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Pd/NHC-Catalyzed Asymmetric Intramolecular αα-Arylation Reactions

Yi-Xia Jia, E. Peter Kündig*

University of Geneva, 30 quai Ernest Ansermet,
CH-1211 Geneva 4, Switzerland
Peter.Kundig@chiorg.unige.ch

The palladium-catalyzed intramolecular α-arylation reaction of amides pro-
vides an efficient synthetic access to oxindoles. For the asymmetric version,
many chiral ligands have been screened in the reaction and, prior to our study,
the highest enantioselectivity reached was 76%. [1]
We have developed new chiral N-heterocyclic carbene ligands (NHCs) for
this reaction. Their application in Pd-catalyzed reactions allows asymmetric
oxindoles to be accessed efficiently and with high asymmetric induction. This
includes, for the first time, also products with heteroatoms at the stereogenic
center.[2,3]
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[1] (a) S. Lee, J. F. Hartwig, J. Org. Chem. 2001, 66, 3402. (b) F. Glorius, G.
Altenhoff, R. Goddard, C. Lehmann, Chem. Commun. 2002, 2704. (c) T.
Arao, K. Kondo, T. Aoyama, Tetrahedron Lett. 2006, 47, 1417.
[2] (a)E. P. Kündig, T. M. Seidel, Y.-X. Jia, G. Bernardinelli. Angew. Chem.,
Int. Ed. 2007, 46, 5565. (b) Unpublished results.
[3] In collaboration with the group of Dr. S. Marsden, Leeds, UK.

A Novel Strategy towards the Total Synthesis of Rhazinilam Analogue

Inga Zaitseva, Ana-Maria Buciumas, Olivier Vallat, Reinhard Neier*

Institut de chimie, Université de Neuchâtel, Av. de Bellevaux 51, 2009
Neuchâtel, Switzerland

The alkaloid rhazinilam shows significant in vitro cytotoxicity, but no activ-
ity was found in vivo [1]. Our synthetic strategy is to replace, in the first time,
the pyrrole ring by a corresponding pyrrole-2(5H)-one ring [2] using Mu-
kaiyama crossed aldol reaction followed by Staudinger reaction. N-acylation
and deprotection of 1 give the alcohol 2. The planned synthesis of rhazini-
lam analogues of type 3 should be available using the strategy developed by
the group of Banwell [3].
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[1] O. Baudoin, D. Guénard, F. Guéritte, Mini-Rewiews in Organic
Chemistry 2004, 1, 333-341.

[2] O. Vallat, A.-M. Buciumas, A. Neels, H. Stoeckli-Evans and R. Nei-
er (2008. in preparation).

[3] M.G. Banwell, D.A.S. Beck and A. Willis, ARKIVOK (Gainesville,
FL, U. S.) 2006, 163-174.

Competition between Charge Injection and Reductive
Quenching at the Surface of Dye-Sensitized Semiconductors

Joël Teuscher, Bernard Wenger, Jacques-E. Moser

École Polytechnique Fédérale de Lausanne, Institut des Sciences et
Ingénierie Chimiques, CH-1015 Lausanne

Aiming at the development of dye sensitized solar cells, photoinduced
electron transfer at the surface of dye-sensitized semiconductors has been
widely studied. Kinetic heterogeneities of the charge injection have been
revealed and related, among other, to dye aggregation [1].

Comparison of the dynamics of Ru(II) complex dye excited states on alu-
mina films (into which the dye doesn’t inject) in the presence of reducing
species (right) and in pure solvent (left), confirms that reductive quench-
ing of the excited dye state by iodide does constitute an independent
electron transfer pathway.
The time scale for such a process is in the order of tens of picoseconds and
can indeed efficiently compete kinetically with other reactions involving
the dye excited state, like the electron injection in titanium dioxyde.

[1] Wenger B., Grätzel M., Moser J.-E., J. Am. Chem. Soc.,
2005, 127, 12150.

[2] Thorsmølle V. K., Wenger B., Teuscher J., Bauer C., Moser
J.-E., Chimia, 2007, 61, 631.

From Radical Chemistry to Autoxidation Catalysis

Ive Hermans

ETH Zurich, Institute for Chemical and Bio-engineering, Wolfgang-Pauli-
Strasse 10, 8093 Zürich, Switzerland

The liquid-phase oxidation of hydrocarbons such as cyclohexane and p-
xylene are important processes in the chemical industry.1 Despite their im-
portance, the fundamental chemistry was not yet fully understood. Under
the reaction conditions, the slow direct reaction of O2 with the hydrocarbon
is outrun by a much more efficient radical chain mechanism. It is generally
accepted that the hydroperoxide is formed in a fast propagation reaction of
chain carrying peroxyl radicals with the hydrocarbon substrate, whereas the
alcohol and ketone were assumed to be formed in the slow termination reac-
tion between two peroxyl radicals. This established vision is however at
odds with several experimental observations. Based on a jointly combined
theoretical and experimental study,2-5 the hitherto overlooked, but very fast
propagation of the hydroperoxide was recently identified as the predominant
source of the ketone and alcohol product. The product distribution of vari-
ous hydrocarbons can be readily rationalized by the rate of ROOH propaga-
tion, and the efficiency of the subsequent activated cage reaction.3 During
the presentation, several examples of catalyst design, based on this revised
mechanism, will be discussed.

references
[1] R.A. Sheldon, J.K. Kochi, Metal-Catalyzed Oxidations of Organic Com-

pounds, Academic Press, New York, 1981.
[2] I. Hermans, T.L. Nguyen, P.A. Jacobs, J. Peeters, ChemPhysChem 2005,

6, 637.
[3] I. Hermans, J. Peeters, P.A. Jacobs, J. Org. Chem. 2007, 72, 3057.
[4] I. Hermans, P. Jacobs, J. Peeters, Chem. Eur. J. 2007, 13, 754.
[5] I. Hermans, P.A. Jacobs, J. Peeters, Chem. Eur. J. 2006, 12, 4229.
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Time/space-resolved IR and Raman investigation of dynamic sur-
face-bulk events under operando NOx storage-reduction conditions

Nobutaka Maeda, Atsushi Urakawa, Alfons Baiker*

Institute for Chemical and Bioengineering, ETH Zurich, Hönggerberg, HCI,
CH-8093 Zurich, Switzerland

In situ analyses of dynamic surface and bulk events in heterogeneous ca-
talysis are of immense importance to provide insights into mechanistic as-
pects of catalytic reactions. Time/space-resolved DRIFT and Raman spec-
troscopies were applied to study both surface and bulk species of Pt-Ba/CeO2
catalyst under operando NOx storage-reduction conditions, i.e., repeated lean
(NO/O2/He) � rich (H2/He) gas cycles. A clear correlation of DRIFT spectra
with Raman spectra was demonstrated with excellent time and space resolu-
tion. The combined surface sensitive (DRIFTS) and bulk sensitive (Raman)
approach facilitates the firm understanding of complex dynamic surface and
bulk processes, widely observed in heterogeneous catalysis.

Strong Level Mixing in Pulse EPR and Application to a Model
System for Myoglobin (Mb) and Hemoglobin (Hb)

Besnik Kasumaj, Henry Dube, Stefan Stoll, Carlos Calle, François
Diederich, Gunnar Jeschke*

ETH Zurich, Wolfgang-Pauli-Str. 10, CH-8093 Zurich, Switzerland

Pulse EPR techniques provide information about the local environment of
an unpaired electron and are increasingly used to elucidate the function of
metal ions in biological systems. Recent advances in this field revealed that
the consideration of strong level mixing is substantial in structure
determination [1-4]. Unwanted effects, which are often negligible, - such as
cross-suppression [2,3] and implicit-TRIPLE [4] - can sometimes dominate
and strongly distort pulse EPR spectra of an electron coupled to many
nuclei. In extreme cases this leads to complete cancellation of certain
signals. As a consequence, biologically important nuclei or interactions can
remain undetected for decades or may be misassigned in distorted spectra.
Our recent study of Co-Mb and a synthetic model system showed that
dioxygen adducts of cobalt containing porphyrins with one axial nitrogen
base exhibit severe level mixing at standard experimental conditions (X-
band frequencies) preventing the detection of distal hydrogen bonding [1].
Based on thorough analysis of the origins of strong level mixing these
problems can now be circumvented by advanced pulse EPR techniques,
optimized experimental conditions, and by an appropriate choice of the
excitation frequency [1-3].

[1] H. Dube, B. Kasumaj, C. Calle, M. Saito, G. Jeschke, F. Diederich, Angew.
Chem. Int. Ed. 2008, 47, 2600
[2] B. Kasumaj, S. Stoll, J. Magn. Reson. 2008, 190, 233
[3] S. Stoll, C. Calle, G. Mitrikas, A. Schweiger, J. Magn. Reson. 2005, 177, 93
[4] P. E. Doan, M. J. Nelson, H. Jin, B. M. Hoffman, J. Am. Chem. Soc. 1996, 118,
7014

Dissociative electron attachment in alcohols and ethers: The relation-
ship between Rydberg states and Feshbach resonances

B.C. Ibanescu and M. Allan

Chemistry Department, University of Fribourg, Chemin du Musée 9,
1700, Fribourg, Switzerland
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Most of the dissociative electron attachment (DEA) processes in saturated
compounds are mediated by Feshbach resonances with temporary
occupation of Rydberg-like orbitals, but little is known about their detailed
mechanism. We gained insight into these processes in a comparative study
of saturated compounds with the alcohol and the ether groups [1-3].
The results of this study reveal a dramatic difference in the dissociation
patterns of Feshbach resonances in alcohols and in ethers. Whereas the O−H
bond cleavage in alcohols proceeds already from the lowest Feshbach
resonance, the C−O bond cleavage in ethers proceeds only from the higher-
lying Feshbach resonances. From this observation we conclude that the
lowest Feshbach resonance, 2(n,3s2), is dissociative in the alcohols but
bound in the ethers.
The calculated potential curves for the Rydberg states along the dissociation
coordinate were found to explain the observed spectral properties. The
potential curves of Feshbach resonances will be calculated using the R-
matrix theory.

[1] B. C. Ibanescu, O. May, A. Monney, and M. Allan, Phys. Chem. Chem.
Phys., 2007, 9, 3163.

[2] B. C. Ibanescu, O. May, and M. Allan, Phys. Chem. Chem. Phys., 2008,
10, 1507.

[3] B. C. Ibanescu and M. Allan, Phys. Chem. Chem. Phys., submitted

Generating highly active sites during oxidation of carbon monoxide

Jagdeep Singha, Moniek Trompb, Olga Safonovac, Pieter Glatzelc, Jeroen A.
van Bokhovena

a ETH Zurich, Wolfgang Paulistrasse 10, CH-8093 Zurich, Switzerland.
bUniversity of Southampton, SO17 1BJ Southampton, United Kingdom.
cESRF, BP 220 6 Rue Jules Horowitz, 38043 Grenoble Cedex, France.

The oxidation of carbon monoxide is one of the most intensely studied reac-
tions in heterogeneous catalysis. The preferential oxidation of carbon mo-
noxide in a hydrogen-rich mixture is an important reaction in fuel cells [1].
Determination of the structure of the catalytically active sites in oxidation of
carbon monoxide, nitric oxide, and other hydrocarbons is relevant to auto-
motive catalysts [2]. Work on single crystals of platinum showed that there
are two reaction regimes, which have different rates. These differences arise
from different surface reconstructions [3]. We have determined the catalyti-
cally active species during the oxidation of carbon monoxide over a real
alumina-supported platinum catalyst under atmospheric pressure by combin-
ing in situ high-energy resolution fluorescence detection x-ray absorption
spectroscopy [4] and kinetic measurements. The oxidation of carbon mo-
noxide occurred in two distinctive regimes, a high-activity regime and a
low-activity regime, which have high and low rates of reaction respectively.
Oxidized platinum constitutes the active phase of the catalyst in the high-
activity regime. In the low-activity region, the catalyst is poisoned by car-
bon monoxide, limiting the dissociative adsorption of oxygen. We bridged
the material and pressure gaps and showed that different phases are active
under high pressure in nano-sized catalyst particles.

[1] J.M. Zalc, V. Sokolovskii, D.G. Loeffler, J. Catal. 2002, 206, 169.
[2] R.J. Farrauto, R.M. Heck, Catal. Today 1999, 51, 351.
[3] G. Ertl, Surf. Sci. 1993, 287-288, 1.
[4] J.A. van Bokhoven, C. Louis. J.T. Miller, M. Tromp, O.V. Safonova, P.
Glatzel, Angew. Chem. Int. Ed. 2006, 45, 4651.
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Performance of hierarchical mesoporous mordenite in the alkylation of
benzene with benzyl alcohol

Xianfeng Li, Yinyong Sun, Jeroen A. van Bokhoven*, Roel Prins*

ETH Zurich, Wolfgang-Paulistr. 10, CH-8093 Zürich, Switzerland

The performance of zeolites can be improved by the introduction of
mesopores into the zeolite micropore network. We prepared a hierarchical
mesoporous mordenite by acid and alkali leaching [1] of a conventional
mordenite synthesized by ourself, and characterized it by XRD, N2 physi-
sorption, SEM, and 2-methyl-2-pentene isomerization. The XRD and N2
physisorption data showed that the leaching of mordenite gives a mesopor-
ous material with MOR framework. The SBET increased from 384 to 524 m2
g-1 and the Vmeso from 0.003 to 0.166 ml g-1. The SEM images showed good
crystallinity and the 2-methyl-2-pentene isomerization indicated that the
mesoporous mordenite possessed stronger acidity than the conventional
mordenite.
The benzylation reaction of benzene by benzyl alcohol was used to evaluate
the catalytic reactivity of the hierarchical mesoporous mordenite in Friedel-
Crafts alkylations [2]. The hierarchical mesoporous mordenite had a much
higher catalytic activity than the conventional mordenite. At 80 °C and un-
der atmospheric pressure, the conversion of benzyl alcohol by hierarchical
mesoporous mordenite was close to 100% after 3 hours, whereas the con-
version by conventional mordenite was only 1%. These results indicate that
hierarchical mesoporous mordenite has potential application in Friedel-
Crafts alkylations, especially of large molecules.

[1] J.C. Groen, T. Sano, J.A. Moulijn, J. Pérez-Ramirez, J. Catal. 2007, 251,
21.
[2] Y. Sun, R. Prins, Appl. Catal. A 2008, 336, 11.

Molecular catalysis for oxygen reduction at liquid liquid interface

Raheleh Partovi Nia, Bin Su, Hubert Girault*

Laboratoire d'électrochimie physique et analytique, Ecole Polytechnique
Federal Lausanne, Station 6, CH-1015 Lausanne, Switzerland

Developing nonnoble catalysts toward oxygen reduction to replace expen-
sive platinum-based catalysts is one of the major approaches being explored
to reduce the cost.1 Metalloporphyrin complexes of cobalt, iron and manga-
nese have been synthesized and their electrocatalytic behavior for a rapid
two- or four-electron reduction of dioxygen has been studied.2 In the present
work, we show that the oxygen reduction by decamethylferrocene (DMFc)
at a polarized water|1,2-dichloroethane (1,2-DCE) interface could be cata-
lyzed by free base porphyrins, octaethylporphyrin (H2OEP) and 5,10,15,20-
tetraphenylporphyrin (H2TPP). H2OEP and H2TPP can facilitate the succes-
sive transfer of proton from water to 1,2-DCE, and the protonated forms
catalyze the oxygen reduction by DMFc. The reaction has been studied by
cyclic voltammetry, differential capacitance and surface tension measure-
ments. Two-phase shake flask experiment controlled by various common
ions has also been performed. The 1,2-DCE and aqueous phases after the
reaction were characterized by the UV-visible spectroscopic measurement
and colorometric titration with sodium iodide respectively, which shows
that DMFc is oxidized to DMFc+ and hydrogen peroxide is found in the
adjacent aqueous phase.

[1] Wang, B. J. Power Sources 2005, 152, 1.
[2] Souza, F. D.; Deviprasad, G. R.; Hsieh, Y. J. Electroanal. Chem 1996,
411, 167.

Atomistic Simulations of CO and Methane Clathrate Hydrates

N. Plattner, M. Meuwly

Departement of Chemistry, University of Basel, Klingelbergstr. 80,
4056 Basel, Switzerland

Clathrate hydrates are formed by water arranged in an ice-like structure
around guest molecules. A large variety of clathrates with different guest
molecules have already been observed. The crystalline structure of
clathrates suggests physical properties similar to those of ice. In contrast, it
was found that the thermal conductivity is rather comparable to amorphous
material.[1] The thermal energy in solids is transported via the lattice
vibrations, characterized in clathrates by strong couplings between the guest
and the host lattice.[2]
To study the influence of different guest molecules on the host lattice,
methane and CO are chosen as a test case. Experimentally, formation of the
same clathrate structure type has been observed for these two guest
molecules. Molecular dynamics (MD) simulations are used to investigate
the properties of methane and CO hydrates. The force field used for the
simulations includes anharmonic bond potentials and accurate molecular
electrostatics based on distributed multipoles[3,4]. Structural properties and
lattice motions of the two systems are analyzed and compared.

[1] J.S. Tse, M.A. White, J. Phys. Chem., 1988, 92, 5006.
[2] J.S. Tse et al., J. Chem. Phys., 1997, 107, 9271.
[3] N. Plattner and M. Meuwly, Biophys. J., 2008, 94, 2505.
[4] N. Plattner and M. Meuwly, ChemPhysChem, in print.

State-Resolved Reactivity of CH4 on Pt(111) and Ni(111):
Transition State Location and Structure

R. Bisson, M. Sacchi, T. T. Dang, B. Yoder, P. Maroni, and R.D. Beck

Laboratoire de Chimie Physique Moléculaire (LCPM)
Ecole Polytechnique Fédérale de Lausanne (EPFL)

Station 6, CH-1015 Lausanne, Switzerland

Transition metal based catalysts are used in steam-reforming which converts
CH4 and H2O into H2 and CO. The key step in this process is the dissocia-
tive chemisorption of CH4 on the catalyst surface. In order to obtain more
detailed information about the dissociation of methane, we performed state-
resolved reactivity measurements of CH4 on Ni and Pt single crystal surfac-
es. We obtain information about the difference in transition state (TS) loca-
tion for CH4 dissociation on Pt(111) and Ni(111) by comparing the reactivi-
ty of the vibrational ground state and 2ν3 excited state of methane on these
two metals [1]. Since we find vibrational energy to be more efficient in
promoting the reaction on Ni(111) than on Pt(111), we propose that dissoci-
ation on Ni(111) occurs via a �later� barrier than on Pt(111). This corres-
ponds to a TS structure for which the dissociating C-H bond of CH4 is
stretched more strongly on Ni(111) than on Pt(111), in agreement with theo-
retical work [2]. We also investigated if the chemisorption of CH4 on the
Pt(111) surface depends on the particular vibrational motion of CH4. Com-
parison of state-resolved reactivities of CH4 in the 2ν3 and ν1+ν4 states,
shows that combining stretching and bending excitation in CH4 is more effi-
cient than exciting CH4 with a ~40% more energetic pure stretching motion.
This result is consistent with TS structure calculations of CH4 on a Pt cluster
performed by Psofogiannakis et al.[3].
[1] Bisson, R.; Sacchi, M.; Dang, T. T.; Yoder, B.; Maroni, P.; Beck, R. D.
J. Phys. Chem. A 2007, 111, 12679.
[2] Anderson, A. B.; Maloney, J. J. J. Phys. Chem. 1988, 92, 809.
[3] Psofogiannakis, G.; St-Amant, A.; Ternan, M. J. Phys. Chem. B 2006,
110, 24593.
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Infrared Laser Assisted Photofragment Spectroscopy on Biomolecules

Monia Guidi, J.A. Stearns, C. Seaiby, U. J. Lorenz, G. Papadopoulos,
O.V. Boyarkin and T.R. Rizzo

Laboratoire de Chimie Physique Moléculaire, Ecole Polytechnique Fédérale
de Lausanne, CH-1015 Lausanne, Switzerland

The combination of mass spectrometry and laser spectroscopy is used to
investigate properties of biological ions in the gas phase. Closed-shell
biomolecular ions are produced by a nanoelectrospray source, mass-selected
by a quadrupole and guided into a 22-pole ion trap where they are cooled by
collisions with helium buffer gas to less than 10 K. While stored inside the
trap, the ions interact with laser light. Our detection scheme is based on
photofragment spectroscopy: the molecules must dissociate for us to be able
to detect the absorption of a photon. If the dissociation process is statistical,
the fragmentation time scale increases with the molecular size.
Infrared laser-assisted photofragment spectroscopy (IRLAPS) was

originally developed to measure high vibrational overtone spectra of
molecules cooled in a supersonic free-jet [1, 2]. We use this technique here
to increase the dissociation rate of biomolecules subsequent to electronic
excitation by a UV laser. A fraction of the excited molecules undergoes
internal conversion, reaching highly-excited vibrational states of the
electronic ground state. A CO2 laser pulse pumps the vibrationally excited
ions to an energy above the dissociation threshold, causing them to fragment
into daughter ions.
We present here the electronic and vibrational spectrum of two peptides,

Ac-Phe-(Ala)5-Lys and Ac-Phe-(Ala)7-Lys-(Pro)2-(Ala)5-Lys, obtained
using the IRLAPS technique.

[1] R. D. F. Settle and T. R. Rizzo, J. Chem. Phys. 1992, 97 (4), 2823.
[2] O. V. Boyarkin, L. Lubich, R. D. S. Settle, D. S. Perry, and T. R. Rizzo,
J. Chem. Phys. 1997, 107, 8409.

Steps toward experimental detection of molecular parity violation in
CHFBrI: High resolution rovibrational analysis of the ν6 mode

S.Albert1, K.K. Albert1, S. Bauerecker2 and M. Quack1

1Physical Chemistry ETH Zürich, 8093 Zürich, 2Institute for Technical and
Physical Chemistry, TU Braunschweig, D-38106 Braunschweig, Germany

The experimental detection of molecular parity violation [1] is of great in-
terest for fundamental aspects of molecular dynamics and symmetries. Re-
cent theoretical progress has led to the striking increase for predicted values
of the parity violating energy difference between enantiomers of chiral mo-
lecules, ΔPVE, by one to two orders of magnitude [2]. An experiment for
measuring ΔPVE has been proposed some time ago [3], but an alternative
consists also in measuring rovibrational frequency shifts in the infrared
spectra of enantiomers [1,4,5]. A value of 50 mHz is predicted for vibra-
tional frequency shifts in CHFBrI [5]. The FTIR spectrum of CHFBrI was
recorded at 190 K and 295 K in the region 600-1300 cm−1 with an instru-
mental resolution of better than 0.001 cm−1 [6]. We were able to analyse the
rovibrational spectra of CHF79BrI (ν0 = 1060.81569 cm−1) and CHF81BrI (ν0
= 1060.77864 cm−1) in the CF-stretching region. We will discuss line coin-
cidences with CO2 laser lines. In addition, we will show how submm wave
spectroscopy based on the FAst Scan Submillimeter Spectroscopic Tech-
nique (FASSST) and phase-locked backward wave oscillators can be used
to determine line shifts in the mHz region [7].

[1] M. Quack, J. Stohner and M. Willeke, Annu. Rev. Phys. Chem., 2008, 59, 741.
[2] A. Bakasov, T.K. Ha, and M. Quack, J. Chem. Phys., 1998, 109,7263.
[3] M. Quack, Chem. Phys. Lett., 1986, 132, 147.
[4] M. Quack and J. Stohner, Phys. Rev. Lett., 2000, 84, 3807.
[5] R. Berger and J.L. Stuber,Mol. Phys., 105, 41 (2007) .
[6] S. Albert and M. Quack, ChemPhysChem, 2007, 8, 1271, S. Albert, S. Baue-
recker, M. Quack, and A. Steinlin,Mol. Phys., 2007. 105, 541.
[7] S. Albert, D.T. Petkie, R. Bettens, S.P. Belov and F.C. De Lucia, Anal. Chem.,
1998, 70, 719A, Lewen, R. Gendriesch, I. Pak, D.G. Paveliev, M. Hepp, R.
Schieder and G. Winnewisser, Rev. Sci. Instrum., 69, 32 (1998).

Spin-orbit interaction and Jahn-Teller effect in the X+ 2E

ground state of CH3Cl+

M. Grütter, M. Suter, F. Merkt

Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich,
Switzerland

The X 2E ground state of CH3Cl+ is subject to the combined effects of
a Jahn-Teller distortion along the e vibrational modes (ν4, ν5, ν6) and
a spin-orbit interaction [1]. He I photoelectron spectra of CH3Cl have
provided information on the vibrational structure but the assignments
remain tentative and contradictory.
So far no high-resolution spectra of CH3Cl+ have been reported. We
present the PFI-ZEKE photoelectron spectrum of the rovibrational struc-
ture of the CH3Cl+ X+ 2E ← CH3Cl X 1A1 transition and its analysis
using a rovibronic model that simultaneously treats the spin-orbit cou-
pling and the linear Jahn-Teller effect and is based on Refs. [2,3].
The molecular constants derived in the analysis of the spectrum provide
a description of the structure and dynamics of CH3Cl+ in its electronic
ground state.

[1] R. Locht, B. Leyh, A. Hoxha, D. Dehareng, K. Hottmann, H.
W. Jochims and H. Baumgärtel, Chemical Physics, 2001, 272,
293.

[2] H. C. Longuet-Higgins, U. Opik, M. H. L. Pryce and R. A.
Sack, Proc. R. Soc. London Ser. A, 1958, 244, 1.

[3] T. A. Barckholtz and T. A. Miller, Int. Rev. in Phys. Chem.,
1998, 17, 435.

Photodissociation dynamics of the 2-methylallyl radical

Michael Gasser, Andreas Bach*, Peter Chen

ETH Zürich, Wolfgang-Pauli-Str. 10, 8093 Zürich,

The dissociation dynamics of hydrogen atom loss from small hydrocarbon
radicals following electronic excitation is currently not fully understood. It
is generally assumed that the main dissociation pathway is unimolecular
dissociation after ultrafast internal conversion. Recent experiments with
ethyl1 and allyl2 have been performed in our group. In this study we focus
on time- and frequency-resolved photoionization of the hydrogen atom
product from a jet-cooled electronically excited 2-methylallyl radical, C4H7.

H-atom transient

0 50 100 150
Pump-probe delay / ns

k = 1.2 0.1slow ± · 10 s7 -1

k > 1fast · 10 s8 -1

H+

The measured dissociation rates and kinetic energy release of 2-methylallyl
and its isotopologue CD3C3H4 combined with high level ab initio calcula-
tions suggest unimolecular dissociation with methylenecyclopropane and
hydrogen as the major C�H bond fission channel. Other possible dissocia-
tion and isomerization pathways are discussed3 based on the results of the
coupled-cluster ab initio calculations.

[1] T. Gilbert, T.L. Grebner, I. Fischer, P. Chen, J. Chem. Phys., 1999, 110,
5485.

[2] L. Castiglioni, A. Bach and P. Chen, Phys. Chem. Chem. Phys., 2006,
8, 2591.

[3] M. Gasser, A. Bach, P. Chen, PCCP, 2008, 10, 1133.
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Deperturbation of the b
3Πg Electronic State (v = 0, 1, 2) of C2

by Two-Color Resonant Four-Wave Mixing

Peter Bornhauser, Peter P. Radi

Paul Scherrer Institute, General Energy, 5232 Villigen, Switzerland

Analysis of perturbed rotational levels is often hindered due to numerous
overlapping transitions present in absorption or emission spectra. By ap-
plying two-color resonant four-wave mixing [1], unambiguous assignment
of the perturbed levels is possible via intermediate level labeling.

The measured data yield coupling constants and characterize the inter-
action mechanism. Simultaneously, deperturbed molecular constants are
obtained for the interacting vibrational levels of the b

3Σ−
g
, B

1Δg and
B

1Σ+
g

electronic states of C2.

[1] M. Tulej, M. Meisinger, G. Knopp, A. Walser, T. Gerber, P.P.
Radi, Journal of Raman Spectroscopy, 2007, 38, 1022.

Three-Point Frequency Fluctuation Correlation Functions
of the OH-Stretch of Liquid Water

Sean Garrett-Roe, Peter Hamm

Institute of Physical Chemistry, University of Zürich,
Winterthurerstrasse 190, CH-8057 Zürich, Switzerland

Characterizing the dynamics of the OH stretch in isotopically substituted
liquid water (HOD in D2O) in terms of 3-point frequency fluctuation corre-
lation functions and joint probability densities shows that dynamics during
hydrogen bond rearrangements occur primarily along a coordinate which is
perpendicular to the spectroscopic coordinate. Molecular dynamics simula-
tions show that 3-point correlation functions are sensitive to this motion,
unlike 2-point correlation functions, and can select sets of trajectories which
linger in the area of the transition state. [1] 3D-IR correlation spectroscopy
could potentially measure these dynamics, though motional narrowing sig-
nificantly changes the shape of the resulting spectra; we will report ongoing
experimental progress.

[1] S. Garrett-Roe, P. Hamm J. Chem. Phys. 2008, 128, 104507.

High Resolution Infrared Spectroscopy of Small Heterocyclic Chiral
Biomolecular Precursor Molecules

Karen Keppler Albert1, Sieghard Albert1, Martin Quack1, Jürgen Stohner2

1Physical Chemistry, ETH Zurich, CH-8093 Zürich, Switzerland
2Zürich University for Applied Sciences, CH-8820 Wädenswil, Switzerland

Molecular parity violation has been critically discussed in relation to early
biochemical evolution [1] and in this context precursor molecules of evolu-
tion might be of interest [2,3]. Here we report initial results from a high res-
olution spectroscopic study of the three-membered heterocyclic molecules
aziridine-2-carbonitrile (C3H4N2) and oxiranecarbonitrile (C3H3NO). The
highly resolved infrared spectra of chiral molecules are complicated, diffi-
cult to record, and challenging to assign because of their complex structure,
and most of the high resolution infrared studies have been performed in our
group [4,5], including those of the three-membered heterocyclic ring com-
pounds d1-oxirane and fluoro-oxirane [7]. The work reported here expands
upon this foundation. There is also interest in the astrophysical observation
and isomerization reactions in these systems [3,6].

[1] M. Quack, Angew. Chem. Intl. Ed. (Engl.) 2002, 41(24) 4618.
[2] A. Eschenmoser and E. Loewenthal, Chem. Soc. Rev. 1992, 21(1), 1.
[3] R. Berger, M. Quack and G. S. Tschumper, Helv. Chim. Acta, 2000,

83(8),1919.
[4] M. Quack, J. Stohner and M. Willeke, Annu. Rev. Phys. Chem.,

2008, 59, 741.
[5] S. Albert and M. Quack, ChemPhysChem, 2007, 8, 1271.
[6] G. S. Tschumper, J. Chem. Phys. 2001, 114(1), 225.
[7] K. K. Albert, S. Albert, M. Quack, J. Stohner, O. Trapp, V. Schurig,

Proc. 19th Coll. High Resol. Mol. Spectr., Salamanca 2005, 248. H.
Hollenstein, D. Luckhaus, J. Pochert, M. Quack and G. Seyfang,
Angew. Chem.-Int. Edit. Engl. 1997, 36(1-2), 140.
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Electronic structure of Triazinetriphosphonic Acid Dimethoxy Esters:
EPR and DFT studies

Adil Matnia, Catalin Maximb, Narcis Avarvarib, Michel Geoffroya

aDepartement of Physical Chemistry, 30 Quai Ernest Ansermet,
University of Geneva, 1211 Geneva 4, Switzerland.

bChimie, Ingénierie Moléculaire d'Angers, University of Angers,
2, Bd Lavoisier 49045 Angers, France.

In the context of material sciences, Triazinetriphosphonic Acid Dimethoxy Esters
(Ι) presents two interesting proprieties:

1) electron-acceptor behaviour due to the presence of the triazine ring.
2) transition-metal complexing agent due to the presence of the (MeO)2P=O
groups.
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The cyclic voltammogram of the compound is characterized by a reduction wave at
-1.0 V vs. Ag/Ag+. Electrochemical reduction of Triazinetriphosphonic Acid
Dimethoxy Ester leads to EPR spectra exhibiting hyperfine interaction with
three14N and three 31P nuclei. These isotropic coupling constants agree with those
predicted by DFT calculation for the corresponding radical monoanion by
assuming fast exchange between various conformations. As shown by the SOMO,
the unpaired electron is delocalized on the whole П system.

The high resolution infrared spectrum of phenol: First rovibrational
analysis of the modes ν4 and ν17b

Sieghard Albert and Martin Quack

Physical Chemistry ETH Zürich, CH-8093 Zürich, Switzerland

One of the great challenges of high resolution infrared spectroscopy is to
understand the rovibrational resolved spectra and the dynamics of large mo-
lecular systems involving numerous degrees of freedom and large amplitude
motions such as bending, torsion or inversion modes [1]. Through the coupl-
ing of such modes complicated resonance networks can be built up and the
energy flow can be studied upon excitation [2,3]. As a benchmark molecule
we discuss phenol. Its infrared spectrum already vibrationally assigned at
low resolution [4], was measured in the range 600-1300 cm-1 with our Bruk-
er ZP2001 spectrometer [5] with a resolution of better than 0.001 cm-1. We
obtained a rotationally resolved eigenstate spectrum and present a rovibra-
tional analysis of the out-of-plane modes ν4 (ν0 = 687.00544 cm-1) and ν17b
(ν0 = 881.70033 cm-1). Here, no torsional splittings or resonances were ob-
served. We will discuss the J-dependent doublets ranging from 0.01 to
0.014 cm-1 observed in the rovibrational spectra of the OH-bending mode
(ν0 = 1176.3 cm-1) and an A1 mode at ν0 = 807 cm-1 tentatively assigned as
2ν18b. We interpret these doublets as torsional splittings. A comparison of
the phenol and fluorobenzene spectra will also be given.

[1] S. Albert and M. Quack, ChemPhysChem, 2007, 8, 1271, M. Quack. J. Mol.
Struct., 1995, 347, 245.
[2] H. R. Dübal and M. Quack. J. Chem. Phys., 1984, 81(9), 3779. M. Quack., Ann.
Rev. Phys. Chem., 1990, 41, 839.
[3] S. Albert, M. Winnewisser and B.P. Winnewisser, Ber. Bunsenges. Phys.
Chem., 1996, 100, 1876, S. Albert, M. Winnewisser and B.P. Winnewisser, Ber.
Bunsenges. Phys. Chem., 1997, 101, 1165.
[4] H.D. Bist, J. Brand and D.R. Willams, J. Mol. Spectrosc., 1967, 24, 402.
[5] S. Albert, K.K. Albert and M. Quack, Trends in Optics and Photonics, 2003,
84, 177.

Ultrafast Second Harmonic Generation from Triphenylmethane Dyes
at the air/water Interface

G. Gassin-Martin, A. Punzi, E. Vauthey

University of Geneva, Department of Physical Chemistry, 30 quai Ernest-
Ansermet, CH-1211 Geneva 4, Switzerland

The interface is that special region which provides the bridge between two
different bulk media. The asymmetry of forces is at the origin of its unique
chemical and physical properties. Consequently, it is not surprising that the
interfacial processes can strongly differ from those in the bulk.
In this work, the excited-state dynamics of malachite green oxalate (MG) at
the air/water interface measured by the surface specific time-resolved
second harmonic generation has been compared to the bulk dynamics
determined by transient absorption. Comparison between the two sets of
results allows surface exclusive phenomena to be recognized.
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Figure 1: Time resolved SHG of malachite green oxalate at the air/water
interface with various NaCl concentrations.
Figure 1 shows the time profiles of the SHG intensity recorded with
different concentrations of NaCl in water. The observed dynamics reflects
the recovery of the ground-state population of MG upon a non-radiative
transition process involving large amplitude motion of the phenyl rings.
While bulk measurements point to a very small salt effect on the ground
state recovery dynamics, substantial differences can be observed at the
air/water interface. We interpret these changes in terms of salting-out effect
induced by sodium chloride. This effect leads to an enhancement of the
interfacial MG concentration, which favours aggregation of the dyes and a
slowing down of the ground-state recovery dynamics. The influence of other
ions with differents salting-out properties has also been investigated.
Prelimary results indicate a trend opposite to that expected according to the
Hofmeister series [1].
[1] W. Kunz, P. Nostro, B.W. Ninham, Current Opinion in Colloid and
Interface Science 9 (2004) 1.

Sub Doppler resolution laser spectroscopy of C2H2 using double
resonance methods

Fatih Ünlü, Andreas Schneider, Georg Seyfang and Martin Quack

Laboratory of Physical Chemistry, ETH Zürich (Hönggerberg), 8093 Zürich

The investigation of parity violation in chiral molecules is of great interest
in physics and chemistry [1,2]. Several high-resolution experiments were
proposed and performed to measure the very small parity violating frequen-
cy shift between IR bands of two enantiomers of CHFClBr [3]. However,
this shift is calculated to be extremely small [4]. Another promising experi-
ment is to observe the time evolution of an initially prepared state with well-
defined parity [5,6]. In this time resolved method the excited state with
well-defined parity has to be populated in a multi-step preparation process
[5,6]. In preparation for this experiment, a stabilized OPO-laser system was
set up for optical/optical double resonance experiments. Double resonance
techniques allow for Doppler free spectroscopy and states are accessible, to
which direct transitions from the vibrational ground state are forbidden,
through the population of an intermediate level. We report the high-
resolution rovibronic analysis of the vibrational level ν1+2ν3 of C2H2 using
the ν3 vibrational state as an intermediate level. This provides a proof of
principle of the first steps in the pumping scheme.
[1] A. Bakasov, T.K. Ha, M. Quack, J. Chem. Phys., 1998, 109, 7263.
[2] M. Quack, J. Stohner, M. Willeke, Annu. Rev. Phys. Chem., 2008, 59,

741.
[3] O.N. Kompanets, A.R. Kukudzhanov, V.S. Letokhov, L.L. Gervits,

Opt. Commun., 1976, 19, 414; A. Bauder, A. Beil, D. Luckhaus, F.
Müller, M. Quack, J. Chem. Phys., 1997, 106, 7558; Ch. Daussy, T.
Marrel, A. Amy-Klein, C.T. Nguyen, Ch. J. Borde, Ch. Chardonnet,
Phys. Rev. Lett., 1999, 83, 1554.

[4] M. Quack, J. Stohner, Phys. Rev. Lett., 2000, 84, 3807.
[5] M. Quack, M. Willeke, J. Phys. Chem., 2006, 110, 3338.
[6] M. Quack, Chem. Phys. Lett., 1986, 132, 147.
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A Terahertz Time-Domain Spectroscopy Study of the Complex
Conductivity of Hole Conducting Materials

Jan C. Brauer, Verner K. Thorsmølle, Jacques-E. Moser

Institute of Chemical Science and Engineering, Ecole Polytechnique
Fédérale de Lausanne, Station 6, CH-1510 Lausanne, Switzerland

E-mail: jancornelius.brauer@epfl.ch
Replacing the conventional solvent-based electrolyte in dye sensitized solar
cells [1],[2] by redox active ionic liquids [3], hole conducting molecular
liquids or amorphous solid hole conducting materials could lead to an
increase in long term stability. In this work, dc-conductivity measurements,
viscosity measurements and terahertz time-domain spectroscopy are used to
characterize the conductivity in a frequency range from about 100 GHz to
2.6 THz under various temperature conditions

Figure 1: Real conductivity computed from THz-TDS of PMII/I2 ionic
melt with an iodine concentration of 3.28M. Data were taken by
increasing the temperature.

Especially the dependence on iodine concentration of the conductivity in a
PMII/I2 melt was investigated, because a surprisingly high dc-conductivity
despite a high viscosity of the medium, was observed, suggesting
conductivity mechanisms other than simple ionic diffusion.

[1] B. O�Reagan, M. Grätzel, Nature 353, 737 (1991)
[2] S. Pelet, J.-E. Moser, M. Grätzel, J. Phys. Chem. B 104, 1791 (2000)
[3] P. Wang, B. Wenger, R. Humphry-Baker, J.-E. Moser, J. Teuscher, W.

Kantlehner, J. Mezger, E. V. Stoyanov, S. M. Zakeeruddin, M. Grätzel, J.
Am. Chem. Soc. 127, 6850 (2005)

Real-time investigation of peptide dynamics

Harald Bregy, Jan Helbing

Physikalisch-Chemisches Institut, Universität Zürich, Winterthurerstrasse
190, CH-8057 Zürich, Switzerland

To investigate dynamics of a peptide during a conformational change, photo
switches integrated into the backbone of the peptide can be used as a trigger.
Here we use the substitution of an oxygen atom in one peptide bond by a
sulphur atom, which red-shifts the π→π* excitation with respect to the non-
substituted peptide bonds. This unit can then be excited selectively at 260
nm. Significant photoisomerization of the thiopeptide bond for N-
Methylthioacetamide (the simplest isomerizing molecule with a substituted
peptide bond) and in thiopeptides up to 20 amino acids has been re-
ported[1][2]. The β-turn forming thiopeptide Boc-Ala-Pro(thio)-Aib-Ala-
OMe was characterized by time-resolved infrared spectroscopy, steady-state
FTIR-spectroscopy and 1H-NMR.
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The thiopeptide shows an open and a hydrogen bonded conformation in its
thermal equilibrium. The opening of the bonded species upon isomerization
of the photo switch is completed after one nanosecond. This structural
change has been inverstigated by transient two-dimensional infrared spec-
troscopy.

[1] J. Helbing, H. Bregy, J. Bredenbeck, R. Pfister, P. Hamm, R. Huber, J.
Wachtveitl, L. De Vico and M. Olivucci, Journal of the American
Chemical Society 2004, 126, 8823.

[2] J. Zhao, D. Wildemann, M. Jakob, C. Vargas and C. Schiene-Fischer,
Chemical Communications 2003, 2810.

Photophysical Properties of Ruthenium(II) Complexes with
TTF-PPB Bridging Ligand

Nathalie Dupont,a Claudia Leiggener,a Christine Goze,b Elvira Beitler,b
Shi-Xia Liu,b

Silvio Decurtins,b and Andreas Hausera

aDépartement de chimie physique, Université de Genève,
30 quai Ernest-Ansermet, CH-1211 Genève 4, Switzerland,
bDepartement für Chemie und Biochemie, Universität Bern,

Freiestrasse 3, CH-3012 Bern, Switzerland

We studied the photophysical properties of the [{Ru(bpy)2}n(TTF-ppb)](PF6)2n
(n=1,2)complexes(TTF-ppb 4�,5�-bis-(propylthio)tetrathiafulvenyl[i]dipyrido[2,3-
a:3�,2�-c]phenazine, (see Fig. 1). At room temperature in solution, the complexes
show three intense absorption bands in the visible (see Fig. 2), which can be readily
attributed to specific charge transfer (CT) transitions. The absorption bands at
23800 and 15100 cm-1correspond to the metal to ligand CT transition Ru(II) → bpy
and Ru(II) → ppb, respectively. The band at 12500 cm-1 is assigned to the
intraligand CT (ILCT) on TTF-ppb (TTF → ppb). Compared to the spectrum of the
free ligand, the ILCT band is red-shifted to a larger extent going from mononuclear
to dinuclear complexes, due to a lowering of the energy of the LUMO by reducing
the electron density on the aromatic ppb ring system [1]. The free ligand shows
luminescence from the ILCT state which is quenched in the mono- and dinuclear
complexes. In order to have a better knowledge of the quenching mechanisms, their
photophysical measurements upon chemical or electrochemical oxidation, are
under investigation.

[1] C. Goze, E. Beitler, N. Dupont, C. Leiggener, H. Jia, P. Monbaron,
S.-X. Liu, A. Neels, A. Hauser, S. Decurtins, Inorg. Chem. 2008,
submitted.

Methane Combustion over Pd-doped LaFeO3

Arnim Eyssler, P. Hug, P. Lienemann, A. Weidenkaff, D. Ferri

Empa, Lab. for Solid State Chemistry and Catalysis, Ueberlandstrasse 129,
CH-8600 Dübendorf, Switzerland

La-Fe-Pd perovskites used for automotive applications were shown to pre-
vent sintering of the precious metal under operating conditions through a
continuous incorporation/segregation process [1]. Aiming at using such ma-
terials for CNG engine applications, we prepared perovskites of the formula
LaFe1-xPdxO3 (x = 0.05, ca. 2 wt.% Pd) by the citrate method by adding the
Pd salt to the precursors solution (LaFe0.954Pd0.046O3) and by impregnation
of LaFeO3 (Pd/LaFeO3). All calcined samples (SSA: 14 m2/g) exhibited
only LaFeO3-reflections. XRF measurements exhibited a Pd-Lα-
fluorescence line in the LaFeO3-matrix with lower intensity than on the sur-
face. EXAFS spectra of calcined samples indicated the presence of only Pd-
O bonds with no Pd-Pd contribution from PdO nanoparticles. An additional
hint to the incorporation of Pd is provided by the activity data toward meth-
ane combustion (1 vol.% CH4-20 vol.% O2-He). The highest catalytic activ-
ity was found for the impregnated sample (2 wt.% Pd/LaFeO3, T50%: 430°C;
LaFeO3, 507°C; LaFe0.954Pd0.046O3, 518°C). Pd/LaFeO3 reduced at 200°C
exhibited lower activity (445°C) compared to the unreduced sample but was
still more active than LaFe0.954Pd0.046O3. The data indicate that Pd signifi-
cantly improved the activity of LaFeO3, but the Pd incorporated into the
perovskite lattice did not promote CH4-combustion.

[1] Y. Nishihata, J. Mizuki, T. Akao, H. Tanaka, M. Uenishi, M. Kimura, T.
Okamoto, N. Hamada, Nature 418, 2002, 164.
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Absolute cross sections for the dissociative electron attachment to HCl,
HBr and their deuterated analogs

Juraj Fedor, Olivier May, Michael Allan

Department of chemistry, University of Fribourg
Chemin du Musée 9, 1700 Fribourg

We present dissociative electron attachment cross-section measurements for
HX and DX (X= Cl and Br). We have utilized a trochoidal electron mono-
chromator with a recently constructed total ion collection collision chamber.
The chamber can be used in two independent modes of measurement - in the
�no ion extraction� mode, the created ions hit the collection sheets due to
their large gyroradii; in the �active ion extraction� mode a small electro-
static voltage is applied across the chamber and ions are collected due to the
electric field.

Electron attachment to both hydrogen halides leads to the production of X─
at low electron energies, below 1 eV, and to the production of H─(D─) at
higher energies, around 7 eV. The experimental cross section for the X- pro-
duction was compared with the predictions of the nonlocal resonance theory
[1]. Whereas the theoretical results agree with our measurements in case of
Br─/HBr, the model seems to overestimate the cross section for Cl─/HCl by
approximately a factor of 3. Both HBr and HCl cross sections show a strong
isotope effect, however, this effect is much weaker for the H─(D─) produc-
tion than for the X─ production.

[1] J. Horáček, M. Čí�ek, P. Kolorenč and W. Domcke, Eur. Phys. J. D 35,
2005, 225

EPR and DFT studies of TTF-triazine compounds

Grosshans Philippe**, Sidorenkova Helena**, Francois Riobé*, Avarvari
Narcis* and Michel Geoffroy**

*Chimie, Ingénierie Moléculaire d'Angers, University of Angers,
2, Bd Lavoisier 49045 Angers, France

** Department of Physical Chemistry, University of Geneva,
30 Quai Ernest Ansermet, 1211, Geneva, Switzerland

1 2

Cyclic voltammetry shows that the first oxidation of dimethoxy-
tetrathiafulvalene-triazine (1) occurs at 0,65V. Both electrochemical and
chemical oxydation of 1 lead to an EPR spectrum characterized by a clearly
resolved hyperfine structure with the protons of the TTF moiety (two
equivalent protons Aiso = 2,24 MHz, one additionnal proton Aiso =
3,16MHz). The electronic structure of the resulting radical cation is
discussed in the light of DFT calculations, at the performed B3LYP-IGLOIII
level. These results are used to interpret the voltammograms and EPR
spectra obtained by oxidation of 2.
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Gold-catalyzed aerobic oxidation of alcohols: Effect of gold particle size
on catalytic performance in different solvents

Peter Haider, Bertram Kimmerle, Frank Krumeich, Wolfgang Kleist, Jan-
Dierk Grunwaldt, Alfons Baiker

Department of Chemistry and Applied Biosciences, ETH Zürich, Höngger-
berg, HCI, CH 8093 Zürich, Switzerland)

Colloidal gold � larger colloids are often referred to as Purple of Cassius �
is known and used for centuries and various recipes have been described,
e.g. in Libavius� chemistry book �Alchemia� published in 1597. In the
present contribution, the effect of the size of gold particles deposited on
CeO2 and TiO2 supports on their catalytic behavior in the aerobic oxidation
of alcohols in different solvents has been investigated. For the preparation
of the catalysts, gold colloids were synthesized by the reduction of HAuCl4
by tetrakis(hydroxymethyl)phosphonium chloride (THPC). The Au particle
size was controlled in the range 1.3 � 11.3 nm. The size of the colloids was
determined by means of EXAFS measurements and by taking HAADF-
STEM images from the colloids in solution as well as from the Au/support
systems to validate the conservation of the Au particle size. An optimum
particle size for the oxidation of benzyl alco-
hol is found at higher particle diameter
(d ≈ 6.9 nm) compared to CO oxidation [1]
which is catalyzed by smaller Au nanopar-
ticles. Identical trends for the activity � par-
ticle size relationship were found when the
reaction was monitored at atmospheric pres-
sure using mesitylene as a solvent as well as
under supercritical conditions for CeO2 and
TiO2.

[1] Haruta, Catal. Tod. 1997, 36, 153
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Picosecond Time-Resolved Vibrational Circular Dichroism
Spectrometry

Mathias Bonmarin, Jan Helbing

Physikalisch-Chemisches Institut, Universität Zürich, Winterthurerstrasse
190, CH-8057 Zürich, Switzerland

Vibrational circular dichroism (VCD) is the difference of absorption of a
vibrational transition between left and right circular polarized infrared light.
Being intrinsically sensitive to the molecular structure via the coupling of
vibrational modes, VCD can yield precious information on the conformation
of biomolecules and has been, for example, successfully used to distinguish
helical from unfolded domains in polypeptides [1]. Extension of this tech-
nique to the recording of time-resolved VCD spectra is therefore very prom-
ising as it may enable us to observe chiral intermediates in fast chemical
reactions or to follow the dynamics of conformation changes in peptides and
proteins in unprecedented detail. Here we report on the first pulsed laser set-
up which is capable of recording both static VCD spectra and photo-induced
changes in VCD signals with picosecond time resolution [2]. An amplified
femtosecond laser system is synchronized to a photoelastic modulator to
produce alternating left- and right-handed circular polarized mid-IR pulses
at 1 kHz repetition rate. Transient changes in vibrational circular dichroism
of the CH-stretch vibrations of the cobalt-sparteine complex Co(sp)Cl2 were
recorded in a first proof-of-principle experiment.

[1] R. Silva, J. Kubelka, P. Bour, S. M. Decatur, and T. A. Keiderling, "Site-
specific conformational determination in thermal unfolding studies of heli-
cal peptides using vibrational circular dichroism with isotopic substitution,"
Proc. Natl. Acad. Sci. U.S.A. 97(15), 8318-8323 (2000).
[2] Mathias Bonmarin, Jan Helbing, �A picosecond Time Resolved Vibra-
tional Spectrometer� Submitted (2008)
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Nanoporous photocathode and photoanode for light energy conversion

Mohamad Hojeij, Bin Su and Hubert H. Girault

Laboratoire d�Electrochimie Physique et Analytique, Ecole Polytechnique
Fédérale de Lausanne, Station 6, CH-1015 Lausanne, Switzerland

*Email: mohamad.hojeij@epfl.ch

In recent years, the fabrication of novel ultrathin film systems featuring mul-
ti-functionalities has been extensively studied because of their potential ap-
plications in electronics, photonics, sensors and photoelectrochemical cells.
The goal of the present work was to develop film-modified electrodes for
light energy conversion applications. Three-dimensional thin photoactive
films were fabricated by a layer-by-layer assembly of positively charged
polyelectrolytes (poly-L-Lysine, pLys) and negatively charged semiconduc-
tor nanoparticles (NPs) on a carboxylic acid terminated alkanethiol-
modified gold electrode. Two types of NPs were used to build uniform
films: Cadmium Selenide (CdSe) and Cadmium Selenide/Cadmium Sulfide
core/shell (CdSe@CdS). The film growth was monitored by UV-vis absorp-
tion and fluorescence measurements. The charge carrier dynamics was
monitored by fluorescence lifetime measurements using time correlated sin-
gle photon counting (TCSPC). The photoelectrochemical properties of the
films immersed in an organic electrolyte solution are determined by photo-
current measurements. Large photocathodic and photoanodic currents were
recorded for CdSe and CdSe@CdS sensitized films, respectively. The
photocurrent magnitude increases with the number of NPs layers. A theo-
retical model of the photocurrent responses was developed to analyse the
kinetics of photo-induced processes and coupled reactions.

[1] Authors Names, Journal Abbr. 2000, 30, 1111.
[2] (Times 12 pt normal)

Combined high resolution FTIR and jet-diode laser spectroscopic study
of PFCl2: Rovibrational analysis of the PF-stretching mode ν1

V. Horká, S. Albert, M. Caviezel, M. Quack, G. Seyfang and A. Sieben

Physical Chemistry, ETH Zürich, 8093 Zürich, Switzerland

In order to increase the pool of chiral molecules for the study of molecular
parity violation [1], we have extended our investigation towards isotopically
chiral molecules [2]. We have started by analyzing the high resolution infra-
red spectra of isotopically chiral molecules like CH35Cl37ClF [3-5], d1-
oxirane [6] and PF35Cl37Cl [2]. Here we present first results of PFCl2. Its
spectra have been measured with our diode laser spectrometer in a jet at 15
to 20 K in the regions 830-834 cm-1 and 838-841 cm-1 and with our Bruker
ZP 2001 prototype spectrometer [5] with a resolution of 0.001 cm-1 in the
range 650-1000 cm-1 at room temperature. We were able to analyse the hy-
brid c/b-type band structure of the PF-stretching mode of PF35Cl2 at
ν0=836.61484 cm-1. However, this band is strongly perturbed in both iso-
topomers by a Coriolis-type resonance through the ν3+ ν5 band. The cold
diode laser spectra at 15 K simplified the spectra considerably. Therefore we
were able to detect absorption lines of the ν1 band of the isotopic chiral
molecule PF35Cl37Cl in the cold spectra. We present an assignment of this
band. In addition, we will discuss our jet-diode laser spectrometer in detail
and show the improvements made in the meantime to earlier versions [3] of
this setup.

[1] M. Quack, J. Stohner and M. Willeke, Annu. Rev. Phys. Chem., 2008, 59,
741.

[2] R. Berger, G. Laubender, M. Quack, A. Sieben, J. Stohner, and M. Willeke.
Angew. Chem. Intl. Ed. (Engl.), 2005, 44(23), 3623.

[3] M. Snels and M. Quack. J. Chem. Phys., 1991 95(9), 6355.
[4] S. Albert, K.K. Albert, and M. Quack. J. Mol. Struct., 2004, 695-696, 385.
[5] S. Albert and M. Quack, Chem. Phys. Chem., 2007, 8, 1271.
[6] K.K. Albert, S. Albert, M. Quack, J. Stohner, O. Trapp, V. Schurig, Proc.

19th Coll. High Resol. Mol. Spectr., Salamanca 2005, 248.

Structure sensitivity of the Rh-catalyzed enantioselective hydrogenation
of activated ketones

Fatos Hoxha, Niels van Vegten, Atsushi Urakawa, Tamas Mallat, Alfons
Baiker *

Institute for Chemical and Bioengineering
Department of Chemistry and Applied Biosciences,
ETH Zurich, Hönggerberg, HCI, 8093 Zurich

Hydrogenation of unsaturated compounds on (supported) metal catalysts is
commonly considered as a structure insensitive reaction [1]. Former studies
on metal-catalyzed enantioselective hydrogenations provided contradictory
results [2]. Here we prepared a series of Rh-on-alumina catalysts with 0.5-5
wt.% metal loading by flame synthesis. The catalysts were characterized by
STEM and by a DRIFT study of CO adsorption, and tested in the enantiose-
lective hydrogenation of α-ketoesters in the presence of cinchona alkaloids.
With increasing metal loading the Rh particle size increased from 1 to 2 nm
and the fraction of oxidized to metallic Rh at the surface of the particles
decreased. Parallel to this shift, also the initial reaction rate and enantiose-
lectivity increased by a factor of up to ten, depending on the substrate, the
modifier, and the reaction conditions. The unprecedented structure sensitivi-
ty may originate from the strong metal-support interaction that varies with
the metal particle size and probably affects the adsorption of the substrate-
modifier complex on the metal surface.

H2, modifier

0.5 - 5 wt.% Rh/Al2O3
R *

O
OH

O
R O
O

O
R = Me or i-Pr

[1] U.K. Singh and M.A. Vannice, Appl. Catal. A: Gen. 2001, 213, 1.

[2] T. Mallat; E. Orglmeister; A. Baiker, Chem. Rev. 2007, 107, 4863-4890.

Calculation of Scalar Couplings across Hydrogen Bonds by
MMPT potential

Jing Huang, Markus Meuwly

University of Basel, Klingelbergstrasse 80, 4056 Basel, Switzerland

A force eld-inspired method, molecular mechanics with proton trans-
fer (MMPT), was developed to study proton transfer reactions [1]. The
MMPT potential is obtained by fitting multidimensional potential energy
surfaces (PESs) to ab initio calculations of a prototype
H3N· · ·H+ · · ·OH2 motif. By PES morphing through coordinate transforma-
tions [2], the potential is capable of describing hydrogen bonds in proteins
in an accurate and concise way. h3JNC' couplings are calculated [3] from all
atom molecular dynamics (MD) simulations with MMPT in three proteins:
ubiquitin (1ubq), protein G (2igd) and cold-shock protein A (1mjc).

Compared to previous results using conventional force elds using con-
straints such as SHAKE or RATTLE (RMSD~0.15Hz), better agreement
between calculated and experimentally determined h3JNC' scalar couplings
has been achieved. In addition, we will concentrate on different ways of
PES morphing and treating different hydrogen bonds (αhelices, β sheets,
loops) separately.
[1] S. Lammers, S. Lutz, M. Meuwly, J. Comp. Chem., 2008, 29, 1048.
[2] M. Meuwly, J. M. Hutson, J. Chem. Phys., 1999, 110, 8338.
[3] H. J. Sass, F. F. Schimid, S. Grzesiek, J. Am. Chem. Soc., 2007, 129, 5898.
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Electron driven chemistry in saturated oxygen containing compounds

B.C. Ibanescu and M. Allan

Chemistry Department, University of Fribourg, Chemin du Musée 9,
1700, Fribourg, Switzerland

Dissociative electron attachment (DEA) is an important process in electron
�molecule collisions. Interest in DEA is due to new emerging applications
in technology, for example the Focused Electron Beam Induced Processing
(FEBIP) [1], and the need to understand radiation-induced damage to living
tissue [2].
To gain insight into the dissociation
mechanism we have performed a
comparative study of several
alcohols and ethers [3,4]. Our current
study reveals an interesting case of
site selective chemistry in
compounds with ether bonds. The
fragmentation occurs at an energy
independent of the target molecule
but depends on which neutral alkyl
fragment is lost. The dissociation
energies are: 8.0 eV for loss of butyl,
8.5 eV - propyl and 9.1 eV - ethyl.
We conclude that the excitation in
the Feshbach resonances (a hole and
two electrons in a Rydberg-like
orbital) is largely localized on the
respective alkyl groups.
[1] I. Utke, V. Friedli, M. Purrucker, J. Michler, J. Vac. Sci. Technol., 2007, 25(6), 2219.
[2] B. Boudaiffa, P. Cloutier, D. Hunting, M. A. Huels, L. Sanche, Science, 2000, 287,

1658.
[3] B.C. Ibanescu, O. May, A. Monney, M. Allan, Phys.Chem. Chem. Phys., 2007, 9, 3163.
[4] B.C. Ibanescu, O. May, M. Allan, Phys. Chem.Chem. Phys., 2008, 10, 1507.

Investigation of the Mn(Salen)Br-catalyzed synthesis of cyclic organic
carbonates by in situ X-ray absorption spectroscopy at the Mn-K and

Br-K edge

Fabian Jutz, Jan-Dierk Grunwaldt, Alfons Baiker

Department of Chemistry and Applied Biosciences, ETH Zürich,
Hönggerberg, HCI, CH-8093 Zürich

The solvent-free synthesis of useful cyclic organic carbonates from epoxides
and CO2 has gained considerable interest triggered by environmental con-
cerns. Among others, N,N'-bis(salicylidene)ethylenediamino (salen) com-
plexes of Mn(III) have shown to be effective catalysts for this reaction, es-
pecially when also bearing a bromo ligand [1].
The mechanism of this reaction and similar catalytic systems however still
remains speculative. Since the reaction only takes place under elevated pres-
sure and temperature conditions (45-55 bar, 353-413 K), in situ spectro-
scopic investigation of such high pressure systems is required.

Br

Mn
O

N

O

N

R

O

R

O O

O

CO2

R = CH3 or C6H5

catalyst

In the present study, we employed a specially designed spectroscopic high
pressure batch cell to investigate this reaction in situ at the Synchrotron
beamline. Complementary measurements at both the Mn-K and the Br-K
edge allowed simultaneous analysis of the two key components of the cata-
lyst, the Mn(III) metal centre of the complex, and the Br- ligand. The results
of this investigation shed some light on the reaction mechanism [2].

[1] F. Jutz, J.-D. Grunwaldt, A. Baiker, J. Mol. Catal. A: Chem. 2008, 279,
94

[2] F. Jutz, J.-D. Grunwaldt, A. Baiker, in preparation

Excited-state dynamics of naphthalene diimide based
multichromophoric systems

Oksana Kel, Natalie Banerji, Alexandre Furstenberg, Kishore Ravuri,
Ravikumar Velayutham, Naomi Sakai, Stefan Matile* and Eric Vauthey*

University of Geneva, 30 quai Ernest-Ansermet, CH-1211 Geneva 4,
Swizerland

Multichromophoric compounds consisting of amino naphthalene diimides
(NDI) covalently attached to a p-octiphenyl scaffold have been shown to

self-assemble as supramolecular
tetramers in lipid bilayer membranes and
to enable generation of a transmembrane
proton gradient upon photoexcitation.
Moreover the photo- and electro-
chemical properties of the NDI systems
can be tuned by varying the substituent
on the NDI core (see Figure 1).
Using femtosecond time-resolved

spectroscopy we evidence the formation of a charge-separated state upon
excitation of octachromophoric NDI systems with three different
substituents. Two charge separation
(CS) pathways have been evidenced:
symmetry-breaking CS between two
NDI units and CS between NDI and
the scaffold. We found that the
lifetime of the charge separated state
that is responsible for their photoactive
properties depends on several
parameters such as the number of
chromophoric units and the NDI
substituents. The origin of these
effects will be discussed in detail.
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Figure 2. Intensity-normalized transient
absorption spectra of yellow monomer (1),
dimmer (2) and octamer (3). The spectrum of
(1) is due to the locally excited state, while that
of (3) is due to the charge-separated state.
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Potential energy functions of the six lowest electronic states of
ArKr+

Evgueni Kleimenov, Lorena Piticco, Frédéric Merkt
Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zurich, Switzerland

The pulsed-field-ionization zero-kinetic-energy (PFI-ZEKE) photoelectron spectrum of
the ArKr mixed rare-gas dimer has been recorded between 108000 and 120000 cm−1 (1 eV
= 8065.544 cm−1). This spectroscopic technique in combination with a narrow-bandwidth
laser source allows the determination of the energy levels of an ion with respect to these
of its parent neutral molecule with an accuracy of better than 1 cm−1.

The ground state of the dimer is almost repulsive (De ≈ 116 cm−1 [1]), but in several
excited and ionic states the dimer is strongly bound [2, 3, 4]. The Rydberg and ionic
states have been accessed by 1+1 resonance two-photon excitation via an intermediate
state located below the Ar(1S0) + Kr(5p[1/2]0) dissociation limit.

Lines corresponding to transitions to many vibrational levels of the X(1/2), A1(3/2)
and A2(1/2) states were observed in the wavenumber region 108000-113000 cm−1. Using
the positions of vibrational levels of the X(1/2), A1(3/2) and A2(1/2) states and transition
energies reported in [5, 6, 3] the positions of the vibrational levels of the B(1/2), C1(3/2)
and C2(1/2) could be predicted.

A semiempirical potential model describing these six ionic states which includes the
effects of the spin-orbit, charge-exchange and long-range interactions was used to define
potential energy functions for the six low-lying electronic states of ArKr+ that reproduce
all experimental observations.

References

[1] K. T. Tang, J. P. Toennies. J. Chem. Phys., 118, 4976–4983 (2003)

[2] Y. Tanaka, K. Yoshino, D. E. Freeman. J. Chem. Phys., 59, 5160–5183 (1973)

[3] F. Holland, K. P. Huber, A. R. Hoy, R. H. Lipson. J. Mol. Spectrosc., 145, 164–179
(1991)

[4] Y. Morioka, T. Tanaka, H. Yoshii, T. Hayaishi. J. Chem. Phys., 109, 1324–1328
(1998)

[5] M. Tsuji, M. Tanaka, Y. Nishimura. Chem. Phys. Lett., 266, 246–252 (1997)

[6] M. Tsuji, M. Tanaka, Y. Nishimura. Chem. Phys. Lett., 262, 349–354 (1996)
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In Situ Spectroscopic Study of the Hydrothermal Ageing of Rh-based
Model Three-Way Catalysts

Oxana Korsaka, Davide Ferria, Juergen Gieshoffb, Anke Weidenkaffa

aEmpa, Laboratory for Solid State Chemistry and Catalysis,
Überlandstrasse 129, CH�8600 Dübendorf, Switzerland

bUmicore AG & Co. KG, Rodenbacher Chaussee 4, D�63403,
Hanau-Wolfgang, Germany

Hydrothermal ageing is a facet of the general ageing phenomenon observed
in the exhaust exiting the car engine. As prepared and hydrothermally aged
2 wt.% Rh/Al2O3 have been chosen as models to study the ageing of the Rh-
component of TWC. The catalysts have been characterized using BET,
XRD, TEM and XPS. Whereas ex situ characterization of materials is only
partially able to give information on structural changes induced by ageing,
in situ DRIFT and XAS studies revealed the most promising to characterize
the structural and reactivity differences of the metal under working condi-
tions. Both techniques indicated that hydrothermal ageing (700°C, 16 h,
20% humidity) causes Rh to be in a state which is more resistant to
reduction. The as prepared material showed extensive reduction already at
room temperature and after treatment at 400°C in hydrogen, whereas the
aged sample still exhibited oxidised Rh domains. The reduction of NO by
CO was chosen as test reaction [1-4] both for in situ DRIFT and XAS. Age-
ing affected mostly the selectivity, the aged catalyst exhibiting higher selec-
tivity to N2O at ca. 250°C that can be related to the different oxidation state
of Rh.

[1] F. Haaß, H. Fuess, Adv. Eng. Mater., 2005, 7, 899-913.
[2] P. Granger et al., Surf. Interface Anal., 2002, 34, 92-96
[3] P. Granger et al., J. Molecular Catalysis A: Chemical, 2005, 228, 241-

253
[4] M. Newton et al., J. Mater Sci., 2007, 42, 3288-3298

Accurate rotational constants of three benzene isotopomers
by femtosecond rotational coherence spectroscopy

L. Kuster, S. Lobsiger, D. S. Kummli, H.-M. Frey and S. Leutwyler

Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3,
3012 Bern, Switzerland

Benzene is one of the prototype molecules in chemistry and the knowledge
of its structural parameters to very high accuracy is of particular interest.
Gas phase molecular structure information can be obtained from the analysis
of the rotational constants, however, for the non-polar isotopomers of ben-
zene these are not accessible via microwave spectroscopy. Femtosecond
time-resolved rotational coherence spectroscopy yields very high accurate
rotational constants of molecules exhibiting no permanent dipole moment
[1]. This technique has been applied to benzene-d6 by Jarzeba et al. [2]; we
present revised measurements for benzene-d6 with higher accuracy, and
compare to the infrared spectroscopic value of Snels et al. [3]. In addition
we measured the rotational and centrifugal distortion constants of benzene-
h6 and 1,3,5-trideuterobenzene to very high accuracy.

[1] D. S. Kummli, H.-M. Frey and S. Leutwyler, J. Phys. Chem. A, 2007, 111,
11936.

[2] W. Jarzeba, V. Matylitsky, C. Riehn and B. Brutschy, Chem. Phys. Lett.,
2003, 368, 680.

[3] M. Snels, H. Hollenstein, M. Quack, E. Cané, A. Miani and A. Trombetti,
Mol. Phys., 2002, 100, 981.

Direct Femtosecond Observation of Tight and Loose Ion Pairs
upon Photoinduced Bimolecular Electron Transfer

Bernhard Lang,1 Omar F. Mohammed,1 Katrin Adamczyk,2 Natalie
Banerji,1 Jens Dreyer,2 Erik T. J. Nibbering,2 and Eric Vauthey1

1) University of Geneva, 30, quai Ernest Ansermet, 1211 Genève 4
2) Max Born Institut für Nichtlineare Optik und Kurzzeitspektroskopie,

Max-Born-Strasse 2 A, D-12489 Berlin, Germany

A driving force dependent reaction distance is usually invoked to explain
the absence of the Marcus inverted regime in photoinduced bimolecular
charge separation (CS), leading to solvent separated or loose ion pairs
(LIP) at high exergonicity, in contrast to contact or tight ion pairs (TIP)
at low exergonicity.
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Using femtosecond near IR spectroscopy we can for the first time dis-
tinguish such different types of ion pairs by their distinct spectral sig-
natures. The figure depicts the transient absorption of the asymmetric
CN stretch vibration of the tetracyanoethylene anion generated upon ET
quenching of 3-methylperylene as a function of time delay after excita-
tion. Our results show that the controlling parameter for obtaining tight
vs. loose ion pairs is rather the ground state equilibrium between isolated
reactants and complexed donor-acceptor pairs than the driving force for
CS. Anisotropy observed on the bands attributed to TIPs indicates that
ultrafast CS into TIPs if favoured by a coplanar geometry of the donor-
acceptor pairs, thus demanding refinement of theoretical models which
rely on spherical reaction species that solely involve reaction distances.

Systems Including the Containers and Resolution of Gibbs Paradox

Shu-Kun Lin

Molecular Diversity Preservation International (MDPI), Matthaeusstrasse
11, CH-4057 Basel, Switzerland. Tel. ++41 79 322 3379, Fax: ++41 61 302

8918, E-mail: lin@mdpi.org, http://www.mdpi.org/lin

When mixing and demixing are considered in studies of hydrophobic effect
and porous structure, "containers" must be considered as part of the system
under study. For solid mixtures, component A can be taken as the containers
component B. However, thermodynamics normally treats the fluid (gases,
liquids or solutions) body as the concerned system. The heat engine system
considered in thermodynamics does not include the container. What is
worse, Gibbs Paradox [1] states that the separation of the porous medium to
form a bulky fluid phase and a pure bulky solid phase would not lead to any
change in thermodynamic parameters; these two structures are of the same
stability, which, intuitively, must be wrong. Applying information theory
concepts, recently carried out active studies lead to the resolution of Gibbs
paradox [2-4].

[1] See: http://www.mdpi.org/lin/entropy/gibbs-paradox.htm.
[2] Lin, S.-K. Correlation of entropy with similarity and symmetry. J.

Chem. Inf. Comp. Sci. 1996, 36, 367-376.
[3] Lin, S.-K. Understanding structural stability and process spontaneity

based on the rejection of the Gibbs paradox of entropy of mixing. Theo-
chem�J. Mol. Struc. 1997, 398, 145-153.

[4] Lin, S.-K. Gibbs Paradox and the Concepts of Information, Symmetry,
Similarity and Their Relationship. Entropy 2008, 10, 1-5.
DOI: 10.3390/entropy-e10010001. arXiv:0803.2571.
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Generation of tunable Fourier-transform-limited terahertz pulses
using narrowband near-infrared laser radiation

Jinjun Liu, Hansjürg Schmutz, and Frédéric Merkt

Laboratorium für Physikalische Chemie,
ETH-Zürich, 8093 Zürich, Switzerland

Fourier-transform-limited pulses of terahertz (THz) radiation (bandwidth of
~10 MHz, peak power up to ~300 µW) have been generated using a crystal of
the highly nonlinear organic salt 4-N,N-dimethylamino-4′-N′-methyl stilba-
zolium tosylate (DAST) [1] in a collinear, normal-incident configuration.
Outputs from two narrowband ( νΔ < 1MHz, λ ~800 nm) cw titanium-doped
sapphire (Ti:Sa) ring lasers with a well-controlled frequency difference were
shaped into pulses using acousto-optic modulators (AOM), coupled into an
optical fiber, pulse amplified in Nd:YAG-pumped Ti:Sa crystals and used as
optical sources to pump the DAST crystal, which was cut along the b axis to
fulfill the phase-matching condition. THz output power can be further en-
hanced by optimizing the angle of incidence in most of the frequency region.
Pulsed radiation up to 11 THz has been detected with a 4.2 K germanium
bolometer. The absorption spectra of H2O from 0 to 11 THz and a pure rota-
tional transition of hydrogen fluoride (HF) near 5 THz were recorded. The
experimental results using the cut DAST crystal will be compared with those
using other THz emitters including (i) as-grown (c-cut) DAST crystals, (ii)
zinc telluride (ZnTe) crystals, (iii) gallium phosphide (GaP) crystals, and (iv)
low-temperature-grown gallium arsenide (LTG-GaAs) photomixers with
THz spiral antennas.

[1] A. Schneider, M. Neis, M. Stillhart, B. Ruiz, R. U. A. Khan and P.
Günter, J. Opt. Soc. Am. B, 2006, 23, 1822

Accurate structure of cyclooctatetraene by femtosecond rotational
coherence spectroscopy and ab initio calculations

S. Lobsigera, D. S. Kummlia, H.-M. Freya, S. Leutwylera and J. F. Stantonb

aDepartement für Chemie und Biochemie, Universität Bern, Freiestrasse 3,
3012 Bern, Switzerland

bDepartment of Chemistry and Biochemistry, University of Texas at Austin,
Texas 78712

Femtosecond time-resolved rotational coherence spectroscopy and high-
level ab initio calculations are used to obtain accurate structural information
for the nonplanar antiaromatic molecule 1,3,5,7-cyclooctatetraene (C8H8,
COT) and its perdeuterated isotopomer COT-d8 (C8D8). We measured the
rotational B0 and centrifugal distortion constants DJ, DJK of the v=0 states of
both isotopomers, e.g., B0(COT)=2710.329(56) MHz, B0(COT-d8)=
2283.318(88) MHz and Bv for the v=1 states ν6, ν11, ν17, ν22 and ν41/ν42 of
COT [1]. The experimental rotational constants are compared to those ob-
tained from calculations at the CCSD(T) level. Combining the experimental
and calculated rotational constants with the calculated equilibrium bond
lengths and angles allows to determine accurate equilibrium
structure parameters, i.e., re(C-C)=147.02(5) pm, re(C=C)=133.7(1) pm,
re(C-H)=107.9(1) pm, αe(C-C-C)=126.55(1)°, βe(H-C=C)=117.70(1)° and
γe(H-C-C)=115.61(1)° [1].

[1] D. S. Kummli, S. Lobsiger, H.-M. Frey, S. Leutwyler and J. F. Stanton, J.
Phys. Chem. A, submitted, 2008.

Accuracy in high resolution and high sensitivity spectroscopy:
predissociation lifetime in (HF)2 by means of CRD spectroscopy

Carine Manca, Bernhard Büchler, Andreas Schneider and Martin Quack

Laboratory of Physical Chemistry, ETH Zürich (Hönggerberg), 8093 Zürich

Molecular beam techniques combined with continuous-wave cavity ring-
down spectroscopy (cw-CRDS) provide a powerful tool to measure very
weak absorptions of isolated molecules with very high resolution and sensi-
tivity. This method has been successfully developed in our group and used
to measure combination bands of nitrous oxide, chloroform, and methane
[1-3], as well as (HF)2 [4]. We have been able to measure and analyze the
N=2 triad of this important dimer involving excitations with two quanta of
HF stretching [4] and to estimate the predissociation lifetime of (HF)2 τPD
for these excitations. Under our jet expansion conditions, a Voigt profile, i.
e., a convolution between a Gaussian (from a reduced Doppler effect) and a
Lorentzian (from the predissociation lifetime of the dimer) profile, is well
suited to reproduce the profile of the rotational lines [4]. The determination
of the two components has revealed to be a delicate matter. Indeed some
measurements have led to different τPD for transitions involving the same
excited state [4].
Since these measurements, the experimental setup has been fully overhauled
and allows for measuring weaker absorption with a better signal to noise
ratio at colder beam temperatures [5]. We propose here to systematically re-
measure some lines and perform a full width analysis to investigate the in-
fluence of the fit procedure on the τPD value and get better estimation of the
origins of the error in the measurement.

[1] Y. He, M. Hippler, M. Quack, Chem. Phys. Lett. 1998, 289, 527.
[2] M. Hippler, M. Quack, Chem. Phys. Lett. 1999, 314, 273.
[3] M. Hippler, M. Quack, J. Chem. Phys. 2002, 116, 6045.
[4] M. Hippler, L. Oeltjen, M. Quack, J. Phys. Chem. A 2007, 111, 12659.
[5] C. Manca, M. Quack, Proceedings of the 16th SASP Symposium 2008,

ISBN 978-902571-31-1.

Hydrogen Bonding Interactions in Cinchonidine - 2-Methyl-2-Hexenoic
Acid Complexes

Daniel M. Meier, Atsushi Urakawa, Natascia Turrà,
Heinz Rüegger and Alfons Baiker

Institute for Chemical and Bioengineering, Department of Chemistry and
Applied Biosciences, ETH Zurich, Hönggerberg, HCI, 8093 Zurich

The molecular interactions between cinchonidine (CD) and 2-methyl-2-
hexenoic acid (MHA) were investigated using a combined spectroscopic and
theoretical approach. These interactions are of particular interest due to their
pivotal role in the chiral induction occurring in the heterogeneous catalytic
asymmetric hydrogenation of α,β-unsaturated acids. NMR experiments re-
vealed the structural confinement of CD upon MHA addition via specific
hydrogen bonding interactions. The characteristic symmetric and asymmetric
carboxylate stretching vibrations of the CD-MHA complex were studied by
ATR-IR modulation excitation spectroscopy (MES). The spectra were
compared with the simulated spectra of energetically stable CD-MHA com-
plexes, suggested by DFT calculations. Spectroscopic and theoretical results
indicated a dynamic equilibrium between hydrogen bonded CD-MHA com-
plexes with a CD:MHA ratio of 1:2 and 1:3, with a strong preference for the
1:3 complex formation [1]. (Figure: 1:3 halfN cyclic, the most stable
CD-MHA complex) The entropic stabilization by the specific hydrogen bond
network was clearly reproduced by ab initio molecular dynamics.

[1] D. M. Meier, A. Urakawa, N. Turrà, H. Rüegger and A. Baiker, J. Phys.
Chem. A, accepted, 2008.
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Reversible Phase Transition in Buckybowl Monolayers:
Direct Observation of Supercooling Effects.

Leo Merz1 , Manfred Parschau1, Jay S. Siegel2 and Karl-Heinz Ernst1

1 EMPA, Eidgenössische Materialprüfungs- und Forschungsanstalt,
8600 Dübendorf.

2 Organisch-chemisches Institut, Universität Zürich, 8057 Zürich.

Many chemical compounds exist in more than one crystalline form. The
control of polymorphism is of vital importance in food processing, phar-
maceutics, speciality chemicals and even data storage. Although solid-
solid phase transitions have been observed for almost 200 years, they are
still poorly understood. Phase changes in 2 dimensions should be easier
to understand and can be directly observed at a molecular level with
scanning probe microscopy.
We present a study of corannulene (C20H10), a curved fullerene fragment
molecule with C5v symmetry, adsorbed on a Cu(111) surface. At room
temperature corannulene forms a regular 4×4 overlayer on the substrate.
Upon cooling the molecular layer transforms into a much denser crystal
phase. With further cooling, a third stable crystal layer is observed (see
figure). The transition is fully reversible: by increasing the temperature,
the 4 × 4 structure is formed again. This phase transition is directly
observed with scanning tunnelling microscopy. The observation of the
effects of supercooling the high-temperature phase at a molecular level
allows new insights into the mechanisms of solid-state phase transitions.

heat

cool

Isotope selective overtone spectroscopy (ISOS) of 12C6HD5, 13C12C5HD5
and C6H5NH2 measured in a molecular beam

Eduard Miloglyadov, Martin Quack and Georg Seyfang

Physical Chemistry, ETH-Zurich, CH-8093 Zurich, Switzerland

The analysis of high resolution overtone spectra can provide insight into the
intramolecular vibrational energy redistribution (IVR) in benzene and its
deuterated species and other substituted derivatives [1-4]. The analysis of
the IR-spectra and the determination of vibrational couplings can be consi-
dered as complementary to a time resolved observation of the IVR processes
[5]. We report the spectrum and the vibrational analysis of the fundamental
and first overtone of the CH-stretching vibration of rotationally cooled pen-
tadeuterated benzene 12C6HD5 and several isotope-isomers of 13C12C5HD5
measured by ISOS. In addition we report the absorption spectra of the N=3
polyad of the NH-chromophore. As in the measurements of the N=2 polyad
[4] for the vibrational temperature obtained in the molecular beam only the
absorption lines for the transition from the lower level of the inversion
doublet could be found if seeding with Ar was used. The spectra are com-
pared to recent results from room temperature spectra and theoretical calcu-
lations [6-8].

[1] M.Quack. Chapter 27 in 'Femtosecond Chemistry', J. Manz and L.
Woeste editors, Verlag Chemie (Weinheim), 1995, p. 781
[2] R.H. Page, Y.R. Shen, and Y.T. Lee, J. Chem Phys. 1988, 88, 5362
[3] M. Hippler, R. Pfab, M. Quack, J. Phys. Chem. 2003, A 107, 10743
[4] B. Fehrensen, M. Hippler, M. Quack, Chem.Phys. Lett. 1998, 298, 320
[5] V. Krylov, A. Kushnarenko, E. Miloglyadov, M. Quack, and
G. Seyfang, SPIE Proc. 2007, 6460, 64601D-1
[6] B. Fehrensen. Dissertation, ETH Zurich, 1999
[7] B. Fehrensen, D. Luckhaus, and M. Quack. Z. Phys. Chem., 1999, 209,1
[8] D. L. Howard, T. W. Robinson, A. E. Fraser, H. G. Kjaergaard, Phys.
Chem. Chem. Phys. 2004, 6, 719

Experimental and Theoretical Investigation of the
Polarization Dependence of NO Rydberg Spectra

Sandro Mollet, Christian Seiler, Frédéric Merkt

Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich
Switzerland

The results of an investigation of high-n Rydberg spectra of nitric oxide
by resonance-enhanced multiphoton excitation using circularly polarized
radiation are presented.
Starting from the X 2Π1/2 (v = 0, J ) vibronic ground state and using
a three-photon three-color excitation scheme via the A 2Σ+ (v = 1, J )
and the H 2Σ+, H’ 2Π (v = 0, J ) intermediate states, nf Rydberg se-
ries converging to different rotational levels of the X+ 1Σ+ (v+ = 0, J+)
vibronic ground state of the cation were recorded in the range of prin-
cipal quantum number n = 30 − 80. np Rydberg series have not been
observed, presumably because of the strongly predissociative nature of
NO np Rydberg states. The lifetimes of the nf states were measured as
a function of the strength of an applied electric field. The transition in-
tensities to the Rydberg states as well as to the H,H’ intermediate states
show a strong dependence on the polarization of the incident light.
The ability to record and interpret spectra using different incident light
polarizations promises to be a valuable tool in the assignment of more
complex spectra [1]. Also, circularly polarized light is thought of as being
a key component of the extension of an existing Rydberg Stark deceler-
ation scheme [2] to nonhydrogenic atoms as well as to molecules.

[1] V.S. Petrović and R.W. Field, J. Chem. Phys., 2008, 128,
14301.

[2] S.D. Hogan and F. Merkt, Phys. Rev. Lett., 2008, 100, 043001.
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The state of Ru in Ru-hydroxyapatite during aerobic oxidation of
benzyl alcohol

C.Mondellia, D.Ferrib, A.Baikera

aETH Zurich, Hönggerberg, Wolfgang-Pauli-Str. 10, CH�8093 Zurich,
Switzerland;

bEmpa, Ueberlandstr. 129, CH�8600 Dübendorf, Switzerland.

Hydroxyapatite is a stable and recyclable support of heterogeneous catalysts
employed in organic synthesis. The partial replacement of Ca2+ ions in the
lattice of hydroxyapatite with 1�4 valent metal ions affords different classes
of materials. Ru-substituted hydroxyapatites have shown remarkable activi-
ty in the liquid phase aerobic oxidation of alcohols [1]. The structure of Ru
has been investigated using ATR-IR spectroscopy under close to reaction
conditions. The infrared data obtained upon oxidation-reduction cycles and
12CO and 13CO adsorption in the presence of cyclohexane support the exis-
tence of a hydrated RuOx-like phase, identified by overtone signals of Ru-O
bonds at ca. 1850 cm-1 and likely organized as a two-dimensional phase on
the apatite. This phase coexists with isolated Ru3+ cations likely located in
the hardly accessible channels of the apatite structure. The RuOx-like phase
is shown to be highly reactive at the solid-liquid interface and exhibits a
number of carbonyl species upon CO adsorption. The relevance of this
phase for the oxidation of benzyl alcohol has been investigated. The detec-
tion of benzaldehyde signals, although weak, makes the results relevant to
draw structure-activity relationships. Blocking of accessible Ru sites using
CO prior to reaction reveals that only selected CO species on the hydrated
RuOx-like phase are depleted when reaction occurs. Furthermore, the en-
hanced formation of HCO3- in the absence of the alcohol indicates that ben-
zyl alcohol oxidation and HCO3- formation may occur on similar Ru sites,
providing evidence that these sites are located on the RuOx phase.

[1] Z. Opre, J.D. Grunwaldt, M. Maciejewski, D. Ferri, T. Mallat, A. Baiker,
J. Catal. 2005, 230, 406.

The Pentad and the Octad of 13CH4: Lines in the 2200-4700cm-1 Region

aHans-Martin Niederer, aSieghard Albert, a,cSigurd Bauerecker
bVincent Boudon, bJean-Paul Champion, aMartin Quack

aETH Zürich, Wolfgang-Pauli-Strasse 10, CH-8093 Zürich, Switzerland
bInstitut Carnot de Bourgogne, 9 Av. A. Savary, F-21078 Dijon, France

cTU Braunschweig, Hans-Sommer-Strasse 10, D-38106 Braunschweig, Ge-
rmany

We have carried out new high resolution measurements of infrared spectra
of the spherical top molecules 12CH4, 13CH4 and 12CD4. The spectra have
been taken in the range 1800-8000 cm-1 at low temperature (80K) and at
room temperature (298K) using the Zürich prototype Bruker 125 spectrome-
ter (ZP 2001) in combination with a low temperature cooling cell [1]. Low
temperature, giving rise to a reduced Doppler full width at half maximum
(factor of 1.91) and very high resolution (0.0027cm-1 for spectra in the region
around 3000 cm-1), made it possible to determine line positions very accu-
rately, i.e. better than 10-4cm-1 around 3000 cm-1. We have studied 13CH4
spectra in its pentad region [2] (2250-3250 cm-1). Now we are climbing up
the polyad ladder into the octad region (3800-4750 cm-1), recently analyzed
for the isotopomer 12CH4 [3]. We will present an initial analysis of this re-
gion counting 8 levels, discuss the observed strong interactions and compare
to the work on 12CH4 [3]. The complex interacting system is analyzed using
an effective Hamiltonian theory described in [4].

[1] S. Albert, S. Bauerecker, M. Quack and S. Steinlin, Mol. Phys, 2007,
105, 541-558.

[2] H. M. Niederer, S. Albert, S. Bauerecker, V. Boudon, J. P. Champion
and M. Quack, Chimia, 2008, 62, 273-276.

[3] S. Albert, S. Bauerecker, V. Boudon, L. R. Brown, J. P. Champion, M.
Loëte, A. Nikitin and M. Quack, to be published.

[4] J. P. Champion, M. Loëte and G. Pierre in Spectroscopy of the Earth's
Atmosphere and Interstellar Medium, edited by K. N. Rao and A. We-
ber, 1992, Academic Press, San Diego.

Absolute dissociative electron attachment cross sections for
acetylene and diacetylene

Olivier May, Juraj Fedor, Bogdan Catalin Ibanescu and Michael Allan

Department of Chemistry, University of Fribourg, Chemin du Muse 9,
1700 Fribourg, Switzerland

Although more than one hundred neutral molecules and cations have
been recorded in the interstellar space so far, the first anions were re-
ported only recently. The first identified anion was C6H

− [1], followed by
C4H

− [2] and C8H
− [3]. For addressing the question how the C2nH− ions

are formed, both in laboratory discharges and in space, the knowledge
of the cross section for elementary processes in plasmas is necessary. We
present the study of dissociative electron attachment to C2H2 and C4H2.

We utilized two complementary instruments: (i) a dissociative electron
attachment (DEA) spectrometer providing a mass analysis of the created
DEA fragments as a function of the incident electron energy and (ii) a
newly constructed total ion collection tube providing absolute total DEA
cross sections. At low electron energies that are present in the labora-
tory discharges, both molecules show DEA bands corresponding to the
production of the (M-1)− molecular anions. In case of acelytlene the
C2H

− fragment peaks at 2.95 eV with a cross section of 3.6 pm2, in fair
agreement with the value of 2.2 0.3 pm2 obtained by Azria and Fiquet-
Fayard [4]. In diacetylene C4H

− peaks at 2.5 eV with a cross section of
3.0 pm2. At higher electron energies, additional bands are present [5], in
this region diacetylene has a considerably higher DEA cross section.

[1] M.C. McCarthy et al., Astrophys. J., 2006, L141, 625.
[2] J. Cernicharo et al., Astrophys. J., 2007, L37, 476.
[3] S. Brünken et al., Astrophys. J., 2007, L43, 664.
[4] R. Azria et al., J. Physique, 1972, 33, 663.
[5] R. Abouaf et al., in Proc. 12th Int Conf. On the Physics of

Electronic and Atomic Collisions, edited by S. Datz (North-

Hollan, Amsterdam), 409.

Supersonic jet spectroscopy of the 2-aminopyridine dimer

Philipp Ottiger, Jann A. Frey, Hans-Martin Frey, Samuel Leutwyler

Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3,
3012 Bern, Switzerland

2-aminopyridine (2AP) is a structural mimic for the Watson-Crick hydrogen
binding site of adenine and has been employed to investigate the physical
properties of the hydrogen bonded DNA base pair analogues in the gas
phase [1]. The excited state of the (2AP)2 dimer exhibits a fast deactivation
mechanism that has been interpreted in terms of a double proton transfer
reaction [2].
Optimization of the (2AP)2 structure using RI-MP2/aVTZ ab initio calcula-
tions reveals a fourfold minimum potential with two symmetry-equivalent
Ci and C2 minima each, and low interconversion barriers.
We have measured the infrared spectrum of jet-cooled (2AP)2 in the 2600 -
3600 cm-1, which fully supports the doubly hydrogen bonded structure. The
band assignments of a previous IR study on (2AP)2 [3] were extended and
corrected.

[1] A. Müller, F. Talbot and S. Leutwyler, J. Am. Chem. Soc. 2002, 124,
14486.

[2] T. Schultz, E. Samoylova, W. Radloff, I. V. Hertel, A. L. Sobolewski
and W. Domcke, Science, 2004, 306, 1765.

[3] R. Wu and B. Brutschy, J. Phys. Chem. A., 2004, 108, 9715.
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2-Pyridone·benzene: An N-H···ππ bonded T-shaped complex

Ch. Pfaffena, P. Ottigera, R. Bachorzb, W. Klopperb and S. Leutwylera

aDepartement für Chemie und Biochemie, Universität Bern
Freiestrasse 3, CH-3012 Bern, Switzerland

bCenter for Functional Nanostructures and Institut für Physikalische Chemie
Universität Karlsruhe (TH), D-76128 Karlsruhe, Germany

T-shaped and stacking interactions between π-conjugated molecules are of
great importance in many biological systems (e.g., DNA, RNA, proteins).
We have investigated the complex of the nucleobase analogue 2-pyridone
(2PY) with benzene. Both MP2 and SCS-MP2 level ab initio calculations
predict a slightly slanted T-shaped structure, bonded via a 2PY N-H···π inte-
raction. Supersonic jet infrared spectra in the 1200 - 2000 cm-1 and 2800 -
3600 cm-1 ranges indicate that there is a significant interaction between the
2PY N-H group and the benzene moiety, while the interaction of the 2PY
C=O group with benzene is very weak. This is in agreement with the com-
puted T-shaped geometry. The experimental electronic origin of
2PY·benzene is red shifted compared to the origin of the 2-pyridone mono-
mer. This feature also implies the absence of a hydrogen bond to the C=O
group, since C=O hydrogen bonded 2PY complexes show blue shifted ori-
gins.

High-resolution electronic spectroscopy of the low-lying

electronic states of XeKr and XeAr

Lorena Piticco∗, Urs Hollenstein and Frédéric Merkt

Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich

Informations on the low-lying electronic states of the heteronuclear rare-
gas dimers XeRg (Rg=Kr, Ar) available in the literature are limited to
the vibrational structure of several band systems in the VUV range of the
electromagnetic spectrum (see for instance Refs [1, 2, 3]). Using a near-
Fourier-transform-limited vacuum-ultraviolet laser system [4] spectra of
the C ← X and D ← X band systems of several isotopomers of XeKr
and XeAr were recorded at high resolution in the wavenumber range from
77 000 cm−1 to 77 350 cm−1 by resonance-enhanced two-photon ionization
spectroscopy. The rotational and vibrational structures of C-X and D-X
band systems could be fully resolved and assigned on the basis of isotopic
shifts and combination differences. Potential energy functions and a full
set of spectroscopic parameters were derived for the excited states. The
poster will present the results of the analysis and compare them with the
results of earlier investigations.

This work is financially supported by the ETH Zürich and the Swiss
National Science Foundation.

[1] D. M. Mao, X. K. Hu, S. S. Dimov and R. H. Lipson, J. Phys. B:

At. Mol. Opt. Phys., 1996, 29, L89.

[2] O. Zehnder and F. Merkt, “The low-lying electronic states of KrXe+

and their potential energy functions”, Mol. Phys., in press.

[3] O. Zehnder and F. Merkt, “The low-lying electronic states of ArXe+

and their potential energy functions”, J. Chem. Phys., 2008, 128,
014306.

[4] U. Hollenstein, H. Palm and F. Merkt, Rev. Sci. Instr., 2000, 71,

Quantum dynamics on a model potential allowing for predissociation
with and without coherent laser excitation

Robert Prentner, Martin Quack and Jürgen Stohner

Laboratory of Physical Chemistry, ETH Zürich (Hönggerberg), 8093 Zürich

Exponential decay is one of the primary chemical processes which is well
known from classical kinetics. It has been derived by perturbation theory
from first principles in the early days of quantum mechanics and could be
derived also in an exactly solvable matrix coupling model by Bixon and
Jortner [1]. One can find exponential decay of the initial wavepacket in the
case of simple, exact harmonic oscillator dynamics [2], which illustrates the
exponential decay of a Lorentzian distribution of equidistant states. There
have been quantitative studies of femtosecond wavepacket motion of �real�
polyatomic molecules under coherent excitation [3].
In this work we report results on a predissociation potential with tunneling
through a barrier. Populations of quantum states have been calculated and
both the radiationless decay of a single initial resonance state as well as the
decay induced by coherent infrared radiation has been studied within the
weak field quasiresonant approximation (WFQRA) [4]. Exponential decay
is observed at high enough densities of states outside the barrier region.

[1] M. Bixon and J. Jortner, J. Chem. Phys. 1968, 48, 715; J. Chem. Phys.
1969, 50, 3284; J. Chem. Phys. 1969, 50, 4061.

[2] R. Marquardt and M. Quack, J. Phys. Chem. 1994, 98, 3486; Z. Physik,
1996, 36, 229.

[3] M. Quack, J. Stohner, J. Phys. Chem. 1993, 97, 12574.
[4] M. Quack, J. Chem. Phys. 1978, 69(3), 1282.

Understanding Protein Adsorption Phenomena

M. Rabe, D. Verdes, S. Seeger

Institute of Physical Chemistry, University of Zurich,
Winterthurerstrasse 190, 8057, Switzerland

Protein adsorption on solid interfaces is an ubiquitous event when complex
biological samples are analyzed. In biosensor applications it is typically
considered as a serious problem as the non-specific adsorption on sensor
surfaces degrades the detection sensitivity and selectivity. On the other side
the efficiency of immuno-sensors may rely on an optimal orientation and
organization of surface immobilized receptor proteins. In any case it is de-
sirable to have a control over protein adsorption on surfaces which requires
systematic investigations in this complex field.
Unlike small molecules the adsorption of proteins to interfaces is often ac-
companied by complex phenomena such as conformational re-orientations,
transitions between different adsorbed states, overshootings, cooperative
adsorption, or aggregation. Using Supercritical Angle Fluorescence (SAF)
microscopy, a surface selective detection technique, we collected compre-
hensive experimental kinetic data that serve as a fundament of adsorption
models. In particular, they provide precise mechanisms for the often ob-
served effects of overshooting and cooperative protein adsorption which are
subject of controversial debate. Further we characterized the in situ build-up
of protein layers in the course of adsorption. Various surface features such
as deposited protein clusters, regions of high and regions of low protein
density were distinguished indicating that a perfectly homogeneous protein
monolayer is usually an illusion. Applying the technique of intermolecular
Fluorescence Resonance Energy Transfer (FRET) on protein clusters re-
vealed a spreading mechanism that induces a flattening of the initially com-
pact packing. In this way initially globular protein aggregates may become
two-dimensional surface clusters after continued spreading. These insights
into protein adsorption phenomena may help to find efficient strategies to
control the behavior and organization of proteins covering interfaces.
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Structure performance relations of supported metal catalysts

Shreekant Satav

ETH Zurich
Wolfgang-Pauli-Str. 10, 8093 Zurich, Switzerland

To achieve a sustainable world economy, catalysts should be very active and
selective. The catalysts of the future have a well defined structure to achieve
the required performance. Nanoscience in catalysis has become a powerful
technique to construct catalysts, which helps to understand structure-
performance relations using in situ spectroscopy.
Heterogeneous metal catalysts are widely used in various reactions includ-
ing selective hydrogenation, complete and partial oxidation, and reduction
of NOx with hydrocarbons. The catalytic performance of supported metal
catalysts depends strongly on contact structure, support, particle size and
metal alloying. All these factors can be separately studied by synthesis of
catalysts with monodispersed metal particles supported on well defined sup-
ports and study them in different catalytic systems. To obtain monodis-
persed metal particles we synthesized Nanoparticle catalysts using con-
trolled colloidal chemistry routes.
CO oxidation and epoxidation reactions are remarkably structure sensitive.
The structures of the catalytically active sites and their interactions with the
reactant intermediates will be determined using in situ spectroscopy under
catalytically relevant conditions.

[1] M. Haruta, Cattech 2002, 6,102

Where atomic spectra are like molecular spectra: fine and
hyperfine structure of high Rydberg states of xenon studied
by millimetre wave spectroscopy and MQDT calculations

Martin Schäfer, Matthias Raunhardt, Frédéric Merkt

Laboratorium für Physikalische Chemie, ETH Zürich, CH-8093 Zürich,
Switzerland

In the range 0–45 cm−1 below the ionisation limit, the separation be-
tween adjacent electronic states (Rydberg states with principal quantum
number n > 50) of atoms and molecules is smaller than 2 cm−1. In or-
der to resolve the fine and hyperfine structure of these states, very high
resolution is needed. For most atoms and molecules, however, the di-
rect access to Rydberg states from the ground state requires light in the
UV or VUV range, and the spectral resolution is limited by the spectral
bandwidth of the laser and/or the Doppler broadening. A significantly
higher resolution can be obtained by combining a high-resolution laser
system with millimetre radiation [1].
A phase-stabilised backward wave oscillator (BWO) in the 240–360 GHz
frequency range was combined with a UV laser system to record high-
resolution spectra of high-n Rydberg states of xenon. The millimetre
wave transitions at sub-MHz resolution between ns/nd and np/nf Ryd-
berg states of the isotopes 129Xe, 131Xe, and 132Xe were detected by pulsed
field-ionisation followed by mass-selective detection of the cations.
A multichannel quantum defect theory (MQDT) treatment of the hy-
perfine structure [2] was used to analyse the millimetre wave spectra in
combination with the available data from the literature in order to obtain
improved MQDT parameters and hyperfine structure parameters of the
2P3/2 ground electronic state of Xe+.

[1] C. Fabre, P. Goy, S. Haroche, J. Phys. B: Atom. Mol. Phys. 1977, 10,
L183–189. F. Merkt, A. Osterwalder, Int. Rev. Phys. Chem. 2002, 21,
385–403. M. Schäfer, M. Andrist, H. Schmutz, F. Lewen, G. Winnewisser,
F. Merkt, J. Phys. B: At. Mol. Phys., 2006, 39, 831.

[2] H. J. Wörner, U. Hollenstein, F. Merkt, Phys. Rev. A, 2003, 68, 032510.
M. Schäfer, F. Merkt, Phys. Rev. A, 2006, 74, 062506.

Structure sensitivity in the enantioselective hydrogenation of ketopanto-
lactone using Pt nanoparticles of well defined shape

Erik Schmidt, Tamas Mallat, Frank Krumeich, Alfons Baiker*

Department of Chemistry and Applied Biosciences, ETH Zurich,
Hönggerberg, HCI, CH-8093 Zurich, Switzerland

Silica supported Pt nanoparticles with controlled shape, as recently synthe-
sized by El-Sayed et al. [1], were used to study the structure sensitivity of
the hydrogenation of α-ketopantolactone in the presence of the cinchonidine
[2]. The cubic particles of sample (a) with preferentially exposed (100) faces
were more reactive, while sample (b) with a higher fraction of (111) faces
gave slightly higher enantioselectivity (up to 75% ee). Prereduction of the
catalyst improved activity and enantioselectivity on both samples indicating
a restructuring of the Pt surfaces and/or the removal of surface impurities.
Changes in the size and shape distribution of the metal particles were fol-
lowed by electron microscopy (TEM/STEM), and IR spectroscopy was used
to identify the relevant surface species.

(a) (b)

[1] T. S. Ahmadi, Z. L. Wang, T. C. Green, A. Henglein, M. A. El-Sayed,
Science 1996, 272, 1924.

[2] T. Mallat, E. Orglmeister, A. Baiker, Chem. Rev. 2007, 107, 4863.

The E⊗(b1⊕b2) Jahn-Teller effect in the allene cation studied
by high-resolution photoelectron spectroscopy

Anna M. Schulenburg, F. Merkt

Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich,
Schweiz

The first four torsional bands of the C3H
+
4 X+ 2E←C3H4 X 1A1 tran-

sition of allene have been studies by pulsed-field ionisation (PFI) zero-
kinetic energy (ZEKE) photoelectron spectroscopy. The electronically
degenerate ground state of the cation is prone to a Jahn-Teller (JT) ef-
fect, which causes it to distort along the normal coordinates of b1 and
b2 symmetry. This is a result of the E⊗(b1⊕b2) JT effect characteristic
of point groups with a four-fold symmetry axis. The JT distortion takes
place along the modes ν4 (torsion) and ν6 (asymmetric C=C=C stretch).
Until recently the spectroscopic information on the allene cation was
limited to that contained in HeI photoelectron spectra [1,2]. We present
here fully rotationally resolved PFI-ZEKE photoelectron spectra of al-
lene. The rotational structure of the lowest two torsional bands is regular,
ab the intensity distribution indicates a static distortion. The first adia-
batic ionisation potential of allene was determined to be 78142.9 cm−1.

[1] Z. Z. Yang and L. S. Wang and Y. T. Lee and D. A. Shirley
and S. Y. Huang and W. A. Lester Jr., Chem. Phys. Lett.,
1990, 171, 9-13.

[2] P. Baltzer and B. Wannberg and M. Lundqvist and L. Karlsson
and D. M. P. Holland and M. A. MacDonald and W. von
Niessen, Chem. Phys., 1995, 193, 551-567.
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Generation of circularly polarized VUV laser radiation

Ch. Seiler, S. Mollet, F. Merkt

Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich,
Switzerland

Multiphoton excitation with circularly polarized radiation is a convenient
method to prepare nonpenetrating Rydberg states with ≥ 3 of an atom
or a molecule. Long-lived hydrogenic Rydberg states can be generated
in this way which can be studied by high resolution spectroscopy or used
in Rydberg-Stark deceleration experiments [1-3].
Circularly polarized VUV laer radiation was generated by resonance-
enhanced two-color sum-frequency mixing νVUV = 2ν1 + ν2 in a Xe jet
using a linearly polarized UV laser beam (ν1) in resonance with the
Xe 5p56p[1/2]0 ← Xe 5p6 two-photon transition and a circularly polarized
visible laser beam (ν2). The purity of the polarization of the generated
VUV laser radiation was determined making use of the selection rules for
MJ (ΔMJ = ±2 for circular light, depending on the polarization direc-
tion σ±) in 1Πg ←

1 Σ+
u ←

1 Σ+
g two-photon transition in para H2.

We performed the experiment on H2 using a 1 + 1 + 1 doubly res-
onant three-photon two-colour REMPI procedure via the intermediate
B 1Σ+

u (v = 3, J = 1) and I 1Πg(v = 0, J) states using two circularly po-
larized photons. The two-photon transition to the I (v = 0, J = 1) from
the X (v = 0, J = 0) state via the B (v = 3, J = 1) state is allowed
for all combinations of polarizations of the two laser beams except the
one in which both laser beams are circularly polarized with the same
helicity. This two-photon transition is therefore well suited to determine
the purity of the VUV laser polarization which we show to be > 85 %.

[1] E. Vliegen, H. J. Wörner, T. P. Softley and F. Merkt, Phys.

Rev. Lett., 2004, 92, 033005.
[2] E. Vliegen, S. D. Hogan, H. Schmutz and F. Merkt, Phys. Rev.

A, 2007, 76, 023405.
[3] S. D. Hogan and F. Merkt, Phys. Rev. Lett., 2008, 100,

043001.

Intramolecular Redistribution of Vibrational Energy in Propargyl-
halides Measured by Femtosecond Pump-Probe Experiments

V. Krylov, A. Kushnarenko, E. Miloglyadov, M. Quack, G. Seyfang

Physical Chemistry, ETH Zurich, Wolfgang-Pauli-Str. 10, CH-8093 Zurich

The fast intramolecular redistribution of vibrational energy (IVR) is an im-
portant requirement to apply statistical methods in unimolecular reaction
theory [1,2]. The time evolution of the vibrational wavefunction can be ob-
tained from high-resolution IR-spectra or the IVR process can be studied
directly in femtosecond pump-probe experiments [2-4]. We have set up a
pump-probe scheme where the IVR dynamics is followed either by sensitive
UV- or IR-absorption of the time delayed probe pulse. To increase the sensi-
tivity of our experiments in the gas phase the two laser beams are confined
in a hollow waveguide. From the overtone spectra it is well established that
for propargyl halides the IVR process after excitation of the overtone of the
CH-stretching vibration is different, depending on whether the methylenic
CH2X-group or the acetylenic CCH-group is excited [3,5]. In accordance
with the prediction from IR-spectroscopy the femtosecond pump-probe ex-
periments show that the measured IVR times for the acetylenic CH-
stretching vibration are larger by a factor 20-40 than the shortest time pro-
cess detected after the excitation of the methylenic CH-stretching vibration.

[1] M. Quack, Annu. Rev. Phys. Chem., 1990, 41, 839.
[2] M.Quack, Chapter 27 in 'Femtosecond Chemistry', Manz, J. and

Woeste, L., eds, Verlag Chemie (Weinheim), 1995, 781
[3] K. v. Puttkamer, H.R.Dübal, M.Quack, Chem. Phys. Lett. 95, 358,

1983 and Faraday Discuss. Chem. Soc. 75, 197, 1983
[4] V.Krylov, A.Kushnarenko, E.Miloglyadov, M.Quack, G.Seyfang,

Proc. SPIE, 2007, 6460, 64601D and Proc. SPIE, 2004, 5337, 178
[5] M.Quack, J.Stohner, J. Phys. Chem. 97, 12574, 199

EPR and DFT studies of the radical cation [Mo(CO)5PPh3]� +

Sidorenkova Helena, Bassirou Ndiaye, Abdelaziz Jouaiti, Theo Berclaz and
Michel Geoffroy

Department of Physical Chemistry, University of Geneva, 30 Quai Ernest
Ansermet, 1211 Geneva, Switzerland

The radical cation [Mo(CO)5PPh3]� + has been trapped at 77 K in an
irradiated single crystal of the neutral precursor. The resulting spectra are
characterized by a large anisotropy of the g-tensor. Hyperfine interacting
coupling with 95/97Mo and 31P nuclei are clearly observed and analysed in
terms of spin delocalisation.
Quantum chemical calculations at DFT/B3LYP-IGLO-III level were
performed to interpret the EPR results. ORCA package was used to estimate
spin orbit coupling effects (SOMF) and relativistic contributions (ZORA).

Simple Analytical Simulations of PSA System for Binary Mixture
c-C6H12-C6H5Cl Adsorbed on Activated Carbon U-03 and Based on

Adsorbed Amount and Kinetic Desorption Rate.

R. M. Sobota, W. K. Jóźwiak

Technical University of Lodz, 116 Zeromskiego, 90-024 Lodz, Poland

This study presents a simple simulation of pressure swing adsorption - PSA
system for the adsorbed mixture of fully miscible components c-C6H12-
C6H5Cl adsorbed on activated carbon U-03. Simple simulations of PSA sys-
tem is based on the adsorbed quantity No and the constants of desorption
rate k obtained from single component desorption curves in dynamic ex-
periments. The simulation verified by experimental results appeared also to
be in good accordance with the analogical model reported by Rebstein [1].
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Comparison of experimental curves (�) Nd(exp.) with simulation curves ( - - - )
Nd(sim.) obtained for c-C6H12 (Figure A) and C6H5Cl (Figure B). Experimental
outlet concentration curve Nexit(exp.) for both substances reflecting also break-

through curve for c-C6H12 (Figure A) is also included
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[1] A. Lavanchy, P. Rebstein and F. Stoeckli, IUPAC Congress,

27.06-02.07.1992, Moscow (Russia)
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Hydrogen Peroxide Generation by Decamethylferrocen
at a Liquid|Liquid Interface

Bin Su, Raheleh Partovi Nia, Fei Li,
Mohamad Hojeij, Michel Prudent, and Hubert H. Girault

Laboratoire d�Electrochimie Physique et Analytique, Ecole Polytechnique
Fédérale de Lausanne, Station 6, CH-1015, Lausanne, Switzerland

An electrochemical method for producing hydrogen peroxide (H2O2) in the
absence of any noble metal catalysts at a soft molecular interface rather than
at a solid electrode is presented [1]. This approach relies on controlling the
interfacial Galvani potential difference between two immiscible electrolytes,
in other words the polarization at a lqiud|liquid interface, to allow the reduc-
tion of oxygen to H2O2. In this system, decamethyferrocene (DMFc) located
in 1,2-dichloroethane (DCE) functions as the reductant, the adjacent
aqueous phase containing sulfuric acid provides the proton, and the polari-
zation of the interface can be controlled either externally by a voltage or
chemically by the distribution of different salts with a common ion. The
main advantage of this biphasic system is that the oxygen reduction by
DMFc can be stopped at the formation of H2O2. The resulting concentration
of H2O2 has been measured and shows a yield of 20% with respect to the
concentration of the reducing agent (DMFc). Moreover, the reaction could
be catalyzed by Cobalt(II) 5-(o-aminophenyl)-2,8,12,18-tetraethyl-
3,7,13,17-tetramethylporphyrin featuring a stong proton complexation and
interfacial affinity. In summary, this work illustrates how a biphasic system
can be used to simultaneously supply electrons from nonaqueous donors and
protons from an aqueous phase to drive interfacial reactions.

[1] Bin Su, Raheleh Partovi Nia, Fei Li, Mohamad Hojeij, Michel Prudent,
Clemence Corminboeuf, Zdenek Samec, and Hubert H. Girault, Angew.
Chem. Int. Eng., In press.

Vibrational Predissociation via Isomerisation:

The Photodissociation of Nitrosamine in the S1 State.

H.U. Suter, J.R Huber

University of Zurich, CH–8057 Zürich

Two instructive cases of vibrational predissociation [1] previously studied in our
laboratory are methylnitrite [2] (MN) and N,N-dimethylnitrosamine (DMN) [3, 4].
While MN can be considered a classical case , DMN ( (CH3)2N–NO) has been pro-
posed a very special predissociation involving large amplitude motions with struc-
tural changes prior to the bond cleavage. The present study reports the result of a
reinvestigation of the mechanistic features of DMN predissociation which supports
the earlier proposal of Persico, Cacelli and Ferretti [5]. Using ab initio MCSCF
we calculated the S1 PES along the N=O (stretch) and N–N (dissociation) coor-
dinates for the planar and its isomeric structures (see Figure). The result of our
calculations including the S1 PES, the S0 −→ S1 (nπ

∗)) absorption spectrum and
the vertical excitation energies show that S1 nitrosamine cannot dissociate keeping
its planar structure. Only after a rapid and barrierless transformation to the iso-
meric form (pyramidalized and twisted) dissociation to (CH3)2N + NO can occur.

The entire process proceeds on a subpicosecond time scale as also manifested by the
non–Boltzmann vibrational and rotational state distributions of NO and the angular
momentum and recoil velocity anisotropy of the fragments [3].

[1] G. Herzberg, Molecular Spectra and Molecular Structure, Van Nostrand, New York
(1966).

[2] A. Untch, R. Schinke, R. Cotting and J. R. Huber, J Chem. Phys. 99 (1993) 9553.

[3] M. Dubs, U. Brühlmann and J. R. Huber, J. Chem. Phys. 84 (1986) 3106.

[4] R. Cotting, Diploma Thesis, University of Zurich, 1991

[5] M. Persico, I. Cacelli and A. Ferretti, J. Chem. Phys. 94 (1991) 5508.

Elucidating the particle-size effect of oxide-supported palladium nano-
particles on the mechanism of hydride formation

Min Wei Tew, Jeffrey T. Miller, Jeroen A. van Bokhoven

Department of Chemistry and Bioengineering, HCI E 128, ETH Zürich,
Wolfgang-Paulistrasse 10, 8093 Zürich, SWITZERLAND

Palladium is a versatile hydrogenation catalyst because of its ability to dis-
sociate and dissolve hydrogen, which also leads to hydride formation [1]. To
understand the particle size effect in hydrogenation, we studied the structure
and formation of the hydrides. Oxide-supported palladium nanoparticles of
13, 28, and 105 Å were synthesized by incipient-wetness impregnation.
These particles were reduced and their interaction with hydrogen at room
temperature was studied using in situ x-ray absorption spectroscopy. Hy-
dride formation was observed by lattice expansion and the formation of cha-
racteristic spectral features caused by the new Pd-H antibonding state [2].
The L3-edge spectra were reproduced using full multiple scattering analysis
and density of state (DOS) calculations [3], and the contribution of intersti-
tial and surface hydrogen to the new Pd-H antibonding state could be distin-
guished. The particle size strongly affected the hydride formation. However,
even the smallest particles had interstitial hydrogen and thus formed some
type of hydride.

[1] Molnar, A., Sarkany, A., Varga, M. J. Mol. Cat.A:Chem.2001, 173, 185.
[2] Saldatov, A.V., Della Longa, S., Bianconi, A. Solid State Commun.

1993, 85, 863.
[3] http://leonardo.phys.washington.edu/feff/wiki

Conformational Behavior of Cinchonidine Revisited: A Combined
Theoretical and NOESY Study

Atsushi Urakawa, Daniel M. Meier, Heinz Rüegger, Alfons Baiker

Institute for Chemical and Bioengineering, Department of Chemistry and
Applied Biosciences, ETH Zurich, Hönggerberg, HCI, 8093 Zurich

The unique combination of the stereogenic centers of cinchona alkaloids is
beneficially exploited to obtain optically pure compounds by chiral separa-
tion, homogeneous, and heterogeneous catalysis. Understanding of their rich
conformational behavior plays a key role in further improvements of those
processes. In this work, conformational space of cinchonidine has been ex-
plored by means of ab initio potential and free energy surfaces and the tem-
perature-induced changes of conformational populations were studied by a
combined NOESY-DFT analysis. The DFT derived potential energy surface
investigation identified four new conformers. Among them, Closed(7) is
substantially relevant to fully understand the conformational behavior. The
energy surfaces gave access to the favored transformation pathways at dif-
ferent temperatures (280-320K). They also revealed the reasons for the neg-
ligible presence of energetically stable conformers and explained the expe-
rimentally observed temperature dependence of the populations.
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Stability of Pd-based catalysts prepared by flame-spray pyrolysis

Niels van Vegten and Alfons Baiker

Institute for Chemical and Bioengineering, Department of Chemistry and
Applied Biosciences, ETH Zürich Hönggerberg, HCI, 8093 Zürich

Palladium-based catalysts belong to the most efficient catalysts for several
combustion reactions. Although still under debate, the most active form is
considered to be a combination of Pd and PdO or pure PdO [1]. Palladium
oxide however has a limited thermal stability, decomposing at between 600-
700°C in pure helium or at higher temperature with higher oxygen partial
pressure. This property greatly reduces the activity of these catalysts be-
tween 600 and 800°C [2].
Recent research on Rh-based hydrogenation catalysts prepared by flame-
spray pyrolysis (FSP) revealed the presence of a large amount of cationic
rhodium species, along with a higher resistance to reduction compared with
commercial catalysts [3]. This finding prompted us to investigate the ther-
mal stability and activity of palladium based catalysts prepared by FSP.
Several supports were used to study their effect on the stability of the PdO
and the overall catalytic activity, including non-reducible supports (Al2O3,
SiO2 and MgAl2O4) as well as reducible supports (TiO2, ZrO2 and CeO2).

The catalysts were used for the catalytic combustion of methane and charac-
terized by nitrogen adsorption (BET), XRD, thermogravimetry and Raman
spectroscopy. Preliminary results from these experiments indicate that espe-
cially the thermal stability of the support plays a crucial role in conserving
the catalytic activity.

[1] T.V. Choudhary et al., Appl. Catal. A, 2002, 234, 1.
[2] J.D. Grunwaldt et al., Chem. Comm., 2007, 4635.
[3] N. van Vegten et al., J. Catal., 2007, 249, 269.

Rovibrational structure of the low-lying electronic states of
Xe+

2 by PFI-ZEKE photoelectron spectroscopy

K. Vasilatou, U. Hollenstein, F. Merkt

ETH Zurich, Wolfgang Pauli-Strasse 10, 8093 Zurich

Pulsed-field-ionization zero-kinetic-energy photoelectron spectra of Xe+
2

have been measured in the range between 91 000 cm−1 and 107 200 cm−1,
where the lowest electronic states of the cation are located. Using a two-
photon excitation scheme via selected rovibrational levels of the C 0+

u

intermediate state, it was possible for the first time to observe the rota-
tional structure of several vibrational bands of the I (1/2u), I (3/2u), I
(3/2g) and II (1/2u) electronic states. For the ground ionic state I (1/2u)
even the Ω-doubling was resolved. Analysis of the experimental data al-
lows us to extract accurate values for the rotational and Ω-doubling con-
stants. These constants are used to test several sets of potential energy
functions for the six low-lying electronic states of Xe+

2 available in the
literature.

[1] P. Rupper, O. Zehnder, and F. Merkt J. Chem. Phys., 2004,
121, 8279.

[2] I. Paidarova, and Florent Xavier Gadea Chem. Phys., 2001,
274, 1.

[3] A. Wüest, U. Hollenstein, K. G. de Bruin, and F. Merkt Can.

J. Chem., 2004, 82, 750.
[4] O. Zehnder, and F. Merkt (in press)

Parallel two channel near and far field fluorescence microscopy

Dorinel Verdes, Michael Rabe, Stefan Seeger

Institute of Physical Chemistry, University of Zürich, Winterthurerstrasse
190, CH-8057, Zürich, Switzerland

A new two channel fluorescence microscopy technique for surface-
generated fluorescence is presented. The realized fluorescence microscope
allows high resolution imaging of aqueous biological samples. The core
element of the instrument is a parabolic mirror objective used to collect the
fluorescence emission at large surface angles above the critical angle of the
water/glass interface. An aspheric lens, incorporated into the solid parabolic
element, is used for diffraction limited laser focusing and for collecting fluo-
rescence at low angles with respect to the optical axis. By separated collec-
tion of the fluorescence emitted into supercritical and subcritical angles, two
detection volumes strongly differing in their axial resolution are generated at
the water/glass interface. Consequently, the signals from surface-bound and
unbound diffusing fluorescent molecules can be obtained simultaneously.
Unlike in total internal reflection microscopy, the parabolic mirror objective
easily achieves a diffraction limited excitation/detection volume at the wa-
ter/glass interface. An excellent signal-to-background ratio at moderate il-
lumination intensity, diffraction limited resolution, radical reduction of the
detection volume along the optical axis, easy handling and stability, make
the two channel fluorescence microscope a powerful technique for surface
fluorescence measurements.

SLOW SAMPLES OF COLD RADICALS BY MULTISTAGE
ZEEMAN DECELERATION

A. W. WIEDERKEHR, S. D. HOGAN, H. SCHMUTZ, M. ANDRIST,
B. LAMBILLOTTE, and F. MERKT

Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zurich,
Switzerland

With the goals of: (i) performing ultra-high resolution spectroscopy with
long interaction times between a cloud of cold atoms or molecules and
a narrow bandwidth radiation field, and (ii) studying cold reactive col-
lisions in which the kinetic energies and quantum states of the colliding
particles may be controlled to a high degree, a multistage Zeeman de-
celerator for neutral radicals has recently been developed in our labora-
tory [1,2].
The results of a recent series of experiments in which we have decelerated
ground state H and D atoms will be presented. In these experiments mag-
netic fields of 1-2 T were pulsed in each coil for tens of microseconds, with
rise and fall times shorter than 5 µs. With this instrument we have been
able to produce slow beams (velocities below 100 ms−1) of translation-
ally cold (temperature of ∼30 mK) H atoms [3]. The atoms are detected
by photoionization and the velocity distribution of the decelerated atom
cloud was determined by measuring the time-of-flight distribution of the
H+ ions. Magnetic reflection and trapping at the end of the decelerator
can be performed.

[1] N. Vanhaecke, U. Meier, M. Andrist, B.H. Meier, and F.
Merkt, Phys. Rev. A, 2007, 75, 031402.

[2] S. D. Hogan, D. Sprecher, M. Andrist, N. Vanhaecke, and F.
Merkt, Phys. Rev. A, 2007, 76, 02341.

[3] S. D. Hogan, A. W. Wiederkehr, M. Andrist, H. Schmutz, and
F. Merkt, J. Phys. B.: At. Mol. Opt. Phys., 2007, 41,
081005.
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Beyond nature: a surface that resists wetting by water and oils

Jan Zimmermann, Stefan Seeger*

University of Zurich, Winterthurerstr. 190, CH-8057 Zurich, Switzerland

Inspired by nature, many artificial surfaces have been developed in the last
decade that mimic the so called Lotus Effect® [1]. On such so called super-
hydrophobic surfaces, drops of water remain almost spherical and easily roll
off. Unknown in nature is a similar effect for oils. In fact, all natural and
most artificial superhydrophobic surfaces face the problem of oily contami-
nation. We have recently developed a coating [2] which, applied to textiles,
results in fabrics that are completely non wettable by both water and oils.
Even drops of non polar liquids with surface tensions below 30mN/m roll
off these surfaces on slight inclination. To date, such surfaces are extremely
rare and previously required complicated coating procedures or intricate
surface manufacturing [3].

Figure 1. A: A polyester (PET) fiber coated with fluorosilane modified silicone nanofila-
ments (FSN). B/C: A drop of water/hexadecane on a PET fabric coated with FSN. D: Due
to their special surface geometry, fibrous structures are able to resist wetting even though
θ < 90° (adapted from [3])

[1] P. Roach; N. J. Shirtcliffe; M. I. Newton, Soft Matter 2008, 4, 224-240.
[2] J. Zimmermann; M. Rabe; G. R. J. Artus; S. Seeger, Soft Matter 2008,

4, 450 - 452.
[3] A. Tuteja; W. Choi; M. Ma; J. M. Mabry; S. A. Mazzella; G. C. Rut-

ledge; G. H. McKinley; R. E. Cohen, Science 2007, 318, 1618-1622.

Corannulene on Cu(111) surface structure and properties
using a first-principle theoretical approach

Laura Zoppi1, Alberto Garcia2, Kim Baldridge1*

1Organich Chemistry Institute, University of Zurich, Winterthurerstrasse
190, 8057 Zurich, Switzerland

2Institut de Ciencia de Materials de Barcelona � CSIC, Campus de la UAB,
E-08193 Bellaterra (Barcelona), Spain

The interaction of curved aromatic carbon surfaces with metal atoms
represents an area of broad interest in organometallic chemistry. The intri-
guing question regarding the preference for metal binding to the concave
versus convex side has been investigated both theoretically and experimen-
tally, most notably focusing on Corannulene C20H10 (COR) [1] as prototype
system. In this work, we study the specific case of COR adsorption on
Cu(111) surface. The interest in this system stems from recent STM expe-
rimental findings, [2] which show that CORs adsorbed on Cu(111) gives
rise to very peculiar supramolecular aggregation processes. In order to elu-
cidate the fundamental mechanism involved, we adopt a first-principle elec-
tronic structure approach by adding to a standard DFT-GGA framework a
semiempirical term taking into account dispersion contributions [3], em-
ploying the SIESTA code [4]. Structural relaxations of a single COR mo-
lecule located on top of the high symmetry sites of a six-layer Cu(111) slab
are performed. Subsequently, electronic structure analysis is performed
based on projected density of states (PDOS) and work function modifica-
tion, upon molecule adsorption. Investigations of the Cu(100) slab are also
of interest. Ultimately, we will extend structural analysis to the case of sev-
eral molecules on the copper substrate so to distinguish the contributions of
molecule-substrate interaction and molecule-molecule interaction to the
adsorption mechanism.

[1] T. J. Seiders, K. K. Baldridge, J. M. O� Connor, J. S. Siegel, JACS,

Soft Nanotechnology - from Colloid Chemistry to Nanostructured
Functional Materials

Peter Schurtenberger

Adolphe Merkle Institute and Fribourg Center for Nanomaterials
University of Fribourg

Chemin du Musée 3, Perolles, CH-1700 Fribourg, Switzerland

I will demonstrate how we can tune the size, shape, surface functionality and
properties of nanoparticles and use them as ideal model systems for
fundamental investigations as well as for materials applications. These
particles can be used in order to study the equilibrium and non-equilibrium
phase behavior of colloidal suspensions with different interaction potentials,
and I will demonstrate how they allow us to investigate various phase
transitions such as crystallization or gel and glass formation. While different
nanoparticles are vital for fundamental studies of soft condensed matter, they
also offer fascinating possibilities in materials science, and I will thus also
demonstrate how we can create nanostructured materials with novel
properties using functionalized and responsive particles.

Electrostatic Interactions between Colloidal Particles Covered with
Oppositely Charged Dendrimers

Ionel Popa, Georg Papastavrou, Michal Borkovec

Department of Inorganic, Applied and Analytical Chemistry, University of
Geneva, Quai Ernest Ansermet, 30, 1211 Geneva, Switzerland

The colloidal probe technique, based on the atomic force microscope
(AFM), is used to measure interaction forces between sulfate polystyrene
latex particles covered with poly(amidoamine) (PAMAM) dendrimers, with
different coverage, ionic strength and dendrimer generation. When increas-
ing the adsorbed amount of dendrimer, the overall charge can be tuned from
negative to positive values, through the isoelectric point (IEP). The poten-
tials obtained from the direct force measurements between the colloidal par-
ticles agree well with the ones measured with electrophoresis. At the IEP, a
long-range attraction is measured. Ionic strength and dendrimer generation
influence the range of this interaction. The attractive force can be explained
by the surface charge heterogeneities resulting from the lateral distribution
of positively charged dendrimers onto negatively charged particles.
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