MUNI

COMMENTARY TO HABILITATION THESIS'

LASER-MATTER INTERACTION AS A KEY PROCESS FOR SAMPLING BY LASER
ABLATION

Mgr. Markéta Hola, Ph.D.

This habilitation thesis contains 12 related publications, all focused on the use of laser ablation
as a sampling method for inductively coupled plasma mass spectrometry. It presents the range
of applications for laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS)
technique and provides a detailed analysis of laser ablation parameters and their influence on
laser-matter interaction and subsequent aerosol formation. The quality of this aerosol is crucial
for the accuracy and precision of the analysis. Parameters such as wavelength, laser pulse
duration, fluence or choice of ablation mode are discussed. The thesis also highlights the
significance of the sample's physical, chemical, and surface properties. Additionally, it
discusses various methods for studying the processes that occur during the interaction of the
laser pulse with the sample. These methods include the study of ablation craters, the
characterisation of the generated aerosol, in particular the determination of the particle size
distribution and the time-resolved signal processing of the monitored isotopes.

The research included in the habilitation thesis shows that the use of shorter laser
wavelengths, specifically the reduction from 266 nm to 193 nm, significantly limits the formation
of particles larger than 150 nm during the ablation of metal samples. This finding underscores
the potential for improved precision in particle size control during aerosol generation. The study
further shows that the duration of the laser pulses significantly affects the thermal dynamics
during ablation. Longer pulses in the nanosecond and picosecond range enhance non-
stoichiometric ablation due to preferential evaporation of volatile components, resulting in
significant material melting. This molten material mechanically interacts with the plasma,
leading to the production of larger particles by hydrodynamic sputtering and thereby affecting
the particle size distribution and composition of the aerosol. The use of femtosecond laser
pulses has been shown to be helpful in mitigating microparticle formation - a prevalent problem
with longer nanosecond pulses - by reducing thermal effects and minimizing material melting.
This advance in pulsed laser ablation not only refines aerosol particle sizes, but also increases
the analytical accuracy and precision of the LA-ICP-MS method.

In addition, adjustments in the fluence and ablation mode are shown to play a pivotal role.
Higher fluences with nanosecond lasers reduce preferential evaporation of volatiles on metal
samples, independent of surface topography. The findings also confirm that the setting of the
ablation mode, especially the spot size in spot ablation or the scan speed in scanning ablation,
significantly affects the particle size distribution and thus directly affects the analytical signal.
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This work further confirmed that matrix and sample surface modifications are key to optimizing
the laser-matter interaction. Surface treatments such as roughening, or deposition of metal
nanoparticles can significantly affect the amount and size of produced particles due to changes
in the optical and thermal properties of the surface. These modifications not only enhance the
analytical signal, but also substantially reduce the detection limits.

The work underlines the basic factors influencing the course of laser-matter interaction and the
formation of sample aerosol using methods such as diagnostics of ablation craters,
measurement of aerosol particle size and concentration, and analysis of analytical signals.
Other parameters such as carrier gas type and flow rate, ablation cell geometry and laser
repetition rate are certainly very important, and all these factors require thorough optimization
for accurate and precise application of the LA-ICP-MS method.

The habilitation thesis not only collects a range of research findings but also places them in a
wider scientific context, including references to the work of other research groups dealing with
similar research topics. The primary focus of this work is on nanosecond laser ablation, in
accordance with the capabilities of our laboratory, thus representing a specific subsection of
the extensive domain of LA-ICP-MS.
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