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Polymer microarrays, consisting of either discrete features or a
matrix of inter-crossed lines were directly fabricated in situ by
inkjet printing individual monomers and initiator solutions in
organic solvents through a ﬁlm of oil, thereby allowing the rapid
generation of a broad range of co-polymers, while solving the
problem of selective monomer evaporation.
Patterning polymers on surfaces is a very attractive approach
to enable the modiﬁcation or tailoring of the properties of a
substrate for a speciﬁc application.1 Examples include the
patterning of surfaces with alternate strips of ﬁbronectin and
poly(ethylene glycol) (PEG) using micro-contact printing
(mCP) for investigation of cellular adhesion;2 surfaces
patterned with responsive polyacrylamide gels that can switch
on and oﬀ displayed images thermally;3 and surfaces patterned
with ligand functionalised co-polymers as platforms for the
reversible binding of histidine-tagged proteins.4 The physical
approaches used for surface patterning, include mCP,5 photolithography,6 phase segregation7 and even direct nano-scale
patterning on a surface using an AFM cantilever as an
‘ink’-delivering system8 although these approaches have
typically involved the printing of single, well deﬁned, polymers.
Flexibly patterning tens or hundreds of diﬀerent polymers on a
substrate for polymer-screening is, however, a much more complex undertaking and a number of micro-scale direct printing
approaches have been developed. Langer and co-workers,9 for
example, achieved this by contact printing pre-mixed solutions of
non-volatile monomers on poly(hydroxyethyl methacrylate)
(pHEMA) coated glass slides with polymerisation via UV
irradiation, while the Bradley group has developed two
approaches. Firstly, contact printing pre-formed polymer solutions; from a polymer library; onto agarose-coated glass slides to
generate so-called polymer microarrays10 and secondly, in situ
fabrication, through pico–nano litre-scale mixing, of inkjetprinted water-soluble monomers and initiators that were
deposited onto a slide under conditions of high humidity
(to prevent monomer evaporation). This approach allowing over
1800 polymer features to be generated on a single microscope
glass slide, but was restricted to hydrogels and water-compatible
polymerisations.11
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Herein we report an inkjet-printing approach that broadens
considerably the monomers that can be used and allows a much
broader range of polymers to be generated, as well as using
inkjet printing to generate a new type of microarray, composed
of a matrix of inter-crossed polymers.z The approach developed
used an inkjet printer to print (independently) both a photoinitiator (2,2-dimethoxy-2-phenylacetophenone) (PI) and
monomers (or a mixture of initiator and monomers) onto
agarose-coated glass slides,12 which had been pre-coated with
a thin layer of mineral paraﬃn oil (see ESIw). Once printed, the
monomer droplets sank and settled onto the agarose layer
where they were polymerised, see Scheme 1 (all the monomers
were dissolved in 1-methyl-2-pyrrolidinone (NMP) at a concentration of 50% (w/v), see Table S1 for the monomers used).
The polymer microarrays were fabricated by printing 50 drops
(per feature) of each monomer solution including the photoinitiator (5% w/w) with a 1 mm pitch between spots and
exposure to irradiation for 30 min (UV lamp, Black-Ray,
Model B 100AP) before removal of the oil layer (by extensive
washing with water and ethanol). Using this approach a polymer microarray of 1100 polymers was fabricated in situ on a
single microscope glass slide with feature sizes of B0.62 mm
and a density of 100 spots per cm2 (Fig. 1), (see Fig. S2w for
details of the co-polymers on each spot).
The thickness of the oil layer and its density was crucial for
accurate fabrication of the polymer microarray. The path by
which a monomer droplet travels through the oil should be as
short as possible so that the drops could be spotted at deﬁned
positions during the printing processes, while the oil layer has
to be thick enough to cover the whole slide uniformly to
prevent evaporation from the printed spots before polymerisation. A 15 mm layer of oil (density 0.89 g ml1) was
optimal and using water drops (instead of monomers) it was
found that there was no evaporation from the printed droplets
even after 4 hours (see Fig. S1w). The transparent oil ﬁlm also
allowed in situ polymerisation upon UV irradiation for
extended periods of time (up to 1–2 hours) while ensuring
excellent spot morphology. The use of agarose-coated slides as
a substrate, provided excellent polymer adherence during
polymerisation and prevented non-speciﬁc cell binding during
cellular-screening applications.
Most of the polymers prepared via this microarray
approach had identical molecular weights to those prepared
using more conventional conditions (50% w/v monomer
solutions with 5% (w/w) initiator were mixed and polymerised
in a glass vial with UV initiation for 30 min, see ESIw) as
analysed by GPC (see Table S2w), except 2-vinylpyridine,
which had a much higher molecular weight (82 kDa compared
to 17 kDa) when prepared using the inkjet-printing approach;
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Scheme 1 The two approaches used to prepare polyacrylate microarrays. Upper: discrete features (spots) generated; Lower: inter-crossing lines
printed. An oil ﬁlm was used to prevent evaporation of the nanolitre volumes of the printed monomer solutions while maintaining the pattern on
the glass surface. Following UV photo-polymerisation and removal of the oil ﬁlm the polyacrylate library was left attached on the slide.

Fig. 1 (A) Polymer microarray consisting of 1100 polymer features
with 25 (5  5) identical spots for each polymer fabricated by in situ
polymerisation followed by removal of the oil ﬁlm (scale bar 5 mm).
(B) Bright ﬁeld images of three typical polymer spots – top: poly(2-(methylthio)ethyl methacrylate), middle: poly(divinylbenzene),
bottom: poly(2-methoxyethyl methacrylate) (scale bar 0.5 mm).

while 2-hydroxylethyl methacrylate gave the opposite result
(11 kDa on the array versus 48 kDa conventionally).
The same approach was used to prepare polymer grids.
Thus, the 24 monomer solutions in NMP (Table S1w) were
printed in a grid format on an oil-covered slide, so that
copolymers were obtained at the cross points of the lines of
otherwise homopolymers (Fig. 2). In this case, lines were
generated by printing drops onto a slide via movement of
the piezo-pipette along a linear path at a constant velocity
(10 mm s1) and a constant printing frequency (100 Hz).
To illustrate the presence of gradients at the cross points,
some of monomers were mixed with ﬂuorescein so that
the concentration changes along the lines were clearly visible
via microscopy (Fig. 2). The extent of this mixing being
controlled by the variation in the allowed mixing and photopolymerisation times.
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Fig. 2 Fluorescence image of a polymer grid fabricated in situ.
Fluorescein was mixed with some of the monomers (monomers 1, 3,
5, 7, 9, 11, 13 and 23) to allowing imaging of the grid. The distance
between the lines was 1 mm in the y direction and 2 mm in x direction,
while the lines are approximately 300 mm wide. The numbers on the
axis are numbers of the monomers given in Table S1w.

Both polymer microarray and polymer grids were used to
identify polymers suitable for mouse embryonic stem cell
(mESC) binding and growth (See ESIw for details).
After incubation on the array, cells were ﬁxed and stained
(Fig. 3) and poly(ethyl methacrylate), poly (2-(methylthio)ethyl
methacrylate) (pMTEMA), benzyl methacrylate–divinylbenzene co-polymer (1 : 1 weight ratio), polydivinylbenzene
(pDVB) and poly(benzyl methacrylate) were identiﬁed as
polymers that allowed mES cell attachment and proliferation.
Importantly, in terms of reproducibility and compatibility of
the two platforms the mES cells grew on identical polymers
(see Fig. S3w) on both the ‘‘grid’’ and ‘‘spot’’ based microarrays.
In conclusion, the fabrication of arrays of polymers
generated either as spot-based microarrays or as grids, via
inkjet printing through oil, has been demonstrated, allowing
the generation of large arrays of co-polymers in a highly
miniaturised, automated and highly reproducible manner,
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Notes and references
z The inkjet printer used in this experiment was an Autodrop (Microdrop, GmbH, Norderstedt, Germany) with a AK-501 micropipette
(70 mm in diameter) operating in a drop-on-demand mode via a
piezoelectric ﬁring mechanism. This printer created droplets with a
volume of approximately 380 pL at frequencies between 0 and 2 kHz
and used a stroboscopic camera to monitor droplet formation,
allowing accurate control of the volume of the printed solutions by
simply varying the number of drops dispensed at any desired position.

Fig. 3 Images of mES cells grown for 48 h on an in situ fabricated
polymer microarry. Cells were ﬁxed (4% w/w formaldehyde) and
treated with Hoechst 33342 (a nuclei stain). Fluorescent images were
obtained using 350 nm excitation and 460 nm emission ﬁlters. (A)
Fluorescence image of the whole slide taken with a BioAnalyzer 4F/4S
(LaVision BioTech). (B) and (D) bright ﬁeld images of mES cells on
poly 2-(methylthio)ethyl methacrylate; (C) and (E) are ﬂuorescence
images obtained using a Nikon microscope with a 10/0.30 objective.

giving polymers with excellent spot morphology (on the
microarray platform). These arrays of polymers could be used
to identify polymers for selective mES cells binding.
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