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ABSTRACT: The combination of a highly reactive monomer, 2-(methacryloyloxy)ethyl succinate (MES), and
active catalyst systems, e.g., Cu(I) complexed with 1,1,4,7,10,10-hexamethyltriethylenetetramine (HMTETA),
allows rapid formation of poly(carboxylic acid) brushes by atom transfer radical polymerization (ATRP) from a
surface. ATRP from initiators immobilized on Au-coated Si wafers yields films with an ellipsometric thickness
of 120 nm in less than 15 min. To the best of our knowledge, this is the first example of direct ATRP of protonated
acidic monomers that is capable of yielding such thick films, and MES polymerizes much more rapidly than
methacrylic acid both in solution and on a surface. The MES films are attractive for a number of applications,
including immobilization of proteins. Assuming that a lysozyme monolayer has a thickness of 2 nm, a 55 nm
poly(MES) brush binds ~70 monolayers of lysozyme via ion-exchange interactions. Additionally, when derivatized
with nitrilotriacetate—Cu?* complexes, poly(MES) films bind ~34 monolayers of BSA through metal-ion affinity
interactions (assuming a BSA monolayer thickness of 4 nm). These binding capacities are similar to those of
poly(acrylic acid) brushes prepared by polymerization of tert-butyl acrylate and subsequent hydrolysis, but the

poly(MES) synthesis is a one-step, aqueous process.

Introduction

Poly(carboxylic acid) brushes, commonly known as polyacids,
are an important class of polymers with potential applications
in cell adhesion and growth,'> immobilization of biomacro-
molecules,> ™ synthesis of shell-cross-linked micelles,®” and
entrapment of nanoparticles and catalysts.® Synthesis of polyacid
brushes frequently includes surface-initiated anionic polymer-
ization’ '* or ATRP'*"'® of an ester-containing monomer and
subsequent hydrolysis. For instance, Boyes et al. synthesized
polyacid brushes through growth and hydrolysis of poly(tert-
butyl acrylate) and poly(methacrylate) films.'® Unfortunately,
these strategies require multiple steps including harsh acidic
conditions for deprotection. Techniques such as photopolym-
erization are capable of directly forming acrylic acid (AA)'**°
and methacrylic acid (MAA) films;?' however, the use of
irradiation or high temperatures for initiation might be incom-
patible with opaque or temperature-sensitive substrates. Ad-
ditionally, conventional free radical techniques lead to extensive
polymerization in solution and require exhaustive rinsing to
remove physisorbed polymers. The use of controlled polymer-
ization methods can potentially overcome these limitations.?*?
Among the strategies for controlled polymerization, ATRP is
attractive due to its mild reaction conditions (room temperature
in many cases), tolerance to impurities, and use of readily available
catalysts, initiators, and monomers.>*~® Perhaps most importantly,
surface-initiated ATRP results in minimal solution polymeri-
zation and allows control over polymer thickness by variation
of polymerization time. Thus, ATRP is attractive for creating
films in complex geometries such as the pores of membranes
and for tailoring film architectures to maximize protein adsorp-
tion.

This article describes the rapid synthesis of carboxylic acid-
containing polymer brushes using surface-initiated ATRP of an
acidic monomer, 2-(methacryloyloxy)ethyl succinate (MES).
The combination of this monomer and highly active ATRP
catalysts yields 120 nm thick films in less than 15 min. Several
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papers reported growth of polymer brushes via surface-initiated
ATRP of acid monomers in aqueous solution, but most
polymerization rates and/or thicknesses were low.>’ *' Using
ATRP from immobilized initiators, Sankhe et al. polymerized
itaconic acid (IA) and methacrylic acid (MAA) from Au, but
film growth ceased after the formation of 10 nm thick coatings.**
The addition of salt to polymerization solutions allowed more
controlled growth of poly(IA) and poly(MAA) films, but the
growth rates were only 0.2 and 1 nm/h, respectively.>® Other
groups used a similar strategy to grow ~40 nm thick poly(AA)
brushes.*"** Tugulu and co-workers reported that direct, aqueous
polymerization of sodium methacrylate from initiators on Si can
yield 300 nm thick poly(MAA) in 3 h.*® Using the same
conditions, we tried growing poly(MAA) brushes from Au
surfaces that were modified by immersion in a solution
containing a disulfide initiator, (BrC(CH3),COO(CH3);1S).
These polymerizations yielded inhomogeneous films that were
visibly rough and not smooth enough for ellipsometric charac-
terization. Similar results occurred on Si modified with initiators.
In contrast, the polymerization of MES in its protonated form
provides visibly homogeneous films, and ellipsometry of these
films yields data that are characteristic of smooth coatings.

Polyacid films are attractive as protein binders®2%2¢~3® for
applications such as protein purification by affinity adsorp-
tion,****~*! immunoassays,*? enzymatic reactions,® and analyses
with antibody arrays.***® In these applications, the formation
of thick polymer brushes is vital for achieving high binding
capacities. Here we show that a 55 nm thick poly(MES) film
absorbs the equivalent of ~70 monolayers (14.4 & 0.3 ug/cm?)
of lysozyme, and derivatization of poly(MES) with metal-ion
complexes allows binding of large amounts of protein via metal-
affinity interactions.

Experimental Section

Materials. Dimethylformamide (DMF, anhydrous, 99.8%), 11-
mercaptoundecanol (97%), 2-bromoisobutyryl bromide (98%), CuBr
(99.999%), CuBr; (99%), 2,2'-bipyridyl (bpy, 99%), 1,1,4,7,10,10-
hexamethyltriethylenetetramine (HMTETA), 1.4,8,11-tetraaza-
1,4,8,11-tetramethylcyclotetradecane (Me4Cyclam), 4,4'-dinonyl-
2,2'-bipyridyl (dnNbpy), 1-[3-(dimethylamino)propyl]-3-ethyl-
carbodiimide hydrochloride (EDC), N-hydroxysuccinimide (NHS),
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4-(bromomethyl)benzoic acid (97%), column packing for removing
hydroquinone and monomethyl ether hydroquinone (cat. no.
311332), TWEEN-20 surfactant, bovine serum albumin (BSA), and
lysozyme were used as received from Sigma-Aldrich. CuSOq4+5H,0
(CCI), NaOH (Spectrum), NaH,PO,4 (CCI), Na,HPO, (Aldrich), and
Ng,Ng-bis(carboxymethyl)-L-lysine hydrate (aminobutyl NTA,
Fluka) were also used without purification. 2-Hydroxyethyl meth-
acrylate (HEMA, Aldrich, 97%, inhibited with 300 ppm hydro-
quinone monomethyl ether, MEHQ) was purified by passing it
through a column of activated basic alumina (Aldrich). In most
cases, 2-(methacryloyloxy)ethyl succinate (MES, Aldrich, inhibited
with 750 ppm MEHQ), methacrylic acid (MAA, Aldrich, 99%,
inhibited with 250 ppm MEHQ), and acrylic acid (AA, Aldrich,
99%, inhibited with 200 ppm MEHQ) were used as received, but
where noted, the inhibitor was removed by passing the monomer
through a column of inhibitor removal packing. The disulfide
initiator, (BrC(CHs3),COO(CH,),;S),,*" and tris[2-(dimethyl-
amino)ethyl]Jamine (MesTREN)*® were synthesized as described
previously. Buffers were prepared using analytical grade chemicals
and deionized water (Milli-Q, 18.2 MQ cm).

Polymerization of 2-(Methacryloyloxy)ethyl Succinate (MES)
on Au Substrates. Au-coated wafers (200 nm of sputtered Au on
20 nm of sputtered Cr on Si wafers) were cleaned with UV/ozone
for 15 min, immersed in a 1 mM ethanolic solution of the disulfide
initiator, (BrC(CH3),COO(CH;);;S),, for 24 h, rinsed sequentially
with ethanol and water, and dried under a stream of N,. These
initiator-modified substrates were then transferred to a N»-filled
glovebag where polymerization was carried out at ambient tem-
perature.

To prepare most polymerization solutions, 10 mL of a mixture
of neat monomer and 1 M aqueous NaOH (1:1, v/v) was first
degassed with three freeze—pump—thaw cycles. A 1 mL solution
of DMF containing CuBr, CuBr,, and ligands was similarly
degassed, and in a Ny-filled glovebag, this solution of catalyst was
mixed with the monomer/NaOH solution. Finally, the initiator-
coated substrate was immersed in the polymerization solution, and
after the desired time, the coated wafers were removed from the
glovebag, immediately sonicated in DMF for 10 min, rinsed
sequentially with ethanol and water, and dried under a stream of
N,. Final concentrations of the different catalysts in the various
polymerization solutions were CuBr (2 mM), CuBr, (I mM),
HMTETA (6 mM); CuBr (2 mM), CuBr; (1 mM), Me,Cyclam (2
mM), dnNbpy (1 mM); and CuBr (2 mM), CuBr, (I mM),
Me¢TREN (6 mM).'**° In a few cases, we halved the concentra-
tions of HMTETA and MesTREN ligands and achieved similar film
thicknesses.'*>° For the system containing bpy, the concentrations
were CuBr (0.55 mM), CuBr, (0.16 mM), and bpy (1.56 mM).
The use of a bpy system containing 6 mM bpy, 2 mM CuBr, and
1 mM CuBr;, resulted in very thin (<25 nm) films after 2 h of
polymerization. The pH of the polymerization solutions was ~5.0.

‘When examining polymerization rates as a function of the amount
of NaOH added to the polymerization solution, the monomer and
catalyst concentrations were kept constant. For these studies, neat
monomer, aqueous solutions of 1 and 5 M NaOH, deionized water,
and catalyst solution containing CuBr, CuBr,, and HMTETA in
DMF were degassed separately with three freeze—pump—thaw
cycles and transferred to a N,-filled glovebag. Solutions were prepared
by mixing 5 mL of MES with varying amounts of NaOH solution
and water in order to achieve the desired molar ratios of NaOH to
MES. The total volume in each case was 10 mL. One milliliter of
degassed catalyst solution was then mixed with the polymerization
solution, and the initiator-coated films were immersed in this solution
for 2 h. The polymer-coated wafers were removed from the glovebag,
immediately sonicated in DMF for 10 min, rinsed sequentially with
ethanol and water, and dried under a stream of N,.

Derivatization of Carboxylic Acid Groups and Protein
Immobilization. The carboxylic acid groups of poly(MES) were
activated by immersing the films in a solution containing NHS (0.1
M) and EDC (0.1 M) in water for 30 min, and the films were rinsed
sequentially with water and ethanol (20 mL each) and dried with
N,. The NHS-modified films were immersed for 1 h in an aqueous
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solution of aminobutyl NTA (0.1 M, pH 10.2), rinsed with 20 mL
of water, and dried with N,. Finally, the NTA—Cu?" complex was
formed by immersing the coated wafer in 50 mM CuSO, for 2 h,
rinsing the substrate sequentially with water and ethanol (20 mL
each), and drying with N,. To immobilize BSA, the poly(MES)—
NTA—Cu?" films were immersed in a solution of 1.0 mg/mL BSA
in 20 mM phosphate buffer (pH 7.2) (referred to as buffer from
now on) for 18 h. The films were then rinsed with 20 mL of washing
buffer (buffer containing 150 mM NaCl and 0.1% Tween-20, pH
7.2) followed by 20 mL of buffer and 20 mL of ethanol. Films
were dried under a stream of N.

For lysozyme-binding studies, poly(MES) wafers were immersed
in a 1 mg/mL solution of lysozyme in buffer for 3 h. The films
were then rinsed with 20 mL of washing buffer followed by 20
mL of buffer and 20 mL of ethanol. Films were dried under a stream
of N,. Before characterizing the poly(MES)—NTA—Cu?* and
poly(MES)—NTA—Cu?"—protein films by reflectance FTIR spec-
troscopy and ellipsometry, the films were immersed in buffer for
15 min followed by rinsing with 20 mL of ethanol and drying under
a stream of N,.

Quantification of Protein Binding. To quantify the amount of
protein bound to poly(MES) brushes on Au-coated Si wafers, the
method reported previously by Dai and co-workers was employed.*
Briefly, a calibration curve was obtained by plotting the ellipso-
metric thickness of spin-coated BSA or lysozyme films against the
reflectance FTIR absorbance of their amide I band. The amide
absorbance of lysozyme or BSA adsorbed to poly(MES) or
poly(MES)—NTA—Cu?* films was then compared to the calibration
curve to obtain the thickness added due to protein adsorption. These
results were confirmed by ellipsometric studies.

Kinetics of Solution Polymerization of MES, MAA, and
HEMA. Solution polymerizations of MES and MAA were per-
formed using 4-(bromomethyl)benzoic acid as the initiator.>® For
these studies, neat monomer (with or without inhibitor), 1 M
aqueous NaOH, and catalyst solution in DMF were degassed
separately using three freeze—pump—thaw cycles and transferred
to a Np-filled glovebag. Initiator (20 mM) was dissolved in 1 mL
of 1 M NaOH. In another vial, neat monomer (5 mL) was mixed
with 4 mL of 1 M NaOH, and 1 mL of degassed catalyst solution
containing CuBr (2 mM), CuBr; (1 mM), and HMTETA (6 mM)
in DMF was added. The initiator and monomer solutions were
mixed together, and a 0.5 mL aliquot of this mixture was transferred
to an NMR tube containing 50 4L of D,O. (Before adding the
polymerization solution, the NMR tube was purged with N, for 30
min and then kept in a N,-filled glovebag for at least 3 h to remove
oxygen.) The time difference between the start of polymerization
and the start of NMR data acquisition was 8 min.

Instrumentation. '"H NMR spectra were collected on a Varian
Inova-300 spectrometer, and reflectance FTIR spectra of films on
Au-coated wafers were obtained with a Nicolet Magna-IR 560
spectrophotometer containing a PIKE grazing angle (80°) accessory.
A UV/ozone-cleaned Au-coated wafer was used to obtain a background
spectrum. Film thicknesses were determined using a rotating analyzer
ellipsometer (model M-44; J.A. Woollam) at an incident angle of 75°,
assuming a film refractive index of 1.5. Ellipsometric measurements
were performed on at least three spots on a film.

Results and Discussion

Kinetics of Surface-Initiated MES Polymerization. Scheme
1 outlines the synthesis of poly(MES) brushes on Au-coated Si
wafers and the derivatization of these brushes with metal-ion
complexes that bind proteins. The reflectance FTIR spectra in
the Supporting Information are consistent with the synthetic
scheme. We examined the kinetics of room temperature, surface-
initiated MES polymerization using several catalyst systems
(Figure 1). Usually, ATRP maintains a low concentration of
active radicals to provide control over molecular mass and
polydispersities, and the rate of ATRP is low. However, the
use of HMTETA or Me4sCyclam/dnNbpy as ligands for the Cu
catalyst systems yields unusually rapid film growth and high
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Scheme 1. Synthesis of Protein-Binding Poly(MES) Brushes on
Au Surfaces
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film thicknesses. The decline in film growth rate with time for
these systems suggests a relatively high radical concentration
that leads to rapid polymerization as well as some termination.
Compared to HMTETA and MesCyclam/dnNbpy catalyst
systems, polymerizations using MesTREN as the Cu ligand were
more controlled, as evidenced by a nearly linear increase in
thickness with time for the first hour of polymerization. Even
with the MecsTREN catalyst system, however, the brush thick-
ness was > 120 nm after 90 min of polymerization. In contrast,
polymerizations using bpy as the catalyst ligand yielded <25
nm thick poly(MES) films. As proposed by Matyjaszewski,!
multidentate ligands like Me4Cyclam, MecTREN, and HMTETA
may complex the cupric species more efficiently than bpy,
shifting the equilibrium toward the Cu(II) species and providing
a higher radical concentration and faster polymerization
than bpy—Cu catalysis. Previous studies demonstrated that
MesCyclam, MecTREN, and HMTETA Cu complexes are
highly active catalysts for solution ATRP at ambient temper-
ature;’>>* however, MesTREN provides better control over
polymerizations due to a higher deactivation rate.>'-**

Comparison of ATRP of MES, MAA, and AA. To determine
whether the high rates of film growth are partly due to the
relatively high reactivity of MES, we grew films of poly(AA)
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Figure 1. Evolution of ellipsometric thickness with time for surface-
initiated polymerization of 2-(methacryloyloxy)ethyl succinate (MES)
using 1,1,4,7,10,10-hexamethyltriethylenetetramine (HMTETA, purple
diamonds), 1,4,8,11-tetraaza-1,4,8,1 1-tetramethylcyclotetradecane (MesCy-
clam)/4,4'-dinonyl-2,2'-bipyridyl (dnNbpy) (green triangles), tris[2-
(dimethylamino)ethyl]amine (MecTREN, red circles), and 2,2'-bipyridyl
(bpy, blue squares) catalyst systems. The room temperature, aqueous
polymerizations occurred on Au-coated Si, and each point represents
a different film. The purple diamonds and red circles show the average
of three independent runs, and the error bars correspond to the standard
deviation.
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Figure 2. Evolution of ellipsometric film thickness with time for
surface-initiated polymerization of (a) 2-(methacryloyloxy)ethyl suc-
cinate (MES) inhibited with 750 ppm of hydroquinone monomethyl
ether (MEHQ) (purple diamonds), (b) MES without inhibitor (hollow
diamonds), (c) 2-hydroxyethyl methacrylate (HEMA) without inhibitor
(blue triangles), (d) methacrylic acid (MAA) inhibited with 250 ppm
of MEHQ (green circles), and (¢) MAA without inhibitor (hollow
circles). Polymerizations were performed at room temperature on
initiator-modified Au substrates in aqueous solutions using CuBr/CuBr»/
1,1,4,7,10,10-hexamethyltriethylenetetramine (HMTETA) as a catalyst.
Each point represents a different film.

and poly(MAA) using the CuBr/CuBro,/HMTETA catalyst
system. After 2 h of polymerization, poly(AA) and poly(MAA)
brush thicknesses were <15 and 60 nm, respectively, while the
poly(MES) thickness was >170 nm. Notably the rates of
polymerization of MES and HEMA are similar (Figure 2),
suggesting that the methacrylates have an inherently faster
polymerization rate than methacrylic and acrylic acid. Unfor-
tunately, methyl methacrylate and ethyl methacrylate are not
soluble in water, so we could not investigate the polymerization
of these monomers under similar conditions.

We should note that during most polymerizations of MES
and MAA the inhibitor (MEHQ) was still present. As shown in
Figure 2, the initial rate of MAA polymerization increased in
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Figure 3. Percent monomer conversion as a function of time for solution
polymerization of 2-(methacryloyloxy)ethyl succinate (MES) without
inhibitor (hollow diamonds), MES inhibited with 750 ppm of hydro-
quinone monomethyl ether (MEHQ) (purple diamonds), methacrylic
acid (MAA) without inhibitor (hollow circles), and (d) MAA inhibited
with 250 ppm of MEHQ (green circles). Polymerizations were studied
using NMR at room temperature.
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Figure 4. Thickness of poly(2-(methacryloyloxy)ethyl succinate)
(poly(MES)) brushes as a function of the molar ratio of NaOH to MES
added to the polymerization solution. The brushes were grown using a
2 h, room temperature polymerization with a CuBr/CuBr»/1,1.,4,7,10,10-
hexamethyltriethylenetetramine (HMTETA) catalyst system.

the absence of inhibitor, but film growth stopped after 30 min
so the overall MAA film thickness (<60 nm) was the same as
that obtained in the presence of inhibitor. MES, on the other
hand, gave films that were ~15% thicker when polymerized in
the presence of inhibitor. Lower initial radical concentrations in
the presence of inhibitor could lead to less termination and thicker
films with MES. In any case, in the presence or absence of inhibitor,
poly(MES) films are much thicker than poly(MAA) films.

To test whether the observed kinetic behavior during film
growth is specific to surface-initiated polymerization, we examined
solution-phase ATRP of MES and MAA under similar conditions.
Figure 3 shows that in both the presence and absence of inhibitor
MES polymerizes much more rapidly than MAA. Polymeriza-
tion of inhibitor-free MAA resulted in only 4.2% conversion
to poly(MAA) (Figure 3, hollow circles), and no detectable
MAA polymerization occurred in the presence of inhibitor
(Figure 3, green circles). In contrast, polymerization of inhibitor-
free MES reached >99.5% conversion in about 7 h. Thus, the
faster growth of poly(MES) than poly(MAA) from surfaces is
likely a direct result of the different reactivities of the two
monomers.

Interestingly, unlike polymerization from a surface, the
solution phase polymerization of MES is faster without inhibitor.
This difference between solution and surface polymerization
of MES presumably occurs because there are many more
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Figure 5. Bovine serum albumin (BSA) binding capacity as a function
of poly(2-(methacryloyloxy)ethyl succinate) (poly(MES)) film thickness.
The poly(MES) films were derivatized with NTA—Cu?* complexes,
and the amount of bound BSA was determined using reflectance FTIR
spectroscopy.

initiators in solution than on the substrate, so termination by
radical recombination is less important in solution.?® Addition-
ally, radicals are likely in closer proximity on the surface than
in solution. The Supporting Information contains NMR spectra
of the polymerization solutions.

Effect of NaOH on MES Polymerization. We also examined
film growth as a function of the amount of NaOH added to the
polymerization solution. Figure 4 shows that film thicknesses
are highest when most of the MES in solution is in the
protonated form (little NaOH is added), but even with a 1:1
ratio of NaOH to MES, films with thicknesses >100 nm can
form. Thus, both protonated and deprotonated MES can
polymerize, but the protonated form polymerizes faster. This
is in agreement with some previous reports that showed that
the rate of polymerization of acidic monomers decreases with
increasing pH.>>>® The decrease in rate at high pH presumably
occurs because the electrostatic repulsion between growing
chains and deprotonated monomers decreases the rate at which
monomers can reach confined radicals.

At NaOH to MES ratios <0.08, the polymerization solution
is turbid, and when no NaOH is added, the solution consists of
two phases, the denser of which contains MES and most of the
catalyst, as discerned by its blue color. Even two-phase
polymerizations, when no NaOH is added to the reaction
mixture, give film thicknesses similar to those obtained when
adding small amounts of NaOH to the solution. (The substrate
sits in the MES-rich phase during polymerization.) However,
some water in the MES phase is necessary for rapid brush
growth,”” as polymerization from a solution containing only
monomer and catalyst gives film thicknesses of 25 nm after
2 h of polymerization.

Protein Binding to Poly(MES) Brushes and Their Deriva-
tives. To demonstrate the utility of poly(MES) brushes, we
examined their ability to bind proteins. Initially, we immersed
poly(MES) films on Au-coated Si in 1 mg/mL solutions of
lysozyme in 20 mM phosphate buffer (pH 7.2) for 3 h. After
removal of the film from solution and rinsing, reflectance FTIR
spectroscopy allowed determination of the amount of bound
lysozyme using a procedure we developed previously (see
Supporting Information).* Remarkably, a 55 nm poly(MES) film
binds 14.4 & 0.3 ug lysozyme/cm?, which is equivalent to ~70
monolayers of lysozyme in the brushes (assuming a monolayer
thickness of 2 nm).”® Ellipsometric measurements also show
that the film thickness increases from 55 to 205 nm after
lysozyme adsorption. This binding capacity is higher than the
38 monolayers of lysozyme reported to bind to sulfonated
poly(glycidyl methacrylate) coatings®® and is comparable to the
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~80 lysozyme monolayers found to bind to poly(AA) brushes
prepared by hydrolysis of poly(tert-butyl acrylate).*

Building on these promising results, we investigated the
adsorption of BSA in poly(MES) brushes modified with
NTA—Cu*" complexes (Scheme 1). This adsorption occurs
through a metal-affinity interaction between BSA and the Cu(II)
complex. We immersed poly(MES)—NTA—Cu?* films over-
night in a solution containing 1 mg/mL BSA and then
thoroughly rinsed these films with buffers and solvent. As seen
in Figure 5, 55 and 85 nm poly(MES) films derivatized with
NTA—Cu?" had BSA binding capacities of 6.8 and 7.2 ug/
cm?, respectively, which is equivalent to 34 and 36 monolayers
of BSA in poly(MES) brushes (assuming a monolayer thickness
of 4 nm).>® These high binding capacities and the fact that BSA
binding initially increases with brush thickness suggest that
binding occurs both at the film—solution interface and inside
the brushes. However, steric hindrance to binding may result
in the plateau in adsorption capacity at thicknesses >60 nm
(Figure 5). The poly(MES) binding capacity is similar to that
reported previously for poly(AA), but the poly(MES) can be
synthesized in a rapid, one-step procedure.

Conclusions

Surface-initiated aqueous ATRP enables rapid growth of
poly(MES) brushes under gentle conditions that should allow
formation of films on a wide range of substrates. Both on a
surface and in solution, polymerization of MES occurs much
faster than polymerization of MAA, presumably because meth-
acrylates are more reactive than MAA or AA. HEMA, another
water-soluble methacrylate, shows brush growth rates similar
to those of MES. Poly(MES) brushes and their derivatives are
capable of binding many monolayers of BSA as well as
lysozyme, and we are currently investigating the growth of
poly(MES) brushes inside membranes to form protein absorbers.
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