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Single molecule studies

�ƒ Low-energy electron (Ekin<100 eV) interaction with 
biomolecules, radiosensitizersand polymeric 
compounds

Clusters

�ƒ Rare gas clusters and/or molecular clusters

About the Inelastic Electron Scattering Group

�ƒ 3 PhD Students and one student coworker.

Research fields

The Group Motivation

B. Boudaïffaetal., (2000).

Chemical effect of radiation and low-energy electrons

SSB �¦ Single Strand Break
DSB �¦ Double Strand Break

Applications

�ƒ Radiation chemistry, astrochemistry, 
material sciences



Methods of cancer treatment

Incorporation of chemical agents
Radiosensitizers

Combination Therapy

Radiotherapy +  chemotherapy 



Dissociative Electron Attachment (DEA)

Potential Energy Diagram illustrating electron attachment 

Results in bond cleavages:
Single bond, double bond or complex 
decompositions into multiple fragments

e- + XY �\  XY-* �\  X + Y-

©B. Omarsson

neutral
fragment

fragment
anion 



Experimental Setup

Crossedelectron-molecularbeamsetup (WIPPI)

Hemispherical electron monochromator coupled to a quadrupole 
mass spectrometer in order to detect with high energy resolution 
(<100meV) the product ions upon inelastic electron interaction.



Possible topics in this year

�x Experimental work: Electron attachment to a potential anti-cancer compound (genistein).

�x Literature review work: Physical/ chemical aspects of radiation therapy and the combination with 

radiosensitizers  



Acknowledgement

Thank you for your attention! For further  information , please contact me: Stephan.Denifl@uibk.ac.at



Chemical Physics
Group of Prof. Martin Beyer

Presentation of Thesis Topics
Manuel Rainer & Sarah Madlener

10.01.2024



Two types of experiments
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Atomic Force Microscopy (AFM)
Fourier Transform Ion Cyclotron Resonance

Mass Spectrometry (FT-ICR MS)



AtomicForce Microscopy(AFM)

[1] adaptedfrom JPK handbook version 2.2 https://www.nanophys.kth.se/nanolab/afm/jpk/manuf-manuals/usermanual.4.2.pdf
[2] takenfrom https://www.spmtips.com/afm-tip-hq-nsc14-hard-al-bs22.12.2023, 22.12.2023

[2]

[1]

�‡Cantilevertip sensesover
Surface

�‡Repulsive/attractiveForces 
�W��bendingof Cantilever

�‡Detectionvia deflectionof 
laserbeam



�‡Single MoleculeForce Spectroscopy

�‡Howstrong isa CovalentBond?

�‡InvestigateReactionKinetics

�‡Quantum Chemical Simulations

�‡Makenice Pictures

�C���í�X�ï��nN

[3] M. S. Sammon, M. Biewend, P. Michael, S. Schirra, M. �K�v�����l, W. H. Binder, M. K. Beyer,Chem. Eur. J.2021,27, 8723.

[3]

�t�Z���š���Á�����u�����•�µ�Œ���Y



Experimental setups

FT-ICR 4.7 Tesla FT-ICR 9.4 Tesla



UV/VIS - OPO (192 nm �t 2600 nm)

2x Funnel 
and Skimmer

Deflector Plate

Heated
Capillary

Ion Transfer Optics

Superconducting 9.4T Magnet

Motivation �t Impact of Aerosols on Climate

[1] M.W. Christensen, et al., AtmosChemPhys, 2022, 22(1), 641.

[2] J. Heller, Infrared multiphoton dissociation of cesium iodide clusters doped with peptides. Master thesis, 2017.

[1]

[2]

[3] N.K. Bersenkowitsch, et al., Environ. Sci.: Atmos., 2023, 3(10), 1396.

[3]



Motivation �t Hydrated Metal Complexes

[1] S. Jin, et al., J. Phys. Chem. Lett, 2022, 13, 5867.

[1] 

[2] J. Heller, et al., Chem. - Eur. J., 2022, 27(66), 16367.

[3] J. Heller, Photochemistry and spectroscopy of hydrated metal ions, M+(H2O)n, M = Al and V. Dissertation, 2021 

[3]

[2]

Toward Detection of FeH+

in the Interstellar Medium

Photochemical Hydrogen Evolution
at Metal Centers



Topics for Bachelor Students

�‡Force spectroscopy of rhodium �t alkene bonds
�‡Photodissociation spectroscopy of FeOH+, a molecular ion that should be 

present in space
�‡Reactions of sodium chloride clusters
�‡Photodissociation spectroscopy of sodium nitrate clusters



Topics for Master Students

�‡Force spectroscopy of metal complexes with the fly fishing technique
�‡Photodissociation spectroscopy and photochemistry of Co(H2O)n-

�‡Reactions of hydrated sodium chloride clusters
�‡Photodissociation spectroscopy and photochemistry of salt clusters



Joint Group Hike with Computational Photophysics



Joint Group Hike with Computational Photophysics

This could 
be you!
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Computational Photophysics

Milan �K�v�����l
Institut für Ionenphysik und Angewandte Physik

10.1.2024, Bachelorarbeit-Präsentation



Verständnis durch quantenchemische Rechnungen
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�‡ CO2-Capture/Aktivierung

�‡ Atmosphärische Physik

�‡ Chemische Prozesse auf den Oberflächen

�‡ Elektronenanlagerung

�‡ Metastabile Moleküle in Helium-Tröpfchen

�‡ �Y

Phys. Chem. Chem. Phys.20, 8143-8151 (2018)
Env. Science: Atmos., 3, 1396 (2023)

Angew. Chem. Int. Ed.59, 7467-7471 (2020)
Chem. Eur. J., 29, e202203259 (2023)

Kontakt: milan.oncak@uibk.ac.at, Raum 3/5
www.uibk.ac.at/ionen-angewandte-physik/photophys/

J. Phys. Chem. C, 48, 23332 (2023) J. Phys. Chem. Lett., 12�U���ð�í�í�î�>�ð�í�í�ó���~�î�ì�î�í�•Angew. Chem. Int. Ed., 59,17177-17182 (2020)



Theoretische chemische Physik

3

IT
(Programmieren,
Datenanalyse)

Chemie
(Reaktivität, 

Spektroskopie,
Katalyse)

Physik
(Quantenphysik,

molekulare Dynamik,
Thermodynamik)

Theoretische 
chemische Physik

Kontakt: milan.oncak@uibk.ac.at, Raum 3/5
www.uibk.ac.at/ionen-angewandte-physik/photophys/



Theoretische chemische Physik

4

IT
(Programmieren,
Datenanalyse)

Chemie
(Reaktivität, 

Spektroskopie,
Katalyse)

Physik
(Quantenphysik,

molekulare Dynamik,
Thermodynamik)

Theoretische 
chemische Physik

$ZRunGauss
%nproc=14
#BLYP/6-31g* scf=xqc DensityFit opt freq

comment

2 1
O 2.512941 -1.671005 1.332481
S 2.859590 -0.958565 0.019818
O 2.861521 0.547767 0.279037
Mg 2.205838 2.247039 -0.215428
O 0.650547 3.206772 0.664220
S -0.400592 2.272419 0.137839
O 0.376747 1.611476 -1.079963
O 4.006325 -1.425428 -0.704969
O 1.477604 -1.271636 -0.761095
Mg -0.188554 -0.339209 -1.199816
O -0.959949 -1.852424 0.176473
S -2.484257 -1.491221 -0.093930
O -3.062284 -0.768880 1.102681
O -2.204566 -0.252419 -1.073976
O -0.734226 1.110248 1.053581
O -1.727298 2.831269 -0.265149
O -3.209540 -2.592617 -0.653979
Mg -2.752237 1.109989 0.457234
Mg 0.776751 -2.430077 0.826812

[Mg4(SO4)3]2+

Kontakt: milan.oncak@uibk.ac.at, Raum 3/5
www.uibk.ac.at/ionen-angewandte-physik/photophys/



Angewandte Themen

5
Kontakt: milan.oncak@uibk.ac.at, Raum 3/5
www.uibk.ac.at/ionen-angewandte-physik/photophys/

�~�c�t�]�Œ���Z�������v�����Æ�‰���Œ�]�u���v�š���o�o���������š���v�U���À���Œ�•�š���Z���v�����]���•�����i�����}���Z���v�}���Z���v�]���Z�š�^�•

�‡ Wie schwierig ist es, ein Elektron auf unreaktivenMolekülen zu fangen?
Molekularstrahl-Experimente mit Naphthalin-Clustern + O2
(mit Dr. Michal Fárník, Prag)

�‡ Phtalocyanin-Moleküle: Was macht ein Metall-Atom mit der Photochemie?
Phtalocyanin@Fe/Mg/ Ni in Helium-Tröpfchen
(mit Dr. Elisabeth Gruber, AG Scheier, Innsbruck)

�‡ Reaktivität von halogenierten Molekülen unter Ionisierung und Elektronenanlagerung
Molekularstrahl-Experimente mit CH3COCl, CF3COCl, CCl3CCOH
(mit Dr. Michal Fárník, Prag)



Explorative Themen

6
Kontakt: milan.oncak@uibk.ac.at, Raum 3/5
www.uibk.ac.at/ionen-angewandte-physik/photophys/

�~�c�t�]�Œ���Z�������v���Á���v�]�P�����Z�v�µ�v�P�U���Á���•���Ì�µ�����Œ�Á���Œ�š���v���]�•�š�U���u���v���u�µ�•�•���Œ�µ�u�‰�Œ�}���]���Œ���v�^�•

�‡ Vielversprechend, aber nicht verstanden: CO2-Aktivierung auf Indium-Oxid
Wie sieht der katalytische Prozess aus? Was sind die aktiven Stellen?
Gibt es extrem seltene, aber extrem aktive Stellen �~�c�•���Z�Á���Œ�Ì�����^���Z�Á���v���^�•�M
Wie kann man ein besseres katalytisches Material gezielt vorbereiten?
(mit CHASE Competence Center, Linz)

�‡ Iod-Uhr für Satelliten: Kann die Quantenchemie dabei helfen, diese kleiner zu machen?
Wie sensitiv reagiert I2 auf Magnetfelder? 
Gibt es weitere Übergänge, die man für die Zeitmessung nutzen könnte?
(mit SpaceTech, Deutschland)



Methoden-Entwicklung

7
Kontakt: milan.oncak@uibk.ac.at, Raum 3/5
www.uibk.ac.at/ionen-angewandte-physik/photophys/

(für die, die gern programmieren und tief in Methoden einsteigen)

�‡ Path Integral Monte Carlo: Wie beschreibt man komplizierte 
Komplexe mit Übergangsmetallen, die in verschieden elektronischen 
Zuständen koexistieren?

(Experimente: AG Beyer, Innsbruck)

�‡ Genetische Algorithmen: Die ultimative Optimierungslösung, um 
Systeme mit geeigneten Eigenschaften zu finden

H�tFe bond length (Å)

W
av

en
um

be
r 

/ c
m�

t1

5A2,
 5A1

5B1

5B2

5A1

no SO
with SO

FeH+Ar2 



FORSCHUNGSARBEITENIN DER
GRUPPEERATH-DULITZ

Katrin Erath-Dulitz

Kontakt: katrin.erath-dulitz@uibk.ac.at, Büro3/09 (3. Stock)



FORSCHUNGSINTERESSEN
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PRODUKTIONKALTERMOLEKÜLE

�ÆCHEMIENAHE0 K
STUDIUMULTRASCHNELLERCHEMISCHER

REAKTIONENIN ECHTZEIT

FERMI FEL, Triest

hv

ELI Beamlines, Prag

He*

Li

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at



3

[https:// www.psi.ch/de/swissfel/contact]

02.04.-05.04.2024 

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at

EXKURSIONINSINNEREDESFREIE-ELEKTRONEN-LASERSSWISSFEL
(EU 744952)
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Video: https://www.youtube.com/watch?v=TcCx0i-ekNI

02.04.-05.04.2024 

Swiss Light SourceSwissFEL

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at

EXKURSIONINSINNEREDESFREIE-ELEKTRONEN-LASERSSWISSFEL
(EU 744952)
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[WillitschGruppe, Basel.]

Coulomb-Kristall aus 40Ca+

ZIEL: KRISTALLEKALTERNEGATIVGELADENERIONEN�~�C���í�ì��MK) 
DURCHKÜHLUNGMITLASERSTRAHLUNG

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at



ANWENDUNGEN
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p
_

Kalter Anti-Wasserstoff
Quantencomputer

Kalte und kontrollierte Chemie

Kalte Plasmen
Chemie im Weltall

Suche nach neuer Physik

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at



DASLABOCOMO

7Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at



VERSUCHSAUFBAU
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Pump-
kammer

Gekühlte Ionenfalle

Ionen-
selektion

Ionenquelle

Ionenstrahlbeschleunigung

Ionenquelle

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at



PROJEKTTHEMEN
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Pump-
kammer

Gekühlte Ionenfalle

Ionen-
selektion

Ionenquelle

Ionenstrahlbeschleunigung

Ionenquelle

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at

Charakterisierung der 
Ionenquelle



PROJEKTTHEMEN
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Pump-
kammer

Gekühlte Ionenfalle

Ionen-
selektion

Ionenquelle

Ionenstrahlbeschleunigung

Ionenquelle

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at

Aufbau von 
Ionendetektoren



PROJEKTTHEMEN
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Pump-
kammer

Gekühlte Ionenfalle

Ionen-
selektion

Ionenquelle

Ionenstrahlbeschleunigung

Ionenquelle

Katrin Erath-Dulitz, katrin.erath-dulitz@uibk.ac.at

Aufbau eines gepulsten 
Ionendeflektors



Molecular Systems

Molecular Systems group

www.uibk.ac.at/ionen -angewandte -physik/molsyst/ 

Our research focus :
Quantum effects in the structure and interaction

of molecules and ions

December 2021



Molecular Systems

Dynamics and Spectroscopy
of Charged Molecular Systems

Ion-molecule reaction dynamics Biomolecular ions

Micro -hydration effects

Interstellar ion formation

Cold and state -controlled ions

www.uibk.ac.at/ionen -angewandte -physik/molsyst/ 



Molecular Systems

2023 Breakthrough : 
Quantum tunneling in the D- + H2 reaction

R. Wild et al. , Nature (2023)



Molecular Systems

Dynamics and Spectroscopy
of Charged Molecular Systems

Experimentelle Aufbauten

Kreuzstrahlspektrometer
für Ionen-Molekül-
Reaktionsdynamik

3 Kelvin Elektrospray-
Ionenfalle für Spektroskopie an 

Biomolekülen und Clustern

6 Kelvin Ionenfalle 
für Laborastrophysik an

interstellarer Ionen



Molecular Systems

Dynamics and Spectroscopy
of Charged Molecular Systems

Neue Entwicklung

DoMInIon

Hochauflösendes Spektrometer
für die Suche nach Quanteneffekten
in Ionen-Molekül-Reaktionen



Molecular Systems

Dynamics and Spectroscopy
of Charged Molecular Systems

Mögliche Themen für Bachelorarbeiten 2024

www.uibk.ac.at/ionen -angewandte -physik/molsyst/ 

Aufbau einer Laser-Frequenzverdopplung Bestimmung von absoluten Dichten in 
einer Tieftemperatur-Ionenfalle

Charakterisierung von hoch-sensitiven 
CCD-Kameras

Massenspektrometrie von negativen Ionen 
für die Laserspektroskopie

SHGIR

��



Molecular Systems

Dynamics and Spectroscopy
of Charged Molecular Systems

Bei Interesse, einfach melden:

roland.wester@uibk.ac.at 

Vielen Dank für die Aufmerksamkeit!

www.uibk.ac.at/ionen -angewandte -physik/molsyst/ 

Collaborations
Szeged

Heidelberg
Prag

Stockholm
Bordeaux

Orlando
Albuquerque



https://www.uibk.ac.at/ionen-angewandte-physik/nanobio/

Nano �t Bio �t Physics 

Contact:
Paul.Scheier@uibk.ac.at
E.Gruber@uibk.ac.at
Olga.Lushchikova@uibk.ac.at



Spectroscopy of cold molecular ions
�¾ Topic 1: On the search of the carriers of the diffuse interstellar bands

�‡ Spectroscopy of (C60-metal)+ complexes
�‡ Spectroscopy of PAHs

�¾ Topic 2: Messenger spectroscopy of photoactive (metal)organic molecules

�¾ Topic 3: Investigation of catalytic CO2 utilization by metal clusters

�‡ IR-spectroscopy of (M)+/--CO2



�¾ Topic 4:  Solvation shells of multiply-charged ions

�¾ Topic 5:  Structural characterization of metal clusters

Solvation of ions in helium nanodroplets



Deposition of nanoparticles on surfaces
�¾ Topic 6:  Test measurements of a novel setup
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What is plasma?

Plasma is the so-called fourth state of matter:

�ƒ Any substance that is heated to more than a few thousand degrees will become 
plasma.

o Depending on its temperature, its molecules can be excited and/or ionized as such, or 
will be dissociated and then excited and/or ionized. 

o If the material consists of atoms these will directly be excited and/or ionized. 

�ƒ Eventually a plasma will consist of positive ions, free electrons, neutrals, photons and 
possibly also of negative ions. 

�ƒ There are many types of plasmas, distinguished by their composition, density n, 
temperature T, and other parameters such as the plasma potential �) pl. 

�ƒ Plasmas are usually quasineutral, i.e. per volume unit there are almost equal numbers 
n+,�� of positive and negative charges q+,�� so that: �~�6q+n+ �� �6q–n–�~���� �6q+n+

�ƒ Any stronger deviation from quasineutrality leads to the creation of strong electric 
fields which try to re-establish quasineutrality – unless there is an external constraint. 

It is the state of matter most abundant in the universe 
(more than 99% of the visible matter of the universe are in the plasma state).
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• Plasma technology:Coating, etching, surface activation, plasma thrusters, 
welders and cutters, intensive light sources, plasma reactors for plasma chemistry 
processing and many more. 

• Medical applications of plasma:Decontamination and sterilisation of medical 
devices and tissue, treatment of biomaterials to enhance their biocompatibility, 
plasma treatment of wounds and scars, and many more. 

• Fusion research:For solving the future energy problems on the long run, 
nuclear fusion is the only realistic perspective. The most promising fusion 
confinement method is the tokamak*).

• Terrestrial plasma:Lightings, St. Elmo’s fires, upper-atmospheric lightning: 
blue jets, sprites and elves 

• Space plasma:All active stars as well as almost the entire visible interplanetary, 
interstellar and intergalacticalmatter is in the plasma state, including the mag-
netosphereand the ionosphere of the earth (e.g. auroras). 

Plasma in Nature, Laboratory 
and Applications
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We do research on: 
• Plasma diagnostics with probes and spectroscopic methods, 
• Basic plasma physics phenomena, 
• Technical applications of plasmas, 
• Fusion plasma physics

In particular: 
• Development of plasma probes (emissive probes, resilient probes, armoured 

with Ultra -Nano Crystalline Diamond [UNCD]); 
• Plasma spectroscopy;
• Localized plasma structures in various plasmas;
• Surface treatment by hollow cathode and dielectric barrier discharges 

(DBD). 
• Transport phenomena in toroidal fusion plasma experiments (tokamaks and 

stellarators).

What we do in Plasmas
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Inserting an additional positively or negatively biased electrode 
into a thin background plasma with sufficiently high 
background gas pressure will frequently lead to the creation of 
so-called Fireballs (luminous space charge structures): 

Such phenomena have, by the way, also been observed on 
space shuttles upon re-entry.

npl �#1015-1016 m��3 and p �#0,5 Pa 
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Discharge 
on a 

gridded 
Moebius 

band

Discharge in a concentric double 
cylindrical grid

Space Charge Structures
Optical investigations



IEPPGHollow cathode

10/01/2024 8

The Innsbruck hollow cathode for coating 
of  various surfaces with various materials
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Pictures of a 3�u3 �Pm2 large glass substrate coated by nickel in the Innsbruck hollow 
cathode, recorded by an atomic force microscope.
Left: Coating in 1 cm distance from the hollow cathode. 
Right: 2 cm distance. 
We clearly see that the coating becomes more regular and the grain size decreases for 
larger distance, i.e., the film becomes smoother. 
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Principle of fusion and of a tokamak: 
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Indirectly heated Electron-Emissive 
Probe from HOPG (Highly Oriented 
Pyrolytic Graphite): 

Test of the EEP in 
the Innsbruck 
plasma  chamber 
(cold Ar -plasma):
The (here uncoated) 
probe pin is heated to 
emission by heat 
conduction. 

Low electric 
resistivity

High electric 
resistivity

High heat 
conductivity

TiC
coating

The protruding part of the 
pin will be coated by TiC

after assembly.
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1. Grundlegende Eigenschaften eines DP-Maschinenplasmas 
(Double Plasma Machine) mit eigenen Messungen mit Sonden 
und/oder Spektroskopie im Innsbrucker Plasmaphysiklabor 
unter Anleitung. 

2. MedizinischeAnwendungenvon Plasmen

3. Fusion als saubere Energiequelle für die Zukunft
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