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increasingly relevant.[1] A wide range of
synthetic nanopores has been reported,
varying from ion track etched single and
multipores in polymer foils, porous poly
mers as well as inorganic materials such as
porous metal oxides or silica based mate
rials.[2] Out of those materials mesoporous
silica has been used in various applica
tions due to its high specific surface area,
stability, tunable pore characteristics, and
adjustable surface chemistry.[3]
The combination of synthetic nano
pores with responsive polymers has
led to the formation of “smart” nano
materials as a fascinating research field,
achieving increasing interest over the last
decade.[4] Responsive hybrid materials can
be found in several applications such as
separation processes, drug delivery or as
chemical sensor.[5] In this context respon
sive polymers have been used to prepare
gates and membranes with adjustable
pore accessibility.[6] Polymer functionali
zation bares the advantage to control pore
filling and with this multiplying charges
by adjusting chain length and chain den
sity.[7] Various polymerization techniques
such as atom transfer radical polymerization (ATRP), reversible
addition-fragmentation chain transfer (RAFT), and surface ini
tiated photoiniferter polymerization (SI-PIP) have been studied
to graft responsive polymers into nanoscale pores and to vary
polymer amount in mesopores.[7a,b,8] In response to stimulation
by light, ion concentration, temperature or pH, the surface and
pore wall grafted polymers can change their charge, aggrega
tion, and expansion.[4b,c,9] Thereby, pH responsive polymers
have been the most extensively studied.[2b,4c,10] This is mainly
due to the fact that pH is one of the most important biochemical
factors in life processes and can be easily controlled experimen
tally through acid/base regulation. A wide range of pH respon
sive polymers that carry a single charge per monomer such as
poly(vinylpyridine) (PVP), poly(2-(Dimethylamino)ethyl meth
acrylate) (PDMAEMA), poly(acrylic acid) (PAA) are reported. In
addition multicharged monomers such as (2-(methacryloyloxy)
ethyl phosphate) (MEP) or zwitterionic monomers such as car
boxybetaine methyl acrylate (CBMA) have been polymerized in
nanoporous materials.[2b,4d,6c,d,7a,10a] Additionally, their gating
properties and applications have been well investigated.[4e,9,11]
Very recent developments going beyond gating focus on asym
metric material structure design being exemplified for example

Functionalized ordered mesoporous silica materials are commonly investigated for applications such as drug release, sensing, and separation processes.
Although, various homopolymer functionalized responsive mesopores are
reported, little focus has been put on copolymers in mesopores. Mesoporous
silica films are functionalized with responsive and orthogonally charged
block-co-oligomers. Responsive 2-dimethylamino)ethyl methacrylate)-block2-(methacryloyloxy)ethyl phosphate (DMAEMA-b-MEP) block-co-oligomers
are introduced into mesoporous films using controlled photoiniferter initiated
polymerization. This approach allows a very flexible charge composition design.
The obtained block-co-oligomer functionalized mesopores show a complex
gating behavior indicating a strong interplay between the different blocks
emphasizing the strong influence of charge distribution inside mesopores on
ionic pore accessibility. For example, in contrast to mesopores functionalized
with zwitterionic polymers, DMAEMA-b-MEP block-co-oligomer functionalized
mesopores, containing two oppositely charged blocks, do not show bipolar ion
exclusion, demonstrating the influence of the chain architecture on mesopore
accessibility. Furthermore, ligand binding–based selective gating is strongly
influenced by this chain architecture as demonstrated by an expansion of pore
accessibility states for block-co-oligomer functionalized mesopores as compared
to the individual polyelectrolyte functionalization for calcium induced gating.

Inspired by nature and its excellent control over ion transport
and ion selectivity, e.g., exemplified by potassium ion chan
nels, as well as inspired by the increasing demand of improved
sensor technology in the context of future water management
concepts, transport control in technological nanopores becomes
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Figure 1. a) Scheme representing block-co-oligomer functionalization of mesoporous silica thin film which are investigated regarding their ionic
permselectivity. The mesoporous silica film, displayed in the form of a TEM image, is directly supported on the ITO-coated glass substrate. b) The
photoiniferter SBDC is grafted on the outer surface as well as inside the mesopores of the mesoporous silica film. Block-co-oligomer synthesis is performed in two consecutive steps: The first block is synthesized by surface initiated polymerization (SIP) 1 using DMAEMA as monomer. Subsequently,
the second block oligomer formation is performed by SIP using MEP as monomer. Chain length of each block (m, n) is determined to be 2–4 repetition
units based on X-ray photoelectron spectroscopy and TGA.

by so called Janus membranes enabling side selective or direc
tion dependent oil–water separation or being investigated in
the context of ionic energy conversion and the complex inter
play of wetting and charge on ionic permselectivity.[5b,12]
Although controlled polymerizations are applied, to our
knowledge, responsive polymer functionalized nanoscale
pores are limited to homopolymers. On the other hand, it
has recently been highlighted by a theoretical work from
Szleifer and coworkers that the use of di-block copolymers and
statistical block-co-polymers with precise charge composition
could be of great use for designing advanced functions and
to reach the full potential of smart nanomaterials.[13] Experi
mentally designing such precisely functionalized nanopores
with respect to pore filling and chain architecture control is a
challenge. The preparation of DMAEMA-b-PMEP diblock con
taining silica mesopores has previously been demonstrated by
our group through reinitiation of Si-PIP polymerization.[7a] A
combination of DMAEMA and MEP is expected to be excep
tionally interesting for future applications and ion transport
investigations because each homopolymer is already known
to be multiresponsive, both carry orthogonal charges. PMEP
shows two pKa values and thus each monomer can be nega
tively charged twice and serves as chelating agent for two valent
ions such as Ca2+.[6c] DMAEMA on the other hand is known to
be temperature- and pH-responsive being able to carry a posi
tive charge per monomer.[14] Combining both into one chain
located in a mesopore is expected to result into a functional
mesopore, allowing complex transport design in dependence
of pore filling, chain architecture and external conditions.
Based on these considerations, we herein address the ques
tion of oligomer chain architecture influence on the responsive
mesopore ionic permselectivity characteristic and report multi
stimuli responsive and confinement controlled gating proper
ties of PDMAEMA-b-PMEP functionalized mesoporous silica
thin films varying both simultaneously: the environmental pH
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and calcium ion presence for highly PDMAEMA-PMEP block
oligomer filled mesopores.
Due to their excellent stability and variable structure we
choose sol–gel evaporation assembly (EISA) based mesoporous
silica thin films as nanoscale porous material. As determined
by ellipsometry (Table S1, Supporting Information) and elec
tron microscopy (Figure 1), and in accordance with previously
reported as-prepared mesoporous silica thin films, the applied
mesoporous films have a thickness of ≈200 nm, elliptical
mesopores with pore diameters of 6–7 nm and neck diam
eters of 3 nm, as well as a porosity of ≈45 vol% resulting in
≈440 m2 g−1 specific surface area.[7a,b]
For the formation of a multiresponsive hybrid material and to
investigate the influence of chain architecture and complex charge
situation on nanopore permselectivity the photoiniferter (N,N(diethylamino)dithiocarbamoyl-benzyl(trimethoxy)silane (SBDC)
is postgrafted to the mesopores as shown in Figure 1. The SBDC
grafting density has been determined by TGA (thermogravimetric
analysis) measurements (Figure S1, Supporting Information) to
be 0.7 molecules nm−2. The subsequent SBDC-based surfaceinitiated polymerizations of 2-(dimethylamino)ethyl methacrylate
(DMAEMA) and MEP are performed as previously reported.[7a]
Homogeneous distribution of PMEP and Iniferter was proven
using cryo-EM (cryogenic electron microscopy) in combination
with EDX (energy dispersive X-ray spectroscopy) mapping (data
not shown). Through XPS (X-ray photoelectron spectroscopy)
measurements of a PDMAEMA-PMEP block-co-oligomer modi
fied film and TGA measurements of PMEP grafted mesoporous
silica films the length of each block is determined to be 2–4 rep
etition units (Figures S5 and S8, Supporting Information). This
block-co-oligomer chain ratio of 1:1 is important because it allows
to generate an identical number of positive and negative charges
within the oligomer chain while charging the individual blocks
especially up to a pH value of 7.5 referring to monomer solution
pKa values. At pH values higher than 7.5, based on the solution
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pKa value, each MEP monomer is expected to generate two nega
tive charges which should turn the overall pore charge to be nega
tive. This result of comparable DMAEMA and MEP oligomer
block length is further supported by CV (cyclic voltammetry)
measurements. As shown in Figure 2d) the peak current density

(jp) for the anionic probe molecule [Fe(CN)6]3−/4− at acidic pH and
the cationic probe molecule [Ru(NH3)6]2+/3+ at basic pH, and thus
the jp under electrostatic attraction, are comparable.
To first validate the ionic permselectivity and gating
properties of the PDMAEMA-b-PMEP block-co-oligomer

Figure 2. Ionic permselectivity as detected by cyclic voltammetry at an ITO electrode below the mesoporous film for a) PDMAEMA (pore filling
50 vol%), b) PMEP (pore filling 80 vol%), c) unmodified, d) PDMAEMA-b-PMEP block-co-oligomer (pore filling 95 vol%) modified mesoporous silica
thin films. Cyclic voltamogramms are recorded at a scan rate of 100 mV s−1 in a 0.1 m KCl-solution and a 150 × 10−3 m PBS solution in the case of
d) at pH 8–9 (red) and pH 2–3 (blue) using [Fe(CN)6]3−/4− as anionic (−0.2 to 0.6 V) and [Ru(NH3)6]2+/3+ as cationic probe molecule (−0.6 to 0.2 V).
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modified mesoporous silica film, CV measurements are per
formed (Figure 2). The obtained results are compared with
PDMAEMA and PMEP homopolymer-functionalized nano
pores (Figure 2a,b) at an acidic (Figure 2 blue) and basic
pH value (Figure 2 red). As reference (Figure 2c) the gating
behavior of an unmodified mesoporous silica film is shown.
The positively charged probe molecule [Ru(NH3)6]2+/3+ enters
the unmodified silica mesopores at acidic (Figure 2c, blue
lines) and is slightly preconcentrated at basic (Figure 2c, red
lines) pH values. The anionic probe molecule [Fe(CN)6]3−/4− is
excluded at basic pH as expected due to electrostatic repulsion
resulting from the deprotonated mesopore wall silanol groups
together with the pore diameters within the Debye Screening
length. After modification with homo oligomers (Figure 2a
for PDMAEMA and Figure 2b for PMEP) mesoporous silica
films show inaccessible pores for the probe molecule being
identically charged to the pore wall-grafted monomers which
is in accordance to corresponding literature studies.[6c,15] For
the homo-oligomer modification we choose the same poly
merization conditions as for the corresponding blocks of the
PDMAEMA-b-PMEP block-co-oligomer. Those conditions lead
to a pore filling of ≈50 vol% in case of the PDMAEMA modi
fication and ≈80 vol% for the PMEP modification (Table S1,
Supporting Information) in initially empty mesopores.[7a] As
prepared PDMAEMA-modified mesopores entirely exclude
[Ru(NH3)6]2+/3+ molecules at acidic pH (Figure 2a) and
hinder transport (reduced jp as compared to unfunction
alized mesopores) at basic pH. This effect is even more
prominent for PMEP-modified mesopores entirely excluding
[Fe(CN)6]3−/4− molecules (Figure 2b) independently of pH
as well as [Ru(NH3)6]2+/3+ molecules at acidic pH and thus
at conditions at which the oligomer is not charged. Reduced
jp values for uncharged pores compared to the mesoporous
silica reference can be mainly ascribed to the pore filling with
polymer, inducing steric hindrance. A strong influence of the
pore filling on the ionic mesopore accessibility can as well be
deduced from the jp obtained under electrostatic attraction
between oligomer-functionalized pore and probe molecule:
Compared to the mesopore accessibility of [Ru(NH3)6]2+/3+
into the unmodified mesoporous silica (Figure 2c) film the
maximum current density of [Fe(CN)6]3−/4− in PDMAEMAmodified mesoporous films (Figure 2a) show a significant
preconcentration as indicated by the doubled maximum cur
rent density. On the other hand, the peak current density of
[Ru(NH3)6]2+/3+ at pH 9 significantly decreases for the PMEP
modified mesopores with high pore filling degrees of 80 vol%
(Figure 2b) despite the electrostatic attraction between PMEP
and [Ru(NH3)6]2+/3+. These results clearly show the importance
of controlling the polymerization and thus the pore filling to
tune transport properties either toward higher ion concentra
tion inside the mesopores or toward ion selectivity.
Based on these reference experiments ionic permselectivity
of the block-co-oligomer functionalized mesopores with a pore
filling degree of 95 vol% has been conducted (Figure 2d).[7a]
Thereby our interest was triggered by the behavior of zwitteri
onically functionalized mesopores showing a bipolar nanopore
behavior excluding ions independently of their charge.[10a,16]
Designing the PDMAEMA-b-PMEP block-co-oligomer function
alization allows to introduce an identical number of opposite
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charges into one pore and into each polymer/oligomer chain
but with a different chain architecture as compared to zwitteri
onic PCBMA, inducing a different nanoscale order. At an acidic
pH the PDMAEMA-b-PMEP modified mesoporous silica film
(Figure 2d) completely excludes the [Ru(NH3)6]2+/3+ meanwhile
the detected jp of [Fe(CN)6]3−/4− ions is comparable to unmodi
fied silica films but does not show a preconcentration as strong
as for the PDMAEMA modified mesoporous films. In contrast
to this, at a basic pH the PDMAEMA-b-PMEP functionalized
mesopores show a complete exclusion of [Fe(CN)6]3−/4− ions
while the maximum peak current density for the [Ru(NH3)6]2+/3+
triples with a current peak density of 180 µA cm−2 compared to
53 µA cm−2 for the MEP homooligomer modified mesoporous
film. From this observation we draw the following two conclu
sions: The first PDMAEMA block is as visible to ions as the
second PMEP block, indicating that the position of the blocks
does not significantly determine or hinder ionic permselectivity
of such highly filled mesopores and thus the polymer synthesis
can be planned purely on synthetic needs at least for the shown
degrees of pore filling. Secondly, the maximum current density
and thus the probe molecule concentration in the mesopores
for block-co-oligomer filled pores are higher than for highly
filled PMEP-homo-oligomer functionalized pores indicating
that electrostatic attraction dominates and that an interaction
between the different repetitions units is probable.
To fully exclude bipolar pore formation, which is not
observed for acidic and basic pH (Figure 2d), ionic pore acces
sibility has been investigated upon gradually changing the solu
tion pH. Figure 3 shows the maximum peak current densities
of the cationic ([Ru(NH3)6]2+/3+, black spheres) and the anionic
([Fe(CN)6]3−/4−, green spheres) probe molecule at pH values
between 2 and 12. From these data it is possible to distinguish
three different ion selectivity regimes as illustrated in Figure 3
by the red to blue background color. At acidic pH values below
the solution pKa1 of MEP (pKa1 = 4.5), the pore is purely anion
selective (red background color regime in Figure 3b) with a
nondetectable peak current density for the cationic probe mole
cule [Ru(NH3)6]2+/3+. At these acidic pH values the pore is posi
tively charged due to the PDMAEMA block. Starting at a solu
tion pH of around 4 the maximum peak current density of the
anionic probe molecule [Fe(CN)6]3−/4− decreases by 35% from
242 to 160 µA cm−2 and stays constant until a pH of 8. Under
the same conditions the maximum peak current density of the
cationic probe molecule increases until it reaches the same
peak current density as detected for the anionic probe molecule
at pH 7.5–8. This second, neutral region between pH 4 and 8
has been identified to be between the pKa of DMAEMA (8.4)
and the pKa1 of MEP (pKa1 = 4.5), resulting in both blocks
being charged. This regime, indicated in violet color in
Figure 3, is characterized by an increasing number of charged
MEP repetition units of the block oligomer while the DMAEMA
monomers are expected to stay positively charged. The exist
ence of both charges can be expected since otherwise the
detected maximum peak current density would be much
smaller as visible in Figure 2a) and b) due to the mesopores
being filled with polymer. The 3rd transport regime starts close
to the solution pKa of DMAEMA at pH 8. The detected max
imum peak current density for the anionic probe molecule in
this basic pH range finally drops rapidly from 170 to almost
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Figure 3. Pore scheme of a PDMAEMA-b-PMEP block-co-oligomer modified mesopore and its ionic permselectivity behavior with varying solution
pH value. The measured ionic permselectivity can be gradually adjusted
from anion selective at acidic pH (red area) over an open state between
approximately pH 4–8 to a cation selective nanopore at basic pH (blue
area). This observation is based on the pH-dependent current peak densities of [Fe(CN)6]3−/4− (green spheres) and [Ru(NH3)6]2+/3+ (black spheres)
recorded at an ITO electrode below the mesoporous film at a scan rate of
100 mV s−1 in a 150 × 10−3 m PBS solution at solution pH values between
2 and 12.

20 µA cm−2 resulting into a cation selective pore (Figure 3 blue
coded regime). Interestingly, these PDMAEMA-b-PMEP block
oligomer with both monomers charged or partially charged
obviously behave differently than mesopores functionalized
with zwitterionic oligomers which exclude both, anions as well
as cations, being described as bipolar pores.[16,17] This bipolar
behavior is not observed for the described PDMAEMA-b-PMEP
block-co-oligomer functionalized mesopores although, positive
and negative charges are simultaneously present in each
polymer chain within a mesopore, too. Thus, the polymer/oli
gomer chain architecture, anion and cation confined into each
monomer for zwitterionic polymers versus separation of anions
and cations into a block like sequence seems to crucially affect
the resulting ionic mesopore accessibility. This behavior might
be partially due to interactions between the blocks of different
oligomer chains, which surely get in contact in such a confined
environment as an 8 nm pore. The measurements described
were performed at an ionic strength of 150 × 10−3 m which
corresponds to a Debye Screening length of ≈0.9 nm. Since the
Debye Screening length can play a crucial role on pore accessi
bility and thus on ion selectivity, additional measurements at an
ionic strength of 30 × 10−3 m were performed (Figure S2c,d,
Supporting Information). These measurements showed no
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significant difference with respect to charge selectivity of the
modified mesoporous silica films under the applied measure
ment conditions as well supporting high pore filling degrees.
In addition to its double pH responsiveness, PMEP bares the
potential to investigate ligand binding and selective gating
because it chelates divalent cations such as Ca2+. Both aspects
strongly influence transport related applications such as
(bio)separation and sensing in which a variety of ions is present
and selective interaction is required. In a previous work we dem
onstrated two-valent ion induced gating of PMEP functionalized
mesopores at basic pH resulting in similar ionic pore accessi
bility characteristics as for acidic pH conditions.[6c] Here, we are
systematically addressing significantly higher pore filling degrees
(23 vol% vs up to >80 vol%) as well as the chain architecture. By
comparing purely PMEP functionalized pores to PDMAEMA-bPMEP block-co-oligomer functionalized mesopores. As a first
result the high pore-filling degress of ≈80 vol% for PMEP func
tionalized mesopores block the pore for [Fe(CN)6]3−/4− probe
molecules as already shown in Figure 2. The presence of cal
cium ions does not affect this behavior (Figure S2b, Supporting
Information). Nevertheless, the pore accessibility for electro
statically attracted [Ru(NH3)6]2+/3+ probe molecules behaves as
expected (Figure 4a black vs green). The maximum peak cur
rent density significantly decreases upon addition of calcium
from initially 60 to 20 µA cm−2 due to the blocking of PMEP
charges and thus decreasing electrostatic attraction. Addition
ally the redox peak potential shifts which seems to indicate elec
trostatic attraction (Figure S2c, Supporting Information). This
leads also to a decrease in the pH responsiveness of the system.
Upon the addition of Ca2+-ions (2 × 10−3 m) to the solution the
cyclic voltammograms do not vary significantly when measured
at a solution pH of 2 and 11 (Figure S2a, Supporting Informa
tion). In addition, the chelation between the MEP and calcium
ions is clearly transport limited and equilibrium is reached
after ≈30 min (Figure 4a different colors) as well supporting the
influence of high pore filling degrees. Upon addition of Ca2+ions to PDMAEMA-b-PMEP block-co-oligomer functionalized
mesopores (Figure 4b) the effect of chain architecture on ionic
pore accessibility again becomes very clear. In contrast to purely
PMEP functionalized mesopores no effect of calcium ions on
ionic pore accessibility (jp) is observed for PDMAEMA-b-PMEP
functionalized mesoporous films at basic pH (Figure 4b).
Whereas calcium ions strongly affect ionic pore accessibility at
pH values between 2 and 7.5 corresponding to the anion selec
tive and neutral pH regime in Figure 3. This strongly indicates
an interaction between calcium ions and PMEP still at acidic
pH which implicates, in contrast to the expectation based on
solution pKa values, that PMEP still is not fully neutralized
within this pH range. This is additionally supported by the jp,
indicating a significant preconcentration for [Fe(CN)6]3−/4−
probe molecules in this pH-range (Figure 4b). Comparing the
maximum peak current density of PDMAEMA-b-PMEP blockco-oligomer functionalized mesopores in the absence of cal
cium (Figure 4b spheres, Figure 2d) this is much lower as for
purely PDMAEMA functionalized pores under identical condi
tions (acidic pH, Figure 2a red). Upon addition of calcium ions
to PDMAEMA-b-PMEP block-co-oligomer functionalized
mesopores with a pore filling degree of ≈95 vol% (Figure 4b,
red star, pH 2) the pore accessibility and thus the measured
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Figure 4. a) Cyclic voltamogramms of a PMEP modified mesoporous silica film before (black line) and after addition of Ca2+-ions into the bulk solution
in dependence of time after addition (red 0 min, blue 7 min, pink 14 min, and green 21 min). Measurements are recorded using [Ru(NH3)6]2+/3+ as
probe molecule at a scanrate of 100 mV s−1 in a 150 × 10−3 m PBS solution at a solution pH of 11. b) Current peak densities of a PDMAEMA-b-PMEP
modified mesoporous silica film using [Fe(CN)6]3−/4− as probe molecule and recorded at a scan rate of 100 mV s−1 in a 1× PBS solution (150 × 10−3 m)
at pH values between 2 and 12 in the presence (stars) and absence (spheres) of 2 × 10−3 m CaCl2.

maximum peak current density increases by 200 µA cm−2 cor
responding to a factor of 1.6–2 and reaches values of
≈535 µA cm−2 comparable to purely PDMAEMA functionalized
mesopores with a pore filling degree of ≈80 vol%. This fully
inversed transport behavior of the block-co-oligomer functional
ized mesopores compared to homooligomer functionalized
mesopores demonstrates the strong influence of the charge
composition and chain architecture. This is an essential aspect
in approaching nature’s pore design and transport control
precision and with this implementing and pushing nanopore
transport dependent technologies. Our results are a first experi
mental step toward this direction allowing multifunctionality
combined with precise design in pore filling and chain architec
ture, although still being less precise as theoretical studies
implicate with respect to monomer positioning along a polymer
chain.[13]
Precise design of nanopore functionalization, and not only the
choice of functional polymers, strongly determines their ionic
accessibility and transport performance. Pore filling limits trans
port especially if no electrostatic attraction exists. Nevertheless,
this effect can be overcompensated by precise chain architecture
and charge composition design. Based on functionalization of
mesopores with block-co-oligomer polyelectrolytes, composed
of pH-responsive and orthogonally charged blocks, a complex
transport behavior differing from the homo-oligomer function
alized mesopores has been implemented. This functionalization
has been achieved by reinitiation of controlled iniferter-initiated
polymerization. PDMAEMA-b-PMEP functionalized mesopores
with high pore filling degrees of up to 95 vol% have been
gradually tuned from anion to cation selective depending on
solution pH. Thereby no bipolar pore behavior, as reported for
zwitterionic polymer modified mesopores, is observed in pHregimes in which both blocks should be orthogonally charged.
This demonstrates the importance of oligomer chain architec
ture design for ionic mesopore permselectivity. Finally, ligand
binding and selective gating is strongly influenced by this chain
architecture. We demonstrate that the pore opening and closing
behavior can be expanded by using block-co-oligomer poly
electrolytes PDMAEMA-b-PMEP as compared to the individual
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polyelectrolytes PDMAEMA and PMEP. All together this
functionalization and the observed complex transport control
offers a toolbox to fine tune mesopore transport based on pore
filling degrees and block-co-oligomer ratios allowing to approach
nature’s design precision. Especially if the precision of chain
design will be further improved, e.g., by using peptide synthesis
and precise combinations and placement of chargeable or ligand
binding functional units. This fine tuning is expected to advance
technologies depending on pore accessibility and transport con
trol such as sensors or (bio)separation and water management.

Experimental Section
Surface-Initiated
Polymerization
(SIP)
of
DMAEMA-b-MEP:
Following the literature procedure by Tom et al. the block-co-oligomer
functionalization was done in two consecutive steps.[7a] As a first
step surface-initiated polymerization (SIP) (1), DMAEMA (2.0 mL,
11.8 mmol) were dissolved in dry DMF (16 mL). To this solution, a SBDC
functionalized mesoporous silica film deposited on an ITO coated glass
substrate was added before the mixture was sealed with a rubber septum
and deoxygenated by nitrogen bubbling for 5 min before irradiation using
a Bio-Link BLX by Vilber Lourmat (t = 5 min, λ = 365 nm, P = 40 W).
The substrates were subsequently extracted through multiple washing
steps with DMF and distilled H2O. For the subsequent second SIP, SIP
(2), MEP (0.55 g) was dissolved in distilled H2O (20 mL). The substrate
was added to this solution before the mixture was sealed using a rubber
septum and deoxygenated for 15 min before irradiation using a Bio-Link
BLX by Vilber Lourmat (t = 15 min, λ = 365 nm, P = 40 W). Finally, the
substrates were extracted in distilled water overnight.

Supporting Information
Supporting Information is available from the Wiley Online Library or
from the author.
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