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Friday, July 22: arrival
Invited talks: 35 minutes + 5 minutes for discussion: “Hot topic” talks: 20 minutes + 5 minutes for discussion

Saturday,
July 23

Sunday
July 24

Monday
July 25

Tuesday
July 26

Wednesday
July 27

Commemoration of T. P. Martin 
and reflections on the 1987 Erice School XLIC COST Action session

Session chair: V. Kresin Session chair: A. Kirilyuk Session chair: I. Shuttleworth Session chair: L. Ma Session chair: J. Gspann
9:00-9.10 Welcome

9:00-9.40 R. Antoine 9:00-9.40 T. Zeuch 9:00-9.40 L.-S. Wang 9:00-9.40 M. Arndt
9:10-9:20 G. Benedek
9:20-10.20 G. Pacchioni 9:40-10.20 H. Hakkinen 9:40-10.20 P. Slavicek 9:40-10.20 K. Hansen 9:40-10.20 G. Gribakin

10.20-10.40 K. Hansen 10.20-10.50 break 10:20-10:45 J. Lengyel 10.20-10.50 break 10.20-10.50 break

10:40-11:10 Break 10:50-11:30 K. Bowen 10:45-11:15 break 10:50-11:30 J.-M. Rost 10:50-11:30 X.-J. Liu

11:10-11:50 W. de Heer 11:30-12.10 T. Azuma 11:15-11:40 J. Bakker 11:30-12:10 F. Lepine 11:30-12:10 F. Stienkemeier

11:50-12:30 B. von Issendorff
12:10-16:00

Lunch, 
free time

11:40-12:00 G. Benedek
(History of Erice)

12:10-16:00
Lunch, 

free time 12:10-16:00
Lunch, 

free time12:30-16:00 Lunch, 
free time

12:00 Lunch

departure 14:00

Excursion and 
excursion dinner

Session chair: G. Seifert

16.00-19:00 Posters

Session chair: M. Nakamura Session chair: M. Farnik
16:00-16.40 K. A. Jackson 16:00-16.40 M. Pederson 16:00-16:45 V. Kresin
16.40-17.05 E. Krotschek 16:40-17:05 R. Delaunay 16:40-17:05 L. Kranabetter
17:05-17:35 break 17:05-17:35 break 17:05-17:35 break
17:35-18:15 L. Schweikhard 17:35-18:15 J. Fedor 17:35-18:15 A. Mauracher
18:15-18:40 E. Roduner 18:15-18:40 M. Kuhn 18:15-18:40 D. Merthe

Dinner Dinner Dinner 19:30 Banquet (informal)

Thursday, July 28: departure



Nature and Consequences of Electron Localization or 
Delocalization in Oxide Nanoparticles

Gianfranco Pacchioni
Dipartimento di Scienza dei Materiali, Universitd di Milcmo-Bicocca, via Cozzi, 53 - 20125 Milano, Italy

The properties of oxide nanostructures largely depend on the presence of holes, electrons, electron-hole 
pairs, etc. The localized or delocalized nature of the excess electrons and their mobility are crucial for 
the understanding of the optical, magnetic, photo-chemical, and transport properties of these systems. 
Particularly challenging is the characterization and identification of the nature of excess electrons in 
oxide nanoparticles.

We will introduce the problem by discussing the consequences of electron localization or delocalization 
in phenomena like photo-catalysis by titania nanoparticles. We will address the question of how to 
identify excess electrons by combining electron spin resonance experiments with density functional 
theory calculations. We will address the formation of small and large polarons and the role of 
low-coordinated sites at the surface of nanoparticles for electron localization. Finally, we will discuss 
under which conditions localized electrons in oxide nanostructures can result in magnetic interactions 
and eventually in magnetic ordering.
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Two state cluster ferromagnetism 
and the evolution of itinerant bulk ferromagnetism

Lei Ma1, John Indergaard2, Walt A. de Heer1’2

(1) Tianjin University, Tianjin, China
(2) Georgia Tech, Atlanta, GA, USA

Molecular beam Stern-Gerlach deflection technique has been an indispensible tool 
to interrogate cluster ferromagnetism. Little has changed in the basic measurement 
methods since the early 1990’s when the first measurements were made on Fe, Co 
and Ni clusters [1]. Since then, significant technological advances have been made so 
that these measurements can be made from cryogenic temperatures up to 1000 K. 
Improved laser vaporization cluster sources, high-resolution position-sensitive 
mass spectrometry, coupled with F2 excimer pulsed-laser photo-ionization have 
significantly improved the quality of the data. With these improvements surprising 
new effects have come to light. In particular, we have found that the 3D metal 
clusters of Cr, Mn, Fe, Co and Ni exhibit two magnetic states for all sizes. Fe, Co and 
Ni exhibit a high magnetic moment at low temperature (the magnetic ground state). 
As the temperature is increased a second, low magnetic moment peak emerges (the 
magnetic excited state). For these clusters, the average magnetic moment 
approaches that of the bulk as the cluster size increases. This contrasts with the 
original observations, at lower spatial resolution, for which a single, broad 
deflection peak was observed. Since its deflection corresponds to the average of the 
two peaks that are observed in the recent high-resolution measurements, the 
evolution of the magnetic moment from the atom to the bulk was properly 
measured in the earlier measurements [1]. However, the physics is clearly different 
than previously assumed. Moreover, Cr and Mn, that are antiferromagnetic in the 
bulk, also exhibit two peaks, however the low moment corresponds the low 
temperature ground state, and the high moment to the excited state. In this case the 
per-atom magnetic moments of both states diminish with increasing size. These 
observations suggest that the evolution to the bulk involves these two states that 
have an energy gap that vanishes with increasing size. In this way, molecular 
magnetism evolves into itinerant magnetism.

In this talk, I will review these results, and, time permitting, also address some 
intriguing recent results on the electric and magnetic deflections of Cu, Ag, and Au 
clusters.

[1] Magnetism from the Atom to the Bulk in Iron, Cobalt and Nickel clusters, I. Billas, 
A. Chatelain, W. A. de Heer, Science 265,1682, (1994)
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Photoelectron spectroscopy of simple and 

not so simple metal clusters

Bemd v. Issendorff
Physics Institute, University of Freiburg, 79104 Freiburg, Gennany

Simple metal clusters like alkaline or noble metal clusters exhibit an electron shell structure, the 
discretized electron density of states resulting from the boundary conditions tire cluster surface constitutes 
for the free electron gas. In close to spherical clusters the electrons consequently occupy wavefunctions 
which are approximately angular momentum eigenfunctions, as can be nicely demonstrated by angle 
resolved photoelectron spectroscopy [1]. Nevertheless there is a significant interaction between the ionic 
structure of the cluster and the delocalized electrons, which lifts the degeneracy of the angular momentum 
eigenstates. The resulting patterns in the electronic density of states reflect the symmetry of the cluster, and 
therefore can be used as a very sensitive tool to detennine their geometrical structure.

A much more profound interaction between the ionic structure the electronic system can be found in 
divalent metal clusters. These clusters exhibit a nonmetal-to-metal transition as a function of size: while 
small clusters exhibit a bandgap as could be expected for semiconductors, larger clusters exhibit an electron 
shell structure similar to that of simple metal clusters [2-4]

A combined experimental/theoretical study recently demonstrated, however, that the structure of 
divalent clusters (namely zinc clusters) is much more complex. Zinc clusters in the size range of a few ten 
atoms fonn atomic shell like structure, where the electrons are delocalized within the atomic shells, but not 
between them. This leads to exotic geometries structures like core and shell structures with different 
symmetries. Consequently medium sized zinc clusters could rather be seen as representatives of layered 
2D-metals than of homogenous 3D-metals.

References
[1] C. Bartels, C. Hock, J. Huwer, R. Kuhnen, J. Schwobel, B. von Issendorff, Science 323, 1323 (2009)
[2] R. Busani, M. Folkers, O. Cheslmovsky, P/nw. Rev. Lett. 81, 3836-3839 (1998)
[3] O. Thomas, W. Zheng, S. Xu, K. Bowen, Rhys. Rev. Lett. 89, 213403 (2002)
[4] B. von Issendorff, O. Cheslmovsky, ,4hhh. Rev Rhys. Chem. 56, 549-580 (2005)
[5] A. Aguado, A. Vega, A. Lebon, B. v.IssendorffHMgeu’nwrffe Chemie Int. Ed. 54, 2111 (2015)
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Polarizability and Metallicity in Silicon Clusters

Koblar Jackson
Department of Physics, Central Michigan University, Mt. Pleasant, MI 48859, USA

The electric dipole polarizability is an experimentally accessible measure of the response of a cluster 
to an applied electric field. It can also be accurately calculated within density functional theory (DFT) 
and such calculations can give insight into the physical significance of observed data. Our computational 
approach decomposes the total polarizability into site-specific contributions from individual atoms (or 
groups of atoms) in a cluster. This provides a direct look at effects such as electrostatic screening - or to 
what extent charge transfers at the cluster surface shield the interior from the effects of an external field. 
The approach also allows an additional partitioning into charge transfer and local dipole polarizability that 
further enhances its interpretive power. We have used this methodology to study trends in a variety of 
molecules and clusters. [1-3] In this talk we will compare and contrast cluster size trends in the 
polarizability of metal (NaN, A1N, MgN, etc), semiconductor (SiN), and insulator (Nad, KC1) clusters. We 
will describe how shape and surface-related effects are manifested in the size evolution of the polarizability 
and how the per-atom polarizability approaches the corresponding bulk value. Silicon is a particularly 
interesting case. We will present the results of new calculations of the polarizabilities of SiN and show 
that they are in excellent agreement with values obtained in recent experiments. [4] We will show that the 
cluster-size trends and the site-specific analysis present a consistent picture of metallic behavior at small 
and intennediate sizes in these clusters.

References:
[1] R. Zope, S. Bhusal, T. Baruah and K. A. Jackson, “Site specific atomic polarizabilities in endohedral fullerenes and 

carbon onions, " J. Chem. Phys. 143, 084306 (2015).

[2] J. E. Peralta, V. Barone, and K. A. Jackson, “Site-specific polarizabilities from analytic linear response theory,” Chem. 

Phys. Lett. 608, 24 (2014).

[3] L. Ma, K. A. Jackson, M. Yang, J. Jellinek, and M. Horoi, “Investigating the metallic behavior of Na clusters using site 

specific polarizabilities,” P/ivs. Re\>. B 89, 035429 (2014).

[4] D.A. Gotz, S. Heiles, and R. Schafer, “Polarizabilities of SiN (N = 8-75) clusters from molecular beam electric deflection 

experiments,” Pm-. Phys. J. D 66,293 (2012).

Invited talks -- 4



Trapped polyanionic clusters

Lutz Schweikhard
Institute of Physics, Emst-Moritz-Amdt University, 

Felix-Hausdorff-Str. 6, D-17489 Greifswald, Gennany

Storage of ions gives access to a large variety of studies of cluster reactions with various interactions particles 
(Fig. 1) [1], In particular, the Penning-trap setup ClusterTrap (Fig. 2) has been extended over the years for 
studies of the production and properties of poly-anionic metal clusters [2,3], The singly charged anionic 
clusters can pick up further electrons when exposed to an "electron bath” [4,5], Thus, provided the clusters 
are large enough, (meta-)stable polyanions can be fonned. The necessary cluster sizes depend on the charge 
states as well as on the cluster material.

atoms
molecules

electrons
photons

(clusters)
(Ions)

dissociation 
(evaporation, fission)
ionization
recombination 
electron anachment
adsorption
radiative cooling
(fusion)

Fig.l Interaction partners and 
corresponding reactions of stored 

cluster ions (from ref. 1).

Fig-2 Schematic overview of the ClusterTrap setup

Upon photoexcitation the clusters (re-)emit an excess electron or decay by neutral atom evaporation. The 
behavior depends, again, on the cluster size. In addition, it seems that in some cases a simultaneous emission 
of two excess electrons may occur [6]. And very recently, strong indications for a further decay pathway have 
been found: Some photoexcited dianionic metal clusters seem to undergo fission, i.e. they decay into two 
smaller singly charged anionic clusters.

The presentation will review cluster-ion trapping and describe the formation of polyanionic clusters by 
electron attachment in Penning and Paul traps. The decay behavior of various metal clusters will be described. 
If time allows, alternative production and storage techniques for polyanionic clusters will be touched upon.

References
[1] L. Schweikhard, S. Kriickeberg, K. Ltitzenkirchen, C. Walther, The Mainz Cluster Trap: Ion storage techniques at work in 

atomic cluster research, Eur. Phvs. J. D 9. 15 (1999~).
[2] F. Martinez, G. Marx, L. Schweikhard, A. Vass, F. Ziegler, The new ClusterTrap setup, Eur. Phvs. J. D 63. 255 (2011').
[3] F. Martinez, S. Bandelow, C. Breitenfeldt, G. Marx, L. Schweikhard, A. Vass, F. Wienholtz, Upgrades at ClusterTrap and 

Latest Results, Int. J. Mass Spectrom. 365-366.266 (2014').
[4] A. Herlert, S. Kriickeberg, L. Schweikhard, M. Vogel, C. Walther, First Observation of Doubly Charged Negative Gold 

Cluster Ions, Phvsica Scripta T80. 200 (1999~).
[5] C. Yamiouleas, U. Landman, A. Herlert, L. Schweikhard, Multiply Charged Metal Cluster Anions, Phvs. Rev. Lett. 86. 

2996 (2001).
161 A. Herlert, L. Schweikhard, Two-electron emission after photoexcitation of metal-cluster dianions. New J. Phvs. 14. 

055015 (2012'!.

Invited talks -- 5



Ligand-protected gold and silver nanoclusters: 
Towards a new class of nonlinear optics nanomaterials

Rodolphe Antoine

Institut Lumiere Matiere
UMR5306 CNRS - Universite Claude Bernard Lyon 1, France 

Email: rodolphe. antoine@,univ-lvon 1 .fr

Atomic clusters of metals are an emerging class of extremely interesting materials occupying 
the intermediate size regime between atoms and nanoparticles. Nonlinear optical (NLO) 
characteristics of atomically precise clusters of gold and silver revealed remarkable features. 
The two-photon absorption cross section of protected noble metal nanoclusters is several 
orders of magnitude larger than that of commercially-available dyes. However, the 
fundamental photophysical mechanisms underlying those two-photon processes in ligand 
protected clusters with few metal atoms are not fully understood yet.

Theoretical models to explain the experimental observations will be introduced and the 
possibility to deduce the key ingredients to propose new classes of nanoclusters with large 
NLO efficiency will be discussed. Additional case studies, on silver and gold liganded 
clusters will be presented to emphasize their NLO properties making them promising 
candidates for various imaging techniques such as fluorescence microscopy or Second- 
Harmonic Generation microscopy.

References:
1. Sanader, Z.; Krstic, M.; Russier-Antoine, I.; Bertorelle, F.; Dugourd, P.; Brevet, P.-F.; Antoine, R.; Bonacic- 
Koutecky, V. Two-photon absorption of ligand-protected Agl5 nanoclusters. Towards a new class of nonlinear 
optics nanomaterials. Physical Chemistry Chemical Physics 2016,18,12404-12408.
2. Russier-Antoine, I.; Bertorelle, F.; Hamouda, R.; Rayane, D.; Dugourd, P.; Sanader, Z.; Bonacic-Koutecky, V.; 
Brevet, P.-F.; Antoine, R. Tuning Ag29 nanocluster light emission from red to blue with one and two-photon 
excitation. Nanoscale 2016, 8 (5), 2892-2898.
3. Russier-Antoine, I.; Bertorelle, F.; Vojkovic, M.; Rayane, D.; Salmon, E.; Jonin, C; Dugourd, P.; Antoine, R.; 
Brevet, P.-F. Non-linear optical properties of gold quantum clusters. The smaller the better. Nanoscale 2014, 6, 
13572-13578.

Invited talks -- 6



DEAMN16 Erice, Sicily, 7/2016

HOW MANY GOLD ATOMS MAKE GOLD METAL ?

Hannu Hakkinen
Physics / Chemistry, Nanoscience Center, University of Jyvaskyla, 40014 Jyvaskyla, Finland 
hannu.hakkinen@jyu.fi

A major challenge in nanoscience concerns understanding behavior of systems when 
their size increases from a few atoms towards bulk. The properties of small molecules 
and bulk matter are well understood while nanoclusters and small particles present 
significant challenge to uncover their size-dependent properties. Nanometer-scale, 
ligand-stabilized gold clusters have emerged in recent years as a novel form of 
nanoscale matter with potential applications in molecular electronics, optics, sensing, 
drug delivery and biolabeling. Tremendous advances have been achieved in 
discovering their structures due to contributions from synthetic work, X-ray 
crystallography and density functional theory computations. This talk discusses recent 
progress in understanding the development of their “metallicity” as a function of the 
increasing size.
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Dipole Bound Anions, Quadrupole Bound Anions, and Double
Rydberg Anions

Sandra Ciborowski1, Gaoxiang Liu1, and Kit Bowen1
'Department of Chemistry, Johns Hopkins University, Baltimore, MD 21218, USA

In this talk, we will present the anion photoelectron spectra of several newly discovered dipole bound 
anions, quadrupole bound anions, and a double Rydberg anion, all delocalized electron systems. Two 
different formation mechanisms were used to fonn the dipole bound anions, i.e., nozzle-ion and Rydberg 
electron transfer. The quadrupole bound anions were made by Rydberg electron transfer, and the double 
Rydberg anion was made via laser vaporization. The capabilities of our new Rydberg Electron 
Transfer-Photoelectron Spectrometer will be illustrated and discussed.
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Recurrent fluorescence:
fast cooling mechanism of clusters and molecules

12 2 2 3*3 4T. Azuma ' , T. Furukawa , H. Tanuma , J. Matsumoto , H. Shiromam , and K. Hansen 
'Atomic, Molecular and Optical Physics Lab., RIKEN, Japan 

department of Physics, Tokyo Metropolitan University, Japan 
^Department of Chemistry, Tokyo Metropolitan University, Japan 

department of Physics, Gothenburg University, Sweden

Our group has been studying dynamics of negatively-charged small carbon cluster ions (Cn) stored in 
an electrostatic ion storage ring. This type of the storage rings is suitable for observing their slow 
dynamical behavior in the long timescale. We have focused our attention to the energy relaxation process 
of hot ions prepared by visible laser irradiation. For polyatomic molecules, internal conversion (IC) is a 
common phenomenon, by which electronic excitation energy is dissipated into the vibrational modes in the 
time scale on picosecond timescales, and vibrational radiative cooling by IR photon emission follows. 
Radiative stabilization is important particularly for anions with their low activation energies for electron 
loss, and for small clusters with their small heat capacities.

We recently found new efficient radiative stabilization mechanism referred to as recurrent 
fluorescence (RF). The reversed process of IC, i.e. the inverse internal conversion (IIC) is followed by 
visible photon emission from low-lying electronic excited states. We experimentally obtained evidence of 
RF's contribution to the cooling process for C6" [1] and C4" [2] from the fast decay time of the neutral yield 
resulting from electron detachment. We elucidated the contribution of such electronic radiative cooling 
especially to the C4" ions with internal energy far below the detachment threshold by a novel approach, 
observing the laser-wavelength and storage-time dependences of the total yield of the photo-induced 
neutrals. In addition, very recently, we have succeeded in direct detection of visible RF photons emitted 
from the thermally populated electronic excited state of C6" [3], Clear evidence is provided to distinguish 
RF from normal fluorescence, based on the temporal profile of detected photons synchronized with the 
revolution of C6" in the ring, for which the timescale is far longer than the lifetime of the intact 
photo-excited state.

The energy relaxation process is heavily affected by the existence of the available low-lying electronic 
excited state. This finding is particularly important from the viewpoint of astrochemistry, because the 
presence of the IIC and RF will have a significant influence on the abundance of small carbon cluster 
anions and related species in the diffuse interstellar clouds in space.

References
[1] G. Ito, T. Furukawa, Ft. Tanuma, J. Matsumoto, Ft. Shiromaru, T. Majima, M. Goto, T. Azuma, and K. Hansen, “Cooling 

Dynamics of Photoexcited C6" and C6H" ’^Phys. Rev. Lett. 112, 183001(2014).
[2] N. Kono, T. Furukawa, H. Tanuma, J. Matsumoto, H. Shiromaru, T. Azuma, K. Najafian, M. S. Pettersson, B. Dynefors, 

K. Hansen, “Inverse internal conversion in C4" below the electron detachment threshold”, Phys. Chem. Chem. Phys. 17, 
24732(2015).

[3] Y. Ebara, T. Furukawa, J. Matsumoto, H. Tanuma, T. Azuma, H. Shiromaru, and K. Hansen, “Detection of thermally 
activated fluorescence photons”, submitted.
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Sodium doped water clusters: From solvated electrons to the
smallest ice crystals

Christoph W. Dierking1, Florian Zurheide1, Daniel Becker1, Udo Buck2, Thomas Zeuch1 
'Universitat Gottingen, Institut fur Physikalische Chemie, Tammannstr. 6, 37077 Gottingen, Gennany 

2Max-Planck- Institut fur Dynamik und Selbstorganisation, Am Fassberg 17, 37077 Gottingen, Gennany

The interaction of a sodium atom with clusters containing 5 to 10 water molecules reduces its ionization 
energy from 5.14 eV to values around 3 eV. This observation has been interpreted as the fonnation of a 
fully solvated electron in surprisingly small water clusters [1]. The corresponding solvation of the 
positively polarized Na atom results in similar Na centered local structures for neutral and cationic clusters 
fully suppressing fragmentation upon photoionization [2], The photoionization spectrum of Na(H20)n 
clusters is very broad for n>15 with the first ion signals appearing around 2.7 eV and signal saturation at 
around 4.1 eV. Most of the clusters have ionization energies above 3.4 eV indicating a high fraction of 
clusters, in which the sodium atom and its 3 s electron are not solvated. Heating of the clusters by IR 
absorption of the OH stretch oscillators enhances sodium solvation and solvated electron fonnation 
increasing the ion yield when photoionization is perfonned near the appearance ionization energy [2], The 
combination of all these properties enables a size-selective IR action spectroscopy with neutral water 
clusters providing an IR spectrum of the structure sensitive OH stretching region for each size of the 
distribution in a single IR laser scan. With this method the structural transition from amorphous to 
crystalline water clusters containing 100 to 500 water molecules was for the first time traced with precise 
size control [3], Very recently we explored the dependence of the ion signal on the delay time between IR 
and UV laser pulse. This analysis revealed IR frequency specific components of the signal with different 
time scales. There are a) "fast” (<5 ns) and b) "slow” (20 - 200 ns) positive and c) "slow” (x~45 ns) 
negative components. For cluster sizes in which crystalline structures are present the time dimension of the 
ion signal allowed an isomer distinction between a surprisingly large fraction of vaporizable amorphous 
clusters with a pronounced negative signal component peaking around their absorption maximum of 
3400 cm"1 and rigid crystalline clusters without negative signal component at their absorption maximum 
around 3200 cm"1. The analysis further revealed that largely crystalline water clusters without amorphous 
sub-surfaces are already present at the critical size for the onset of crystallization (n = ca. 200 in this 
experiment). These highly rigid clusters are discriminated by their slow positive signal component 
indicating delayed sodium solvation. Both, the high fraction of amorphous clusters and the absence of 
clusters with small crystalline cores suggest that water clusters feature a broad temperature band in which 
very rigid, highly crystalline and vaporizable liquid-like clusters are the two dominating minima in the free 
energy landscape [4], Due to the time scale of cooling in our experiment crystallization can only occur in 
the upper range of this temperature band in which the equilibrium is dominated by liquid-like clusters.

References
[1] I. V. Hertel, C. Htiglin, C. Nitsch, C. P. Schulz “Photoionization of Na(NH3)n and Na(H20)n Clusters: A Step Towards 
tlie Liquid Phase? ” Phys. Rev. Lett. ”67,1767 (1991).
[2] T. Zeuch, U. Buck, “Sodimn doped hydrogen bonded clusters: Solvated electrons and size selection,” Chem. Phvs. Lett. 

579, 1 (2013).
[3] C. C. Pradzynski, R. M. Forck, T. Zeuch, P. Slavicek, U. Buck, “A Fully Size-Resolved Perspective on the Crystallization 

of Water Clusters,” Science 337,1529 (2012).
[4] R. S. Berry, J. Jellinek, G. Natanson, “Melting of clusters and melting,” PM's. Rev. A 30, 919 (1984).
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Structure and Dynamics of Hydrated Electron 
Computational Perspective

1 • 2 12Jakub Med , Stanislav Pafez , and Petr Slavicek ~
'Department of Physical Chemistry, University of Chemistry and Technology, Technicka 5, Prague, 128 00,

Czech Republic
2Jaroslav Heyrovsky Institute of Physical Chemistry, Academy of Sciences of the Czech Republic, 

Dolejskova 3, Prague 8, 180 00, Czech Republic

Hydrated electron remains to be one of the most enigmatic species in chemistry; on the one hand, it is 
the simplest chemical species, even simpler than hydrogen atom. On the other hand, it owes its existence to 
the solvation which complicates the theoretical description. Even now, the degree of delocalization of the 
species remains controversial.

In my talk, I will focus on the fonnation and reactivity of a hydrated electron in or on finite-size 
particles as results from quantum-chemical and molecular dynamics calculations. In the first part, I will 
deal with solvated electrons fonned upon deposition of alkali metals (sodimn in particular) on water 
clusters. Here, an ion pair of the Na • • •(e )h2o type is fonned and the properties of these clusters depend 
both on the position of the sodimn ion and on the structure of the hydrated electron. [1,2] The question of 
isomerism and its control will be discussed. I will also focus on the process of fonnation of these systems 
within the pick up procedure, describing the energy transfer and gradual fonnation of different isomers of a 
solvated electron. The fonnation of a solvated electron on clusters composed of other polar molecule will 
be briefly discussed.

Tagging of molecular clusters with a hydrated electron became recently a viable way for sizing 
molecular clusters and even its characterization via IR spectroscopy. [3] I will discuss the foundations of the 
approach and also its limitation. In this context, I will pay attention to the reactivity of a hydrated electron 
on the surface of molecular clusters. I will discuss properties of anionic water clusters as they appear from 
the molecular simulations.

In the last part of my presentation, I will discuss the transition from finite-size molecular clusters to a 
hydrated electron in bulk water. In particular, I will discuss structure and reactivity of a hydrated electron in 
liquid water.

The work was supported by Czech Science Foundation, grant numbers 14-08937S and and 15-12386S.

References
[1] R. M. Forck, I. Dauster, Y. Schieweck, T. Zeuch, U. Buck, M. Oncak, and R Slavicek, “Observation of two classes of 

isomers ofhydrated electrons in sodium-water clusters,” J. Chem.Phys, 132,221102 (2010).
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Electron Delocalization in Size-Selected Boron Clusters:
From Planar Structures to Borophenes and Borospherenes

Lai-Sheng Wang
Department of Chemistry, Brown University, Providence, RI02912, USA

Photoelectron spectroscopy in combination with computational chemistry over the past 
decade has shown that boron clusters possess planar or quasi-planar structures [1-3], in 
contrast to that of bulk boron, which is dominated by three-dimensional building blocks. All 
planar or quasi-planar boron clusters are observed to consist of a monocyclic circumference 
with one or more interior atoms. The propensity for planarity has been found to be a result of 
both a and n electron delocalization over the molecular plane, giving rise to concepts of a and n 
double aromaticity.

Because of its electron deficiency, boron cannot form graphene-like 
structures with a honeycomb hexagonal framework. Computational studies 
suggested that extended boron sheets with partially filled hexagonal holes are 
stable. We have found that B36 is a highly stable planar boron cluster with a 
central hexagonal hole (Fig. 1). This finding provided the first indirect 
experimental evidence that single-atom layer boron-sheets with hexagonal 
vacancies, which we named “borophene” [4], are potentially viable. We further 
found that the 635“ cluster also possesses a hexagonal structure with two Fig. 1. The b36 cluster, 

adjacent hexagonal holes and can be a more flexible motif for borophenes 
with different atomic arrangements [5], More interestingly, our 
photoelectron spectroscopic studies revealed that the B40” cluster 
consisted of two nearly degenerate isomers competing for the global 
minimum: a quasi-planar isomer with two hexagonal holes and an 
unprecedented cage isomer (Fig. 2). In the neutral, the B40 cage is 
overwhelmingly the global minimum, which is the first all-boron fullerene to 
be observed and is named “borospherene” [6], Further studies showed 
that the B39” cluster consisted of two nearly degenerate chiral cage 
structures [7], suggesting the possibility of a family of borospherenes.
Finally, I will also discuss our recent progress to investigate transition 
metal doped boron clusters [8] and the possibility for metallo-borophenes [9], It will be shown 
that electron delocalization plays critical roles in the structures and chemical bonding of both 
bare and doped boron clusters.
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and L. S. Wang), Nature Mater. 2, 827-833 (2003).
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Chem. 6, 727-731 (2014).
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Y. Zhang, H. S. Hu, H. Bai, H. R. Li, W. J. Tian, H. G. Lu, H. J. Zhai, S. D. Li, J. Li, and L. S. Wang), ACS 
Nano 9, 754-760 (2015).
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Single Photon Hot Electron Ionisation of Molecules

Klavs Hansen
Tianjin International Center of Nanoparticles and Nanosystems, Tianjin University, P.R.China

and
Department of Physics, University of Gothenburg, Sweden

One photon molecular ionization is conventionally understood as emission of an electron in state- 
to-state processes, involving only a few and well defined electronic states. In contrast, multiphoton 
ionization may proceed via several different mechanisms, such as above threshold ionization, field 
ionization and thennionic emission. In addition, electrons can be emitted in a quasi-thennal process 
where the electronic degrees of freedom act as a thermal subsystem which is heated by e.g. laser 
pulses while the vibrational motion remains cold for a good fraction of a picosecond [1].

This mechanism has been shown to be responsible for the ionization of a number of large poly­
cyclic aromatic hydrocarbons exposed to light with photon energy far below the ionization energy 
[2]. The ionization requires a laser pulse of duration on the order of the electron-vibration coupling 
time or shorter, to avoid the premature dissipation of excitation energy into the vibrational motion.

We have recently shown that CY,o also ionizes with this mechanism after absorption of a single 
photon [3], The measurements were perfonned at the ELETTRA Synchrotron Light Source in Tri­
este (Italy) with photons of energies between 13.5 and 60 eV The primary experimental evidence is 
a persistent and strong component of low kinetic energy electrons in the photoelectron spectra. The 
electron momenta are spherically distributed with no remaining sign of the light polarization and can 
be described with a Boltzmann factor with a temperature of 1-2 eV, or 1-2 • 104 K. Additionally, the 
threshold and channel (viz. single and double C2 loss from C60) for subsequent fragmentation of the 
produced cation agrees quantitatively with the previously measured thermal behavior. The presence 
of this type of ionization for photon energies above 30 eV which reach beyond the valence band 
requires that the photon creates a particle-hole state with at least two particles and two holes.

The observation of this process expands the picture of light-matter interaction with a fundamen­
tally new type of ionization process. It will be of special and iimnediate importance in astrophysics, 
e.g. by providing a novel mechanism for producing low energy electrons in the dense interstellar 
medium close to nascent stars.
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From illumination with midinfrared to x-ray pulses: 
The changing role of the nanoplasma 

in clusters and large molecules.

Jan Michael Rost
Max Planck Institute for the Physics of Complex Systems, Dresden

Clusters of atoms or molecules are an ideal target to probe the interaction of high density matter with 
light of high (energy) density, available from lab-based laser sources for long and facility 
free-electron-laser sources for short wavelengths.

Although initial photon coupling to the bound electrons as well as subsequent energy absorption from 
the laser pulse differs dependent on the wavelength of the pulse and its duration, a universal feature is the 
fonnation of a transient electronic nano-plasma. We will discuss its role which differs for IR, VUV and 
X-ray pulses. In the latter case, proton ejection occurs for hydrogen-rich molecules [1]. Consequences for 
the nanoplasma will be illustrated for hydride clusters as well as a large molecule, lysozyme..
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Attosecond and femtosecond XUV induced dynamics in carbon 
based large molecules using electron momentum spectroscopy

Franck Lepine
CNRS, Institut Lumiere matiere (Lyon, France) 

franck.lepine@univ-lyonl.fr

Short XUV pulses provide new means to interrogate matter on ultrafast timescale with 
femtosecond and even attosecond accuracy. With the improvement of this technology, 
experiments that were so far limited to atomic-like targets are becoming accessible for 
investigating increasingly large and complex isolated species using pump-probe schemes [1], We 
present investigations of XUV induced processes in carbon based molecules, such as polycyclic 
aromatic hydrocarbons (PAH) and fullerenes using time-resolved electron momentum 
spectroscopy. Following XUV excitation, both independent electrons and Born-Oppenheimer 
approximations are broken which determines the evolution of the molecule. We have 
investigated scattering phases in the photoemission process using attosecond interferometry, and 
how electron correlation determines the photoemission delay on the attosecond timescale. 
Following the electron ejection, coherent charge dynamics can be produced [2] and vanishes 
through electro-nuclear couplings that are measured on few tens of fs [3], This offers new 
opportunities to investigate matter on nanometric scale, especially relevant for a large number of 
interaction electrons.
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Photoelectron spectrum as a function of the XIIV-IR delay, the Fourier transformation of the 
signal indicates periodic attosecond oscillations of the electron signal from which scattering 
phase and photoemission delay can be extracted (example: PAH).
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Lowdin Orthonormalized Fermi Orbitals for 
Self-Interaction-Corrected Density-Functional Approximations

with Unitary Invariance

Mark R Pederson1 and Der-you Kao2

1 Department of Chemistry, Johns Hopkins University, Baltimore, Maryland 21218, USA 
2 Department of Physics, Central Michigan University, Mt. Pleasant MI 48859, USA

This talk will introduce a new formulation [1] for removing self-interaction errors that are present 
in most approximate density functionals and present recent applications using this method. Specific focus 
will be on the localization-delocalization transition in simple systems containing transition metals. The 
formulation relies on a new procedure for constructing a set of localized orbitals that are unitarily 
equivalent to the Kohn-Sham occupied orbitals, but are detennined from N optimized quasi-classical 
electronic positions and the one-electron density-matrices. This allows one to modify the original 
formulation of the Perdew-Zunger self-interaction corrected density-functional approach so that the 
resulting expression for the total energy is explicitly unitarily invariant and size extensive. Derivatives of 
the total energy associated with the quasi-classical “electronic geometry” are calculated and the localizing 
unitary transfonnation is determined in a manner that is entirely analogous to optimization of the atomic 
geometries from Hellmann-Feymnan forces in molecules and solids [2], Recent benchmark applications, 
within the PW92 local density approximation, will be presented. In small molecules we find that 
atomization energies are significantly improved especially for cases where pi-bonding is important [1]. In 
atoms [2] and intennediate-size molecules [3,4] we find that the underestimate of the Kohn-Sham orbital 
energies, relative to ionization energies, is corrected. In molecules containing under-coordinated 
transition-metal ions, which may be of interest to catalysis, we find that this version of SIC predicts larger 
spin moments than LDA and GGA and that this appears to be in accord with experiment [5],
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Influence of elementary aggregation on electron-induced
molecular fragmentation

Jaroslav Kocisek, Jozef Lengyel, Andriy Pysanenko, Michal Farnik and Juraj Fedor

J. Heyrovsky Institute of Physical Chemistry, Czech Academy of Sciences, Dolejskova 3, 182 23 Prague 8,
Czech Republic

Electron-molecule collisions often efficiently cause cleavage of chemical bonds even at collision 
energies that are lower than electronically exited states of the neutral molecule. Such reactions proceed via 
dissociative electron attachment (DEA): fonnation of a temporary anion state (resonance) that can be 
repulsive and lead to the molecular fragmentation. This process drives chemical changes in environments 
with high abundance of low-energy electrons, typically originating from a secondary electron avalanche 
generated by radiation passing the matter. Probing such bond-breaking reactions both in the gas phase and 
in various types of clusters enables to unravel the effects of elementary environment on the triggered 
chemical changes. In this contribution we show, that these effects can be dramatic and that a caution has to 
be taken when extending the gas-phase knowledge to processes occurring in bulk.

I will discuss two distinct topics. In the first part, I will focus on experiments with iron pentacarbonyl, 
Fe(CO)5, a common precursor molecule used in the electron-induced deposition (FEBID). It is commonly 
accepted that the deposition process in FEBID is driven by secondary and back-scattered electrons whose 
distribution peaks well below 10 eV. The gas-phase experiments show that the molecular decomposition via 
DEA proceeds at very low electron energies (< 1 eV). We have perfonned experiments with two different 
types of clusters: (i) pure Fe(CO)5 clusters and (ii) Fe(CO)5 clusters deposited on argon nanoparticles with 
the size of several hundreds of atoms. The presence of environment completely suppresses the low-energy 
features and pronounced bands appear in the 5-15 eV energy range [1]. We attribute this change to electron 
self-scavenging: a two-center excitation/attachment process which drives the synthesis of complex anions 
of mixed Fe/CO composition.

In the second part, I will describe the changes in DEA to uracil and thymine that occur upon adding 
several water molecules to these nucleobases. Our novel approach allows for a significant control over the 
hydration of target molecules in the beam. While for isolated nucleobases the DEA efficiently causes the 
N-H bond cleavage, the presence of aheady few water molecules around both uracil and thymine prevents 
their fragmentation and stable molecular (and hydrated) anions are fonned instead.

Acknowledgments: Czech Science Foundation grants Nos.: 14-14082S, 14-08937S, 15-12386S and 
16-10995Y.
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Matter-wave interferometry with 
nanoparticles and biomolecules

Markus Arndt1
'University of Vienna, Faculty of Physics, VCQ, A-1090 Vienna, Austria

I will report on two perspectives of quantum delocalization of electrons in atomic and molecular 
nanoclusters. First, we are exploring the quantum wave nature of atoms, (bio)molecules, organic and ligand- 
stabilized nanoclusters, where each particle can be delocalized as an intact object, even though it may be 
composed of several hundred atoms and several thousand electrons.

Second, while de Broglie diffraction and interferometry is primarily about the quantum wave description 
of the center of mass motion of massive objects, the translational motion is also affected by the internal 
molecular dynamics in the presence of external fields. This, in turn, depends on delocalization of electrons 
inside the molecule or cluster.

I will present different matter-wave interferometers and discuss, how they allow to assess internal 
molecular properties from measuring de Broglie wave fringe shifts in external fields.

Our work in the Quantum Nanophysics Group at the University of Vienna profits from a close 
collaboration with the teams of Marcel Mayor/University of Basel, Ori Cheshnovsky/Tel Aviv University, 
Klaus Homberger/University of Duisburg-Essen and Bemd von IssendorffTFreiburg.

Fig.l Gallery of interferometer arrangements and molecules that can elucidate the delocalization of botli the molecule as an 
intact massive particle and of the electrons inside the cluster or molecule.
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Quantum chaos in excited electronic states 
of heavy open-shell atoms and ions

Gleb Gribakin
School of Mathematics and Physics, Queen's Univesity Belfast, Belfast BT7 INN, UK

In heavy open-shell atoms, such as lanthanides, several valence electrons can occupy a number of 
orbitals (4f, 6s, 5d, 6p) that lie in close proximity. This gives rise to a dense spectrum of 
multiconfigurational electronic states. The degree of configuration mixing in these systems is so high that 
the behaviour of the system can be described as many-body quantum chaos. In this regime, the 
many-electron eigenstates become chaotic, nearly random superpositions of very large numbers of 
configurational basis states. The eigenstates largely lose their individual features, electron orbital 
occupation numbers differ strongly from integers, and the only quantum numbers that can be used to 
classify the eigenstates are the exact ones, i.e., the total angular momentum, parity and energy (see the 
detailed study of Ce [1], as an example).

Direct, brute-force computation of the properties (e.g., energy eigenvalues or transition amplitudes) for 
many-body quantum-chaotic systems becomes increasingly difficult, effectively impossible, because of the 
extreme sensitivity of these quantities to any small perturbation, such as trancation of the basis or some 
higher-order corrections. In many cases the sheer size of the Hamiltonian matrix in these systes is so large 
that its diagonalisation becomes prohibitively expensive. On the other hand, the strong level mixing and 
quantum chaos allows one to develop a statistical theory [2] which can be used to calculate mean-squared 
values of transition amplitudes between chaotic eigenstates in terms of underlying one- and two-electron 
matrix elements [3,4],

A most spectacular manifestation of this physics is orders-of-magnitude enhancement of electron 
recombination with heavy multicharged ions, such as Au25+, U28+ or tungsten ions, such as W20+. It 
occurs due to extremely dense spectra of electronic excitations in these ions [5], which leads to effective 
trapping of the incident electron by the target ion. Besides its fundamental interest, strongly enhanced 
electron recombination rates can be critical for the feasibility of nuclear fusion. Tungsten is the material of 
choice for the plasma-facing components of the TOKAMAK reactors, such as ITER, which also makes it a 
major contaminant of the fusion plasma. High electron recombination rates can lead to plasma cooling or 
even instability. Direct calculations of the recombination rates for many tungsten ions are simply 
impossible because of the complexity of the system, while the statistical theory based of the 
quantum-chaotic nature of the eigenstates provides, reliable estimates and explains experimental findings
[6,7].
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Short wavelength radiation-matter interaction: a playground for fundamental
phenomena

X.-J Liuabl, Q. Miaocd, F. Gel’mukhanovct, M. Patanen8, O. Travnikovaae, C. Nicolas8, H. Agrenc, K.
Uedaf and C. Miron8®2

a Synclirotron SOLEIL, Saint Aubin BP48, 91192 Gif-sur-Yvette Cedex, France ; b School of Physics, Beihang Univer­
sity, 100191, Beijing, China;c School of Biotechnology, Royal Institute of Technology, S-10691 Stockholm, Sweden; 
dShandong University of Science and Technology, 266590, Shandong, China;e CNRS, Sorbonne Universites, UPMC 
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Synopsis The essence of Einstein-Bohr’s debate about wave-particle duality was whether the momentum trans­
fer between a particle and a recoiling slit could mark the path, thus destroying the interference. We realized this 
recoiling double-slit gedanken experiment by resonant X-ray photoemission from molecular oxygen. For geome­
tries near equilibrium (coupled slits), the recoil momentum is shared by two O atoms and the interference is ob­
served. While in a dissociative state far away from equilibrium (decoupled slits), the recoil momentum transfer is 
localized on one O atom and the interference is quenched.

Double-slit experiments not only illustrate 
the fundamental wave-particle duality, but also 
founded the X-ray diffraction method. Einstein- 
Bohr recoiling double-slit gedanken experiment 
[1,2] reveals one of the most intriguing devia­
tions from classical concepts. In a double-slit 
experiment one can infer that achieving infor­
mation about the particle path via momentum 
transfer erases the interference pattern charac­
teristic of the wave behavior [3], However, 
when using macroscopic slits, momentum trans­
fer from the particle to the slit is too small to be 
measured. For this reason, coherence and deco­
herence in double slit experiments have also 
been studied using ultra-light atomic slits.

Our experiment, based on resonant X-ray 
ionization of the 02 molecule (Fig. 1) using 
synchrotron radiation and a state-of-the-art co­
incidence set-up, offers the possibility to distin­
guish the momenta imparted to each of the two 
slits materialized by identical atomic sites: dur­
ing the X-ray-induced ultrafast dissociation, the 
symmetry is broken owing to a site-specific 
momentum exchange between the ejected elec­
tron and the dissociating molecule.

We demonstrate the occurrence of symmetry 
breaking in the dissociating 02+ cation by a di­
rect measurement of the momenta of co- and 
counter-propagating 0+ ions with respect to the 
ejected electron momentum. Which-path infor­
mation (WPI) about the recoiling atomic slit is 
thus revealed, and the interference fringes are 
washed out through the measurement of the op­
posite Doppler shifts of two paths—the ‘left’

and ‘right’ dissociating oxygen ions.
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Figure 1. By both experiment and theory, the inter­
ference patterns show up when 02 molecular geome­
try near equilibrium (upper part), while they disap­
pear when 02 dissociate far away from equilibri- 
um(lower part).

We thus provide a consistent experimental proof 
and corresponding theoretical support showing a 
Doppler marker eliminates the interference pattern, 
in full agreement with Bohr's complementary prin­
ciple [4],
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Superradiance, singlet fission and triplet annihilation processes of 
organic molecules attached to rare gas clusters.

Frank Stienkemeier
Physikalisches Institut, Universitat Freiburg, 79104 Freiburg, Gennany 

<stienkemeier@uni-freiburg. de>

Charge and excitation transfer and corresponding decay and loss mechanism are the key aspects to be 
understood in connection with the function of light harvesting, organic photovoltaics and optoelectronic 
devices. In our studies we probe aggregates of organic molecules fonned and isolated on rare gas clusters in 
order to understand collective processes of electronically excited systems. Supenadiance is a collective 
effect where all excited states simultaneously emit radiation. This can lead to a reduced effective lifetime 
and an enhancement in the radiative intensity, which has been observed in a variety of interacting systems 
such as hot dense gases, films and Bose-Einstein-Condensates. We observed a new supenadiative system 
where large immobile chromophores (e.g. antracene, tetracene, pentacene, PTCDA) attached to rare gas 
clusters exhibit characteristic lifetime shortening. Such complexes are ideally suited to probe the role of e.g. 
the number and the intennolecular distance of interacting systems. Furthennore, we observe at the same 
systems singlet fission and triplet annihilation processes, depending on the substance and the aggregate 
properties. Results are discussed in the context of the spectroscopy and collective effects of the complexes 
and decay mechanism of the aggregates.
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Evidence for pairing at J>100 K in size-selected nanoclusters

Avik Haider1'2, Vitaly Kresin1
'Dept, of Physics and Astronomy, University of Southern California,

Los Angeles, CA 90089-0484, USA 
2Materials Science Division, Argonne National Laboratory 

9700 S. Cass Avenue, Argomre, IL 60439

The electronic shell levels of metal nanoclusters are highly degenerate and therefore represent sharp peaks in 
the density of states. This may enable exceptionally strong electron pairing in certam clusters composed of 
just tens to hundreds of atoms.

A photoionization spectroscopy study of size-resolved free aluminum nanoclusters, Aln, has revealed a novel 
phenomenon: a rapid rise in the near-threshold density of states of several specific clusters with decreasing 
temperature. The characteristics of this behavior are fully consistent with a pairing transition, implying a 
high-temperature superconducting state with TcA 100 K [1,2].. This value exceeds that of bulk aluminum 
by two orders of magnitude, and can be plausibly raised even higher.

The results highlight the potential of novel pairing effects in size-quantized systems and the promise of bare 
and ligand-decorated metal nanoclusters as high-Tc building blocks for materials and networks.

References
1. A. Haider, A. Liang, and V. V .Kresin, ‘A novel feature in aluminum cluster photoionization spectra and possibility of

electron pairing at T>100K,”Nano Letters 15,1410 (2015).
2. A. Haider and V. V. Kresin, “Spectroscopy of metal superatom nanoclusters and high-Tc superconducting pairing,” Phys.

Rev. B 92, 214506 (2015).
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Charge transfer reactions in helium droplets 
Theory and experiment

Andreas Mauracher. Stefan E. Huber, and Paul Scheier 
Institut fur lonenphysik und Angewandte Physik, Leopold-Franzens-Universitat Innsbruck, 

TechnikerstraBe 25/3, A-6020 Innsbruck, Austria

Helium droplets provide experimental means to investigate atoms and molecules at very low 
temperature. Helium droplets have an equilibrium temperature of 0.37 K and most atoms and molecules are 
picked up and transferred to the centre of a helium droplet upon collision which leads to rapid cooling of 
the dopant. With decreasing temperature, the number of quantum states with significant occupation 
probabilities decreases substantially. In addition, working at low temperature makes it possible to form 
chemical species which would be unstable at room temperature.

An important issue in mass spectrometric investigations of doped helium droplets is the process of 
charge transfer upon electron impact. In case of electron energies above 24.6 eV, i.e. the ionization energy 
of helium, resonant charge hopping from the surface of the helium droplet towards the dopant takes place. 
In case the charge gets close to the dopant within a certain amount of steps it will ionize the dopant, 
otherwise He: will be formed [1]. For electron energies below 24.6 eV an electron bubble is formed inside 
large enough helium droplets which can move towards the dopant and eventually interact with it. However, 
for electron energies around 22 eV it was experimentally shown that atomic and molecular helium anions 
can be formed [2], In this presentation we discuss the formation of these anionic species on gromid of 
quantum chemical calculations and discuss their implications for charge transfer processes within helium 
droplets [3,4], We will show that both single and double charge transfer reactions from the atomic helium 
anion to embedded molecules in helium droplets can occur [5],

He’ + e -> He'
foreign molecule

Fig.l Properties of atomic and molecular helium anions in helium droplets.
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Metallic Clusters: New Computational Methods 

and Applications to Pure and Embedded Alkali Clusters

Eckhard Krotscheck

Department of Physics, University at Buffalo SUNY, Buffalo NY 14260 USA

The first part of this presentation describes a public domain package for DFT calculations of 
metallic clusters. The computational algorithms are formulated entirely in coordmate space and therefore 
make no assumptions on the electronic structure. New high-order real-space methods for solving the Kohn- 
Sham equations and carrying out the density update are rapidly converging and highly parallel. A specific 
fonn of discretization pennits calculations in homogeneous magnetic fields without being plagued by the 
notorious gauge-origin problem.

In the second part we describe the application of our method for calculating the ionic structure of 
Mg and Na clusters up to N=30 as well as a few Mg calculations up to N=120. We then use the annealed 
configurations for computing the structures properties of small 4He droplets and examine the sensitivity of 
the properties of the 4He droplets on the cluster structure and the cluster-helium interaction.
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[1] E. R. Etemandez, S. Janecek, M. Kaczmarski, and E. Krotscheck: “Evolution-operator method for density functional 
theory,” Phys. Rev. B 75, 075108 (2007).
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[3] S. Janecek and E. Krotscheck and M. Liebrecht and R. Wahl: “Structure of Mg„ and Mg+„ clusters up to n = 30,” Eur. 
Phys. J. D63, 377 (2011).
[4] E. Krotscheck and M. Liebrecht: “A full implementation of the response iteration scheme for density functional 
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Magnetic Properties and the Superatom Character 

of 13-Atom Platinum Nanoclusters

Emil Roduner12
1 Institute of Physical Chemistry, University of Stuttgart 

Pfaffenwaldring 55, D-70569 Stuttgart, Germany 
2 Chemistry Department, University of Pretoria 

Pretoria, 0002, Republic of South Africa

13-Atom platinum nanoclusters have been synthesized quantitatively in the pores 
of the zeolites NaY and KL. They reveal highly interesting magnetic properties 
like high spin states and super-diamagnetism, depending heavily on the loading of 
chemisorbed hydrogen.1-2 Also EPR active spin-1/1 states are observed. All these 
magnetic properties are understood best if one considers the near-spherical 
clusters as analogs of transition metal atoms with low-spin and high-spin states, 
and with delocalized electrons in molecular orbitals which have a similar structure 
as atomic orbitals. These clusters are therefore called superatoms, and it is their 
analogy with normal atoms which is in the focus of the presentation.

Fig. 1: Ring currents giving rise to diamagnetism on atoms and to super-diamagnetism on superatoms
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Exchange, Chemical Reactivity, and Magnetism of Platinum Nanoclusters in KL Zeolite”, J. Phvs. Chem. B, 117, 22732 
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Reactions of hydrated electrons with CF2CI2 and HNO3 related to
atmospheric chemistry

Jozef Lengyel. Christian van der Linde and Martin K. Beyer

Institut fur lonenphysik und Angewandte Physik, Leopold-Franzens-Universitat Innsbruck, 
TechnikerstraBe 25, 6020 Imisbruck, Austria. E-mail: iozef.lengvekgiuibk.ac.at

In the present work, we report a systematic study on the reaction mechanism between hydrated 
electrons (FLO),, (n < 86) and atmospherically related molecules, such as CF2CL and HNO3, using Fourier 
transfonn ion cyclotron resonance (FT-ICR) mass spectrometry. We observed that fully thennalized 
hydrated electrons are able to induce bond cleavage in these molecules. While collisions with CF2CL result 
in the fonnation of (FLOLCl (Fig.l left), a more complex mechanism was observed for HN03 (Fig.l 
right). This yields (FLOLOH and (H20),„N03 , with secondary reactions of (FLOLOH generating 
(H20),„N03 . Multiple collisions of (FLOLNCL cluster ions with HNO3 lead to (HNCLLNCL fonnation as 
a final product ion.

Applying nanocalorimetry, we extract the reaction enthalpy from the experimental data. Both reactions 
are efficient and very exothennic. Nanocalorimetry combined with condensed phase literature 
thennochemistry yields thennochemical data that is consistent with published values, as well as our own 
quantum chemical calculations. All these arguments together are consistent with the interpretation that 
these molecules undergoes dissociative electron attachment in condensed aqueous environments, if 
thennalized hydrated electrons are present. Whether or not this mechanism is actually relevant for 
ahnospheric chemistry on ice particles is to be discussed.

— 0,13

Fig.l Kinetic analysis of the reaction of CF2CI2 (left) and HN03 (right) with hydrated electrons.
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Probing the electron-phonon coupling in clusters through 
resonant vibrational excitation

1* 2 *2 2 ••2Joost M. Bakker , Valeriy Chernyy , Jeroen Jalink , Remko Logeman and A. Kirilyuk
1 Radboud University, Institute for Molecules and Materials, FELIX Laboratory, Toemooiveld 7c, 6525 ED

Nijmegen, the Netherlands
2Radboud University, Institute for Molecules and Materials, Heyendaalseweg 135, 6525 AJ Nijmegen, the

Netherlands

Atomic clusters uniquely bridge the gap between the discrete electronic levels of atoms and the correlated 
band structure of bulk matter. As a well-defined and fully controllable system free from outer influences, 
gas phase clusters provide an excellent opportunity to explore such fundamental properties of matter as the 
electron-phonon coupling, responsible for important physical phenomena like superconductivity, polarons 
and the acoustoelectric effect. We study the e-ph interaction by exciting the nuclear coordinates of a cluster 
with an IR laser and register the response in the electronic system above the Fenni level, with UV 
photoionization. We here present the electronic response from metal and metal carbide clusters on pure 
vibrational excitation and discuss the feasibility for ps-domain time-resolved experiments, revealing a 
real-time view of the energy flow from a selectively excited vibration to the electrons.
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Ion-induced molecular growth inside of carbonaceous clusters

R. Delaunay1, M. Gatchell2, A Domaracka1, A. Mika1, K. Kulyk2, L. Adoui1,

H. Zettergren2, H. Cederquist2, B.A. Huber1 and P. Rousseau1

'Normandie Universite, CIMAP - UMR6252 CEA/CNRS/ENSICAEN/UNICAEN, boulevard Henri 
Becquerel, BPS 133, F-14070 Caen cedex 5, France

department of Physics, Stockholm University, AlbaNova University Center, S-10691 Stockholm, Sweden

An atomic ionic projectile interacts both with the electronic cloud and the nuclei of atoms 
constituting matter. The relative importance of these processes strongly depends on the projectile mass 
and velocity. The nuclear energy loss which stems from elastic collisions is higher for heavier and 
slower projectiles. In this case of binary collisions, the transfer of momentum to the nuclei is prompt 
and localized. This could open specific non-statistical fragmentation pathways as already observed in 
collisions with C60 clusters [1] or Polycyclic Aromatic Hydrocarbon (PAH) molecules [2],

Time-of-flight mass spectrometry experiments were realized at the low-energy ion beam 
facility ARIBE in GANIL (Caen, France). Besides the standard fragmentation of molecular clusters 
due to ion collisions, the results show that non-statistical fragmentation channels lead to the formation 
of highly reactive species. The latter promptly react with neighboring molecules before the cluster 
dissociates (ps timescale). Thus, a distribution of growth products is observed (see figure 1) showing 
that intra-cluster reactivity can initiate a growth mechanism inside of molecular clusters. The 
formation of a rich molecular growth have been observed in clusters of C60 and pyrene [3,4], More 
specifically, the intra-cluster growth mechanism can also lead to a hydrogenation of the PAH 
molecule. The role of the nitrogen substitution on the hydrogenation will be discussed comparing 
clusters of anthracene [Ci4H10]k, acridine [Ci3H9N]k and phenazine [Ci2H8N2]k-

1000000
— 12keVAr+ + (ClsHii>)o

~ 100000

1000^

m/z (a.m.u.)

Fig.l Mass spectrum of 12 keV Ar+ ion collisions with pyrene clusters [C16H10]k.
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Phase transition of fullerene cations solvated in He nanodroplets

M. Kuhn. M. Renzler, J. Postler, S. Raiser, S. Spieler, M. Simpson, M.K. Beyer, R. Wester, A. 
Lindinger1, J. Cami2, A.G.G.M. Helens3, H. Linnartz3 and P. Scheier

Institut fur lonenphysik und Angewandte Physik, Universitat Innsbruck, Austria 
1 Institut fur Experimentalphysik, Freie Universitat Berlin, Gennany 

2 Department of Physics and Astronomy, The University of Western Ontario, Canada 
3 Leiden Observatory, Leiden University, Netherlands

The measurements of Campell,et al.1 confinned C60+ as the carrier of two diffuse interstellar bands by 
photofragmentation of complexes of C60+ and He atoms. Here we confinn independently the position of 
these absorption lines and extend the measurements to C’eu Hcrl (2<n<ioo> hi this range we investigate an 
atomically resolved solid-to-liquid phase transition of physisorbed helium atoms on fullerene ions. In our 
case we use, instead of a radio frequency ion trap, helium nanodroplets to fonn the C60He complexes2. We 
excite the helium covered fullerenes after ionization with a nanow linewidth tuneable ring laser (fig.l). 
This results in fragmentation of He near the respective resonance frequencies (fig.2) which is measured as a 
signal loss of the conesponding ion via mass spectrometry utilizing a high-resolution reflectron time-of 
flight mass spectrometer system. We observe a remarkably linear redshift of 0.07 mil / He up to C’eu Hc;,: 
where all faces of C60 are occupied with one He atom2 (fig.3). The addition of more He atoms leads to the 
loss of He attached to the pentagonal faces and results in a pronounced blueshift. Neglecting power 
broadening we can perfonn fast scans through large frequency ranges searching for unknown resonances of 
fullerene containing ionic complexes that might be of relevance in the interstellar medium. 
Acknowledgement: This work was supported by the FWF projects 1978 and P26635

Number of attached He atoms n

Fig.l: Experimental Setup.
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Fig-2 : Hole-burning at 965 and 965.65 nm
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Fig-3 : Center positions for the absorption of 
C60+E[en around 958 nm and 963 nm
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Fission of multiply-charged alkali clusters in helium droplets

Michael Renzler1, Martina Hamisch1, Matthias Daxner1, Lorenz Kranabetter1. Martin Kuhn1,
Paul Scheier1 and Olof Echt2

'Institut fur lonphysik und Angewandte Physik, University of Innsbruck, A-6020 Innsbruck, Austria 
department of Physics, University of New Hampshire, Durham, New Hampshire, 03824, USA

Superfluid helium nanodroplets are doped with sodium,
potassium or cesium and then ionized via electron
bombardment. This process can yield doubly- and, for
cesium, triply-charged cluster cations as has been
measured with a high resolution time of flight mass
spectrometer. The smallest observable doubly-charged
clusters are Na92+, Kn2+ and Cs92+. These clusters are a
factor two to three smaller compared to ions produced
via photoionization of conventionally fonned clusters,
i.e., gas aggregation or supersonic expansion1' 2|. For
sodium and potassium the presently obtained smallest
cluster sizes approach the calculated Rayleigh limit nray,

where the fission barrier vanishes. Therefore the
fissilities of these cluster ions are close to X=l. Cs92+ is
even smaller then nray, which implies that their fissilities
have been significantly overestimated. Triply-charged
cesium cluster ions as small as Csi93+ are observed
which also pushes the lower limit of observed cluster
sizes. According to Huber and coworkcrs1' the

5 ib 15 20 25 30 35 40 formation of multiply-charged clusters near fissilities of
Size n

X = 1 is limited by the initial temperature of the cluster. 
Cluster abundances for a) Na b) Cs and c) Therefor we propose, that the enhanced production of
small multiply-charged alkali cluster can be attributed to special ionization processes and the ultra-cold 
helium matrix environment. In this model the small neutral alkali clusters reside on the surface14 " of the 
droplet and are ionized via Penning ionization. Afterwards the singly-charged clusters will submerge into the 
droplet where they are Penning ionized once more via collisions with He* or He*" which are fonned by a 
second electron hitting the doped He droplet. Effective cooling by the sunounding He matrix is essential to 
suppress Coulomb explosion.
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Electrostatic Deflection of Doped Helium Nanodroplets

Daniel J. Merthe. Vitaly V. Kresin

Department of Physics and Astronomy, University of Southern California,
Los Angeles, CA 90089-0484, USA

Controlling the orientation and dynamics of polar molecules has been the goal of many recent 
experiments! 11. Helium nanodroplets offer a very cold (0.37 K), superfluid and inert environment^], 
which enhances the average response of polar molecules to external electric fields. This property may be 
exploited to orient single molecules, influence molecular assembly and enhance chemical reactivity. As a 
preliminary demonstration, we show that helium nanodroplets containing single molecules with pennanent 
electric dipole moments can be deflected by a modest static electric field. Electrodes in the Rabbi 
"two-wire” configuration establish the deflecting field. We demonstrate the deflection of nanodroplets with 
~104 helium atoms and containing cesium iodide, water, dimethylsulfoxide, fonnamide or histidine. We 
obtained deflections of up to 0.5 mm. This technique can be used to sort helium nanodroplets by size or 
measure pennanent electric dipole moments that elude other methods.

Acknowledgment: Work supported by the U.S. National Science Foundation under grant CHE-1213410. 
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Spectroscopy of Na(H20)„-clusters containing solvated electrons

C. W. Dierking1. F. Zurheide1, S. Wolff1, D. Becker1, and T. Zeuch1
'institut fur physikalische Chemie, Georg-August-Universitat, Tainmannstr. 6, 37077 Gottingen, GER

Singly sodium doped water clusters show a significant decrease in the binding energy of the sodium 
excess electron which has been linked to the fonnation of solvated electrons [1-3], The photoionization 
spectrum Na(H20)„-clusters shows an interesting size dependence featuring two isomer classes with different 
appearance ionization energies (alE) of 2.8eV for clusters with n > 10-15'1 and 3.2 eV for n > 4.'2 Ah initio 
molecular dynamics simulations showed that the isomer class with an alE of 2.8 eV results from clusters 
where sodium atom and solvated electron exhibit solvent separated ion pair properties. This work aims at 
size-selectively detennining the ionization energy at which the ion signal is saturated in order to better 
understand the Na - (H20)„ interaction and thus deduce the mechanism of an action-spectroscopy approach 
[4,5] exploiting sodium solvation upon vibrational excitation of OH-stretching vibrations.

The key result is that the energy at which the ion signal is saturated does not depend on the size of the 
clusters for n > 9-10 and is at the relatively high level of around 4.1 eV. The resulting breadth of the 
photoionization spectrum from 3.2 eV (alE of isomer class I) to 4.1 eV (sIE) cannot be explained by the two 
known isomer classes. This suggests the abundance of a third isomer class with ionization energies 
significantly above 3.4 eV. Theoretical modelling indicates that for Na(H20)„-elusters with ionization 
energies higher than 3.5 eV the 3s-electron is most likely unseparated from the sodium atom and located on 
the cluster surface. The physical state of the clusters only subtly affects the photoionization spectrum 
indicating an increasing portion of cluster with IEs higher 
than 3.76 eV with increasing cluster size as soon as 
crystalline clusters are observable with vibrational IR-UV 4 
action spectroscopy. ''

The IR-UV action-spectroscopic signal shows the 3,8 
following effects: a) spectra of cationic species can be ^ 3,6 
measured as depletion spectra only for the largest clusters 141 
of the cluster size distribution, b) the signal increase due to 3 2 
electron solvation occurs on a timescale shorter than few 3,° 
nanoseconds, c) subsequent depletion due to evaporation 2,e 
of water molecules from the cluster occurs with a lifetime 
around 40-50 ns.

Fig.l Appearance and saturation ionization 
energies ofNatlTOT-clusters.

■ Na(H,0), Isomer I [1]
A Na(H90|n Isomer II |2] 
• This work's sIE
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Charge localization and stability of van der Waals clusters

Masato Nakamura1 and Andrey Solov’yov2 
'College of Science and Technology, Nihon University, Funabashi 2748501 Japan 

2 MBN Research Center at FIZ, Frankfurt am Main, D-60438 Gennany

The stability of multiply charged clusters is detennined by the balance between the Coulomb 
energy and the surface energy. Therefore, a multiply charged cluster with charge z is stable if its size n is 
larger than the appearance size «c(z). Echt et al. [1] estimated the appearance sizes for many kinds of 
multiply charged van der Waals clusters using the liquid drop model. In the model, it is assumed that the 
excess charge distributes unifonnly in the cluster. Their calculation reproduced the appearances sizes of 
many multiply charged clusters measured in experiments. However, a recent experiment [2] has shown that 
the observed appearance sizes for doubly and triply charged neon clusters are much smaller than those 
expected by the model There have been some attempts to shed light on this problem. Nakamura [3] has 
calculated the appearance size with including the geometrical shell effects. The discrepancy between the 
model and experiments has been improved. Still the model cannot sufficiently explain the discrepancy for 
the case of Ne clusters. Calvo [4] introduced quantum corrections to explain for the discrepancy. 
However, significant improvement was not found. Here we make a different assumption [5] that the excess 
charge distributes unifonnly on the surface of clusters, for it is plausible that it locates on the surface of the 
cluster because of the electron correlation. As shown the Table, the appearance sizes calculated by this 
model are much smaller than those given by the previous models. The present model gives the appearance 
sizes for doubly and triply charged neon clusters within a considerable accuracy.

Table: The appearance sizes nfz) of multiply charged clusters with charge z: measured and theoretical 
values. Values in parentheses are results of calculation with including geometrical shell effects.

Rg z Experiment[l,2] Echt[l] Nakamura [3] Present model [5]
Ne 2 287 868 635(657) 257(257)

3 656 2950 2209 660(667)
Ar 2 91 122 92(97) 61(61)

3 226 333 251(255) 134(135)
Xe 2 46 51 40(36) 26(30)

3 107 114 87(83) 50(53)
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Reactivity of solvated electrons in ice nanoparticles

Daniela Smidova, Jozef Lengyel, Jaroslav Kocisek, Andrij Pysanenko, Petr Slavicek, Juraj
Fedor and Michal Famik

J. Heyrovsky Institute of Physical Chemistry, Czech Academy of Sciences, Dolejskova 3, 182 23 Prague 8,
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Large water clusters (ice nanoparticles) (FLO) , . N ~ 102-10 ’. produced in molecular beams in vacuum 
can serve as model systems for various species and processes [1], e.g., to mimic ice particles in the 
ahnosphere [2,3] or ice grains in the space [4] or for investigation of solvation phenomena in 
photochemistry of biomolecules [5], etc. In our versatile CLUster Beam (CLUB) apparatus, Fig. 1, we can 
dope the ice nanoparticles by various other molecules and subsequently we can probe the doped species by 
Velocity Map Imaging (VMI) or different mass spectrometric techniques. The mass spectrometry includes 
positive ionization of the nanoparticles by electron (El) or photoionization (PI), or negative ionization by 
electron attachment (EA), orNa-doping (NaPI).

In the later method, NaPI, the nanoparticle is doped by a sodium atom resulting in the ion pair 
generation: Na+ plus solvated electron e~. Subsequent photodetachmnet of the e~ by a UV radiation of 
fairly low energy (~3 eV) produces positively charged clusters with a fairly low degree of fragmentation. 
This method has been proposed as fragmentation free ionization for cluster mass spectrometry [6,7],

However, we have shown that the situation is much more complicated in cases, where the ice 
nanoparticles are doped by electronegative molecules such as HN03 [8], N20 [9,10] which can react with 
the solvated electron. Such reactions scavenge the solvated electrons leading to further ion chemistry in the 
clusters. These experiments will be discussed.

Recently, we have complemented our experimental toolbox on the CLUB apparatus by electron 
attachment and negative ion mass spectrometry [11,12], This allows us to generate the solvated electrons in 
the ice nanoparticles without the Na+ counterion which can influence the ion chemistry in the case of 
Na-doping. The comparison of the two methods of solvated electron generation in die same species can 
provide an unprecedented detailed insight into the es~ reactivity and dynamics in these species as will be 
demonstrated in the presentation.

TOFMS

Na
doping

PR chopper

UV tunable laser: -200 nm -» VIS

UV Excimer laser: 193nm IROPO/OPA

Fig.l Schematic picture of CLUster Beam (CLUB) apparatus.
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Magnetic deflection of V, Nb and Ta clusters

Albert Diaz Bachs. Erwin Muskens, Remko Logemann and Andrei Kirilyuk

Rabdoud University, IMM, Heyendaalseweg 135, 6525 AJ Nijmegen, the Netherlands

Sub-nanometer clusters are attracting significant interest, due to their unique properties, where 
they offer the advantages of size-selection, in the regime where every single atom counts and 
can change significantly the properties of the cluster. Molecular beam experiments on free 
clusters can give information on the geometries [1], electric dipole moments [2], and magnetism 
[3] of small metal clusters.
Magnetic properties of gas-phase clusters are studied with a magnetic deflection setup, where 
the cluster beam passes an inhomogeneous magnetic field resulting in the deflection of clusters. 
Further, a position-sensitive time-of-flight mass spectrometer is used for the detection [3], In 
our setup, variable temperature (25-160 K) cluster source was used.
In this work we studied the magnetic deflections of vanadium, niobium, and tantalum clusters. 
The results showed double sided deflections for most clusters containing an odd number of 
atoms [4] and no deflection at all for an even number of atoms. The deflected profile are 
however rather different for the three studied metals. In particular, for Nb, most odd-numbered 
clusters show an atomic-like behavior, splitting in two maxima corresponding to ±1 pe. In 
contrast, V and Ta clusters also show an undeflected component. There are some exceptions 
however, namely single sided deflections for clusters containing both even and odd number of 
atoms. The exact number of atoms at which this happens is different for different materials. 
Analysis of these deflection profiles using Langevin formula and assuming the cluster 
temperature estimated from their velocity, magnetic moments of the order of 3-5 pe are obtained. 
Interestingly, the Kramers theorem should in principle prevent the spin-lattice relaxation in the 
odd-numbered clusters. While this is visible in the clusters with single unpaired electron, the 
relaxation does occur when the magnetic moments are larger.
We also studied cobalt doping vanadium and niobium, in order to see whether the large 
magnetic moment of the impurity can induce magnetism in these almost-magnetic clusters. The 
results, however, are different from what is expected, and are rather in agreement with the 
screening of the Co moment by the electrons of the host [5],
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Geometric structure determination of neutral clusters with IR-UV
spectroscopy

Valeriy Chernyy1. Remko Logemann1, Jeroen Jalink1, Joost Bakker2, and Andrei Kirilyuk1

'Radboud University, Institute for Molecules and Materials, Heyendaalseweg 135, 6525 AJ Nijmegen,

Netherlands
2Radboud University, Institute for Molecules and Materials, FELIX Laboratory, Toemooiveld 7c, 6525 ED

Nijmegen, Netherlands

The determination of the geometric structure of clusters is the first step in investigation of their 
electronic, magnetic or catalytic properties. The most direct, reliable and thus popular approach is to 
employ an infrared (IR) vibrational spectroscopy technique in a combination with Density Functional 
Theory (DFT) calculations.

Obtaining IR spectra for cationic clusters is often perfonned by dissociation of a loosely attached 
messenger atom (cluster) at a resonant frequency (IR Multiple Photon Dissociation Spectroscopy [3]). 
Application of this method for neutral species is not only complicated by difficulties in bonding of a 
messenger, but also by unwanted breaking of the cluster-messenger bond under UV radiation required for 
ionization of a neutral cluster for detection. For some systems the IR Resonance Enhanced Multiphoton 
Ionisation (IR-REMPI) [2] technique allows to directly ionize a cluster by absorbing a very large number of 
IR photons. However, in the rare cases it works, the high power required for such experiment may result in 
broadening and shifting of the vibrational bands.

Here we use IR-UV double resonance spectroscopy [4], where a cluster is only slightly excited 
by an infrared light pulse, produced by the Free Electron Laser for Infrared experiments (FELIX). This 
excitation transfers the cluster from a ground to a relatively low-lying vibrationally (or electronically) 
excited state. The excited system is then ionised by the UV pulse with the photon energy tuned below the 
ionization energy of the cluster. The approach requires substantially less IR power in comparison to 
IR-REMPI. Therefore, it results in the substantially better defined vibrational bands and one is able to 
record vibrational spectra for those types of clusters where IR-REMPI does not work at all.

Here we present the vibrational spectra and derived geometries for NbnCmand TanCm carbides, as 
well as for Fen, Vn and Con transition metal clusters.
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Metallic and insulating antiferromagnetic states in radical anion
fullerene complexes

Dmitri Y Konarev1. Salavat S. Khasanov,2 Gunzi Saito,3 Rimma N. Lyubovskaya1 
'institute of Problems of Chemical Physics RAS, Chemogolovka, 142432 Russia 

institute of Solid State Physics RAS, Chemogolvka, 142432 Russia 
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(MDABCO )(C6o* )(TPC) (1) (MDABCO+ is A-methyldiazabicyclooctanimn, TPC is triptycene) is a rare 
example of fullerene based quasi-two-dimensional (2D) metal, which contains closely packed hexagonal 
fullerene layers (Fig. 1). A layered complex (MQ )(C6„* )(TPC) (2) (MQ+ is A-methylquinuclidinimn) with 
a hexagonal arrangement of Cgo* was also obtained (Fig. 1). Bulkier MQ+ cations increase the 
interfullerene distance in 2. As a result, in contrast to 
metallic 1, 2 exhibits nonmetallic spin-frustrated state 
with an antiferromagnetic interaction of spins (the 
Weiss temperature is -27 K) and no magnetic ordering 
down to 1.9 K. It was supposed that 2 has 
Mott-Hubbard insulating state with 
antiferromagnetically frustrated spins [1].

Complexes with noninteger -0.33, -0.5 and -1.33 
charge on C60 were obtained: {Cryptand(Na+)}
(Ceob^CelRCF (3), {Cryptand(Na+)}(C6o)2~ (4) and 
{cryptand(Na+)}8 (C60)68 (5). Complex 3 with closely packed 3D structure fonned by fragments of 
hexagonal fullerene layers shows metallic conductivity down to 120 K even on air. It manifests a band in 
the IR range with maximum at 2000 cm"1 and a Dysonian EPR signal characteristic of highly conducting 

materials. Complexes 4 and 5 do not show metallic conductivity due to charge disproportionation [2],
Fullerene salts with the cations having C3v symmetry {(Ph3 PpAu [ 2(C61)* )2(C• C,, H4C12 (6) and 

{PUMcP pCeu* pC’etFCN (7) show charge disproportionation and dimerization of C,, * .respectively [3,4], 
In the absence of these phenomena strong antiferromagnetic coupling of spins with spin frustration is 
observed in (Ph2McP )(C6„* ) (8) [4],
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Fig. 1. Projection of organic (C+)(TPC) layers on 
hexagonal fullerene layers in 1 and 2.
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Non-Heisenberg covalent magnetism in iron oxide clusters

R. Logemann. A.N. Rudenko, M.I. Katsnelson and A. Kirilyuk
Institute for Molecules and Materials, Radboud University, Heyendaalseweg 135, 6525 AJ Nijmegen,

The Netherlands

In magnetism, the most popular model used to describe microscopic magnetic interactions is the Heisenberg 
model. Its basic assumptions, namely localized magnetic moments with fixed magnitude and interaction 
strengths which are independent of the magnetic state considered, appear strongly restrictive. Nevertheless, 
the Heisenberg model is successfully used for a wide range of physical systems such as spin wave excitations 
in metals [1], transition metal oxides, and molecular magnets [2,3],

Atomic clusters, having highly non-monotonous behavior as a function of size, are a promising model 
system to study fundamentals of magnetism at the nanoscale and below. Therefore, in this work we use 
FexOy+/u clusters as a model system to study magnetic exchange from the atom to the bulk.

We theoretically consider gas-phase FexOy+/u clusters 
using Density Functional Theory (DFT). As a starting 
point, we detennined the relation between the geometry, 
electronic structure and magnetic state of these FexOy 
clusters [4], Next, we map the DFT calculations onto a 
tight-binding model and use the magnetic force theorem 
to calculate the corresponding magnetic moments and 
exchange interactions [5],

We show that, opposite to the bulk hematite Fe203, as 
well as NiO and MnO, the exchange interactions in 
clusters heavily depend on the magnetic state 
considered, resulting in strong non-Heisenberg 
behavior. In particular, for the Fc^Cfi cluster, we 
exclude the double-exchange mechanism and attribute the non-Heisenberg effects to covalent magnetism 
and unusually strong oxygen spin polarization.

Fig.l (left) a schematic representation of the spin 
polarization and exchange interaction dependence on tire 
magnetic field created by the Fe atoms, (right) The 
average exchange interactions in FexOy clusters as 
function of cluster size (x,y).
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Measured atomic ground-state polarizabilities of 35 metallic
elements

L. Ma1, J. Indergaard1. B. Zhang1,1. Larkin1, R. Moro2 and W. A. de Heer13 
'School of Physics, Georgia Institute of Technology, Atlanta, Georgia 30332, USA 

2Cameron University, Lawton, Oklahoma 73505, USA 
3Depannent of Physics, KAU, Jeddah 21589, Saudi Arabia

Advanced pulsed cryogenic molecular-beam electric deflection methods involving position-sensitive 
mass spectrometry and 7.87-eV ionizing radiation were used to measure the polarizabilities of more than 
half of the metallic elements in the Periodic Table. Concurrent Stem-Gerlach deflection measurements 
verified the ground-state condition of the measured atoms. Comparison with state-of-the-art calculations 
exposes significant systematic and isolated discrepancies throughout the Periodic Table.
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Magnetic deflection of small (bi)metallic clusters

Johan van der Tol. Yejun Li, Peter Lievens and Ewald Janssens
Laboratory of Solid State Physics and Magnetism, KU Leuven, Celestijnenlaan 200D, 3001, Leuven,

Belgium

The magnetic properties of small atomic clusters differ greatly from both the bulk and the single atom. 
Stem-Gerlach experiments on small clusters are of great interest to address fundamental questions about 
composition and size dependent magnetism in confined systems. It was for instance predicted that the 
magnetic coupling between the magnetic dopants in a transition metal oxide cluster oscillates with die 
number of oxygen atoms [1] and that the magnetic anisotropy energy is enhanced in 3d/4d transition metal 
alloy clusters [2],

In the past years, a magnetic deflection set-up was developed in Leuven. By using a position sensitive 
detector diis set-up allows direct and simultaneous measurements of both the spatial cluster deflection 
profile and the cluster size. The nozzle temperature can stabilized and tuned between 20 K and 300 K (±2 
K), the detector has an position accuracy of 0.04 mm, the field gradient can be as high as 350 T/m, and a 
dual-target source allows for the production of bimetallic clusters. A chopper system is implemented for 
velocity selection.

Recently tire magnetic deflection profile of the aluminum atom was measured for calibration purposes. 
Also first measurements on the magnetic deflection of Co„ (n=7-21) clusters, and preliminary 
measurements on ComO (m=10-15,18,20) clusters were done. These prove the proper operation of the set­
up. The derived magnetic moments for Co„ are compared with previously measured values for Co clusters 
[3-8],
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Optical nanopore integrated with An particle 
By using electron beam irradiation
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There have been strong interests about the optical nanopore platform due to its possible characterization 
of a single molecule such as DNA, RNA, and protein [1,2], The An nanopore on pyramid with its diameter 
less than 5 nm can be fabricated with either a diffusion technique under electron beam irradiations, or a 
drilling technique by a focused electron beam irradiation [3], During electron beam irradiation, the diffused 
nanometer thick membrane will be fonned, followed by several An cluster fonnation on the diffused 
membrane via Ostwald ripening as in Figure 1 [4], In addition, the An nano-hole with its diameter less than 
5 nm was also drilled by using focused electron beam irradiation at 200 keV as in Figure 2. The fabricated 
nanopore array platfonn can be utilized as a biosensor device with optically driven technique.

Fig.l. An An cluster with An crystal lattice spacing Fig. 2 Electron beam drilled An hole by using

fonned on the diffused membrane via Ostwald 200 keV TEM

ripening
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Photoelectron Spectra of Succinonitrile and Dicyanocyclohexane 
Anions Made by Rydberg Electron Transfer (RET)

Sandra Ciborowski. Gaoxiang Liu, Cody Pitts, Xinxing Zhang, Jacob Graham, Allyson
Buytendyk, Thomas Leckta, Kit Bowen

Department of Chemistry, Johns Hopkins University, Baltimore, MD 21218, USA

We have combined Rydberg Electron Transfer (RET) and anion Photoelectron Spectroscopy (PES) 
techniques for the first time. In the photoelectron spectrum of the succinonitrile (SCN) anion, both the 
dipole bound and the quadrupole bound states are apparent. The vertical detachment energies of the dipole 
bound and quadrupole bound states are 129 meV and 14 meV, respectively, which agree with previous 
experiments [1] and theory [2,3], Additionally, the dipole bound and quadrupole bound states of the 
dicyanocyclohexane (DCCH) anion have been observed at vertical detachment energies of 120 meV and 17 
meV, respectively, which are in good agreement with calculations [4], This combination of RET and PES 
has given rise to spectroscopic data that was previously unattainable.
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The Study of O and Graphene on the Zr(0001)-lxl surface
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2University of Chemistry and Technology Prague, 166 28 Prague 6, Czech Republic;
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Trieste, Italy.

Atomically resolved STM and PES were applied to study a surface of Zr(0001)-lxl single crystal. The 
surface was cleaned with ion bombardment and annealing at 750°C. LEED shows a simple 1x1 patterns. 
Different degree of surface contamination with C and 0 was detected with PES. The amount of both 
species was less than one monolayer and the Cls and Ols spectra did not show the presence of carbide or 
zirconia forms. On the other side, relatively high background of LEED patterns signalises a certain disorder 
at the surface. STM images give a more complex view of the "clean” surface. We found a high density of 
steps that separate terraces no bigger than 1 pm in diameter. Most of the step edges are decorated. In the 
interior of the terraces, three different regions are found: i) Small ones with hexagonal ordering, typical for 
a metallic surface. We identified it as the Zr(0001)-lxl clean parts, ii) Some terraces or their parts are 
covered with a layer showing a well-known feature ? Moire patterns. Atomic resolution at such layer 
shows hexagons in the fonn of benzene ring i.e. strong covalent bonding. On the base of these data and 
narrow Cls peak, we prescribe it to graphene fonnation at 750°C. iii) The third region is covered with 
chain like structure fonned either from the single atoms (first stage) or massive rope like agglomerates.
This feature is time dependent and increases at the same rate like Ols signal. We believe that it is an initial 
stage of the Zr oxidation.
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Electron Ionization of Tungsten Hexacarbonyl Clusters
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Low-energy (<100eV) electron interactions with tungsten hexacarbonyl in the gas phase have been reported 
in the past [1, 2] although we note lack of comprehensive studies in aggregates. Thereby the electron 
ionization mass spectrum and appearance energies of the most abundant cations were recorded and 
analyzed, as well as the dissociative electron attachment reactions. Recently we have investigated the 
interaction of tungsten hexacarbonyl clusters with low-energy electrons utilizing a double focusing 
two-sector field mass spectrometer [3], The bare W2 metal cation was observed and a mechanism for the 
fonnation of this fragment upon electron impact ionization of the weakly bound W(CO)6 dimer was 
proposed: this metal cation can be observed due to fast conversion of the weak cluster bond into a strong 
covalent bond between the metal moieties. In addition to this finding, further investigations were perfonned 
with a setup where an electron beam with high electron energy resolution was crossed with tungsten 
hexacarbonyl embedded in ultra-cold (0,37 K) helium droplets. Cations fonned in the ionized droplets were 
observed with a quadrupole mass spectrometer. A remarkable difference between fragmentation of bare 
clusters and clusters embedded in helium droplets was found and the fonnation of tungsten hexacarbonyl 
dimer is suppressed in helium droplets.

Acknowledgment: This work has been supported by FWF, Wien, Austria (11015).
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Jaroslav Kocisek1, Kateryna Grygoryeva1'2. Jozef Lengyel1, Michal Famik1, and Juraj Fedor1
1 J. Heyrovsky Institute of Physical Chemistry v.v.i., Academy of Sciences of the Czech Republic,

Dolejskova 3, 18223 Prague, Czech Republic
department of Physical Chemistry, University of Chemistry and Technology Prague, Technicka 5,

Prague 6, Czech Republic

Electron attachment (EA) plays an important role in various natural and technological processes, 
which has drawn researchers' attention to this phenomenon. These processes can be found in the 
ahnosphere or in the interstellar space; they may be induced in the living matter by ionizing radiation or in 
technical applications such as focused electron beam induced deposition. They typically occur in 
a complex environment; it is, therefore, essential to understand the influence of the surroundings on the 
electron attachment. Measurements in large bulk systems are, however, often hard to interpret, so it is 
desirable to reduce the system's complexity. Such simplification can be conveniently achieved in 
molecular clusters, which represent an intennediate stage between isolated molecules and bulk matter.

In this work [1], we investigate the EA to 2-nitrophenol. 2-Nitrophenol attracted our ahention because 
of its functional groups: the nitro group is known to have good electron scavenging properties while the 
OH group represents an important electron attachment site in biological molecules. Here, we mainly focus 
on the influence of cluster environment on the electron attachment. For this purpose, we compare 
attachment of low-energy electrons (0-13 eV) to three different systems generated in molecular beams 
(Fig. 1): isolated molecules and dimers (I), homogeneous 2-nitrophenol clusters (II), and mixed clusters of 
2-nitrophenol with argon and water (III). For EA to isolated molecules and dimers we observed several 
new fragments that were not reported previously [2,3], On the contrary, clustering significantly reduced the 
fragmentation. Furthennore, electron-energy-dependent ion yields provided deep insight into changes in 
EA dynamics induced by clustering.

I molecules and dimers n 2-nitrophenol clusters III mixed clusters

Fig. 1. Sketch of systems studied in this work. Hie structures were not optimized.

Acknowledgments: Financial support of Czech Science Foundation grant No.: 14-14082S is 
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Electron Induced Proton Transfer in the Anion of Acetoacetic Acid
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Anoin photoelectron spectroscopy (PES) allows for the determination of electron affinity (EA) and 
vertical detachment energy (VDE) of a neutral molecule via interrogation of its anion. Through the 
coupling of theoretical calculations with our experimental results, the geometries of the neutral and anion 
are predicted. In the case of acetoacetic acid, it is shown that the valence anion undergoes intramolecular 
proton transfer upon binding an excess electron. The experimentally measured and theoretically calcualted 
VDE of acetoacetic acid is found in to be in good agreement [1].
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Nowadays nanotechnology attracts great attention and promising future for interdisciplinary and 
applied science due to the small size and precise characters of the nanomaterials. The aim of this study was 
to develop an efficient formaldehyde sensor. Polyaniline nanoparticles and gold-polyaniline 
nanocomposites were prepared, characterized and evaluated independently to be used as formaldehyde 
sensors. Sensing process were carried out either optically using microplate assay or electrochemically using 
potentiostat, it was found that, polyaniline nanoparticles have the desired properties required for efficient 
sensor whereas it can detect low concentrations of formaldehyde starting from 3x10"5 ppm. On the other 
hand, gold-polyaniline nanocomposites showed no significant sensitivity for the detection of low 
concentrations of formaldehyde. Therefore, polyaniline nanoparticle could be used as a rapid, cheap, stable 
and sensitive formaldehyde sensor.
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Abstract template for July 2016 Erice workshop 
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The fulcrum of intrigue of metallic nanoclusters is the electronic shell structure known to be present [1], 
resulting in discrete and molecular like energy levels, where the valence electrons of tire core can occupy a 
new set of "supcratomic" orbitals, analogous to atomic orbitals where a closed shell confers stability and 
the same spherical hannonics are exhibited [2], The molecular like state of these clusters opens up the 
possibility to fonn new types of materials based on cluster building blocks. Various organically passivated 
metallic clusters are known to exhibit this electronic shell structure and crystallize into superstructures. 
How the superatomic orbitals interact with one another under close proximity or how they are effected by 
external stimuli is of great interest for the development of these materials. Furthennore, improving the 
purity and separation of said building blocks is thus important for manufacture of high quality crystals for 
examination. Our work looks into these three subjects for the advancement and development of cluster 
materials.
We show a simple and highly efficient method for separating mixed size passivated gold nanoclusters, 
improving the purity of the clusters and allowing for effective crystallization of clusters for further 
examination. We present the first experimental investigation of the effect of (isotropic) high pressure on the 
superatomic electronic structure of metallic clusters in the molecular state (Figure 1-center). Highlighting 
how the increased pressure upon the core of the cluster can affect the splitting of the superatomic orbitals 
and destabilize ligand states, ultimately causing shifts in the unique electronic spectra of these 
clusters.Finally, we present the low temperature magnetic response of metallic nanoclusters crystals of 
increasing core size. Interestingly, the crystal phase of the samples was shown to have an effect on the 
magnetic response of the same clusters, shifting the system from diamagnetic to paramagnetic. Furthennore, 
antifenomagnetic behavior was observed for the largest cluster examined thus long range order interactions
between clusters are shown to occur (Figure 1-Right).

2.0x1 O'4 ■ ZFC -j,,(SPhCOOHy4- -

1.8x1 a4 -200 MPa
175 MPa
150 MPa
125 MPa
100 MPa
75 MPa
50 MPa
25 MPa
15 MPa
5 MPa

1.0x10 '' -0.1 MPa

Wavelength (nm) 100 Oe

Fig-1 : left to right: optical image Crystal of A11250 clusters. Molecular absorption spectra of three clusters under isotropic 
pressure. Magnetic susceptibility ofAimT cluster crystals at low temperature.
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Towards matter wave interferometry 
& quantum metrology of nanoparticles and biomolecules
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Quantum delocalization of very massive particles is interesting as it allows one to explore the boundary 
between quantum and classical physics11 and it provides new methods for molecule metrology121.

Here, we present new efforts to extend the range of matter-wave experiments both to functionalized metal 
nanoparticles as well as to complex biomolecules.

Even though advanced near-field matter-wave interferometers^ are compatible with de Broglie 
wavelengths as small as 200 fm, they require the particle momentum to be smaller than 20'000 amu / 100 
m/s. For that purpose we have characterized different particle sources, including laser induced acoustic 
desorption14 (LIAD), laser desorption into cryogenic effusive12 or cold supersonic seed gases16 as well as 
evaporation sources for nanoparticles up to 100.000 amu. Apart of velocity measurements, we are also 
interested in the probability of 157nm photoionization of biomolecules that are volatilized in buffer gas 
beams.

This is important for the molecule detection and crucial for the working principle of our time domain 
matter wave interferometer^ (OTIMA). In this experiment, VUV laser beams are retro reflected to fonn 
three standing light wave gratings. This near field interferometer is well suited for high mass interference, 
and compatible with many of the aforementioned biomolecular sources. Here we will present the 
achievements with regard of molecular source development and experiments proposed to be perfonned in 
OTIMA interferometry.
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Small atomic objects such as molecules and atomic clusters play a key role in bottom up approaches to 
tailor properties of matter and constitute fundamental building blocks for the synthesis of new advanced 
materials. Due to quantum confinement effects, small clusters with a countable number of atoms show 
entirely new physical phenomena without equivalent in bulk materials [1]. The strong size dependence of 
the properties of atomic clusters opens up a so-called third dimension for all elements of the periodic table 
[2], This represents a tremendous space of exploration with important interdisciplinary potential.

With the final goal to exploit the unique properties of clusters in integrated circuits, we propose a 
novel fabrication method to create a single electron transistor (SET) based on the charge transfer through a 
single cluster deposited from a gas phase (Fig.l, left side). The methodology includes junction 
electromigration (Fig.l, right side), clusters deposition and simultaneous current measurement from drain 
to source. Metal clusters are produced by a magnetron sputtering source, size-selected in flight, and then 
soft-landed on the device. Electrostatic focusing is used to direct the clusters towards the junction. The 
main motivation to create such device is to investigate how the electronic transport is modified by the 
discrete electronic structure of the size selected clusters.

For the purpose of SET tailoring, the electromigration technique was further developed in means of 
controllability and reproducibility. The technique was also successfully applied in our group to study the 
superconducting properties of nanosized aluminium junctions [3],

Fig.l Sketch of the envisaged transistor based on a single cluster (left) and scanning electron microscopy image of an 
Au junction after electromigration (right). The red arrow points to a gap of the smallest size, which is a few nm wide.
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Deciphering chemical bonding in clusters and molecules: 
Application of Fermi-Lowdin orbitals as a tool to elucidate

valency and bond order.

T. Hahn1, S. Schwalbe1, J. Kortus1 and Der-You Kao2

'institute of Theoretical Physics, TU Freiberg, Leipziger Str. 23, D-09599 Freiberg, Germany 
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The recently developed Fenni-Lowdin orbital based method for the correction of the self-interaction error 
within Density Functional Theory [1,2] does provide improved orbital eigenvalues and more realistic level 
ordering [3], We demonstrate the versatility of this method to provide details of chemical bonding by 
applying it to several systems featuring localized and many-center chemical bonding. We present recent 
results on representative systems with varying structural complexity: Boron clusters, compounds containing 
planar tetra-coordinated carbon as well as prototypical aromatic and anti-aromatic molecules. The 
Fenni-Lowdin orbitals yield a localized and inherently “chemicar representation of bonding in terms of 
localized Lewis-type lone pairs and two-center bonds as well as delocalized multi-center bonds in a natural, 
chemically-intuitive fashion. We anticipate that this novel and parameter free methodology provides a 
powerful tool to obtain insights into the fundamental origins of structure, properties, and reactivity of 
clusters and molecules also in circumstances where multi-center bonding plays a crucial role.

(top view) (side view) descriptors
0 Boron atoms

2c-2e<r-bond 4c-2e ry-bond 4c-2eTt-bond

Fig.l a) Structure and positions of the Fermi-orbital descriptors of the B4 
cluster, b) Isosurfaces of the Fermi-Lowdin orbitals as obtained from the 
FLO-SIC DFT calculation. The valence bonding can be described by four 
2c-2e B-B bonds, one delocalized 4c-2e ir-bond and one delocalized 4c-2e 
ji-bond.
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An improved density-functional fonnalism[l,2] proceeds by adopting the Perdew-Zunger expression 
for a self-interaction-corrected (SIC) density-functional energy but evaluates the total energy based on 
Fenni-Lowdin-Orbitals (FLOs). Each localized electron is represented by an FLO, detennined from the 
occupied Kohn-Sham orbitals and a semi-classical FO descriptor (FOD). The SIC energy is then minimized 
through the gradients of tire energy with respect to these descriptors. The initial configurations of FODs are 
highly related to the efficiency of energetic convergence. The work here is to provide efficient strategies of 
sampling and prioritizing initial sets of FODs, which may reach the global energy minimum. Applications 
on chromium are presented.
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The role of delocalized charge in effective Oxygen Reduction
Reaction (ORR) catalysts

LG. Shuttleworth
School of Science and Technology, Nottingham Trent University, Nottingham, NG11 8NS, UK

Nanoscale particles are the most common materials currently used to construct heterogeneous catalysts, and 
a significant amount of research has focused on the mechanisms by which these materials function 
catalytically. Accurate theoretical modelling of these processes, however, requires a reduction of the 
catalytic system to focus on a range of particular facets that arise across the surfaces of the nanoparticle. In 
the current work [1] the exceptionally ORR-active core-shell Pt/PhNi nanoparticle is reduced to a sequence 
of low-index surfaces and the binding of typical ORR intennediates (0, H, and OH) to these surfaces has 
been analyzed using Density Functional Theory (DFT). The results indicate that the directionally-bonded 
oxygen-bearing intennediates do not significantly change their binding under surface loading, whereas the 
nature of the delocalized H-surface bond changes dramatically. Analysis of the H-bond shows that the 
diffuse H s-Pt s interaction plays a key role in this mechanism.

Fig.l Strain-controlled binding in H/Pt( 111)
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ELECTRONIC AND OPTICAL PROPERTIES OF 2D TMD

NANOCLUSTERS

G. Seifert1, W. B. Tsegabirhan1, J. Kunstmann1, and J. O. Joswig1

1 Theoretical Chemistry, Technische Universitat Dresden, D-01062 Dresden, Gennany

In addition to Graphene nanostructures of layered semiconducting 2D transition metal dichalcogenides 
(TMD), as for example MoS2, are promising materials for applications in electronics and photovoltaics 
Though the structure of these materials results in a highly inert surface with a low defect concentration, 
edge and finite size effects can strongly influence the properties of these nanostructures. Therefore, a basic 
understanding of the interplay between structural, electronic and optical properties as a function of the 
cluster size and the role of the edge states is needed.
We demonstrate on the basis of quantum mechanical calculations of 2D M0S2 clusters how the size, 
topology and edge structure influence the electronic and tire optical properties of such systems. Especially, 
the size dependence of the optical absorption spectra - obtained by time-dependent density-functional 
theory (TD-DFT) based calculations - will be discussed. The experimentally observed quantum 
confinement behavior of such nanoparticles could be confinned, as well as the coexistence of metallic like 
and semiconducting properties of such particles is demonstrated. The observed strong photolmninescence 
of M0S2 platelets is discussed in a qualitative manner.

Posters - 24



PARTICIPANTS

Rodolphe Antoine University of Lyon rodolphe.antoine@univ-lyonl.fr

Markus Arndt
1

University of Vienna markus.arndt@univie.ac.at

Toshiyuki Azuma RIKEN toshiyuki-azuma@riken.jp

J. M. (Joost) Bakker Radboud University
r ~i

j.bakker@fnwi.ru.nl

Giorgio Benedek University of Milano-Bicocca giorgio.benedek@mater.unimib.it

Kit Bowen Johns Hopkins University kbowen@jhu.edu

Valeriy Chernyy Radboud University chernyyvn@gmail.com

Seong Soo Choi
1

SunMoon University
r i

sscphy2010@gmail.com

Sandra Ciborowski Johns Hopkins University sciborol@jhu.edu

Walt de Heer
1

Georgia Tech
f 1

deheer.walt@gmail.com

Rudy Delaunay CIMAP, Caen delaunay@ganil.fr

Albert Diaz Bachs Radboud University A.DiazBachs@science.ru.nl

Christoph Dierking University of Gottingen cdierki@gwdg.de

Michal Farmk Heyrovsky Institute michal.farnik@jh-inst.cas.cz

Juraj Fedor Heyrovsky Institute juraj.fedor@jh-inst.cas.cz

Gleb Gribakin Queens Universty Belfast g.gribakin@qub.ac.uk

Kateryna Grygoryeva Heyrovsky Institute kateryna.grygoryeva@jh-inst.cas.cz

Juergen Gspann Karlsruhe Institute of
Technology juergen.gspann@partner.kit.edu

Torsten Hahn Freiberg University Torsten.Hahn@physik.tu-freiberg.de

Hannu Hakkinen Universityof Jyvaskyla hannu.j.hakkinen@jyu.fi

Klavs Hansen Tianjin University and
University of Gothenburg Klavs.Hansen@physics.gu.se

Participants -- 1



Katerina Horakova Institute of Physics, Prague horakova@fzu.cz

John Indergaard Georgia Tech john.indergaard@gmail.com

Koblar Alan Jackson Central Michigan University jackslka@cmich.edu

Der-you Kao Central Michigan University kaold@cmich.edu

Jusuf Khreis University of Innsbruck Jusuf. khreis@uibk.ac.at

Andrei Kirilyuk Radboud University a.kirilyuk@science.ru.nl

Dmitry Konarev Inst, of Problems of Chemical 
Physics, Chernogolovka konarev3@yandex.ru

Lorenz Kranabetter University of Innsbruck Lorenz. Kranabetter@uibk.ac.at

Vitaly Kresin University of Southern
California kresin@usc.edu

Eckhard Krotscheck SUNY Buffalo and Kepler 
University Linz eckhardk@buffalo.edu

Martin Kuhn
1

University of Innsbruck
r ~i

martin.kuhn@uibk.ac.at

Jozef Lengyel University of Innsbruck jozef. Iengyel@uibk.ac.at

Frank Lepine
1

University of Lyon
r ~i

franck.lepine@univ-lyonl.fr

Xiaojing Liu Beihang University xjliuxjliu@gmail.com

Remko Logemann
1

Radboud University R.Logemann@science.ru.nl

Lei Ma Tianjin University maleixinjiang@yahoo.com

Mary Marshall
1

Johns Hopkins University
r ~i

marymarshalll26@gmail.com

Andreas Mauracher University of Innsbruck andreas.mauracher@uibk.ac.at

Daniel J. Merthe

—

University of Southern
California merthe@usc.edu

Masato Nakamura Nihon University mooming@phys.ge.cst.nihon-u.ac.jp

Wessam Omara
1

Alexandria University
r i

wessamomara@gmail.com

Gianfranco Pacchioni
______________________________________________________________

University of Milano-Bicocca
_______________________________________________ J

gianfranco.pacchioni@unimib.it
______________________________________________________________________________________________________

Participants -- 2



Mark R. Pederson Johns Hopkins University markrogerpederson@gmail.com

Emil Roduner University of Stuttgart and 
University of Pretoria ipcemro@ipc.uni-stuttgart.de

Jan Michael Rost MPI Dresden rost@mpipks-dresden.mpg.de

Lutz Schweikhard University of Greifswald lschweik@physik.uni-greifswald.de

Gotthard Seifert TU Dresden Gotthard. Seifert@chemie.tu- 
dresden.de

Uger Sezer University of Vienna ugur.sezer@univie.ac.at

Ian Shuttleworth Nottingham Trent University ian.shuttleworth@ntu.ac.uk

Petr Slavicek University of Chemistry & 
Technology, Prague Petr.Slavicek@vscht.cz

Frank Stienkemeier University of Freiburg stienkemeier@uni-freiburg.de

Lui Terry University of Bristol lui.Terry@bristol.ac.uk

Bernd von Issendorff
1

University of Freiburg
r ~i

bernd.von.issendorff@uni-freiburg.de

Johan van der Tol KU Leuven Johan.vanderTol@fys.kuleuven.be

Lai-Sheng Wang
1

Brown University
r ~i

lai-sheng_wang@brown.edu

Thomas Zeuch University of Gottingen tzeuchl@gwdg.de

Vyacheslav Zharinov
1

KU Leuven
r ~i

vyacheslav.zharinov@fys.kuleuven.be

Participants -- 3



We would like to thank the Workshop sponsors

U S. DEPARTMENT OF

ENERGY
Office of Basic Energy 
Science Sciences


