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controlled radical polymerization: grafting of
block copolymer brushes from poly(dopamine)
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A method is presented allowing the preparation of polymer brushes from numerous monomers and on a
variety of substrates. Poly(dopamine) (PDA) is used to cover a series of different surfaces (SiO,, Au, Cu, Al/
AL O3, Teflon) and for the subsequent preparation of bromine containing initiator layers by conversion
with 2-bromoisobutyryl bromide (BiBB). Surface-initiated Cu(0)-mediated controlled radical polymeriz-
ation (SI-CuCRP) enables a rapid polymerization of methacrylates and styrene on the PDA/BiBB layers
with minimal effort. When the substrates are faced with a copper plate and submerged into reaction solu-
tion containing monomer, solvent and ligand, thick polymer brushes up to hundreds of hanometers can

Received 6th September 2019,
Accepted 8th January 2020

DOI: 10.1039/c9py01343a

be achieved within 1 h. Despite the simplicity of the method and the fast polymerization rates at room
temperature, an outstanding endgroup fidelity, which is unmatched for surface polymerization, can be
observed. This fact is demonstrated by the preparation of pentablock copolymer brushes representing the
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Introduction

Surface-initiated polymerization (SIP) has become a popular
approach for the synthesis of surface-bound polymers allowing
the introduction of chemical functionality, adjustment of wett-
ability and surface energy or control of bioadhesion."” As
advantageous polymer brush characteristics are ensured by the
high grafting densities achieved with SIP, all types of polymer-
ization have been adapted to this method.

Most attention was drawn to surface-initiated atom transfer
radical polymerization (SI-ATRP).® Since its development in
1995, ATRP has been labeled a useful tool for the synthesis of
complex architecture due to excellent control of structure
under mild reaction conditions and applicability to various
monomers.*® However, sufficiently high concentrations of the
catalyst, namely Cu(i), had to be used and addition of Cu(u)
salts was necessary to ensure good control of polymerization.®
Therefore, several techniques have been developed to reduce
the amount of Cu catalyst. All of them rely on the reduction of
excess Cu(u) back to the activating species, be it via use of
chemical agents,® electrical current’ or photochemistry.’
Additionally, these approaches improved the oxygen tolerance
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highest block number ever reported for surface-bound polymer.

of the polymerization. Still, only limited preservation of end-
group fidelity is possible, when ATRP is employed on surface,
which is shown by the fact that attempts of block copolymeri-
zation result in diblocks at maximum.® Another approach, i.e.
the surface-initiated Cu(0)-mediated controlled radical
polymerization (SI-CuCRP), was reported by our group.® Here,
a copper plate fitting the geometrical demand of the substrate
is used as Cu source and reaction takes place in between the
facing surfaces. Polymerization is restricted to the initiator
bearing substrate, so that reaction solution and copper plate
can be reused and only minimum amounts of solution are
needed.®® Furthermore, this method not only enables syn-
thesis of polymer brushes with unmatched growth rates, but is
also applicable on wafer-scale and under ambient conditions
without loss of initiating moieties. Synthesis of tetrablock
copolymers demonstrated the excellent endgroup fidelity pro-
vided by this SIP approach.’

No matter what kind of SIP is employed the introduction of
an initiating layer prior to the polymerization itself is necess-
ary since most substrates only show insufficient reactivity or
do not provide the required functionality.'®" Therefore, a
variety of techniques have been developed including layer-by-
layer (LbL)'>"* and Langmuir-Blodgett (LB)'* films, spin
coating"™'® or chemical vapor deposition (CVD)."” Also, self-
assembled monolayers (SAMs) have been widely used as they
form dense and uniform layers leading to well defined reaction
mechanisms.®'>'" Unfortunately, surface modification with
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Fig. 1 Schematic illustration of the synthetic pathway to pentablock copolymer brushes via SI-CuCRP on PDA surface.

low molecular substances as well as the use of non-covalent
methods like dip or spin coating may struggle with a lack of
solvolytical or thermal stability.'®'® Furthermore, these tech-
niques often demand tedious preparation, complex experi-
mental set up and are time consuming procedures. Hence,
more straightforward approaches are desirable.

After a publication on poly(dopamine) (PDA) by Lee et al. in
2007, the mussel-inspired coating received a lot of attention.>
Mussels are well-known fouling organisms able to attach to
nearly any kind of organic or inorganic surfaces. The key to
these excellent adhesive properties was found in the Mytilus
edulis foot protein 5 (Mefp-5), which contains high amounts of
3,4-dihydroxyphenylalanine (DOPA) and lysine. Lee et al. came
up with the small molecule compound dopamine (DA) to
mimic the two main functions of Mefp-5, i.e. the catechol group
of DOPA and the amino group of lysine. It was found that DA
undergoes spontaneous self-polymerization/self-cross linking in
slightly alkaline water (pH = 8.5) and ambient conditions. If a
substrate is immersed into solution, PDA layers can be control-
lably obtained on surface reaching up to 50 nm. As speculated,
such deposition was performable on a wide range of materials
independent from their original surface nature.

Its self-polymerizing/self-cross linking nature allows the for-
mation of PDA layers with minimum experimental set-up,
offering new strategies for simple modification and
functionalization of substrates.’*> Although the actual
polymerization mechanism as well as its structure are still a
topic of discussion, it seems certain that PDA provides many
functional groups including carboxylic units, primary and sec-
ondary amines and hydroxyl groups.”*® A recent report by
Maier et al. suggests that amine as well as hydroxyl groups
synergistically contribute to the robust adhesion of PDA.>’
Especially, these outstanding adhesive properties make poly
(dopamine) an universal mediating agent for surface polymer-
ization as deposition is possible on nearly any kind of surface,
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including (noble) metals and metal oxides,
carbon nanotubes (CNTs)**?" or graphene,®” nanoparticles
and poly(tetrafluoroethylene) (PTFE).'”'®** Furthermore, the
quantity and variety of functions enable the additional modifi-
cation with polymers via Michael/Schiffbase reaction,®® self-
initiated photografting and photopolymerization (SIPGP),***”
different SI-ATRP methods®>****™*° or surface-initiated revers-
ible addition fragmentation chain transfer (SI-RAFT).*"*>

In this work we present the combination of PDA deposition
and SI-CuCRP for the controlled grafting of homogeneous
polymer brushes on a series of different substrates within
short time frames (Fig. 1). Moreover, it is demonstrated that
this method allows the preparation of block copolymer
brushes on poly(dopamine) layers. Thus, a universal method
for fast, controlled and substrate-independent grafting is
attained.

Results and discussion

As SI-CuCRP was never before performed on PDA surface, a
series of experiments were dedicated to establish the combi-
nation of both as a versatile method for surface modification.
In that context, it had to be proven that PDA does not limit
control of SI-CuCRP due to its own partly radical character.*>**
Starting from PDA deposition, substrates were prepared for
further polymerization steps by subsequent binding of
initiator. Then, SI-CuCRP was performed to graft polymer
brushes on SiO, and several other substrates to exploit PDA
chemistry. Furthermore, grafting of block copolymer brushes
was accomplished to demonstrate the method’s robustness.

SI-CuCRP on PDA/BiBB

First, a series of monomers were grafted on an initiator
bearing PDA surface. PDA was deposited on a silicon wafer

This journal is © The Royal Society of Chemistry 2020
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(SiO,, 300 nm) in a previously reported manner by placing the
substrate into a freshly prepared solution of dopamine (1 g 17
in 10 mM trishydroxymethyl aminomethane/HCl buffer (Tris/
HCI, pH = 8.5).*” The deposition was allowed to proceed over-
night. Then, 2-bromoisobutyryl bromide (BiBB), a typical ATRP
initiator, was reacted with the PDA layer to give PDA/BiBB.
Finally, the wafer was covered with a copper plate at a distance
of 0.5 mm and immersed into a degassed solution of
monomer, solvent and ligand (1,1,4,7,7-pentamethyldiethyl-
endiamine, PMDETA) at room temperature. In a similar
fashion polymer brushes on SAM-bound initiator
(APTES-BiBB) were synthesized for comparison.

Successful conversion of PDA and APTES surface with BiBB
was confirmed by the change of static water contact angle 0
from 36° to 68° for PDA/BiBB and from 54° to 68° for
APTES-BiBB. Furthermore, X-ray photoelectron spectroscopy
(XPS, Fig. S11) show the appearance of a Br 3d signal at ~70 eV
after conversion with BiBB proving the binding of initiator to
the respective surface.

After SI-CuCRP the resulting polymer brushes were ana-
lyzed with ellipsometry and contact angle measurements. All
polymer brushes exhibit a typical contact angle (Table 1)
showing the successful grafting of each monomer on both
APTES-BiBB and PDA/BiBB. Furthermore, remarkable brush
thicknesses (d) were reached with every monomer considering
that reaction time did not exceed 1 h (Table 1). Especially
hydrophilic monomers reacted with high rates reaching up to
250 nm for poly(2-hydroxyethyl methacrylate) (PHEMA).

Even with only small amounts of water in an otherwise
unsuited solvent as isopropanol (iPrOH) thicknesses of 58 nm
and 45 nm were achieved for poly(N,N-dimethylaminoethyl
methacrylate) (PDMAEMA).

Hydrophobic monomers display slower growth of polymer
brush. These results are not very surprising, as radical poly-
merizations in the presence of Cu(0) are known to proceed
faster in H,O than in dimethyl sulfoxide (DMSO).*>*
However, styrene was still polymerizable in DMSO and reached
a polymer brush height of around 25-30 nm after 60 minutes.
Furthermore, it is remarkable that for tert-butyl methacrylate
(tBMA) thicknesses of 41 nm and 51 nm were reached even
after reducing reaction time to 20 minutes.

It is of particular interest that the results of SI-CuCRP are
similar for both surface-bound initiator systems making PDA/
BiBB an alternative to the common APTES-BiBB without
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restriction of polymerization and providing new options for
surface modification.

Polymer brush synthesis on different substrates

As PDA is well known for its strong adhesion on any kind of
substrates, SI-CuCRP can be exploited to graft polymer
brushes on different surfaces in a facile, fast and controlled
way. Therefore, polymerization was carried out on several sub-
strates including metal (Au, Cu), oxides (Al/Al,O3, SiO,) and
repellent organic surface (PTFE). The experimental procedure
remained as described above. However, reaction time was
decreased to 15-30 minutes (Table S17), since the used
monomer (HEMA) showed high polymerization rates.

The grafting of PHEMA on the different substrates was con-
firmed by Fourier transform infrared spectroscopy (FT-IR) and
contact angle measurements. While static contact angles
(Fig. 2) ranged from very hydrophilic (SiO,, 65 < 10°) to very
hydrophobic (PTFE, 6; = 112°) for the pure substrate, it
changed strongly upon deposition of PDA (6 = 29-42°) and
subsequent conversion with BiBB (65 = 68-74°) indicating suc-
cessful modification on all substrates. After SI-CuCRP typical
6, for PHEMA was observed on every surface exhibiting similar
values of 54° and 57° on Al/Al,O; and Cu, respectively (Fig. 2).
SiO, and gold both had a contact angle of 51° after SI-CuCRP.

pure PDA PDA/BiBB PHEMA

<10°

o, —-“
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Fig. 2 Photographs of static water contact angle on pure substrate and
substrates grafted with PDA, PDA/BiBB and PHEMA.

Table 1 Results of SI-CuCRP of different monomers on modified SiO,. Ligand: PMDETA, monomers: 2-hydroxyethyl methacrylate (HEMA), N,N-di-
methylaminoethyl methacrylate (DMAEMA), methyl methacrylate (MMA), styrene (St), tert-butyl methacrylate (tBMA)

APTES PDA
Monomer Solvent tg [min] d [nm] 05 [°] d [nm] 05 [°]
HEMA H,0 60 238 £15 52+3 250 £20 56 £ 2
DMAEMA 10%(v/v)-H,O in iPrOH 60 58+6 58+5 45+ 5 59+5
MMA DMSO 60 127 £10 69 +2 79+5 68 +4
St DMSO 60 25+5 90 +1 29+6 87 +2
tBMA DMSO 20 41+8 95+6 51+5 101 +2

This journal is © The Royal Society of Chemistry 2020
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Interestingly, while polymerization worked well on every
surface, conversion of BiBB on PDA grafted PTFE led to a suc-
cessive destruction of the PDA layer within 1 hour. After all, it
seems that adhesion of PDA on PTFE is not as robust as
expected, so that reaction time had to be reduced to
20 minutes. Still, subsequent polymerization of HEMA
decreased the contact angle to 58° due to the hydrophilicity of
the resulting polymer brush on the PTFE substrate.

It is necessary to point out that the functionalization of
PDA with initiator on PTFE is the only occasion, where destruc-
tion of PDA was observed. This was not the case on any other
substrate. Furthermore, no indication of PDA weakness was
observed after polymerization even after grafting multiple
blocks of polymers up to 270 nm (see below). A partial destruc-
tion of PDA would lead to a sudden decrease of thickness after
grafting due to rupture of polymer brushes. However, such be-
havior was never detected. As reported by Jordan et al., even
small amount of polymer chain detachment could be other-
wise seen in the AFM.°

Moreover, FT-IR spectra taken after surface polymerization
clearly display successful functionalization of PTFE. Although
signals of C-F stretching (1100-1300 cm™") originating from
the substrate are dominating the spectrum (Fig. 3e), a broad
signal of O-H stretching from PHEMA can be observed
between 3680 cm~" and 3050 cm™'. Same signals prove the
grafting of PHEMA on the other substrates (Fig. 3a-d).
Furthermore, additional signals of OH deformation
(1276-1248 cm™"), twisting and rocking of CH,
(1389-1365 cm™") and several stretching vibrations of C-O
bonds (Table S2}) were detected. Stretching of Si-O-Si is very
prominent in the spectrum of PHEMA on SiO, at 1122 cm ™"
(Fig. 3d) even though the same kind of surface was used as
background. However, all signals mentioned above can still be
distinguished. Therefore, it is evident that grafting of PHEMA
was accomplished on all used substrates.
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Fig. 3 FT-IR spectra of PHEMA on Al/Al;Os3 (a), Cu (b), Au (c), SiO, (d)
and PTFE (e).
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Grafting block copolymer on surface

To demonstrate the high end group fidelity of SI-CuCRP on
PDA modified surface grafting of block copolymer brushes was
carried out. A silicon surface was chosen as model substrate
and functionalized with PDA/BiBB as described above. Then,
the polymerization procedure was performed and the resulting
polymer brush was washed and dried. Subsequently, another
layer of polymer was grafted via SI-CuCRP on the same sample.
The whole process was repeated several times without further
functionalization with initiator between polymerizations.

As can be seen in Table 2 a five block copolymer brush was
synthesized with alternating hydrophilic and hydrophobic
blocks. The first block of tBMA gave a comparable brush thick-
ness as in previous experiments (Table 1) and a contact angle
of 96° owing to its hydrophobic nature. Before polymerizations
a double scratch was made on the PDA/BiBB layer so that
atomic force microscopy (AFM) could always be measured at
the same spot. In that way a height increase of 11 nm was
detected after the following polymerization of DMAEMA
(Fig. 4). The static contact angle 6, dropped to 52° (Fig. 4).
Analogously PMMA and further layers of PtBMA and
PDMAEMA were grafted resulting in consecutive brush growth
and exhibiting 61°, 100° and 76° for 0, respectively. Since the
grafting of the second block (PDMAEMA) resulted in a thick-
ness gain of only 11 nm, the polymerization time of following
polymerizations was prolonged for 5 min or 10 min. This
resulted in sufficiently higher thickness increases of 61 nm for
PMMA, 52 nm for PtBMA and 86 nm for another layer of
PDMAEMA (Fig. 4).

All these values confirm successful polymerization of the
used monomers. As all contact angles match to the respective
polymer brush, it can be concluded that each polymerization
step results in an extra layer of polymer rather than in a system
with mixed polymer brushes on surface. In case of mixed (not
block-like) brushes a value resembling both brushes would be
expected. For a hydrophobic/hydrophilic brush mixture, the
hydrophobic brush will collapse and the contact angle will rep-
resent the hydrophilic layer. This is not the case in our results.
The slightly higher 6, for the last PDMAEMA block (05 = 76°)
can be explained by enhanced surface roughness, as can be
seen from the higher deviation from the mean thickness
(Table 2). Therefore, it can be assumed that a block-like struc-
ture is attained. Furthermore, this explains the stepwise
increase of the polymer brush from 60 nm after the first

Table 2 Results of block copolymerization on PDA/BiBB modified SiO,
by SI-CuCRP. Ligand: PMDETA

Block Monomer Solvent tg [min]  dpjoex [nm] 65 [°]

1 tBMA DMSO 15 46 +1 96 +4

2 DMAEMA  10% (v/v) 15 11+2 52+5
H,O in iPrOH

3 MMA DMSO 20 61+4 61+7

4 tBMA DMSO 25 52+7 100 £ 5

5 DMAEMA  10% (v/v) 25 86 + 12 76+ 8

H,O in iPrOH

This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c9py01343a

Open Access Article. Published on 16 January 2020. Downloaded on 12/5/2025 4:14:36 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Polymer Chemistry

PDA/BIBB -b- PtBMA -b- PDMAEMA

View Article Online

Paper

-b- PMMA -b- PtBMA -b- PDMAEMA

dppmaema ~ 86 Nnm

dpigwa ~ 52 M dy, ~ 270 nm
@ 300 dpiaua ~ 46 nM dppyagwa ~ 11 nm - deuwa ~ 61 nm diotar ~ 184 NmM
E -g- e e =44 FifR diotal ~ 60 NM dital ~ 71 M iotal ~ 132 NM
EH 103 t i 1t t i} t ! TWLi t t (I t 1
0 8 10 0 8 100 5 10 0 8 10 0 5 10 0 8 10
X [um] X [um] X [um] X [um] X [um] X [um]

Fig. 4 Block copolymerization of different monomers: development of contact angle depending on polymer brush (top) and the corresponding
AFM image (below) with respective profile (bottom). AFM images are 10 x 10 pm?.

SI-CuCRP to 270 nm after the last step. Such a gain in thick-
ness as well as height increase after each polymerization
(52-86 nm, Fig. 4) is unlikely to be caused by only higher graft-
ing density. Especially, it has to be taken into account that
grafting density was calculated to be very high for SI-CuCRP
already after one polymerization.” Therefore, a further
growth will occur on top of the previously grafted brush. Still,
a certain interpenetration depth cannot be completely
excluded.

Only after grafting of the fifth block no further growth of
polymer brush was possible. It is suspected that initiating moi-
eties are lost to a certain amount during the experimental pro-
cedure. Furthermore, a drop in accessibility of Br-groups due
to surface reconstruction or mismatch in wettability between
polymer brush and used monomer-solvent mixture might be a
reason. Still, the synthesized pentablock represents the highest
block number reached for copolymer brushes on surface up to
date and demonstrates the high level of control and robustness
of the SI-CuCRP. A possibility to further increase block thick-
ness as well as re-initiation efficiency could be the addition of
small amounts of Cu(u) salts. As reported by Benetti et al.,
Cu(n) amplifies dissolution of catalytic species and increases
control over reaction in SI-CuCRP, when performed in DMSO.
However, in case of PDA the additional amount of Cu(u)
might lead to a strong incorporation into the PDA layer.
Hence, the quantity of copper within the PDA layer and its

This journal is © The Royal Society of Chemistry 2020

effect on the grafting would have to be carefully evaluated in
future studies.

Conclusion

In conclusion, we combined PDA surface chemistry with the
powerful tool of surface-initiated Cu(0)-mediated controlled
radical polymerization (SI-CuCRP). It was shown that PDA
does not affect SI-CuCRP in any way compared to a typical
initiator (APTES-BiBB). Additionally, it enables controlled
polymerization on different substrates including noble metal
(Au) as well as repellent, unreactive surface (PTFE). It is possible
to reach polymer brush thicknesses of hundreds of nanometers
within 1 h for hydrophilic monomers in aqueous system.
Furthermore, hydrophobic methacrylates and styrene were poly-
merizable with comparably fast grafting rates in DMSO. Despite
fast polymerization an outstanding end group preservation is
observed. This was demonstrated by consecutive polymerization
steps on previously grafted polymer brush. In that way a penta-
block copolymer brush was synthesized on PDA/BiBB.

All in all, our study presents a general method for manifold,
controlled surface functionalization starting from a PDA/BiBB
initiating layer. Due to the nature of PDA deposition this
approach is applicable on all kind of surfaces and does not
require complex experimental set up.

Polym. Chem., 2020, 1, 2129-2136 | 2133
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Experimental

Materials

Methyl methacrylate (MMA), 2-(dimethylamino)ethyl methacry-
late (DMAEMA), 2-hydroxyethyl methacrylate (HEMA), 2-ethyl-
hexyl methacrylate (EHMA), tert-butyl methacrylate ((BMA) and
styrene (St) were purchased from Sigma-Aldrich (Weinheim,
Germany), purified before use by passing through a basic
alumina column to remove the inhibitor. 2-Bromoisobutryl
bromide (BiBB), 3-aminopropyltriethoxysilane (APTES),
1,1,4,7,7-pentamethyldiethylenetriamine (PMDETA, 99%), pyri-
dine (99%), tris(hydroxymethyl)aminomethane (Tris, >99.8%),
dichloromethane (DCM, dry), dimethyl sulfoxide (DMSO) and
isopropanol (iPrOH) (all from Sigma-Aldrich) were used as
received. Dopamine as HCI salt (DA-HCI) was purchased from
Acros Organics and used as received. Water for reaction solu-
tions and contact angle measurements was deionized water.

4-Inch silicon wafers with a 300 nm oxide layer were
obtained from Wacker AG (Burghausen, Germany). 4-Inch
copper wafers were from MicroChemicals GmbH, Germany:
Prime CZ-Si wafer 4 inch, 1-side polished, p-type (boron) TTV <
10 pm, 1-10 Ohm cm; 10 nm Ti adhesion layer; 200 nm Cu
(purity > 99.9%), RMS < 10 nm. The copper coated side of the
wafer was consecutively washed with portions of water and
ethanol under ultrasonication (5 min). The cleaned Cu plate
was immediately used.

Methods

Atomic force microscopy (AFM) was performed on a custo-
mized Ntegra Aura/Spectra from NT-MDT (Moscow, Russia)
with a SMENA head in semicontact mode. The probes have a
typical curvature radius of 6 nm, a resonant frequency of
47-150 kHz, and a force constant of 0.35-6.10 N m™". Editing,
height determination and calculation of the surface roughness
was performed with the software Nova Px 3.2.5 from NT-MDT.

Ellipsometry measurements of the optical thickness, d,
were performed with a SE800 ellipsometer from (SENTECH
Instruments GmbH) equipped with a He-Ne laser source (1 =
632.8 nm) and a fixed angle of incidence of 60° at ambient
conditions. The accumulated spectra were modeled using
SpectraRay 3 software. The d-value was determined from three
individual series of measurements.

X-ray photoelectron spectroscopy (XPS) was performed on
an Omicron Multiprobe spectrometer using monochromatic
aluminum Ka radiation. The spectra were calibrated by setting
the Si 2p signal to 102.0 eV. Spectra were fitted by symmetric
Voigt functions with a Shirley background correction.

Attenuated total reflection Fourier transform infrared spec-
troscopy (ATR FT-IR) was measured with a Nicolet 5700
(Thermo) IR-spectrometer with MCT detector. For the
measurement a GladiATR setup from PIKE Technologies was
used and operated under OMNIC software. Before collection of
sample spectra the device was flushed with nitrogen for
30 min and the respective substrate was scanned to obtain
background. Then IR of the polymer brush was obtained by
summing up 256 scans for each sample.

2134 | Polym. Chem., 2020, 1, 2129-2136
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Static water contact angle measurements were carried out
with the Drop Shape Analysis System DSA 10 from Kruss to
characterize the wettability of the polymer layers. For each
sample, individual measurements at three different spots were
performed and averaged. The measurements were performed
at RT with bidistilled water. The contact angles () were
obtained using the tangent method fitting.

Self-assembled monolayer (SAM) of APTES-BiBB initiator on Si
wafer

An oxygen plasma cleaning system (PDC-002, 200 W) from
Harrick (USA) was used to clean the surface of the silicon
wafer. The oxygen source of the chamber was supplied by a
flow of air of 10 mL min™" in 5 min for each wafer.

The clean substrates were functionalized by immersion of
the wafers into a 5%-(v/v) 3-aminopropyltrimethoxysilane
(APTES) solution in dry acetone and ultrasonicated during the
SAM formation for 30 min at RT. After SAM formation, the
samples were extensively rinsed with dry acetone and dried
under argon atmosphere. This procedure results in a highly
reproducible and uniform APTES layer. The substrate was then
immersed in dry DCM (3 mL) under nitrogen. Pyridine (51 pL)
was added, followed by addition of 100 pL 2-bromoisobutyryl
bromide (BiBB) in 3 mL DCM, and the reaction was allowed to
complete within 3 h under stirring at RT. The substrate was
removed, washed with portions of DCM, water and ethanol
and then dried by a jet of nitrogen. The successful surface
modification was confirmed by X-ray photoelectron spec-
troscopy (XPS) (Fig. S1f) and water contact angle measure-
ments. The resulting APTES-BiBB SAM layer thickness d =
2.0 nm was determined by ellipsometry.

Synthesis of PDA/BiBB on different substrates

Poly(tetrafluoroethylene) (PTFE), Au, Cu and Al/Al,O; were
extensively rinsed with deionized water and ethanol and ultra-
sonicated for 5 min each. SiO, was cleaned as described above.

DA-HCI (12.4 mg) was dissolved in 10 mL of Tris/HCl-buffer
(10 mM, pH = 8.5) and the substrates were immersed into the
freshly prepared solution. Deposition was allowed to proceed
for approximately 24 h. Then, the samples were washed with
deionized water and ethanol and ultrasonicated for 5 min
each. Reaction with BiBB was carried out in the same way as
for APTES. For PTFE reaction time was reduced to 20 min. The
successful surface modification was confirmed by X-ray photo-
electron spectroscopy (XPS) (Fig. S1t) and water contact angle
measurements. The resulting PDA/BiBB layer thickness was
determined by ellipsometry and lay within the range of d =~
30-35 nm.

Surface-initiated Cu(0)-mediated controlled radical
polymerization (SI-CuCRP)

A silicon wafer piece modified with APTES-BiBB or a substrate
modified with PDA/BiBB was sandwiched with a copper plate
at a typical distance of D = 0.5 mm using two spacers. This
assembly was put into a degassed solution of monomer
(1 mL), solvent (0.5 mL) and PMDETA (20 pL) and closed with

This journal is © The Royal Society of Chemistry 2020
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a rubber septum. The assembly was left for 1 h at RT. The
plates were separated and the substrate immediately washed
with a fresh good solvent for the respective monomer and
ultrasonicated for 1 min. Finally, the substrates were dried by
a jet of dry nitrogen and analyzed.

Grafting of pentablock copolymer brushes on PDA/BiBB

First, SI-CuCRP was performed with {BMA on PDA/BiBB as
described above. The polymer brush was washed with DMSO
and ethanol und ultrasonicated for 1 min. Then, a layer of
PDMAEMA was grafted, followed by a third layer of PMMA.
Both were rinsed with ethanol and ultrasonicated for 1 min
each. The whole process was repeated for another block of
PtBMA and PDMAEMA. Each resulting polymer brush was ana-
lyzed with AFM and contact angle measurement.
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