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Tellurium containing materials are used in many technological applications including conversion energy

thermoelectric devices [i], optical or electrical information storage devices [ii] and IR optical fibers or
waveguides [iii], so they represent a family of materials of huge interest in the current societal challenges.
Development of new materials always implies an accurate modeling of the system at the atomic level. This
project positions itself far ahead of any system design modeling and it focuses on accurate modeling of
tellurium chemical bonding which will be assessed by Nuclear Magnetic Resonance (NMR) spectroscopy
measurements. This technique is extremely sensitive to the electronic configuration in the vicinity of the
nucleus of interest which is here *Te.

The oxidation state of Tellurium can vary a lot. Te chemical bonds are very versatile leading to a large variety
of materials: tellurides, tellurites, ... Even in a given family, for example tellurides (of major interest for
applications), a rich variety of chemical bonding, ranging from strongly covalent to semi-metallic or resonant
bonding, can be found. An accurate description of tellurium bonding can be considered as a fundamental first
step before approaching any system of interest for real applications. Available methods for calculation of
electronic structure and NMR parameters in solids are based on Density Functional Theory (DFT). Among
those, augmented plane-waves (APW) implemented in the WIEN2K code [iv], offers a full potential and all
electron approach, which is essential for NMR parameter calculation when dealing with metallic systems [v]
or heavier elements.

This motivates the project to focus on Te bonding, which is rather complex, monitored via coupled NMR
parameter measurements and calculations in selected materials of interest (Phase Change Materials ...).
The aim of the project is to i) develop specific tools combining experimental NMR data and ab initio
calculation able to measure and compute NMR shifts and shielding for model Te-containing materials as
precisely as possible and ii) use the resulting know-how to investigate the structure of more complex
PCM materials (relevant to industrial applications) in order to establish structure/properties relationships.

The computational part of the project will be performed within framework of Density Functional Theory
(DFT) implemented in the WIEN2k code [www.wien2Kk.at] including the recently developed NMR
package [vi]. WIEN2k solves the Kohn-Sham equations using an augmented plane-wave basis (APW), a
full potential and considering all electrons. The NMR package for the orbital part of the shielding tensor
implements a linear response formalism in which the induced current is computed as a first order

response to an external magnetic field and integrated according to Biot-Savarts law. The implementation
follows the WIEN2k and APW approach and it calculates the induced current without any shape
approximation. The code has been proven reliable and accurate for a wide range of nuclei and compounds.
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From the NMR point of view “**Te is a non-straightforward nucleus because of its low natural abundance
leading to small sensitivity and extremely large NMR linewidths in most of the compounds using
standard techniques. Nevertheless recent experimental methods such as WURST -CPMG pulse sequence
[vii] allow recording a spectrum over a 1.25MHz range in one shot and in reasonable delays. This
technique combines amplitude and phase modulated pulses allowing frequency sweeping during the
pulses with CPMG technique based on echoes which allow to record few tens of free induction decay
signals (instead of one) in a single scan. More recent 2D (MAT-PASS and pj-MAT) techniques even
allow obtaining high resolution map in crystallized and disordered systems [viii,ix].

In the project, first a series of relevant crystallized model systems will be chosen on the basis of their
structure in such a way that the whole range of expected 125Te NMR shift could be explored. The
materials will be synthesized and NMR measurements will be carried out within the first 2 years. The
second period should be devoted to interpretation of NMR spectra of model systems and more complex
systems including some degree of disorder such as vacancies or doping. The last year will be used to
focus on materials of interest for applications such as Phase Change Materials of the Ge-Sb-Te ternary,
GeTe:GeSe pseudo binary systems enlarged to thermoelectric materials [18] or derived from As2Te3 for
instance.
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