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ABSTRACT: Poly(2-oxazoline)s (POx) bearing an aminophenyl end group were
synthesized by cationic ring-opening polymerization, the polymers were then
carefully characterized by NMR, size exclusion chromatography and differential
scanning nano calorimetry. The electroreduction of the diazonium salts of aniline
terminated poly(2-methyl-2-oxazoline) (PMeOx) and poly(2-n-propyl-2-oxazoline)
(PnPrOx) from aqueous solution on indium tin oxide (ITO), gold (Au) and through a
two-dimensional poly(styrene) (PS) template has been investigated. On all
substrates, ultrathin layers of polymer are grafted and deposited. Modified surfaces

were characterized by electrochemistry, scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS) and
atomic force microscopy. Nanoporous honeycomb POx structures have been obtained thanks to the electrochemical growth
in the interstitial spaces between self-assembled PS spheres. Finally, the wettability of the surfaces depends markedly on the
chemical nature of the POx, with contact angles of 32° and 70° for modified surfaces with PMeOx and PnPrOx.

INTRODUCTION

Surface modification has been widely addressed in
corrosion protection®?*? smart coatings,*>®’ sensing and
biomedical applications.2>1% Adsorption of thiol-organic
compounds onto a gold surface was revealed to be an easy
strategy to form self-assembled monolayers that could be the
base for further building more complex structures''-12 This
easy process is however hampered by the poor stability of
such layers in harsh conditions, especially in oxidative or
reductive media®® In the case of SiO, surface, the silane
chemistry is the most common process used.'*'S Both
chemistries have been extended to other metal and oxide
surfaces modifications. Grafting a poly(aryl) based layer
using diazonium salts reduction is another strategy that
could be used for surface modification of many substrates
(metallic, semi-conducting, polymer, diamond, carbon
nanotubes ...) 101718 This grafting chemistry relies on the
formation of aryl radical from diazophenyl derivatives, able
then to react with any surface. Formation of the aryl radical
was firstly ensured by electroreduction!®!’” but it was later
shown that ultrason, UV and visible light could also be used
to generate the reactive phenyl radical.’®?%2! This grafting

chemistry offers an ease of preparation, a large choice of
available reactive functional group and a strong aryl-surface
bonding. The structure of the aryl film can however be
complex: the reactive aryl radical reacts on the surface, but
also on the first grafted aryl residues. The resulting organic
layer is then composed of many aryl layers with total film
thickness ranging from few nm, when the deposited film is
insulating, #2232* to um when it incorporates redox active
groups acting as electronic relay during electrochemical
reduction.?>2627 Several strategies have been proposed to
limit the growth of multilayers. Among them, the use of
sterically hindered aryl derivatives such as 3,5-bis-tert-butyl
benzenediazonium salts?8, of diazonium salts derived from
inorganic complexes?>3° or bearing bulky protective groups
31 the use of ionic liquids3? or of radical scavengers.333435

Grafting saturated polymers on surfaces is an important
coating strategy for protective issue of the surface,
antifouling properties, controlled wettability, chelating
surfaces, molecular imprinted polymer grafts, to name but a
few of the most frequent targeted properties. 3¢37:38 Polymer
chemisorption, i.e. the grafting of a polymer chain on a
surface via a covalent bond, has been found to be more
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resistant than physisorption and the grafting can be ensured
via various strategies: a “grafting from” strategy consisting of
a polymerization of a monomer from a small initiator already
grafted on the surface, or a “grafting onto” method issued
from the grafting of a premade polymer onto a surface via a
chemical reaction. The “grafting from” method requires an
efficient initiation reaction with a fast kinetic of the
propagating step that essentially limits the polymer “grafting
from” approach to radical chemistry. In this respect, most of
the work dedicated to formation of polymeric monolayer on
a surface using the diazonium salt chemistry relies on
building a first functional aryl layer on which initiation
functions are grafted to start the growing of polymer chains
from the surface.?® Grafting brominated aryl layers on
surfaces enabled the use of atom transfer radical
polymerization to control the molar mass of the grafted
polymer layers and to provide very dense polymer layers.*04!
This grafting strategy was for example applied to
methacrylate, N-isopropylacrylamide, vinylpyridine or
styrene monomers*?. Homopolymer grafts from R-tert-
butoxy-w-vinylbenzyl-polyglycidol (PGL) were prepared on
gold and stainless steel substrates modified by 4-benzoyl-
phenyl moieties derived from the electroreduction of the
parent salt 4-benzoylbenzene diazonium tetrafluoroborate.

Grafting onto is an alternative strategy in which a first aryl
layer bearing various coupling groups is deposited on a
surface and a premade polymer is attached on this layer in a
second step. Several examples can be found in the litterature.
The attachment of carboxyphenyl groups to the iron surface
by reduction of the diazonium salt of 4-aminobenzoic acid
and the further attachment of poly(1,2-propanediyl
fumarate) to the phenylcarboxylate functions through ionic
bonds with Mg?*ions was reported thirty years ago.*
clicking macromolecules to grafted, diazonium salt-derived
aryl layers was shown to be a simple and valuable approach
for designing robust, functional surface organic coatings.44
Grafting long PEG oligomers or commercial surfactants by a
reaction of the linear polymer with a premade aryl layer was
recently reported.*> Functional polymers bearing diazonium
terminal group have also been synthesized, and then grafted
onto the surface. Low molar masses oligomers of
tetra(ethylene oxide) derivatives have been used with this
coupling chemistry*® in order to generate surface modulation
of single-walled carbon nanotubes for selective bacterial cell
agglutination. .

Polypyrrolidone, polyglycidol or polyoxazoline have
recently be proposed to replace PEG for various reasons
ranging from Dbetter fouling properties?” to higher
biocompatibility.#® Polyoxazoline was recently widely
developed for biological applications, and revealed a high
potential for PEG substitution in every application related to
medical science and surface coating.*

Grafting from polymerization of 2-ethyl-2-oxazoline on a
surface was reported by Jordan et al. as early as 19985%51, The
initiator was first linked to the surface using the thiol-gold
chemistry, then a grafting from polymerization of 2-ethyl-2-
oxazoline was conducted to provide a polymer monolayer
with a high estimated grafting density. Linear or cyclic
polyoxazolines were grafted onto surfaces using thiol
chemistry®2,53 or polyelectrostatic interactions.5*

Quite large molar masses of polyoxazoline could be grafted
on various surfaces, however, the long-term robustness of
the anchoring could be questioned. Surprisingly, the grafting
of polyoxazoline from polymers bearing diazonium end
groups has never been reported, while this versatile strategy
represents an original way to coat any surface by polymers
through robust aryl covalent anchor.

In the present work we will first describe the one-pot
synthesis of aniline end-functionalized polyoxazolines,
thanks to a controlled termination reaction between 1-(4-
aminophenyl)piperazine and the oxazolinium function of the
growing polyoxazoline chains. This reaction will be
investigated for two series of oxazoline monomers, i.e. 2-
methyl-2-oxazoline (MeOx) and 2-n-propyl-2-oxazoline (n-
PrOx). Then grafting of the polymers on a gold surface using
the electro-reduction of in situ formed diazonium reactive
functions from the terminal aminophenyl groups born by the
polymers with various molar masses was studied. The effect
of the LCST of the poly(2-n-propyl-2-oxazoline) onto the
grafted polymer layer will be investigated.

RESULTS AND DISCUSSION

Synthesis of PMeOx and PnPrOx

Oxazoline monomers were polymerized in acetonitrile at
80°C, conditions that were reported to provide controlled
polymerizations.>>5¢ Allyl bromide was selected as initiator in
order to enable a fast and complete initiation reaction (Figure 1).
For all the experiments, targeted degrees of polymerization (X,),
calculated from initial molar concentrations ratio [M]o/[A]o (i.e.,
assuming quantitative initiation), were deliberately set between
30 and 60. So chain ends could be easily characterized by 'H
NMR for the termination reaction investigation. 1-(4-
aminophenyl)piperazine was selected as the quencher to
provide polyoxazolines with aminophenyl chain-ends.
Assumption was made the secondary amino function of the
piperazine derivative would react much faster than the aniline

function with the oxazolinium growing chain ends.
| \/\Br

) /\
n C)Z/R /_A\CN, seoc \\—{N_/):N\_/NAO*NHz
2 NH\_/N—<i>>NH2 R_<o

20°C

OY O.
i »
\/9; \/%
poly(2-methyl-2-oxazoline)
(PMeOx)

poly(2-n-propyl-2-oxazoline)
(PnPrOx)

Figure 1. Cationic Ring-Opening Polymerization of 2-alkyl-2-

oxazolines (MeOx or n-PrOx)

First polymerizations of MeOx were conducted for 24 hours at
80°C (Table 1) and the quenching time by 1-(4-
aminophenyl)piperazine was set to 66 hours, with a
quencher/initiator ratio between 1.2 and 5. NMR analyses of the
reaction media revealed a complete monomer conversion within
the 24h. Using the unsaturation signal at 5.23 ppm witnessing
the allyl end chains and the monomer unit signal at 3.44 ppm, the
NMR degrees of polymerization were determined on the purified
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polymers spectra. The functionality of the polymers was
calculated comparing the intensity of the piperazine cycle
methylene protons at 3.05 ppm and 2.66 ppm and the intensity
of the unsaturated protons at 5.80 ppm. In our first trial, the
conditions used (1.2 eq. of quencher / initiator) led to only 46%
of functionalization by the aminophenyl group (run 1), while a
quencher/initiator ratio equal to 5 enabled to obtain a
functionality equal to 79% (run 2). Probably a quencher excess
higher than 5 would enable to obtain a quantitative
functionalization. Nevertheless, this rate is sufficient for the
targeted application, since after the grafting step, the surface was
washed, suppressing the non functionalized chains. The
chemical structure of the synthesized polymers was confirmed
by 1D (Figure 2) and 2D NMR analyses (COSY, HSQC and DOSY
NMR, Figures S1 to S3). The DOSY experiments showed the
covalent bond between the polymer and the piperazine
derivative, since all the NMR signals broadcasted at the same
speed. The polymers had diffusion coefficients (Table 1) in the

ACS Applied Nano Materials

range of 2.10'1° m2s! that was much lower than the value
determined in the same conditions for 1-(4-
aminophenyl)piperazine. The latter was equal to (1.34t
0.01).10° m?s'L. The functionalization of the chains was also
highlighted by Size Exclusion Chromatography (SEC), since an
overlap of the RI and UV signals was observed (Figure S4). This
result indicated that all the chains contained a piperazine group.
However, the SEC chromatograms showed a shoulder towards
high elution volume, whose intensity increased with decreasing
quencher/initiator ratio. The molar mass of this population was
twice as high as the main population one. These results suggest
that a small fraction of growing chains is deactivated both by the
piperazine and aniline end chains of 1-(4-
aminophenyl)piperazine. Note that these chains are eliminated
during the washing of the grafted surface. This issue is solved by
increasing the excess of quencher. With an excess of 5 (Table 1,
run 2), the degrees of polymerization determined by SEC and
NMR are in good agreement with the theoretical value.

Run?  [M]y/[A]¢/[Q]0? Conv¢ X, o X NMR® X, sect bf Fe Diff. Coefh
(%) (%) (m?.s™)
1 60/1/1.2 98 58 95 81 1.26 46 (22+0.1).101°
2 55/1/5 99 54 66 64 1.25 79 (2.0+0.1).101°

2Solvent : ACN, Temperature: 80°C, Quench time: 66h, 4 [A]y, [M]y, [Qlo : respectively initial initiator, monomer and quencher concentration, [M],= 1.5

mol.L"!, *®Monomer conversion determined from the medium reaction by 'H NMR in CDCl, X, 4,= [M], x Conv / [A]y, ¢ Determined by 'H NMR from allyl
end chains, “Determined by SEC (DMF, 60°C, PMMA standards), £ fonctionnalization ratio determined by 'H NMR, “Diffusion coefficient determined by

DOSY NMR.

Table 1 : Experimental Conditions and Molecular Characteristics of PMeOx

cocl,

a f g hi
Y d|
b MNooN NH
dﬂ‘
e\<
)

i f 9
o b a 5 n o
h'2 o Ie] > e o
© ~ ~ p e} ~
o S S |
1 . nban,
Ry — — /T [l —
~ n
o o o ™ < 0 n n ~
L 0 < - © © N < N
— - — ~ ~ N ~ o ~
———— T T T T T T T T T T T T T T T T
76 74 72 7.0 68 66 64 62 6.0 58 56 54 52 5.0 ‘?lﬂ( 4.5) 44 42 40 38 36 34 32 3.0 28 26 24 22 20 18
ppm:
a\ f g hi I
d| / CDCl
b i N@NHZ ’ e
| nh—v
e d
i
d
|
c
a i
b h L 9 J
A J L " "
L ® b [ N !
@ © < < © n oo —
o I o0 3 ! ©AN™ —
~N ™ — - ~ mMm o un —
— — — ~ n < ~
17

160 150 140 130 120 110

3

100 %
f1 (ppm)

~

30

m
8
N
3
o
3
8
2
3

Figure 2 : 'H and '3C NMR of PMeOX (Table 1, run 2) recorded in CDCl; at 20°C.
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A ratio [Q]o/[A]o equal to 5 was then used to synthesize
poly(2-n-propyl-2-oxazoline)s (PnPrOx). Data are collected
in Table 2. The structure of the polymers was confirmed by
NMR (Figure 3A and Figures S5-S6). Once again, the covalent
bond between the polymer chain and the quencher was
highlighted by SEC (Figure 3B) and by the measurement of
the diffusion coefficients by DOSY NMR (Figure 3C). In this
set of experiments, an excess of quencher equal to 5 was
sufficient to obtain a complete functionalization of the
chains during the termination step and no shoulder was
observed in the SEC chromatograms, suggesting a high
control of the polymers structure. This point is in agreement
with the lower dispersities and the lower standard
deviations of diffusion coefficients respectively obtained in

SEC and NMR (Table 2). This kind of polymers is known to
have a lower critical solution temperature (LCST). The LCST
values determined by nanoDSC are about 25°C ([PnPrOx] =5
mg/mL). A small variation was noted according to the
polymerization degree of the sample (X, sec = 38 or 64). The
values obtained in this study are close to the published
values.’”58 For example, a LSCT of 30°C was mentioned for a
polymer with methyl and alcohol end-chains and with a X,
equal to 60.57 The more hydrophobic aminophenyl group
induced a slight decrease of the LCST value in the present
case.

Page 4 of 10

. toolym® Conv? . . Fh Diff. Coef i LCST
Run® M]y/[A]o/[Qlo M) %) X X, NMR X sect bs %) (mZ.s1) CO)
3 32/1/5 24 94 30 48 64 1.06 95 (1.94+0.04).10°10 23
4 40/1/5 48 98 39 40 38 1.10 100 | (2.42+0.06).10°10 26

2Solvent: ACN, Temperature: 80°C, Quench time: 66h, ?[A],, [M]o, [Q]o: respectively initial initiator, monomer and quencher concentration, [M]o=1.5 mol.L"!,

¢polymerization time, 9 Monomer conversion determined from the medium reaction by 'H NMR in CDCl;. ¢X,, 4= [M]yx Conv / [A]y,. © Determined by 'H
NMR from allyl end chains. £Determined by SEC (DMF, 60°C, PMMA standards). #fonctionnalization ratio determined by 'H NMR. ‘Diffusion coefficient
determined by DOSY NMR.

Table 2 Experimental Conditions and Molecular Characteristics of PnPrOx
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Figure 3: PrPrOX (Table 2, run 4): A) 'H and *C NMR in CDCl; at 20°C; B) SEC trace: RI (red), UV (purple) at A = 254 nm; C) DOSY
NMR in CDCl; at 298 K
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Electrografting:

PMeOx was grafted by the electrochemical reduction of
diazonium salts on various electrodes (Gold, ITO, ITO bearing
gold nanotriangles). As an example, Figure 4 shows the
electrochemical grafting performed in acetonitrile by cyclic
voltammetry. The diazonium salt was generated in situ from
PMeOx-aminophenyl in the presence of tBuNO;. The recorded
CV displays irreversible reduction waves at-0.09 V and a broad
reduction current from 0.3 to -0.8 V, associated with the
reduction of PMeOx diazonium. During subsequent cycles, the
intensity of the cathodic current decreases. Similar behavior
has been observed during the reduction of in situ generated
aryldiazonium cations.>® This behavior is attributed to the
progressive modification of the electrode by the formation of
an insulating organic film, which partially blocks the surface in
the 0.45 to -0.8 V potential range. The electrochemical
reduction of the other polymers PnPrOx, behaves similarly,

-20 4
-40 4

-60 4

Current (uA)

-80 4

-100

T T T T T T T T T T
-0,8 -0,6 -0,4 -0,2 0,0 0,2 0,4

Potential (V)

Figure 4 Cyclic voltammogram of PMeOx electrografting by
electroreduction of the associated diazonium (5 x 10 M in ACN
with 20 eq of tBuNO; and 0.1 M of TBAPFs on ITO electrode
Scan rate 0.1 V/s

600 -
400

200

Current (uA)

-200

-400 4

-600 —
01 02 03 04 05 06

Potential (V)

Figure 5 CVs of ferrocene (103 M in acetonitrile with 0.1 M
LiClO,) at 100 mVs! before (black line) and after grafting of
PMeOx on ITO electrode
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The blocking effect of the deposited layer was investigated
using redox probes in solution. The voltammogram of
Ferrocene (Fc) in ACN solution on ITO electrode was recorded
(Figure 5) before (black) and after (red) PMeOx
electrografting. A strong decrease of the current of ferrocene is
observed on the modified ITO electrode. This confirms that a
compact film has been deposited on all the ITO surface which
is covered by the polymer.

XPS analysis was also used to analyze the surface composition
of the generated film. To do so, we deposited the various films
on a1 cm? gold electrode.

8x10° 4

| Auaf 1ox0{ N18
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Figure 6 High-resolution XPS spectra of a gold surface, before
(blue) and after (orange) polymer electrografting. a) high
resolution Auys signals, b) high resolution N signal

Figure 6 displays the high-resolution XPS signal for Au4f
(peaks, around, 84 and 88 eV Figure 6a) and the high-
resolution XPS signal for N1s (peak around 400 meV Figure 6b)
obtained on the Au modified surface. Several major differences
can be observed in the XPS spectra before and after
electrochemical grafting. First, the gold signal decreases after
the reduction of diazonium, in comparison with the bare
substrate, which indicates the formation of an organic layer.
Second, the detection of the Au XPS signals, in the survey
spectrum is an indication of rather thin film, below 10 nm.
Third a nitrogen signal appears after polymer deposition.

Ratio theoretical experimental
O/N 0.96 0.94

o/C 0.05 0.03

N/C 0.17 0.15

Table 3 Summary of XPS results

Table 3 summarizes the experimental and theoretical ratios of
the different elements observed on the grafted surface. The
ratio O/N found by XPS analysis (0.94) is in very good
agreement with the theoretical composition of the PMeOx if
immobilized on the surface (0.96). N/C and O/C ratios are also
in very good agreement with theoretical ratios which confirms
that a thin film of PMeOx is grafted on the gold surface.

Measuring the thickness of such film is not easy and was done,
in this study using nanosphere lithography combined with
PMeOx diazonium salt electroreduction. 23;29,0 A monolayer of
PS spheres (500 nm diameter) was first deposited on a ITO
surface using an already published procedure.t’ PMeOx
diazonium salt electroreduction was then performed on these
nanostructured electrodes and grafting confined in the free
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space between adjacent nanospheres. PS Spheres were then
removed in THF under ultrasonic conditions and the generated
surface was studied by SEM and AFM. Figure 7 shows that the
surface consists of nano-hole array hexagonally organized on a

large area. Indeed, after the removal of the spheres, the SEM
image shows white circular spots, organized in a honeycomb
arrangement, within dark areas. The apparent diameter of
each white spot is 200 nm, corresponding to the area
previously occupied by the PS spheres. The center-to-center
distance between two adjacent circular spots is 500 nm and
corresponds to the diameter of the spheres used. This clearly
confirms that the spheres are close-packed, with an organized
2D layer acting as a mask for diazonium electroreduction. The
surfaces after bead dissolution consist clearly of a hexagonal
organization of nanometric holes in a layer of grafted poly(2-
methyl-2-oxazoline)s. Free ITO areas are clearly visualized as
white spots in the SEM image of the modified surface.

100 nm 4,

Figure 7 A) SEM image. B) AFM image of nano structured array
of e Polyoxazoline layer on ITO obtained using 500 nm diameter
PS sphere

The topology and morphology of the nanostructure on the ITO
surface was further characterized by AFM (Figure 7B). Holes in
the PMeOx layer are now seen as dark spots and the
honeycomb arrangement in nano-hole arrays is clearly
observed. The AFM topographies exhibit brighter areas where
PMeOx grafting took place and show a local morphology with
small protuberance likely indicating that the grafted polymer
self-aggregates which yields to a high local roughness when
compared to similar surface deposited from diazonium
grafting using smaller molecules.?3,2° Figure 8 shows an AFM
image of a larger area along with the line profile. It shows an
average hole height between 3 and 5 nm and confirms that the
PMeox film is ultrathin and that due to the steric hindrance of
the long polymer chains, thick multilayers are not obtained.
Note also that thicknesses measured by AFM are coherent with
those deduced from Au XPS signal.

80
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60

E 500 i
a | [
a0 M
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00 03 05 08 W.Bm 13 15 18 20

Figure 8 A) AFM images. B) line profile along the red line of the
PMeOx nano structured layer on ITO obtained using nanosphere
lithography (500 nm diameter PS sphere)

Next, the contact angles of water on various PMeOx and
PnPrOx modified gold electrodes, generated by cyclic
voltammetry were measured and compared. Films generated
from PMeOx-aminophenyle, run 1 and run 2 (Table 1), in the
presence of tBuNO, in AcN are characterized by water contact
angle of 32° and 55° respectively, i.e. smaller than the 83°
contact angle measured on the Au bare surface. PMeOx
modified surfaces are thus more hydrophylic that bare gold
because of the hydrosoluble properties of the grafted polymer
and increasing the chain length (between run 1 and run 2)
decreases the contact angle. On PnPrOx-Au modified surface
the contact angle reaches 70° (Figure 9). These results are in
good agreement with the chemical proprieties of
polyoxazolines as it is known that PnPrOx is less hydrophilic
then PMeOx. Overall, the variations of the contact angles after
the electrografting process indicate that the hydrophilic
polymers are grafted on the surface.

Au g fa PMeOx PnProx

Figure 9 Wettability of, a) Au surface, b) Au modified by PMeOx,
c) Au modified by PrPrOx

Finally, PMeOx was also grafted on arrays of gold triangle
deposited by nanosphere lithography on ITO. SEM image of
such substrates are given as Figure S7 These substrates show
localized surface plasmon resonance (LSPR) at 800 nm. The
wavelength of such LSPR is known to be highly sensitive to the
surrounding medium with a red shift when an organic material
with dielectric constant above 1 is deposited on the
nanotriangles. Figure S8 shows that wupon PMeOx
electrografting the LSPR of the gold nanotriangle red shift from
824 nm to 854 nm which again clearly demonstrates that an
organic layer has been deposited on the gold Nps. 2062,

In summary, several poly(2-oxazoline)s bearing an
aminophenyl end group were synthesized by cationic ring-
opening polymerization and carefully characterized. The
electrografting of these polymers in acetonitrile solution on
indium tin oxide (ITO), gold (Au), through a two-dimensional
poly(styrene) (PS) template or on ITO bearing gold
nanotriangles (AuNPs) were demonstrated. On all substrates,
ultrathin layers of polymer are obtained. Nanoporous
honeycomb POx structures have been obtained thanks to the
electrochemical growth in the interstitial spaces between self-
assembled PS sphere. The effect of POx grafting on the
plasmonic properties of AuNPs was reported and the
wettability of the surfaces was shown to markedly depends on
the chemical nature of the POx. On a more general point of view
this study demonstrates that surfaces modified by poly(2-
oxazoline) can be easily obtained which could be of
tremendous interest in order to replace PEO coatings for
various applications using biocompatible surfaces.

EXPERIMENTAL SECTION

1. Materials

2-methyl-2-oxazoline (98%, Aldrich), 2-n-propyl-2-oxazoline
(98%, TCI), allyl bromide (97%, Aldrich) and acetonitrile
(VWR) were dried over CaH, before wuse. 1-(4-
aminophenyl)piperazine (97%, Aldrich) and N-
dimethylformamide (anhydrous, 99.8%, Aldrich), methanol
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were used without further purification. Deuterated chloroform
was purchased from Euriso-TOP. Dialysis membranes used
were Biotech Cellulose Ester membranes with a 500 Da cutoff
pore size (Spectrum Labs).

2. Instruments
NMR spectroscopy

1H and 3C NMR analyses were performed on a Bruker Avance
300 or 400 MHz spectrometer. All spectra are internally
referenced to residual proton signals of the deuterated solvent
(CDCl3). The Diffusion-Ordered SpectroscopY (DOSY)
experiments were carried out at 298 K on a 400 MHz
spectrometer using the ledbpgp2s.mod pulse sequence with a
linear gradient of 16 steps between 5% and 95%. The
maximum field gradient strength was equal to 5.54 G.mm-.
Before each diffusion experiment, the length of the gradient &
and the diffusion time A were optimized. The software used for
data analysis was Topspin. The used mathematical treatment
of the data was previously described.®3

Size Exclusion Chromatography (SEC)

Polymer molar masses were determined by SEC using DMF
(containing 1 gL lithium bromide). The analyses were
performed at 60 °C, and at a flow rate of 0.8 mL.min}, at a
polymer concentration of 5 mg.mL after filtration through
0.22 pum. The steric exclusion was carried out on two PSS GRAM
1000 A columns (8 x 300 mm; separation limits: 1-1000
kg.mol!) and one PSS GRAM 30 A (8 x 300 mm; separation
limits: 0.1-10 kg mol!) coupled with three detectors (Viscotek,
TDA 305), a differential refractive index (RI) detector and an
UV detector). The OmniSEC 4.6.2 software was used for data
acquisition and data analysis. The number-average molar
masses (M,), the weight-average molar masses (M,,), and
dispersity (P=M,,/M,) were determined with a calibration
curve based on narrow poly(methyl methacrylate) (PMMA)
standards (from Polymer Standard Services), using the RI
detector.

Nano DSC

Thermograms were measured using a N-DSC III instrument
from TA Instruments. The reference cell was filled with water
and the sample cell (0.3 mL) with the polymer solution. The
capillary cells were not capped, and a constant pressure of
6.10° Pa was applied. A baseline scan (solvent in both
reference and sample cells) was systematically performed in
identical conditions and subtracted from the sample scan.
Transition temperature was measured as the average of
heating and cooling scans, at a scan rate of 1 °C/min.

XPS analysis

XPS analysis was performed using Kratos AXIS XPS with Al Ka
radiation and depth profiling with a 4 kV Ar* beam at 5.10-10
Torr. Deposition of PMeOx and PnPrOx layer was achieved
using the same procedure as that for cited before. Survey and
high-resolution spectra for C, N, O, and Au were obtained
initially and after polymers grafting. CasaXPS software was
used for deconvolution of the XPS spectra using a Shirley
baseline and Gaussian-Lorentzian line shapes.

Atomic Force Microscopy (AFM) and Scanning Electron
Microscopy (SEM)

AFM experiments were carried out in the tapping mode. Silicon
AFM probes (Tap300-G), with a stiffness constant of 40 Nm!
and a resonance frequency of 300 kHz, were used. SEM
experiments were carried out using a Zeiss supra 40
apparatus.

ACS Applied Nano Materials

Localized Surface Plasmon Resonance (LSPR) Extinction
measurements were carried out with an Ocean Optics HR 4000
UV-vis spectrophotometer (optical resolution: 0.3 nm)
coupled with a fiber-optic system which made it possible to
analyze an area of 80 um x 80 pm.

3. Polymerizations of 2-methyl-2-oxazoline and 2-n-
propyl-2-oxazoline. PMeOx and PnPrOx were synthesized via
cationic ring-opening polymerization using the same operating
conditions: polymerizations were carried in acetonitrile (ACN)
at 80°C under nitrogen and the initial monomer concentration
was set to 1.5 mol.L L. The procedure was detailed for run 2 of
Table 1. In a glove box under a nitrogen atmosphere, 20 uL
(2.31.10* mole, 1 eq) of allyl bromide, 7.4 mL of ACN and 1.08
mL (1.27.102 mol, 55 eq) of MeOx were successively
introduced a schlenk flask equipped with a magnetic stirrer.
The polymerization was stirred at 80 °C for 24 h, then
quenched at room temperature by adding an excess of 1-(4-
aminophenyl)piperazine (205 mg, 1.16.10 mole, 5 eq,
dissolved in 3 mL of ACN). The mixture was stirred for 66h. The
solvent was then evaporated and the polymer was dried in
vacuum overnight at 50°C, yielding a solid product. This
product was solubilized in methanol and dialyzed against
methanol for 8h to remove the quencher excess. The monomer
conversion was determined from reaction medium before the
solvent elimination by 'H NMR spectroscopy, while molar
masses were determined from purified polymer by SEC and 'H
NMR.

4. Elaboration of the Polystyrene Nanosphere Mask
Monodisperse carboxyl-terminated polystyrene (PS) spheres
with diameters (D) of 500 nm were purchased from
MicroParticles GmbH as 10 wt% or 5 wt% suspensions in
water. Self-assembled PS masks were formed on GC or ITO
surfaces as follows: the suspension of PS spheres was first
diluted in ethanol/Milli-Q water (1:1) in order to obtain a 2.5
wt% suspension. Then a 10 mL droplet of the dilution was
spread onto a glass microscope slide, which was tilted by 458
into a glass crystallizing dish containing 30 mL of Milli-Q water
and 10 mL of a 2 wt% solution of sodium dodecyl sulfate (SDS)
in water. The PS spheres slid down onto the water surface,
where they formed a close-packed monolayer after a few
minutes. In a final step, this stable film of PS spheres was
slowly transferred onto a clean hydrophilic GC or ITO
substrate (the substrates were made hydrophilic by sonication
for 1 h. in a H20:NH40H:H202 (5:1:1 v/v) cleaning solution).
Monolayers of quasi-perfect hexagonally close-packed PS
spheres with areas up to a few square centimeters were easily
obtained. Before using these substrates for electrografting of
the organic layer, they were rinsed with large amounts of Milli-
Q water with stirring for 2 h. at 60°C in order to reduce the
concentration of SDS at the surface.

5. Electrografting of the Organic Layer

The grafting of the organic layer was performed by cyclic
voltammetry (CV) using a conventional three-electrode
electrochemical system. A saturated calomel electrode (SCE)
was used as the reference electrode and the counter-electrode
was a stainless steel mesh. The previously synthesized, PMeOx
end PnPrOx, was dissolved in acetonitrile at a concentration of
5.10* M, and the diazonium salt was generated in situ by
adding 20 eq. of tert-butylnitrite.®* Grafting was performed by
successive potential sweeps from 0.45 to -0.8 V/SCE at a scan
rate of 100 mVs!, leading to a PMeOx film around the PS
spheres. Finally, the PS spheres were removed by immersing
the electrode in tetrahydrofuran for 24 h.
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ABBREVIATIONS

Poly(2-oxazoline) = POx
Poly(2-methyl-2-oxazoline) = PMeOx
Poly(n-propyl-2-oxazoline) = PnPrOx
Indium tin oxide = ITO

Tetrahydrofuran = THF

Gold nanoparticles = AuNPs

Scanning electron microscopy = SEM
X-ray photoelectron spectroscopy = XPS
Atomic force microscopy = AFM
Contact angle = CA

Cyclic voltammogram = CV

Localized Surface Plasmon Resonance = LSPR
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