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Modern urface sensitive sensors rely on polymer-metal nanocomposites. Typical devices and appli-
cations include surface enhanced raman scattering (SERS) [1], colorimetric detection of biopoly-
mers [2] and sensors [3]. Typical, these devices are nanostructured multilayers where different
coating procedures are applied. Among these coating methods, solution casting is a very efficient
coating process to install designed colloidal and biopolymeric thin films [4, 5]. It is therefore of
crucial importance to understand the wetting and flow behaviour of colloidal solutions on top of
nanostructured substrates.
Our approach uses a bimodal colloidal system. The template consists of a nanostructured colloidal
polystyrene (PS) layer with hexagonal ordering. The PS colloidal layer (colloid diameter: 100 nm)
was installed by spin-coating and toluene treatment. An aqueous solution of gold (Au) nanopar-
ticles was casted on top of this template to investigate in-situ its drying and structure formation
kinetics. In fig. 1b) we present the atomic force microscopy images of the pristine colloidal PS
layer and the nanocomposite, which clearly shows a domain structure. To observe the solution
casting of the Au nanoparticles (20 nm diameter) aqueous solution, we used a combination of
two methods, namely microbeam grazing incidence small-angle x-ray scattering (µGISAXS) and
imaging ellipsometry. An imaging ellipsometer (surface probe ellipsometric microscope (SPEM)
of Nanofilm Technologie GmbH) was installed at the micro- and nanofocus x-ray scattering beam-
line (MiNaXS) P03 at the high-brilliance synchrotron radiation source PETRA III of DESY [7],
Hamburg, Germany. Here, we used a micro-focussed beam with a size of 35 x 22 µm2 (HxV) at the
sample position at an x-ray beam energy of E=12.78 keV and a two-dimensional position sensitive
detector (PILATUS 300k, Dectris, Switzerland).
In fig. 1a) we show the out-of-plane (oop) cuts of the µGISAXS data before solution casting (t=0s)
and after drying of the droplet solution (t=696s) including a simulation of the nanocomposite struc-
tures. Clearly, the pristine PS layer prior to casting shows very good hexagonal ordering (fig. 1b),
right image). After solution casting, an Au layer has been installed, visible as agglomerations of
Au nanoparticles around qy ≈ 0.4 nm−1, see also fig. 1b), middle image. Moreover, the perfect
ordering of the PS layer has been lost. Instead, a roughness increase if observed, the PS colloids
cluster into larger domains, as seen in the left image of fig. 1b). In the oop cuts, the rearrangement
of the PS layer is clearly seen as a loss of long-range hexagonal order around qy ≈ 0.06 nm−1. The
comparison between µGISAXS and imaging ellipsometry allows for combining structural and el-
lipsometric parameters. In detail, we observed the temporal evolution of the Yoneda peak intensity
of PS and Au as well as the temporal evolution of the ellipsometric parameters ∆ and Ψ. Their
temporal behaviour coincides and different regimes of diffusional rearrangement, precipitation and
compaction can be observed.
This work has been financially supported by the BMBF (grant number 05KS7WO1).



c)

Au

b)

Domain PS

1µm

a)

b)

t=0st=696s

28

n
m

23

n
m

166 143 83

28

n
m

Figure 1: a) microbeam grazing incidence small-angle x-ray scattering (µGISAXS) data taken before droplet
deposition (t=0s) and after drying (t=696s). Shown is a simulation of the data using IsGISAXS [6] and
the different contributions from the Au layer and PS layer. The arrows indicate the Bragg peaks from the
hexagonal PS layer (red) and from the domains in the rearranged layer (green) as well as from the Au
agglomerations (blue). b) Atomic force microscopy images of the domains in the rearranged layer (left), the
Au agglomerations (middle), and the pristine hexagonal PS layer (right).
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