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Purpose of the visit

The purpose of the visit was to use the Raman Scattering technique during a twelve day stay with Prof. Peter Lemmens in the Institute of Physics for Condensed Matter at the technical University Carolo-Wilhelmina in Braunschweig, Germany. In addition to experiments at room temperature on systems that have never been investigated before using Raman scattering, we also planned to do experiments at low temperatures to look for cooperative effects. The systems investigated can be described as M-L-O-X with M = a transition metal, L = a lone pair cation and X = a halide and several compounds have been found in this general system which have shown highly interesting properties[1-3].
Description of the work carried out during the visit

The Raman technique, which has been used during the visit, is performed by illuminating a sample with a laser beam. Light from the illuminated spot is collected with a lens and sent through a monochromator. The inelastic scattered light is separated from the elastic scattered light and these rays are detected by a CCD camera. The process leading to this inelastic scatter is the named the Raman effect and Raman scattering can occur with a change in vibrational-, rotational- or electronic energy of a molecule.

Raman spectroscopy is often used in chemistry, since the vibrational energy is very specific for the chemical bonds as they occur at different energies and the energies can therefore be used to identify different bonds.
Both normal and polarized light was used and the frequencies scanned were ~ 0 to ~ 1400 
cm-1. A green laser (532.1 nm) was typically used but this can be also be altered to different wavelengths.
Description of the main results obtained

Several compounds were analysed during the visit. Amongst these were the three iso-structural compounds Co5(SeO3)4Br2, Co5(SeO3)4Cl2 and Ni5(SeO3)4Br2. The structure of these compounds is triclinic made up of layers of pairs of two [MO5X] octahedras, see Fig 1. These layers are further attached to adjacent layers by [MO4X2] octahedras and [SeO3E] tetrahedras. No data, structural nor physical, on any of these compounds have been published before. 
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Fig 1. The left figure is a plot of the full structure along the c-axis. The Right figure shows the M-layers with the edge and corner sharing Co/Ni octahedrons.
Samples have been prepared from solid starting materials using chemical transport reactions in sealed evacuated silica tubes under a temperature gradient of about 400 - 500oC. They have the shape of a rectangle with one larger dimension denoted as x, one shorter as y and a very thin dimension called z. In the following we will use the notation from Porto, with –z(xy)z and (xy) the direction of the light polarization. Examples of results are shown as graphs below, were the Raman shifts are plotted against the scattering intensities for some of the data collected. The data in Fig 2 and 3 below was collected in air environment under ambient conditions and the peaks in the range of ~50 to ~1500 cm-1 should be analyzed with this in mind.
The relative positions along the y-axis for the samples have been adjusted to allow a more clear view of the graphs. This does in no way hinder any analyses.
Fig 2 shows the data for three iso-structural compounds at room temperature (~300 K) with (xx) polarization. The two Co compounds show some peaks at around 400-500 cm-1 which are suppressed for the Ni compound and also the intensity of the peaks at 700 ~ 800 cm-1 are a lot weaker for the Ni compound.
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Fig 2. Plot of scattering intensity vs. Raman shift for M5(SeO3)4X2 at 300 K.

There also seems to be large anisotropical differences in all compounds as the relative intensities for the Raman shift differs if the crystal is arranged perpendicular or parallel to the incoming light. This can be seen in Fig 3 for Co5(SeO3)4Cl2 below. The symmetry of the compound is triclinic and in accordance with e.g. Hayes and Loudon[4], a triclinic crystal system should not suppress any peaks along different polarization settings. Therefore we attribute the anisotropy of the phonon intensities to a different polarizability and therefore to a pronounced low dimensionality of the electronic system. This is based on a different electronic overlap of the orbitals in the respective compounds. 
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Fig 3. Plot of Raman shift vs. scattering intensity for Co5(SeO3)4Cl2 at 300 K.
The compound Ni5(SeO3)4Br2 was investigated in the temperature range 10K – 200 K and at room temperature (300 K), see Fig 4. The two peaks observed at low temperature at around 300 cm-1 merge into one single peak at higher temperature. Also a peak at about 420 cm-1 is suppressed for the higher temperature measurement. These changes indicate a structural instability. we will therefore investigate the susceptibility and the specific heat of the compound as function of temperature. 
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Fig 4. Plot of Raman shift vs. scattering intensity at different temperatures for Ni5(SeO3)4Br2. 
Future collaboration with host institution (if applicable)

Future collaboration with the host are planned and this will involve more studies using the Raman scattering technique on several similar compounds. The aim is to search for collective excitations and to evaluate magnetic coupling constants. 
Projected publications/articles resulting or to result from your grant

Publications are planned on the structures and properties on several compounds investigated including the above series of compounds.
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