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Fig.1 Schematic drawing of surface-modified silica nano-particle with polymer brushes. 
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Fig.2 Geometry of the stripe-shaped film and Cartesian coordinate x, y, z . The x, y, z axes were defined 

as longer direction, width direction, and thickness direction of the film, respectively. The films are 
uniaxially stretched along the x-axis. 
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Fig.3 U-SAXS patterns of the silica nano-particle film sample taken at variable strains in uniaxial 

stretching process; a  for the through plane and b  for the edge plane. The draw ratio is 10% min-1. 
The strains are inset in the patterns. 
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Fig.4 Schematic drawing of FCC crystal with a twin-crystal like orientation; a  top view in the trough 

plane, b  side view in the edge plane. c  Models of the particles arrangement in the 111 plane of 
cubic lattice the through plane  and the mechanism of the deformation in early stage before 30% 
strain. In this model, before 30% strain, the particles keep line-like arrangement along the y-axis 
shown by hypothetical line  in the stretching process. 
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Fig.5 The diffraction points are plotted in q space; a  for the through plane, b  for the edge planer. 

Red closed circles and blue closed diamonds show observed and calculated positions, 
respectively. The hkl indices are inset near by the diffraction points. 
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Fig.6 Relative positions of the three nearest neighboring particles in real space are shown; a  in the xy 

plane, b  in the xz planes. The positions are corresponding to the calculated diffraction points in 
Fig.5. The reference particle is set at the origin. The blue symbols represent ideal deformation 
without asymmetric change in a1 and a2. 
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