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Report:

A grazing incidence small angle X-ray scattering (GISAXS) study was carried out at the XMaS beamline in
July 2000 by the University of Leicester in collaboration with Birmingham and Liverpool Universities. The
samples consisted of gold nanoparticles (~4.5nm in diameter) surrounded by
organic thiol terminated molecules that self-assemble on the gold surface. As a
solution containing the clusters evaporates, the organic cage mediates a self-
organising process whereby the clusters form close packed, ordered
arrangements. The aim of this beamtime was to study the effect of external
parameters, such as the sample temperature during evaporation, on the quality
of the ordering. All results were obtained by solvent evaporation on an oxidised
silicon (111) sample.

Initial measurements focused on the small angle scattering from the particles in
solution, subjected to different chemical treatment. A variety of ‘linker’
molecules were added to the solution in order to study their effect on the
average particle separation. Figure 1 shows the small angle scattering features
for the uncoated gold particles and with three different linker molecules (based
on the names in the figure) added. The peak shifts indicate that the molecules
are attaching to the surface of the gold clusters causing them to interact with
each other. Specifically, the C5 dithiol is a short chain molecule that has a thiol
group at both ends and therefore forms a strong short link between
neighbouring clusters. This leads to the increase in peak position indicated. The
benzene based thiol leaves the peak at approximately the same position,
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although the shape is more pronounced. This indicates that the average separation remains the same, but more
of the clusters sit at this distance, through mediation by the molecule. Porphyrin is a large molecule and it’s
thiol based derivative shifts the SAXS peak to a lower value. This is due to the constraint of having to fit the
large molecule between neighbouring clusters.

Figures 2 and 3 show GISAXS scans of the resulting films after solvent evaporation at the temperatures
indicated, for a layer of gold particles equivalent to 10 close packed cluster layers. All measurements were
made with a constant X-ray angle of incidence and the detector scanning in the out-of-plane direction for the
vertical scattering and in-plane for the horizontal scattering. In figure 2, at room temperature and just below
(16.7°C) there is a single peak corresponding to a separation of the nanoscale crystallites of 5.7±1.0nm. In
this case they are separated by dodecanethiol (C12 based chain) which has a chain length of ~1.5nm. This
result, therefore, indicates that the average separation is caused by interdigitation of the C12 molecules from
neighbouring clusters. At lower temperatures, there is a significant transition which results in the narrowing
of the first peak and the appearance of additional peaks at higher scattering angles. The first peak in the
10.1°C plot corresponds to a separation of the scattering centres of 5.9±0.3nm. Further reduction in the
temperature causes a splitting of the narrow features, indicating the presence of two length scales in the
direction of the sample normal.

Comparison of the out-of-plane and in-plane scattering (Figure 3) shows that the layers have good polar
alignment (I.e. they are aligned almost parallel to the surface) but poor azimuthal alignment. These results
may be caused by diffusion limited aggregation or the presence of small domains which are disordered in the
plane but well ordered in the direction of the layering. Further investigations (including AFM measurements)
and additional GISAXS studies are planned to understand this transition and the effects of other external
parameters (e.g. gas pressure). Similar results are obtained for 2.5nm particles.

This work has been presented at the CMMP-2000 conference held at Bristol in the U.K.
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