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Fundamentals Interest Group Workshop  

ASMS 2025, Baltimore   

Title:   Fundamentals of Electrospray Ionization 

Organizers:  Rachel Loo (UCLA) and Caj Neubauer (CU Boulder) 

Date:   Tuesday, June 3, 2025 

Attendance: The workshop was very well-attended (estimated 150-200 attendees) 

 

The 2025 Fundamentals Interest Group workshop explored our current understanding of the fundamental 
principles of electrospray ionization (ESI), a technique that has become ubiquitous in mass spectrometry, 
despite the continuing scientific debate regarding the exact mechanisms at play. Importantly, a better 
understanding of ESI can potentially improve a wide range of experiments and stimulate innovative equipment 
and methods design. 

Presider Caj Neubauer introduced the workshop by emphasizing the historical context and fundamental 
importance of ion formation. Ultimately, the process of ionization determines the scope and utility of every 
mass spectrometry experiment. The titles of the six Fundamentals sessions in the 2025 ASMS conference 
program illustrate the relevance of this year’s workshop topic to many areas of mass spectrometry: 

  

1.  Ionization Methods 
2.  Unconventional Approaches in MS 
3.  Chemistry of Gas-Phase Ions 
4.  Ion Structures, Energetics, and Reactions 
5.  Ion Activation and Dissociation 
6.  Native MS and Structures of Large Ions 

 

The workshop stimulated lively discussion through a series of short, thought-provoking presentations from 
leading researchers on the mechanisms and instrumentation of ESI. These sessions revisited the 40-year-old 
debate on how ions are formed in ESI, with speakers examining competing theories and experimental results 
for peptides and proteins. This focus highlighted conflicting scientific models and outlined potential avenues 
for future technological innovation. 

 

Lars Konermann (University of Western Ontario) opened the presentations by championing the Charge 
Residue Model (CRM). He presented cutting-edge Molecular Dynamics (MD) simulations of late-stage ESI 
droplets – the largest of their kind to date. The simulations showed that protein ions were formed with charge 
states that precisely matched the predictions of Rayleigh and CRM theory, leading him to conclude that CRM 
successfully explains most key aspects of native protein ESI. 

Offering a counterpoint, presider Rachel Loo (University of California, Los Angeles) presented the case for the 
Ion Evaporation Model (IEM). Drawing on observations reported in the literature and equations describing the 
partition of charge, she outlined how IEM effectively predicts several ESI phenomena, such as charge 
competition, the inverse relationship between analyte concentration and charge state, and the bias towards 
surface-active species. Dr. Loo argued that IEM provides explanations for observations not fully accounted for 
by CRM, such as the shift in charge state distributions seen with smaller emitters. 
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Anyin Li (University of New Hampshire) shifted the focus to the practical challenge of ionization efficiency, and 
how the non-uniform ionization efficiency remains one major limitation. By comparing charging behaviors in 
the gas phase and in the liquid phase, he argued that analyte charging is not limited by theoretical constraints 
but is a kinetic process that can be significantly improved. Dr. Li summarized the "non-ionization" pathways in 
ESI and suggest they can be eliminated with more research efforts.  His lab’s recent work on low flow rate and 
low current ionization could offer a roadmap towards fundamentally improving ESI. 

Derek Stein (Brown University) introduced an exciting novel experimental approach, demonstrating pure ion 
emission directly from a nanoscale meniscus into a vacuum. This method bypasses droplet formation entirely, 
a physical phenomenon explained by the ion evaporation threshold being lower than the Rayleigh limit for 
such small menisci. His work also revealed the significant influence of analyte pH and pKa on this direct ion 
emission process. 

Finally, Alexander Makarov (Thermo Fisher Scientific) provided an instrument-centric view, focusing on the 
critical bottleneck of ion transmission. He compiled historical data of ion transmission from solution to vacuum 
from experiments using nanospray ESI at very low flow rates.  This showed steady improvement over time, but 
plateaus at ~50% ionization efficiency since the 2010s. Dr. Makarov explained that the atmosphere-to-vacuum 
interface and electrospray current are key barriers to improving sensitivity today. He concluded with the 
provocative assertion that modern mass analyzers are essentially ready to detect every ion; a critical challenge 
now lies in improving the "front end".  

 

Feedback from workshop attendees (>100 filled out the online survey) was overwhelmingly positive. Many 
liked the diverse viewpoints and the healthy debate. A common sentiment was the desire for more time for 
discussion, underscoring the ASMS community's deep engagement with fundamental questions. The session 
successfully demonstrated that, decades after its invention and widespread use, ESI remains a vibrant and 
fertile area for fundamental discovery. 

 

 

 

Figures: Impression from the 2025 Fundamentals Interest Group Evening workshop: Derek Stein 
presenting on a nanopore ion source. 


