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Report:

The experiment was devoted to the study of strecturd order of the colloidal photonic crystals
prepared by the novel method based on verticalsiepo in the presence of a DC electric field nortoa
the substrate. Deposition of negatively charged B80PS spheres onto ITO glass vertically aligned
electrodes was performed in a cylindrical glas$ ekm diameter) using a Solartron 1287 potendist
The distance between the electrodes was 3 cm. dineentration of PS particles in the colloidal st
was ~0.2 vol. %. Deposition of PS spheres has bagted out at constant voltageranging from 0.1 to 3
V for 24 h at 60+3 °CA 12 keV X-ray beam (wavelength = 0.1 nm, bandpassA\/A = 2x10* size
0.5x0.5 mrf at the sample position) was used. The beam waséacby the lenses, which were installed
just before the sample. The data collection wasopeed by the CCD X-ray detector (Photonic Science
VHR, 4008x2671 pixels of 9x@m?) located at a distance of 8 m from the CR lenghs. colloidal films
were first mounted perpendicular to the X-ray be&amples were then rotated around the vertical axis
within the range — 75% o < 75° and the diffraction patterns were recordedaah degree of rotation. The
collected images represent sections of reciprquades projected on the flat area detector. Thisvaibfor
the mapping of most of the three-dimensional redal lattice of the crystal. It is worth noting tithe
curvature of the Ewald sphere in the small-angfgeerments could be neglected due to the gigantie-di
rence between the structure period and the X-rayeleagth. The background subtraction and recon-
struction of reciprocal space from the data weréopmed by a in-house developed Mathcad code [1].

Figure la-d shows typical examples of microradiaffragtion patterns measured for different
orientations of a colloidal crystal, correspondindowest index zones of fcc structure, that isl{ldto =
0°, (121) atw = 19.5° (101) atw = -35.3° and (010) ab = 54.7° (v is the rotation angle around the
vertical axis, which aligns with the [10-1] axis thfe crystal). In the diffraction patterns one céearly
identify a large number of Bragg reflections, whaan be assigned to the reciprocal lattice of dieali fcc
crystal structure with the cubic cell sizeagf= 750 nm. Corresponding indexes are shown inFig.

Figure 1. Microradian X-ray diffraction patterns measuredhwiite X-ray beam orthogonal (A) to the substrate=(
0°) and after a sample rotation around the vertiga by ® = 19.5 (B), ® = -35.3 (C) andw = 54.7 (D). These
patterns correspond to the index zones (111), (X2@}1) and (010) of a fcc structure. The colloidaistal is obtained
on the cathode &1 = 1.5 V. Peaks, which cannot be assigned to &ftice, are marked by arrows in panels A and B.



In addition to the assigned Bragg peaks the dififvacpatterns also show features, which cannot be
assigned to the fcc structure (marked by arrowsign 1a and b). They can be truly Bragg's refleffes
example, corresponding to an hcp structure codiagistith fcc), or can be sections of diffuse obgeirt
the reciprocal space. The later can be relatedddinite film thickness and/or to the presencestatking
faults along <111> cubic directions [2]. Completéormation on this type of disorder could be inéetr
from the distribution of diffracted intensity inghthree-dimensional (3D) reciprocal space. Thed&dg
reconstructed from the collected diffraction da#a.example of 3D maps in reciprocal space are sHawn
Fig. 2 for the colloidal crystals formed on the dedA) and cathode (B) &t = 1.5 V. One clearly sees the
presence of the extended rods of diffuse scatteaind) of localized reflections with well-defined ral
shape. This reciprocal lattice is typical for asgdgpacked structure with stacking faults [2].

One can see that for the crystal grown on the cathibe width of the diffraction maxima is lower
than one for the sample obtained on the anode.,Tihaeease of a cathode polarization leads to the
improvement of crystal quality but, at the sameetirthe thickness of a film decreases. In future the
analysis of the distribution of the diffracted insity along the Bragg rod with help of Wilson's o [3]
will be performed. We believe that collected datdl fielp us to evaluate colloidal crystal qualitg a
function of applied potential.
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Figure 2. 3D reconstruction of the reciprocal space for tod#loidal crystals obtained on the anode (A) and
cathode (B) all = 1.5 V. The reflections only withig < 0.03 nnT are shown. The hexagonal basis is depicted by the
vectorsb,, b, andbs, wherebs; corresponds to normal to the film surface.

In the conclusion we would like to stress that pesg in SAXS instrumentations and computing
techniques make 3D reconstructions of the reciprepace routinely available. This method provides
extremely valuable information on a real structamfemesoscopic materials, which cannot be easily
obtained by other analytical approaches.

We should stress that for the 3D reconstructioreoiprocal space on the basis of diffraction images
the precise alignment of the sample is requirethe@tise rotation of the sample along the verticds a
leads to movement of the X-ray footprint througlke g#ample surface. In order to improve experimental
setup on DUBBLE for such experiments the instaltatof the long-focus camera to the vertical axis at
sample position is very desirable. Finally, we veblike to thank our local contact Dr Giuseppe Herfar
the excellent support.
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