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This project is focused on the development of an electron ionization liquid chromatography-

mass spectrometry system (LC-EIMSMS) and its use on real environmental applications. 

This project shows a high potential in the scientific and industrial fields because no LC-MS 

interfaces based on electron ionization are currently available on the market. A prototype of 

such a system, called Liquid Electron Ionization (LEI), is currently under advanced 

development in the LC-MS laboratory and many data supporting the feasibility of the project 

are accessible. The scientific background of this research is based on the conviction that 

electron ionization can significantly contribute to improve LC-MS analysis of small-medium 

molecular weight organic molecules. It will provide superior and easy-to-obtain identification 

(through electronic libraries), extensive MS information for unknown compounds, faster LC-

MS analysis through the use of a deconvolution software, quali-quantitative analysis 

capability, all combined in a reliable, easy-to-use and low cost instrumentation. The 

innovation of this project is represented by the efficient application of electron ionization (EI) 

in LC-MS. As opposed as atmospheric pressure interfaces, this technique shows a lower 

dependence from the polarity of the analytes and from the mobile phase composition, 

reducing possible matrix effects and increasing the signal response. The use of nano-LC 

columns, a special kind of vaporization chamber and, temperature play a fundamental role 

in the entire interfacing process. The possibility to use electron ionization in LC allows the 

registration of reproducible and characteristic mass spectra for a wide number of low-

medium molecular weight compounds that cannot be analyzed by GC. As opposed as other 

market available LC-MS interfaces, based on the operating principles, the LEI interface is 

not affected by matrix effects. To improve sensitivity and specificity it can be installed on an 

instrument equipped with a triple quadrupole MSMS analyzer, used for this specific project. 

LEI could be used in a large variety of applications fields, such as bioanalytical, 

environmental, forensic, petrochemical, polymers, food, pharmaceutical and natural 

substances, thanks to the generation of easy-to-interpret mass spectra for the unambiguous 

identification of unknown compounds, for confirmative purposes, and for their quantification.  



Over the last ten years Prof Achille Cappiello and his colleagues have shown the potential 

of the new Nano LC  LEI source in environmental analysis to ionize components previously 

not detected by atmospheric pressure sources and avoid matrix suppression issues.  

Chlorothalonil (CTL) is broad spectrum fungicide. Environmental studies show degradation 

of CTL to a number of water-soluble polar metabolites. Trace analysis by gas 

chromatography (GC) requires complex analytical methods, with multiple steps for separate 

extractions and derivatization for polar metabolites. Liquid Chromatography-mass 

spectrometry (LC-MS) is routinely used for the identification of compounds related to CTL 

in environmental samples. This makes the identification of the unknown compounds difficult 

without a reference standard. Many procedures exist for analysis of water and soil samples 

using GC and LC techniques, but many are labour-intensive and require multiple analysis 

to identify each component. Therefore, the use of an instrumentation able to determine polar 

and non-polar compounds simultaneously is required. 

The Nano LC LEI would resolve current LC-MS problems where detection of the precursor 

mass has proven difficult (e.g. Chlorothalonil), as the ionization process occurs in the 

gaseous state this has the potential for universal detection. A short study using CTL parent 

standard and metabolite standards would provide proof of concept for Nano LC LEI as a 

technique for analyzing metabolites generated in environmental fate, metabolism and 

photolysis studies. This interface will be used to study four key application areas for complex 

matrix (insect, formulation, crop and waste water). The purpose will be to establish optimum 

ultra-pressure chromatography electron / chemical ionization conditions to develop a robust 

interface for routine use. 

 

 

 

 

 

 
 
 

 


