amount of air should not be too
important otherwise superhydrophobic properties can be obtained. Moreover, it is normal that
there is no direct relationship between &y and the surface roughness or even the roughness
parameter (r) of the Wenzel equation [38] because the Cassie-Baxter equation is not related to

them.
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Figure 4. SEM images of the polymer films obtained with the EDOP derivatives with a
deposition charge of 400 mC cm?; Magnification: 5000x.
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Figure 5. SEM images of the polymer films obtained with the EDOP-Fs-Cg derivatives with a
deposition charge of 400 mC cm2; Magnification: 10000x and 25000x.

Table 1. Roughness (Ra and Rq) and wettability data for the PEDOP polymers.

Deposition charge

Polymer [mC cm?] Ra[nm] Rq[nm] & [deg]
PEDOP-F4-C, 12.5 33+10 53%x17 95.7%3.7
25 85+10 133+14 106.2+14
50 217+34 297+45 1125+2.2
100 558 +31 734+30 98.1+3.6
200 611+58 793+84 112.1+6.8
400 622+40 832+66 119.6+5.6
PEDOP-F4-C4 12.5 34+12 48+3 107.0x0.7
25 169+14 236+20 1105+3.1
50 307+20 419+26 109.8+4.6
100 571+35 725+40 107.6+7.5
200 565+30 722+34 106.6+9.8
400 695+31 943+74 1153+9.1
PEDOP-F4-Cs 12.5 33+4 42+6 104821
25 674 98+16 1124+26
50 98+18 146+29 1148+1.38
100 264+19 335+58 120.0+6.2
200 500 +43 645+52 1354+5.2
400 623+24 854+56 141.0+24
PEDOP-F4-Cs 12.5 39+6 55+17 107.2+0.8
25 58+5 78+10 118.6+5.0
50 164 +21 214+27 119864
100 17045 245+62 129.8+8.1

200 352+76 460+97 126.7+7.1



400 402 +92 524 +108140.7+5.1

PEDOP-F4-C1012.5 54+15 85+48 104.7+0.8
25 100 +30 147+60 105.5+0.6
50 44+12 56%+13 1054+19
100 62+20 93+46 103.5+0.6
200 103+76 154+36 101.0+0.6
400 372 +£120 504 +175104.1 + 3.8

PEDOP-F4-C1212.5 207 25+10 106.2+1.9
25 28+3 35+3 106.7+1.3
50 36 +7 42+7 107105
100 210+50 270+55 119.8+7.2
200 522+70 6/7+85 118.7+10.2
400 392 £ 110 550 +120133.2 +1.7

Figure 6. Picture of a water droplet on a surface inclined to 90° obtained with EDOP-F4-Cg

and with a deposition charge of 400 mC cm™.

Using the ProDOP derivatives, unfortunately it was possible to obtain polymer films but only
using long alkyl chains (Figure 7). Here, it was observed also the presence of wrinkles and
nanoparticles. The surface properties were in general lower (Table 2). Using ProDOP-Fs-C12,

it was possible to reach &y = 133.2° due to the formation of very large wrinkles.



Hence, the presence of wrinkles seems to be extremely interesting to reach parahydrophobic
properties. Indeed, it is known in the literature, that the surface hydrophobicity and water
adhesion of wrinkled surfaces can be controlled with the wrinkles geometrical parameters
such as the wrinkle wavelength [39-41]. For applications in water harvesting, for example, it
is preferable to have the highest &y while having strong water adhesion. Here, is was possible

either by covering with nanoparticles and/or by increasing the alkyl chain length.
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Figure 7. SEM images of the polymer fims obtained with the ProDOP derivatives with a
deposition charge of 400 mC cm?; Magnification: 5000x.

Table 2. Roughness (Ra and Rq) and wettability data for the ProDOP polymers.



Deposition charge

Polymer [mC cm?] Ra[nm] Rq[nm] &y [deg]
ProDOP-Fs-Cs 12.5 41+11 52+16 106.4+0.8
25 45+ 9 62+14 1094 +1.6
50 131+21 212+10 1054+48
100 217+70 291+102 108.6 +4.1
200 265+41 354+53 111.7+44
400 459 +£113 610+ 140 119.8+6.1
ProDOP-F4-C1o 12.5 28+9 39+13 106.9+%1.9
25 18+3 30£19 107.7+0.9
50 75+17 96+24 112627
100 370+ 127 544 +165 1188+ 7.2
200 404 +£31 532+37 116819
400 623+69 822+95 1145+10.0
ProDOP-F4-C12 12.5 37+6 72+25 104.7+0.9
25 45+10 64+12 104634
50 707 108 +12 107.4+3.8
100 272+27 353+37 126.8+238
200 504 +44 661+64 134731
400 407 +52 526+55 1289+3.6

4. Conclusion

We reported the electrodeposition of PEDOP and ProDOP with both a short fluorocarbon
chain (Cs4F9) and an alkyl chain of various length (C2Hs to Ci2H2s). The surface properties
could be controlled with the polymerizable core (EDOP or ProDOP) and the alkyl chain
length. The PEDOP polymers could be easier electrodeposited because there were more
insoluble while the ProDOP could be also electrodeposited but only with long alkyl chains (>
CgHi7). With these derivatives, both the nanoparticles and wrinkles were observed.
Parahydrophobic properties (6v) ~ 141° and extremely strong water adhesion) were obtained
with EDOP monomers and intermediate alkyl chains (CsHiz and CgHi7). These surface
properties are extremely interesting and could be applied in the future for water harvesting

systems, for example.
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