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Report: 

 

Our aim, during experiment SC2326, was to study the dynamics of colloidal particles in a 
liquid crystal – particle composite approaching and within the nematic phase [1]. Here the 
anisotropy of the host can lead to effective interactions between the particles. These new 
interactions can exist immediately preceding the transition as well as in the ordered phase. 
From this research we hope to fuel theoretical attempts to describe the formation of soft 
solids in these systems. 
For investigating the network behaviour and formation we studied liquid crystal 
pentacyanobiphenyl (5CB) samples containing different colloidal volume fractions. Series of 
silica particles with progressively varying hydrophobicity were available – so that the 
interaction between the molecules and the silica surface could be tuned. We observed our 
samples as they aged and also at different temperatures – predominantly following a single 
protocol. During the experiment we have been able to collect data in a q-range from 0.0028 
Å-1 to 0.017 Å-1. This means we are looking at the dynamics of particles and clusters of 
particles. Slow speckle fluctuations could be seen by eye in the CCD images. Using the 
matlab based XPCSGUI software (written by Yuriy Chushkin) the normalized intensity 
correlation function could be calculated for several q-regions as well as the 2-times 
correlation function for one q-region. This was available during the experiment, which meant 
we could follow the behaviour of the samples roughly and decide what to experiment next to 



 

Figure 1: (left) Linear dependence of decorrelation rate versus wave vector revealing that the colloids 
show quasi-ballistic motion in the gels, (right) Example of 2-time correlation function calculated during 
the experiment, revealing structural suggesting that there are intermittent dynamics as the sample ages. 

make a useful study. This software was also extremely useful for characterizing the 
performance of the beamline. 
 
From the dynamics it appears that the particles in many of the samples show liquid-like 
behaviour at temperatures above the isotropic-nematic transition temperature. Suggesting 
that the colloids a freely dispersed and able to perform motion. It is found that after cooling 
into the nematic phase a gel-like structure is formed, regardless of the hydrophobicity and 
volume fraction of the silica colloids. Sometimes structural rearrangements are found to 
occur after cooling down, which can be seen easily from the 2-time correlation function 
(figure 1, right) that was calculated during experimenting. Our initial analysis involves 
examining the 2-time correlation function qualitatively and analysing the intensity 
autocorrelation function quantitatively. The former shows that hydrophilic silica particles 
appear to form robust gels in the nematic phase which do not always melt in the isotropic 
phase. Hydrophobic particles tend form gels which often exhibit dynamics which change 
irregularly with the sample age (figure 1, right). These gels to tend to melt as the host liquid 
crystal becomes disordered. We have begun analysing the intensity autocorrelation function 
by finding the best fit to g2 = 1 – C exp ( – 2(t/τ)β). The function describes the simpler 
samples or shorter age segments of more exotic dynamics well. Our initial work shows that 
the decay rate (1/ τ) varies linearly with the wave vector. More detailed analysis is currently 
in progress as part of Danielle van ‘t Zand’s PhD thesis and will be brought to a conclusion 
over the next few weeks. Example fit parameters are shown in figure 1 (left).   
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Yuriy Chushkin very kindly made his XPCSGUI software available to us during and after 
the experiments for analysis in Edinburgh. At all stages during and after the experiments he 
provided outstanding support and advice. 
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