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Colloidal systems acting as model systems for condensed matter have been thoroughly studied 
during the last decades. Colloidal suspensions can be distinguished by the stabilization of the 
particles and can be divided into ‘hard sphere’ and ‘soft sphere’ systems. Hard sphere colloidal 
particles are sterically stabilized by a polymer coating resulting in a short-range interaction 
potential, whereas soft sphere colloidal particles are stabilized by charged surface groups. These 
latter ones can be considered as “macro-ions” and interact via a long-range, screened Coulomb 
potential. To investigate different scientific questions like the hydrodynamic behaviour of colloidal 
systems or the glass transition, taylor-made model systems are needed. Therefore, we monitored 
in-situ the synthesis process of such a soft colloidal system to get a deeper insight into the evolution 
of the size and size-distribution and the dependence of the synthesis on the temperature. 

A typical synthesis procedure for soft colloidal system is a radical emulsion polymerization. Here 
we investigated the emulsion polymerization of two functionalized methacrylates: the fluorinated as 
well as the silyl-groups are allocating good scattering properties to the nano-particles compared to 
hydrogen and carbon inside the methacrylate making thus possible to investigate also diluted 
suspensions, as it is in the case for the conditions during the synthesis process. The synthesis 
process was carried out at four different temperatures, 47.5, 50.0, 52.5 and 57.5 °C while all other 
parameters of the reaction like stirring speed, mass of educts and reaction volume were kept 
constant. 

To monitor the evolution of size and size-distribution of the nano-particles, we used a flow-through 
device to be able to measure in-situ during the synthesis. For this purpose a circulatory system was 
added to the reaction-vessel were the synthesis took place. This circulatory system consisted of a 
glass capillary, which was placed in the X-ray beam. The capillary was attached to a flexible, 
circulatory tube system including a pump device (a schematic drawing is shown in fig. 1). During 
the synthesis, the capillary was rinsed for five minutes with the reaction mixture followed by a 
pump-stop for five minutes where the reaction mixture was resting in the capillary. During these 
five minutes, the small angle X-ray scattering (SAXS) data were recorded to avoid measuring small 
gas bubbles, which are immersed in the reaction fluid. The experiment was carried out at beamline 
BW4 at DORIS at an energy of 8.979 keV in USAXS-geometry, a marCCD was placed 13.44 m 
downstream of the sample. 

 

Figure 1: Schematic drawing of the circulatory system with the flow-through glass capillary attached to a 
pumping system. 



The reaction took place in a diluted regime, so that the static structure factor S(Q) of the suspension 
of nano-particles was equal unity. Therefore, the scattered intensity was proportional to the particle 
form factor P(Q) of the colloids. In fig. 2 the background corrected and azimuthally averaged 
scattering intensity is shown for a synthesis carried out at 50.0°C at different times during the 
synthesis procedure.  

Figure 2: Development of the scattered intensity during the experiment at a temperature of 50.0°C. The 
recorded SAXS patterns were background corrected and azimuthally averaged. 

As all measurements were performed in the same glass-capillary, the analysis of the particle form-
factor was highly reproducible. To determine the geometric radius and polydispersity of the 
colloidal particles, a form factor of a sphere weighted by a Schulz-Flory distribution was fitted to 
the Q-dependent scattered intensity. The resulting volumes of the colloidal particles and the size 
distribution are shown in fig. 3. 

Figure 3: Left hand side: Relative volume of the nano-particles as a function of time. Right hand side: 
Development of the polydispersity of the colloidal particles during the synthesis at 47.5, 50.0, 52.5 and 

57.5 °C. 

The speed of the particles' growth is increasing with increasing temperature. The size-distribution is 
decreasing during the synthesis and reaching a value of around 6 % for all syntheses independent of 
temperature. 
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