
HAL Id: hal-03612334
https://hal.science/hal-03612334

Submitted on 14 Jun 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

DFT Simulation of the X-Ray Emission and Absorption
Spectra for Different Lithium Compounds

Khalil Hassebi, Nicolas Rividi, Anne Verlaguet, Philippe Jonnard

To cite this version:
Khalil Hassebi, Nicolas Rividi, Anne Verlaguet, Philippe Jonnard. DFT Simulation of the X-Ray
Emission and Absorption Spectra for Different Lithium Compounds. European Conference on X-ray
Spectrometry, Jun 2022, Bruges, Belgium. . �hal-03612334�

https://hal.science/hal-03612334
https://hal.archives-ouvertes.fr


Methods

Experimental setup:

Motivation Results

Conclusion:

References:

3

Li XSQ

Spectra have been computed 
using density functional theory 
with all-electron linearized aug-
mented plan wave (LAPW) in con-
junction with the PBE-GGA func-
tional adopting the Wien2k [1]  
package. Density of states, emis-
sion and absorption spectra have 
been determined. 

Spectra are calculated for the 
dipole allowed transitions, gener-
ating matrix elements, which are 
multiplied with a radial transition 
probability and the partial densi-
ties of states.  

All calculations have been per-
formed   with Lorentzian broaden-
ing of 0.03eV to account for the 
core-hole lifetime, and a gaussian 
broadening of 1eV to take into con-
sideration the spectrometer func-
tion.  

The emitted X-rays can be detected 
using the wavelength dispersive spec-
troscopy  (WDS) as represented in the 
figure above, where periodic multilay-
ers or grating are used as dispersive el-
ements. 

Obtain information on the 
physical & chemical state 
of lithium atom from the 
shape of Li K� emission 

Introducing the acquired-
information in the new 
quantification model 

Comparing the calculated 
spectra with measured ones 
to quantify Li chemical states 
in unknown compounds 

Reaching the micro & nano 
quantitative analysis of Lithi-
um in different compounds 
using (EPMA)   

Figure: The Li K absorption spectra for Lithium Fluoride, 
Spodumene (LiAlSi2O6) and Lithium metal. The energy 
position is relative to Fermi energy of each compound. 

Figure: The Li K emission spectra for Lithium Fluoride, 
Spodumene  (LiAlSi2O6) and Lithium metal. 

Figure: Experimental [3] & simulated Li Metal K emission 
spectra comparision, a Gaussian of 3eV was used to broaden 
the experimental spectrum.

Figure: DFT simulation of the 
total and local density of states 
(DOS) of Spodumene (LiAlSi2O6)  

Figure: Illustration of the X-ray emission and absorption 
processes
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Figure: Wavelength dispersive spectroscopy (WDS) technique 
implemented inside the EPMA to acquire emission spectra

Absorption & Emission Spectra:

Density of States: 

Lithium presents only one emission band corresponding to a transition between 
Li 2p valences states and 1s core level.  The calculations show that the shape and 
position of the emission and absorption bands are highly sensitive to the chem-
ical state of lithium atom. 
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Unoccupied and occupied electronic 
structures of the different Lithium com-
pounds have been studied by density of 
states calculations using the wien2k. 
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With the development of X-ray spectroscopic techniques more light elements 
with emissions in the soft x-ray range are detected. Our goal is to extend this to 
the Li element with an easy accessible spectroscopic technique using either 
multilayers [2] or grating system that can be implemented in EPMA or SEM.

Lithium has a single valence electron which participates in the formation of 
bonds with atoms of other elements leading to a dramatic change of emission 
probability from one compound to the other. In addition to the matrix effect re-
sulting from the presence of other compounds in the sample making the an-
ticipation and detection of Li K alpha emission difficult. This is why we pro-
ceed by DFT simulation to investigate the changes of emission and absorp-
tion spectra of lithium compounds focusing on the range of Li K emission. 
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Al L2,3 emission main peaks at around 70eV
 → Secondary peak at around 50eV leading 
to possible interference with Li K peak. 

!Li K emission
expected position

→ Different number of peaks and shoulders

→ Good Agreement between the calculated

and experimental spectra
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