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IMPROVING THE UNDERSTANDING AND OPTIMIZATION OF LIBS ANALYSIS USING CHEMOMETRICS LIBS

Scores: slow drift + temporal periodicity (sample flatness)

CONTEXT

  LIBS is fast and with Echelle spectrometers high dimension spectra can be acquired  MUCH data can be easily collected in a short time CEA | Jean-Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics | PAGE 2 Chemometrics has been extensively applied to LIBS data for ~ 20 years, to perform samples identification (PCA, SIMCA, PLS-DA, ANN…) or quantitative measurements (PCR, PLS, ANN…) spectra do not contain only chemical but also instrumental and physical information. steel samples, 25 spectra each acquired with an Echelle spectrometer Objective: robust samples identification using a SIMCA model | PAGE 8 CEA | Jean-Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics 2011 data 80% spectra  model calibration 20% spectra  model test (reference performances) 2012 data (same samples) 100% spectra  test of model robustness -Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics -Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics calibration of lead concentration in liquid sodium by the standard addition method. 100 spectra per concentration, 67 for calibration, 33 for test. Only the Pb line at 283.3 nm is used in order to directly compare PLS and the calibration curve. | PAGE 11 CEA | Jean-Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics how to retrieve independent conversations from a mixture | PAGE 12 CEA | Jean-Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics Independent Components  pure elements spectra (? In LIBS ?) Experimental spectra = linear combination of components (like in PCA) ICA VS PCA: LIBS OF A PURE AL SAMPLE IN AIR Data: pure Al sample spectra in air, gate delay 0.2 to 15 µs, 50 acc. laser shots (from R. Saad's PhD work) | PAGE 13 CEA | Jean-Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics -Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics ICs are not « pure components » BUT easy physical interpretation of the data: -AlO bands are identified (≠ PCA) -Coupling between Ions / Al sample spectra in air, gate delay 0.2 to 15 µs, 50 acc. laser shots (from R. Saad's PhD work)

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

SUMMARY

ABSTRACT

Laser-Induced Breakdown Spectroscopy is relatively simple to implement experimentally, but its underlying physics is very complex. This is especially due to two main factors. First, sampling and excitation occur in the same process, driven by the laser-matter interaction, and therefore are strongly coupled. Secondly, laser ablation, plasma formation and emission are transient by nature, and plasma features vary very rapidly with time.

As a consequence, this observation has stimulated the use of more empirical approaches based on chemometrics, which have been more and more widespread in LIBS for a dozen years. The power of multivariate methods for LIBS data treatment was indeed demonstrated in many papers. However, in most cases, those approaches aim at retrieving some chemical information on the sample, either qualitative (presence of some elements, sample nature) or quantitative (concentration measurements).

But LIBS spectra contain more information than the chemical one that could also be exploited by chemometric methods. Thus, multivariate models can be used or interpreted in order to diagnose possible instrumental issues, to optimize a LIBS system or analysis for a given application, or to improve our physical understanding of LIBS data. The talk will illustrate the use of chemometric methods to address these objectives.

| PAGE 17 CEA | Jean-Baptiste Sirven | Improving the understanding and optimization of LIBS analysis using chemometrics