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Diblock copolymers with low polydispersity form r@structured materials owing to
micro/nanophase separation in bulk which can alwemted in thin films and at surfaces. The
structure in thin films is only understandable #skr information about the bulk morphology is
available. In thin films, additionally, preferentitorces (for instance surface forces) have to be
taken into account altering the morphology in coedi dimensions often drastically. As
consequence, the orientation of the morphology m#pen the thickness of the thin film. Cylinder
or lamellae structures may be formed which arenalilg parallel (lying) or perpendicularly
(standing) relative to the film surface. We found former investigations of cylindrical
PPMA/PMMA block copolymers that the molar mass dateed the bulk d-spacing (periodicity)
douik- If the film thickness in thin films was well belod,,k, standing cylinder morphologies were
observed, while film thicknesses around and ladggt resulted in parallel-arranged lying cylinders.
The results for lamellar PPMA/PMMA were more compénd often did not indicate defined and
reproducible morphologies. Thus, we continued etk cylindrical block copolymers and aimed
on two topics: 1) will vapour annealing allow aitgyimproving the morphology, and 2) would
incorporation of nanoparticles (silica, gold, sivehange the morphology of this special all-
methacrylic block copolymer system significantly.

We continued our former investigations [1-3] of PRIMMMA diblock copolymers with known
morphology [4], in particular focused on PPMA/PMM#ith molar composition of 70/30 mol/mol
generating cylindrical structures (hexagonally elpacked PMMA cylinders in the PPMA matrix,
as proven by T-SAXS experiments on powdered sangild® beamline). The block copolymers
were synthesized by living anionic polymerization THF at -78 °C usingsec-butyl lithium /
diphenyl ethylene as initiator.

These block copolymers were filled with differeypés and amounts of nanoparticles (SiO
metallic nanoparticles) mainly by dissolving thengdes in THF, adding either the precursor or the
nanoparticles followed by the standard dip-coagiracedure as used for the pure BCP films.

The morphology in thin films was imaged AFM in heigand phase contrast to have a first
impression and support in interpretation the GISAXSllts.

GISAXS experiments were performed at constant (tanized) incident angle (below the critical
anglea. of the film material). By using of a special vapaell (from the TUM’s group “Physics of
soft matter’®) series of measurements under constant scat@imgjtions were done in dependence
of a constant solvent vapour flow (“vapour annegliriirst) and a nitrogen flow (“drying”, second).
Different solvents (THF, chloroform) were tested.

For a first chosen sample set (film thicknesseswé¢he bulk dimensions of morphology), standing
cylinders or a mix of standing and lying structuvess detected in all samples. In the case of the
pure diblock copolymer film, the same morphology ias solid state was generated. In
nanocomposites, the type of the morphology remtiiassame, but the dimensions were changed
depending on the type and amount of incorporatedpeticles. As a common result, it was found
that SiQ clusters enlarge the lateral distance of the dglis, whereas metallic nanoparticles often
rather reduce this parameter. The effect of “vaourealing” is weak under the conditions chosen
so far. In general, the quality of the morphologsvslightly improved and the lateral distances kept



constant or were reduced a little. The expectedifesgnt switching of morphology orientation
upon vapour annealing could not be detected yeth@u experiments necessary). Thus, next
experiments will be directed to investigation offided thicker films and/or applying of other
solvents.

For illustration of results, see Figure 1la-d.
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Figure 1. 2D-GISAXS pattern of ~35 nm films consigtof standing PMMA cylinders (hcp in extended
areas) in a PPMA matrix (normal to the surfacehwianoparticles; a) pure basic block copolymer PM70
(PPMA/PMMA 70/30), b) PM70 with 3.3 wt-% SjOc) PM70 with 0.3 wt-% Ag, d) PM70 with 0.7 wt-%
Au. Scattering patterns are overlapped by a (ngkeceable) amount of lying structures (PMMA cylimsle
Inserts: corresponding<1 unf phase contrast AFM images.
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