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In order to obtain simultaneously information about the viscoelastic properties and the structural 

organisation of complex materials on nanoscales, we have designed and commissioned a 

completely new setup allowing a synchrotron X-ray beam passing vertically through a plate / plate 

geometry of a rheometer probing the perpendicular direction. A first beamtime was scheduled at 

beamline P10, Petra III, december 2010.  
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Figure 1 a) Time evolution of the integrated intensity from 0 to 0.15 seconds, 1 Hz oscillatory shear 

applied. b) The Lissajou plot cleary indicates the non-linear response of the sample.  

A first attempt after transferring the setup from Doris III (1) to Petra III to carry out time resolved 

SAXS measurements was successful. For the first time, the ordering process of a liquid crystalline 



sample could be investigated online while applying an oscillation frequency of 1 Hz to the sample. 

Frames were taken with a rate of 100 Hz (Fig. 1).  

(1) B.Struth etal, Langmuir, 2011, in press, DOI: 10.1021/la103786w 
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Dispersions of colloidal platelets are of practical interest because of their non-linear flow behaviour 

as well as the multitude of phase transitions that can be found with increasing concentration. Our 

goal was to study the influence of shear flow on the structure of dispersions of colloidal platelets in 

the nematic phase, where the normal of the platelets have an average orientation, in order to 

understand the stress response of this system. One controlled way to study the response of any 

visco-elastic system is by applying large amplitude oscillatory shear flow. In our experiments we 

combine the new dedicated rheometer of Thermo Fisher Scientific with the high brilliance x-ray 

source of PETRA III. Our system is a dispersion of colloidal Gibbsite platelets with 240 nm 

diameter and 10 nm thickness dispersed in water in the nematic phase. We subject this dispersion to 

oscillations with frequencies between 0.1 and 0.8 Hz and strain amplitudes between 0.1 and 7.2. 

From earlier experiments at the DORIS beamline BW1 we knew that the system can align. The 

high flux at PETRA III, P10 now enables us, however, to have access to the time-resolved response 

of the structure. 

Figure 2 Scatter functions oscillate between isotropic (upper left) and highly anisotropic, with 

structure peaks located at the flow axis (upper right). The graphs show the response to the applied 

strain (dashed) of the stress (black),  amplitude A and ordering parameter �  for two different 

maximum strain amplitudes. 

 

The response of the system is clearly non-linear, judging from the time-dependent stress. Very 

surprisingly the response of the structure is of the same frequency as the applied field at low strains, 

where the double frequency is expected. At higher strains this double frequency is observed. 

Clearly the behaviour is very rich and calls for more extended studies, e.g. concentration 

dependence. 


