
Editorial

Towards Laser-Based Calibration-Free Quantification of
Trace Elements

Christoph Gerhard

����������
�������

Citation: Gerhard, C. Towards

Laser-Based Calibration-Free

Quantification of Trace Elements.

Optics 2021, 2, 43–44.

https://doi.org/10.3390/opt2010003

Received: 3 November 2020

Accepted: 21 December 2020

Published: 4 January 2021

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the author. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Editorial Board Member, Faculty of Engineering and Health, University of Applied Sciences and Arts,
Von-Ossietzky-Straße 99, 37085 Göttingen, Germany; christoph.gerhard@hawk.de; Tel.: +49-(0)551-3705-220

It is told that Theodore Maiman called the first operating laser source he and his co-
worker Charles Asawa realized 60 years ago [1] a “solution in search of a problem”. Merely
three years later, first experiments have shown the broad range of possible applications for
laser irradiation such as a tool in materials processing [2] or an excitation source in emission
spectroscopy [3]. The latter application, laser-induced breakdown spectroscopy (LIBS) is
thus one of the oldest laser applications and can be regarded as a very basic utilization of
direct laser–matter interactions. With incident laser irradiation, a certain portion of the
solid, liquid or gaseous sample material is transferred into the plasma state, either by initial
melting and subsequent vaporization or by phase explosion, i.e., the direct transition of
solid matter into the gaseous condition of aggregation. In the course of recombination
processes, the laser-ignited plasma emits characteristic atomic lines. The detection and
evaluation of the light emitted by the plasma thus allows the determination of the chemical
composition of the sample material. This approach, LIBS, is a well-established, robust,
and reliable analytical technique and is applied in various fields such as process control in
industry [4], forensic investigations [5] or materials science and research. In the latter case,
LIBS is even performed on Mars by the ChemCam module of the Mars rover, Curiosity [6].

The first commercial LIBS apparatus was produced in 1967. Since that time and thanks
to the development of pulsed laser sources in the 1980s, this technique was refined and opti-
mized rapidly. However, accurate calibration using appropriate standards was crucial for a
long time in order to perform quantitative measurements—as usual for analytical measure-
ment techniques. In 1999, Cucci and co-workers suggested an approach for calibration-free
LIBS [7] and since that time, several works have shown that an extensive understanding
of the laser–matter interactions during the ignition of the plasma allows for quantitative
measurements without any calibration. For instance, high laser fluences need to be applied
in order to achieve stoichiometric ablation [8] so that the plasma composition corresponds
to the sample’s composition. It can then be determined without any calibration by an
accurate modelling of the laser-induced plasma and its properties such as electron density
or temperature and the comparison of the theoretical model and the actually measured
plasma emission. It has been shown that this approach allows for the characterization
of multi-elemental thin films [9]. Here, even better analytical performances than the es-
tablished methods for thin film analysis were obtained. Most recently, further sensitivity
improvement by a sequential measurement process has led to notable enhancement of
the detection limit and the possibility of calibration-free quantification of trace element
contamination [10,11].

Even though the possibility of laser-based calibration-free quantification of trace
elements was shown by this work, many efforts have to be undertaken in order to provide
widely used measuring systems. However, the first steps have been completed and it
can be assumed that—freely adapted from Maiman’s famous citation—such analysis is a
solution for many problems. Furthermore, it is an excellent example for both the utilization
and the characterization of laser–matter interactions.
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