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Report:
Aims of the experiment: Thin films of lamellae-forming polystyrene-polybutadiene (PS-PB) form different
structures on sub-micrometer length scale, depending on molar mass [1,2]. The aim of our experiments was
to use time-resolved small-angle X-ray scattering under grazing incidence (GISAXS) for the following in-situ
studies: (i) re-orientation of the lamellae, when dry spin-coated PS-PB films are exposed to toluene vapour,
(ii) structure formation in thin PS-PB films during solvent casting from toluene solution. Additionally, the
phase behaviour of thin films of binary blends of PS-PB diblock copolymers was investigated with static
GISAXS (iii).
Experimental: We studied compositionally symmetric PS-PB diblock copolymers having molar masses of
13.9-183 kg/mol. In the bulk, lamellae with thicknesses Dlam = 138-839 Å are formed [3]. Previously, we
studied dry films of pure PS-PB using GISAXS [1]. The dry samples were characterised using ellipsometry
(film thickness) and atomic force microscopy (surface structure). In contrast to earlier experiments, the
samples were not OsO4 stained. For the present experiment we used a similar set-up as previously [1], but
with a better CCD camera from the Troika beamline. The ESRF spec control for the camera turned out to be
very user-friendly. Reflectivity scans were performed after mounting each new sample, in order to select the
incidence angle(s) for GISAXS – typically 0.20o, slightly above the critical angle of the film.
We used a flight tube that covered only part of the distance between sample and detector, which caused some
problems with Kapton rings in the spectra. A dedicated flight tube would preferably have to be manufactured
for similar experiments in the future. In general the experimental set-up performed well, but we lost one and a
half-day of beamtime due to a major computer breakdown in the ESRF control room.
Results:
i) For time-resolved GISAXS studies of structural changes in thin films of PS-PB when swelled with toluene
vapour, the sample was mounted in a custom built chamber. After measurements on the dry film, toluene was
injected into a reservoir at the bottom of the chamber and GISAXS maps were recorded every 30s over a
period of ~ 2 hours. Finally the lid of the chamber was removed and the subsequent drying of the sample was

followed in time. Every 60s a new spot on the sample was chosen. The data shown below are from a low
molar mass sample (22.1 kg/mol) with a film thickness 10 times the bulk lamellar thickness of 189Å. The
incident angle was 0.18o and the intensity scale is the same on all three figures. The film forms lamellae
parallel to the substrate in the dry state, as can be deduced from the peak above the specularly reflected beam
and the absence of out-of-plane Bragg rods (Fig.1a). Vapour treatment resulted in major changes in the
scattering along qz (Fig. 1b), reflecting changes in the lamellar structure, while the overall lamellar orientation
remained parallel. After drying, the film did not recover the initial structure (Fig. 1c). In conclusion, the
measurements clearly show significant structural changes when the films are exposed to toluene vapour, but
in order to elucidate the full nature of these changes, further measurements are needed, e.g. films should be
exposed to repeated cycles of toluene exposure.
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iii) Three films with a long PS-PB diblock copolymer blended with a similar short copolymer in different
proportions were investigated. The results are combined with data for four similar blends from experiments at
CHESS [4]. For samples with small amounts of short copolymers, a one-phase state is found with
perpendicular orientation of the lamellae relative to the substrate surface, in accordance with the structure of a
thin film of pure long PS-PB, but with a smaller lamellar thickness. With increasing amount of short
copolymers, coexistence of out-of-plane Bragg rods and intensity modulations in the scattering plane in the
GISAXS maps, indicate macrophase-separation into perpendicular lamellae with predominantly long
copolymers and parallel lamellae dominated by short copolymers. The Bragg rods are in some cases bent,
indicating the presence of tilted lamellae. Our results show that the phase behaviour of thin PS-PB diblock
copolymer films is similar to the phase behaviour of comparable blends in the bulk. Only for a composition
close to the phase boundary between complete mixing and macrophase-separation is the phase behaviour
significantly influenced by the thin film geometry compared to the bulk behaviour of similar blends. Our
results show that the thin film geometry together with the lamellar thickness is crucial in determining the
lamellar orientation.
ii) We wetted Si/SiOx wafers with toluene solutions of PS-PB diblock copolymer with varying block
copolymer molar mass and concentration. The measurements presented a number of practical problems and
have primarily served as pilot project for further measurements. One critical point is the relatively low
contrast of PS-PB in combination with the low copolymer concentration in the drop. Another problem is the
occurrence of ‘ripples’ in the surface of the drying drop. For future experiments, very long exposure times
will be necessary, while the vapour pressure above the liquid sample should be controlled in order to avoid
ripple formation.
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