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Report: 

   Alkali metals have long been considered as prototype “simple” metals [1]. However, views on their physical 

properties have changed drastically over the last two decades. Studies have shown that alkali metals are not 

“simple” at all under high pressure conditions, showing various exotic low symmetry crystalline phases and 

large deviations from the nearly free electron like behaviour that eventually lead to poor metallic or even to non-

metallic band structures [1-8]. Depending mostly on the theoretical calculations and a few indirect information 

from experimental studies, a hybridisation processes between the 2s valence orbital and next higher orbital state 

(p for Li and Na, and d for K, Rb and Cs) have been suggested to play very important role for the exotic pressure 

behaviour of the alkali metals [7-12]. Main goal of our proposal was to verify such a scenario using a suitable 

x-ray core-level spectroscopy technique that directly probes the relevant final orbital states.  

   For this purpose, we attempted to perform high pressure x-ray raman scattering experiments at the ID20 

beamline of ESRF. Initially, the study was planned to be conducted on elemental Li as mentioned in the proposal.  

However, shortly before the experiment we were informed by a well known high pressure expert at ESRF (Dr. 

M. Hanfland) that pure elemental Li may damage the diamond anvil above 20 GPa, thus cannot be compressed 

easily up to the target pressure of about 80-100 GPa (we have done many literature surveys before the proposal 

submission, but apparently, we have overlooked such technical details). In this situation, we have decided to 

conduct our study on Na (another alkali element, scientific motivation and expected results were exactly the 

same). A screw driven panoramic diamond anvil cell with 150 um culet anvils had been prepared well before 

the experiment. Suitable amount of elemental Na have been loaded in to the sample chamber (~75 um diameter) 

of a Beryllium gasket under inert atmosphere (using the available glove box in the chemistry lab of 

ESRF).  Unfortunately, we were not able to measure reasonable quality Na K-edge x-ray Raman scattering data, 

possibly because of the tiny dimension of the sample. Two different loadings have been tried, but no 

improvement was achieved.  

  In order to avoid wasting the remaining beamtime, we have decided (together with the local contact) to perform 

x-ray emission (XES) spectroscopy measurements on CoTiO3 and FiTiO3. From our preliminary high pressure 

XAS measurements and existing literature on these ilmenite compounds, high spin (HS) to low spin (LS) 



 

transformations are expected under pressure and association of such spin transitions with the known structural 

transformations needs to be investigated. As show in Fig. 1 and Fig.2, Kβ′ emission peaks of both compounds  

are reduced under pressure, but not completely suppressed. Even if certain changes in the electronic 

configuration cannot be excluded, results imply that no complete HS to LS transition occurred in both samples 

within the investigated pressure ranges (up to 30 GPa). Our findings will help to improve the understanding of 

the phase behaviours of these ilmenite compounds. Results will be published as two independent papers in near 

future together with our XAS data (measured at ESRF and synchrotron SOLEIL).  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  1  X-ray Kβ emission  spectra of CoTiO3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  2  X-ray Kβ emission  spectra of FeTiO3 
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