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ARTICLE INFO ABSTRACT

Keywords: The quaternization of 1-vinylimidazole with 1H,1H,2H,2H-perfluorooctyl iodide, followed by anion metathesis

Omn'iPhObiC reactions, allowed for the synthetic access of novel polymerizable fluorosurfactant salts with excellent yields,

Coatings scalable from multigram up to bulk quantities on the kg scale. Subsequently, a series of doubly fluoroponytailed

Self-assembly . s . . . : . .

Fluoroponytails monomers as well as bridged bis-vinylimidazolium cross-linkers have been prepared via expedient thionation / S-

P oPOnyt . alkylation. Thus, the resulting pool of these late stage intermediates offers great potential in task-specific surface
olyvinylimidazolium

tuning. Through polymerization in appropriate porogen mixtures combined with the micellar self-aggregation of
the perfluoroalkyl moieties along with synergistic ionic interactions of the novel fluorosurfactants, the formation
of nano-scalar monolithic structures is induced as evidenced by SEM imaging. According to contact angle
measurements, the lotus-like textures hereby created drastically enhance oil and water repellency of the resulting
polymer surface. Heeding the well-established cooperative concepts of chemical surface functionalization,
accompanied by physical roughness, represents a proven strategy to impart high omniphobicity. However, the
applicative maturity of systems based on nanophysics is frequently restricted by tedious and intricate patterning
techniques as well as the environmental constraints of surface-active fluoroorganic compounds, on which high-
performance systems indispensably rely.

environment. For example, it was shown that almost all human blood
samples collected worldwide by the early 2000s contained measurable

1. Introduction

Due to a variety of unique properties, including excellent water and
oil repellency [1], high thermal stability, remarkable oxygen affinity, as
well as excellent surfactant properties [2-4], the substance class of
perfluorinated and polyfluorinated compounds (PFCs) is found in a
broad portfolio of both industrial and consumer-use products [5-12].
Most of the desired features of the compounds are attributed to
affinity-driven self-orientation of their perfluoroalkyl residues owing to
F - F interactions. The extent of such effects was found to be strongly
dependent on the number of repetitive CFy - segments, with a critical
number of eight perfluorinated carbons as lower limit to obtain suffi-
cient “side-chain crystallinity” of the supramolecular structures [13].
Unfortunately, these same properties, in combination with the com-
pounds‘general persistency, lead to bioaccumulation in the

* Corresponding authors.

quantities of various long chain PFCs [14-16]. Due to their (eco) toxicity
[17] and their probable linkage to various diseases [18], many of the C8
PFCs have consequently been classified as “substances of very high
concern” (SVHCs) and / or “very persistent, very bioaccumulative”
(vPvB) chemicals and are currently being phased out from commercial
applications [19].

Nonetheless, the outstanding properties of perfluoroalkylated com-
pounds cannot yet be adequately achieved by common chemicals [20],
e.g. in applications for sterile medical clothing [21], giving rise to the
search for more eco-friendly alternatives. In the case of fluorocarbon
chemistry — although admittedly disputed [22] — these can be found in
derivatives bearing a perfluorohexylethyl (CoH4—CgF13) side chain, as
both bioaccumulation as well as systemic toxicity tend to decrease with
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shortening PFC chain length and the introduction of a CoH4 hydrocarbon
spacer [20,23]. A hereby implicated loss in self-ordering by virtue of
attenuated F - F contacts can be compensated by exploiting supramo-
lecular phenomena of self-organization through molecular tailoring in
the fluorine-free backbone (see Fig. 1). The feasibility of this approach
was recently demonstrated by our group, showcasing n — & contacts in
self-aggregating fluoroponytailed dyes [24-26] or ionic interactions in
imidazolium-based fluorosurfactants [27]. Starting from the highly
affordable industrial educt 1-vinylimidazole, ionic fluoroponytailed
monomers — closely related to previously published derivatives [27] —
were synthesized in order to evaluate the influence of the above-
mentioned supramolecular aggregation displayed by environmentally
preferable polymers based on 1-vinylimidazolium salts [28-31].

In general, fluorine containing polymers — with the exception of
PTFE, ETFE and PVDF - are restricted to high performance or niche
applications [32,33] and mostly consist of copolymers based on neutral
perfluorinated (meth)acrylates [32,34,35] which inherently exhibit
handling drawbacks caused by their toxicity, very high reactivity and
relatively complex monomer preparation chemistry [35]. In this
contribution, the potential of imidazolium-based fluoroponytailed
polymers is demonstrated by preparing omniphobic coatings — repelling
both oil and water - for silica and, in particular, glass substrates. Ac-
cording to conceptions of the renowned “lotus effect” [36], it is common
knowledge that surface wettability is drastically affected by its micro- or
nanostructures [37-39], thus stimulating a huge variety of approaches
for their artificial generation [40-48]. This, however, generally depends
on complex and time-consuming procedures [39,49,50]. A straightfor-
ward method to create nano-scaled monolithic structures [51-53] was
achieved by the inclusion of porogens into the polymerization mixtures.
However, this is restricted to monomers with suitable solubility profiles.
As these can be readily adjusted for cationic monomers via anion
metathesis, this strategy, especially in combination with the tendency of
self-orientation of the polyfluorinated moieties, became feasible. Inter-
estingly, by starting from the same pool of monomer intermediates, this
synergistic interplay facilitates not only the implementation of omni-
phobicity, but also hydrophilic oleophobicity [54], which, for example,
is of high relevance for oil-water separation or the adsorptive removal of
PFC-pollutants such as perfluorooctanoic acid (PFOA) or per-
fluorooctanesulfonic acid (PFOS) from aquatic environments. Further-
more, numerous other possible applications such as fouling suppression
or anti-icing measures are claimed and discussed in detail in the
respective recent patent literature [55-58].

Conventional
long chains 2C8 :

phased out

Conventional >

short chains < C6 : > high steric shielding
lower degree of
orientational order 0
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2. Results and discussion
2.1. Monomer synthesis and properties

The synthetic procedures for the preparation of the imidazolium-
based fluoroponytailed monomers (1a — 3b) as well as the novel cross-
linkers (4 — 6b) are summarized in Scheme 1. Imidazoline-2-thiones 2
and 5 were prepared based on classic procedures [59,60]. Cross-linker
precursor 4 was synthesized in accordance with literature [61] with
some adjustments for large scale preparations. Although seemingly
representing a straightforward quaternization reaction, the N-alkylation
of 1-vinylimidazole proved to be problematic in practice due to
self-polymerization tendencies of the vinyl-group leading to shortcom-
ings in product yield and purity. We found that this side reaction can be
elegantly suppressed by applying neat reaction conditions and pur-
posefully performing the reaction in ambient atmosphere, allowing for
the isolation of 1a in 76% yield. It is believed that this outcome is due to
the high O, affinity of the PFC-moieties, which caused the partial
oxidative formation of iodine radicals, thus additionally interfering with
free-radical polymerization reactions [62,63]. Neat conditions were also
preferable for the preparation of 3a (93% yield, compared to < 50%
when using MeCN as solvent), but could not be applied in the synthesis
of cross-linker 6a due to solubility issues.

Imidazolium iodides (1a, 3a and 6a) were further transformed to
their chloride analogues (1b, 3b and 6b). Although comparatively
expensive, a simple metathesis protocol applying solid AgCl in MeOH
was utilized, allowing for almost quantitative yields. Pretrials with
freshly prepared CuCl gave similar results, however rigorous exclusion
of water and oxygen were necessary to avoid product discoloration due
to cupric contamination.

As evidenced by the comparison of 1a and 1b in Table 1, the choice
of anions in the presented systems drastically alters their solubility
profile. By exchanging iodide for chloride, the solubility in aqueous
environments was increased 90-fold, thus giving preferential properties
for the porogen-assisted preparation of the coating mixtures (see
Table 2). Moreover, possible polymerization interferences from the io-
dide ion [62,63] are thereby minimized. The exchange of anion also
resulted in measurable solubilities in HyO for relatively fluorine-rich
doubly fluoroponytailed monomer 3b as well as cross-linker 6b, thus
making them accessible for water-based polymerization protocols.
However, short chain alcohols are better suited solvents for these
compounds.

Furthermore, the concentration-dependent aqueous surface tension
of chloride containing monomers 1b, 3b and 6b was measured (see ESI

Doubly fluoroponytailed
ionic C6 short chain
monomers:

» close chain proximity
high alignment

Fig. 1. Comparison between wettability properties of A: phased out systems containing long chain perfluorocarbons; B: less hazardous but also less oriented short
chain perfluorocarbons; C: our proposed concept of short chain monomers stabilized by ionic interactions, resulting in environmentally more acceptable high-

performance surface modifications.
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Conditions: i) Re(CH,).l, neat 72 h, 70 °C; ii) K,CO3 / Sg, MeOH 3h, reflux; iii) Rg(CHa),l, neat 20 h, 110 °C; iv)
AgCl, MeOH, RT; v) Br(CH,)sBr, neat 36 h, 0 to 5°C; vi) Re(CHy),l, MeCN 48 h, reflux

Scheme 1. Summary and conditions of the applied synthetic procedures.

Table 1
Apparent solubilities of the synthesized monomers 1a, 1b and 3b as well as
cross-linkers 2 and 6b in selected solvents in g L™".

la 1b 2 3b 6b
H,0 10 900 - ~8 20
MeOH 360 >1000 180 >1000 >1000
EtOH 650 >1000 100 250 >1000
DMF >1000 30 > 1000 30 >1000
THF - - > 1000 ~2.5 -
Et,0 - - 200 - -
Toluene - - 150 - -
n-Heptane - - - - -

Figure S1 and Table S1). Compared to similar compounds [27], surface
tension values of 1b are markedly higher than expected, especially in
relation to N—H protic congeners. The dimer salt 6b, too, shows rela-
tively high values in comparison to literature [64]. As expected,
monomer 3b, bearing two fluorinated chains, reduces the surface ten-
sion of water most effectively and efficiently (15.04 mN/m at the critical
micelle concentration of 0.29 mmol/1 or 0.025 wt%), thus outclassing
common fluorosurfactants such as PFOA or PFOS.

2.2. Solid-state structures

Despite the generally reluctant crystallization behavior of fluo-
roponytailed compounds, it was possible to confirm the chemical com-
positions of two monomers by single crystal structure determination.
Suitable single crystals of chloride 1b were cropped upon slow vapor
diffusion of diethyl ether into its ethanolic solution at 4 °C. In contrast, a
solid form containing the iodide 1a was obtained after the addition of
equimolar amounts of perfluorooctyl iodide to an ethanolic solution,
resulting in the formation of the c-hole complex 1aeCgF;7I. The asym-
metric unit of 1b contains two formula units (Fig. 2, top left). The
conformation of the alkyl chain of the cation can be characterized in
terms of a sequence of six torsion angles, i.e. N-C-C-C (henceforth
denoted as t;) and C-C-C-C (t; to tg). In the first cation unit of 1b, t; is
gauche and the rest of the chain is all-trans. This chain geometry differs
from that in the other cation unit where t3 is gauche and all other tor-
sions are trans. Additionally, this latter chain is disordered over two
orientations which belong to the same principle conformation. Within
the crystal structure, the fluoroalkyl chains of neighboring cations are
stacked in a parallel fashion. This in turn results in a sequence of
alternating perfluoroalkyl ponytail and polar domains parallel to the ab

plane (Fig. 2, bottom left).

The asymmetric unit of 1aeCgF;7I contains two formula units. Both
independent CgF17I molecules display an all-trans conformation, and the
alkyl chain of one independent cation is also all-trans (Fig. 2, top right).
A slightly different geometry is found in the second cation unit, with t;
(N-C-C-C) being gauche and all of t; to t; being trans. Three of the four
independent perfluoroalkyl chains present in this structure were found
to be disordered between two slightly different orientations. As observed
for 1b, neighbouring fluoroalkyl chains in the crystal structure of
laeCgFy7I are aligned in a parallel fashion. This particular supramo-
lecular arrangement results in alternating perfluoroalkyl ponytail and
polar domains which extend parallel to the ab plane (Fig. 2, bottom
right). The o-hole complex displays halogen bonding between the iodide
counter ion and the 1-iodoperfluoroalkane guest with IeeeI” separations
of 3.366(1) and 3.460(1) A and exemplifies the strong tendency of PFCs
for self-assembly [65], here involving perfluoroalkyl units of opposite
charge

An investigation of a crystal of 3a indicated a monoclinic structure
with the space group symmetry P2;/c. The obtained structure solution is
consistent with the expected connectivity of the compound and shows
an asymmetric unit containing seven formula units. Unfortunately, the
quality of the data was not sufficient to establish a reliable model for the
14 independent and severely disordered —CgF13 chain fragments in this
structure.

2.3. Polymer coatings — SEM imaging and contact angle measurements

To investigate the influences of the synthesized compounds on
structure and wettability of silica surface modifications, coatings I-IV
were prepared. The polymerization was carried out through an in-situ
free radical photoinitiated polymerization. The respective composition
specifics are listed in Table 2. For coatings I, III and IV, the cross-linker
ethylene glycol dimethacrylate (EGDMA) [52] was chosen to examine
the effects of counter ions as well as fluorine content introduced by the
different monomers 1a, 1b and 3b (see Table 2). In order to gage the
influence of the cross-linker on overall performance, for II, fluo-
roponytailed cross-linker 6b was reacted with 1a. To achieve rigid
porous structures, the polymerization mixtures were selected depending
on the solubilities of the monomers, cross-linkers and the
polymer-particles formed through radical polymerization in the early
phase of the process. Of course, the presented systems allow for a much
broader scope of combinations, however optimization of the properties
would have exceeded the scope of this study.
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1a-CgF47I

Fig. 2. Top: Asymmetric units of 1b (left) and 1aeCgF;;I (right). The bottom row shows the corresponding crystal packing arrangements, with each structure being
viewed along the crystallographic a axis. Minor disorder components are omitted for clarity. The helicity (M- or P-configuration) of perfluoroalkyl chains is denoted
by the letters M and P. In 1b, all contacts between perfluoroalkyl chains along their longitudinal axes involve chains of the same helicity (i.e. MM or PP in ab planes).
By contrast, the corresponding contact sequences along the b axis of 1aeCgF;I are PPPM and MMMP.

Table 2
Composition specifics for coatings I-IV.

Entry  Monomer Cross-linker Solvent mixture

I 100 mg3b 100 yl EGDMA 125 pl 1-PrOH/ 125 yl MeCN/ 50 ul H,0
I 100mgla 100 mg 6b 125 pl 1-PrOH/ 125 ul MeCN/ 50 ul H,O
iig 85mgla 100 ul EGDMA 125 pl 1-PrOH/ 125 ul MeCN/ 65 ul H,0
v 100 mg1b 100 yl EGDMA 125 ul 1-PrOH/ 125 pl MeCN/ 50 pl H,0

Radical starter: 10 mg 2,2-dimethoxy-2-phenylacetophenone, EGDMA=
ethylene glycol dimethacrylate.

SEM images of I-IV (see Fig. 3) show that the primary polymerization
particles form aggregates of varying height, creating a very fine, argu-
ably pseudo-hierarchical architecture and resulting in the desired nano-
texture that naturally repels liquids [66]. It is well known that in order to
generate a super-omniphobic surface, its physical structure is absolutely
critical. In fact, through intricate structural engineering, highly omni-
phobic surfaces may be created without relying on any fluorocarbon
chemistry at all [67,68].

In terms of the morphological structure of the monolithic layer, all
coatings exhibit a typical porous scaffold with small globule sizes and
interconnected coalescence of globules to form polymer clusters. Com-
parison of mixtures I — with 3b as monomer — and polymer IV generated
from 1b, shows that the attachment of two fluoroponytails to the
vinylimidazolium core results in a denser structure, which can be
correlated to the higher fluorine content. II with 6b as cross-linker

results in a non-uniform structure, presumably because of steric demand
introduced by the bulky shape of 6b. The presence of iodide in III
enlarged the cavities between the globules, which can be attributed to
both, its negative effect on the polymerization kinetics and phase
inversion [62,63], as well as to its binding to micellar interfaces reported
for similar non-fluorinated imidazolium compounds [69].

The consequences of the different morphologies become noticeable
in the measured contact angles for coatings I-IV, which are listed in
Table 3. All surfaces are superhydrophobic (contact angle > 150°),
which is likely attributable to the liquid-repellant nanostructure of the
polymers as well as to a high degree of side-chain crystallization and
fluorous chain organization. The extreme hydrophobicity is still some-
what unexpected insofar that polyionic species would normally be less
hydrophobic or even, as reported for chloride containing imidazolium
co-polymers [70], hydrophilic. Except for III, all surfaces display diio-
domethane and n-hexadecane angles >150°

Especially coatings I and II display extremely high contact angles for
CHyl, droplets. Expectedly, the richer the monoliths are in per-
fluorinated moieties, the more omniphobic they tend to be: II, having
the highest content of perfluorinated groups, arguably features the best
repellant properties, while III exhibits comparatively poorer ones. In
fact, during determination of the CHyl, contact angle on coating II, the
droplet had to be pressed onto the surface numerous times because it
tenaciously refused to adhere to it (see Fig. 4 and the video file in the
ESI). Comparing I and IV, a similar effect is observable: while both
contain the same amount of a chloride salt monomer, the monomer in I
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Fig. 3. SEM images of coatings I-IV. Primary particles in I and IV are spherical in nature; in II, they are rod-like and in III, they are platelet-shaped.

Table 3
Contact angles for omniphobic coatings I-IV. Numbers in brackets show the
respective standard deviations.

Entry  Contact angle water/ Contact angle CH,l»/ Contact angle Cy6Hz4/
air [°] air [°] air [°]

I 168.96 (1.80) 170.36 (0.68) 151.85 (2.68)
I 168.96 (1.69) 171.83 (0.35) 150.71 (0.48)
I 162.14 (0.39) 147.46 (1.62) 142.98 (0.94)
v 165.27 (0.71) 165.60 (0.45) 150.59 (0.54)

(3b) is doubly fluorinated and observably better suited for creating
omniphobic properties. In reference to IV, the water/air contact angle is
approximately 4° higher, and for CHyly/air contact angles, a 5° increase
is achieved.

In literature, branched C6-C7 fluoroacrylate homopolymer coatings
with water contact angles of 107-117° and n-hexadecane contact angles
of 68-74° [71] are featured. Coatings made from polymers with fluo-
rinated backbones, such as Teflon® AF, are more hydrophobic with 125°
(advancing angle) for water and 69° (advancing angle) for n-hex-
adecane. Pure fluorodecyl polyhedral oligomeric silsesquioxane
(F-POSS) films exhibit good hydro- and oleophobicity with 124°

(advancing angle, water) and 80° (advancing angle, n-hexadecane) as
well [72].

Taking into account that the fluorine content in surface modifica-
tions I-IV is lower than in the examples discussed above, it is apparent
that their extreme omniphobicity is not achieved purely through
chemical composition, rather polymer architecture as well. Interest-
ingly, coatings I-IV exhibit wetting behavior strikingly similar to post-
fluorinated hierarchically structured surfaces such as porous silicon
films [73], grafted silica microparticles [74], alumina nanowire forests
[75] or titanium dioxide nanotubes on titanium micropillars [76], while
being significantly simpler to manufacture.

3. Conclusions and outlook

In line with growing global scrutiny towards bioaccumulative long
chain PFCs, we were intrigued to design a new generation of environ-
mentally more acceptable, non-volatile C6-fluorosurfactants. Such
paradigmatic assortments of monomers, cross-linkers and polymers
around 1-vinylimidazole and related heterocycles represent a versatile
systematic starting base, even though less than six carbon atoms per unit
still need to retain some of the unique features of longer perfluoroalkyl
chains [77]. Notably, in the realm of imidazoles, exhaustive substitution

<)

Fig. 4. a) CH,l, droplet, suspended from a needle, moving towards surface coating II. b) droplet is pressed down onto the surface. ¢) instead of adhering to the

surface, the droplet sticks to the needle and moves upwards with it again.
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chemistry is straightforward and equals less affordable concepts of
ecological compatibilisation such as fluorous short-chain branching [78]
since the small organic core can be considered a crowded nodal point on
its own. Moreover, it is foreseeable that the applicative indispensability
of the fluorous effect in various high-end fields will give rise to signifi-
cantly more exceptional scientific outcome [79].

4. Experimental
4.1. Monomer synthesis and solubility data

Reagents and solvents were purchased from Sigma-Aldrich, Merck or
Fluka in the highest purity available and used as received unless stated
otherwise. 1H,1H,2H,2H-Perfluorooctyl iodide, when applied in excess,
can be recycled via distillation and reused. 3C and 'H NMR spectra were
recorded with a Bruker Avance DPX 300 spectrometer. FT-IR spectra
were measured with a Bruker ALPHA-P FT spectrometer in ATR mode.
Cross-linker intermediate 4 was prepared according to literature [61]
with slight modifications; the modified procedure was already described
in a similar project [51]. Structures of imidazoline thiones 2 and 5 were
determined using single crystal X-ray diffractometry and were recently
discussed in detail in independent data communications [80,81]. For
convenience, procedures and characterizations for all required com-
pounds are summarized in the Supporting Information.

A simple, approximative solubility-study was conducted for mono-
mers 1a, 1b and 3b as well as for intermediate 2 and cross-linker 6b (see
Table 1). Specifically, the compounds were added to 10 mL of solvent in
10 mg increments at room temperature (25 °C) and stirred until the
liquid phase was saturated and a solid residue was visible.

4.2. Single crystal structure determination

Diffraction intensity data were recorded with a Bruker D8 Quest
Photon 100 diffractometer using MoKa (1 = 0.71073 10\) radiation. The
crystal structures were solved by direct methods and refined by full-
matrix least-squares techniques [82,83].

laeCgFy7I  [(C13H1oF13N2)'I™ e  GCgFyyIl:  empirical formula
Co1H1oF30IoNy; formula weight 1114.11; T = 210(2) K; triclinic space
group P1; Z = 4; unit cell parameters a = 7.0304(3) [o\, b =19.2345(8) 10\,
¢ = 25.3712(12) A, a = 89.5480(10)°, p = 85.7730(10)°, y = 87.9540
(10)°, V = 3419.3(3) AB; 55,435 reflections collected; 12,433 indepen-
dent reflections (Riy¢ = 0.0331); R1 [I > 26(I)] = 0.0689; wR2 (all data)
= 0.2066.

1b [(C;3H;0F13N2) T C17]: empirical formula G;3H;oCIF;3No; formula
weight 476.68; T = 173(2) K; triclinic space group P1; Z = 4; unit cell
parameters a = 6.1826(7) A, b = 10.6109(13) A, ¢ = 26.966(3) A, a =
82.021(3)°, p = 87.902(3)°, y = 86.111(3)°, V = 1747.2(4) A3, 29,913
reflections collected; 6406 independent reflections (R = 0.0404); R1 [I
> 20(D] = 0.0633; wR2 (all data) = 0.1691.

CCDC 2079139-40 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from the
Cambridge Crystallographic Data centre viawww.ccdc.cam.ac.
uk/data_request/cif.

3a [(C21H13F26N2S)I7] (unit cell data only): T = 183(2) K; mono-
clinic space group P21/c; Z = 28 and Z’ = 7; unit cell parameters a =
31.428(3) A, b = 12.0843(10) A, ¢ = 60.106(5) A, a =y = 90°, p =
99.596 (3)°, V = 22,508(3) AS,

4.3. Surface tension measurements

The surface tension of aqueous solutions of selected monomers was
recorded using the drop shape analysis instrument Kruess DSA25E,
equipped with illumination, a height adjustable desk, video camera and
Advance 1.4.2 software (Kruess, p-Hamburg, Germany). Using the
pendant drop technique at ambient conditions (24-25 °C, 20 RH%), the
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surface tension of all aqueous solutions was measured in series of 10
drops each. The drop was suspended from a needle (outside diameter:
1.83 mm) and the drop volume increased by a dosimeter. A recom-
mended B-value (0.4 to 0.6), computed constantly by the software,
allowed for a proper adjustment of the drop volume.

4.4. Sample pretreatment and polymer synthesis

Glass priming and monolithic layer preparation were carried out
according to published procedures [52,53].

Glass priming: The glass plates were rinsed with acetone and Hy0,
activated with aqueous NaOH (0.2 M; 30 min), washed with H,O fol-
lowed by immersion in hydrochloric acid (0.2 M; 30 min), then again
washed with HyO and finally washed with acetone. Thereafter, the
plates were dried at 60 °C for 1 h. Glass surface activation was achieved
by immersion in a solution of 3-(trimethoxysilyl)propyl methacrylate
(20 vol.%) in 95% EtOH (pH adjusted to 5 with HOAc) for 2 h. The
modified plates were washed with EtOH and dried for 24 h at RT.

Preparation of the monolithic layer: A Teflon gasket with a desired
thickness ranging from 50 to 150 um was placed on top of the modified
glass plate, covered with another glass plate and clamped. The different
polymerization mixtures were prepared according to Table 2 and
ultrasonicated by means of an ultrasonic bath (5 min), before they were
transferred into the assembled mold using a syringe and exposed to UV
light for 30 min using a 254 nm lamp (8 x 8 W lamps; UVP CX 2000 UV
Crosslinker, Cambridge, UK). After the polymerization process was
complete, the mold was disassembled. The monoliths attached to the
plate surface were washed with MeOH and placed in a beaker filled with
MeOH for 2 h, then air-dried to give samples I-IV.

4.5. Contact angle measurements

The contact angles of the coatings were recorded using the drop
shape analysis instrument Kruess DSA25E in combination with a height-
adjustable desk, video camera and Advance 1.4.2 software (Kruess, p-
Hamburg, Germany). All experiments were performed under ambient
conditions (24-25 °C, 20% room humidity). The contact angles of all
coatings were measured in series of 3 drops each. The drop was sus-
pended from a needle, using different volumes of water, hexadecane and
diiodomethane. As fit method, the Young Laplace method was used.
Obtained results and standard deviations are listed in Table 3.

4.6. SEM imaging

SEM pictures were taken with a JEOL JSM-6010 LV scanning elec-
tron microscope equipped with an energy dispersive detector (BRUKER,
software: Esprit 1.9). All samples were sputtered with gold before being
viewed under the microscope.
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