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Soft materials such as suspensions and pastes, foams and emulsions show remarkable mechanical 
properties: they can be rigid when confined at high density, but can also flow easily when small 
stresses are applied. This transition from rigidity to flow is central to phenomena in geology and 
biological systems, and for many consumer products in food and cosmetic industry. However, its 
origin is not clear and controversially discussed. We used the recently established combination of 
rheology and x-ray scattering at the beamline BW1 at DORIS to obtain direct insight into structural 
changes at the rigidity-to-flow transition. This new combination allows simultaneous mechanical 
measurement and determination of the structure, thereby offering new opportunities to link 
mechanical properties to the structure of soft matter. 

We used a simple colloidal model system to obtain insight into the flow-structure 
relationship: hard-sphere colloidal suspensions that have recently provided much insight into the 
glass transition and flow of amorphous materials [1-4]. We chose silica particles that exhibit strong 
x-ray contrast, suspended at high density in an aqueous solvent. Rheological measurements of these 
suspensions show hallmarks of amorphous solids (Fig. 1): In the linear regime at small strain, the 
storage modulus G´ is much larger than the loss modulus G´´, indicating the strong elastic 
component of the glass. The characteristic drop of G´, and the peak of G´´ at higher strain, 
however, indicate structural changes. We investigated these structural changes using x-ray 
scattering to determine the structure factor in the plane that contains both the shear direction as well 
as the direction perpendicular to the shear. Small but distinct structural changes are observed. The 
two-dimensional scattering pattern shows that the nearest neighbour ring sharpens slightly in the 
shear direction (Fig.2a), indicating that positional ordering occurs in this direction. This is most 
obvious when we focus on angular bins around the shear and perpendicular directions, and plot the 
intensity as a function of wave vector (Fig. 2b and c). While the peak remains at almost constant 
position indicating the robust average particle separation, it sharpens significantly in the direction 
of shear, demonstrating the increased positional order.  

A hallmark of amorphous materials is their sudden transition to localized flow. This shear 
banding instability [5] can have fatal consequences when it occurs in geological systems as 
landslides, or in hard amorphous materials as material failure. Our simultaneous rheological and x-
ray scattering measurements allow us to uncover the microscopic origin behind it: Since the 
ordering that we observe facilitates flow, this enhances the local shear rate, which again feeds back 
to the structure, thereby supporting the shear localization. We investigated this mechanism 
systematically by measurement of the shear stress and the structure factor as a function of applied 
shear rate. The data is currently analysed.  
 

 

Figure 1 Storage (closed symbols) and loss moduli (open 
symbols) of the colloidal glass as a function of strain 
amplitude. The moduli were determined by oscillatory 
measurements at frequencies of ω = 0.1 (gray), 0.2 
(green), 1 (blue) and 10 rad s-1 (red) 
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Figure 2 Small angle x-ray scattering of a sheared colloidal glass 
a. Two-dimensional diffraction pattern showing both the shear direction (arrow), and the direction 
perpendicular to the applied shear. b. and c. Scattered intensity as a function of wave vector parallel 
(||) and perpendicular (⊥) to the shear direction. The curves have been shifted along the intensity axis 
for clarity. Silica particles with a diameter of 50nm (b) and 25nm (c) were used.  


