Scientific report for ESF grant

Name: Rie Takagi

Visiting date: 28.06.2006 to 12.07.2006 (14 days)

Host: Prof. Dr. Peter Lemmens, TU Braunschweig, Germany

Purpose of the visit

The main purpose of this exchange visit between the Stockholm group (supervisor: Dr. Mats Johnsson) and the Braunschweig group (Host: Prof. Dr. Peter Lemmens) was to give me the opportunity of performing Raman scattering experiments on novel frustrated magnetic materials. This includes sample handling and all steps of the experiment. The samples have been prepared in Stockholm and have so far not been investigated before. The compounds are based on the lone pair concept and consist of Te(IV)-oxide coordinations together with transition metal oxohalide coordinations. This combination lead to open structures with reduced connectivity and very often evidence for magnetic frustration is observed. In addition we have discussed possibilities to search for further frustrated materials and to improve the preparation for other experimental techniques. 
The work carried out during the visit

Raman spectroscopy experiments have been performed at ambient conditions using the wavelength of 532nm and a Dilor XY spectrometer with a spectral resolution of approximately 1 cm-1. As target materials, that I have recently synthesized, we used the host-guest compounds Te32Ni30M4O90Cl16 (M=doping metals such as Ni, Co, Cu, Mo) and the low-dimensional compounds AE-Cu-Te-O-X (AE=Sr and Ba, X=Cl and Br). I also gave a presentation on my synthesis and structure determination work in Stockholm titled: Low-dimensionality and magnetism in lone pair compounds. To perform Raman experiments the Crystals were fixed on aluminium foil composite having a small Raman cross section. 
The main results obtained

I) The Raman shifts on the cubic Te32Ni30M4O90Cl16 (M=doping metals) system were obtained for the pure Ni2+ sample and also for differently doped samples such as Co2+, Cu2+, Mo2+. The results of Raman shifts are shown in Figure 1.1 to 1.4. In was the aim to establish a relation of the high frequency Ni-O vibration to the stoichiometry of the guest. In this way the structural host-guest “interaction” is roughly estimated and possibilities for other guests can be evaluated. We have investigated different scattering geometries denoted by (XX) and (YX). Selection rules are not evident in all experiments. This may be due to the small size of the samples or local symmetry reduction. 

[image: image1.wmf]0

100

200

300

400

500

600

700

800

900

1000

1100

0

200

400

600

800

1000

1200

1400

Scattaring intensity (arb. units)

Raman shift (cm

-1

)

 

30060603-MA28-300K-440cm-1mW

 

30060603-MA28-300K-1000cm-1mW

 

30060604-MA28-300K-440cm-4mW

 

30060604-MA28-300K-1000cm-4mW

 

30060605-MA28-300K-1000cm-4mW-YX

 

30060605-MA28-300K-440cm-4mW-YX


Figure 1.1 Raman shifts of the Te32Ni30M4O90Cl16 (M=Ni).
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Figure 1.2 Raman shifts of the Te32Ni30M4O90Cl16 (M=Mo).
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Figure 1.3 Raman shifts of the Te32Ni30M4O90Cl16 (M=Co).
The convex background is due to fluorescence and probably not intrinsic. We did no attempt to combine the two spectral windows due to the large difference in background intensity. 
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Figure 1.4 Raman shifts of the Te32Ni30M4O90Cl16 (M=Cu). 

In the following we have investigated the difference of the Raman shift of the main peaks of the system Te32Ni30M4O90Cl16 for different doping metals such as Co, Ni, Cu and Mo. The preliminary analysis shows a different effect as function of frequency. The largest anisotropy with respect to Ni is observed for Mo doping. This observation is in perfect agreement with the weak bonding of the guest to the outer host coordination. These are separated by shells build-up from lone-pair-Te-oxygen shells. The latter shells are also believed to magnetically insulate the inner host from the outer two-dimensional Ni-O-network that show long range ordering. 
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Figure 1.5 Raman shifts and normalized Raman shifts as function of doping element. 

II) The layered Ba2Cu2Te4O11Br2 compound and the honeycomb Sr2Cu2T4O6Br2 compound were also measured by Raman spectroscopy at ambient temperature, see Figure 2.1 and 2.2. 


[image: image6.wmf]0

200

400

600

800

1000

0

2000

4000

6000

8000

10000

Scattering intensity (arb. units)

Raman shift (cm

-1

)

 

07070602-Ba-300K-420cm-200-mal-10_4mW_XX

 

07070605-Ba-300K-1000cm-200-mal-10_4mW_XX

 

07070603-Ba-300K-420cm-200-mal-10_4mW_YX

 

07070604-Ba-300K-1000cm-200-mal-10_4mW_YX


Figure 2.1 Raman shifts of Ba2Cu2Te4O11Br2.
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Figure 2.2 Raman shifts of Sr2Cu2TeO6Br2.
Future collaboration with host institution

We will continue the investigation of these systems with the aim to achieve a better understanding of the structure-magnetism relationship. Shortly after my departure from Braunschweig the group has started low temperature experiments on the honey-comb system and observed a weak continuum that shows a gap evolution at low temperatures. We will therefore also try to prepare larger amounts of this material for magnetic and thermodynamic (specific heat) characterization. 
Projected publications/articles resulting or to result from this grant

Our collaboration work between the group of Prof. Peter Lemmens in Braunschweig and Ass. Prof. Mats Johnsson in Stockholm with respect to the magnetic characterization and evaluation of excitation spectrum of novel lone pair compounds led to several publications; one example is the spin tetrahedron system Cu2Te2O5X2 (X=Cl, Br). The recently found second tetrahedron phase of Cu4Te5O12Cl4 will soon be published in Physical Review B (2006). After the analysis of the Raman data we will prepare at least one manuscript on the Raman spectroscopy in the host-guest materials and one on the honey-comb system. 
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