
PhD thesis title: XUV-laser-driven MALDI mass spectrometry: concept, development, and 

potential for biomedical research 

PhD project description: Matrix-assisted laser desorption/ionization (MALDI) spectroscopy, 

introduced in the late 1980s for the analysis of large biomacromolecules [1,2], traditionally relies on 

embedding an analyte in a low-molecular-weight organic matrix (e.g., 2,5-dihydroxybenzoic acid; 

α-cyano-4-hydroxycinnamic acid). Upon irradiation with a UV laser – most commonly nitrogen lasers 

(λ = 337 nm) or frequency-converted Nd:YAG lasers (λ = 355 and 266 nm) – the matrix desorbs and 

entrains analyte molecules into the gas phase, 

enabling soft ionization. Despite its widespread 

use, conventional UV-MALDI exhibits intrinsic 

limitations: intact macromolecules require 

fluences near the ablation threshold, causing 

fragmentation, whereas lower fluences provide 

insufficient yields. These constraints restrict 

MALDI’s applicability to demanding biological 

systems. To address this, the project explores 

MALDI using extreme ultraviolet (XUV; λ < 100 

nm) radiation. XUV photons at 46.9 nm [3] 

possess energies that induce strong photoabsorption via atomic photoionization, with single-photon 

energies exceeding most covalent bond strengths. Consequently, matrices suitable for XUV-MALDI 

must meet fundamentally different criteria than those established for UV–Vis–IR MALDI [4,5]. The key 

challenge is to identify matrix materials that, under XUV irradiation, undergo rapid, efficient erosion 

while minimizing formation of reactive species capable of degrading biomacromolecules. Systematic 

variation of matrix composition, sample preparation, and interaction parameters are required to 

achieve this balance. A central objective is to optimize the interplay of matrix properties, sample 

temperature (including controlled heating or cryogenic cooling), and laser fluence to maximize yields 

of intact biomolecular ions in the XUV-induced plume. Establishing these conditions will define the 

operational regime in which soft ionization becomes feasible. The analytical potential of XUV-MALDI 

will be demonstrated through advanced bioanalytical applications performed in collaboration with 

experts in microbiology, biochemistry, molecular biology, cell and tissue biology, and astrobiology. This 

interdisciplinary validation will benchmark the technique against established MALDI modalities and 

demonstrate its relevance for challenging biological systems. 
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