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The formation of oriented lattices such as face centred cubic (fcc) is well known from block 
copolymer gels [1]. We succeeded to create a similar system with FexOy nanoparticles surrounded 
by polystyrene with a diethylentriamine anchor group. This nanocomposite is forming gels in a 
certain concentration range in toluene. Furthermore we investigated a gel prepared of PI-PEO, 
methanol and a TMOS precursor which were orientated in a plate plate geometry at a shear rate of 
700 s

-1
. After curing the solid hybrid material was taken out of the rheometer and investigated.  

The characterisation of the samples has been done by small-angle x-ray scattering (SAXS). For the 
measurements we used the SAXS setup of the beamlines A2 and BW4 and a 2-dimensional CCD-
detector at a distance of about 2 m behind the sample. For the investigations of the nanocomposite 
gel a volume of some hundred µL sample was placed in a linkam shear cell CSS450. The 
orientation was achieved with large amplitude oscillatory strain (LAOS) for the nanocomposite. 
The gel for the hybrid material was orientated with a shear rate of 700 s

-1
 in a rheometer 

The patterns showed a great effect depending on the beam size and sample position. Figure 1 shows 
a scheme of the linkam shear cell and the used samples from the hybrid material. 

 

 

 

 
 

 
Figure 1 Left: Linkam shear cell to orientate the nanocomposite gel; Right: schema of the PI-PEO hybrid 
material after curing in the rheometer.  

Figure 2 shows how the beam and sample position effects the pattern. At BW4 a centre symmetric 

pattern could be obtained with the µ-focus beam. At A2 a 2.5 mm wide and about 0.3 mm high 

beam was used. Depending on the positioning of the sample a great effect on the pattern can be 

observed. This effect can be explained by the curvature that the sample is forced on in a plate plate 

geometry. The hybrid material can be easily rotated about 90°. Is the beam orientated like in figure 

2 (right pattern), the curvature effects the pattern much more than if the beam and the curvature are 

horizontal. The pattern in the middle shows the situation when the curvature is vertically orientated 

in a horizontal widened beam. This pattern is almost symmetric. 



 

 

 

 

 

 

 

 

 

 

 

Figure 2 PI-PEO hybrid material; Left: sample measured at BW4 with µ-focus, Right half is a simulated pattern; 

Middle: sample horizontal to the beam at A2; Right: vertical to the beam at A2. 

 

Figure 3 shows the 

anisotropic patterns for a 

FexOy@PS nanocomposite 

gel at A2. The effect can be 

observed as well with a 

different system. The shear 

cell was rotated 90°.  
 

 

 

    

Figure 3 Nanocomposite gel (A2); Left: centre symmetric pattern; Right: distorted patterns. 

  

Figure 4 shows a model of the distortion. If 

the sample is not forced on a curve for a 

flat beam only flattened reflexes are 

expected. If the sample is forced on a 

curve the sample on the left side of the 

beam is in this example slightly rotated 

clockwise and on the right side the 

opposite way. In the model it is shown 

how a hexagonal pattern will be distorted 

by this effect. Comparison of the model 

(figure 4, right side) and the inner hexagon 

for the pattern of the nanocomposite gel   Figure 4: Model for distorted patterns. 

(figure 3, right side) show good agreement. 
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