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ABSTRACT: The fabrication of ultrathin selective molecularly imprinted
polymer (MIP) microdots using polymerization by evanescent waves
(PEW) is demonstrated for the first time. A specific prepolymerization
mixture exhibiting suitable photosentivity at 405 nm was developed,
containing in particular the visible-light photoinitiator bis(2,4,6-
trimethylbenzoyl)-phenylphosphineoxide. PEW allows for nanometric
resolution of the MIP dots in the z-scale. Within a few seconds, it is
possible to generate molecularly imprinted microdots with sub-100 nm
thickness. The amino acid Z-()-phenylalanine was used as model imprint-
ing template, and the fluorescent dansyl-phenylalanine was employed as a
fluorescently labeled derivative for the recognition tests. The MIP micro-
dots showed specific molecular recognition for (1)-phenylalanine deriva-
tives and were able to discriminate dansyl-(1)-phenylalanine from
dansyl-(p)-phenylalanine.
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B INTRODUCTION

Molecularly imprinted polymers (MIPs) are biomimetic syn-
thetic receptors capable of binding target molecules with high
specificity.' > Initially, a template molecule self-assembles with
functional monomers in an excess of cross-linking monomers, to
form a complex through noncovalent interactions. After polym-
erization, the template is removed, and the resulting material
exhibits a 3-dimensional structure, complementary in size, shape,
and position of the functional groups to the template molecule.
Owing to this molecular memory, imprinted polymers are able to
recognize and bind target molecules and thus act as synthetic
receptors mimicking natural biological receptors, for example in
chemical sensors and biochips. The integration of imprinted
polymers into sensors and similar devices in a suitable form such
as thin films, micro and nanopatterns, is the main challenge of
practical sensor development and requires processes for micro-
fabricating MIPs in two- and three-dimensional patterns, possi-
bly with additional multiscale structuring. In this context,
photolithographic methods are of great interest. Using photo-
polymerization, the MIP can be synthesized in situ, which is far
more difficult with thermal polymerization, still the method of
choice for bulk MIP synthesis. Indeed, photoinduced radical polym-
erization is associated with a number of advantages, such as fast
reaction, room temperature polymerization, and spatial control of
polymerization. Several lithographic techniques have previously been
used for MIP synthesis, such as microstereolithography, *> mid-infrared
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laser pulse (the only example of a localized thermal polymerization),®
UV-mask projection lithography,” microcontact printing® soft
lithography,” or fountain pen micro or nanolithography.'®"" One very
interesting option that has not been used so far for MIP synthesis is the
optical near field. Near-field photolithography makes it possible to
reach a resolution below the diffraction limit, and has been shown to be
a powerful method for nanoscale photofabrication of polymers.">
More particularly, polymerization by evanescent wave (PEW) has
been demonstrated to be one possible method for reducing the size of
polymeric features in the z-dimension, since the evanescent wave
generated by total internal reflection of a light beam extends only a few
hundreds of nanometers (depending on the wavelength) into the
polymerization medium. With specific optical arrangements using
interfering lasers, nanofabrication in the x-y-dimensions is also
possible."> ' Here, we report for first time the fabrication of ultrathin
molecularly imprinted polymer microdots using PEW as photolitho-
graphic method. The interest of this route is to provide a simple and
rapid method to implement MIP dots on a substrate with multiscale
structuring: (i) microscale resolution for the lateral size of the dots, (ii)
nanoscale thickness (<100 nm), (iii) nanoscale porosity to gain access
to molecularly imprinted binding sites, and (iv) molecular imprinting.
The key-point was to develop a specific photosensitive MIP recipe that
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is compatible with PEW. The possibility of initiating the polymeriza-
tion with visible light is of particular interest since to date all the reports
on the photopolymerization of MIPs used UV light. We describe here
the photopolymerization of reproducible polymeric micropatterns in a
few seconds, exhibiting thicknesses of only tens of nanometers, and
specific molecular recognition of dansyl-(L)-phenylalanine (dansyl-
(1)-Phe), a fluorescent amino acid derivative used as a model target.

B EXPERIMENTAL SECTION

Materials. Methacrylic acid (MAA, inhibited with 250 ppm MEHQ),
4-vinylpyridine (4-VPy), ethylenglycol dimethacrylate (EGDMA, inhib-
ited with 100 ppm MEHQ), and dansyl-(L)-phenylalanine (dansyl-(L)-Phe)
were purchased from Sigma-Aldrich. N-(carbobenzyloxy)-(L)-phenylala-
nine (Z-(1)-Phe) was obtained from Fluka. Dansyl-(p)-phenylalanine
(dansyl-(p)-Phe) was purchased from Biosynthan GmbH (Germany)
and bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (Irgacure819)
was generously provided by Ciba Specialty Chemicals (France). 4-VPy
was vacuum-distilled before use and all other monomers were employed
without further purification. The solvents used were anhydrous and of
analytical grade.

MIP Precursors Solutions. The MIP mixture was prepared using
a 1:4:4:40 molar ratio between the template Z-(L)-Phe, the functional
monomer MAA, the functional monomer 4-VPy and the cross-linking
monomer EGDMA. The amount of photoinitiator Irgacure819 used was
either 0.0S mol % or 1.00 mol % relative to the mole number of
polymerizable groups present in the system. Acetonitrile was used as
porogenic solvent, and the volume ratio between the porogen and the
monomers was 6:5. Nonimprinted control polymers (NIPs) were
prepared from the same precursors but in the absence of the template
molecule. Because of their high sensitivity to actinic light, the prepoly-
merization mixtures were kept in the dark until use, and not longer than
S days.

Preparation of Bulk Polymers. Four milliliters glass vials (1 cm
in diameter) containing the polymer precursors solutions were sealed
with a septum cap covered with Parafilm, and the mixtures were purged
with nitrogen for 2 min. Polymerization was carried-out by placing the
vials on a daylight light box equipped with 18 W standard fluorescent
tubes. After 1 h of irradiation, the polymers were recovered by breaking
the glass vials. The monoliths were first manually crushed in a mortar
and then transferred to microcentrifuge tubes, suspended in methanol
and finely ground with 2.8 mm-diameter ceramic beads in a Precellys 24
homogenizer (Bertin Technologies, Montigny le Bretonneux, France).
The polymer particles were then washed three times using 10 mL of a
methanol/acetic acid (9:1) mixture, followed by two washes with 10 mL
of ethanol and a final wash using 10 mL of methanol. Each washing step
was performed during 1 h in centrifuge tubes under agitation at room
temperature. Particles were separated from solvent using centrifugation
at 10 000 rpm at 10 °C for 20 min. Finally, the polymers were dried
under vacuum overnight. To confirm the efficient extraction of the
template, a chemically identical MIP was synthesized using a chlorinated
template analogue (for its structure, see Supporting Information, Figure
SL1), allowing for the use of energy dispersive X-ray spectroscopy. The
spectra recorded before and after template extraction (see Supporting
Information, Figure S1.2) confirm the absence of template in the final
MIP by the absence of the chlorine peak. A nonimprinted control
polymer (NIP) was synthesized under identical conditions but in the
absence of the template.

Characterization of Bulk Polymers. Increasing amounts of
polymer ranging from 0 to 9 mg were suspended in acetonitrile in
microcentrifuge tubes and incubated with a fixed concentration of
dansyl-Phe (L or b enantiomers). The final volume was 1 mL for all
samples. The microcentrifuge tubes were protected from light and
placed on a rotation wheel overnight. The samples were then centrifuged

at 14 000 rpm at room temperature for 15 min to sediment the polymer
particles. The fluorescence intensity of 700 uL of the supernatant was
measured using a Cary Eclipse fluorescence spectrometer from Varian
(Agx 340 nm/Agy 485 nm). The percentage of bound dansyl-Phe was
calculated as follows: % bound dansyl-Phe = (FIy — Flgymp1e)/Fl X 100,
where FI is the fluorescence intensity of an initial solution of dansyl-Phe
in acetonitrile without polymer, and Flgmp1. is the fluorescence intensity
of the supernatants after incubation with the polymers.

Fabrication of Ultrathin Polymer Microdots. A 405 nm laser
diode was used as actinic light source. High refractive index glass slabs
and prisms (1, = 1.62) were used. The refractive index of the photo-
sensitive polymer precursors solutions was measured with a refract-
ometer to be n, = 1.41. According to these values the critical angle 6 was
70°. To avoid any residual reflection at the interface between the prism
and the substrate, index matching solution (Cargille Laboratories, U.S.A.)
with #1,,,¢cn = 1.62 was employed. Ten microliters of the photosen-
sitive polymer precursor solutions were cast on a standard glass
microscope slide and covered with the high-index glass slab. Approxi-
mately 200 #L of index matching solution were uniformly spread on the
top of the high-index glass slab, and the prism was placed over it. The
whole system was then adjusted on an x-y table, and the polymerization per-
formed by irradiation at a power of 22.5 mW (spot size : 1 mm X 1.5 mm).
The laser power was systematically measured and adjusted prior to each
experiment by using a real-time single channel power meter (Coherent
Power Max USB-PS19Q) at the prism output. Polymerization times
ranged from 10 to 90 s, depending on the photoinitiator concentration.
After polymerization, the standard and high index glass slabs were carefully
separated, and unreacted monomers were removed from the surface of the
high-index slab by sonication in anhydrous dimethylsulfoxide (DMSO)
for a few seconds. Finally, the slab was rinsed with ethanol and dried in an air
stream. The Z-(1)-Phe template was extracted from the polymer micro-
dots by placing the high index glass slab with the microdots face-down in
amethanol/acetic acid solution (9:1) for 1 h under gentle agitation. This
washing process was repeated three times, followed by two rinses with
ethanol and one with methanol.

Analysis of Ultrathin Polymer Microdots. The polymer mi-
crodots were incubated for 2 h in S mL of a dansyl-Phe solution in
acetonitrile, under gentle agitation and protected from light. After
incubation, the microdots were rinsed with S mL of acetonitrile and
dried prior to fluorescence microscopy measurements. The fluorescence
of the ultrathin polymer microdots was measured using a Leica
DMI6000 B fluorescence microscope, equipped with a 360 nm excitation/
470 nm emission filter cube for the detection of dansyl labels. The
optical microscope parameters such as exposure time, gain, and intensity
were kept constant during the acquisition of the fluorescent images
of the MIP and NIP microdots. The fluorescence intensity values were
then quantified using the software ImageJ (public domain, http://rsb.
info.nih.gov/ij/ ), and were corrected for the fluorescent background of
the support. The fluorescent signals of dots incubated with dansyl-(p)-
Phe were corrected using a factor of 1.197 determined through
fluorescence spectroscopy measurements of several dansyl-(L)-Phe
and dansyl-(p)-Phe solutions in acetonitrile of exactly the same con-
centrations.

B RESULTS AND DISCUSSION

Choice of the Visible-Light Photoinitiator. The first objec-
tive of this work was to develop a molecularly imprinted polymer
photopolymerizable under visible-light. As a model template, we
chose Z-(1)-Phe for the possibility of later using the fluorescent
derivative dansyl-(L)-Phe for binding studies. Ramstrom et al.
reported in an early paper that molecular imprinting of N-
protected (1)-phenylalanine derivatives benefits from the associa-
tion of basic and acidic functional monomers, due to the presence
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Scheme 1. Radical Decomposition Scheme of Bis[2,4,6-
trimethylbenzoyl]-phenylphosphineoxide
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Figure 1. Kinetics of photopolymerization: Conversion of different
precursors mixtures as a function of time, measured by RT-FTIR.
Conversion = (Absy — Abs,)/Abs,. T/I represents the molar ratio
between molecular template and photoinitiator.

of both an acidic function (interacting with the basic 4-VPy) and
hydrogen bonding moieties (interacting with MAA).'® In the
present study we have therefore used a combination of 4-VPy and
MAA as functional monomers, together with EGDMA as the
cross-linking monomer. The choice of the photoinitiator is
crucial since photosensitivity of the MIP precursors solutions
derives from this species. Potential interactions between photo-
initiator and the other components of the mixture have to be
avoided so as not to interfere with the polymerization reaction or
with the template-monomer complex. After screening a number
of visible-light photoinitiators, we finally selected bis(2,4,6-
trimethylbenzoyl)-phenylphosphineoxide. Its photoinduced radi-
cal decomposition is shown in Scheme 1. This acylphosphine
oxide based dye shows the distinct advantage of undergoing a fast
photolysis under light exposure, leading to very reactive radicals."”
Its strong absorption in the UV—vis range (300—450 nm) and its
high reactivity toward acrylates and methacrylates make it very
suitable for the photopolymerization of MIPs, allowing for poly-
merization at 405 nm."® An additional advantage of using visible-
light photopolymerization for MIP synthesis is that it avoids
exposure to UV light that could possibly provoke a degradation of
sensitive template molecules.

Influence of the Template and Photoinitiator Concentra-
tion on Polymerization Kinetics. To assess a possible impact of
the template molecule on the polymerization kinetics, the
polymerization was followed by real-time Fourier transform
infrared spectroscopy (RT-FTIR). A reference mixture was
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Figure 2. Effect of the photoinitiator concentration on the polymeri-
zation reaction conversion of two different precursors mixtures (without
template). Concentration of photoinitiator is expressed as mol % relative
to the total number of moles of polymerizable groups (irradiation
intensity: 10 mW.cm™ ).

prepared consisting of 4-VPy, MAA, EGDMA, 0.05 mol % of
photoinitiator, and acetonitrile. In addition, three MIP precur-
sors solutions were prepared by adding to the reference mixture
Z-(1)-Phe at molar ratios of 11, 23, and 4S with respect to the
photoinitiator. The solutions were then cast between a KBr disk
and a polypropylene film and irradiated with a 405 nm laser diode
at 12.3 mW.cm . This intensity is much lower than the one
produced by the evanescent wave during polymerization, but is
more convenient to elucidate differences in polymerization
kinetics of the different mixtures. The polymerization kinetics
was deduced by monitoring the relative disappearance of the
methacrylic groups, characterized by a band in the IR spectrum at
1637 cm™ . Figure 1 shows the progress of the polymerization
reaction as a function of the irradiation time for the four different
precursor mixtures. The reference sample, prepared without
molecular template, exhibits the fastest polymerization kinetics.
The maximum of conversion (about 25%) is reached after 600 s
of irradiation. This final conversion is relatively low, which can be
explained by the low light intensity and low photoinitiator
concentration. However, it should be emphasized that even with
such a limited conversion, the polymer was firmly attached to the
substrate. When adding Z-(1)-Phe at a 11:1 ratio with respect to
the photoinitiator, the polymerization kinetic is highly affected
because after 600 s of irradiation, the conversion ratio is only
about 12%. With increasing template concentration, the rate of
polymerization as well as the maximum conversion decrease
further, though slightly. Hence, it is obvious that the presence of
Z-(1)-Phe in the precursor mixture has an effect on the polym-
erization kinetics. One potential explanation may be a proton
exchange of the primary radicals issued from the photolysis of the
photoinitiator with the template. The resulting radical may be
inactive toward methacrylates, which may account for the relative
loss of efficiency. However, despite the low polymerization
conversion measured, polymerization could be carried out and
MIPs were fabricated from this precursor solution.

As described in the literature, the photosensitivity of the
photopolymerization mixture is directly linked to the concentra-
tion of photoinitiator in the system.'” For microstructuring
applications, a high photoinitiator concentration is favorable
since the resulting fast polymerization kinetic avoids problems
related to the diffusion of reactive species and the stability of the
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Figure 3. A: Binding isotherms of dansyl-(L)-Phe adsorption to MIPs
and NIPs synthesized with different photoinitiator concentrations, 0.05
mol % (circles) and 1 mol % (triangles) with respect to the number of
polymerizable groups. Full symbols: MIP, open symbols: non-imprinted
controls. B: Normalized binding isotherms of 1 #M dansyl-(L)-Phe or
dansyl-(p)-Phe to a MIP imprinted with Z-(1)-Phe. The experiments
were done in triplicate, and the error bars represent the standard
deviation.

optical setup (vibrations, light source fluctuation).”® On the
other hand, for molecular imprinting, slower kinetics are pre-
ferred to favor the phase separation between the growing
polymer and the solvent, inducing a good porosity in the material
and leading to a better accessibility of the binding sites in the MIP
for the target molecules. Thus, a compromise needs to be found.
We have therefore studied the effect of the photoinitiator
concentration on the polymerization kinetics of nonimprinted
polymers. The results are shown in Figure 2. They illustrate the
high dependency of the polymerization rate on the photoinitiator
concentration at a light intensity of 10 mW.cm ™. When using a
high photoinitiator concentration of 1.0 mol % relative to the
number of polymerizable groups in the system, the maximum
conversion ratio is about 80% after 400 s. When using a 20 times
lower photoinitiator concentration of 0.05 mol %, the maximum
conversion ratio is less than 10% after 400 s. Hence, regarding
these results, the low photopolymerization rate observed in
Figure 1 appears to be a direct consequence of the low photo-
initiator concentration, and this parameter can be used to adjust
the photosensitivity of the pre-polymerization mixture.

Molecular Recognition Capacity of an Imprinted Bulk
Polymer. Prior to ultrathin MIP microdot fabrication by PEW,
bulk MIPs and NIPs of the same composition were evaluated.
This was done as a control to confirm that the specific conditions
and ingredients necessary for PEW were compatible with mo-
lecular imprinting. Bulk MIPs were prepared using the two
different concentrations of photoinitiator mentioned in the
previous part, 1.0 mol % and 0.05 mol % with respect to the
number of polymerizable groups. Control polymers prepared in
the absence of template were tested in parallel. The MIPs were
imprinted with Z-(1)-Phe and binding assays were performed by
incubation with dansyl-(1)-Phe, a fluorescent derivative. After
sedimenting the particles by centrifugation, the fluorescence in
the supernatant was quantified. Figure 3A represents the binding
isotherms. It shows an appreciable imprinting effect since con-
siderably more binding of the fluorescent ligand to the MIPs than
to the controls is observed. The MIP synthesized with the lower
initiator content shows better binding than that with 1 mol %
initiator. The same is true for the imprinting factor (IF = binding
to the MIP/binding to the control). With the MIP synthesized
with 0.05 mol % initiator, the imprinting factor is 17 at a polymer
concentration of 0.5 mg/mL, whereas with the MIP synthesized
with 1 mol % initiator, the IF is only 2. With the MIP synthesized
with 0.05 mol % initiator, with increasing polymer concentra-
tions, the nonspecific binding increases and lower IF are obtained
(for example, IF = 6 at S mg/mL). With the MIP synthesized
with 1 mol % initiator, the IF varies only little over the polymer
concentration range tested. The effect of polymerization kinetics
on the binding properties of MIP has already been studied
previously in our group in the context of spin-coated MIP
films.”' We found that rapid polymerization rates can prevent
the phase separation of the growing polymer network from the
porogenic solvent, leading to a nonporous material and prevent-
ing access of the template molecule to the specific binding sites.
The results shown in Figure 3 point in the same direction, better
imprinting factors and binding capacities being obtained at lower
initiator concentration and thus slower polymerization rates. To
test for selectivity, the binding of dansyl-(p)-Phe to a MIP
imprinted with Z-(1)-Phe (synthesized with 0.05 mol % initiator)
was also studied (Figure 3B). As can be seen, the MIP shows a
preference for the L enantiomer, which seems to confirm the
selectivity of the MIP. However, this selectivity is small, which is
probably due to the limited structural similarity between Z-Phe
and dansyl-Phe, indicating the need of 'perfect’ binding sites to
distinguish the enantiomers.

Fabrication of Ultrathin MIP Microdots by PEW. Evanes-
cent waves were generated under total internal reflection condi-
tions at the interface between a high index prism and the MIP
precursor mixture. The two media have different refractive
indices (n; and n, for glass and precursor mixture, respectively),
with n; > n,.

As shown in Figure 4, when a light beam propagates through a
high refractive index medium (n,) and reflects at the interface
with a medium of lower refractive index (n,) with an angle (6)
bigger than the so-called critical angle (6.), the incident beam
totally reflects, creating an evanescent field from the interface n,/
1, into the low refractive index medium (n,). This evanescent
wave is then able to initiate polymerization of the MIP precursor
mixture. The critical angle 0, is calculated as follows:

0, = arcsin <ﬂ> (1)
ni
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Figure 4. Schematic drawing of the setup used for polymerization of MIP microdots by evanescent wave.

The intensity of the evanescent field I,) decays exponentially
with the distance across the low-index medium as given by eq 2:

Iiz) = To exp( —2y2) (2)

Where I is the intensity of the incident beam and y the decay
rate defined by eq 3:

27

y="7\m sin(6))” — ny? (3)
The characteristic penetration depth of the evanescent field is
given by 1/(2y) and represents the thickness of the theoretical
layer where the evanescent field is confined. Consequently, the
characteristic penetration depth is proportional to the thickness
of the polymerized layer e that can be predicted by eq 4, assuming
polymerization of the material at values of I, greater than a
threshold value E,,.

1. (I xt
e = —ln< 0 x ) (4)
2y En

This logarithmic relationship of the polymer thickness with the
beam intensity at the interface and the exposure time f, has been
experimentally confirmed for a limited range of incident inten-
sities and for films with thickness smaller than 500 nm.**

The limitation of the spatial extent of the polymerization
reaction is not only linked to the confinement of the electro-
magnetic wave. It is also due to a nonlinear response of the
photopolymer characterized by a polymerization threshold. The
polymerization threshold is linked to the chemical nature of the
photoinitiator and monomers, to the presence of inhibitors (such
as oxygen), and to diffusion parameters.'>*

Ultrathin molecularly imprinted polymer microdots were
fabricated using evanescent wave photopolymerization at
405 nm using both low (0.05 mol %) and high (1 mol %)
initiator concentrations. The diode power was set at 22.5 mW
(spot size : 1 mm X 1.5 mm) and kept constant. The mixture
containing 1 mol % of initiator was polymerized for 15 s, while
the one containing 0.05 mol % of initiator was polymerized for
90 s. The microdots were imaged by optical microscopy, fluores-
cence microscopy, and white light interferometric microscopy. In
interferometric microscopy, a flat surface gives rise to parallel
fringes with equal distance between two consecutive fringes. An
object with a height of x nm induces a deviation of the straight
fringes from (x/(4/2)) X 100%. From the observation of the
fringe deviation, the height of the dots can be deduced. Typical
examples of microdots are shown in Figure 5. With A = 546 nm,
the resulting maximum height of the polymer microdots was
evaluated to be about 60 nm for the MIP and 45 nm for the NIP,
demonstrating that this method allows fabrication of ultrathin

polymer films. It has to be noticed that Newton’s rings are clearly
visible on the microscopy images. They are due to diffraction of
the laser beam. In the present case, this was not considered a
problem to demonstrate the concept of PEW of the MIP. Moreover,
such effects can be eliminated by introducing a spatial filter in the
optical pathway. The synthesis of these MIP microdots was very
reproducible if all experimental conditions were kept constant,
the variation in thickness between dots being less than 10%.

The surface morphology of the microdots at the nanoscale was
analyzed using AFM in contact mode (for images see Supporting
Information, Figure SL3). Microdots prepared with a high
concentration of photoinitiator exhibit macropores (roughness
about 23 nm), whereas microdots fabricated using 0.05 mol % of
photoinitiator show, in addition to some macropores, a large
number of homogeneously distributed mesopores (roughness
about 10 nm). This difference can be attributed to the difference
in polymerization rate in both systems: fast polymerization
prevents the phase separation between polymer and porogenic
solvent and thus leads to lower porosity, whereas slow polym-
erization allows the generation of additional mesoporosity.”"
This is in accordance with the binding characteristics of the bulk
polymers described above.

Molecular Recognition Capacity of Ultrathin MIP Micro-
dots Synthesized by PEW. The specificity and selectivity of the
MIP microdots photopolymerized in the evanescent field
geometry were evaluated. Three ultrathin MIP and three NIP
microdots were polymerized using 0.05 mol % of photoinitiator
and 90 s irradiation. After elution of the template from the MIP,
the microdots were incubated in a 1 uM dansyl-(1)-Phe
solution in acetonitrile for 2 h at 21 °C, under gentle agitation
in the dark. After incubation, the dots were rinsed by quickly
dipping into acetonitrile and dried under a stream of N,. The
fluorescence signal emitted by the microdots was then measured
using fluorescence microscopy. The microscopy images were
analyzed using the Image]J software to quantify the fluorescence
signal. The results in Figure 6 show that the MIP dots imprinted
with Z-(1)-Phe bind more dansyl-(L)-Phe than the non-
imprinted control dots, which confirms specific binding of
the target to the MIP and thus molecular imprinting. The
imprinting factor (IF = 2) is smaller than the one obtained with
the best bulk polymers, which is probably due to some non-
specific binding to the underlying glass substrate in the case of
the microdots, and to the different inner morphologies of
the bulk and thin film materials. Binding studies were also
performed with the opposite enantiomer, dansyl-(p)-Phe using
the same dots. Similar binding to the MIP and control dots was
observed, which indicates some degree of enantiospecificity and
thus selectivity of the MIP.

3649 dx.doi.org/10.1021/cm2009829 |Chem. Mater. 2011, 23, 3645-3651



Chemistry of Materials

Figure S. (A) Optical microscope image (20x) of a MIP microdot; (B) fluorescence microscope image (20%) of a MIP microdot; interferential
microscopy images of (C) a MIP microdot and (D) a NIP microdot (for interferential microscopy, microdots were covered with 10 nm of gold by

vacuum deposition).
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Figure 6. Normalized fluorescence signal of ultrathin MIP microdots
measured by fluorescence microscopy after a 2 h incubation in 1 uM
dansyl-(1)-Phe or dansyl-(p)-Phe in acetonitrile. The measurements
were made using three different MIP dots and three different NIP dots,
and represent mean values. The error bars represent the standard
deviation. The dots were regenerated after each binding experiment
and reused.

B CONCLUSION

We have developed a new method of molecularly imprinted
polymer synthesis at the micro and nanoscales, using photopo-
lymerization in the optical near field. The use of evanescent wave
photopolymerization aided by a visible light-sensitive photoini-
tiator makes it possible to fabricate well controlled molecularly
imprinted microstructures in only tens of seconds. By adjusting
the photosensitive formulation, the MIP microdot morphology
(size and porosity) can be optimized and the polymer thickness
tuned to less than 100 nm. Moreover, these MIP microdots

showed specific binding of the fluorescent template derivative
dansyl-(1)-Phe and exhibited molecular selectivity between the L
and D enantiomers of the amino acid derivative.

B ASSOCIATED CONTENT

(5] Supporting Information. Figure SL1: Molecular struc-
ture of the template derivative N-(2-chlorobenzyloxycar-
bonyl)-(R)-2-homophenylalanine used in the template extrac-
tion efliciency study; Figure SI2: Energy Dispersive X-ray
Spectroscopy results of a bulk MIP imprinted with N-(2-
chlorobenzyloxycarbonyl)-(R)-32-homophenylalanine (A)
Prior to template extraction and (B) After washing for template
extraction; Figure SI.3: AFM topography image of ultrathin
molecularly imprinted polymer microdots. This material is
available free of charge via the Internet at http://pubs.acs.org.
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