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Invited Talk A 25.1 Wed 14:30 PH/SR106
Vibrational Spectroscopy of Cluster Complexes with Free
Electron Lasers: Surface Science en Miniature — ∙André
Fielicke — Institut für Optik und Atomare Physik, Technische Uni-
versität Berlin, Germany
Transition metal clusters are frequently used as model systems for low
coordinated sites of extended surfaces and their study can provide valu-
able insights into the mechanisms of surface reactions. In many cases,
however, there is still a lack of information on their structures and the
relationship between structure and chemical behavior. Using vibra-
tional spectroscopy of gas-phase clusters one can obtain information
about the clusters’ structure or the behavior of adsorbed species. The
latter provides valuable insights into the binding geometry, the activa-
tion of bonds within the ligands or reactions occurring on the clusters’
surface. Cluster size specific data can be obtained using infrared mul-
tiple photon dissociation spectroscopy. To cover the required spectral
range from the far to the mid-IR our experiments make use of IR free
electron lasers. The talk will discuss exemplary studies about reac-
tions on platinum clusters [1] and the activation of molecular oxygen
by small gold clusters [2].

[1] D.J. Harding, A. Fielicke, Chem. Eur. J. 20 (2014) 3258
[2] A.P. Woodham, A. Fielicke, Struct. Bond. 161 (2014) 243

A 25.2 Wed 15:00 PH/SR106
Vibrational spectra and structures of C, B, and N-doped sili-
con clusters — ∙Nguyen Xuan Truong, Bertram Jaeger, Philip
Jäger, Marco Savoca, Andre Fielicke, and Otto Dopfer —
IOAP, TU-Berlin, Germany
Doping Si clusters changes their physical and chemical properties in a
way that might be promising for the miniaturization trend towards na-
noelectronics. Here, we investigated Si clusters doped with C, B and N
with resonant infrared-ultraviolet two-color ionization (IR-UV2CI) and
global optimization coupled with electronic structure methods. Doped
Si clusters are irradiated with tunable IR light from a Free Electron
Laser before being ionized with UV photons from an F2 laser. Res-
onant absorption of IR photons leads to an enhanced ionization effi-
ciency for the neutral clusters and provides the size-specific IR-UV2CI
spectra. Structural assignment of the clusters is achieved by compar-
ing the experimental IR-UV2CI spectrum with the calculated linear
absorption spectra of the most stable isomers. Low-energy isomers
are found with the help of genetic and basin-hopping algorithms. For
Si𝑚C𝑛 (with 𝑚+ 𝑛 = 6), we observed the systematic transition from
chain like geometries for C6 to 3D structures for Si6. We showed for the
first row doped Si6X (with X = Be, B, C, N, O) clusters that different
structures, vibrational and electronic properties can be achieved de-
pending on the nature of the dopant atom. All dopant atoms in Si6X
have a negative net charge suggesting that Si atoms act as electron
donors within the clusters. Finally, vibrational spectra and structural
assignments for B and N-doped Si clusters are discussed in detail.

A 25.3 Wed 15:15 PH/SR106
(N)IR spectroscopy on two- and three-centered isolated
cationic cobalt-, nickel- and cobalt/nickel - ethanol clusters
— ∙Markus Becherer1, Daniel Bellaire1, Wei Jin2, Geor-
gios Lefkidis2, Wolfgang Hübner2, and Markus Gerhards1 —
1TU Kaiserslautern, Fachbereich Chemie, Erwin-Schrödinger-Straße
52, 67663 Kaiserslautern — 2TU Kaiserslautern, Fachbereich Physik,
Erwin-Schrödinger-Straße 47, 67663 Kaiserslautern
Clusters containing transition metals and aliphatic ligands provide
model systems regarding e.g. catalytical properties, magnetism, re-
activity and structure. Thus, the successive variation of size and com-
position of the metal clusters can give a fundamental insight on possi-
ble cooperative effects. The investigated two- and three-centered pure
and combined cationic cobalt, nickel clusters are produced by applying
laser ablation to a rotating metal rod and by attaching the ethanol lig-
and in a supersonic beam. The frequencies and frequency shifts of OH
and CH stretching vibrations (between different clusters) are probed
by means of IR-photofragmentation spectroscopy. A structural assign-
ment is performed by comparing the experimental data with calculated
frequencies obtained from DFT calculations. In case of the isolated
cationic (cobalt)3(ethanol)1 and (cobalt)3(ethanol)1(water)1 clusters
both IR and electronic spectra (in the NIR region) are investigated

through photodissociation spectroscopy. The experimentally observed
spectra serve, among other aspects, as reference for theoretical calcula-
tions especially on the electronic transitions localized on the triangular
Co trimer metal centre.

A 25.4 Wed 15:30 PH/SR106
First experiments with cooled clusters at the Cryo-
genic Trap for Fast ion beams — ∙Christian Meyer1,
Klaus Blaum1, Christian Breitenfeld1,2, Sebastian George1,
Juergen Goeck1, Jonas Karthein1, Thomas Kolling3, Jen-
nifer Mohrbach3, Gereon Niedner-Schatteburg3, Lutz
Schweikhard2, and Andreas Wolf1 — 1Max-Planck-Institut für
Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany —
2Institut für Physik, Ernst-Moritz-Arndt Universität, 17487 Greif-
swald, Germany — 3Fachbereich Chemie, TU Kaiserslautern, Ger-
many
The Cryogenic Trap for Fast ion beams (CTF) is an electrostatic ion
beam trap for the investigation of charged particles in the gas phase
located at the "Max-Planck-Institut für Kernphysik" in Heidelberg. It
is suited to study thermionic and laser-induced electron emission of an-
ions with complex multi-body structure such as clusters and molecules.
They can be stored up to several minutes due to the low restgas pres-
sure of 10−13 mbar [1] in an ambient temperature down to 15 K. The
experiments were so far hampered by the ion production in a sputter
source leading to excited particles with high rovibrational states. In
order to be able to investigate the ground state properties of such sys-
tems a new supersonic expansion source [2] has been implemented. A
laser-induced plasma is expanded into vacuum by short pulses (50 𝜇s)
of a helium carrier gas and thereby rovibrationally cooled. First tests
with metal cluster will be presented and discussed.
[1] M. Lange et al., Rev. Sci. Instr., 81,055105 (2010)
[2] C. Berg et al., J. Chem. Phys. 102, 4870 (1995)

A 25.5 Wed 15:45 PH/SR106
Optical spectra and structures of C, N, and O-doped silicon
clusters — ∙Bertram K.A. Jaeger, Janina Lebendig, Nguyen X.
Truong, Andre Fielicke, and Otto Dopfer — IOAP, TU Berlin,
Germany
Controlled changes in physical and chemical properties of doped Si
clusters provide promising candidates of nanostructures for optoelec-
tronics, sensors or medicine. We study Si clusters doped with C, N
and O via their photodissociation spectra and compare them with the-
oretical quantum chemical calculations. Ionic clusters are produced in
a laser vaporization source, then irradiated with tunable visible light
from an OPO laser in the range from 410 to 580 nm and characterized
by a reflectron time-of-flight mass spectrometer. Absorption of pho-
tons leads to dissociation of the clusters, which is detected in the mass
spectrum. Calculated absorption spectra are compared to experimen-
tal data for assignment of geometries and electronic parameters of the
observed clusters. The most stable and low-energy isomers are found
with the help of genetic and basin-hopping algorithms. All results will
be compared to existing studies about IR-UV two color ionization of
neutral and doped Si clusters.

Pristine and tagged Au clusters show absorption bands in the vis-
ible range and are used as a test system to verify the experimental
principle.

A 25.6 Wed 16:00 PH/SR106
Angular distribution of electron and photon emission from
isolated SiO2 nanopartices excited by femtosecond laser
pulses — ∙Egill Antonsson, Ina Halfpap, Christopher Rasch-
pichler, Valerie Mondes, Jürgen Plenge, Burkhard Langer,
and Eckart Rühl — Physical Chemistry, Freie Universität Berlin,
Takustr. 3, 14195 Berlin
We excite isolated spherical SiO2 nanoparticles (diameter: 90 nm, size
distribution: 8%) with intense femtosecond laser pulses (𝜆=800 nm,
𝜏=80 fs, Intensity: 1-3·1013 W/cm2) and study the angular distribu-
tion of emitted electrons and UV photons (h𝜈>8 eV). The nanopar-
ticles are prepared in an aerodynamically focused beam which propa-
gates into a high vacuum system where excitation and photoionization
occurs. This ensures that fresh sample is available to each laser pulse
and rules out effects due to particle-particle interactions, sample charg-
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ing, and radiation damage. For electron emission, a distinct angular
dependence with respect to the polarization vector of the laser pulses
is observed, which varies for different photoelectron energies. High-
energy photoelectrons are found to be emitted preferentially parallel
to the polarization vector of the exciting laser photons, which is dis-
cussed in terms of an elastic scattering of continuum electrons at or
near the surface of the nanoparticles. For low-energy photoelectrons,
on the other hand, the angular dependence is quenched due to multi-
ple inelastic scattering events of the photoelectrons in the nanoparticles
which smears out angular effects.

A 25.7 Wed 16:15 PH/SR106
Vibrationally resolved UV fluorescence of diamondoids —
∙Torbjörn Rander1, Robert Richter1, Tobias Zimmermann1,
Andre Knecht1, Andrea Merli1, Christoph Heidrich1, Ramon
Rahner1, Thomas Möller1, Merle I. S. Röhr2, Jens Petersen2,
Roland Mitric2, Jeremy E. Dahl3, and Robert M. K. Carlson3

— 1Institut für Optik und Atomare Physik, Technische Universität
Berlin, Berlin, Deutschland — 2Institut für Physikalische und The-

oretische Chemie, Universität Würzburg, Würzburg, Deutschland —
3Stanford Institute of Materials and Energy Sciences, Stanford Uni-
versity
Diamondoids are a class of perfectly size- and shape selectable carbon
nanoparticles, with a wide range of interesting properties. Due to the
size-selectivity afforded by the diamondoids, they are ideal model sys-
tems for studying the photo-physics of hydrocarbon molecules of differ-
ent sizes. We present a study of the size- and shape dependent energy
resolved UV fluorescence of diamondoids, ranging from adamantane to
pentamantane, using narrow band laser light as excitation source.

We conclude that previous, relatively straightforward interpretations
of the fluorescence spectra recorded using synchrotron light are in-
complete, and that the additional fine-structure observed in the laser
excited spectra can only be properly assigned by performing compu-
tations, in our case DFT and TD-DFT was deemed sufficient to accu-
rately describe and understand the spectral envelopes of the different
sized diamondoids. The approach employed is thought to generally be
applicable also for other hydrocarbon molecules.
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