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At the FELIX laboratory the study of peptides is 
part of the local research programme. Peptides 
are important building blocks of proteins and 
their structure in the gas phase has been 
unravelled thanks to the radiation of the FELIX 
lasers. The picture shows schematically the 
approach used in the experiment. Detailed far 
infrared spectra are recorded with FELIX and 
they constitute a fingerprint of the molecular 
structure. A comparison of these spectra with 
model calculations allows determining the 
detailed 3D structure. (Angew. Chem. Int. Ed. 
2014, 53, 3663 –3666, back cover) 
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1. Scientific results 2014 
FELIX and the FOM-focusgroep. 
The FELIX laboratory in Nijmegen is the core of the FOM focusgroup 'Free electron lasers for 
infrared experiments'. The research programme is aimed at developing the FELIX laboratory into a 
world leading research facility, to perform excellent research with the unique radiation of the (far) 
infrared free electron lasers and to provide access to external users.  
Intense pulsed infrared lasers are an important research tool in physics. The programme involves 
FOM and RU personnel that is jointly responsible to execute these tasks. This report concerns 
therefore the work of the whole laboratory.  
 
Most vibrational (phonons in solids and vibrational levels in molecules) energies, electronic states 
(intersubband and impurity energies in semiconductors and many body gaps or superconducting 
gaps in solids and magnetic excitations (magnons, Zeeman and cyclotron energies in magnetic 
fields) are in the (far) infrared range. This vast area of scientific interest is covered by the local 
groups, which concentrate on the study of the structural dynamics of complex molecules, ions and 
clusters in the gas phase, with bio molecular systems as a special class of these molecules and 
through collaborations. For instance the combination of light from the FELIX lasers with the high 
field magnets of the adjacent HFML is studied with a joint HFML/FELIX research group, while fs 
THz spectroscopy on magnetic systems is done in combination with the group of Dr. Kimel. On 
site the British research council operates a group on semiconductor physics. Through these 
associations the research programme is able to cover the most important areas.  
 
FELIX has four lasers; FEL-1, FEL-2 and FELICE, which have been moved from the FOM Institute 
Rijnhuizen to Nijmegen in 2012 and the far infrared laser FLARE that has been designed and 
constructed locally. All lasers except FELICE are now operational. Their characteristics can be seen 
from the table below.  
 

 
 
A significant scientific result is described on the cover page. Through detailed spectroscopic 
measurements in combination with novel theoretical analysis, it has been shown that detailed 
structural information on important biomolecules, like peptides can be extracted with FELIX. This 
study is particularly pioneering in the exploration of the far-infrared and THz regime for structural 
identification experiments.  
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Another significant highlight is the first set of 
experimental IR spectra of isolated gaseous 
negatively charged polyaromatic molecules. 
Polyaromatics are believed to sequester a 
substantial fraction of the interstellar carbon and to 
occur as negatively charged ions in dense clouds. 
Electronic structure calculations revealed that 
deprotonation leads to unusually large 
permanent dipole moments in these negatively 
charged species.  
 
FELIX as a research facility 
In 2014 FEL1, FEL2 and FLARE have 
become operational while resuming 
operation of FELICE is scheduled in 2015. 
The user programme with the active lasers 
has reopened fully in 2014. In 2014 420 
shifts with a total of 3115 hrs of beamtime 
have been executed as a result of 52 
accepted proposals. In total FELIX 
received 70 external visitors (other than 
the local research group) from 9 countries 
and 12 visitors from the Netherlands have 
been on site. Most visitors have been 
supported by the local staff.  
 
New developments 
In 2014 the combition of FLARE light (from 0.25 to 3 THz) with the HFML magnet has become 
fully operational. FLARE is routinely operated and starts to produce its first scientific results. The 
laser performs mostly according to the specifications with the exception of some gaps in the  
 
 
 
 
 
 
 
 
 
 
 
frequency spectrum (distributed over the whole operational range) where no lasing is obtained. 
For most swept magnetic field experiments this is a surmountable problem, but work is underway 
to resolve this problem. 
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The picture below shows a first result of the 
transmission of highly doped InSb of FIR FLARE light 
as a function of magnetic field. At zero field the 
FLARE radiation frequency is lower than the plasma 
frequency and the transmission is zero. In magnetic 
field the free electron magnetoplasma contribution of 
the refractive index passes from imaginary to real and 
the sample becomes transparent. A series of 
magnetoplasma oscillations are seen due to 
geometrical resonances in the sample slab. (Helicon 
waves and Faraday rotation).  
 
The picture, showing an accurate measurement of far-
infrared magneto transmission over a very broad 
frequency range at magnetic fields up to 33T, 
demonstrates the world-wide unique power of this 
new set-up. Presently we are extending these 
experiments with new material systems like High Tc 
superconductors, radiation induced zero resistance 
states and frustrated magnetic systems.  
 
Organisation 
In 2014 Prof. Van der Zande has left the FELIX laboratory and has accepted a new job at ASML. Dr. 
Jongma has also moved to ASML. Prof. Maan now acts as interim chair of the FELIX board and the 
procedure to find a new director is fully on its way. It is expected that before the end of the year a 
new director can be found. These personnel changes have of course had an impact but fortunately 
the remaining staff has been able to continue the work as research institute and a facility. In fact 
the number of shifts is increasing and is approaching the level from before the move to Nijmegen.  
In this process the internal organisation of FELIX and the tasks of the laboratory have been 
clarified and these changes are reflected in the slight change of the name from FELIX facility to 
FELIX laboratory. Furthermore it has become clear that the local research programme should be 
diversified in a way that local expertise should be developed for all applications of the FELIX light 
to science;iI.e. both molecular and laser physics as well as condensed matter physics. The 
collaborations mentioned previously are part of this vision. 
 
2. Added value of the programme 
Running a research facility is costly and complicated and therefore requires a programme like this 
FOM programme. A facility such as FELIX provides a great service to the international scientific 
community by offering it unique research possibilities, hardly found anywhere else in the world. 
The use of such facilities will become increasingly important for competitive research. However a 
laboratory such as FELIX should not be evaluated in the same way as a normal research group. 
The FELIX mission is scientific (research topics and publications) as well as technological 
(instrument development). Furthermore it should not only be judged exclusively on its own 
research results but also on the quality of the service it provides to the user community and the 
results generated. This more complex threefold task (unique infrastructure, service to users and 
local research) requires a programmatic approach.  
 
FELIX has an excellent scientific output (number and quality of publications), related to both the 
local research as the facility research. In fact this distinction is often not sharp because much of the 
work with guests requires a strong local involvement and is performed in collaborative projects. 
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The appointment of the new director is also aimed at strengthening and broadening the scientific 
profile of the laboratory.  
 
3. Publications 
- Large amplitude motion in cold monohydrated dihydrogen phosphate anions H2PO4-(H2O): 

infrared photodissociation spectroscopy combined with ab initio molecular dynamics 
simulations, Ling Jiang, Shou-Tian Sun, Nadja Heine, Jian-Wen Liu, Tara I. Yacovitch, 
Torsten Wende, Zhi-Feng Liu, Daniel M. Neumark and Knut R. Asmis, Physical Chemistry 
Chemical Physics, 16 (2014), 1314-1318 

- Vibrational spectra and structures of bare and Xe-tagged cationic SinOm+ clusters, 
Marco Savoca, Judith Langer, Dan J. Harding, Dennis Palagin, Karsten Reuter, Otto Dopfer and 
André Fielicke, The journal of Chemical Physics 141, 104313 (2014) 

- Structure investigation of CoxO y + (x=3–6, y=3–8) clusters by IR vibrational spectroscopy 
and DFT calculations, Chris N. van Dijk, Debesh R. Roy, André Fielicke, Theo Rasing, 
Arthur C. Reber, Shiv N. Khanna and Andrei Kirilyuk: Eur. Phys. J. D, 68 (2014), 1-10 

- IRMPD spectroscopy of metalated flavins: structure and bonding of Mq+-lumichrome 
complexes (Mq+ = Li+-Cs+, Ag+, Mg2+), A. Gunther, P. Nieto, G. Berden, J. Oomens and 
O. Dopfer, Physical Chemistry Chemical Physics 16 14161-14171 

- In-depth exploration of the photophysics of a trinuclear palladium complex, Y. Schmitt, 
K. Chevalier, F. Rupp, M. Becherer, A. Grün, A.M. Rijs, F. Walz, F. Breher, R. Diller, 
M. Gerhards, and W. Klopper, Phys.Chem.Chem.Phys. 16, 8332-8338 (2014) 

- A conformation-selective IR-UV study of the dipeptides Ac-Phe-Ser-NH2 and Ac-Phe-Cys-
NH2: probing the SHO and OHO hydrogen bond interactions, B. Yan, S. Jaeqx,  
W.J. van der Zande and A.M. Rijs, Physical Chemistry Chemical Physics 16 10770-10778 

- Multimode dynamics in a short-pulse THz free electron laser, R. Chulkov, V. Goryashko, 
D.D. Arslanov, R.T. Jongma, W.J. van der Zande and V. Zhaunerchyk, Physical Review Special 
Topics - Accelerators and Beams 17 050703 

- Dissociation Pathways of Benzylpyridinium "Thermometer" Ions Depend on the Activation 
Regime: An IRMPD Spectroscopy Study, D. Morsa, V. Gabelica, F. Rosu, J. Oomens and 
E. De Pauw, The Journal of Physical Chemistry Letters 5 3787-3791 

- Structural Identification of Gold-Doped Silicon Clusters via Far-Infrared Spectroscopy, Li, 
Yejun, Lyon, Jonathan T., Woodham, Alex P., Lievens, Peter, Fielicke, André, Janssens, Ewald, 
The Journal of Physical Chemistry C 

- Gas Phase Conformations and Energetics of Protonated 2'-Deoxyguanosine and Guanosine: 
IRMPD Action Spectroscopy and Theoretical Studies, Wu, Ranran, Yang, Bo, Berden, Giel, 
Oomens, Jos, Rodgers, Mary T., The Journal of Physical Chemistry B 

- Vibrational spectra and structures of neutral Si6X clusters (X = Be, B, C, N, O), N.X. Truong, 
M. Savoca, D.J. Harding, A. Fielicke and O. Dopfer, Physical Chemistry Chemical Physics 

- Structure Assignment, Electronic Properties, and Magnetism Quenching of Endohedrally 
Doped Neutral Silicon Clusters, SinCo (n = 10–12), Y. Li, N.M. Tam, P. Claes, A.P. Woodham, 
J.T. Lyon, V.T. Ngan, M.T. Nguyen, P. Lievens, A. Fielicke and E. Janssens, The Journal of 
Physical Chemistry A, 118, 8198-8203 

- Structure and Stability of Phenoxide and Fluorophenoxide Anions Investigated with 
Infrared Multiple-Photon Dissociation and Detachment Spectroscopy and Tandem Mass 
Spectrometry, J.D. Steill, A.L. May, S.R. Campagna, J. Oomens and R.N. Compton, The Journal 
of Physical Chemistry, A, 118, 8597-8605 

- Infrared Multiphoton Dissociation Spectroscopic Analysis of Noncovalent Interactions in 
Organocatalysis, Mareike C. Holland, Giel Berden, Jos Oomens, Anthony J.H.M. Meijer, 
Mathias Schäfer and Ryan Gilmour, European Journal of Organic Chemistry, 2014, 5675-5680 

http://dx.doi.org/10.1039/c3cp54250e
http://dx.doi.org/10.1039/c3cp54250e
http://dx.doi.org/10.1063/1.4894406
http://dx.doi.org/10.1063/1.4894406
http://dx.doir.org/10.1039/c4cp01524j
http://dx.doi.org/10.1039/c4cp00175c
http://dx.doi.org/10.1039/c4cp00810c
http://dx.doi.org/10.1103/PhysRevSTAB.17.050703
http://dx.doi.org/10.1103/PhysRevSTAB.17.050703
http://dx.doi.org/10.1021/jz501903b
http://dx.doi.org/10.1021/jp5107795
http://dx.doi.org/10.1021/jp508019a
http://dx.doi.org/10.1039/c4cp03414g
http://dx.doi.org/10.1021/jp500928t
http://dx.doi.org/10.1021/jp500928t
http://dx.doi.org/10.1021/jp503103a
http://dx.doi.org/10.1021/jp503103a
http://dx.doi.org/10.1002/ejoc.201402845
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- Probing Protonation Sites of Isolated Flavins Using IR Spectroscopy: From Lumichrome to 
the Cofactor Flavin Mononucleotide, Dr. Judith Langer, Alan Gunther, Sophie Seidenbecher, 
Dr. Giel Berden, Prof.dr. Jos Oomens and Prof.dr. Otto Dopfer, ChemPhysChem 2014, 15, 2550 
– 2562 

- Superoxide Formation on Isolated Cationic Gold Clusters, Alex P. Woodham and 
Andre Fielicke, Angew. Chem. Int. Ed. 2014, 53, 6554 –6557 

- Platinum Group Metal Clusters: From Gas-Phase Structures and Reactivities towards Model 
Catalysts, Dan J. Harding and Andre Fielicke, Chem. Eur. J. 20 (2014) 3258-3267 

- The Geometric Structure of Silver-Doped Silicon Clusters, Yejun Li, Jonathan T. Lyon,  
Alex P. Woodham, Andre Fielicke, and Ewald Janssens, ChemPhysChem 2014, 15, 328-336 

- Infrared Multiple Photon Dissociation Spectroscopy of a Gas-Phase Oxo-Molybdenum 
Complex with 1,2-Dithiolene Ligands, Michael J. Van Stipdonk, Partha Basu, Sara Dille, 
John Knight Gibson, Giel Berden and Jos Oomens, J. Phys. Chem. A, 2014, 118 (29), pp 5407–
5418 

- Photon assisted tunneling in pairs of silicon donors, K.L. Litvinenko, S.G. Pavlov, H.-W. 
Hübers, N.V. Abrosimov, C.R. Pidgeon, and B.N. Murdin, Phys. Rev. B 89, 235204 (2014) 

- IRMPD spectroscopy of metalated flavins: structure and bonding of Mq+-lumichrome 
complexes (Mq+ = Li+-Cs+, Ag+, Mg2+), Alan Guenther, Pablo Nieto, Giel Berden, Jos Oomens 
and Otto Dopfer, Phys. Chem. Chem. Phys., 2014, 16, 14161-14171 

- Laboratory Infrared Spectroscopy of Gaseous Negatively Charged Polyaromatic 
Hydrocarbons, Juehan Gao, Giel Berden, Jos Oomens, The Astrophysical Journal, 2014, 787, 
170 

- Infrared Photodissociation Spectroscopy of Microhydrated Nitrate-Nitric Acid Clusters NO3-

(HNO3)m(H2O)n, Nadja Heine, Tara I. Yacovitch, Franziska Schubert, Claudia Brieger, Daniel M. 
Neumark, and Knut R. Asmis, J. Phys. Chem. A 2014, 118, 7613−7622 

- Far-IR Spectra of Small Neutral Gold Clusters in the Gas Phase, Philipp Gruene, 
Burkhard Brutschke, Jonathan T. Lyon, David M. Rayner, and Andre Fielicke, Z. Phys. Chem. 
228 (2014) 337-350 

- Terahertz Stimulated Emission from Silicon Doped by Hydrogenlike Acceptors, S. G. Pavlov, 
N. Deßmann, V.N. Shastin, R.Kh. Zhukavin, B. Redlich, A.F.G. van der Meer, M. Mittendorff, 
S. Winnerl, N.V. Abrosimov, H. Riemann, and H.-W. Hübers, PHYSICAL REVIEW X 4, 021009 
(2014) 

- Infrared multiple-photon dissociation spectroscopy of deprotonated 6-hydroxynicotinic acid, 
van Stipdonk, Michael J., Kullman, Michael J., Berden, Giel, Oomens, Jos, Rapid Commun. 
Mass Spectrom. 2014, 28, 691-698 

- Gas-Phase Peptide Structures Unraveled by Far-IR Spectroscopy: Combining IR-UV Ion-Dip 
Experiments with Born-Oppenheimer Molecular Dynamics Simulations, Sander Jaeqx, 
Jos Oomens, Alvaro Cimas, Marie-Pierre Gaigeot and Anouk M. Rijs, Angew. Chem. Int. Ed. 
2014, 53, 3663 –3666. 

 
 
  

http://dx.doi.org/10.1002/cphc.201402146
http://dx.doi.org/10.1002/cphc.201402146
http://dx.doi.org/10.1002/anie.201402783
http://dx.doi.org/10.1002/chem.201304586
http://dx.doi.org/10.1002/cphc.201300944
http://dx.doi.org/10.1021/jp503222v
http://dx.doi.org/10.1021/jp503222v
http://dx.doi.org/10.1103/PhysRevB.89.235204
http://dx.doi.org/10.1039/C4CP01524J
http://dx.doi.org/10.1088/0004-637X/787/2/170
http://dx.doi.org/10.1088/0004-637X/787/2/170
http://dx.doi.org/10.1021/jp412222q
http://dx.doi.org/10.1515/zpch-2014-0480
http://dx.doi.org/10.1515/zpch-2014-0480
http://dx.doi.org/10.1103/PhysRevX.4.021009
http://dx.doi.org/10.1103/PhysRevX.4.021009
http://dx.doi.org/10.1002/rcm.6829
http://dx.doi.org/10.1002/rcm.6829
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Fact sheet as of 1 January 2015 

 FOM - 11.1734/3 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME  
 
 
Number 133. 
  
Title (code) Free electron lasers for infrared experiments (FELIX) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. J.C. Maan 
  
Duration 2013-2022 
  
Cost estimate M€ 9.1 
  
Concise programme description 
a. Objectives 
The objectives are: 
- to establish and operate a world-leading user facility, called FELIX facility that offers the 

international community access to very bright, infrared radiation sources, tunable over the 
spectral range from 3 µm - 1500 µm; 

- to run within FELIX a molecular physics programme focused on elucidating the structure and 
dynamics of (complex) molecules, ions and clusters in the gas phase, with applications to life 
sciences, catalysis and astrophysics; 

- to create a scientific basis for associated, advanced research groups active in various fields of 
research, such as solid state physics, soft condensed matter physics and physics in high 
magnetic fields. 

 
b. Background, relevance and implementation 
The mid- infrared region, also known as the molecular 'fingerprint' region, allows for identification 
of molecules and molecular structures by the position of the bands in their vibrational spectra. 
Towards longer wavelengths, the radiation probes structures of solids and low frequency 
collective modes in soft condensed matter including proteins, DNA, etc. At even longer 
wavelengths, THz radiation is the probe for elementary electron spin and other electron transitions 
in solids in high magnetic fields. Near 1 THz, it becomes feasible to study transport properties on 
contactless solids and devices. In spite of the recent advancement in Ti-Sapphire based table-top 
sources, FELs still remain the only sources that can provide tunable, high-brightness radiation over 
the full IR spectral range.  
In FELIX, this frequency spectrum will be covered by the combination of instruments FLARE, 
FELIX-I, FELIX-II, and FELICE. The instruments FELIX and FELICE have been designed and built 
at the FOM Institute Rijnhuizen (since 01-01-2012 FOM Institute DIFFER). FELICE distinguishes 
itself from FELIX as it permits gas-phase experiments to benefit from the much higher intensities 
present within the cavity of the laser in the optical tuning range from 2000 – 100 cm-1. FLARE, is 
financed by a grant from the NWO-BIG programme, and showed first lasing on 
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26 September 2011. FLARE covers the 100 cm-1 – 6 cm-1 part of the spectrum. An important special 
feature of FLARE is that it can not only be operated in the conventional, picosecond pulse mode, 
but that it will also produce quasi-continuous pulses of very narrow bandwidth. This mode of 
operation is directly motivated by scientific requirements related to experiments performed at high 
magnetic fields as available in the High Field Magnet Laboratory laboratory (HFML). 
Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie*) 2.760 1.263 1.153 1.139 797 565 1.450 9.127 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.760 1.263 1.153 1.139 797 565 1.450 9.127 

*) hiervan is k€ 500 in 2016 geblokkeerd 
 
 
Source documents and progress control 
a) Offer RU: FOM-10.0210 
b) Agreement for transition: FOM-10.0696/D 
c) Decision Executive Board: FOM-11.1733 
 
 
Remarks 
None. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 MG par. HOZB 
 
 
Subgebied: 100% COMOP  
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Historical overview of input en output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2013 1.0 - 3.0 0.7 857 

2014 1.0 - 2.0 - 1.040 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2014 2 26 18 - 

* After closing the financial year. 
 
 
PhD defences 
2014 
Sander Jaeqx, 8 oktober 2014, DIFFER. 
Josipa Grzetic, 26 november 2014, FOM-N-23. 

 

 
 
Patents (new/changes) 
2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-N-23 

Leader Prof.dr. W.J. van der Zande till 1/9/2014, Prof.dr. J.C. Maan from 
1/9/2014. 

Organisation Radboud University Nijmegen 
Project leaders Dr. B. Relich, Prof. J. Oomens and Dr. A.F.G. van der Meer 
Programme Free electron lasers for infrared experiments 
Project (title + number) Focusgroep FELIX (12FELIX01) 
 
FOM employees on this project 
Name  Position Start date End date 
A.F.G. van der Meer WP/V 1 January 2013 30 September 2019 
D.J. Bakker PhD 1 January 2013 31 December 2016 
J. Grzetic PhD 1 January 2013 12 September 2014 
S. Jaeqx PhD 1 January 2013 6 May 2014 
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