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Report:

Birnessite is the most common mineral of the phyllomanganate family. Its structure consists of nonstoechiometric MnO2 manganese octahedral layers separated by hydrated interlayer cations such as Na, K,
Ca... which are easily exchangeable. Structural and chemical properties of birnessite evolve with preparation
conditions and/or the nature of interlayer cations. The main structural and chemical properties of birnessites
synthesized at low (25°C) and high (up to 1000°C) temperatures are reasonably known from X-ray powder
diffraction data. However, specific diffraction features and some details in the structure remain poorly
understood, and the present experiment aimed at solving these specific details on high temperature
birnessites.
During this experiment, the ability to record good diffraction patterns from 3 high temperature K-birnessite
samples (internally named K115, K142, K151) was first assessed. The layer symmetry of these samples differ
as a result of their contrasting temperatures of formation (800°C for K151 and K115 and 1000°C for K142).
Because of their very small size (~5µm in their largest dimension) the quality of the selected crystal is
difficult to estimate during the mounting stage. As a consequence, several crystals had to be mounted and
tested to obtain a crystal suitable for the planned structural determination. Because of the very small crystal
size of the crystals, this mandatory step was difficult and time consuming as about 20 crystals had to be
mounted and tested for each K-birnessite sample. For each of these samples, diffraction images were
collected at different detector distances and with different oscillation ranges to assess the quality of the
crystals.

The best results were obtained with the K151 sample. Data sets were measured with the ID13 microdiffractometer at room temperature with a beam size of 10 micron diameter at 0.780Å. Data were reduced
image by image using DENZO. Although data reduction is not straightforward for compounds with a such
small unit cell (a=2.848Å c=14.108Å, space group P63/mmc), we have been able to consistently refine the
unit cell. We then tried to refine the structure with SHELXL97 (first results: R1 = 0.0896 for 57 Fo >
4sig(Fo) and 0.0900 for all 60 data, wR2 = 0.2292 for all data) but the ratio number of reflections over
number of parameters is too low to satisfactorily carry out a complete data analysis.
Diffraction images for the K142 and K115 samples have shown that these two samples are probably twinned
or present a modulated structure. In order to understand this phenomena, we recorded diffraction data for
several oscillation ranges ( 5, 10, 20, 45 90 and 180 degrees respectively). We hope that the result obtained
with the K151 compound will help us to analyze these data.
In conclusion, we have demonstrated that it is possible to record good quality diffraction data from birnessite
single crystals (at least for sample K151) which is an unprecedented results for this manganate family.
However, to refine the crystal structure of the selected samples we need to improve the resolution (~0.82 Å at
present) either by using a shorter wavelength or by tilting the detector with respect to the beam axis.

