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LETTERS

Epoxy masters for embossing nanotopographies
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Over the past decade there has been a continuing, grow-
ing interest in polymeric materials with structured sur-
face topographies sized on the nanometre scale (viz.
nano-topography). The implications of such topogra-
phies are important in the medical field where they
have potential in the area of tissue regeneration of,
e.g., tendons, ligaments, and cartilage [1]. In order to
produce these nano-topographies one approach is to
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produce an embossing master. This typically involves
the production of a metal substrate (e.g., nickel) that
contains the requisite pattern produced by electron
beam writing technology [2]. The master can then be
utilised in a hot-pressing procedure to transfer the re-
verse pattern to a particular polymeric system. Another
approach involves colloidal lithography [3, 4] which
results in a nano-structured polymer surface. However,
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Figure 1 AFM images for poly(bromostyrene/styrene) blend for: (a) area 1, and (b) area 2.
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Figure 2 AFM images of the epoxy master: (a) cured and (b) postcured and silanized.

the disadvantage of this technique is that the polymer
is attached to a substrate, which may be undesirable in
in vivo applications.

There are also, however, certain disadvantages with
the aforementioned embossing masters. From the point
of view of a research program dealing with polymer
types of varying e.g., moduli and T, there is a basic
necessity to have a ready supply of such masters. The
nickel masters are expensive to produce and easily dam-
aged. Also, when working with low modulus and low
T, materials, there is the problem of removal of the em-
bossed polymer from the master. Furthermore, the mas-
ter produces an inverse topography on the polymer, i.e.,
raised structure become troughs and vice versa, which
may not be what is required.

In this communication we describe a particular pro-
cedure in which we reproduce and transfer a com-
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plex topography produced by the phase separation
of poly(bromostyrene)/poly(styrene) blends [5]. Such
systems have already been assessed with regards to
their interaction with human blood and tissue cell types
[6, 7]. However, similar to colloidal lithography, the
polymer is attached to a substrate, and is, thus, un-
suitable for in vivo trials. Nevertheless, utilising the
topography developed by such blends we are able to
produce a master based on an epoxy resin. This epoxy
system can then be used as a master to provide polymer
films with the exact topography as the initial polymer
blend.

The initial step in the preparation of an epoxy
master is to prepare a system with a suitable
nano-structure. To this end we have chosen a
poly(bromostyrene)/poly(styrene) blend. [For brevity,
we will use the designation poly(bromostyrene/styrene)
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Figure 3 AFM analysis histograms for: (a) blend-area 1, (b) blend-area 2, (c) cured epoxy master, and (d) postcured and silanized epoxy master.

blend during the course of this communication]. The
poly(4-bromostyrene) [ex. Aldrich, mol wt ca. 64000]
and poly(styrene) [ex. Aldrich, mol wt ca. 1000000]
were blended (as received) at a ratio of 60:40 w/w as
a 5% solution in toluene. The blend was spin coated
onto a 16 mm diameter glass cover slip, then annealed
at 115 °C for 15 min. The surface topography was sub-
sequently examined with a Quesant 250 Atomic Force
Microscope. Representative structures of these blends
for two different areas of the sample are highlighted in
Fig. 1.

Analysis of the structures show that the topogra-
phy produced from this particular blend system is
essentially bimodal (Fig. 3a and b). The large diam-
eter features are higher than their smaller diameter
counterparts. Also, for this particular blend system
there is significant variation with respect to the range

TABLE I Physical properties of polymers for nano-embossing

of the heights of the features. For the features in
Fig. 3a, the peak in the heights are ca. 75 and 210 nm
respectively. For those of Fig. 3b, the peaks change
to 110 and 250 nm respectively. Such anomalies,
however, are quite understandable when you consider
that we are taking a ‘snapshot’ of an area of the surface
which is a mere 20 um by 20 pwm square, over a total
nano-structured area 16 mm in diameter.

Using these blended materials the preparation of the
epoxy masters was carried out as follows:

1. The glass cover slip incorporating the blend was
attached to one face of a two-part stainless steel mold
with adhesive strips. The mold was subsequently as-
sembled with a 1.6 mm spacer.

2. An epoxy system based on an epoxy resin
(MY 750, ex. Ciba) and a hardener (diaminodiphenyl-

Polymer Molecular weight* Tm °(°C) Ty °(°0) Modulus (MPa)
Poly(1,4 butylene succinate)co-1,6-diisocyanatohexane! 98200 120 -31 292¢
Poly(cyclohexyladipate)® 25700 125 13 1.068
Poly(cyclohexylsebacate)" 46200 90 -8 0.258

2From GPC analysis.

YFrom DSC analysis.

“From DMTA analysis.

dPurchased from Sigma-Aldrich.

¢From tensile test at ambient temperature.
fSynthesised according to references 11 and 12.
gFrom the method described in reference 13.
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Figure 4 AFM images for: (a) poly(1,4 butylene succinate coextender), and (b) poly(cyclohexyl adipate).

methane, HT 972, ex. Ciba) was mixed at a ratio of
100:30 w/w. at 80 °C then degassed for 5 min.

3. The resin was poured into the mold and the
system cured at 100 °C for 2 hr.

4. The mold was opened and removal of the glass
cover slip from the cured epoxy surface was facilitated
by immersion in toluene.

An example of the surface topography on the epoxy
system is highlighted in Fig. 2a. We can clearly see that
the topography produced is the “negative” of the blend.
Also, analysis of the topography (Fig. 3c) confirms the
bimodality of the structures.

The aforementioned epoxy master was cured at
100 °C, which is around the 7}, of the polystyrene phase
of the blend. This chosen temperature ensured that the
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polystyrene structures were unaffected by the curing
process. However, to ensure that the epoxy system was
suitable for higher temperature embossing procedures
it was essential to postcure the material. Using Dynamic
Mechanical Thermal Analysis (DMTA), the glass tran-
sition of the cured and postcured system was monitored.
The measured T,’s were 128 °C (cured) and 153°C
(postcured) respectively. The final stage of the epoxy
master preparation involved a silanization process to
facilitate removal of the embossed polymer films.

As cited earlier in this communication there is
a problem of sample removal from nickel masters
particularly when the materials being embossed have
low T,’s and moduli. Silanization of the epoxy (as
with silicate glasses) results in the reaction of hydroxyl
groups thus greatly reducing the polarity of the epoxy
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Figure 5 (a) AFM image for poly(cyclohexyl sebacate), and AFM analysis histograms for (b) poly(l,4,butylenes succinate coextender),

(c) poly(cyclohexyl adipate) and (d) poly(cyclohexyl sebacate).

surface. The procedure involved placing the epoxy
master in a silanization medium (viz. Silanization
Solution I; 5% dimethyldichlorosilane in heptane
obtained from Sigma, Aldrich) for 20 min after which
the sample is thoroughly washed with methanol then
subsequently baked at 120 °C for 1 h. The postcuring
and silanization procedure had no detrimental effect
on the surface topography as seen in Figs 2b and 3d.
Now that the epoxy master has been prepared we
had to decide which polymers would be suitable for
embossing. Since our major interest is in the field of
materials for in vivo medical applications [8—10] we
have chosen potentially biodegradable systems. Three
materials have been identified and are listed in Table 1.

The three polymers chosen have melting points that
can easily be accommodated by the epoxy master, and,
to demonstrate the versatility of the embossing pro-
cedure, their T,’s and moduli are significantly differ-
ent. The embossed films were prepared in an in-house
built facility in which a preformed film of the poly-
mer was sandwiched between the epoxy master and a
scratch free glass plate. This assembly was then sub-
jected to a temperature ramp to a point equal to the
melting temperature of each polymer at which junc-
ture pressure was applied to the system for a period of
5 min. After cooling to ambient temperature, with pres-
sure still maintained, the assembly was removed. It was
found that by lowering the temperature of the assembly
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below the T, of the polymer (either by placing the sam-
ple in the freezer compartment of a fridge or using solid
carbon dioxide) the assembly could be dismantled and
the sample removed. The embossed topographical fea-
tures were examined by AFM and representative exam-
ples of the three polymers are highlighted in Figs 4a, b
and 5a. The three polymer films show topography con-
sistent with the original poly(bromostyrene/styrene)
blends used to produce the epoxy masters. As with the
blends and the master, analysis of the topography (Fig.
5b—d) shows that the bimodality of the structures still
exists.

In conclusion, we have demonstrated that epoxy
masters can be produced easily and cheaply to pre-
pare embossed polymeric materials. The embossed
systems, with nano-topography identical to the poly
(bromostyrene/styrene) blend, are significant since
such topographies have already been assessed as poten-
tial cell growth structures. We can make use of the fact
that other poly (bromostyrene/styrene) blends can be
formulated to provide a range of differing topographies.
Finally, the fact that ‘free standing’ embossed films can
be made provides materials ideally suitable for in vivo
studies.
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