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General Information 

 

Welcome to the 4th DEA Club Meeting! We are thrilled to extend our warm invitation 

to researchers in the field of electron-molecule collisions to join us for this prestigious 

conference. The 4th DEA Club Meeting serves as a pivotal platform for both 

experimentalists and theoreticians to convene, exchange ideas, and present 

groundbreaking research in dissociative electron attachment. 

 

Date and Venue:  

 

The conference will be held from June 19th to June 21st, 2024, at the MAXX Hotel 

Sanssouci Potsdam. Situated in the heart of Potsdam, Germany, this venue offers a 

tranquil yet centrally located setting conducive to productive discussions and 

networking. 

 

Conference Focus: 

The 4th DEA Club Meeting is dedicated to exploring the latest advancements in 

electron-molecule collision research, with a specific emphasis on dissociative electron 

attachment. Attendees will have the opportunity to engage with cutting-edge research 

findings, participate in stimulating discussions, and forge collaborations that transcend 

geographical boundaries. 
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Social Events 

 

Guided City-Tour 

_________________________________________________ 

 

An entertaining journey through the past with a glimpse 

into the Potsdam of tomorrow. For several years, 

Potsdam's historic center has been shining with new 

splendor, featuring the Nikolai Church, the Barberini 

Museum, and the State Parliament housed in the shell of 

the old city palace. Through the baroque inner city, the 

route passes Potsdam's shopping street, the "Broadway," 

to the Dutch Quarter. Small shops, cafés, and bars 

characterize the flair of this unique Dutch settlement.  

 

Schedule: Thursday, 20.06.204, 17:00-19:00 

Meeting point: Luisenplatz, at the fountain. 

Endpoint: Holländisches Viertel, near the Restaurant Tomasa. 

Language: English. 

Conference Dinner 

_________________________________________________ 

The conference dinner will take place on the evening of the second day at the elegant 

Restaurant Tomasa, Kurfürstenstraße 52, located in the heart of Potsdam’s historic 

Dutch Quarter. 

Date: Thursday, 20.06, 19:00 

The evening will begin with a welcome aperitif, where guests can enjoy a selection of 

drinks and starters served at the table. The reception will be followed by a one-course 

dinner, featuring a choice of meat, fish, vegetarian or vegan options selected from the 

menu, and a refreshing dessert. 

We look forward to welcoming you to this memorable dinner and celebrating the 

success of our meeting together.  
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Conference Program 

 

Wednesday – Day 1 – Morning Sessions- 19.06.2024 
 

08:45-09:00 Welcome Address and Opening Remarks 

 

Session 1 Electron-Induced Chemistry and Charge Transfer Dynamics Chair: João Ameixa 

09:00-09:30 Keynote Lecture Paulo Limão-Vieira                       NOVA University Lisbon, Portugal 

 
"Current trends in negative ion formation from charge transfer experiments" 

09:30-09:50 Lecture Oddur Ingólfsson                            University of Iceland, Iceland 

 “Electron induced gas phase fragmentation and deposit formation from Au(I) FEBID 

precursors. Role of secondary and tertiary reactions in electron beam induced deposition.” 

09:50-10:10 Lecture Mónica Mendes                            NOVA University Lisbon, Portugal 

 "Electron-induced chemistry in EUVL photoresist materials: study on perfluorophenyl 

trifluoromethanesulfonate" 

10:10-10:30 Lecture Lisa Mc-Elwee White University of Florida, USA 

 
"Electron-Induced Chemistry of π-Facial Ligand Complexes: From Cp to Methyl Acrylate" 

10:30-11:00 Coffee Break 

 

Session 2 Electron-driven molecular dissociation dynamics Chair: Juraj Fedor 

11:00-11:30 Keynote Lecture Sang Kyu Kim 

Korea Advanced Institute of 
Science and Technology, South 
Korea 

 "Dynamics of the Nonvalence Bound State of the Anion: the Doorway Role into Chemical 

Reactions" 

11:30-12:00 Lecture & EPJD Sponsorship Sylwia Ptasinska University of Notre Dame, USA 

 “Advances in Instrumentation for Product Detection and Understanding Molecular Dissociation 

Dynamics Triggered by Electrons” 

12:00-12:15 Lightning Talk Charlotte Titeca KU Leuven, Belgium 

 “Theoretical prediction of dissociative electron attachment using electron localization functions 

and Berlin’s binding function” 

12:15-12:30 Open Discussion Nigel Mason University of Kent, UK 

 
“Whitepapers on Sustaining and Advancing Foundational Sciences” 

12:30-14:00 
Lunch 
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Wednesday – Day 1 – Afternoon Sessions – 19.06.2024 

Session 3 Surface Insights: Exploring the Effect of Electrons Chair: Oddur Ingólfsson 

14:00-14:20 Lecture Lionel Amiaud Université Paris-Saclay, France 

 "Non-thermal desorption from molecular ices: Quantifying the contribution of electrons and 

photons" 

14:20-14:40 Lecture Petra Swiderek University of Bremen, Germany 

 
"Beyond DEA: Mechanisms of Electron-Induced Syntheses in Molecular Ices" 

14:40-14:55 Lightning Talk Katja Höflich 
Leibniz-Institut für 

Höchstfrequenztechnik, Berlin 

 
“Area Selective Chemical Vapor Deposition of Gold by Electron Beam Seeding” 

 

Session 4 DEA Club Awards Chair: Nigel Mason 

15:00-15:20 Lecture “DEA Club Award” Pamir Nag 
J. Heyrovsky Institute of Physical 

Chemistry, Czechia 

 
“Electron-induced processes in liquid micro-jets” 

15:20-15:50 Lecture “DEA Club Lifetime Award” Ilya Fabrikant 
University of Nebraska, Lincoln, 

Nebraska, United States 

 
"Electron and positronium attachment to molecules" 

15:50-16:10 Coffee Break 

 

Session 5 Plasmonic-mediated processes Chair: Ilko Bald 

16:10-16:30 Lecture Andrei Stefancu 
Ludwig Maximilian University of 

Munich, Germany 

 
"Charge and energy transfer at the plasmonic metal – molecule interface" 

16:30-16:50 Lecture Anushree Dutra University of Potsdam, Germany 

 “Unlocking Chemical Reactivity in Plasmonic Systems: Role of Dissociative Electron 

Attachment” 

16:50-17:10 Lecture Janina Kopyra Sieldce University, Poland 

 
"Electron driven fragmentation of analogues of nucleobases" 

17:10-17:30 Lecture Sérgio Kogikoski Jr. University of Potsdam, Germany 

 “Low-Energy Electron-Induced Decomposition of DNA Nucleobase Derivatives by Dissociative 

Electron Attachment Processes” 

 

17:30-19:00 Poster session 
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Thursday – Day 2 – Morning Sessions – 20.06.2024 

 

Session 6 
Electron Dynamics: From Interstellar Clouds to 

Materials 
Chair: Mónica Mendes 

09:00-09:30 Keynote Lecture Ann Orel University of California Davis, USA 

 
"DEA as a Possible Source for CN- in Interstellar Clouds" 

09:30-09:50 Lecture Kate Nixon The Open University, UK 

 
“Electron momentum spectroscopy of benzonitrile” 

09:50-10:10 Lecture Daly Davis 
Somaiya Vidyavihar University, Mumbai, 

India 

 
“Low Energy Electron-Induced Chemistry: Insights into Astrochemistry” 

10:10-10:30 Lecture Simone Taioli 

European Centre for Theoretical Studies in 

Nuclear Physics and Related Areas (ECT), 

Fondazione Bruno Kessler - Trento (Italy) 

 
"Electron collisions: From materials science to astrophysics" 

10:30-11:00 Coffee Break 

 

Session 7 
Exploring Electron Interactions with Gaseous 

Molecules 

Chair: Dhananjay Nandi 

 

11:00-11:30 Keynote Lecture Vaibhav S. Prabhudesai 
Tata Institute of Fundamental Research, 

India 

 
"Electron attachment to overlapping resonances" 

11:30-11:50 Lecture Jelena Maljkovic Institute of Physics Belgrade, Serbia 

 
“Electron interaction with anaesthetic molecules in the gas phase” 

11:50-12:10 Lecture Shanxi Tian 
University of Science and Technology of 

China, China 

 
“Dissociative electron attachment of molecular CO2 and clusters” 

12:10-12:30 Lecture Gustavo García 
Consejo Superior de Investigaciones 

Científicas (CSIC), Spain 

 
"New insights into the electron attachment to nitric oxide (NO)"  

12:30-14:00 Lunch 
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Thursday – Day 2 – Afternoon Sessions – 20.06.2024 

 

Session 8 
Electron Dynamics Across Solvation and Bio-molecular 

Systems 
Chair: Sylwia Ptasisnka 

14:00-14:30 Keynote Lecture Jan Verlet University of Durham, UK 

  "Electron spectroscopy with photons: Probing effect of solvation on resonances" 

14:30-14:50 Lecture Juraj Fedor 
J. Heyrovsky Institute of 

Physical Chemistry, Czechia 

  “What do we learn from the electron detachment  channel?” 

14:50-15:10 Lecture Daniel S. Slaughter 
Lawrence Berkeley National 

Laboratory, USA 

  “Dynamics of electronic Feshbach resonances in small carboxylic acids and amides” 

15:10-15:30 Lecture Stephan Denifl University of Innsbruck, Austria 

  
“The dissociation of temporary negative ions formed upon electron attachment to biologically 

relevant molecules” 

15:30-16:00 Keynote Lecture Online Léon Sanche 
Université de Sherbrooke, 

Canada 

  “DEA to condensed-phase biomolecules: From O2 to plasmid DNA” 

16:00-16:30 Coffee Break 

  

16:30-17:00 Break 

  

17:00-19:00 Guided City-Tour  

  

19:00 Conference Dinner 
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Friday – Day 3 – 21.06.2024 
 

Session 9 Advancements in Modeling and Experimental Studies Chair: Jan Verlet 

09:00-09:30 Keynote Lecture Thomas Jagau KU Leuven, Belgium 

 
“Modeling dissociative electron attachment using complex-energy methods” 

09:30-09:50 Lecture Greg Armstrong Quantemol, UK 

 
“Estimation of dissociative electron attachment cross sections for arbitrary molecules” 

09:50-10:10 Lecture Peter Papp Cormenius University, Slovakia 

 
“Ion induced reactions of various thiophenes” 

10:10-10:25 Lightning Talk Marnik Metting van Rijn ETH Zurich, Switzerland 

 
“Absolute Attachment Cross Sections in Hydrofluorocarbons” 

10:25-10:45 Lecture Dragana Maric University of Belgrade, Serbia 

 
“Breakdown in fluorocarbon gases” 

10:45-11:10 Coffee Break 
  

 

Session 10 Innovative Approaches to investigate DEA Chair: Petra Swiderek 

11:10-11:30 Lecture Dhananjay Nandi 

Indian Institute of Science 

Education and Research 

Kolkata, India 

 "Novel experimental approaches to study dissociative electron attachment and ion pair 

dissociation" 

11:30-11:50 Lecture Stefan Matejcik Cormenius University, Slovakia 

 
"Electron induced fluorescence studies to O2 and N2" 

11:50-12:10 Perspective Lecture Nigel Mason University of Kent, UK 

 
“Electron scattering studies - the next ten years. Renaissance or Revolution?" 

12:10-12:30 Lecture Andrew Cassidy Aarhus University, Denmark 

 
“Spontaneous electric fields in molecular films” 

12:30-12:50 Lecture Martin Čižek Charles University, Czechia 

 
"Vibronic coupling of resonances in electron molecule collisions" 

12:50-13:00 Closing remarks 
  

13:00 Lunch 
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Poster Session: P01. to P10. 

  

P01. “Dissociative electron attachment to 2-chlorobenzonitrile” 

 Filipe Ferreira da Silva NOVA University of Lisbon, Portugal 

P02. 
“Electron interactions with perfluorophenyl trifluoromethanesulfonate (F-PhTf) EUVL photoresist 
material” 

 Filipe Ferreira da Silva NOVA University of Lisbon, Portugal 

P03. “Low-energy electron attachment to Diethyl Carbonate”   

 Giorgi Kharchilava University of Notre Dame, USA 

P04. “Real-Time Observation of the Nonvalence-Bound State Mediated Anion Formation” 

 Sejun An KAIST, South Korea 

P05. “Surprising oscillations in DEA cross sections in electron-oxygen collisions” 

 Václav Alt Charles University, Czech Republic 

P06. “Dissociative recombination model for direct processes” 

 Roman Čurík Institute of Physical Chemistry, ASCR, Czech Republic 

P07. “Energy thresholds for electron-induced reactions in solution-processed metal-organic materials” 

 Petra Swiderek University of Bremen, Germany 

P08. 
“Electron-induced deposition using Fe(CO)4MA and Fe(CO)5 – Effect of MA ligand and process 
conditions” 

 Petra Swiderek University of Bremen, Germany 

P09. “Electron Triggered Processes in Halogenated Carboxylates and Their Clusters” 

 Barbora Kocábková 
J. Heyrovský Institute of Physical Chemistry v.v.i., Czech Academy of 
Sciences & Institute of Physical Chemistry, University of Chemistry and 
Technology in Prague, Czech Republic 

P10.  
“Hydrated Formic Acid Clusters and their Interaction with Electrons Examined in Molecular Beam 
Experiment” 

 Barbora Kocábková 
J. Heyrovský Institute of Physical Chemistry v.v.i., Czech Academy of 
Sciences, Czech Republic 
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Poster Session: P11. to P19. 

  

P11. “Dissociative electron attachment to C5F10O” 

 Mateusz Zawadzki Gdańsk University of Technology, Poland 

P12. “Experimental and theoretical study on electron scattering from propionaldehyde (C2H5CHO) molecule” 

 Paweł Możejko Gdańsk University of Technology, Poland 

P13. 
“Dissociation of NH3 by electron impact in low-temperature plasma and the isotope effect of the 
process” 

 Xianwu Jiang Wuhan University of Technology, China 

P14. “Electron Attachment to Isolated and Clustered Methylmethacrylate” 

 Jaroslav Kočišek J. Heyrovský Institute of Physical Chemistry of the CAS, Czechia 

P15. “Gas-phase fragmentation dynamics induced by low-energy electron ionization” 

 Alexander Butler University of Oxford, UK 

P16. 
“Radiative vs dissociative electron attachment as mechanisms for formation of negative molecular ions 
in the interstellar medium” 

 Viatcheslav Kokoouline University of Central Florida, USA 

P17. “Contrasting Dynamics in Isoelectronic Anions Formed by Electron Attachment” 

 Miloš Ranković 
J.Heyrovský Institute of Physical Chemistry, The Czech Academy of 
Sciences, Czech Republic 

P18. “Temporary anions of the dielectric gas C3F7CN and their decay channels” 

 Miloš Ranković 
J.Heyrovský Institute of Physical Chemistry, The Czech Academy of 
Sciences, Czech Republic 

P19. Distance-dependent resonances in interparticle Coulombic electron capture 

 Vincent Graves The Open University, UK 
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Poster Session: P20. to P24. 

  

P20. 
Probing few-molecule chemical reactions and hot spot dynamics using DNA-origami-assembled 
nanoparticle dimers 

 Cristina Beresowski University of Potsdam, Germany 

P21. 
Investigating the incorporation of halogens into DNA: Effects on electron-induced strand breakage 
using DNA Origami 

 Ilko Bald University of Potsdam, Germany 

P22. 
“Dissociative electron attachment and dissociative ionisation of the potential FEBID precursor 
CF3AuCNC(CH3)3 under single collision conditions and at elevated pressures.” 

 Oddur Ingólfsson University of Iceland, Iceland 

P23. 
“Dissociative electron attachment, dissociative ionisation and focused electron beam induced deposition 
of the potential Au(I) precursors (CH3)AuP(CH3)3 and [(CH3)2AuCl]2.” 

 Oddur Ingólfsson University of Iceland, Iceland 

P24. "Electron collision with molecular hydrogen" 

 Vaibhav S. Prabhudesai Tata Institute of Fundamental Research, Mumbai, India 
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Current trends in negative ion formation from charge transfer 

experiments  

Paulo Limão-Vieira1,* and G. García2 

1 Atomic and Molecular Collisions Laboratory, CEFITEC, Department of Physics, 
Universidade NOVA de Lisboa, 2829-516 Caparica, Portugal 

2Instituto de Física Fundamental, Consejo Superior de Investigaciones Científicas   
(IFF-CSIC) 

*plimaovieira@fct.unl.pt 

The role of electron transfer to different polyatomic molecules has been thoroughly 
investigated over the last 15 years probing key aspects of the collision dynamics which 
are responsible for the available anionic channels.1 In such low-energy collisions, 
typically from a few eV up to 1 keV, the role of the electron donor has been probed to 
be pivotal on the intramolecular energy redistribution allowing access to different 
(fragment) anions which are not attained in dissociative electron attachment (DEA) 
experiments. Within the collision induced process, such charge transfer experiments 
may allow access to electronic states of the negative ion with positive electron 
affinities.2,3 

We have performed gas-phase experiments with time-of-flight mass detection either 
in a linear or in a reflectron configuration, the former to obtain additional information 
on kinetic energy release distributions (KERD),4 the latter for higher mass resolution. 
In this presentation I will show some of our most recent achievements on key selected 
molecular targets where electron transfer processes can be prevalent (e.g. in 
industrial, technological and even biological applications). 

 

Figure 1. Time-of-flight mass spectrometer and energy loss analyser electron transfer experiment schematics 
installed in the Lisbon laboratory. 

 
1 Charge transfer processes in key selected biological systems in Radiation in Bioanalysis - 
Spectroscopic Techniques and Theoretical Methods, Springer-Nature, Ed. Alice S Pereira, Pedro 
Tavares, Paulo Limão-Vieira (2019) 329–348. 
2 Regeta, K., et al. (2020), Combined experimental and theoretical studies on electron-transfer in 
potassium collisions with CCl4, J. Phys. Chem. A, 124, 3220-3227. DOI: 10.1021/acs.jpca.0c02076. 
3 Kumar, S., et al. (2022), Anionic states of C6Cl6 probed in electron transfer experiments, Phys. Chem. 
Chem. Phys., 24, 366-374. DOI: 10.1039/D1CP04500H. 
4 Kumar, S., et al. (2021), Cl– kinetic-energy release distributions from chlorobenzene and related 
molecules in electron transfer experiments, Eur. Phys. J. D, 75, 294. DOI: 10.1140/epjd/s10053-021-
00307-0. 
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Electron induced gas phase fragmentation and deposit formation 
from Au(I) FEBID precursors. Role of secondary and tertiary 

reactions in electron beam induced deposition.  

Oddur Ingólfsson1*, Ali Kamali1, Elif Bilgilisoy2, Alexander Wolfram 2, Gerd Ballmann2, 
Sjoerd Harder2, Thomas Xaver Gentner2, Hans-Peter Steinrück2, Hubertus 

Marbach2,3 Will G. Carden4, Jodie V. Johnson4, Lisa McElwee-White4 

1 Science Institute of the University of Iceland, Dunhagi 3, 107 Reykjavík, Iceland. 

2 Friedrich-Alexander Universität Erlangen-Nürnberg, 91058 Erlangen, Germany. 

3Carl Zeiss SMT GmbH, 64380 Roßdorf, Germany. 

 4Department of Chemistry, University of Florida, Gainesville, Florida 32611-7200, 
USA. 

*odduring@hi.is 

 

It is well recognised that secondary electrons play a determining role in focused 
electron beam induced deposition (FEBID). These electrons have a wide energy 
distribution and may cause dissociation by as different processes as dissociative 
electron attachment (DEA), dissociative ionization (DI), and neutral and dipolar 
dissociation (ND and DD, respectively)1 It is thus important in the design of high 
performance FEBID precursors to understand these processes and their reflection in 
the respective deposits.  
In the current presentation, gas phase DEA and DI studies on three different gold 
precursors with different ligand structures, i.e., (CH3)AuP(CH3)3

2, CF3AuCNC(CH3)3
3 

and [(CH3)2AuCl]24 are discussed and compared to depositions made by FEBID under 
UHV and HV conditions. The observed fragmentation reactions of the selected gold 
precursors are discussed in relation to the underlying reactions, the deposits 
composition, and potential implications for their suitability as FEBID precursors. 
While the metal content in deposits from these compounds correlates well with the gas 
phase processes observed, this is not the case for the deposit’s compositions of the 
remaining ligand elements. We anticipate this to be due to the initial processes leading 
to immobilized fragments, while the final composition of the deposit results from 
electron-induced secondary and tertiary reactions induced in in the further exposure 
of these immobilized deposits. Importantly, this has consequences for both the 
precursor design and deposition strategies applied, calling for precursors that lead to 
fragments that maintain high cross sections for further electron-induced fragmentation 
and desorption of the respective secondary ligand fragments. 

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme 
under the Marie Skłodowska-Curie grant agreement No 722149. 

  

 
1 Ingólfsson O. Ed, (2019). Low-Energy Electrons Fundamentals and Applications, Jenny Stanford 

Publishing, New York. 
2 Kamali A., et al. (2023). Eur. Phys. J. D 77, 157; https://doi.org/10.1140/epjd/s10053-023-00721-6  
3 Kamali A., et al. (2022). Nanomaterials, 12(15), 2727; https://doi.org/10.3390/nano12152727  
4 Bilgilisoy E., et al (2023). Beilstein J Nanotechnol, 6 (14),1178. https://doi.org/10.3762/bjnano.14.98. 
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Electron-induced chemistry in EUVL photoresist materials: study 

on perfluorophenyl trifluoromethanesulfonate 

Mónica Mendes1,*, Pedro Guerra1,  Fabian Holzmeier2, Oddur Ingólfsson3, Filipe 
Ferreira da Silva1 

1CEFITEC, Departamento de Física, NOVA School of Science and Technology, 
Universidade NOVA de Lisboa, 2829-516 Caparica, Portugal 

2IMEC, 3000 Leuven, Belgium 
3Department of Chemistry and Science Institute, University of Iceland, Dunhagi 3, IS-

107, Reykjavik, Iceland. 
 

*mf.mendes@fct.unl.pt 
 

Extreme ultraviolet lithography (EUVL) represents the latest generation lithographic 
technology with important applications on nanofabrication techniques for the 
semiconductor industry1. EUVL with 13.5 nm light is the advanced cost-effective 
lithography method yielding a significant improvement in resolution, which scales with 
the wavelength, compared to deep UV lithography at 193 nm2. However, this means 
a transition from the non-ionizing to ionizing radiation where the production of 
photoelectrons and secondary electrons plays an important role in the photoresist 
materials. These electrons can act mainly through dissociative electron attachment 
(DEA), dissociative ionization (DI) and neutral and dipolar dissociation (ND and DD, 
respectively) upon electronic excitation1,3. Currently, aryl sulfonates, like 
perfluorophenyl trifluoromethanesulfonate (F-PhTf, C7F8O3S), are used as potential 
photoacid generators (PAGs) in chemically amplified photoresists used in EUVL. 
Therefore, understanding the EUV-induced chemistry triggered by low energy 
electrons, which are generated in a thin film in neutral PAGs at a fundamental level 
helps to formulate novel performant photoresist materials.  

Considering this, we carried out DEA and DI experiments in F-PhTf by using a 
trochoidal electron monochromator coupled with an orthogonal reflectron time-of-flight 
mass spectrometer. From the electron ionization study, ionization energy of neutral F-
PhTf was found to be 10.57 eV. Several cationic fragments resulted from the 
dissociation of F-PhTf were also observed, notably C6F5O+ (m/z 183), C5F5

+ (m/z 155) 
and CF3

+ (m/z 69). The appearance energies for the observed ions have been 
determined experimentally. We have also observed that electron attachment to F-PhTf 
leads to a rich fragmentation pattern with many anions formed at different energies 
between 0 and 15 eV.  

 

 
1 Tafrishi, R., Torres-Diaz, D., Amiaud, L., Lafosse, A., Ingólfsson, O. (2023). Low-energy electron 
interaction with 2-(trifluoromethyl)acrylic acid, a potential component for EUVL resist material. Phys. 
Chem. Chem. Phys., 25, 17987-17998. DOI: 10.1039/d3cp01860a.  
2 Wang, X., et al. (2023). Trends in photoresist materials for extreme ultraviolet lithography: A review. 
Materials Today, 67, 299-319. DOI: 10.1016/j.mattod.2023.05.027. 
3 Ho, G., et al. (2010). Photochemistry of photoresists and underlayer materials upon irradiation at 
13.5 nm. Journal of Photochemistry and Photobiology A: Chemistry, 211, 78-87. 
DOI:10.1016/j.jphotochem.2010.02.008 
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Electron-Induced Chemistry of π-Facial Ligand Complexes: From 

Cp to Methyl Acrylate 

Lisa McElwee-White1,*  

1Department of Chemistry, University of Florida, Gainesville, Florida 32611 USA 

*lmwhite@chem.ufl.edu 

 

The most important class of FEBID materials are the nanostructures deposited from 
organometallic precursors.  We have been using mechanism-based precursor design 
to map out a set of privileged ligands that can be used in FEBID without causing low 
metal content due to contamination derived from the organic ligands.1-2 1-2  Our prior 
results have identified privileged ligands, such as CO, while ruling out other ligands 
such as the anionic polyhapto moieties allyl and cyclopentadienyl (Cp).  We are 
currently determining the structure-reactivity relationship for η2-olefins, neutral π-facial 
ligands with bonding similar to CO (Figure 1).  Electron-induced reactions of the η2-
olefin complex Fe(CO)4MA (MA = methyl acrylate) in the gas phase33 and on a surface 
in ultrahigh vacuum44 will be discussed in the context of use of olefin ligands in FEBID. 

 

Figure 1. (a) Structure of Fe(CO)4MA. (b) Bonding of CO and olefin ligands to transition metals. 

 

 
1 Carden, W. G.; Lu, H.; Spencer, J. A.; Fairbrother, D. H.; McElwee-White, L., Mechanism-Based 
Design of Precursors for Focused Electron Beam-Induced Deposition. MRS Commun. 2018, 8 (2), 343-
357. 
2 Yu, J.-C.; Abdel-Rahman, M. K.; Fairbrother, D. H.; McElwee-White, L., Charged Particle-Induced 
Surface Reactions of Organometallic Complexes as a Guide to Precursor Design for Electron- and Ion-
Induced Deposition of Nanostructures. ACS Appl. Mater. Interfaces 2021, 13 (41), 48333-48348. 
3 Lyshchuk, H.; Chaudhary, A.; Luxford, T. F. M.; Ranković, M.; Kočišek, J.; Fedor, J.; McElwee-White, 
L.; Nag, P., Electron-induced ligand loss from iron tetracarbonyl methyl acrylate. Beilstein J. Nanotech. 
2024, submitted for publication. 
4 Boeckers, H.; Chaudhary, A.; Martinović, P.; Walker, A. V.; McElwee-White, L.; Swiderek, P., Electron-
induced deposition using Fe(CO)4MA and Fe(CO)5 – effect of MA ligand and process conditions. 
Beilstein J. Nanotech. 2024, accepted for publication. 
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Dynamics of the Nonvalence Bound State of the Anion: the 

Doorway Role into Chemical Reactions 

Sang Kyu Kim*, Do Hyung Kang, Sejun An, Jinwoo Kim, Dabin Kim 

Department of Chemistry, KAIST, Daejeon, Republic of Korea 

*sangkyukim@kaist.ac.kr 

State-specific chemical dynamics of the nonvalence-bound state (NBS) using the 
picosecond time-resolved pump-probe spectroscopy on the cryogenically cooled 
anions using the velocity-map electron imaging technique has been employed to 
unravel the nature of the mode-dependent dynamic behavior of the NBS in terms of 
the autodetachment and/or concomitant fragmentation reactions. The autodetachment 
rate of the NBS has been precisely measured in a state-specific way for various 
chemical systems of the phenoxide, 4-cyanophenoxide, or o- (m- or p-) halogen 
substituted phenoxides. Though the Fermi’s golden rule is conceptually right, the much 
more sophisticated theoretical model was required for the more quantitative analysis 
as the quantum electron correlation effect should also be taken into account. For 
(ortho-, meta-, or para-) iodophenoxides, the C-I chemical bond rupture (giving the I- 
fragment at the asymptotic limit) has been found to be mediated by multiple Feshbach 
resonances of the NBS, providing the foremost evidence for the dynamic ‘doorway’ 
role of the NBS in the anion chemistry and physics. Autodetachment and the NBS-
VBS (valence bound state) nonadiabatic transition processes are kinetically 
competitive, promising the quantum mechanical control of the anionic reaction.  

 

Figure 1. Photoelectron (violet) and photofragment (iodide anion) action spectra taken as a function of the 
internal energy of the NBS of ortho-, para-, or meta-phenoxide anion [Refs. 2 and 30]. 

__________________________________________________________________ 

1DH Kang, S An, SK Kim (2020). ‘Real-time autodetachment dynamics of vibrational Feshbach 
resonances in a dipole-bound state’ , Physical Review Letters 125 (9), 093001. 
2DH Kang, J Kim, HJ Eun, SK Kim (2022). ‘Experimental Observation of the Resonant Doorways to 
Anion Chemistry: Dynamic Role of Dipole-Bound Feshbach Resonances in Dissociative Electron 
Attachment’,  
J. Am. Chem. Soc. 144 (35), 16077-16085. 
3DH Kang, J Kim, HJ Eun, SK Kim (2022). ‘State-specific chemical dynamics of the nonvalence bound 
state of the molecular anions’, Accounts of Chemical Research 55 (20), 3032-3042.  
4DH Kang et. al. (2023). ‘Electron-Binding Dynamics of the Dipole-Bound State: Correlation Effect on 
the Autodetachment Dynamics’ J. Am. Chem. Soc., 145, 47, 25824–25833. 
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https://pubs.acs.org/doi/abs/10.1021/jacs.3c10099
https://pubs.acs.org/doi/abs/10.1021/jacs.3c10099
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Understanding electron-molecule interactions leading to dissociation involves the 
identification of resultant products and determining their cross-sections. These 
aspects are crucial for characterizing scattering processes and have applications in 
radiation, cluster, and plasma sciences. While considerable attention has been paid to 
detecting charged species using mass spectrometry, neutral fragments resulting from 
electron collision-induced dissociation present challenges due to technical limitations. 

 

Recent developments in our laboratory have yielded enhanced methodologies for 
neutral detection, particularly in dissociative electron attachment (DEA) processes. By 
employing a modified mass spectrometric setup, we successfully detected neutral 
products from DEA to carbon tetrachloride at near 0 eV electron impact, providing 
deeper insights into fragment radical formation. Through varying electron energies, we 
also determined the ionization energy of produced radicals. 

 

Further technological advancements, notably in ion imaging techniques, have enabled 
simultaneous imaging and facilitated energy- and angle-resolved measurements. 
Consequently, we constructed a velocity map imaging spectrometer and utilized it to 
analyze the kinetic energy and angular distributions of molecular fragments resulting 
from DEA to a diverse array of molecules. 

 

Thus, through ongoing innovation and the integration of diverse detection techniques, 
our goal is to reveal the complexities of dissociative processes, paving the way for 
breakthroughs in various scientific fields reliant on electron scattering phenomena. 
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Computational study of electronic resonances is still a very challenging topic, with the 
phenomenon of dissociative electron attachment (DEA)1 being one of the multiple 
features worth investigating. As conventional Hermitian quantum mechanics is only 
able to describe bound electrons, the description of the unbound electrons present in 
these resonances is beyond the reach of these methods.2 One possible solution for 
anionic resonances comprises stabilization by adding an artificial potential to the 
Hamiltonian, enabling a bound-state treatment. The stabilization is achieved upon 
scaling the nuclear charges. By extrapolation, estimates for the negative electron 
affinities are obtained.3 

For the first time, we extend this method to the study of nuclear forces, electronic Fukui 
functions4 and electron localization functions (ELF)5, to get insight into the influence of 
the unbound electron on the molecular bonds. This is applied to resonance states of 
various substituted ethene compounds. Additionally, we combine the obtained ELFs 
with Berlin’s binding functions6,7 of the neutral compounds. This promising 
methodology allows for accurate predictions of when and where DEA will happen in 
the molecules studied and provides more insight into the process.8,9 

 

Figure 1. The combination of electron localization function and Berlin’s binding function allows for prediction of 
DEA 

 
1 Fabrikant, I. I., Eden, S., Mason, N. J., & Fedor, J. (2017). Adv. At. Mol. Opt. Phys., 66, 545-657. 
10.1016/bs.aamop.2017.02.002 
2 Moiseyev, N. (2011). Non-Hermitian Quantum Mechanics. Cambridge University Press. 
10.1017/CBO9780511976186 
3 Nestmann, B., & Peyerimhoff, S. D. (1985). J. Phys. B At. Mol. Phys., 18 (4), 615-626. 10.1088/0022-
3700/18/4/009 
4 Parr, R. G., & Yang, W. (1984). J. Am. Chem. Soc., 106 (14), 4049-4050. 10.1021/ja00326a036 
5 Becke, A. D., & Edgecombe, K. E. (1990). J. Chem. Phys., 92 (9), 5397-5403. 
doi.org/10.1063/1.458517 
6 Berlin, T. (1951). J. Chem. Phys., 19 (2), 208-213, 10.1063/1.1748161 
7 Wang, X., & Peng, Z. (1993). Int. J. Quant. Chem., 47 (5), 393-404. 10.1002/qua.560470505 
8 Titeca, C., De Proft, F., & Jagau, T.-C. (2022). J. Chem. Phys., 157 (21), 214106. 10.1063/5.0128503 
9 Titeca, C., Jagau, T.-C., & De Proft, F. (2024). J. Chem. Phys., 160 (6), 064115. 10.1063/5.0180011 
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The relative abundances of gaseous and solid nitrogen in the interstellar medium 
remain controversial1 2. Besides the difficulty in observing N and N2, the quantities of 
nitrogen returning to the gas phase by photo-processing of the ice mantles are not well 
constrained. In star-forming regions, NH3 containing ices are exposed to UV and X-
Ray photons (e.g.3). This leads to non-thermal photodesorption induced by the primary 
radiation or by exothermic photochemistry. 

In order to quantify the non-thermal desorption of N containing molecules, we have 
conducted comparative measurements of photon- and electron-induced desorption 
(PSD and ESD) from condensed NH3. The desorption of neutral species is measured 
by mass spectrometry. Thermal desorption experiments (TPD) were used for 
calibration and analysis. The photo irradiation was conducted in SOLEIL synchrotron 
beamline DESIRS (6-12 eV). The twin electron irradiation experiments were 
performed in ISMO. 

Desorption yields are compared either as a function of the incident energy or as a 
function of the cumulated dose. NH3 and N2 are the major desorbing species, with an 
apparent energy threshold at ~6 eV, showing that both direct and indirect desorption 
occurs (e.g N2 production4). Different mechanisms at play will be discussed. 

  

 
1 R. Le Gal, et. al, (2014). Interstellar chemistry of nitrogen hydrides in dark clouds. Astron. Astrophys.,  
562, p. A83. doi: 10.1051/0004-6361/201322386 
2 O. Sipilä, et al.(2019). Why does ammonia not freeze out in the centre of pre-stellar cores? Mon. Not. 
R. Astron. Soc., 487, p. 1269‑1282. doi: 10.1093/mnras/stz1344. 
3 M. Bertin et al., (2016). UV photodesorption of methanol in pure and co-rich ices: desorption rates of 
the intact molecule and of the photofragments, Astrophys. J., 817, (2), p. L12. doi: 10.3847/2041-
8205/817/2/L12 
4 F. Schmidt, T. Borrmann, M. P. Mues, S. Benter, P. Swiderek, et J. H. Bredehöft, Mechanisms of 
Electron-Induced Chemistry in Molecular Ices, Atoms, vol. 10, no 1, p. 25. doi: 10.3390/atoms1001002 
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Electron-induced chemistry is relevant to many processes that occur when ionizing 
radiation interacts with matter. This includes radiation damage, curing of polymers, 
and nanofabrication processes but also the formation of complex molecules in 
molecular ices grown on dust particles in space. High-energy radiation liberates from 
such materials an abundance of secondary electrons of which most have energies 
below 20 eV. These electrons efficiently trigger reactions when they attach to 
molecules or induce electronic excitation or ionization. The dependence of product 
yields on the electron energy helps to resolve how larger molecules are synthesized 
when smaller reactants are irradiated with electrons. We identify products of electron-
induced reactions in molecular ices and quantify their amounts as function of electron 
energy using post-irradiation thermal desorption spectrometry (TDS) experiments 
performed in ultrahigh vacuum (UHV).1 Based on the results, reaction mechanisms 
leading to specific products are proposed. This contribution reviews our experimental 
approach and highlights some results including, in particular, the synthesis of 
formaldehyde (H2CO), formic acid (HCOOH), and CO2 in mixed ices of CO and H2O.2 

 

Figure 1. Products of electron-induced reactions in mixed molecular ices of CO and H2O as monitored by post-
irradiation thermal desorption spectrometry.2 

 

 

 
1 F. Schmidt, T. Borrmann, M. P. Mues, S. Benter, P. Swiderek, J. H. Bredehöft (2022). Mechanisms of 
Electron-Induced Chemistry in Molecular Ices. Atoms 10, 25 (40 pages). 
https://doi.org/10.3390/atoms10010025  
2 F. Schmidt, P. Swiderek, J. H. Bredehöft (2019). Formation of Formic Acid, Formaldehyde, and Carbon 
Dioxide by Electron-Induced Chemistry in Ices of Water and Carbon Monoxide. ASC Earth Space 
Chem. 3, 1974-1986. https://doi.org/10.1021/acsearthspacechem.9b00168  



25 
 

Area Selective Chemical Vapor Deposition of Gold by Electron 

Beam Seeding 

A. Tsarapkin1, K. Maćkosz2, C.S. Jurredy2, I. Utke2, K. Höflich1,*
 

1Ferdinand-Braun-Institut (FBH), Leibniz-Institut für Höchstfrequenztechnik, Gustav-
Kirchhoff- Str. 4, D-12489 Berlin, Germany, 

2Empa - Swiss Federal Laboratories for Materials Science and Technology, 
Feuerwerkerstrasse 39, CH-3602 Thun, Switzerland 

*katja.hoeflich@fbh-berlin.de 

This work presents a novel maskless patterning technique that enables area 
selective CVD of gold1. A focused electron beam is used to decompose the metal-

organic precursor Au(acac)Me2 locally2, thereby creating an autocatalytically active 
seed layer for subsequent CVD with the same precursor. The procedure can be 
included in the same CVD cycle without the need for cleanroom lithographic 
processing. Moreover, it operates at low temperatures of 80 °C, over 200 K lower 
than standard CVD temperatures for this precursor, reducing thermal load on the 
specimen. 

Given that electron beam seeding operates on any even moderately conductive 
surface, the process does not constrain device design. This is demonstrated by the 
example of vertical nanostructures with high aspect ratios of around 40:1 and more. 
Written using a focused electron beam and the same precursor, these nanopillars 
exhibit catalytically active nuclei on their surface. Furthermore, they allow for the first 
time the precise determination of the local temperature increase caused by the 
writing of nanostructures with an electron beam. 

To summarise, this work presents a new, technologically powerful and easy to 
implement approach to area selective gold deposition. The low temperature 
neccessary makes it highly suitable for processing innovative flexible devices that 
rely on heat-sensitive polymers, including flexible electronics and flexible solar cells. 
In addition, the maskless direct write seeding is possible on 3D architectures, which 
provides the potential to fabricate nanostructures or localized electric contacts on 
intricate 3D devices. 

 

Figure 1: Temperature dependence of area selective autocatalytic film growth. 
 

1 A. Tsarapkin, K. Maćkosz, C. S. Jureddy, I. Utke, and K. Höflich, ArXiv:2312.00653 [cond (2023). 
2 I. Utke, P. Swiderek, K. Höflich, K. Madajska, J. Jurczyk, P. Martinović, and I. B. Szymańska, 
Coord. Chem. Rev. 458, 213851 (2022). 
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We recently developed a new experimental setup to study electron beam induced 
processes in liquid- and solvated-phased molecules. One of the motivations for this 
work is to understand the radiation induced damage to living cells and biologically 
important molecules in their natural environment – i.e. in aqueous solvated form. The 
experimental results will also enable us to understand the effect of liquid environment 
in electron-induced reactions. The experimental setup is equipped with a high-vacuum 
compatible recyclable liquid micro-jet source and an electron gun producing an 
electron beam with tuneable energy in between 60 to 800 eV.1 For electron-induced 
fluorescence measurements we also attached an optical spectrometer to the setup. 

We used the setup to study electron-beam induced reactivity in water solvated TRIS 
(2-Amino-2-(hydroxymethyl) propane-1,3-diol) molecule. Around 19.3 mM aqueous 
solution of TRIS was irradiated with 300 eV electron beam, and the irradiated solution 
was collected and analysed using UV-VIS spectroscopy. We also used the setup to 
study electron beam induced fluorescence to 1-propanol and few other laser dyes. 
The incoming electron beam can also lead to OH radical formation in aqueous 
medium. We used coumarin-3-carboxylic acid as chemical dosimeter to detect the OH 
radicals and analysing the irradiated samples using spectrofluorometer.  

 

Figure 1. (a) The experimental setup (b) the scattered electron beam profile from the liquid jet 

 

 

 
1 Nag et al., (2023). Experimental setup for probing electron-induced chemistry in liquid micro-jets, J. 
Phys. B., 56 (21), 215201, DOI 10.1088/1361-6455/ad0205 
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Recent developments of the theory of dissociative electron attachment (DEA) include 
extension of the nonlocal theory to targets with several vibrational modes and 
incorporation of cluster environment in the description of the DEA processes. We will 
discuss two important examples. The first deals with DEA to the CF3Cl molecule. 
Inclusion of several vibrational degrees of freedom in the nonlocal theory allows us to 
explain the experimentally observed low-electron-energy peak at higher gas 
temperatures. Another important example is the process of electron-induced bond 
breaking in DNA bases which can be strongly influenced by surrounding water 
molecules. We have found two effects in the N-H bond breaking in thymine due to 
electron impact, one leading to the enhancement of the DEA cross section due to the 
increased lifetime of the intermediate negative-ion state1, and the other leading to the 
decrease of the yield of the anionic fragments due to the hydrogen bonding between 
the nucleobase and the solvent2 confirming observations of the Heyrovsky Institute 
group3. 

 

Another interesting development is the extension of the resonance theory to collisions 
involving positronium (Ps). The similarity between electron and Ps scattering, found 
for several molecular targets4,5 extends to resonance scattering. Resonances have 
been found experimentally and confirmed theoretically in Ps-N2 and Ps-CO2 elastic 
collisions6,7. This raises the question if these resonances can lead to the processes of 
dissociative Ps attachment. An indirect evidence for this process exists in experiments 
on ortho-Ps (o-Ps) annihilation in collisions with gas molecules8. If the molecule is not 
in a singlet state, o-Ps may be spin-converted into para-Ps and vice versa via electron 
exchange.  This process explains anomalously large annihilation rates of Ps in O2 and 
NO gases. However, extremely large o-Ps annihilation rates in NO2, Br2 and I2, whose 
ground states are singlet, remain unexplained. This might be an indication of formation 
of a resonance state of Ps with these targets followed by the dissociative Ps 
attachment. 

 
1 Smyth, M., Kohanoff, J., Fabrikant, I.I. (2014) J. Chem. Phys. 140, 184313 
2 McAllister, M., Kazemigazestane, N., Henry, L., Gu, B., Fabrikant, I., Tribello, G. A., Kohanoff,, J. 
(2019) J. Phys. Chem. B 123, 1537   
3 Kocisek, J., Pysanenko, A., Farník, M., Fedor, J. (2016), J. Phys. Chem. Lett. 7, 3401 
4 Brawley S. J., Armitage S., Beale, J., Leslie, D. E., Williams A.I., Laricchia G. (2010) Science 330, 
789 
5 Brawley, S.J., Williams A.I., Shipman, M., Laricchia, G. (2010) Phys. Rev. Lett. 105, 263401  
6 Wilde, R. S., Fabrikant, I. I. (2020) J. Phys. B 53, 185202  
7 Wilde, R. S., Ambalampitiya, H. B., Fabrikant, I. I. (2021) Phys. Rev. A 104, 012810   
8 Wada, K., Saito, F., Shinohara, N., Hyodo, T. (2012) Eur. Phys. J. D 66 108. 
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Nanostructured surfaces and colloids with designed optical functionalities - such as 
plasmonic & photonic nano and metamaterials - allow efficient harvesting of light at 
the nanoscale. Exploiting light-driven matter excitations in these artificial materials 
opens up a new dimension in the conversion and management of energy at the 
nanoscale12. One example are plasmonic and photonic catalysts, that can indeed 
confine solar energy into molecular regions. In this talk, I will present our recent efforts 
in order to understand the light-matter interaction in plasmonic nanoparticles and 
metamaterials for photocatalysis. 

 

Figure 1. Four phenomena that can be used to monitor charge and energy transfer at the plasmonic – molecule 
interface.  

 

  

 
1 Stefancu et al., ACS Nano 2023 
2 Stefancu et al., submitted 2024 
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It is important to understand the fundamental aspects of the interaction of energetic 
electrons with molecules and the factors controlling and driving their reaction rate in a 
heterogeneous system. Dissociative electron attachment is one of the key processes 
in plasmonic chemistry, enabling the activation and breaking of chemical bonds 
through the use of hot electrons generated at the plasmonic interface.1 The probability 
of such surface plasmon-induced reactions depends on several factors: the feasibility 
of hot electron transfer and availability of low-lying molecular orbitals of the adsorbate, 
nature of plasmonic substrate, photon density, excitation energy, etc.2 This study 
demonstrated the reactivity of biomolecules, namely secondary amides and 
brominated nucleosides at the plasmonic interface of gold and silver nanoparticle 
aggregates supported by dissociative electron attachment studies in the gas phase. 
An insight into the dependence of the reactivity of such molecules on different reaction 
conditions has been demonstrated. Surface-enhanced Raman scattering is used as a 
two-in-one in-situ spectroscopic tool to monitor the molecular reaction and 
simultaneously monitor and analyze the reaction product supported by computational 
studies.  

 

  

 
1 Linic, S., Christopher, P., Ingram, D. B. (2011). Plasmonic-Metal Nanostructures for Efficient 
Conversion of Solar to Chemical Energy. Nat. Mater. 10, 911–921. DOI: 10.1038/NMAT3151 
2 Dutta, A. Schürmann, R., Kogikoski, S., Mueller, N. S., Reich, S., Bald, I. (2021). Kinetics and 
mechanism of plasmon-driven dehalogenation reaction of brominated purine nucleobases on ag and 
au. ACS Catal. 11, 8370–8381. doi.org/10.1021/acscatal.1c01851 
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Reactions initiated by electron capture to gas phase molecules, among them those 
that result in molecular dissociation, are responsible for the performance of many 
important processes in diverse areas such as material science, (nano)technology, 
chemical engineering, astrochemistry, radiation physics, and radiation therapy1. 

In recent decades, we have experienced a marvellous increase in research activities 
related to low-energy electron interactions with molecules of biological importance. In 
particular, a large number of experimental and theoretical studies have been devoted 
to complex biomacromolecules (e.g., DNA) as well as their subunits2,3,4 to unravel the 
molecular mechanism by which low energy electrons damage macromolecules.  

More recently, much research has been devoted to compounds that can sensitize 
tumour tissues to ionizing radiation, known as radiosensitizers. Potential 
radiosensitizers can be exemplified as, e.g., modified nucleobases by the introduction 
of halogen atom(s) and/or other electrophilic groups into the molecular structure. 
Some of these compounds exhibit a supraadditive cytotoxic effect when combined 
with radiation, that is, the reduction of tumour tissues is more efficient in combination 
than the sum of individual effects from chemotherapy and radiation therapy. 

During my presentation, I will show experimental gas phase studies on electron 
capture by compounds consisting of a six-membered ring substituted with two or three 
heteroatoms and fused carbocyclic derivatives, such as 5-carboxy-2-thiouracil, 6-
azauracil, and 6-aza-2-thiothymine. Particular attention will be given to the description 
of the formation of transient negative ions and to the comparison of the fragmentation 
patterns for a set of nucleobase derivatives. Such compounds are often used to mimic 
the behaviour of (aza)pyrimidine nucleobases under reductive conditions and may be 
considered potential radiosensitizers. 

Acknowledgements: This work was supported by the Polish Ministry of Science and 
Higher Education. 

  

 
1 Christophorou L.G. (Ed.), Electron-Molecule Interactions and Their Applications, vols. 1 and 2, 
Academic Press, New York, 1984. 
2 Sanche L., 2005 Eur. Phys. J. D 35 367, (Review). 
3 Bald I., Curic R., Kopyra J., Tarana M., Dissociative electron attachment to biomolecules. In: 
Solov’yov, A. (Ed.), Nanoscale Insights Into Ion-Beam Cancer Therapy. 2017 Springer, Cham, 
Switzerland, 159–208. 
4 Baccarelli I., Bald I., Gianturco F. A., Illenberger E., and Kopyra J., 2011 Phys. Rep. 508 1. 
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One of the most interesting and promising uses of plasmonic nanoparticles is the 

possibility to induce chemical reactions at their interface giving rise to the emerging 

field of plasmon chemistry. The reactions are driven by different processes occurring 

at the interface between the plasmonic nanoparticle and the molecules, such as the 

generation of hot-carriers and also the thermalization of these carriers into heat. Even 

though it is very difficult to distinguish the contribution of the two mechanisms, both 

are suggested to affect the reaction pathways. Our group recently has shown that 

brominated nucleobases can undergo a plasmon induced reduction when adsorbed 

onto gold or silver nanoparticles, and that the reaction can be tracked using SERS. 

The hot-electrons generated on the nanoparticles are transferred to the brominated 

nucleobase which is followed by cleavage of the C-Br bond in a procedure that only 

requires one electron and one proton via a dissociative electron attachment (DEA) 

mechanism.1 Here we study this reaction with the brominated nucleobase 

incorporated in double stranded DNA. The nanoparticle ensemble design allowed us 

to provide electromagnetic enhancement enough to track the reduction of the 

brominated nucleotide by SERS in a single-point modification scale. Also, due to the 

addressability offered by DNA, it was possible to insert the modified base at precise 

positions, allowing us to check the possibility of transferring hot-electrons through 

DNA. The reaction was observed using SERS, where both the starting 

bromoadenosine (8BrdA) and the adenosine (dA) peaks can be observed while 

carrying the reaction. The decrease in intensity was used to fit the kinetics of the 

hydrodehalogenation reaction for all the 8BrdA insertion positions. One possible way 

to check thermal and electronic energy's role is to perform the plasmon-induced 

reaction with different incident light intensities, and it was tested.2 To conclude, we 

demonstrate that DNA can transfer hot electrons far from the nanoparticle surface. 

Further understanding of the DNA-nanoparticle interaction at the interface and charge 

injection into DNA needs to be gained in future experiments.  

  

 
1 Kogikoski Jr,. S., Dutta, A., and Bald, I., "Spatial Separation of Plasmonic Hot-Electron Generation and a 

Hydrodehalogenation Reaction Center using a DNA Wire", ACS Nano, Vol. 15, No 12, 20562-20573, 2021. 
2 Dutta., A., Schurmann, R., Kogikoski Jr., S., Muller, N. S., Reich, S., Bald, I. "Kinetics and Mechanism of 

Plasmon-Driven Dehalogenation Reaction of Brominated Purine Nucleobases on Ag and Au", ACS Catal., Vol. 

11, No. 13, 8370-8381, 2021. 
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The mechanism for the formation of CN- in circumstellar envelopes such as IRC 
+10216 is unclear1. Previous studies have explored processes such as radiative 
attachment but found that the rate coeffcients to be too small to produce the anion. It 
was proposed that dissociative electron attachment to MgCN or MgNC could be 
involved in CN- production2. The energetics for this process looked promising, but 
calculations including the dynamics showed that there was an energy threshold that 
precluded an efficient production in circumstellar envelopes3. However other systems 
may have more favorable energetics.  

We will present our results on several possible candidate molecules. We carry out 
electron scattering calculations using the Complex Kohn Variational Method as a 
function of the internal degrees of freedom to obtain the resonance energy surfaces 
and autoionization widths. We use this data as input to form the Hamiltonian relevant 
to the nuclear dynamics and solve the time-dependent Schrodinger equation. We 
compute the DEA cross sections and discuss the implications for CN- in circumstellar 
envelopes. 

 

Figure 1. (Left) A one-dimensional slice of the potential energy surface of MgCN, where the CN bond distance is 
fixed at 2.26 Bohr and the bond angle fixed to one degree, showing the neutral and anion states relative to 
resonance dissociative attachment. (Right) The dissociative electron attachment cross section for the system 

MgCN.  

 

1 M. Agundez et al (2010) Astronomical identification of CN-, the smallest observed molecular anion 
A&A 517 L2-6  https://doi.org/10.1051/0004-6361/201015186 
2 S. Petrie, 1996, Novel pathways to CN- within interstellar clouds and circumstellar envelopes: 
implications for IS and CS chemistry, Mon. Not. Astron. Soc. 281 137-144 
https://doi.org/10.1093/mnras/281.1.137 
3 A. E, Orel and A. Larson, 2020, Dissociative Electron Attachment to MgCN, European Physical Journal 

D 74, 15 https://doi.org/10.1140/epjd/e2019-100542-x. 
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Electron momentum spectroscopy (EMS) is a powerful technique to probe the 
electronic structure of molecules. EMS uses high energy, kinematically complete, 
electron impact ionization collisions where the measured cross section is proportional 
to the square modulus of the wavefunction of the ionized molecular orbital in 

momentum space, (p)2, referred to as the momentum distribution1. The 
experimental data has been measured using coplanar asymmetric kinematics (see 

Figure 1). Detection of the incident, scattered electron is fixed to be 1 = 20°. Different 

target momenta are accessed by collecting the ionized, ejected electrons between 2 
= 30 – 110°. 

The outermost 13 orbitals of benzonitrile, C6H5CN, has been measured. Benzonitrile, 
was recently discovered in the interstellar medium from observed transitions in 
emission bands within a molecular cloud2. It makes an interesting target due to the 
C≡N group. 

Experimental data can be compared to theoretical predictions. Here, single point 
energy calculations were performed at the optimised geometry, using the ωB97X-D 
and have been calculated using the ωB97X-D and B3LYP density functionals with an 
aug-cc-pVTZ basis. The theoretical momentum profiles were then calculated within 
the target-Kohn-Sham approximation using the HEMS program3. 

 

Figure 1: Kinematics of the coplanar symmetric spectrometer at the Open University 

 
1 Weigold, E., & McCarthy, I. E. (1999). Electron Momentum Spectroscopy. Springer New York. 
doi.org/10.1007/978-1-4615-4779-2 
2 McGuire, B. A., et al. (2018). Detection of the aromatic molecule benzonitrile (c-C6H5CN) in the 
interstellar medium. Science, 359 (6372), 202-205. DOI: 10.1126/science.aao4890 
3 Cooke, J. P. D. & Brion, C. E. (1982). Binary (e, 2e) spectroscopy and momentum-space chemistry of 
CO2. Chem. Phys., 69 (3), 339-356. DOI: 10.1016/0301-0104(82)88073-7 
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The interaction between low-energy electrons (LEE) and matter is ubiquitous in both 
the interstellar medium (ISM) and biological systems. Through interactions between 
LEE and matter, the efficient initiation of several chemical reactions can be achieved. 
The prime intermediate that triggers LEE-induced chemical reactions is an electron-
molecule compound state known as the negative ion resonance state (NIR). 
These   states, which is formed by the resonant capture of the LEE by reactant 
molecules, once created can lead to chemical reactions through different channels 
such as dissociative electron attachment (DEA)1, and associative electron 
attachment2b. In addition to these well-known channels, NIR can induce highly 
controlled chemical reactions through catalytic electron channels. Laboratory 
experiments can be used to simulate the ISM environment and study astro-chemically 
relevant reactions at ultra-high vacuum and very low temperatures. This talk will focus 
on astro-chemically relevant LEE induced chemical reactions in the condensed phase 
that we have studied in our laboratories 4,5 with a focus on the catalytic electron 
channel. Theoretical calculations on LEE induced reactivity of astrochemically relevant 
systems 2(a),6 and LEE induced DNA repair shall also be discussed 7. LEE-induced 
polymerization reactions, which could play a role in the formation of PAH in the ISM, 
will be briefly discussed. Controlling the crosslinking of polymers is possible through 
LEE induced polymerization reactions in the polymer industry. 

_____________ 
1 Prabhudesai, V. S., Kelkar, A. H., Nandi, D. & E.  Krishnakumar, D. (2005). Functional Group Dependent Site 
Specific Fragmentation of Molecules by Low Energy Electrons. Phys. Rev. Lett, 95(14), 143202. 
https://doi.org/10.1103/PhysRevLett.95.143202.  
2  (a) Davis, D., & Sajeev, Y.  (2016) Low energy electron catalyst: the electronic origin of catalytic strategies.  Phys. 
Chem. Chem. Phys., 18 (40), 27715-27720. https://doi.org/10.1039/C6CP05480C. (b) (2018) Inducing chemical 
reactivity on specific sites of a molecule using the Coulomb interaction exerted by a low energy electron. Phys. 
Chem. Chem. Phys., 20 (9), 6040. https://doi.org/10.1039/C7CP08496J.  
3 (a) Davis, D., Vysotskiy, V..  Sajeev, Y., & Cederbaum, L. S. (2011) Electron Impact Catalytic Dissociation: Two-
Bond Breaking by a Low-Energy Catalytic Electron. Angew. Chem. Int. Ed., 50, 4119-4122. 
https://doi.org/10.1002/anie.201005129. (b) (2012) A One-Step Four-Bond-Breaking Reaction Catalyzed by an 
Electron. Angew. Chem. Int. Ed., 51, 8003-8007. https://doi.org/10.1002/anie.201204162.  
4 Davis, D., Kundu, S., Prabhudesai, V. S., Sajeev, Y., & Krishnakumar, E. (2018) Formation of CO2 from formic 
acid through catalytic electron channel. J. Chem. Phys., 149, 064308. 10.1063/1.5032172.  
5 Davis, D., Kundu, S., Prabhudesai, V. S., & Krishnakumar, E (2014) O− from amorphous and crystalline CO2 
ices.  Phys. Chem. Chem. Phys., 16, 8582. 
6 Davis, D., & Sajeev, Y. (2017) Low energy free electron driven molecular engineering: Insitu preparation of 
Intrinsically shot-lived carbon-carbon covalent dimer of CO. The Journal of Chemical Physics (Communications), 
146, 081101-1-0811015. 10.1063/1.4976969. 
 7 Davis, D, Bhushan, K.G.,  Sajeev, Y. & L. S. Cederbaum (2018) A Concerted Synchronous [2 + 2] Cycloreversion 
Repair Catalyzed by Two Electrons. J. of Phys. Chem. Lett., 9 (24), 6973-6977. 
https://doi.org/10.1021/acs.jpclett.8b03256. 

 

 

 



35 
 

Electron collisions: From materials science to astrophysics  

Simone Taioli1* 

1 European Centre for Theoretical Studies in Nuclear Physics and Related Areas 
(ECT*), Fondazione Bruno Kessler - Trento (Italy) 

*taioli@ectstar.eu 

Estimating the electronic excitation spectra induced by electron collisions is essential 
for understanding charge transport in solids1. These studies have a wide range of 
applications, from the charging of test masses by cosmic rays in the upcoming Laser 
Interferometer Gravitational-Wave Observatory2 to the development of materials to 
improve the effectiveness of hadron therapy in cancer treatment3, to imaging 
techniques in electron microscopy and surface spectroscopy for chemical analysis4.  

In this presentation, we introduce a unified theoretical and computational framework 
that combines ab initio (AI) and Monte Carlo (MC) methods for calculating the 
electronic, optical and transport properties of condensed phase materials4. Our 
approach involves solving the Dirac equation for elastic scattering processes and 
using Ritchie's dielectric theory to model inelastic scattering events, including single 
and collective electron excitation, ionisation and Auger emission. We show that the 
macroscopic dielectric response function, which is directly related to the collisional 
energy loss, can be obtained by high-precision linear-response time-dependent 
density functional theory calculations. Furthermore, our method accounts for the 
generation of secondary electrons upon ionisation of the sample atomic constituents 
and can track the trajectories of the resulting electron cascade. The excellent 
agreement of our simulations with experimental spectra of elastic, Auger, energy-loss 
and secondary electron processes for different projectiles as well as with total electron 
yields on a variety of atoms, molecules and solids, such as metals5, insulators, 
semiconductors6,7 and materials of biological interest3 demonstrates the versatility of 
our AI/MC approach. Finally, we will also discuss the extension of our technique to the 
beta decays of isotopes in astrophysical scenarios8. 

 
1 Taioli, S. & Simonucci, S & Calliari, L. & Dapor, M (2010). Electron spectroscopies and inelastic processes in nanoclusters and 
solids: Theory and experiment. Physics reports 493 (5), 237-319 

2 Taioli, S. & Dapor, M. & Dimiccoli, F. & Fabi, M. & Ferroni, V. & Grimani, C. & Villani, M. & Weber, W.J. (2023). The role of low-
energy electrons in the charging process of LISA test masses. Classical and Quantum Gravity 40, 075001 

3 Taioli, S. & Trevisanutto, P.E. & de Vera, P. & Simonucci, S & Abril, I. & Garcia-Molina, R. & Dapor, M. (2020). Relative Role of 
Physical Mechanisms on Complex Biodamage Induced by Carbon Irradiation. The Journal of Physical  Chemistry Letters 12 (1), 
487-493 

4 Taioli, S. & Dapor, M. (2024). Advancements in Secondary and Backscattered Electron Energy Spectra and Yields Analysis: 
from Theory to Applications. Submitted to Surface Science Reports. 

5 Azzolini, M. & Angelucci, M. & Cimino, R. & Larciprete, R. & Pugno, N.M. & Taioli, S. & Dapor, M. (2018). Secondary electron 
emission and yield spectra of metals from Monte Carlo simulations and experiments. Journal of Physics: Condensed Matter 31 
(5), 055901 

6 Pedrielli, A. & de Vera, P & Trevisanutto, P.E. & Pugno, N.M. & Garcia-Molina, R. & Dapor, M. (2021). Electronic excitation 
spectra of cerium oxides: from ab initio dielectric response functions to Monte Carlo electron transport simulations. Physical 
Chemistry Chemical Physics 23 (35), 19173-19187 

7Pedrielli, A. & Pugno, N.M. & Dapor, M. & Taioli, S. (2022). In search of the ground state crystal structure of Ta2O5 from ab-initio 
and Monte Carlo simulations. Computational Materials Science 216, 111828   

8 Taioli, S. et al. (2022). Theoretical Estimate of the Half-life for the Radioactive 134Cs and 135Cs in Astrophysical Scenarios. The 
Astrophysical Journal 933, 158-167 
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Electron attachment to molecules can result in the coherent superposition of multiple 
resonances. This has been demonstrated in dissociative electron attachment (DEA) 
to H2, where such a coherent superposition results in quantum interference in two 
dissociation channels1. This interference shows up as the forward-backward 
asymmetry in the DEA differential cross-section, unexpected for the inversion-
symmetric system.   

It is interesting to understand how such a coherent superposition of two resonances 
with two distinct lifetimes decay. In earlier reports on the overlapping resonances in 
photoabsorption, the decay of such a superposition has been shown to be non-
exponential, with the superposition surviving longer than the short-lived resonance 
lifetime2,. How will this affect the DEA process in overlapping resonances accessed by 
electron attachment?     

In our recent systematic momentum imaging measurements on DEA to aliphatic 
alcohols and thiols, as well as acetaldehyde and trimethyl acetaldehyde, we have 
observed features in the H- channel that correspond to the site-selective nature of 
DEA. However, we are unable to explain these features based on earlier reports on 
DEA and electron scattering from these molecules. Are we seeing the effect of 
overlapping resonances in DEA? These cases will be discussed in detail. 

 

 

  

 
1 Krishnakumar, E., Prabhudesai, V. S., & Mason N. J. (2018). Symmetry breaking by quantum 
coherence in single electron attachment. Nat. Phys., 14, 149. DOI: 10.1038/nphys4289 
2 Frishman, E., & Shapiro, M. (2001). Complete Suppression of Spontaneous Decay of a Manifold of 
States by Infrequent Interruptions. Phys. Rev. Lett., 87 (25), 253001. DOI: 
10.1103/PhysRevLett.87.253001  

https://doi.org/10.1038/nphys4289
https://doi.org/10.1103/PhysRevLett.87.253001
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Motivation for this research has become by the significant impact of aneasthetic  
molecules in global warming1. Relative differential cross sections (DCSs) were 
obtained and normalized on an absolute scale by using the relative flow technique, 
with argon as the reference gas. Independent Atom Model and the Screening 
Corrected Additivity Rule with incorporated Interference effects (IAM-SCAR+I) was 
used to calculate the theoretical differential cross sections. Measurements have been 
carried out for anesthetics molecules, such as isoflurane1, sevoflurane2 and 
desflurane.  

 

Figure 1 Angular dependence of the DCSs for elastic electron scattering from desfluran at 100 eV. Circles 
represent absolute experimental differential cross sections; stars represent absolute values obtained by relative 

flow method and lines represent calculations. 

Acknowledgements: We acknowledge the financial support of MESTD supplied via Institute of Physics 
Belgrade and the Spanish Ministry of Science and Innovation (Project PID2019-10727RB). This 
research was supported by the Science Fund of the Republic of Serbia, GRANT No 6821, Project title 
- ATMOLCOL. The article is based upon work from COST Actions This collaborative work has been 
undertaken under COST Actions: CA18212 MD-GAS and CA 20129 MultIChem. 

 
1 J.V.& J.B.M., (2024) Investigating Theoretical and Experimental Cross Sections for Elastic Electron 
Scattering from Isoflurane, Phys. Chem. Chem. Phys. 26, 985-991, doi: 10.1039/D3CP05052A. 
2 J. V. & B.P, M. (2022) Absolute differential cross-sections for elastic electron scattering from 
sevoflurane molecule in the energy range from 50-300 eV, Int. J. Mol. Sci. 23 10021, doi: 
10.3390/ijms23010021 
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Recently we have more insights into molecular dissociative electron attachment 

(DEA), which is largely attributed to the application of velocity map imaging (VMI) 

technique in the anionic yield measurements. Dynamics details about electron 

attachment and fragmentation in resonant states can be retrieved by the analyses of 

the kinetic energy and angular distributions of anionic yield.  

Here I will briefly review our over-one-decade studies on the DEA dynamics of 

molecular CO2 and clusters (CO2)n and highlight some results about the clusters.1-6  

With the high-resolution VMI measurements and the theoretical simulations, we find 

the competition between (CO2)mO¯ and metastable (CO2)m+1¯ (m =1, 2, 3) products 

from the larger clusters and, for the first time, CO4¯ at the higher electron attachment 

energies. These findings are helpful to understand the electron-induced or driven 

processes in CO2-rich atmospheres and interstellar space. 

 

123456  

 
1 Wu B, et al., Phys. Rev. A 85, 052709 (2012). 
2 Wang X D, et al., Nat. Chem. 8, 258-263 (2016). 
3 Li H, et al., Phys. Rev. A 99, 032703 (2019). 
4 Fan M, et al., J. Phys. Chem. A 126, 3543-3548 (2022). 
5 Fan M, et al., J. Chem. Phys. 160, 044301 (2024). 
6 Fan M, et al., (to be submitted). 
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Nitric oxide (NO) is a very reactive molecule which frequently interacts in biological 
and environmental media inducing relevant processes for life and climate conditions. 
This motivated numerous experimental and theoretical electron scattering from NO 
studies which have been recently compiled and discussed by Song et al.1  

Dissociative electron attachment (DEA) experiments identified the O- formation as the 
most probable dissociation channel and related DEA cross sections have been 
determined by different authors (see Ref.1 for details). Non dissociative electron 
attachment resonant processes have been analyzed at very low energy (below 2 eV) 
by Alle et al.2 by measuring the total electron scattering cross sections (TCS). 
However, probably due to a lack of energy resolution, no resonances (apart from the 
aforementioned DEA processes) have been reported at higher energies (above 2 eV). 
In the present study we used a “state of the art” magnetically confined electron 
transmission apparatus to determine the total electron scattering cross sections from 
NO, with a total uncertainty limit of about 5%, for impact energies from1 to 15 eV. New 
resonant features have been found in the 3-10 eV energy range. We also have carried 
out electronic structure calculations, using the equation-of-motion coupled-cluster with 
single and double excitations approach for the neutral and anionic NO species, to 
estimate the temporary anion energy levels involved in these resonances. These 
results will be discussed in the presentation. 

 

 

 

 

 
1 M.-Y. Song, J. S. Yoon, H. Cho, G. Karwasz, V. Kokoouline, Y. Nakamura, and J. Tennyson, J. 
Phys. Chem. Ref. Data 48, 043104 (2019). 
2 D. T. Alle, M. J. Brennan and S. J. Buckman, J. Phys. B 29, L277 (1996). 
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While the natural approach to probe electron impact processes is to use electron 
spectroscopy, this has limitations in its application to probing the effect of solvation in 
a systematic manner and to probing chemical dynamics in real-time. Using light to 
access the resonances from a corresponding (stable) anion offers a route to overcome 
these limitations. Here, we will demonstrate the use of two-dimensional photoelectron 
spectroscopy to probe the effect of hydration1 and use it to determine the location of 
resonances for the nucleobase uracil. We show that incremental addition of water 
molecules increases the electron affinity, but not the excitation energy (from the anion). 
From the perspective of electron-scattering, the resonances decrease in energy. We 
are able to extrapolate to the bulk limit and develop a Marcus picture of the energies 
(assuming linear response). We find that the two lowest energy shape resonances are 
bound. The third lies around 1 eV above the neutral, but can be readily stabilised by 
dynamic solvation of the surrounding water.2 We also probe the intrinsic reorganisation 
energy associated with the electron attachment to isolated uracil and consider whether 
a valence-bound uracil is bound or unbound. 

 

  

 
1 A. Lietard, G. Mensa-Bonsu, and J. R. R. Verlet The effect of solvation on electron capture revealed 
using anion 2D photoelectron spectroscopy Nat. Chem. 13, 737 (2021)   
2 G. A. Cooper, C. J. Clarke and J. R. R. Verlet, Low-energy Shape Resonances of a Nucleobase in 
Water J. Am. Chem. Soc. 145, 1319 (2023) 
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A resonance formed in an electron-molecule collision has two major decay 
possibilities: (i) electron detachment and (ii) dissociation (DEA). While a lot of attention 
has been paid to the latter channel in recent years, the information on the former is 
rather scarce. In my talk, I will show how the combination of the two brings insight into 
the DEA dynamics.  

To monitor the electron detachment channel, we utilize electron energy loss 
spectroscopy (EELS) in which the energies of scattered electrons are recorded. To 
monitor the DEA channel, we combine measurements of absolute cross sections with 
velocity map imaging technique (DEA-VMI). 

I will present several examples where the electron detachment leads to the target 
molecule in vibrationally excited states. One them is pyrrole, in which the formation of 
a π1*(b1) resonance leads to a strong excitation of bending modes. We show that this 
bending leads to coupling with the dissociative (non-resonant) σ* mechanism and thus 
opens a pathway to N-H bond cleavage via DEA.1  

There is also a possibility that the electron leave the target molecule in an electronically 
excited state. I will demonstrate how the electron energy loss spectra enable us to 
identify parent states of core-excited resonances. This allowed us to explain very 
different dissociation dynamics of two isoelectronic molecules HC3N and NCCN2. 

 

 

 

 

 

 
1 Ragesh Kumar, T. P., & Nag, P. & Ranković, M. & Luxford, T. F. M. & Kočišek, J & Mašín, Z & 
Fedor, J. (2022). Distant Symmetry Control in Electron-Induced Bond Cleavage, J. Phys. Chem. Lett. 
13, 11136. https://doi.org/10.1021/acs.jpclett.2c03096 
2 Nag P., & Ranković, M & Polášek, M. & Čurík, R. & Slaughter D. S. & Fedor, J. (2024). Contrasting 
Dynamics in Isoelectronic Anions Formed by Electron Attachment. J. Phys. Chem Lett. 15, 895. 
https://doi.org/10.1021/acs.jpclett.3c03460 
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Feshbach resonances occur when the potential energy of the resonance is lower than 
the corresponding excited neutral molecule. This energetically forbids the resonance 
from decaying by single-electron autodetachment, thus enabling nuclear motion to 
proceed on femtosecond timescales, which in turn can permit dissociation to occur.  

Electron attachment resonance symmetries and dissociation dynamics are revealed 
by measuring the momentum of anion fragments produced by breaking specific bonds. 
In this work we focus on the dissociative electron attachment reactions breaking the 
hydroxyl and methyl bonds in formic acid1,2 and acetic acid3, and the carbonyl and 
model peptide C-N bond in formamide4. We make direct comparisons between the 
series of Feshbach resonances in the carboxylic acids to understand the dynamics 
underlying the production of anions and radicals in these reactions.  

 

Figure 1. D- fragment momentum distributions for acetic acid partially deuterated at the hydroxyl site, CH3COOD, 
following attachment by electrons with energies at 6.7 eV (left panel), 7.7 eV (center panel), and 9.1 eV (right 

panel). The incident electron direction is in the longitudinal direction, as indicated by the vertical arrow. The color 
scale indicates the D- yield in arbitrary units. 

  

 
1 Griffin, B.; Moradmand, A.; Williams, J.; Belkacem, A.; Rescigno, T. N.; Trevisan, C.; McCurdy, C. W.; 
Weber, T.; Slaughter, D. S. Selective Bond Scission in Formic Acid by Low-Energy Electrons. J. Phys.: 
Conf. Ser. 2020, 1412, 052004. https://doi.org/10.1088/1742-6596/1412/5/052004. 
2 Slaughter, D. S.; Weber, Th.; Belkacem, A.; Trevisan, C. S.; Lucchese, R. R.; McCurdy, C. W.; 
Rescigno, T. N. Selective Bond-Breaking in Formic Acid by Dissociative Electron Attachment. Phys. 
Chem. Chem. Phys. 2020, 22 (25), 13893–13902. https://doi.org/10.1039/D0CP01522A. 
3 Hasan, M.; Weber, Th.; Centurion, M.; Slaughter, D.S. manuscript in preparation. 
4 Panelli, G.; Moradmand, A.; Griffin, B.; Swanson, K.; Weber, T.; Rescigno, T. N.; McCurdy, C. W.; 
Slaughter, D. S.; Williams, J. B. Investigating Resonant Low-Energy Electron Attachment to 
Formamide: Dynamics of Model Peptide Bond Dissociation and Other Fragmentation Channels. Phys. 
Rev. Research 2021, 3 (1), 013082. https://doi.org/10.1103/PhysRevResearch.3.013082. 
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The knowledge about the action of low energy electrons (LEEs) is crucial for the 
description of radiation damage in DNA. Ionizing radiation releases a large number of 
LEEs in cells. Pioneering studies by Sanche and co-workers demonstrated that LEEs 
with kinetic energies up to 20 eV can induce single and double strand breaks in a film 
of dry plasmid DNA1. They concluded from the damage yields as function of electron 
energy that at low electron energies, dissociative electron attachment (DEA) plays a 
significant role in the formation of strand breaks. Simons modelled the formation of a 
single strand break at electron energies near 1 eV and predicted in his computational 
studies that first the excess electron is captured in a π* orbital of the base and 
subsequently the electron is transferred to the C-O σ* orbital leading to the respective 
bond cleavage2. To also exploit the action of LEEs for the treatment of tumor cells with 
ionizing radiation, radiosensitizer molecules may be used, which create radical 
species upon electron attachment. 

In this talk I will present recent results on biologically relevant molecules like modified 
cytidine nucleotides in the gas phase3, which support the strand break model of 
Simons. The second emphasis of the talk will be placed on our recent DEA studies 
with various radiosensitizers. I will discuss the possibly electron attachment induced 
action of nitroimidazole radiosensitizers. In addition, we propose fundamental electron 
induced processes in radiosensitizers like bidirectional intersystem crossing and 
roaming4. 

This work was supported by the FWF, Vienna (I 5390). 

  

 
1 Gao, Y., Zheng, Y., & Sanche, L. (2021). Low-Energy Electron Damage to Condensed-Phase DNA 
and Its Constituents. Int. J. Mol. Sci., 22 (15), 7879. https://doi.org/10.3390/ijms22157879 
2 Simons, J. (2006). How Do Low-Energy (0.1−2 eV) Electrons Cause DNA-Strand Breaks? Acc. Chem. 
Res. 39 (10), 772–779. https://doi.org/10.1021/ar0680769 
3 Chomicz-Mańka, L. et al., (2022). Intramolecular Proton Transfer in the Radical Anion of Cytidine 
Monophosphate Sheds Light on the Sensitivities of Dry vs Wet DNA to Electron Attachment-Induced 
Damage.JACS, 145 (16), 9059–9071. https://doi.org/10.1021/jacs.3c00591 
4 Arthur-Baidoo, E., Ameixa, J., Ziegler, P., Ferreira da Silva, F., Oncak, M., & Denifl, S., (2020). 
Reactions in Tirapazamine Induced by the Attachment of Low-Energy Electrons: Dissociation Versus 
Roaming of OH. Angew. Chem Int. Ed., 59 (39), 17177-17181. https://doi.org/10.1002/anie.202006675 
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The decay of transient anions into the DEA channel has been investigated on surfaces 
and in molecular solids during four decades.1 Numerous experiments have been 
conducted on this process, which has been applied to various fields. Two major 
techniques were developed to investigate DEA in the condensed phase. They consist 
of measuring the incident low energy electron (LEE) energy dependence of 1) mass-
analyzed anions desorbing from a surface covered with simple molecules or more 
complex biomolecules and 2) negative charges trapped near a dielectric surface. The 
latter method provides a direct measurement of absolute DEA or resonance 
stabilization cross sections, if no anion is allowed to escape the surface.2  Furthermore, 
when combining measurements of molecular damage yields with those of DEA, it 
becomes possible to investigate the different LEE mechanisms that can modify 
complex molecules, e.g., how DEA to basic constituents of DNA combines with 
electron transfer, within and between nucleotides, to induce different types of lesions, 
including strand breaks, base damages, crosslinks and cluster damages.3 These 
techniques will be explained during the presentation with emphasis on changes of 
resonance parameters from gas to condensed phase.4 Results obtained with simple 
biomolecules (i.e., O2 and H2O) and DNA constituents up to plasmid DNA will be 
shown. An application to targeted chemoradiation therapy will be mentioned taking as 
an example vectorization of the [64Cu]-NOTA-Terpyridine Platinum Conjugate into the 
quadruplex structure of genomic DNA in cancer cells.5 

 

 

 
1 Sanche, L. (1984). Dissociative Attachment in Electron Scattering from Condensed O2 and CO. 

Physical Review Letters, 53, 1638-1641. https://doi.org/10.1103/PhysRevLett.53.1638 
2 Sanche, L., Deschênes, M. (1988). Mechanisms of Charge Trapping at a Dielectric Surface: 

Resonance Stabilization and Dissociative Attachment. Physical Review Letters, 61, 2096-2098. 
https://doi.org/10.1103/PhysRevLett.61.2096 

3 Dong, Y., et al. (2019) Clustered DNA Damage Induced by 2–20 eV Electrons and Transient Anions: 
General Mechanism and Correlation to Cell Death. Journal of Physical Chemistry Letters, 10(11), 
2985-2990. https://doi.org/10.1021/acs.jpclett.9b01063  

4 Alizadeh, E., Ptasińska, S., Sanche, L. (2016). Chapt 8 in “Radiation Effects in Materials”, Intech Open 
Science. http://www.intechopen.com/books/radiation-effects-in-materials 

5 Khosravifarsani, M. et al. (2021). High Cytotoxic Effect by Combining Copper-64 with a NOTA–
Terpyridine Platinum Conjugate. Journal of Medicinal Chemistry, 64(10), 6765–6776.  

   https://doi.org/10.1021/acs.jmedchem.1c00039 
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Dissociative electron attachment (DEA) to polyatomic molecules remains very difficult 
to model with standard quantum-chemical methods because the involved temporary 
anions are not bound but subject to autodetachment. This challenge can be tackled 
using non-Hermitian quantum mechanics where temporary anions are described in 
terms of complex-valued energies.1 

I will present a new computational development for simulating the dynamics of such 
anions on complex-valued potential energy surfaces.2 The imaginary part of these 
surfaces describes electron loss, whereas the gradient of the real part represents the 
force on the nuclei, which are described classically. In our method, the forces are 
computed analytically based on Hartree-Fock theory with a complex absorbing 
potential.  

We performed ab initio molecular dynamics simulations for several temporary anions, 
which show qualitative agreement with experiment and offer mechanistic insights into 
DEA. The results demonstrate how our method evenhandedly deals with molecules 
that may undergo dissociation upon electron attachment and those which only 
undergo autodetachment.  

 

 

 
1 N. Moiseyev, Non-Hermitian Quantum Mechanics, Cambridge University Press, 2011.  
2 J. A. Gyamfi, T.-C. Jagau, J. Phys. Chem. Lett. 13, 8477 (2022). 
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We estimate the dissociative electron attachment cross section for polyatomic 
molecules using the Quantemol Electron Collisions (QEC) code1. QEC interfaces with 
the Molpro and UKRmol+ suite of molecular R-matrix codes2,3. The DEA cross section 
over the energy range 0-15 eV is estimated using an approximate resonance plus 
survival method4 that is applicable to general, polyatomic molecules. Comparison is 
made between the cross sections calculated using QEC and experimental data where 
available. Results are also presented in cases where the cross section has not been 
measured, or where the complexity of the target molecule prevents calculation of the 
cross section using more detailed methods. The nature of the calculated resonances 
is analysed using a variety of scattering models. 

  

 
1 B. Cooper et al., Atoms 7 97 (2019). 
2 Z. Masin et al., Comput. Phys. Commun. 249 107092 (2020). 
3 J. Tennyson, Phys. Rep. 491  29 (2010). 
4 J. Munro et al., J. Phys. Conf. Ser. 388 012013 (2012). 
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Sulfur containing hydrocarbons are being studied both experimentally and 
theoretically. Electron and ion induced processes are of main interest, represented by 
ionization reactions, electron attachment, as well as charge transfer reactions. In 
industry, the sulfur containing compounds (thiophenes) in crude oil are among the 
most abundant constituents, considered as contaminants. In some cases, the content 
of sulfur in crude oil can be as high as 10%1. On the other hand, sulfur is the tenth 
most abundant element in the universe and is known to play a significant role in 
biological systems2, investigation of sulfur containing astrochemical molecules is 
therefore of high interest. In both cases, sulfur considered as industrial contaminant 
and in contrast to that as highly important astrochemical constituent, among all 
possible chemicals five- or six-member rings containing sulfur atom are of interest as 
well. In this work Atmospheric Pressure Chemical Ionization of thiophen, its methyl-, 
dimethyl- and benzo- derivatives are studied with Ion Mobility Spectrometry (IMS) 
combined with Mass Spectrometry (IMS-MS)3. Quantum chemistry is used to model 
the thermochemical properties, ionization energies, electron affinities, bond energies 
in ions, proton affinities and reactions leading to formation of clusters of the studied 
analytes with reactant ions in IMS, produced with corona discharge source in ambient 
air. 

This work was supported by the Slovak Research and Development Agency under the 
Contract no. APVV-19-0386, APVV-22-0133 and the Slovak Grant Agency for Science 
(contract no. VEGA 1/0553/22). This work was supported in part through the Comenius 
University in Bratislava CLARA@UNIBA.SK high-performance computing facilities, 
services and staff expertise of Centre for Information Technology 
(https://uniba.sk/en/HPC-Clara). 

 

  

 
1 Hua, R. X., & Wang, J. H., et al. (2004). Analysis of sulfur-containing compounds in crude oils by 
comprehensive two-dimensional gas chromatography with sulfur chemiluminescence detection. 
Journal of Separation Science, 27 (9), 691-698. http://dx.doi.org/10.1002/jssc.200301631 
2 Hua, R. X., & Wang, J. H., et al. (2004). Analysis of sulfur-containing compounds in crude oils by 
comprehensive two-dimensional gas chromatography with sulfur chemiluminescence detection. 
Journal of Separation Science, 27 (9), 691-698. http://dx.doi.org/10.1002/jssc.200301631 
3 Michalczuk, B., & Moravský, L., et al. (2020). Atmospheric Pressure Chemical Ionisation study of 
selected Volatile Organic Compounds (VOCs) by Ion Mobility Spectrometry coupled with orthogonal 
acceleration Time Of Flight Mass Spectrometry. International Journal of Mass Spectrometry, 449, 
116275. https://doi.org/10.1016/j.ijms.2019.116275 
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The greenhouse gas SF6 widely used in high-voltage applications is expected to be 
substituted by more environmentally friendly mixtures containing hydrofluorocarbons. 
Simulating electron transport phenomena of novel mixtures requires the electron 
molecule scattering cross sections of the hydrofluorocarbons. Crucial for predicting 
the electric-breakdown strength are the attachment cross sections, which often cannot 
be inferred from numerical calculations due to large molecular size. The attachment 
cross sections are thus experimentally measured using specialized electron scattering 
devices1. 

Cross sections serve as input for Boltzmann Equation solvers2 or Monte-Carlo 
simulations3, which enable calculating the electron transport coefficients. These 
coefficients can further be experimentally attained using the Pulsed Townsend 
apparatus4 situated at ETH Zurich. Comparing simulated electron transport 
coefficients with the measurements verifies the cross sections acquired from electron 
scattering. 

This contribution elaborates on how dissociative electron attachment cross sections 
are deduced in presence as well as in absence5 of electron scattering data. It is shown 
that electron scattering measurements are particularly expedient when resonances 
occur, and how the experimental data is included in the cross-section fitting 
procedures. The effects of modifying the attachment cross sections on the electron 
transport coefficients are illustrated for an exemplary hydrofluorocarbon. 

 

 

 
1 Pamir Nag & Miroslav Polášek & Juraj Fedor. (2009). Dissociative electron attachment in NCCN: 
Absolute cross sections and velocity-map imaging. PHYSICAL REVIEW Al, 99, 052705. 
https://doi.org/10.1103/PhysRevA.99.052705 
2 Hagelaar, G. J. M., & Pitchford, L. C. (2005). Solving the Boltzmann equation to obtain electron 
transport coefficients and rate coefficients for fluid models. Plasma sources science and 
technology, 14(4), 722. 10.1088/0963-0252/25/1/015015 
3 Biagi, S. F. (1999). Monte Carlo simulation of electron drift and diffusion in counting gases under the 
influence of electric and magnetic fields. Nuclear Instruments and Methods in Physics Research 
Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 421(1-2), 234-240. 
4 Haefliger, P., & Franck, C. M. (2018). Detailed precision and accuracy analysis of swarm parameters 
from a pulsed Townsend experiment. Review of Scientific instruments, 89(2). 
5 Metting van Rijn, M. & Biagi, S.F. & Franck, C.M. (2024). Electron Scattering Cross Sections of 1,1,1,2-
Tetrafluoroethane (R134a), Journal of Physics D: Applied Physics, accepted. 
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Fluorocarbon gases underpin various modern technologies, including plasma etching 
for microchip fabrication, plasma-based nanotechnologies, particle detection, 
refrigeration, and gas insulation. In response to growing environmental issues with this 
class of gases, significant attention in the field is directed towards finding eco-friendly 
solutions – gases with low global warming potential (GWP) and low ozone depletion 
potential (ODP) that would sustain or improve the efficiency of applications.  

Many applications operate at moderate and high electrical fields, making it crucial to 
gather data for those conditions. Our work is focused on studies of elementary 
processes, based on breakdown data and emission properties of gases relevant to 
medium and high-voltage technologies. DC breakdown curves represent a sensitive 
balance between processes of gain and loss of charged particles in the gas phase and 
on surfaces, while spatial emission profiles reveal the kinetics of charged particles and 
fast neutrals1,2.  

Our measurements were made in the low-current steady-state Townsend’s regime of 
discharge, under swarm conditions. Thus, in addition to breakdown voltages and 
spatially and spectrally resolved emission profiles, we were also able to determine 
effective ionization coefficients and secondary electron yields. The emphasis of this 
study was on newer generation low GWP gas – hydrofluoroolefin C3H2F4 
(CH2=CFCF3)3, in comparison with fluorocarbons that have been phased out or 
banned recently, such as CHClF2 (R22), C2H2F4 (R134a).  

Acknowledgements This research was supported by MSTD the Science Fund of the 
Republic of Serbia, Grant No. 7749560, project EGWIn. Zoran Lj. Petrović is grateful 
to the SASA project F155. 

 

 
1 Marić D., Savić M., Sivoš J., Škoro N., Radmilović-Radjenović M., Malović G., Petrović Z. Lj. (2014). 
Gas breakdown and secondary electron yield. Eur. Phys. J. D 68, 155. doi:10.1140/epjd/e2014-
50090-x 
2 Petrović Z. Lj., Marić D., Savić M., Marjanović S., Dujko S., Malović G. (2017) Using Swarm Models 
as an Exact Representation of Ionized Gases, Plasma Processes and Polymers 14, 1600124. 
doi:10.1002/ppap.201600124 
3 Marjanović Ј., Marić D., Petrović Z. Lj. (2024) Reduced ionization coefficients in low-current dc 
discharge in freons of a new generation, Eur. Phys. J. D 78, 14. doi: 10.1140/epjd/s10053-024-00808-
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Our understanding on dissociative electron attachment (DEA) and ion pair dissociation 
(IPD) have been improved dramatically due to the development of novel experimental 
techniques. The state-of-the-art velocity slice imaging (VSI) technique having 
extremely high sensitivity has revolutionized the electron molecule collision studies in 
the last few decades. Furthermore, the implementation of wedge slice technique for 
detailed analysis of the experimental data enrich the results by improving resolution. 
At IISER Kolkata, we have developed two experimental techniques for the study of 
electron molecule collisions, particularly, dissociative electron attachment and ion pair 
dissociation. The time-of-flight (ToF) mass spectrometer in total ion collection mode 
has been used to measure the absolute cross sections for the formation of negative 
ions. On the other hand, complete fragmentation dynamics for both the DEA and IPD 
processes has been probed using velocity slice imaging technique.  

In this meeting, we will present our recent measurements on absolute cross section 
for the formation of various negative ions in the low energy electron collisions with 
ethanol1, the kinemetically complete fragmentation dynamics in the DEA to OCS 
molecule2, and the electron induced ion pair dissociation dynamics to oxygen 
molecule3.  

 

Figure 1. (a, b) Velocity (wedge) slice images of S-/OCS at 5.5 eV and 6.5 eV electron energy, respectively. (c) 
The kinetic energy of the S-/OCS extracted from sliced images taken at the indicated electron energies. 

 
1 Paul, A., Ghosh, S., & Nandi, D. (2023). Fragmentation dynamics and absolute dissociative electron 
attachment cross sections in the low energy electron collision with ethanol. Phys. Chem. Chem. 
Phys., 25 (41), 28263-28271. DOI:10.1039/d3cp03601d 
2 Kundu, N., & Nandi, D. (2024). Observation of Renner-Teller and predissociation coupled vibronic 
intensity borrowing in dissociative electron attachment to OCS. J. Chem. Phys., 160 (11), 114315-(1-
16). DOI: 10.1063/5.0188833 
3 Kundu, N., Kumar, V., & Nandi, D. (2023). Breakdown of dipole Born approximation and the role of 
Rydberg’s predissociation for the electron-induced ion-pair dissociation to oxygen in the presence of 
background gases. J. Chem. Phys., 158 (15), 154305-(1-11). DOI: 10.1063/5.0141973 
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The inelastic interactions of electrons with atoms and molecules pose significant 
experimental challenges, particularly regarding processes involving dissociation into 
neutral fragments. One such technique used to investigate these interactions is 
Electron Induced Fluorescence (EIF), where dissociative excitation processes are 
major channels in polyatomic molecules. 

In two atomic molecules, such as O2 and N2, dissociative excitation process is present, 
however, in these molecules the emission from the molecular excited  states and from 
the excited states of molecular ions are prominent in the emission spectra of molecules 
in UV-VIS range.  

In the presentation, we will show recent experimental findings from the Department of 
Experimental Physics at Comenius University in Bratislava. For N2, we will present a 
2D spectral map covering electronic emission spectra ranging from 300 to 1100 nm 
and electron excitation energies from 5 to 100 eV1. These data offer a comprehensive 
understanding of the excitation-emission processes initiated by electron collisions. 

In the case of O2 we will present recent data for the excitation of the first (b4Σ−
g - a4Πu 

) and the second (A2Πu – X 2Πg ) O2
+ negative band of systems of O2, as well as 

emission from O I and O II fragments in the rage 200 – 650 nm and relevant cross 
section.                                                                                     

 

 

 

 

  

 
1J. Országh, A. Ribar, M. Danko, D. Bodewits, Š. Matejčík, W. Barszczewska, Dissociative Excitation 
of Nitromethane Induced by Electron Impact in the Ultraviolet – Visible Spectrum, ChemPhysChem 22 
(2021) 1 – 10; DOI:10.1002/cphc.202100705 
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The study of electron interactions with atomic and molecular targets has been at the 
forefront of both our understanding of quantum phenomena and the foundation of 
many modern technologies. Only through a quantum approach to scattering can we 
explain such effects as the Ramsauer-Townsend minimum and ‘resonances’ - the 
decay of which leads to the Dissociative Electron Attachment (DEA) process, the core 
topic of this meeting. Understanding electron collisions has allowed us to study natural 
phenomena such as the aurora (on Earth and now other planets) and both physical 
and chemical effects of radiation, indeed the discovery of the role of DEA in radiation 
induced DNA damage has been a major breakthrough in our development of new 
radiotherapies.  However, perhaps the major advantage of understanding electron 
collisions has been the development of technologies that uses such knowledge of 
which the plasma industry is an exemplar. The ability to design and control plasmas 
is the basis of many of the key modern technologies such as the semiconductor 
industry whilst (cold, atmospheric) plasmas are used for a wide range of materials 
processing and (hot) plasmas for fusion energy. Electron collisions are also the basis 
of many analytical tools, most notably mass spectrometry.  

Given the importance of electron collisions across such a range of modern science 
and technology the continued need to study such processes may appear obvious. 
However, the research community in this important field is declining across the world 
with resultant risks. In this presentation, we will highlight not only the need for such 
studies but also show that, by exploiting new instrumentation and computational 
developments, we may address new challenges and provide new insights into 
physical, chemical, and biological processes that have the potential to herald a new 
era in the field as transformative as that of the last century. In our study of electron 
collisions, the ‘best may be yet to come.’ 
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When a dipolar molecular species is condensed to form a thin film, the molecular 
dipoles associated with each individual molecule can orient such that the ice-film 
spontaneously polarises. This manifests as a polarisation charge at the film-vacuum 
interface, relative to the substrate-film interface, meaning films harbour electric fields 
of up 108 Vm-1, with no free change present in the material.1  

We first detected this phenomenon while irradiating molecular films with very low 
currents (10 fA) of low energy electrons (<10 meV) and reported a deflection of the 
electron beam by the polarisation charge at the film surface. We subsequently 
demonstrated that the spontaneously generated electric fields, resulting from dipole 
orientation, produce temperature-dependent Stark shifts in absorption peaks in the 
VUV spectra of these films. Taking advantage of the ASTRID2 storage ring at Aarhus 
University, we have used spectroscopy, in the vacuum-ultraviolet range, to 
characterise this phenomenon in ice-films prepared via condensation at cryo-
temperatures with a particular focus on molecular ices of relevance to astrochemistry. 
The results demonstrate that both amorphous and crystalline ice films, of species such 
as ammonia and water, harbour electric and our observations will be discussed in the 
context of water ice as the reservoir from which chemical complexity is derived in the 
interstellar medium. 

Figure 1. The vacuum ultra-violet spectrum of solid ammonia is Stark-shifted to the red as the film is condensed 
at increasingly higher temperatures, indicating a temperature dependent electric field. 

 

 
1 Cassidy, A.; McCoustra, M. R. S.; Field, D. (2023) A Spontaneously Electrical State of Matter. Acc. 

Chem. Res. 56 (14), 1909–1919 https://doi.org/10.1021/acs.accounts.3c00094 
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I will review recent activities in our group considering the role of vibronic coupling of 
metastable states in the low energy collisions of electrons with molecules. In our work 
we generalize the previous treatment of diatomic molecules using the nonlocal 
discrete-state-in-continuum approach also for polyatomic molecules. Our approach 
builds on ideas of Estrada, Cederbam, Domcke1, including the conical intersections of 
resonance states. I will discuss the specific properties of conical intersections of 
metastable states extending the work of Feuerbacher et al.2  Then I will briefly 
introduce our method for the numerical treatment of the vibronic dynamics of the 
electron-molecule collision3 and discuss its application to electron energy loss 
spectroscopy of CO2 molecule4. I demonstrate the potential of the theory to discuss 
complicated spectra in terms of symmetry and time dependence that are not 
accessible to the experiment. I will also show some theoretical results for the 
dissociative attachment in gas phase5 and molecular junctions6. 

 

 

Figure: Illustrative example of 2D electron energy loss spectrum of model molecule with conical intersection 
(reprinted from graphical abstract of Cosic et al.3).  

 
1 Estrada, Cederbaum, Domcke, W. (1986). J. Chem. Phys. Rev. 84, 152-169.  
2 Feuerbacher, S. et al. (2004). J. Chem. Phys. 120,3201-3214, J. Chem. Phys. 121,5-15. 
3 Cosic, M., Dvořák, J., Čížek, M. (2024). J. Chem. Theory Comput. 20, 2696-2710 (open access). 
4 Dvořák, J. et al. (2022). Phys. Rev. Lett 129, 013401, Phys. Rev A 105, 062821, Phys. Rev A 106, 
062807. 
5 Trnka, J., Houfek, K., Čížek, M. (2024). Phys. Rev. A 109, 012803. 
6 Yaling Ke et al. (2023). J. Chem. Phys. Rev. 159, 024703. 
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Since Benzonitrile’s identification in the interstellar medium (ISM) in 20181, and the 
proposed formation pathway through Benzene, some studies about electron 
interactions with this molecule have surfaced, mainly about dissociative ionization (DI) 
and dissociative electron attachment (DEA). The past identification of Chlorobenzene 
in dust grains in meteorites samples and in Mars craters2,3, has originated interest in 
the possibility of halogenation of a precursor aromatic ring, namely, by chlorination and 
how these changes effect expected interactions of low energy electrons (LEEs) within 
the ISM. 

The anionic species resulting from electron interactions with 2-chlorobenzonitrile (2-
ClC4H6CN) through DEA are reported. The beam energy ranges from 0 up to 13 eV. 
For energies below 1 eV the most intense signal is attributed to Cl− at ~0.5 eV electron 
energy, followed up by the parent anion M− at 0 eV, where a second resonance is 
observed at ~0.3 eV. The observation of the parent anion at 0 eV is consistent with the 
relatively large electron affinity (0.54 eV), which is about ~0.3 eV higher than for 
benzonitrile. For electron energies above 1 eV, up until 10 eV, two resonances are 
observed for the formation of CN−, while its counterpart [M-CN]− is only observed at 
~6.5 eV. Within these last range, the most intense signal is attributed to [M-Cl]− at ~6 
eV, formed by three individual resonance peaks. 

The experiments were carried out in a crossed electron-molecular beam set-up, 
composed by a trochoidal electron monochromator coupled with orthogonal reflectron 
time of flight mass spectrometer4. 

 
1 B. A. McGuire, B. A. et al. (2018) Detection of the Aromatic Molecule Benzonitrile, c-C6H5CN, in 
the Interstellar Medium. Science 359, 202–205 
2 Studier M. H. et al. (1965) Organic Compounds in Carbonaceous Chondrites, Science, 3691, 
1455 
3 Freissinet,. C. et al. (2015) Organic molecules in the Sheepbed Mudstone, Gale Crater, Mars, 
Journal of Geophysical Research: Planets, 120, 495-514 
4 Pereira da Silva, J., et al. (2021) Electron driven reactions in tetrafluoroethane: positive and 
negative ions formation. J. Am. Soc. Mass Spectrom., 32, 6, 1459–1468 
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Extreme ultra violet lithography (EUVL) is a powerful technique introduced to enable 
more advanced technology nodes in the electronic chips fabrication not feasible with 
conventional deep ultraviolet lithography (DUVL). The EUVL uses 13.5 nm light 
instead of 248 or 193 nm currently used in DUVL, to induce chemistry in the 
photoresist materials achieving the required patterning1. The energy of photons with 
wavelength of 13.5 nm is ~92 eV, generating photoelectrons in organic resist materials 
with an energy range from 60 to 85 eV. The generated electrons, will have an energy 
distribution tailing from ~0 eV to the binding energy of the valence band, due to the 
sequential ionization events. It is well know that in this energy regime several resonant 
and non-resonant process can take place, namely dissociative electron attachment 
(DEA) and dissociative ionization (DI) leading to the molecular fragmentation.2 

In the present contribution DEA and DI studies of perfluorophenyl 
trifluoromethanesulfonate (F-PhTf) are described. Th DI channels lead to the formation 
of 13 fragments with intensity above 2% besides the parent cation, that is formed at 
10.6 eV (EI). The most intense formed cation is CF3

+ m/z 60 due the cleavage of S-
CF3 bond. DEA shows the three most intense fragments m/z 182 m/z 148 m/z 132, 
formed through the electron attachment in five different orbitals.  

The experiments were carried out in a crossed electron-molecular beam set-up, 
composed by a trochoidal electron monochromator coupled with orthogonal reflectron 
time of flight mass spectrometer.3 

  

 
1 Wang, X., et al. (2023). Trends in photoresist materials for extreme ultraviolet lithography: A review. 
Materials Today, 67, 299-319. DOI: 10.1016/j.mattod.2023.05.027 
2 Ingólfsson O., (2019) Low Energy Electron-Induced Dissociation in Low-Energy Electrons: 
Fundamentals and Applications Interactions, 47-120, Pan Stanford Publishing Pte. Ltd., Singapore 
3 Pereira da Silva, J., et al. (2021) Electron driven reactions in tetrafluoroethane: positive and negative 
ions formation. J. Am. Soc. Mass Spectrom., 32, 6, 1459–1468. DOI:10.1021/jasms.1c00057 
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Diethyl carbonate (DEC) is an organic linear symmetric carbonate with extensive 
industrial applications. It is most commonly used in the anode of Lithium Ion Batteries 
(LIBs) and as a potential fuel additive. DEC has high polarity, low toxicity, is 
biodegradable, and is associated with high oxygen content and decreased particulate 
emissions as a fuel additive1. Because of its symmetric structure, DEC is used in the 
production of globally-used polycarbonates. DEC is an excellent solvent, widely 
utilized in pharmaceutical products, fertilizers, pesticides, and dyes. However, DEC is 
also listed as a volatile organic compound (VOC), and potential photo-pollutant2. 
Because of its large and varied use in industry, a DEA study of diethyl carbonate can 
establish the safety of DEC and the larger polycarbonate systems it produces. 
Furthermore, degradation of DEC and various other carbonates is a chief cause of LIB 
degradation; our DEA study of DEC hopes to illuminate the pathways of decay that 
can occur at the LIB anode. Our analysis of this simple carbonate also expands the 
database on the dissociation of organic compounds with a carbonate functional group. 
Our preliminary studies involved an apparatus with a quadrupole mass spectrometer 
to study DEA to gas-phase DEC3. Our analyses of ion yields found 4 anionic fragments 
from DEC, each of which emerges from dissociation of the central carbonate. These 
are the O- (16 amu), CH2CHO- (43 amu), HCOO- (45 amu), and C2H5CO3- (89 amu). 
Notably, the three multi-atomic anions are stabilized by charge delocalization activated 
by the dissociation of the carbonate group and the ease of hydrogen shifts within the 
system. Making use of the B3LYP functional and the aug-cc-pVTZ basis set, we 
provide a density functional theory analysis on the fragment anions and molecules to 
determine plausible fragmentation channels associated with each ion peak. With 
subsequent theoretical analyses of electronic state transitions, we combine our 
various experimental and theoretical findings to better understand the fragmentation 
of this practically and synthetically important molecule. 

 
1 Dunn, B. C., & Guenneau, C. (2002). Production of diethyl carbonate from ethanol and carbon 
monoxide over a heterogenous catalyst. Energy Fuels, volume 16, pages 177-181. 
https://doi.org/10.1021/ef0101816 
2 Katrib, Y., & Deiber, G. (2002). Atmospheric Loss Processes of Dimethyl and Diethyl Carbonate., 
Journal of Atmospheric Chemistry, volume 43 (issue number), pages 151-174. 
https://doi.org/10.1023/A:1020605807298 
3 Chakraborty, D, & Kharchilava, G. (2023). Dissociative electron attachment studies of gas-phase 
acetic acid using a velocity map imaging technique. Journal of Physics B, volume 56, pages 245202 – 
245210. https://doi.org/ 10.1088/1361-6455/ad1745  
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 Using energy- and time-resolved photofragment spectroscopy, the electronic 
structure of the multiple nonvalence-bound states (NBS) of the nitromethane anion 
and its dissociation dynamics were elucidated. Due to low electron affinities, most 
radical anions have been challenging to conduct using conventional pump-probe 
experiments, leaving their dynamics unexplored. The time-resolved spectroscopy 
introduced in this study enables observation of the energetic flow along the potential 
energy surface as dissociation unfolds over time. This research demonstrates that the 
NBS can function as a doorway state for anion formation. Moreover, it was revealed 
that solvent molecules can effectively act as vibrational energy dissipaters, preventing 
the disintegration of anions. 

 

Figure 1. A schematic figure of the radical anion photoelectron and photofragment spectrometer 
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In their paper, Laporta et al.1 present DEA cross sections in electron-oxygen collisions 
calculated within the Local Complex Potential (LCP) approximation. These cross 
sections show unusual oscillations in energy dependence seen in Fig. 1. We managed 
to reproduce these oscillations both in our LCP and Nonlocal Resonance Model (NRM) 
calculations2 and proposed an explanation of their origin. 

Figure 1. DEA cross sections in electron-oxygen collisions, showing unusual oscillations. Results by Laporta  
compared to our results from a nonlocal resonance model (NRM) and LCP approximations. 

The specific configuration of the potential energy curves in oxygen allows the nuclei 

to move either directly away from each other, or first towards each other, then reflect 

and continue outwards. The oscillations then arise from the interference of these two 

waves. 

In our contribution, we present a simple LCP toy model exhibiting the same oscillatory 

behavior and use it to probe the fragile conditions needed for the oscillations to occur. 

It is interesting to see how even slight changes in the configurations cause the 

oscillatory structure to quickly vanish. 

 

 
1 Laporta, V., Celiberto, R., Tennyson, J. (2015). Dissociative electron attachment and electron-impact 
resonant dissociation of vibrationally excited O2 molecules. Phys. Rev. A, 91 (1), 012701. DOI: 

10.1103/PhysRevA.91.012701 
2 Alt, V., Houfek K. (2021). Resonant collisions of electrons with O2 via the lowest-lying 2Πg state of 
O2

−, Phys. Rev. A, 103 (3), 032829. DOI: 10.1103/PhysRevA.103.032829 
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Dissociative recombination (DR) is a process is which a free electron with a positive 
kinetic energy is captured by a molecular ion while breaking one or several chemical 
bonds, 

𝑒− + H2
+ → H + H(𝑛) . 

This is a very efficient chemical process, but is rarely described in chemical textbooks. 
It is considered to be the most complex of gas-phase reactions leading to the 
production of neutral atoms and molecules1. 

A numerically solvable two-dimensional (2D) model, employed by the authors to study 
the dissociative recombination of H2

+ in the ungerade symmetry2,3, is extended to 
describe the collision process in the gerade symmetry of H2. In this symmetry, the 
ionization and dissociation processes are driven primarily by the direct, curve-crossing 
mechanism. The model is represented by a set of three coupled electronic channels 
in 2D, in the space of 𝑠, 𝑝, 𝑑 partial waves of the colliding electron. We demonstrate 

that the Born-Oppenheimer properties of the H2 molecule in the relevant range of 
internuclear distances can be described by such a model. The molecular rotational 
degrees of freedom are accounted for by the rotational frame transformation. The 
numerical solution of the model is discussed, and the resulting rovibrationally inelastic 
and dissociative recombination cross sections are compared with the available data. 

 

 

 

 
1 Orel A.E., Larson M. (2008). Dissociative recombination of molecular ions. Cambridge University 
Press, New York 
2 Čurík, R., Hvizdoš D., Greene C.H. (2018). Validity of the Born-Oppenheimer approximation in the 
indirect-dissociative-recombination process. Phys. Rev. A, 98, 062706. DOI: 
10.1103/PhysRevA.98.062706 
3 Čurík, R., Hvizdoš D., Greene C.H. (2020). Dissociative recombination of cold HeH+ ions. Phys. Rev. 
Lett, 124, 043401. DOI: 10.1103/PhysRevLett.124.043401 
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Irradiation of metal-organic precursors plays an important role in nanofabrication 
processes. While the most versatile approach is to deliver these precursors via the 
gas phase to the focus point of an impinging electron or ion beam, non-volatile 
compounds may also be processed from solution. For instance, thin spin-coated films 
of palladium acetate were recently used for irradiation by a focused Ga+ beam, 
resulting in palladium nanostructures.1 However, to fully use the potential of such 
processes, the underlying chemistry must be understood at a fundamental level.  

To gain insight into the electron-induced fragmentation mechanisms of metal 
carboxylate compounds, the surface-grown copper-based metal-organic coordination 
polymer copper(II) oxalate was previously studied.2 It was proposed that the reaction 
proceeds via electron ionization leading to release of the stable product CO2. However, 
the energies used to identify the reaction products were well above the ionization 
threshold and loss of CO2 via ligand-to-metal charge-transfer electronic excitation has 
been observed for iron(III) oxalate upon irradiation with photons at lower energies.3 
This raises questions if such neutral dissociation also contributes to the electron-
induced decomposition of copper(II) oxalate and related materials. Therefore, we have 
studied the electron-stimulated desorption of CO2 from copper(II) oxalate and from 
spin-coated layers of copper(II) acetate at electron energies from 2-10 eV. This 
contribution describes our experimental approach and preliminary results suggesting 
that the energy thresholds are as low as 4 eV for copper(II) oxalate and around 5-6 eV 
for copper(II) acetate. 

 

 

 

 
1 A. Salvador-Porroche, L. Herrer, S. Sangiao, P. Philipp, P. Cea, J. María De Teresa (2022). High-
Throughput Direct Writing of Metallic Micro- and Nano-Structures by Focused Ga+ Beam Irradiation of 
Palladium Acetate Films. ACS Applied Mater. Interf. 14, 28211-28220. 
https://pubs.acs.org/doi/10.1021/acsami.2c05218. 
2 K. Ahlenhoff, S. Koch, D. Emmrich, R. Dalpke, A. Gölzhäuser, P. Swiderek (2019). Electron-induced 
chemistry of surface-grown coordination polymers with different linker anions. Phys. Chem. Chem. 
Phys. 21, 2351-2364. https://pubs.rsc.org/en/content/articlehtml/2019/cp/c8cp07028h 
3 D. M. Mangiante, R. D. Schaller, P. Zarzycki, J. F. Banfield, B. Gilbert (2017). Mechanism of Ferric 
Oxalate Photolysis. ACS Earth Space Chem. 1, 270-276. 
https://pubs.acs.org/doi/full/10.1021/acsearthspacechem.7b00026 
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The electron-induced decomposition of Fe(CO)4MA (MA = methyl acrylate), a potential 
new heteroleptic precursor for focused electron beam induced deposition (FEBID) was 
investigated by surface science experiments under UHV conditions and compared to 
the established FEBID precursor Fe(CO)5.1 Experiments that mimic FEBID and cryo-
FEBID processes (Figure 1) were performed to reveal the effect of the modified ligand 
architecture. As a key finding, the deposits obtained from Fe(CO)4MA and Fe(CO)5 
were surprisingly similar. The relative amount of carbon in deposits prepared from 
Fe(CO)4MA was considerably less than the amount of carbon in MA showing that 
electron irradiation efficiently cleaves the neutral MA ligand from the precursor. In 
addition to deposit formation by electron irradiation, the thermal decomposition of 
Fe(CO)4MA and Fe(CO)5 on an Fe seed layer prepared by EBID was compared. While 
Fe(CO)5 sustains autocatalytic growth of the deposit, the MA ligand of Fe(CO)4MA 
hinders the thermal decomposition. Fe(CO)4MA thus offers the possibility to suppress 
contributions of thermal reactions which can compromise control over deposit shapes 
in FEBID processes. 

 

Figure 1. Schematic of UHV experiments that mimic EBID, cryo-EBID, and autocatalytic growth processes. 

 
1 Boeckers, H., Chaudhary A., Martinović, P., Walker, A. V., McElwee-White, L. & Swiderek, P. (2024). 
Electron-induced deposition using Fe(CO)4MA and Fe(CO)5 – Effect of MA ligand and process 
conditions. Beilstein J. Nanotechnol., accepted.  
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It is a well-known fact that an environment can change completely the pathways of the 
DEA processes. It is best illustrated when comparing the DEA of individual isolated 
molecules with the same molecules in clusters. Here we demonstrate this for the case 
atmospherically relevant halogenated carboxylates molecules. 

Even though the use of hydrochlorofluorocarbons (HCFCs) is being abandoned, 
residues of those compounds will be present in the environment due to their chemical 
resilience. The degradation products are often halogenated carboxylic acids and their 
halo-derivates. In this work we investigate interactions of trichloroacetic acid 
(CCl3COOH) and acetyl chloride (CH3COCl) molecules and clusters with low energy 
electrons, particularly the electron attachment, and compare the results with 
trifluoroacetyl chloride (CF3COCl) from our previous work1.  

The CLUB2 apparatus was used for the experiment. A particle beam was created via 
continuous supersonic co-expansion of the sample with a buffer gas (Ar or He) through 
a conical nozzle. Helium was used to generate a beam of individual molecules, while 
clusters were formed in argon. After low energy electron attachment, the beam was 
probed with reflectron time-of-flight mass spectrometer.  

The results suggest not only the expected influence of the electron density distribution 
over the molecule on the dissociation pathways, but also strong effect of the 
environment, as the fragmentation patterns differ for all three compounds when 
comparing molecular and cluster mass spectra.  

 

 
1 B. Kocábková et. al. (2024). Electron-triggered processes in halogenated carboxylates: dissociation 

pathways in CF3COCl and its clusters. Phys. Chem. Chem. Phys, 26, 5640 –5648. 

https://doi.org/10.1039/D3CP05387C 

2 M. Fárník et. al. (2021). Pickup and reactions of molecules on clusters relevant for atmospheric and 
interstellar processes. Phys. Chem. Chem. Phys., 23, 3195 – 3213. 
https://doi.org/10.1002/cphc.202400071 
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Upon other techniques of investigating the aerosol formation, molecular beams can 
provide us with information about the process dynamics, however the amount of 
information is conditioned by the knowledge of the neutral cluster distribution, often 
concealed after fragmenting ionization. A significant portion of the atmospheric aerosol 
is formed by water nucleated with a precursor such as H2SO4, NH3 or oxidized 
organics (especially organic acids). In this work, we investigate the ion formation in 
mixed water/formic acid clusters FAM∙WN upon collision with various energy electrons 
in order to determine the extent of the cluster fragmentation. 

The experiment was done using the CLUB apparatus. The beam of hydrated FA 
clusters was produced by a continuous supersonic co-expansion of FA/H2O vapor with 
helium as a buffer gas through a conical nozzle. Different concentrations of FA were 
used to influence the hydration extent. The beam was probed using a reflectron time-
of-flight mass spectrometer with 70 eV electron ionization (EI) for positive ions and 
1.5-15 eV electron attachment (EA) for negative ones.  

The main product after EI were protonated [FAm+H]+ clusters. The EA at lower 
energies produced mostly intact [FAm.Wn]− ions, while higher energy EA led to 
deprotonated [FAm.Wn−H]−. The comparison of positive and negative ion spectra 
suggests that the mass spectra of FA-rich clusters may indicate their actual size and 
composition. On the other hand, for hydrated clusters, the water evaporation from the 
clusters depends strongly on the ionization. Thus, for the hydrated clusters, the neutral 
cluster size can hardly be estimated from the mass spectra.  

 

 

 

 

 

 
1 K. Li et. al. (2024). Hydrated Formic Acid Clusters and their Interaction with Electrons. 
ChemPhysChem, e202400071. https://doi.org/10.1002/cphc.202400071 
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Studies on electron attachment are of great importance to the identification and 
understanding of electron-induced molecular fragmentation. Additionally, theoretical 
and experimental investigation can shed light on the mechanisms of negative ion 
formation. Such research is of practical value for a number of systems and 
applications.  

We experimentally probe the main dissociative electron attachment (DEA) channels 
in a member of the Novec brand family (C5F10O) – see Fig. 1. Novec gases are 
fluorinated ketones, typically composed of carbon, fluorine, and oxygen atoms. In 
contrary to SF6, which is considered one of the most potent greenhouse gases, they 
have a low global warming potential (GWP) and are non-ozone depleting. These 
molecules  are also very effective in preventing electron arcing in electrical system. 
Novec 5110 gas, with its high dielectric strength and thermal stability, can act as an 
effective insulating medium in electrical equipment, such as circuit breakers and 
switchgear, thereby reducing the risk of electron arcing. 

Figure 1. A schematic diagram of a NOVEC 5110  molecule 

In our studies the abundance of fragmentation fragments is revealed when the 
molecule is bombarded with beam of electrons. Most dominant fragments are F-, 
C(O)CF(CF3)2

-, CF3
-, C(CF3)CF2

-. This constitutes a segment of the broader endeavor 
to explore optimal molecular compounds as substitutes for SF6 dielectric gas in high-
voltage insulation1,2. 

 
1 Ranković M., Chalabala J., Zawadzki M., Kočišek J., Slavíček P. & Fedor J. (2019) Dissociative 

ionization dynamics of dielectric gas C3F7CN, Phys. Chem. Chem. Phys. 21 16451, 

doi.org/10/1039/C9CP02188D 

2 Ranković M., Kumar T. P. R., Nag P., Kočišek J. & Fedor J. (2020) Temporary anions of the 
dielectric gas C3F7CN and their decay channels, J. Chem. Phys. 152 244304, 
doi.org/10.1063/5.0008897  
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The desire to understand the processes incorporating simple organic molecules, basic 
building blocks of life, in extraterrestrial conditions in many cases requires 
comprehensive knowledge of the electron-molecule interaction1. Propionaldehyde, 
one of the simplest aliphatic aldehydes, is quite abundant in space, as it has been 
detected on the comet 67P/Churymov-Gerasimenko, Murchison meteorite2 and in 
interstellar molecular clouds3. Therefore, detailed data related to the interaction of 
electrons with this molecule may be very valuable. 

In the present study we have 
measured the absolute grand-total 
cross section (TCS) for low-energy (0- 
300 eV) electron scattering on 
propionaldehyde molecule using an 
electrostatic electron spectrometer4 
operating in the linear transmission 
configuration. Calculations of the 
elastic scattering cross section (ECS) 
have been also carried out using R-
matrix method5 within static-exchange 
(SE), static-exchange with polarization 
(SEP) and SEP with applied Born 
correction6 approximations. Figure 1 shows a comparison of experimental data and 
calculation results. 

Acknowledgments: Financial support of these studies from Gdańsk University of Technology by the 
DEC-9/1/2023/IDUB/III.1a/Ra grant under the Radium Learning Through Research Programs – 
“Excellence Initiative - Research University” program is gratefully acknowledged. Numerical 
calculations have been performed at the Academic Computer Center (TASK) in Gdańsk.  

 
1 Szmytkowski, Cz. & Możejko, P. (2020). Recent total cross section measurements in electron scattering from molecules. European Physical 
Journal D 74 (5), 90. 10.1140/epjd/e2020-100646-0 
2 Jungclaus, G. A., Yuen, G.U., & Moore, C.B. (1976). Evidence for the presence of low molecular weight alcohols and carbonyl compounds in the 
Murchison meteorite. Meteoritics & Planetary Sciece 11 (3), 231-237. 10.1111/j.1945-5100.1976.tb00324.x 
3 McGuire, B. A. (2018). Census of Interstellar, Circumstellar, Extragalactic, Protoplanetary Disk, and Exoplanetary Molecules. The Astrophysical 
Journal Supplement Series 239 (2) 17. 10.3847/1538-4365/aae5d2 
4 Szmytkowski, Cz. & Możejko, P. (2001). Spectrometer for the study of electron-assisted processes. Vaccum 63 (4), 549-554. 10.1016/S0042-
207X(01)00238-X 
5 Masin, Z., Benda, J., Gorfinkiel, J.D., Harvey, A.G. & Tennyson, J. (2020). UKRmol+: A suite for modelling electronic processes in molecules 
interacting with electrons, positrons and photons using the R-matrix method. Computer Physics Communications. 249, 107092. 
10.1016/j.cpc.2019.107092 
6 Norcross, D. W. & Padial, N. T. (1982). The multipole-extracted adiabatic-nuclei approximation for electron-molecule collisions. Physical Review. 
A 25 (1), 226-238. 10.1103/PhysRevA.25.226 

Figure 1. Comparison of measured TCS and 
calculated ECSes. 
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Understanding the dissociative electron attachment (DEA) in low-temperature 
ammonia plasma is crucial for many technological applications, in particular, for 
alternative energy sources. However, theoretical modeling of this process has been 
challenging due to the complex interplay of electronic motion and multidimensional 
nuclear dynamics. The present study presents a theoretical approach to investigate 
the process, applying it to the breakup of the NH3 molecule by low-energy electrons. 
The potential energy surface of the NH3

- 5.5 eV resonant state is computed to 
elucidate the mechanism of the dissociative process. The cross section of DEA via the 
5.5 eV resonance is then calculated for both NH3 and ND3. As seen in Figure 1, the 
positions of the peaks in both cross sections and the ratio between them are in 
excellent agreement with previous experiments. Our findings suggest that the 
developed theoretical model accurately describes the DEA process and could serve 
as a useful tool for providing DEA cross sections for other molecules to model low-
temperature plasma.  

 

Figure 1. Comparison of the DEA cross sections for the NH3 and ND3 isotopologues from the present study 
(panel a), and two experiments (panels b1 and c2). The NH3 and ND3 cross sections in each panel are scaled by 
a factor such that the NH3 cross section is 1 at its maximum. The ratio σ(NH3)/ σ(ND3) of the peak values of the 

cross sections are indicated in the panels.. 

 
1 Sharp, T., and Dowell, J. (1969). Dissociative Attachment of Electrons in Ammonia and Ammonia-d3. 
J. Chem. Phys., 50 (7): 3024-3035. DOI:https://doi.org/10.1063/1.1671500 
2 Compton, R. N., Stockdale, J. A., Reinhardt, P. W. (1969). Electron-Impact Excitation and Negative-
Ion Formation in NH3 and ND3. Physical Review, 180(1): 111. DOI: 
https://doi.org/10.1103/PhysRev.180.111 
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Collisions of ballistic electrons with molecular precursors of photoresist polymers 
represent a way to explore the photoresist chemistry on the fundamental level, 
particularly for the XUV lithography, where the anion-induced scission and 
polymerization represent important mechanisms induced by secondary electrons.1 

Here we explore the attachment of low-energy electrons to methylmethacrylate a 
precursor of PMMA, one of the most common bases for photopolymers. Except for the 
dissociation dynamics of the isolated molecule, we explored also the environmental 
effects on the molecule by studying its homogeneous clusters.2 

Methylmethacrylate is an efficient electron scavenger redistributing the energy of the 
incoming electron into molecular vibrations. This effect transfers to the cluster 
environment, where the intermolecular energy transfer is very efficient in stabilizing 
the molecular anions. However, in contrast to recently studied butadiene, where the 
incoming electron is well localized on a single molecular subunit of the cluster, in the 
present case the self-scavenging and electron transfer processes drive a parent and 
fragment anion formation in a wide range of the energies of the incoming electron. 
Except for the fundamental interest from the point of view of the coupling of the 
electronic excitation and nuclear motion, the results provide an important insight into 
the behavior of MMA in a dense environment simulating the processes in photoresist. 

The work was supported by the Czech Science Foundation 
project 21-26601X and the OP JAK project CZ.02.01.01/00/22_008/0004649 – 
QUEENTEC. 

 

 

 

 

 

 
1 Sakai, W. et al. (1994). Anion Mechanism for Chain Scission of Poly(methyl methacrylate) via electron 
Transfer. Macromolecular Rapid Communications 15, 551 
https://doi.org/10.1002/marc.1994.030150616 
 
2 Luxford, T.F.M. & Fedor, J. & Kočišek, J. (2023). Electron Energy Loss Processes in Methyl 
Methacrylate: Excitation and Bond Breaking J. Phys. Chem. A 127, 2731 
https://doi.org/10.1021/acs.jpca.2c09077 
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Collisions between electrons and molecules are ubiquitous in natural and industrial 
plasmas. Therefore, understanding electron-induced processes is relevant in fields 
ranging from atmospheric and interstellar chemistry1, to mass spectrometry and 
radiation damage of biomolecules2. 

This work employs velocity-map imaging (VMI) to characterise the dynamics of gas-
phase reactions initiated by electron ionisation3. Experiments are conducted at 
electron energies in increasing steps from a molecule’s ionisation threshold. This 
energy range is particularly relevant for studying reactions initiated by secondary 
electrons, which usually have kinetic energies of up to 20 eV1. By stepping over 
thresholds for accessing different electronic states of a cation, their contribution to the 
fragmentation dynamics can be resolved. We demonstrate this approach with several 
simple halocarbon molecules, which have applications including industrial plasma 
etching4, and find evidence of an anisotropic effect dependent on molecular orientation 
relative to the incident electron beam. 

 

 

 

 

 

 

1 Mason, N.J., Nair, B., Jheeta, S. and Szymańska, E., 2014. Electron induced chemistry: a new frontier 

in astrochemistry. Faraday Discussions, 168, pp.235-247. 

2 Michael, B.D. and O'Neill, P., 2000. A sting in the tail of electron tracks. Science, 287(5458), pp.1603-

1604. 

3 Vallance, C., 2019. Multi-mass velocity-map imaging studies of photoinduced and electron-induced 

chemistry. Chemical communications, 55(45), pp.6336-6352. 

4 Kaler, S.S., Lou, Q., Donnelly, V.M. and Economou, D.J., 2016. Silicon nitride and silicon etching by 
CH3F/O2 and CH3F/CO2 plasma beams. Journal of Vacuum Science & Technology A, 34(4). 
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Several negative molecular ions have been detected in the interstellar medium CN-, 

C3N-, C5N-, C7N-, C4H-,C6H-,C8H-,C10H-. Since their discovery, for several years, there 

had been a general consensus in the community of modellers that in the interstellar 

medium (ISM) the ions are formed by the process of radiative electron attachment 

(REA). In a series of theoretical studies, we explored the REA process and the process 

inverse to it, photodetachment using ab initio methods. Cross sections and rate 

coefficients for formation of these ions by REA to the corresponding neutral radicals 

are calculated. For completeness of the theoretical approach, three pathways for the 

process have been considered: 

(i) A direct pathway, in which the electron in collision with the molecule spontaneously 

emits a photon and forms a negative ion in one of the lowest vibrational levels;  

(ii) an indirect, or two-step pathway, in which the electron is initially captured through 

non-Born-Oppenheimer coupling into a vibrationally resonant excited state of the 

anion, which then stabilizes by radiative decay; and  

(iii) a pathway via a weakly-bound dipolar state of the ion. 

The contribution of the (ii) and (iii) pathways to the formation of the anions, detected 

in the space, was found to be negligible in comparison to the direct mechanism. The 

obtained total rate coefficients of radiative electronic attachment at 30K for the 

considered ions are ranging in the interval 0.7-10x10-16 cm3/s. The validity of our 

calculations is verified by comparing the present theoretical results with data from 

recent photodetachment experiments performed in Innsbruck. 

The second part of the study is devoted to an alternative process of formation of the 

negative molecular ions in the interstellar medium: by dissociative electron 

attachment (DEA). Ab initio studies were performed for DEA to H2CN and HNCCC, 

leading to formation of CN- and C3N- in the ISM. The results will be presented at the 

workshop 
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In recent years, 2D vibrational electron energy loss spectroscopy was used 
extensively for providing more detailed insight into the nuclear dynamics on 
resonances. An important advances have been made in the entire field of molecular 
dynamics, namely by anion fragment imaging1, an experimental technique derived 
from the velocity map imaging (VMI), aided with position- and time-sensitive detectors. 

In this work2, we demonstrate how a combination of VMI with electron energy loss 
spectroscopy (EELS) in the electronic excitation range can explain a very different 
behavior of two isoelectronic linear molecules: cyanogen NCCN and cyanoacetylene 
HC3N. Among the simplest nitrogen-containing molecules, both have been identified 
as potential reactants or intermediates in the prebiotic synthesis of the building blocks 
of life. 

The dissociative electron attachment (DEA) to both NCCN and HC3N leads to 
formation of CN− anion. The DEA cross sections have very similar shapes, and both 
spectra have a dominant band peaking slightly above 5 eV, with an important 
difference of a factor of 6 larger cross section magnitude in NCCN. Moreover, NCCN 
fragments have higher kinetic energy release and a highly anisotropic angular 
distribution. In contrast, the HC3N has an isotropic angular distribution with maximum 
intensity in the center, Figure , corresponding to low kinetic energy release. 

 

Figure 1. Velocity map images of CN- anion produced upon DEA from (a) NCCN and (b) HCCCN parent 
molecules. 

 

 
1 Slaughter, D. S. et al (2016). Ion-Momentum Imaging of Dissociative Attachment of Electrons to 
Molecules. J. Phys. B 49, No. 222001. DOI 10.1088/0953-4075/49/22/222001 
2 Nag, P. et al (2024). Contrasting Dynamics in Isoelectronic Anions Formed by Electron Attachment. 
J. Phys. Chem. Lett, 15 (4), 895-902. https://doi.org/10.1021/acs.jpclett.3c03460 
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Due to its very high dielectric strength, SF6 (Sulfur hexafluride) has been used for many 
decades in power distribution industry as an insulating gas. However, it has an 
extremely high global warming potential (GWP) of 23k. GWP is a measure of how 
much heat a gas traps in the atmosphere relative to the same mass of CO2. Given the 
raised ecological awareness, this fact makes it no longer suitable for wide commercial 
use and large efforts are put into finding its replacements. Therefore, an interest in 
electron collisions with one of possible candidates C3F7CN 
(heptafluoroisobutyronitrile) is motivated by its potential use in high-voltage switchgear 
and insulation. 

In this work1, we focus on the temporary anions of C3F7CN formed under the single 
collision conditions, when one electron is interacting with maximum one target 
molecule. Using three complimentary experimental setups located in Prague, we 
analyze either the scattered electrons, thus obtaining information about the 
detachment channel, or the formed stable anions, thus obtaining information about the 
final attachment products. The experiments reveal several phenomena occurring in 
electron collisions with this gas. A number of resonances are formed in the scattering, 
which lead to vibrational excitation of the target molecule. Some vibrational excitations 
corresponding to C-C bond stretch are presented in Figure . Moreover, apart from the 
direct vibrational excitation, we observe an unspecific vibrational excitation, where the 
electron is emitted statistically after an internal vibrational distribution on the anion 
surface. At low incident energies, there is a strong emission of slow electrons with a 
statistical kinetic energy distribution, which corresponds to the thermionic emission 
from the hot transient anion. 

 

Figure 1. Electron energy loss spectra of C3F7CN obtained at 3.5eV incident electron energy. 

 
1 Ranković, M. et al (2020). Temporary anions of the dielectric gas C3F7CN and their decay channels. 
J. Chem. Phys. 152, 244304. DOI: 10.1063/5.0008897 
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Interparticle Coulombic electron capture (ICEC)1 is a novel neighbour-enabled 
electron scattering process which has seen several publications in recent years2. In 
recent ab initio studies, several resonances have been identified3. As ICEC is still a 
new area of study, the impact of these resonances is unknown but they could provide 
pathways to DEA-like processes. In this work, we present resonances which have a 
strong dependence on the inter-neighbour distance (R) and discuss their nature.  

Two ICEC processes are investigated: 
H+ • H2O + e- → H • H2O+ + e-, denoted 
ICEC-P and H • H2O+ + e- → H+ • H2O 
+ e-, denoted ICEC-W4. The effect of 
R and the position of the H(+) relative 
to the H2O(+) is investigated. Two R-
dependent resonances are identified 
and shown in Fig.1 for ICEC-W with R 
= 3 to 8 Å. Both resonances appear at 
the same energy in ICEC-P and ICEC-
W, strongly suggesting that they are 
the same. A logical assumption is that 
the dependence on R comes from a 
Coulombic interaction and therefore, 
the formation of an ion-pair. However, 
the resonance energies do not exhibit the expected ion-pair dependence on 1/R. 
Current analysis of the resonances indicates that their nature is mixed with character 
similar to ion-pair and Rydberg or shape resonances.  

 

 

 
1 Gokhberg & Cederbaum. (2010). Interatomic Coulombic Electron Capture. Phys. Rev. A., 82 (5), 
052707. DOI: 10.1103/PhysRevA.82.052707 
2 Bande, A. et al. (2023). Interatomic Coulombic Electron Capture: The Story so Far. J. Phys. B: At. 
Mol. Opt. Phys., 56 (23), 232001. DOI: 10.1088/1361-6455/ad073c 
3 Molle et al. (2021). Fano Interferences in Environment-Enabled Electron Capture. Phys. Rev. A., 103 
(1), 012808. DOI: 10.1103/PhysRevA.103.012808 
4Graves et al. Virtual Photon Exchange Versus Electron Transfer in Interparticle Coulombic Electron 
Capture. J. Chem. Phys. In review. 

Figure 1. ICEC-W cross section for several inter-neighbour 
distances, R (Å). Two R-dependent resonances are visible. 
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Due to its versatile characteristics, DNA origami structures demonstrate the capability 
to precisely position plasmonic metal nanoparticles in close proximity.These resultant 
dimeric configurations can subsequently serve as valuable tools for investigating 
plasmon-induced chemical reactions at the level of individual to few molecules. In this 
study, we employ a DNA origami nanofork as a plasmonic nanoantenna to investigate 
the dimerization process of 4-nitrothiphenol (NTP) to 4-4’-Dimercaptoazobenzene 
(DMAB) and also study hot spots dynamics with a heteromeric dimer with unlabeled 
and labeled 2-nitro-5-thiobenzoate (TNB). The dimerization reaction as well as the hot 
spot dynamic were monitored using surface-enhanced Raman spectroscopy (SERS). 
Figure 1 (a-c) illustrates the dimerization of NTP to DMAB on 60 nm silver 
nanoparticles (AgNp). Specifically, Figure 1a provides a schematic representation of 
the process, while Figure 1b presents the SERS spectrum of NTP on 60 nm AgNP. 
The corresponding time series data is shown in Figure 1c. Specific bands for DMAB 
where found at 1136 cm-1, 1394 cm-1 and at 1445 cm-1(grey shaded). However, these 
changes were transient in nature, which leads us to believe that molecular fluctuations 
occur at the surface and within the hotspot. To investigate molecular fluctuations in 
the hotspot, we created heterodimers using unlabeled TNB and 15N-labeled TNB 
functionalized 60 nm gold nanoparticles (AuNP) dimers, as shown in Figure 1d. These 
heterodimers exhibited characteristic vibrations for both components and 
demonstrated peak fluctuations in the SERS spectra (Figure 1e). 

 

 

 

 

 

 

 

 

 

Figure 2.a: schematic process of NTP dimerization of NTP to DMAB on AgNp/AuNp; b-c SERS spectra and 
corresponding time series of NTP on 60 nm AgNp; d: hetero dimer with unlabeled TNB and 15 N labeled TNB;           
e: SERS time series of hetero Dimer. 
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The halogenation of DNA enhances its response to radiation through dissociative 
electron attachment (DEA) reactions with secondary low-energy electrons, resulting in 
DNA lesions like single- and double-strand breaks, and crosslinking.1 Using DNA 
origami nanotechnology and atomic force microscopy (AFM) analysis2, we have 
quantified the effect of incorporating two different halogenated nucleosides, 2'-fluoro-
2'-deoxycytidine (2’FC) and 5-iodo-4-thio-2-deoxyuridine (ISdU), on electron-induced 
DNA single-strand breaks at energies of 0.5, 7 and 20 eV. 

As shown in figure 1a, the determined enhancement factor (EF) related to the 
fluorination of DNA at the sugar moiety due to the incorporation of 2’FC exhibits a clear 
dependence on both energy and sequence. At 20 eV, the strand break cross section 
for the strand 5’-2´FCGCC is more than double of that of the DNA strand 5’- GC2´FCC, 
suggesting that ionization processes start contributing to the observed strand-break 
cross section. Regarding the incorporation of ISdU into DNA, substituing one adenine 
(A) by ISdU exhibits a clear sensitizing effect, as shown in Figure 1b. At 7 eV, the 
determined EF is 1.3, while at 0.5 eV there is no indication of enhancement. Our 
observations are in contrast with the DEA gas-phase study with ISdU3, reporting 
dominant anionic fragmentation features at ~ 0 eV, and weaker ion yields up to 5 eV. 

 
 
 
 
 

Figure 3. Panel a: Enhancement factor (EF) at 
different electron energies – green: 
GCCC/GC2´FCC, purple: CGCC/2´FCGCC. Panel b: 
Enhancement factors (EF) due to ISdU 
incorporation at the electron energies 0.5 and 7 eV 
– (ATA)7/(ATA)3AISdU(ATA)3.

 
1 Schürmann, R., Vogel, S., Ebel, K. & Bald, I. The Physico-Chemical Basis of DNA Radiosensitization: 
Implications for Cancer Radiation Therapy. Chem. - A Eur. J. 24, 10271–10279 (2018). 
2 Ameixa, J., & Bald, I. Unraveling the Complexity of DNA Radiation Damage Using DNA 
Nanotechnology. Acc. Chem. Res., 57, 11, 1608–1619 (2024). 
3 Saqib, M., Arthur-Baidoo, E., Izadi, F., Szczyrba, A., Datta, M., Demkowicz, S., Rak, J., & Denifl, S. 
Dissociative Electron Attachment to 5-Iodo-4-thio-2′-deoxyuridine: A Potential Radiosensitizer of 
Hypoxic Cells. J. of Phys. Chem. Lett., 14(40), 8948–8955 (2023). 
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In the attempt to better understand the fundamental fragmentation processes induced 
by secondary electrons in focused electron beam induced deposition (FEBID), a 
significant number of gas phase studies on electron induce decomposition of FEBID 
precursor molecules has been conducted in the past (see e.g. refs123 and refs therein). 
These experiments have mainly been conducted under single collision condition 
where no energy dissipation is provided, while electron induced deposition takes place 
at surfaces providing an efficient energy sink. Furthermore, in FEBID the current 
density is comparatively high and, depending on the deposition rate, secondary and 
even tertiary electrons-induced reactions of the initially immobilized fragments may be 
expected.  

In the current contribution we present a gas phase dissociative electron 
attachment and dissociative ionization study of the potential Au(I) FEBID precursor 
CF3AuCNC(CH3)3

4 conducted in a crossed beam experiment under single collision 
conditions and with direct insertion probe mass spectrometry (DIP MS), where 
collisional stabilisation is provided. Both dissociative ionization (DI) and dissociative 
electron attachment (DEA) is studied, and discussed in relation to the underlying 
reactions, in context to the potential influence of collisional stabilisation, and in context 
to the deposit compositions found in previous electron induced deposition experiments 
with this compound. 

While there is significant difference between the relative fragment intensities 
observed in DI under single collision conditions as compared to these observed in DIP 
MS, under collisional stabilisation, only one and the same channel is observed in DEA 
with or without collisional stabilisation. We do not find direct correlation of the DI or 
DEA channels observed in the gas phase with the composition of deposits formed in 
the electron induced deposition process. Rather, we expect the initial fragmentation 
processes as observed in the gas phase to determine the first step deposition of 
immobilized fragments, while the final composition of the deposits is determined by 
electron induced secondary and tertiary reactions in the immobilised fragments up on 
further irradiation. 

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme 
under the Marie Skłodowska-Curie grant agreement No 722149. 

 
1 Utke I. et al. (2022). Coord. Chem. Rev., 458, 213851; https://doi.org/10.1016/j.ccr.2021.213851. 
2 Bart S. et al. (2020).J. Mater. Chem. C, 2020,8, 15884-15919; https://doi.org/10.1039/D0TC03689G. 
3 Thorman R. M. et al. (2015). Beilstein J. Nanotechnol. 2015, 6, 1904–1926; 
https://doi.org/10.3762/bjnano.6.194 
4 Kamali A., et al., (2022). Nanomaterials, 12(15), 2727; https://doi.org/10.3390/nano12152727  
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Due to their distinct dielectric properties and biocompatibility, gold nanostructures 
have high potential for fabrication of functional nanodevices. Specifically, gold has high 
potential in the fabrication of plasmonic devices. In such devices, however, the purity, 
shape and particle distribution is critical. Focused Electron Beam Induced Deposition 
(FEBID) is a direct writing method that suitable for precision fabrication of 
nanostructures of as good as any shape, and equally on flat and non-flat surfaces. 
However, to date no practically applicable FEBID precursors for gold deposition are 
available that allow for fabrication of high purity gold nanostructures. Accordingly, the 
design of high performance FEBID gold precursor molecules is highly desirable in this 
field. 

In the current contribution we present a collaborative evaluation of the 
compounds (CH3)AuP(CH3)3

1, and [(CH3)2AuCl]22
.. Specifically, we evaluate the 

fundamental electron induced dissociation processes of these potential Au(I) 
precursors, and how these are reflected in the composition and morphology of the 
respective deposits formed in FEBID. Dissociative ionization and dissociative electron 
attachment were studied under single collision conditions in the gas phase and 
quantum chemical threshold calculations were used to aid the interpretation of the 
observed fragmentation pathways. These are then compared with the composition of 
deposits that were fabricated with FEBID in an UHV chamber on different surfaces 
and at different beam currents.  

Depending on the conditions, 31-34 and, 45-61 at. % Au was achieved in the 
deposits formed with (CH3)AuP(CH3)3 and [(CH3)2AuCl]2 respectively. In both cases 
this correlates well with the gold content that would be expected if the unaltered DI 
processes, as they are observed in the gas phase under single collision conditions, 
were responsible for the deposit composition observed in FEBID. However, with 
respect to the remaining ligand elements, the deposit compositions differ significantly 
from what would be expected from the gas phase experiments – an observation that 
we attribute to electron induced secondary and tertiary reactions with immobilized 
fragments generated in the initial fragmentation process. 

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme 
under the Marie Skłodowska-Curie grant agreement No 722149. 

 
1 Kamali A., et al. (2022). Nanomaterials, 12(15), 2727; https://doi.org/10.3390/nano12152727. 
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Electron collision with molecular hydrogen is the most extensively studied process, 
particularly in low-energy regimes. However, there have been many ununderstood 
issues with various findings. For example, what is the nature of the resonance 
contributing to DEA at 10 eV? The dissociative electron attachment (DEA) at 10 eV 
and 14 eV shows a distinct vibrational structure in the cross-section, indicating 
contribution from the bound anion state via predissociation. Although the nature of the 
bound state contributing to the 10 eV peak is well understood, there is an ambiguity in 
the nature of such a bound state contributing at 14 eV. Why are these features absent 
in D2, a heavier isotopologue? What is the effect of the permanent electric dipole 
moment of HD, a heteronuclear isotopologue, on the electron attachment process, 
and how does it manifest in subsequent dynamics? How does the isotope effect 
manifest in the dipolar dissociation?  

Moreover, we have unravelled many hitherto unseen features in recent 
measurements, like quantum coherence in the DEA dynamics via the formation of 
coherent superposition of multiple resonances1. We have found that these features 
are far more prevalent in inelastic collisions and show up in non-resonant interactions, 
like dipolar dissociation2. How do these features change for the homonuclear and 
heteronuclear isotopologues?   

With a series of experiments, we have answered many of these questions3, 4, 5. We will 
present these findings and their analysis in this poster. 
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