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When a droplet of emulsion containing monodisperse colloidal spherical particles is placed on a 
substrate and let the solvent evaporate in order to achieve the crystalline structures, convection of 
solvent and the particles, sedimentation of particles and drying of solvent play an important role in 
the final structures of the dried film [1-2]. Because of the convection of the particles from the 
central area to the periphery of the droplet and subsequent sedimentation of the particles and drying 
of the solvent, a broad, thick ring appear at the outer edge of the dried droplet. Sedimentation of the 
particles accompanied with the drying of solvent in the central part of the droplet brings the order 
in the final dried film structures. If the solution is dilute enough, most of the particles migrate to the 
outer edge through convection and a monolayer of spherical particles can form in the central part of 
the dried droplet structure. In that case, the capillary and the van der Waal forces between the 
particles and the substrate play an important role on the final structures of the dried film. We have 
investigated the formation of regular array of chain-like 1-dimensional microstructures from the 
self-assembled colloidal particles in droplets due to interplay between the lateral capillary forces 
and the convectional flow of the particles during solvent evaporation. 

As a model system, we used aqueous emulsion of polystyrene latex microparticles of diameter of 
384 nm. We varied the initial concentration of the droplet and let the water evaporate on the 
substrate cleaned by acetone and isopropanol at room temperature. The 1-dimensional array of 
microspheres present in the final dried droplet is characterized by atomic force microscopy (AFM) 
and grazing incidence small-angle X-ray scattering (GISAXS) technique [3]. 

GISAXS measurements were carried out at the beamline BW4 of the DORIS III storage ring at 
HASYLAB (DESY, Hamburg). The selected wavelength was λ = 0.138 nm. The beam divergence 
in and out of the plane of reflection was set by two entrance cross-slits. The beam was focused to 
the size of 40 µm × 20 µm (H×V) by using an assembly of 15 refractive beryllium lenses [4]. The 
sample was placed horizontally on a goniometer. A beam stop (a diode) was used to avoid direct 
beam to the detector. Besides, a moveable rod-like beam stop was also used to shield the specular 
peak and the high intensities at very low qy on the detector. An incident angle was selected αi = 
0.3°. The scattered intensities were recorded by a 2D detector (MARCCD; 2048×2048 pixel) 
positioned at 2.210 m behind the sample.  

 

Figure 1(a): AFM topography of an array of 1-dimensional string-like self-assembled microparticles of 384 
nm diameter. These structures are formed due to the interplay between the capillary and the van der Waals 
forces acting on the polystyrene microparticles during the late stage of drying of a droplet of an aqueous 
emulsion with a concentration of 0.5 mg/ml. (b): GISAXS intensity distribution pattern on the 2d detector. 



The incident angle was 0.3°. The lateral ordered structures from the microspheres array create the side 
maxima in the scattering pattern. The oscillating intensity distribution is evolving from the form factor of the 
particles. 

The final dried structures from the central part of the droplet of the aqueous emulsion containing 
monodisperse PS-microspheres with diameter of ~384 nm on silicon substrate are investigated by 
AFM and shown in figure 1(a). We can see the array of string-like structures on top of the 
substrate. These string-like structures are formed from microspheres during drying of the droplet. 
At the late stage of drying, when the droplet height is equivalent to the diameter of the 
microspheres. In this stage, convectional flow of the solvent drags the microspheres toward the 
outer edge of the droplet. At the same time, the solvent underneath the microspheres exerts lateral 
capillary force on the microspheres due to the evaporation. The resulting force aligns the 
microspheres in string-like structures. When the solvent is evaporated, the structures become frozen 
on the silicon substrate. The distances among the neighbour strings are equivalent to 3-4 times the 
diameter of the microspheres. These long-ranged ordered structures are investigated also by 
GISAXS. Only the size of the particle as a form factor is visible. The large inter-string distance 
could not be resolved because of resolution of the set up and the presence of rod like beamstop at 
very small qy-value. The side maxima with vertical oscillations are present in the scattering pattern. 
This is a clear indication of ordered lateral structures, which is mainly the size of the microspheres. 
Since the microspheres are monodisperse, the shape and the size of them produce this coherent 
pattern with resonances of the diffuse scattering. Further data analysis is in process. 
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