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The introduction of nanoscale features brings with it a high density of surface interface boundaries and effectively
introduces an additional boundary material that exhibits properties different from the surrounding surfaces. We
systematically varied the feature size of self-assembled polystyrene-block-poly(methyl methacrylate) copolymer
nanopatterns from 13 to 200 nm and demonstrated that the basic property of protein adsorption on a nanopatterned
surface can be modulated by the length density of surface interfaces present. Protein adsorption on the nanopatterns
could be described by a modified adsorption affinity along the surface interface with an effective width on the
length-scale of individual proteins. Due to the intrinsic high density of surface interfaces in many polymeric thin
film nanopatterns and structures, the interaction of proteins with such interfaces may be of particular relevance
to cell-surface studies and to biomaterial and biosensor applications involving nanoscale features.

Introduction
The ability to define surface structures on the nanoscale has
the potential to significantly advance the fields of biosensing,
biomaterials, and cell-surface studies. Nanoarrays of biomolecular elements are important for high-throughput biosensing.1-3
Cell-surface studies with nanopatterns of biochemical or
topographic cues may offer mechanistic insights into biochemical pathways that regulate cell-surface interactions,2,4-6 and
provide knowledge for designing biomaterials that mimic the
biological system.7,8 The introduction of nanoscale features
brings with it a high density of surface interface boundaries
and effectively introduces an additional interface material that
may exhibit properties different from the surrounding surfaces.
Investigation of protein interactions with these interfaces may
inform the design of protein-based biosensors and, because
adsorbed proteins mediate the interaction of cells with a
surface,4,9,10 complement our understanding of cell-surface
interactions.
Protein adsorption on micro- and nanopatterns has been an
active area of investigation, especially in relation to developing
protein patterning techniques for array sensing applications.11-17
Previous reports have also explored the effect of a nanopattern
on adsorption behavior. For example, the presence of chemical
nanostripes with line widths close to that of individual proteins
has been shown to induce proteins to preferentially adsorb with
an orientation aligned with the nanopattern’s anisotropy.3,18
Also, the amount of proteins adsorbed on the nanostructured
surface of a homogeneous material was observed to increase
with increasing feature density and nanoscale roughness.19
Moreover, the presence of nanostructures on a surface has been
shown to enhance the activity of an adsorbed protein.20 Recently,
based on ex situ AFM measurements, an enhanced protein
adsorption affinity along surface interfaces of polymer patterns
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has been proposed.21 However, the influence of hydrodynamic
shear forces, induced during sample rinsing, on the spatial
distribution of proteins adsorbed on a patterned surface,17
complicates the interpretation of the results.
In this contribution we demonstrate that the basic property
of protein adsorption on a nanopatterned surface can be
significantly modified by the density of surface interfaces
present. A range of polystyrene-block-poly(methyl methacrylate)
(PS-b-PMMA) copolymer nanopatterned surfaces were prepared,22-24 and the density of surface interfaces systematically
varied by more than an order of magnitude. Significantly, the
nanopattern with the highest interface density exhibited pattern
domains with dimensions corresponding to individual proteins,
and these surfaces were topographically flat relative to the
dimensions of proteins. To these tailored two-dimensional
nanopatterned surfaces, the adsorption of immunoglobulin-G
(IgG) was investigated and compared to the adsorption on PS
and PMMA surfaces lacking interfaces. The nanopatterns were
characterized with atomic force microscopy (AFM), and the
corresponding protein adsorption was monitored in situ by
surface plasmon resonance spectroscopy (SPR). PS and PMMA
have almost identical surface energies in air,25-27 thus skin layer
formation was minimized during PS-b-PMMA block copolymer
self-assembly, and topographically flat polymer nanopatterned
surfaces could be prepared.17,24,25 The use of an in situ technique
for quantifying protein adsorption ensured that the measurements
reflected the native configurations of the proteins adsorbed on
the nanopatterned surfaces. Moreover, unlike previous studies
that employed an extreme contrast in hydrophobicity to generate
a biomolecular response, such as with alkyl/poly(ethylene-oxide)3,18 or oxide/metal20 nanopatterns, the PS and PMMA used
in this report are both poorly solvated in water and are
comparatively similar in hydrophobicity.28-30 Thus, the present
results on PS-b-PMMA nanopatterns put an emphasis on the
presence of surface chemical interfaces, in addition to a
difference in chemistry across the interfaces.
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Experimental Section
Materials. PS-b-PMMA with PS/PMMA block number molecular
weights (Mn, in kg/mol) of 20.2/50.5, 26.4/68, 106/99, and 868/857
and polydispersities of 1.07, 1.18, 1.09, and 1.3, respectively, were
purchased from Polymer Source Inc., Dorval, Canada, and used as
received. The PS-b-PMMA with Mn of PS/PMMA ) 21.5/20.6 and
35.7/35.9 and polydispersities of 1.07 and 1.09, respectively, were
synthesized by living anionic polymerization. The cross-linkable,
random copolymer of styrene, methyl methacrylate, and reactive
benzocyclobutene (BCB) (P(S-r-BCB-r-MMA)), with Mn ) 25 kg/mol,
and polydispersity ) 1.18, used to prepare the neutral surface energy
layer, was synthesized by living free-radical polymerization. The
syntheses of the polymers have been described elsewhere.24 Polished
LaSFN9 high refractive index glass substrates were purchased from
Hellma Optik, Germany. Phosphate buffered saline (PBS; 10 mM
phosphate buffer, 2.7 mM KCl and 137 mM NaCl, pH 7.4 (25 °C))
was purchased from Sigma-Aldrich, Germany. Affinity purified whole
goat antirabbit IgG (biotinylated) was purchased also from SigmaAldrich. Affinity purified whole mouse antigoat IgG was purchased
from Pierce Biotechnology, U.S.A. Protein concentrations were verified
by UV absorbance assay (measured using a BioPhotometer, Eppendorf,
Germany).
Preparation of Copolymer Thin Film Templates. PS-b-PMMA
nanopatterns were prepared on gold-coated glass substrates with a ∼10
nm thick P(S-r-BCB-r-MMA) “neutral surface energy” layer according
to a reported method.24 Briefly, first the 0.3 wt % P(S-r-BCB-r-MMA)
solutions in benzene were spin-coated at 3000 rpm onto the gold-coated
substrates and cross-linked in vacuum (220 °C) overnight. Then PSb-PMMA films were spin-coated onto the functionalized substrates from
solutions in toluene. The concentrations and spin speeds used ranged
from 1 to 2.5 wt % and from 1800 to 4500 rpm, respectively, to achieve
copolymer layer thicknesses of 25, 25, 30, 30, 51, and 64 nm (measured
by profilometer P-10, KLA Tencor, U.S.A.), for copolymers of Mn )
20.2/50.5, 26.4/68, 21.5/20.6, 35.7/35.9, 106/99, and 868/857 kg/mol,
respectively. Samples corresponding to the first four of these copolymers
were then annealed in vacuum at 180 °C for 2 days, and samples of
the last two copolymers were annealed at 200 °C for 2 days. Finally,
the samples were rinsed in ethanol and then in deionized water before
use. Gold layers (50 nm) were coated on the glass substrates by thermal
evaporation; a 2 nm Cr adhesion layer was also used (Autolab 306,
BOC Edwards, UK).
Atomic Force Microscopy (AFM) and Computer Image Analysis.
AFM was performed with a Nanoscope IIIa Multimode (Digital
Instruments/Veeco Metrology, U.S.A.). Two types of tetrahedral silicon
micro cantilevers (Olympus, Japan) were used: 42 N/m, 300 kHz tips
for general PS-b-PMMA characterization; and 1.8 N/m, 70 kHz tips
for surfaces decorated with proteins. The tip radius was specified by
the manufacturer to be <7 nm. The PS-b-PMMA domain center-tocenter distances (λC-C) were determined from maxima in the 2D
frequency transforms of AFM phase images. Identification of the PS
and PMMA domains appearing in AFM phase images was accomplished by cluster thresholding of the histogram31 to distinguish
between dark and light phases in the images corresponding to the
respective domains. The characteristic PS domain widths (dPS), surface
fractions (fPS), and domain interface length densities (linterf) were then
measured from the identified nanopatterns with the help of the particle
analysis tool found in the image analysis software ImageJ.32 See
Supporting Information for details on the thresholding procedure and
on calculating dPS, fPS, and linterf.
Surface Plasmon Resonance (SPR). In situ SPR experiments were
performed on a purpose-built system.33,34 Surface plasmons were
excited at the resonance angle (θr) and measured as a sharp minimum
in intensity, as a laser (632.8 nm) was reflected off the gold-glass
interface of the gold-coated glass substrates over a range of incidence
angles under total internal reflection. Protein adsorption was observed
as a shift in θr, and this was related to protein layer thickness by Fresnel
calculations33 using an IgG layer refractive index ) 1.53 (dry mass

Figure 1. AFM phase images of PS-b-PMMA nanopatterns (1 × 1
µm2, 20° phase scale). PS domains are indicated as darker areas
than PMMA areas. (A-D) Alternating PS and PMMA striped domains.
(E-F) PS dot arrays with local hexagonal ordering. The corresponding
total molecular weight (Mn, in g/mol), linterf, dPS, and fPS are also shown.
Although a high Mn for (D) prevented long-range self-assembly, the
sample showed characteristic averaged values of λC-C and linterf
(calculated from measurements spanning 5 × 5 µm2).

value).35 The mass density of protein adsorbed was then calculated
from the optical thickness by de Feijter’s formula using a protein
refractive index increment of 0.182 cm3/g.35 A Teflon liquid cell
(internal dimensions: 6 mm deep; 3.5 mm in radius) was clamped onto
the samples and was used in conjunction with the SPR setup to
exchange protein solutions and rinsing buffers in situ. Exchange of
the liquid cell content was accomplished by direct injection and
extraction of the liquid content via separate syringe needles. Water
surface tension and the wetting of the sample surface ensured that the
sample surface was always wetted during syringe action (PS and PMMA
are less hydrophobic than the Teflon). Full exchange of the liquid
contents was ensured by repeating the syringe exchange three times
during injection of protein solutions and five times during buffer rinsing.
The syringe exchange was found to be more effective than using a
pump-operated flow cell with either (i) a thin cross section of the liquid
flow path, which enabled laminar flow within the cell and complete
exchange of the flow cell contents, but which also induced significant
hydrodynamic shear forces on the sample surface, or (ii) a large cell
volume, which did not support proper exchange of cell contents.

Results and Discussion
AFM phase measurements of the nanopatterned PS-b-PMMA
thin films are shown in Figure 1. PS surfaces were revealed as
dark regions with a phase shift smaller than for the light PMMA
regions.36,37 Alternating stripes of PS and PMMA (Figure
1A-D) and hexagonally ordered PS domains arrayed in a
PMMA matrix (Figure 1E,F) resulted, respectively, from PSb-PMMA self-assembly into lamella and cylindrical morphologies oriented normal to the surface.22-24 The periodic domain
center-to-center distance (λC-C) was varied over an order of
magnitude from 29 to ∼300 nm, corresponding to characteristic
PS domain widths (dPS) of 13 to ∼200 nm. The nanopatterns
were also characterized by the PS surface fraction (fPS), and
the length density of surface interfaces delineating nanopatterned
surfaces (linterf). As the domain feature density increased, linterf
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increased from 8 to 84 µm/µm2. The maximum height variation
(Rmax) across any 1 × 1 µm2 surface for nanopatterns with λC-C
< 100 nm was <1 nm, and the maximum local curvature for all
samples was <0.1 nm-1 (see Supporting Information). Therefore,
the variation in topography across the PS/PMMA interfaces was
significantly smaller than the dimensions of the proteins used
(IgG: 14 × 9 × 4 nm3)38,39 and the nanopatterned surfaces were
considered flat. Note that, although limited PMMA chain
mobility at the solid-water interface over time-scales of many
hours has been demonstrated,40 PMMA is only poorly solvated
in water and PS is even less so.41 Therefore, any PS-b-PMMA
swelling is not expected to alter the relative flatness of the PSb-PMMA nanopatterns with respect to the dimensions of the
protein. Note also that, due to the flat topography of the chemical
nanopatterns, tip convolution on the measurements of the
geometric parameters of the nanopatterns was minimal.
In situ SPR results of adsorption on the nanopatterns from
17 µg/mL IgG in PBS are shown in Figure 2. Two kinds of
IgG, mouse antigoat (MxG) and goat antirabbit (GxR), were
used to cross-verify the results. As an example, Figure 2A
compares the kinetics of GxR-IgG adsorption on a hexagonally
arrayed PS domain nanopattern (Figure 1F), with adsorption
on pure PS and pure PMMA surfaces. In general, the amount
of IgG adsorbed on PS (ΓPS) is higher than that on PMMA
(ΓPMMA).28,42 Because the nanopatterned surface consists of both
PS and PMMA domains, one might expect the amount of IgG
adsorbed to be the surface fraction weighted average of ΓPS and
ΓPMMA, that is, the linear additive rule, with the presumed
adsorbed amount Γ′ ) fPSΓPS + (1 - fPS)ΓPMMA. However, the
measured IgG adsorption on PS-b-PMMA (ΓPS-b-PMMA) was
found to be significantly higher than Γ′ (Figure 2A). Furthermore, this anomaly was observed, to different degrees, for all
the nanopatterns and IgG’s. Normalizing ΓPS-b-PMMA by Γ′ gives
Γnorm, which characterizes the “excess” protein adsorbed (values
taken to be the adsorbed amount at 180 min). Γnorm is plotted
against λC-C in Figure 2B, and a dramatic enhancement in the
amount of protein adsorbed is seen as λC-C decreased and
approached the dimensions of an individual IgG (14 × 9 × 4
nm3).38,39 On the other hand, no relationship could be discerned
between Γnorm and fPS. Interestingly, the nanopattern morphology
also did not appear to influence the trend in Γnorm. Analyzing
the data subsets corresponding to the striped and the dot arrayed
nanopatterns did not reveal significantly different trends.
However, Figure 2C suggests a straightforward interpretation
of the enhancement effect by plotting Γnorm against linterf for all
samples. It shows that the observed increase in protein adsorption is directly related to the length of PS/PMMA surface
interfaces present. Furthermore, because the amount of proteins
adsorbed was observed to be enhanced on the nanopatterned
PS-b-PMMA surfaces relative to equivalent areas of pure PS
and PMMA surfaces, therefore, the PS/PMMA surface interface
regions on the PS-b-PMMA nanopatterns may also be expected
to have not an averaged adsorption behavior between these two
constituent bulk materials, but an enhanced adsorption affinity.
In the present analysis, there is an uncertainty associated with
the measurement of fPS based on image analysis of the PS-bPMMA nanopatterns which may be biased depending on the
image thresholding technique used.43 Indeed, since ΓPS > ΓPMMA,
an underestimation of fPS might lead to an apparent excess of
proteins adsorbed on the nanopatterned surfaces. Nonetheless,
the estimated uncertainty in fPS in our experiments is far lower
than would be required to explain the observed results shown
in Figure 2. For example, for adsorption on the smallest
nanopattern corresponding to Figure 1A, fPS would have to be
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Figure 2. (A) G × R-IgG adsorption on PS, PMMA, and the PS-bPMMA nanopattern corresponding to Figure 1F. The dashed line
shows the hypothetical amount of IgG adsorbed calculated from the
fPS weighted-average of ΓPS and ΓPMMA. Short arrows indicate rinsing
with PBS. (B) and (C) Γnorm after 180 min adsorption, plotted against
λC-C and linterf, respectively. Open symbols in (C) show Γnorm modeled
using eq 1B with Γinterf ) 1.67 ΓPS and dinterf ) 2 nm. The dashed line
is for guiding the eye only. The error bars show ( 2 SD.

adjusted upward from the measured value of 0.43 to a
hypothetical value of 0.81 to negate the measured ∼25%
increase in proteins adsorbed. Such a drastic discrepancy in fPS
was not observed by, for example, visual examination of the
AFM image. Furthermore, no systematic under- or overestimation of fPS measured relative to the volume fractions of the block
copolymers used was found. Therefore, we believe our measurements of fPS and of Γnorm were valid, and the error bars in
Figure 2B,C, which span four standard deviations ((2 SD),
serve to underscore the certainty of the interface effect.
The observed adsorption behavior may be described by a twovariable model that sums the amount of proteins separately
adsorbed on the PS, the PMMA, and the interface surface
regions
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where dinterf is the effective width and Γinterf is the adsorption
affinity of the PS/PMMA surface interface. The remaining terms
have already been measured either by AFM (linterf, fPS, fPMMA )
1-fPS) or by SPR (ΓPS, ΓPMMA, and Γ′).
Equation 1A shows explicitly how the normalized amounts
of adsorbed protein on the different nanopattern domains are
accounted for. In the first term, linterfdinterf defines the per unit
surface area belonging to the interface region, and this product
times Γinterf is the amount of proteins adsorbed along the
interfaces. The second and third terms describe the amounts of
protein adsorbed on the PS and PMMA surfaces, respectively.
Because the interface is now considered to have a finite width,
dinterf, the surface fractions occupied by the two polymer
components are reduced by the interface width. It is assumed
that the interface extends into both the PS and PMMA domains
equally. Therefore, the amounts of proteins adsorbed on the pure
polymer surfaces are Γi times (fi - linterfdinterf/2) (where i stands
for either PS or PMMA).
Figure 2C indicates that linterf is the independent variable in
the analysis, and eq 1A can be re-expressed as eq 1B to show
this explicitly. Moreover, eq 1B expresses the conditions for
which an interface effect may be expected (Γnorm * 1): (i) if
dinterf > 0 and (ii) if the interface possesses an adsorption affinity
that is different from the average of the materials across the
interface (Γinterf * (ΓPS + ΓPMMA)/2). Therefore, the fact that
the data exhibits a positive slope in Figure 2C implies that the
interface of the PS-b-PMMA nanopatterns has a finite width
and that the interface’s affinity for IgG adsorption is higher than
the average of ΓPS and ΓPMMA. However, because dinterf and Γinterf
only appear as a product in eqs 1A and 1B, it is not possible to
independently determine both values from fitting of the data.
Nonetheless, a few limiting cases may be considered. First, it
is plausible that the interface should have a width that is equal
to or larger than the diameter of the PS-b-PMMA chain.
Assuming a value of dinterf ) 0.8 nm, that is, equal to the van
der Waals chain diameter of PMMA,40 an upperbound estimate
of Γinterf may be obtained: Γinterf ) 3.2ΓPS ) 7.4ΓPMMA. In
comparison, adsorption experiments on a homogeneous random
copolymer surface with styrene and methyl methacrylate
monomers mixed on the molecular scale in a 58:42 ratio showed
an IgG adsorption affinity, ΓP(S-r-MMA), that equaled 1.2ΓPS and
2.8ΓPMMA (see Supporting Information). Assuming that Γinterf
) ΓP(S-r-MMA), fitting of the data gave dinterf ) 4.2 nm. At the
other extreme, by assuming Γinterf to be marginally larger than
the average [(ΓPS, ΓPMMA)/2] fitting gave an unphysical value
of dinterf ) 32 nm, which is larger than the pattern periodicity
of the smallest nanopattern λC-C ) 29 nm. Assumed values of
dinterf larger than the nanometer scale also led to lower tightness
of fit with the data. Therefore, we believe that the observed
enhancement in the amount of proteins adsorbed along the
interface may best be described by dinterf ∼ 1 nm and Γinterf that
is slightly higher than ΓPS.
A differentiated affinity for protein adsorption along surface
interfaces of nanopatterns may have possible contributions from
the surface chemistry, and the packing geometry and orientation

of the adsorbed proteins. First, surface interfaces are seldom
atomically sharp and an IgG spanning the PS/PMMA interface
has the possibility to interact with both PS and PMMA surfaces
as well as a range of surface chemistries spanning between PS
and PMMA. In the case of block copolymer surfaces, the
differences in chain configurations along domain interfaces22,44,45
(combined with any surface swelling effects) may contribute
to the differentiation of the interface properties relative to surface
bulk properties of either PS or PMMA. Therefore, the fact that
a protein may span a chemically variable interface region may
allow the residues of a protein to form attachment points46 with
different regions of the interface and make up, in the case of
IgG, a more favorable overall physical interaction. The unique
conformational state of the block copolymer interface between
PS and PMMA domains22,44 may also contribute to a nonaverage surface chemistry at that location. Second, the jamming
limit to protein adsorption,47 which defines the highest surface
coverage of adsorbed proteins that can be randomly positioned
on a surface (i.e., the effective full surface coverage of an
adsorbed monolayer), may be higher at the interface between
two surfaces with different rates of adsorption. In the present
experiment, the lower adsorbed protein density on PMMA
relative to that on PS effectively decreases the protein density
along the PS side of the PS/PMMA interface, thus increases
the number of adsorption sites on the interface large enough to
accommodate further adsorption. Furthermore, the preferred
orientation of the adsorbed proteins may also be influenced by
a difference in surface chemistry, which may lead to modifications of the maximum surface mass density representing
effective full surface coverage (monolayer coverage). The
surface area occupied by an adsorbed IgG is 123 nm2 if
the protein is adsorbed “flat” with its longest axis parallel to
the surface and 34 nm2 if the IgG is adsorbed “standing” with
its shortest axis parallel to the surface.48 On a surface with highly
favorable hydrophobic interactions, such as PS, a protein may
adsorb preferentially flat (i.e., spread) on the surface to maximize
the protein-surface interactions.49 Higher degrees of spreading
(i.e., a larger surface area occupied per adsorbed IgG) imply
lower maxima for the mass density of a full protein monolayer,
and “flat” and “standing” close-packed IgG monolayers correspond to surface mass densities of 2.2 and 7.8 ng/mm2,
respectively. In other words, the adsorbed mass density at any
particular surface coverage may vary significantly depending
on the adsorbed orientation of the irregularly shaped proteins.
Furthermore, given the effect of geometric jamming mentioned
above, the full monolayer mass densities are reduced to effective
maxima corresponding to the jamming surface coverage.
Therefore, the final amount of IgG adsorbed on PS (1.8 ng/
mm2; Figure 2A), which corresponds to a value slightly lower
than a close-packed “flat” monolayer, may indicate an effective
monolayer of IgG adsorbed predominantly in the “flat” configuration. This interpretation would also be consistent with the
presence of a strong IgG-PS surface interaction.49 On PMMA,
the amount of IgG adsorbed was quite low compared with the
theoretical maximum regardless of the adsorbed orientation.
Because our SPR measurements indicated that the adsorbed
amount along the interface was possibly higher than even on
PS and that the surface coverage on PS might already correspond
to an effective full monolayer, our results may suggest that more
IgG were adsorbed in a “standing” orientation along the interface
than on PS.
In terms of dynamics, protein-surface interactions during the
initial adsorption may be expected to proceed close to equilibrium in our experiments, because of the relatively low protein
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Figure 3. (A) AFM height image of a PS-b-PMMA block copolymer
surface after 3 h G × R-IgG adsorption and rinsing with PBS. The
AFM phase image of the original copolymer surface used is shown
in (B), which is a partial, magnified view of Figure 1B. The inset in
(A) sketches out the underlying PS-b-PMMA striped pattern in the
lower right portion of the main image, inferred from the differences in
protein densities observed.

concentration used and because the protein solution was not
disturbed by hydrodynamic shear during the adsorption (see
Experimental Section). If the arrival of adsorbing proteins was
significantly increased, such as at higher protein concentrations,
adsorbed proteins might not have enough time to reach their
equilibrium conformations before nearby surfaces became
occupied by additional protein adsorption. If the enhanced
adsorption along the interface resulted primarily from differences
in the adsorbed orientation/conformation, then at higher concentrations, the contrast in adsorption affinity between the PS
and interface surfaces would decrease and the enhancement
effect would be diminished. Further experiments are underway
to explore this concentration effect.
The contrast between Γinterf, ΓPS, and ΓPMMA may also be
inferred from AFM measurements of the protein-covered PSb-PMMA surface after adsorption. Figure 3A shows the AFM
height image of the IgG covered block copolymer surface with
λC-C ) 45 nm and dPS ) 25 nm (Figures 1B and 3B). The
image was taken after 3 h GxR-IgG adsorption. It can be seen
that, although the entire surface was saturated with particulates
∼10 nm in size, likely representing individual IgGs, the
underlying chemical nanopattern of the microphase separated
PS-b-PMMA could still be discerned due to differences in
adsorbed protein density on the PS, PMMA, and interface
regions. Due to the high protein coverage and the parity in
dimensions of the IgG and the AFM tip radius, tip convolution
prevented a precise determination of the surface coverage based
on AFM data. Also, due to the high protein coverage and the
uneven surface presented by the protein layer, high resolution
in situ liquid AFM images of the sample in buffer could not be
obtained. On the other hand, Figure 3A shows a topography
variation <3 nm, which is less than the shortest axis of the IgG,
and no multilayers or protein aggregates could be observed.
Moreover, as discussed earlier, the SPR measurements indicated
that the adsorbed mass density of proteins was no higher than
for an effective monolayer of IgG adsorbed “flat” on the
nanopatterns. Thus, all the proteins seen in Figure 3A were
actually adsorbed directly on the nanopatterned polymer surface.
Therefore, Figure 3A shows that multiply defined nanoregions
of contrasting protein densities, with interface regions having a
higher density than possible with the constituent pure phase
materials, may be tailored from the nanoscale juxtaposition of
PS and PMMA block copolymer domains.

Conclusions
This contribution demonstrates that protein adsorption on
topographically flat, chemically heterogeneous nanopatterned
polymer surfaces can be modulated by the length density of
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surface interfaces delineating the nanopatterns. Periodic nanopatterns spanning an order of magnitude in feature size and
interface density were obtained by PS-b-PMMA self-assembly,
and protein adsorption on the nanopatterns could be described
by an enhanced adsorption affinity along the interface. Importantly, adsorption along the PS/PMMA interface was found not
to be an average of the adsorption behavior on PS and PMMA
surfaces, but to be enhanced with respect to both types of
polymer surfaces. This interface effect was also found not to
depend on other nanopattern parameters such as the pattern
morphology. Due to the intrinsic high density of surface
interfaces in polymeric thin film nanopatterns and structures,
the interaction of proteins with such interfaces may be of
particular relevance to cell-surface studies and to biomaterial
and biosensor applications involving nanoscale features.
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