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Exciton Splittings in Molecular Dimers

Philipp Ottiger and Samuel Leutwyler

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

We have interpreted the optical spectra of the supersonically cooled molecular
dimers (2-pyridone)2 [1] and (2-aminopyridine)2 [2] in terms of delocalized
excited states with experimentally determined S1/S2 excitonic splittings of 44
and 11 cm−1, respectively. High-level ab initio calculations predict excitonic
splittings that are too large by a factor of 5-40. These purely electronic split-
tings are quenched by vibronic coupling to the optically active intramolecular
vibrations. Quenching factors determined from experiment and calculations
on the corresponding monomers are in good agreement with the observed
S1/S2 origin splittings. The effect of vibronic coupling also has to be taken
into account for other symmetric doubly hydrogen bonded complexes such as
(cyanophenol)2, (benzoic acid)2 or (benzonitrile)2. This point has been widely
overlooked in previous work.

[1] A. Müller, F. Talbot and S. Leutwyler, J. Chem. Phys. 2001, 116, 2836.
[2] P. Ottiger, S. Leutwyler and H. Köppel, J. Chem. Phys. 2009, 131,

204308.
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Test of nuclear spin symmetry conservation in partially deuterated
methane-isotopomers in the expansion of a molecular supersonic jet

Veronika Horká-Zelenková, Manfred Caviezel, Martin Quack,

Georg Seyfang

ETH Zürich, Physical Chemistry, Wolfgang Pauli Str. 10, 8093 Zürich,
Switzerland

The conservation of nuclear spin symmetry represents a relatively strong
selection rule for radiative transitions, bimolecular collisions and reactions
on short time scales [1]. This led to the separation of para- and ortho-H2 al-
ready in 1929 through cooling in the presence of a magnetic catalyst [2].
The violation of this selection rule can have both de facto and de lege ori-
gins [3]. The possibility of intramolecular and intermolecular nuclear spin
symmetry interconversion has been demonstrated in a number of experi-
ments at longer time scales [4-6]. On the other hand on short time scales in
supersonic jet expansions nuclear spin symmetry is found to be conserved
for CH4 [7]. We have extended these investigations to CH3D and CHD3 in a
diode laser experiment with slit jet supersonic expansion. A temperature
below 10 K was reached for both molecules. Detailed analysis of the R2-line
intensities shows that nuclear spin symmetry relaxation plays only minor
role if any under the conditions given.

[1] M.Quack,Mol. Phys. 1977, 34, 477.
[2] K.F.Bonhoeffer and P.Harteck, Naturwiss. 1929, 17, 182.
[3] M.Quack, in Handbook of High Resolution spectroscopy; M.Quack and
F.Merkt eds., Wiley, Chichestr 2010, in press.
[4] I.Ozier, P.Yi, A.Khosla, and N.F.Ramsey, Phys. Rev. Letters 1970, 24,
642.
[5] J.L.Hall and C.Bordè, Phys. Rev. Letters 1973, 30, 1101.
[6] P.L.Chapovskii, L.J.F. Hermans, Annu. Rev. Phys. Chem. 1999, 50, 315.
[7] A.Amrein, M.Quack, and U.Schmitt, J. Phys. Chem. 1988, 92, 5455.
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High-precision measurement of the ionization and dissociation energies
of H2, HD and D2

Daniel Sprecher1, Jinjun Liu1, Christian Jungen2, Wim Ubachs3,
and Frédéric Merkt1

1ETH Zürich, Laboratorium für Physikalische Chemie,
Wolfgang-Pauli-Strasse 10, 8093 Zürich, Switzerland
2Laboratoire Aimé Cotton, CNRS II, Bâtiment 505,

Campus d’Orsay, 91405 Orsay Cedex, France
3Laser Centre, Department of Physics and Astronomy, Vrije Universiteit,

De Boelelaan 1081, 1081 HV Amsterdam, The Netherlands

Transition wave numbers from the EF 1Σ+
g (v = 0, N = 0, 1) state to se-

lected np Rydberg states (n ≈ 60) below the X+ 2Σ+
u (v+ = 0, N+ = 0, 1)

ionization threshold have been measured in H2 [1], HD and D2 [2] at a pre-
cision better than 10 MHz. By modelling the measured Rydberg series us-
ing multichannel quantum defect theory including fine and hyperfine effects
and combining the results with previous experimental and theoretical data
for other energy level intervals, the ionization and dissociation energies of
H2, HD and D2 could be determined at an absolute accuracy of better than
20 MHz. These new results are more precise by over an one order of mag-
nitude than any other experimental value of the dissociation and ionization
energies reported so far in a molecular system and offer therefore an excel-
lent opportunity of a comparison with theoretical values. In particular, our
results will be compared to the latest ab initio calculations [3] which include
nonadiabatic, relativistic and radiative effects. The comparison indicates that
relativistic and radiative quantum electrodynamics corrections of order up to
α4 are needed to account for the experimental results.

[1] J. Liu, E. J. Salumbides, U. Hollenstein, J. C. J. Koelemeij, K. S. E. Eikema,
W. Ubachs, and F. Merkt, J. Chem. Phys. 2009, 130, 174306.

[2] J. Liu, D. Sprecher, Ch. Jungen, W. Ubachs, and F. Merkt, J. Chem. Phys.
2010, accepted for publication.

[3] K. Piszczatowski, G. Łach, M. Przybytek, J. Komasa, K. Pachucki, and
B. Jeziorski, J. Chem. Theory Comput. 2009, 5, 3039.
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Spectroscopy and Dynamics of the Ã-State of the
1-Methylallyl Radical

Michael Gasser, Jann A. Frey, Andreas Bach∗

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

A detailed description of the deactivation pathways of optically excited
hydrocarbon radicals is a pivotal prerequisite for modeling their reaction
kinetics. A common reaction channel of such excited radicals is the loss
of a hydrogen atom and the corollary formation of a closed shell molecule.
We recently published a study on the 2-methylallyl radical. [1]
The excited states of the 1-methylallyl radical have been scarcely inves-
tigated spectroscopically so far. Callear and Lee reported a series of
absorption bands between 42 000 cm−1 and 43 950 cm−1. [2]
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In this work we focus on the identification and spectroscopical charac-
terization of the so far unknown low-lying π-state with the help of 1+1�

REMPI, H-atom photofragment and depletion spectra. Additionally, we
investigated the hydrogen fission dynamics under jet-cooled conditions
after excitation by time- and frequency-resolved detection of Hydrogen
atoms.

[1] M. Gasser et.al., PCCP, 2008, 10, 1133.
[2] A. B. Callear and H. K. Lee, Trans. Faraday Soc., 1968, 64, 308.
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Activity and Stability of PtCox Catalysts for Oxygen Reduction in

Polymer Electrolyte Fuel Cells

Hendrik Schulenburg, Tom Engl, Alexander Wokaun, Günther G. Scherer

Paul Scherrer Institut, Electrochemistry Laboratory, CH-5232 Villigen PSI,

Switzerland

Commercialization of polymer electrolyte fuel cell (PEFC) technology re-

quires two achievements: significant cost reduction and improved stability

of PEFC components [1]. In this regard, the platinum based cathode cata-

lysts are playing a key role, due to their high cost and moderate stability.

Previous work demonstrates that Pt-alloy nanoparticles like PtCox

(0.33≤x≤1) show improved stability [2] and catalytic activity [1, 3] towards

the oxygen reduction reaction. These PtCox nanoparticles may consist of

different crystalline phases including Pt3Co, PtCo or PtCo3 [3]. It is not ob-

vious which of these phases offer the highest catalytic activity or stability

for PEFC applications.

We developed preparation routes where one of these phases is preferentially

produced. The catalytic activity of these nanoparticles was tested using cy-

clic voltammetry and rotating disc electrode measurements before and after

stability tests. New electron microscopic techniques as well as XRD and

ICP-OES were applied to follow the degradation of the catalysts during ac-

celerated ageing tests.

[1] H.A. Gasteiger, S.S. Kocha, B. Sompalli, F.T. Wagner, Appl. Catal.

B-Environ. 2005, 56, 9.

[2] P. Yu, M. Pemberton, P. Plasse J. Power Sources 2005, 144, 11.

[3] H. Schulenburg, E. Müller, G. Khelashvili, T. Roser, H. Bönnemann,

A. Wokaun, G.G. Scherer, J. Phys. Chem. C, 2009, 113, 4069.
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2D-IR Study of a Photoswitchable Isotope-Labeled α-Helix [1]

Robbert Bloem1, Ellen Backus2, Peter Hamm1

1University of Zürich, Winterthurerstr. 190, CH-8057 Zürich, Switzerland
2FOM, Science Park 104, 1098 XG Amsterdam, The Netherlands

Understanding folding and folding dynamics of biomolecules is necessary to
understand the functioning of the biomolecules. Two-dimensional infrared
spectroscopy (2D-IR) has a high time resolution and shows, among others,
the frequency of vibrations and the coupling between vibrations, making it
ideal to study dynamics. However, to do this, vibrations have to be isolated
from the main band using isotope labeling. In this study an α-helical peptide
was labeled with single (13C18O) isotopes at various positions in the helix.
A single label gives rise to two distinct bands while no coupling is visible.
These bands have been assigned to the hydrogen-bonded (either internally
or to the solvent) and non-hydrogen-bonded state. Using the photoswitch,
we could switch between the folded and unfolded state of the helix. The
relative intensity of the peaks for the two states gives an indication of the
fraction of molecules that are hydrogen-bonded at a certain location along the
sequence. For most sites, unfolding the helix resulted in a shift of intensity
from the hydrogen-bonded peak to the non-hydrogen-bonded peak. The shift
in intensities shows us where in the helix the hydrogen bonds are created
or broken when switching between the two states. In future transient 2D-IR
experiments we hope to observe these hydrogen-bond switching events during
the folding process in greater detail.

[1] E. Backus, R. Bloem, P.M. Donaldson, J.A. Ihalainen, R. Pfister, B. Paoli,
A. Caflisch, P. Hamm, J Phys Chem B 2010, 114, 3735.
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Ultrafast Dynamics of Horse Heart Cytochrome c by mean of pump -
UV-broadband probe spectroscopy

Cristina Consani1, O. Bräm1, F. van Mourik1, A. Cannizzo1 and M. Chergui1

1Ecole Politechnique Federale de Lausanne, LSU, ISIC, FSB,
CH H1 535, Station 6 CH-1015 Lausanne – Dorigny, Switzerland

An important issue in protein functionality is the transmission of informa-
tion between different sites inside the protein. It has been shown that the
interplay between different residues could be strongly related to the redistri-
bution mechanisms of local electronic and vibrational excess energy, that
can be generated during biological functions.[1]

Horse heart cytochrome c (hh cyt c) is a haem protein whose haem iron is 6-
fold coordinated and axially ligated to a Methionine (Met) and Histidine in
both its ferric and ferrous redox states. It is known that upon excitation with
visible light, the reduced state undergoes Met photolysis while in the oxi-
dized state, only cooling dynamics has been reported. [2] The possibility to
induce or not the photolysis by changing the oxidation state makes this sys-
tem suitable to disentangle electronic and cooling dynamics and to study
their dependence on the excess of vibrational energy and on the Fe oxida-
tion state.

We present the results of our study on both oxidation states of cyt c by the
mean of pump – UV-VIS broadband probe spectroscopy spanning the range
from 270 to 680 nm. The UV extension of the probe spectrum permits us to
follow simultaneously the response of the haem and of a Trp cofactor close
to it. By tuning the excitation from 530 nm to 287 nm we investigate not
only the effects of the remarkable increase in the time-zero haem tempera-
ture but we also directly measure for the first time the Trp – Haem energy
transfer, demonstrating that it induces the same haem dynamics as observed
upon photoexcitation.

[1] E. R. Henry, W. A. Eaton, R. M. Hochstrasser, PNAS, 1986, 83, 8982.
[2] M. Negrerie et al, J. Phys Chem B 2006, 10, 12766.
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Chiral Selection of [4]Helicene in Binding to DNA

Oksana Kel, Nathalie Mehanna, Jérôme Lacour and Eric Vauthey

University of Geneva, 30 Quai Ernest-Ansermet, CH-1211 Geneva 4,

Switzerland

Chirality plays an important role in the recognition processes between

biological molecules such as protein – DNA interaction, enzymatic

catalysis, antibody activity, etc. Therefore the molecular mechanisms

involved in these specific interactions attract strong interest. Cationic

helicene derivatives have a polycyclic aromatic and positively charged

structure (Figure 1), these

properties make them attractive

chiral DNA binding agents.

Using steady state and ultrafast

time resolved fluorescence

methods, we can observe a

different behavior for

[4]helicenes in water and

organic solutions. This effect is due to the presence of H-aggregates in the

former, which dramatically changes the photophysical properties of the

investigated compounds.

Beyond that, absorption and fluorescence change significantly upon

addition of DNA, e.g. the fluorescence quantum yield increases in parallel

with the amount of [4]helicene intercalated into DNA. Using a fluorescence

titration method, we observe that they bind to DNA in a stereoselective

way: the (M)-enantiomer interacts more efficiently with salmon sperm DNA

than the (P)-enantiomer independently of the substituents on the aromatic

rings. On the other hand, it reveals that one dye unit of Hel-Me interacts

with two base pairs of DNA, whereas the ratio for Hel-Pr is one to one. The

origin of these effects will be discussed in detail.

NN

RR

O

O

N N

R R

O

O

Figure 1. Structure of [4]helicene (R = CH3

(Hel-Me) and R = (CH)2CH3 (Hel-Pr) )
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Quantum mechanical processes at very high quantum numbers:
Ion-pair states of Cl2 at principal quantum numbers beyond 1000

Sandro Mollet, Frédéric Merkt

Laboratorium für physikalische Chemie, ETH Zürich, 8093 Zürich
Switzerland

Ion-pair states of Cl2 with principal quantum number n > 1800 have been ob-
served by high-resolution vacuum ultraviolet spectroscopy. Ion-pair states are
vibrationally and electronically highly excited states that consist of a cation
and an anion bound by the Coulomb interaction. In the case of the homonu-
clear diatomic molecule Cl2, the ion-pair Cl+-Cl− consists of two nearly
equally heavy ions leading to a qualitatively similar, but quantitatively com-
pletely different behaviour compared to Rydberg states [1], which consist of
an electron bound to a positively charged ion core. The size of the reduced
mass µCl+−Cl− leads to a Rydberg constant Rion−pair = R∞ · mCl

2me
for the ion-

pair state that is ≈ 32000 times larger than R∞.
In the present study, ion-pair states have been mainly investigated in the re-
gion of the Cl−(1S0) + Cl+(3P2) dissociation threshold by laser excitation to
the energy region around ν̃ ≈ 95’440 cm−1 above the Cl2 ground state and
subsequent detection of the Cl+ or Cl− fragments.
In this energy region, a regularly spaced spectral pattern could be observed,
corresponding to predissociating ion-pair states of principal quantum around
n = 1850 converging to the Cl−(1S0) + Cl+(3P0) dissociation threshold. Ap-
plication of different static and pulsed electric fields also enabled us to study
the electric field ionisation and lifetime of these states. In particular, we ob-
serve the behaviour that one expects for long-lived Rydberg or ion-pair states.
These states are coupled to a pseudocontinuum of high ion-pair states with
principal quantum numbers in the range n > 35000, localised just below the
Cl−(1S0) + Cl+(3P2) dissociation threshold.

[1] E. Reinhold, and W. Ubachs, Phys. Rev. Lett. 2001, 88, 013001.
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Femtosecond Pump-Probe Experiments for the Investigation of
Intramolecular Vibrational Energy Redistribution in Methane

Derivatives After Overtone Excitation of the CH-Stretching Vibration

Alexander Kushnarenko, Eduard Miloglyadov, Martin Quack,
Georg Seyfang

ETH Zurich, Physical Chemistry Lab., Wolfgang-Pauli-Strasse 10, CH-8093
Zurich, Switzerland

Intramolecular vibrational energy redistribution (IVR) is essential for our un-
derstanding of intramolecular dynamics and for the theory of chemical re-
actions. One can derive the time evolution of the wavefunction theoreti-
cally from ab initio calculations and experimentally from high resolution IR-
spectroscopy [1–3] or the intramolecular dynamics can be measured directly
in femtosecond pump-probe experiments in the gas phase [3–6], where after
near-IR excitation the time dependence of the population of the initially ex-
cited level is obtained from the absorption of a delayed IR or UV probe pulse.
If a single excited molecular level is coupled to a dense set of background
states a simple decay signal is obtained. However, in more complex cases
oscillatory signals are measured and a decay may be superimposed. Using
a hollow waveguide [5, 6] we have newly investigated the IVR process for
differently deuterated methyl iodides and fluorides and we have observed the
time dependent population for different vibrational levels of the Fermi reso-
nance coupled CH-manifold.

[1] H. R. Dübal and M. Quack, J. Chem. Phys., 1984, 81, 3779.
[2] M. Quack Chimia, 2001, 55, 753.
[3] M. Quack, Chap. 27 in “Femtosecond Chemistry”, J. Manz and L. Wöste

(eds.), Verlag Chemie (Weinheim, 1995), 781.
[4] C. G. Elles, M. J. Cox and F. F. Crim, J. Chem. Phys., 2004, 120, 6973.
[5] V. Krylov, A. Kushnarenko, E. Miloglyadov, M. Quack and G. Seyfang,

Proc. SPIE, 2007, 6460, 64601D-1.
[6] A. Kushnarenko, V. Krylov, E. Miloglyadov, M. Quack and G. Seyfang,

“Ultrafast Phenomena XVI” Springer Series in Chemical Physics, Vol. 92,
P. Corkum, et al. (eds.), Springer, 2009, 349.
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Dissociative Electron Attachment Cross Section of HCN: Isotope Effect

Dušan Kubala, Olivier May, Michael Allan

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

Fribourg 1700, SWITZERLAND

We present measurements of absolute partial cross sections for formation of

the CN
−

anion by dissociative electron attachment (DEA) to hydrogen

cyanide (HCN) and its deuterated analogue:

e
−

+ HCN → HCN
−

(
2
Π) → H + CN

−
(v).

The study is motivated by the current interest of theory [1] in this process

and by its possible role as an initiator of abiotic synthesis of complex

organic molecules in interstellar media and atmospheres of extraterrestrial

bodies [2,3].
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The absolute cross sections were measured with a recently constructed

TOF-MS/trochoidal electron monochromator (TEM) [4]. Relative yields of

the CN
−

anions were then recorded under 60 meV resolution with standard

TEM/QMS instrument and normalized to the absolute values (see Figure).

[1] S. T. Chourou, A. E. Orel, Phys. Rev. A, 2009, 80, 032709.

[2] S. Gupta et al., Nature (London), 1981, 293, 729.

[3] R. V. Yelle, Astrophys. J., 1991, 383, 380.

[4] J. Fedor, O. May, M. Allan, Phys. Rev. A, 2008, 78, 032701.
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Activation strategies for LaFe0.95Pd0.05O3 towards
Improved oxidation of methane

Arnim Eyssler, M. Santhosh Kumar, P. Hug, D. Ferri, A. Weidenkaff

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

LaFe0.95Pd0.05O3 is currently used as a component of automotive three-way
catalysis for the emission control of stoichiometric gasoline engines. It is
known that LaFe0.95Pd0.05O3 is able to segregate metallic palladium to its
surface when reduced and to re-incorporate it to form a solid solution when
re-oxidized, which is described as the self-regenerating property [1]. Conse-
quently, reduction-reoxidation treatments are one route to activate the cata-
lyst. Catalytic activity measurements during methane combustion (1%CH4,
4%O2/He) were performed on 2wt% Pd-doped LaFeO3 catalysts, with Pd
either incorporated into the lattice (LaFe0.95Pd0.05O3) or impregnated
(Pd/LaFeO3). Highest CH4-conversion rates were observed for the impreg-
nated material, where most of the Pd exists in the oxidation state 2+ and as
well dispersed nano-particles on the surface [2], where it is accessible to the
reactants. However, after reaction up to 900°C and subsequent cooling,
LaFe0.95Pd0.05O3 exhibits improved catalytically activity comparable to that
of Pd/LaFeO3. This phenomenon is well known in literature and described
as activation route through high temperature treatment [3]. For better under-
standing of the structural changes of palladium during such pre-treatments
and the consequence for the catalytic activity, we have performed in-situ
XANES measurements on fresh and aged Pd/LaFeO3 and LaFe0.95Pd0.05O3
catalysts followed by reaction.

[1] Y. Nishihita, J. Mizuki, T. Akao, H. Tanaka, M. Uenishi, M. Ki-
mura, T. Okamoto, N. Hamada, Nature 2002, 418, 164.

[2] A. Eyssler, P. Mandaliev, A. Winkler, P. Hug, O. Safonova, R. Figi,
A. Weidenkaff, D. Ferri, J. Phys Chem. C 2010, 114, 4584-4594

[3] S. Cimino, M.P. Casaletto, L. Lisi, G. Russo, Appl. Catal. A: Gene-
ral 2007, 327, 238.

Physical Chemistry, Poster Talk 427427 428

429 430



Physical chemistry  CHIMIA 2010, 64, No. 7/8  571

Physical Chemistry, LecturePhysical Chemistry, Lecture

Physical Chemistry, LecturePhysical Chemistry, Lecture

Physical Chemistry

Aluminum zoning in ZSM-5 crystals: its origin and chracterization

Nadiya Danilina1, Frank Krumeich2, Stefano Castelanelli1, Jeroen A. van
Bokhoven1

1 Institute for Chemical and Bioengineering, 2 Laborotory of Inorganic
Chemistry, ETH Zurich, Wolfgang-Pauli-Str. 10, 8093 Zurich, Switzerland

Aluminum zoning is an important phenomenon not only for the
physicochemical characterization of the zeolite crystals, but also from the
point of view of their application. It affects the catalytic properties of the
zeolites and impacts post-synthesis treatments, such as dealumination and
desilication.
We studied the spatial aluminum and silicon distribution in tetrapropylam-
monium-templated Al-ZSM-5 at different stages of the crystal growth, for
crystals of different morphology and Si/Al ratio. Zeolite crystals were cut
with focused ion beam and EDX mapping of the smooth cut was performed
(Figure 1a). Aluminum was preferentially located in the shell. The base-
assisted desilication showed that aluminum zoning was present in crystals of
different size obtained after various crystallization times (Figure 1b).

Figure 1. (a) SEM of the FIB cut of a ZSM-5 crystal and Al EDX mapping
along it; (b) SEM of base-treated ZSM-5 crystals at different stages of the
synthesis.
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Making EXAFS surface sensitive? Red-ox cycles on Rh/Al2O3

D. Ferri1, M. Santhosh Kumar1, A. Weidenkaff1, M.A. Newton2

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

2 ESRF, F-38000 Grenoble, France

Automotive catalysts operate under severe conditions of temperature and
atmosphere. They experience fast transients and periodic reaction conditions
that are challenging to reproduce for mechanistic studies. Improved data
evaluation is required to isolate the contribution of intermediate species.
This can be achieved by a demodulation technique [1], that has been applied
here to EXAFS, a typical bulk technique in an effort to capture the behav-
iour of noble metals at ca 4Hz, thus under conditions relevant to automotive
catalysis. The time-resolved energy dispersive-EXAFS spectra collected at
the Rh K-edge during a modulation experiment (CO vs. NO) on 2 wt%
Rh/Al2O3 display only subtle changes in the absorption spectra. It is obvious
from the spectra that Rh remains essentially reduced throughout the experi-
ment. The demodulation algorithm generates a set of phase-resolved spectra
in which the absorption jump is filtered out as well as all other features re-
sponding at a different frequency than that of the external stimulation. This
processing considerably reduces the noise in the spectra. Small features in
the EXAFS region can be then greatly resolved. From the demodulation en-
velopes the temporal behavior of the structural changes is precisely assessed
from the averaged time-resolved spectra. The whole approach provides sur-
face sensitivity to the EXAFS method: the data reveal that during the CO-
NO pulses a likely thin oxidic layer is periodically formed and reduced [2].
The data allow recognizing that the observed subtle changes occur at differ-
ent rates thus uncovering the detailed structural-dynamic behaviour of the
system.

[1] D. Baurecht, U.P. Fringeli, Rev. Sci. Instrum. 2001, 72, 3782.
[2] D. Ferri, M. Santhosh Kumar, R. Wirz, A. Eyssler, O. Korsak, P. Hug,
A. Weidenkaff, M.A. Newton, PCCP in press.
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New methods in Nuclear Magnetic Resonance to measure transverse
relaxation rates in homonuclear J-coupled systems

Takuya Segawa1, Bikash Baishya1, Nicolas Aeby1, Geoffrey Bodenhausen1,2

1Ecole Polytechnique Fédérale de Lausanne, Institut des Sciences et Ingé-
nierie Chimiques, 1015 Lausanne, Switzerland

2Ecole Normale Supérieure, Département de Chimie, associé au CNRS, 24
rue Lhomond, 75231 Paris Cedex 05, France

Measuring transverse relaxation rates in systems with homonuclear scalar-
coupled spins is a challenge because the envelopes of spin echoes obtained
with trains of refocusing pulses are normally modulated. These echo mod-
ulations can be quenched by cumulative pulse errors that arise after many
refocusing pulses with moderate radiofrequency amplitudes, as long as
some narrow “recoupling” conditions are avoided. This method was applied
to systems with a large number of coupled protons [1]. Resonances of over-
lapping protons were analyzed by magnetization transfer to neighboring he-
teronuclei or using a heteronuclear two-dimensional experiment. The study
of C� in the three-spin system of alanine enriched in carbon-13 showed that
the variation of the carrier frequency can be an additional tool to obtain
modulation-free echo decays [2]. By changing the pulse angles from � to
multiples of 2�, the "recoupling" conditions can be eliminated, while the
refocusing property gets lost.

[1] B. Baishya, T.F. Segawa, G. Bodenhausen, J. Am. Chem. Soc.,
2009, 131, 17538.

[2] T.F. Segawa, N. Aeby, G. Bodenhausen, Phys. Chem. Chem. Phys.,
submitted.
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Enhanced Electron Collection Efficiency in Dye-Sensitized Solar Cells
Based on Nanostructured TiO2 Hollow Fibers

Elham Ghadiri,1,2 Nima Taghavinia,2 Shaik M. Zakeeruddin,1
Michael Grätzel,1 and Jacques-E. Moser1,*

1 École Polytechnique Fédérale de Lausanne, Institute of Chemical
Sciences and Engineering, 1015 Lausanne, Switzerland

2 Sharif University of Technology, Nanoparticles and Coatings Lab,
Institute for Nanoscience and Nanotechnology, Tehran 14588, Iran

Nanostructured TiO2 hollow fibers have been prepared using natural cellu-
lose fibers as a template. This cheap and easily processed material was used
to produce highly porous photoanodes incorporated in dye-sensitized solar
cells and exhibited remarkably enhanced electron transport properties com-
pared to mesoscopic films made of spherical nanoparticles [1].

Photoinjected electron lifetime, in particular, was multiplied by 4 in the fi-
ber morphology, while the electron transport rate within the fibrous pho-
toanaode was doubled. A nearly quantitative absorbed photon-to-electrical
current conversion yield exceeding 95% was achieved upon excitation at
550 nm and a photovoltaic power conversion efficiency of 7.2 % reached
under simulated AM 1.5 (100 mW cm–2) solar illumination.
[1] E. Ghadiri, N. Taghavinia, S. M. Zakeeruddin, M. Grätzel, and

J.-E. Moser, Nano Lett. 2010, 10, in press.
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EXAFS studies of leached PtxCox PEMFCs

L. Klüpfel1,2, H. Schulenburg2, M. Nachtegaal2

1ETH Zurich, Wolfgang Paulistrasse 10, 8093 Zurich, Switzerland
2Paul Scherrer Institute, 5232 Villigen, Switzerland

In order to reduce the required amount of costly Pt in proton exchanged
membrane fuel cells (PEMFCs), Pt-alloy catalysts were investigated.
Several Pt-alloy catalysts, amongst Pt-Co alloys, exhibited an enhanced
activity compared to pure Pt catalysts. The mechanism for this enhancement
is still not fully understood [1]. However, the durability of these Pt-alloy
catalysts is limited, as the non-noble elements have been shown to leach out
over time [2].

The objectives of this study were to evaluate the influence of the synthesis
pathway and the Pt:Co stochiometry on the local geometric structure and
thereby the durability of the Pt-alloy catalyst. Leaching experiments were
conducted in 0.1M HClO4, mimicking the acidic electrolyte in PEMFCs.
The Pt-Co alloy catalysts were synthesized with the stochiometries Pt:Co
3:1, 1:1, 1:3 applying three different synthesis pathways for each.
Subsequently, by analyzing the extended X-ray absorption fine structure
(EXAFS) spectra of the samples, the change in the local geometric structure
from the unleached to the leached samples was investigated. The activity of
the PEMFC before and after leaching was measured using voltametry.

[1] S. Mukerjee, S. Srinivasan, M.P. Soriaga, J.McBreen,
J.Electrochem.Soc. 1995, 142, 1409.

[2] H.A. Gasteiger, S.S. Kocha, B. Sompalli, F.T. Wagner,
Appl.Catal., B 2005, 56, 9.
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Combined in situ FTIR and Raman microscopy of electrode materials –
a new tool for battery scientists

Holger Schneider1, Andreas Hintennach1, Pascal Maire1, Petr Novák1

1Paul Scherrer Institute, Electrochemistry Laboratory,
CH-5232 Villigen PSI, Switzerland

We developed a new experimental setup which enables us to record in situ
spatially resolved FTIR and Raman spectra of battery electrodes.

In situ Raman microscopy has been used with great success to eluci-
date the processes occurring both at battery cathodes and anodes while cy-
cling with high spatial resolution on the order of (4 µm)3 [1]. In situ FTIR
spectroscopy has proven to be a useful tool to follow changes occurring at
the electrode materials while cycling as well. Like Raman microscopy, it is
a surface sensitive method, i.e., it does not provide any information about
the bulk structure. The information which can be drawn from the FTIR
spectra is complementary to the insights from Raman experiments. How-
ever, in contrast to Raman microscopy, to the best of our knowledge all in
situ FTIR electrochemical experiments performed so far have not made use
of a microscope.

In our group, we designed a new cell for combined in situ Raman
and FTIR microscopy, which allows for both in situ FTIR and in situ Raman
microscopy characterization of the same spot of the electrode. (The resolu-
tion in the infrared range is not as good as for the Raman microscopy [sam-
ple sizes on the order of 10 µm–100 µm]). For instance, the growth of the
SEI layer on a single graphite particle can be monitored, potentially even
distinguishing between basal and edge planes, while the lithium intercala-
tion can be followed by Raman spectroscopy on the same grain. First prom-
ising tests in these directions have been performed in our laboratory, includ-
ing recording infrared spectra from the surface of a graphite electrode while
cycling.

[1] R. Baddour-Hadjean, J.-P. Pereira-Ramos, Chem. Rev., 2010, 110, 1278
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Hard-X-ray photon-in-photon-out spectroscopy
for the characterization of functional materials

E. Kleimenov1, E. Alayon1, J. van Bokhoven1,2, A. Eliseev3, M. Janousch1,
N. Verbitskij3, A. Vinogradov4, and M. Nachtegaal1

1 Paul Scherrer Institut, 5232 Villigen PSI
2 Institute for Chemical and Bioengineering, ETH Zurich, 8093 Zürich

3 Moscow State University, 142432 Moscow, Russia
4 St. Petersburg State University, 198504 St. Petersburg, Russia

Our recent instrumentation developments [1] at the SuperXAS beamline of
the Swiss Light Source allowed the implementation of a row of new hard-
X-ray spectroscopic techniques: X-ray emission spectroscopy (XES), high-
energy-resolution fluorescence detected (HERFD) XAS, resonant inelastic X-
ray scattering (RIXS), and X-ray Raman spectroscopy (XRS). A combination
of these techniques delivers information on the density of occupied and un-
occupied electronic states, symmetry of the chemical compound, and inter-
atomic distances of a chemical compound investigated at ambient or reaction
conditions. Two examples of the application of the techniques to functional
materials will be presented.

The electronic and geometric structure of single-wall carbon nanotubes filled
with copper halides have been found to depend strongly on the halogen atom
type (Cl, Br, I). Variation in the interaction strength of the fill material with the
walls result in the variation in the order and chemical state of copper atoms in
the one-dimensional structure.

Electronic structure of a copper-zeolite catalyst for methane conversion was
followed by HERFD XAS while changing the gas atmosphere and tempera-
ture between non-reactive and reactive conditions. The pronounced changes
in the spectra were related to the changes in the type of the ligands and oxi-
dation state of copper. The catalytically active state of the material has been
characterized.

[1] Kleimenov E, Bergamaschi A, van Bokhoven J, Janousch M, Schmitt B,
Nachtegaal M, J. Phys.: Conf. Ser. 2009, 190, 012035
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Asymmetric C-C bond formation reaction with Pd: How to favor hete-
rogeneous or homogeneous catalysis?

Sven Reimann1, Jan-Dierk Grunwaldt2, Tamas Mallat1, Alfons Baiker1

1ETH Zurich, Wolfgang-Pauli-Str. 10, 8093 Zurich (Switzerland)
2KIT, Kaiserstr. 12, 76128 Karlsruhe (Germany)

Recently, we developed a readily accessible catalyst system using Pd/Al2O3
modified by chiral diphosphines for the asymmetric allylic substitution of
(rac)-1 with dimethyl malonate (2) [1]. However, determining the true na-
ture of the active sites is a demanding task. Here we report a combined ap-
proach using in situ XANES spectroscopy and catalytic experiments to cla-
rify the heterogeneous or homogeneous character of the Pd/Al2O3 – (R)-
BINAP catalyst system. The study led to some surprising observations con-
cerning the role of reaction components and conditions in preserving the
metallic state of Pd or promoting metal leaching and molecular catalysis.

[1] S. Reimann, T. Mallat, A. Baiker, J. Catal. 2008, 254, 79–83.
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Functional Group Distributions on Mesoporous Silica

Nando Gartmann, Dominik Brühwiler*

Institute of Inorganic Chemistry, University of Zürich,
Winterthurerstrasse 190, 8057 Zürich, Switzerland

The control of the distribution of functional groups on mesoporous silica is
essential for applications of these materials in various fields, including ca-
talysis, drug delivery, adsorption, and sensing. The placement of functional
groups on specific regions of the mesoporous silica surface (external parti-
cle surface, pore walls, pore entrances) is particularly challenging.[1] We
have developed methods that allow the independent functionalization of ex-
ternal surfaces and channel walls in arrays of silica nanochannels (ASNCs)
and mesoporous silica spheres (SBA-s).[2] The distribution of the functional
groups was studied as a function of reaction parameters, such as solvent po-
larity or the presence of trace water, and analyzed by confocal laser scan-
ning microscopy and nitrogen sorption.[2,3]

[1] D. Brühwiler, Nanoscale, in press.
[2] N. Gartmann, D. Brühwiler, Angew. Chem. Int. Ed. 2009, 48, 6354.
[3] N. Gartmann, C. Schütze, H. Ritter, D. Brühwiler, J. Phys. Chem.

Lett. 2010, 1, 379.
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Long-lived coherences for homogeneous line-narrowing in spectroscopy

Paul R. Vasos1, Riddhiman Sarkar1, Puneet Ahuja1, and Geoffrey Boden-
hausen1,2

1 Laboratory of Biomolecular Magnetic Resonance, Institute of Chemical
Sciences and Engineering, Swiss Federal Institute for Technology in
Lausanne, BCH, CH-1015 Lausanne, Switzerland, paul.vasos@epfl.ch

2 Chemistry Department, associated to the CNRS, Ecole Normale
Supérieure, 24 rue Lhomond 75231, Paris Cedex 05, France.

Line-broadening, which arises either from inhomogeneous samples or from
incoherent homogeneous relaxation effects, is the Achilles’ heel of NMR
spectroscopy. It turns out that coherent broadening may be considerably re-
duced by exploiting long life-times associated with superpositions of quan-
tum states with different symmetry, termed long-lived coherences (LLC’s).
Very highly-resolved spectra can thus be obtained, with homogeneous line-
widths that are much narrower than in conventional spectroscopy. The effect
is illustrated by proton nuclear magnetic resonance spectroscopy of proteins
in isotropic solution, where the slow oscillatory decays of LLC’s yield spec-
tra with considerably improved resolution compared to classical coherences,
which decay with the spin-spin relaxation time constant, T2.
If external contributions to relaxation may be neglected, the gain in resolu-
tion obtained for a pair of coupled spins follows the calculated ratio of trans-
verse relaxation times, i.e. TLLC/T2 = 3 in small molecules to TLLC/T2 = 9 in
macromolecules or viscous media [3]. This should facilitate NMR experi-
ments in viscous environments such as ionic liquids or inside the cell.

[1] M. Carravetta, O. G. Johannessen, and M. H. Levitt, Phys. Rev. Lett.
2004, 92, 153003.
[2] R. Sarkar, P. Ahuja, P. R. Vasos, and G. Bodenhausen, Phys. Rev.
Lett. 2010, 104, 053001.
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Applications of Dynamic Nuclear Polarization in Solid-State NMR

Marc A. Caporini1, Veronika Vitzthum1, Sami Jannin1, Pascal Miéville1, and

Geoffrey Bodenhausen1,2

1Ecole Polytechnique Fédérale de Lausanne, Institute of Chemical Sciences

and Engineering, Laboratory of Biomolecular Magnetic Resonance, 1015

Lausanne, Switzerland
2Ecole Normale Supérieure, Département de Chimie, associé au CNRS, 24

rue Lhomond, 75231 Paris Cedex 05, France

Dynamic Nuclear Polarization (DNP) can achieve increases in polarization

of 2 orders of magnitude with respect to the Boltzmann equilibrium for pro-

ton NMR. The resulting increase in signal-to-noise ratios can reduce the

time needed for signal averaging for many NMR experiments, thus reducing

the acqusition times considerably. Following the pioneering work of Griffin

and co-workers [1,2], Bruker Biospin has commercialized a system using

DNP with Solid-State Magic Angle Spinning (MAS) NMR. The system

operates at temperatures near 100 K, with sample rotation frequencies of up

to 17 kHz. DNP is achieved by transferring polarization from highly polar-

ized radicals via high power (~5 W) microwave irradiation from a gyrotron

source. Molecules of interest are typically prepared in a solvent containing

the radicals such as TEMPO which forms a glass on freezing.

We are currently applying DNP to new systems and developing new appli-

cations that take advantage of the greatly increased signal-to-noise.

[1] L. R. Becerra, G. J. Gerfen, R. J. Temkin, D. J. Singel, and R. G.

Griffin, Phys. Rev. Lett. 1993, 71, 3561.

[2] V. Bajaj, M. K. Hornstein, K. E. Kreischer, J. R. Sigiri, P. P. Woskov,

M. L. Mak-Jurkauskas, J. Herzfeld, R. J. Temkin, and R. G. Griffin, J.

Magn. Reson., 2007, 189, 251.
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Scavenging Free Radicals to Extend Longitudinal and Transverse Re-
laxation Times in NMR using Hyperpolarization by Dissolution Dy-
namic Nuclear Polarization

Pascal Miéville1, Puneet Ahuja1, Riddhiman Sarkar1, Sami Jannin*1, Paul R.
Vasos1, Sandrine Gerber1, Mor Mishkovsky1, Arnaud Comment1, Rolf
Gruetter1, Olivier Ouari2, Paul Tordo2, and Geoffrey Bodenhausen1,3

1 Ecole Polytechnique Fédérale de Lausanne, 1015 Lausanne (Switzerland)
2 Université d’Aix-Marseille I, II, III et CNRS , 13397 Marseille (France)

3Ecole Normale Supérieure, Paris Cedex 5 (France)

Vitamin C extends lifetimes of hyperpolarized spin states and long-lived
coherences: We demonstrate herein how nitroxide radicals that are widely
used for DNP can be reduced by scavengers like sodium ascorbate (vitamin
C) during the dissolution process, thus extending transverse and longitudinal
relaxation times in NMR.
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Adsorption of surface ions at liquid/liquid interfaces studied by time-

resolved surface second harmonic generation

Marina Fedoseeva, Piotr Fita, Eric Vauthey

Physical Chemistry Department, Sciences II, University of Geneva, Quai

Ernest Ansermet 30, CH-1211 Geneva 4, Switzerland

We will report on the effect of salts added to the aqueous phase of an al-

kane/water interfacial system probed by the time-resolved surface second

harmonic generation technique (TRSHG), which is known to be a powerful

spectroscopic method for selectively probing the excited-state dynamics of

molecules at the interfaces1. The physical properties of the interfacial region

have been investigated by measuring excited-state relaxation dynamics of

malachite green (MG)1,2 dissolved in the lower phase of the interfacial sys-

tem. The excited-state lifetime of MG is known to be strongly environment

sensitive varying from 0.5 picoseconds (in water) to hundreds picoseconds

(in more viscous solvent). Moreover, the excited-state lifetime increases

strongly with the formation of MG aggregates.

The addition of salt to the bulk causes a reduction of the MG solubility and

stimulates an attraction of MG cations to the interface changing the equilib-

rium constant between MG molecules adsorbed at the interface and those

being dissolved in the bulk. A modified Frumkin-Fowler-Guggenheim

(FFG) model3 has been proposed to describe the observed relation between

the number of MG molecules and the bulk salt concentration.

[1] X. Shi, E. Bourguet, A.N. Tarnovsky, K.B. Eisenthal, Chem. Phys. 1996,

205, 167

[2] P. Fita, A. Punzi, E. Vauthey, J. Phys. Chem. C 2009, 113, 20705

[3] P.B. Petersen, R. Saykally, J. Phys. Chem. B 2006, 110, 14060
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Orientational effects in time-resolved surface second harmonic

generation studies of liquid/liquid interfaces

Piotr Fita,Marina Fedoseeva, Eric Vauthey

Department of Physical Chemistry, University of Geneva,

30 Quai Ernest-Ansermet, CH-1211 Geneva 4, Switzerland

Organic dye molecules adsorbed at an interface may lead to a significant

rise of the intensity of the second harmonic light generated at this interface

due to resonant enhancement of the nonlinear susceptibility χ(2) [1]. In a

time-resolved surface second harmonic generation experiment, optical exci-

tation of the dye molecules usually leads to a decrease of the second har-

monic intensity due to depopulation of the dye ground state. In certain cases

however, when the evolution of individual components of the nonlinear sus-

ceptibility tensor is recorded, an increase of the second harmonic intensity

may be observed. The presence and magnitude of this rise at liquid/liquid

interfaces depend on the liquids constituting the interface and are correlated

with the orientation of the molecules at the interface.

Fig. 1. Temporal evolution of various components of the nonlinear suscep-

tibility tensor measured at a liquid/liquid interface.

[1] K. B. Eisenthal, Chem. Rev. 1996, 96, 1343.
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Study of the sympathetic cooling of molecular ions in a surface-electrode
ion trap

I.M. Georgescu1 and S. Willitsch1

1Department of Chemistry, University of Basel,
Klingelbergstrasse 80, 4056 Basel, Switzerland

Due to their open geometry, Surface Electrode (SE) ion traps are now being
used in various experiments such as: quantum computation [1], the study of
cold collisions between ions and neutrals [2] or cold-chemistry experiments
[3]. We study both numerically and experimentally ensembles of laser-cooled
atomic ions and sympathetically-cooled of molecular ions in SE traps.

We investigate the dynamics of trapped ions using molecular dynamics simu-
lations based on numerically calculated electrical potentials. These molecular
dynamics simulations allow us to study the shape and structure of the crystal-
lized atomic and molecular species as well as their sympathetic cooling and
heating.

We constructed a new type of SE electrode trap with large electrodes and
small inter-electrode gaps. The trap is laser-cut in thin gold-coated stainless-
steel foil mounted on a small insulator frame, which is fixed on a gold-plated
circuit board with the RC-filter electronics. The key feature of this design
is the elimination of exposed dielectric surfaces that due to the accumulation
of stray charges cause unwanted electric fields. Atomic Ca+ ions are loaded
by photoionization of neutral Ca in the trapping zone and laser cooled. Cold
molecular ions are produced by photoionization and sympathetic cooling by
the Coulomb interaction with the laser-cooled Ca+ ions.

[1] J. M. Amini, J. Britton, D. Leibfried, D. J. Wineland, arXiv:0812.3907v1
2008.

[2] A.T. Grier, M. Cetina, F. Orucevic, V. Vuletic, Phys. Rev. Lett. 2009,
102, 223201.

[3] S. Willitsch, M. Bell, A. Gingell, T.P. Softley, Phys. Chem. Chem. Phys.
2008, 10, 7200.
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Annulated Donor-Acceptor Systems Incorporating Tetrathiafulvalene
and Perylenebisimide Subunits

Michael Jaggi, Carmen Blum, Shi-Xia Liu, Silvio Decurtins

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

Organic, electrochemically amphoteric compounds and charge-transfer (CT)
systems have been attracting much attention due to their potential applica-
tions in organic (opto)electronic devices. Research efforts have been di-
rected towards the design of molecular donor-acceptor (D-A) systems. The
work at hand focuses on compactly fused, conjugated D-π-A assemblies
comprising tetrathiafulvalene (TTF) and perylene-tetracarboxydiimide
(PDI) moieties. Thus far, these two units have been combined using linkers
and spacers,[1] resulting in only weak coupling between the donor and the
acceptor. Our type of annulated TTF-PDI systems exhibits strong interac-
tion between the D and A moieties. The resulting electronic excited CT
states lead to strong optical absorption over a wide spectral range.[2]
The photophysical properties and redox-behaviour of two TTF-π-PDI sys-
tems (see Figure for single crystal structure of one example) will be pre-
sented.

[1] S. Leroy-Lhez et al. J. Org. Chem. 2005, 70, 6313; C. Wang et al. J.
Heterocyclic Chem. 2009, 46, 881.

[2] M. Jaggi et al. Org. Lett. 2009, 11, 3096; M. Jaggi et al. Org. Lett.
2010, 12, 1344.
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Cold atomic and molecular samples by multistage Zeeman deceleration

A. W. Wiederkehr1, S. D. Hogan1, F. Merkt1

1Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich

Multistage Zeeman deceleration exploits the interaction of open shell atoms
and molecules with inhomogeneous magnetic fields to manipulate the transla-
tional motion of pulsed supersonic beams [1-5] and allows the production of
cold samples of species that cannot be laser cooled. We report on the devel-
opment of our latest generation of multistage Zeeman decelerators. A new
modular design enables us to easily adapt the length of the decelerator to the
mass and magnetic moment of the species of interest. Typical relative trans-
lational temperatures of samples prepared in this way are in the range of 10-
100 mK and are therefore ideally suited for applications in precision spectro-
scopy and studies of cold reactive collisions. We have employed multistage
Zeeman deceleration to stop ground state hydrogen and deuterium atoms in
the lab frame and load the atoms into a magnetic quadrupole trap [4,5]. The
implementation of an accurate three-dimensional particle trajectory simula-
tion program has been essential to achieve a complete interpretation of the
dynamics of the deceleration and trap loading processes. In this contribution
we shall also present studies of the transverse and longitudinal phase-space
stability during the deceleration process and their implications on the design
of optimal pulse sequences for extended multistage Zeeman decelerators.

[1] N. Vanhaecke et al., Phys. Rev. A 2007, 75, 031402(R).

[2] S. D. Hogan et al., Phys. Rev. A 2007, 76, 023412(R).

[3] S. D. Hogan et al., J. Phys. B 2008, 41, 081005.

[4] S. D. Hogan et al., Phys. Rev. Lett. 2008, 101, 143001.

[5] A.W. Wiederkehr et al., Phys. Rev. A 2010, 81, 021402(R).
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MANIPULATING COLD RYDBERG ATOMS AND MOLECULES

Ch. Seiler1, S. D. Hogan1 and F. Merkt1

1Laboratory of Physical Chemistry, ETH Zurich, Wolfgang Pauli-Str. 10,
CH-8093 Zurich, Switzerland

The development of methods to decelerate and manipulate the translational
motion of Rydberg atoms and molecules in the gas phase using static and
time-varying inhomogeneous electric fields [1] has led to the experimental re-
alisation of Rydberg atom optics elements including a lens [2], a mirror [3]
and two- and three-dimensional traps [4,5]. These experiments make use of
the very large electric dipole moments associated with Rydberg Stark states.
Recently, we have demonstrated the possibility to extend these techniques to
molecules by stopping a seeded, pulsed, supersonic beam of H2 travelling
with an initial velocity of 500 ms−1 within 3 mm in approximately 15 µs us-
ing electric fields of a few kVcm−1 [6].
The cold samples are well suited to applications in precision spectroscopy,
in studies of slow predissociation and in investigations of inelastic collisions
involving Rydberg atoms and molecules at low collision energies. In exper-
iments in which the Rydberg atoms and molecules are trapped, trap losses
can be caused by transitions induced by blackbody radiation, by collisions
between Rydberg states and collisions with the background gas. To study
these different processes, we have developed a new deceleration and trapping
scheme with which the Rydberg atoms and molecules are deflected from the
supersonic beam during deceleration prior to trapping.

[1] S. R. Procter, Y. Yamakita, F. Merkt and T. P. Softley, Chem. Phys. Lett.,
2003, 374, 667.

[2] E. Vliegen, P. Limacher and F. Merkt, Eur. Phys. J. D, 2006, 40, 73.
[3] E. Vliegen and F. Merkt, Phys. Rev. Lett., 2006, 97, 033002.
[4] E. Vliegen, S. D. Hogan, H. Schmutz and F. Merkt, Phys. Rev. A, 2007,

76, 023405.
[5] S. D. Hogan and F. Merkt, Phys. Rev. Lett., 2008, 100, 043001.
[6] S. D. Hogan, Ch. Seiler and F. Merkt, Phys. Rev. Lett., 2009, 103,

123001.
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Generation and Charge-transfer Spectroscopy of State-Selected and
Translationally Cold N2+ Molecular Ions

Xin Tong , Alex Winney, Stefan Willitsch

Department of Chemistry, University of Basel, Klingelbergstrasse 80, Basel,
4056, Switzerland

The generation and study of translationally cold molecules and ions
represents one of the most recent and exciting new developments in physical
chemistry. Although the complex internal structure of molecules has prec-
luded the application of laser cooling, molecular ions can be cooled and
Coulomb crystallised by exchanging kinetic energy with laser cooled atomic
ions by means of the Coulomb interaction (“sympathetic cooling”).

Sympathetically cooled molecular ions are translationally cold, how-
ever their internal degrees of freedom are generally in thermal equilibrium
with the environment because of the coupling to the ambient black-body
radiation (BBR) field. For a number of applications it is essential to prepare
internally state-selected species which has only very recently been achieved
in polar molecular ions using optical pumping methods. However, there
techniques are not applicable to non-polar ions of fundamental interest like
H2+ and N2+. We presently develop a new experimental setup which will
allow for the first time to produce Coulomb crystals of state-selected non-
polar molecular ions based on the combination of threshold-photoionization
with sympathetic-cooling methods.

In our current experiment, molecular N2+ ions are produced in a
well-defined rotational quantum state by resonance-enhanced multiphoton
ionisation (REMPI) of neutral N2 molecules inside an ion trap. Rovibronic
state selection is achieved by ionizing only slightly above the required rota-
tional ionization threshold accessible from a selected rovibronic interme-
diate level used in the excitation process. Such state-selected ions are then
sympathetically cooled by the Coulomb interaction with laser-cooled Ca+
atomic ions. State-selective preparation and the lifetimes of the prepared
rotational states are studied using a spectroscopic scheme based on the laser
induced charge transfer reaction: N2+ + Ar→ Ar+ + N2.

Physical Chemistry 448Physical Chemistry

A new experiment to study ultracold ion - molecule reactions

Felix H. J. Hall1, Stefan Willitsch1

1Physical Chemistry Department, University of Basel, Klingelbergstrasse
80, 4056 Basel, Switzerland

A new experiment for the study of chemical reactions between molecular
ions and atoms at ultralow temperatures (T 1 mK) has been conceived and
developed, allowing to probe chemical processes at energies three orders of
magnitude lower than previously investigated [1]. Ultracold molecular ions
are produced by sympathetic cooling with a Ca+ coulomb crystal in a linear
rf quadrupole trap. Ultracold atoms are generated in a magneto-optical trap.
The combination of both traps completely in vacuo leads to a highly flexible
apparatus, enabling the study of molecular interactions in a regime where
quantum mechanical effects may dominate reactions. The design and con-
struction of the experiment are discussed and prospects for future investiga-
tions are highlighted.

[1] S. Willitsch et al, PRL 2000, 100, 043203.
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Periodical-DFT studies of pressure effects on solids

Vincenza D'Anna, Latévi Max Lawson Daku, Hans Hagemann

Département de Chimie Physique, Université de Genève, 30, quai Ernest-
Ansermet, CH-1211, Genève 4, Switzerland

The pressure effect on solid state materials is analyzed with periodical DFT
calculations, performed within Local Density Approximation (LDA)[1] and
Generalized Gradient Approximation (GGA)[2].

Variations of cell parameters dimensions and vibrational frequencies shifts
(Raman and IR modes) as function of pressure are calculated and from this
bulk moduli and Grüneisen parameters are obtained; when possible, the
comparison with experimental data is reported.

For BaFCl physical and chemical pressure effects are studied: the physical
pressure is suppose to be isotropically applied; the chemical pressure is
studied considering the Ba1-xSrxFCl solid solutions with 0<x<1. The solid
solutions calculations are performed in the Virtual Crystal Approximation.

The characterization of BaFCl and Ba1-xSrxFCl allows to make a correlation
between physical and chemical pressures.

Ternary metal hydride systems were also treated with this approach.

[1] J. P. Perdew and Y. Wang, Phys. Rev. B. 1992, 45.
[2] J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 1996, 77.
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Photophysics of human lens UV filters in biological environment

Peter S. Sherin1,2, Yuri P. Tsentalovich1, Jakob Grilj2, Eric Vauthey2

1International Tomography Center SB RAS, Novosibirsk, Russia
2Department of Physical Chemistry, University of Geneva, Geneva, Swit-

zerland

Kynurenine (KN) and its derivatives act as UV filters in the human lens,
protecting eye tissues from harmful UV radiations. The mechanism of this
effective UV protection has been recently explored [1]; it has been shown
that intermolecular hydrogen bonds are responsible for the fast radiationless
S1→S0 transition in protic solvents. Unfortunately, kynurenines are unstable
under physiological conditions and the decomposition products can cova-
lently bind to lens proteins. UV filter-modified lens proteins exhibit a higher
photochemical activity than unmodified kynurenines. This may be a contri-
bution to the development of cataract.

We present here the study of the photophysics and photochemistry of KN
covalently bound to the amino acids cysteine, histidine and lysine and to the
protein lysozyme. The goal is to examine the influence of a model biologi-
cal environment on the photoactivity of KN.

The femtosecond time-resolved measurements reveal a two-fold increase of
the S1 state lifetime of KN after the attachment to amino acids; the nanose-
cond-resolved experiments have shown similar increase of the triplet state
yield. The binding to a more bulky substituent – a lysozyme protein – leads
to a 7-fold increase of the fluorescence quantum yield as compared to free
KN. The obtained time profiles of the excited-state dynamics reveal a multi-
phasic decay, which corresponds to KN attached at different positions of the
protein. The weakening and/or blocking of intermolecular hydrogen bonds
between KN and solvent molecules should be responsible for the changes in
the photochemical properties of KN.

[1] P.S. Sherin, J. Grilj, Yu.P. Tsentalovich, E. Vauthey, J. Phys. Chem. B
2009, 113, 4953.
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Excited State Dynamics of Wurster Salts

Jakob Grilj1, Elena Laricheva2, Massimo Olivucci2∗, Eric Vauthey1∗

1University of Geneva, Physical Chemistry Dpt., Geneva, Switzerland
2Bowling Green State University, Chemistry Dpt., Bowling Green, USA

One of the key–steps in the harvest of sunlight by photovoltaics is the electron
transfer (ET) reaction. Despite intensive theoretical [1] and experimental [2]
efforts, many basic questions that concern this fundamental reaction remain
subject of debate, among them the photophysics of the direct products formed
upon ET.

We present femtosecond time–resolved fluorescence up–conversion and tran-
sient absorption results for the cations of various p–phenylenediamine deriva-
tives. These ions show up in many ET studies since their neutral parent
compound are excellent electron donors [2, 3]. By derivatisation at both, the
amino groups and the phenyl core, we gain experimental insight into the in-
ternal coordinate that is responsible for the ultrafast excited state decay found
for all of them. The excited state lifetime of the famous Wursters Blue radi-
cal cation (1), for example, was found to be only 200 fs at room temperature
(see Figure). A detailed picture is obtained by extensive D0–D1 energy map-
ping done via CASPT2/CASSCF//Amber quantum mechanical calculations
performed for this radical cation.
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[1] R. Marcus, N. Sutin Biochim. Biophys. Acta 1985, 811, 265.
[2] D. Gust, T. Moore, et al. Acc. Chem. Res. 2009, 42, 1890.
[3] N. Mataga, T. Asahi, et al. Chem. Phys. 1988, 127, 249.
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Rotationally resolved spectroscopy and potential energy curves of the
X 0+ ground state and excited C 1 and D 0+ states of ArXe and of the

low-lying electronic states of ArXe+

Lorena Piticco, Martin Schäfer and Frédéric Merkt

Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich

ArXe and ArXe+ play an important role in ion lasers and excimer lasers and
their electronic spectrum has been studied by high resolution spectroscopy
[1,2,3]. However, the rotational and hyperfine structures of the electronic
spectra has not been observed yet. A narrow-bandwidth VUV laser system [4]
has been used to measure rotationally resolved spectra of the D 0+ ← X 0+

and C 1 ← X 0+ transitions of selected isotopomers of ArXe. Rotationally
resolved photoelectron spectra have been recorded from selected rovibrational
levels of the D 0+ and C 1 states. These spectra provide information on the
potential energy curves of the X 0+, D 0+ and C 1 states of ArXe and of the
low-lying electronic states of ArXe+. The analysis of the rotational structures
enabled the characterization of the dissociation pathway from the C 1 state of
ArXe [5]. In the case of Ar129Xe and Ar131Xe the hyperfine structure could
also be resolved and analyzed. These results significantly extend the current
knowledge on ArXe and ArXe+.

[1] K. P. Huber and R. H. Lipson, J. Mol. Spectrosc. 1986, 119, 443.
[2] T. Tsuchizawa, K. Yamanouchi and S. Tsuchiya, J. Chem. Phys. 1990,

92, 1560.
[3] O. Zehnder and F. Merkt, J. Chem. Phys. 2008, 128, 014306.
[4] U. Hollenstein, H. Palm and F. Merkt, Rev. Sci. Instr. 2000, 71, 4023.
[5] S. Liu, A. Hishikawa and K. Yamanouchi, J. Chem. Phys. 1998, 108,

5330.
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Analysis of the Accuracy of the Raman Femtosecond Degenerate
Four-Wave Mixing Technique

Patrick Steinegger, Georges Brügger, Franziska Balmer, Hans-Martin Frey,
and Samuel Leutwyler

Departement für Chemie und Biochemie, Universität Bern,
Freiestrasse 3, CH-3000 Bern 9, Switzerland

The accuracy of the femtosecond degenerate four-wave mixing (fs-DFWM)
technique is statistically analyzed using the model molecule CO2. To reliably
estimate the measurement errors, the profile likelihood method is applied to
obtain the confidence intervals of the multi-parameter fit.
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Figure 1: (a) Selected fs-DFWM transient with corresponding model fit.
(b) Profile likelihood estimation. The χ2 is expressed as a gray scale. The
narrower the ellipses, the more accurate the rotational and centrifugal distor-
tion constants.
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Femtosecond Degenerate Four-Wave Mixing of Cyclohexane and
Deuterocyclohexane

Franziska Balmer, Georges Brügger, Patrick Steinegger, Hans-Martin Frey,
and Samuel Leutwyler

Departement für Chemie und Biochemie, Universität Bern,
Freiestrasse 3, CH-3000 Bern 9, Switzerland

Obtaining precise structural information of nonpolar cycloalkanes is of great
interest for chemistry. The technique of femtosecond degenerate four-wave
mixing (fs-DFWM) is very well suited to fulfill this task [1]. In the present
poster, we report the use of fs-DFWM for the measurement of highly accu-
rate rotational and centrifugal distortion constants of the nonpolar cycloalka-
nes cyclohexane (C6H12) and deuterocyclohexane (C6D12). We compare the
molecules, which both can be treated as symmetric tops [2], in terms of their
rotational and centrifugal distortion constants.
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Figure 1: Selected fs-DFWM transient of cyclohexane. Black: experimen-
tal data, gray: fit to the data. The fit allows to determine the rotational and
centrifugal distortion constants.

[1] D. S. Kummli, H. M. Frey, S. Leutwyler, Chimia 2006, 60, 212.
[2] C. Riehn, V. V. Matylitsky, W. Jarzeba, B. Brutschy, P. Tarakeshwar, and

K. S. Kim, J. Am. Chem. Soc. 2003, 125, 16455.
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Guanidinium formate as novel ammonia precursor compound
for the selective catalytic reduction of NOx in engine exhaust gas

Daniel Peitz1, Martin Elsener1, Oliver Kröcher1

1Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland

Future emission limits are focusing on a strong decrease of nitrous oxides
(NOx) in the exhaust gas of diesel engines. This can be achieved by apply-
ing the selective catalytic reduction (SCR) process to reduce the NOx with
ammonia over a catalyst.[1]

Nowadays, an aqueous solution of urea (AdBlue®) is used as safe ammonia
precursor for mobile applications. Due to the poor temperature stability and
low ammonia releasing potential of the solution, novel ammonia precursor
solutions have been investigated.[2]

urea guanidinium formate

Mixtures of guanidinium formate with urea and water exhibit improved
temperature stability and release up to 1.5 times more ammonia than Ad-
Blue®.[3] Due to the more complex structure of guanidinium formate, the
optimum conditions for catalytic hydrolysis had to be investigated.

In a new laboratory SCR test stand, aqueous solutions of either up to 60%
guanidinium formate or a mixture of 38% guanidinium formate and 15%
urea could be decomposed on commercial catalysts without significant side-
product formation. The decomposition was monitored by real time gas
analysis utilizing FTIR spectroscopy and aerosol analysis employing HPLC.

[1] E. Jacob, 15. Aachener Kolloquium Fahrzeug- und Motorentechnik
2006, 2, 1303.

[2] O. Kröcher, M. Elsener, E. Jacob, Appl. Catal. B, 2009, 88, 66
[3] O. Kröcher, M. Elsener, E. Jacob, 5th International Exhaust Gas and

Particulate Emissions Forum, Ludwigsburg (Germany), 2008
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The rotational structure and large-amplitude motion in the PFI-ZEKE
photoelectron spectra of the ground state of C3H+

6 and C3D+
6

K. Vasilatou1, M. Schäfer1 and F. Merkt1

1Laboratorium für Physikalische Chemie, ETH Zürich, CH-8092 Zürich,
Switzerland

The pulsed-field-ionization zero-kinetic-energy photoelectron spectra of the
origin band of the X̃+ 2A′′ ← X̃ 1A′ transition of propene (C3H6) and perdeuter-
ated propene (C3D6) have been recorded at high resolution using a narrow
bandwidth vacuum ultraviolet (VUV) laser system [1] and optimized electric
field pulse sequences [2], allowing for the partial resolution of the rotational
structure. The analysis of the spectra in the realm of the orbital ionization
model for rigid-rotor asymmetric-top molecules [3] enabled the determination
of the adiabatic ionization energy of propene and the rotational constants of
C3H+

6 and C3D+
6 . The tunneling splittings resulting from the hindered rotation

of the methyl group could not be resolved and the analysis was therefore car-
ried out in the Cs molecular symmetry group. Angular momentum contribu-
tions of pπ, dπ and dδ character were included in the single-center expansion
describing the molecular orbital out of which ionization occurs, leading to the
selection rules |ΔN | = |N+ − N

′′| ≤ 2 and ΔKa = K+
a − K

′′
a = ±1,±2

and to photoelectron partial waves with angular momentum quantum num-
ber up to � = 3. The observation of a strong spectral feature associated
with ΔKa = 0 indicates the importance of vibronic interactions which are
also implied by the observation of vibrational bands of A′′ symmetry in the
photoelectron spectra of the X̃+ 2A′′ state of C3H+

6 and C3D+
6 . The spectra

reveal an anharmonic progression associated with the internal rotation of the
methyl group [4]. The assignment of the complex vibrational structure can be
achieved by investigating partially deuterated isotopomers.

[1] U. Hollenstein, H. Palm, and F. Merkt, Rev. Sci. Instr. 2000, 71, 4023.
[2] U. Hollenstein, R. Seiler, H. Schmutz, M. Andrist and F. Merkt, J. Chem.

Phys. 2001, 115, 5461.
[3] S. Willitsch and F. Merkt, Int. J. Mass Spectrom. 2005, 245, 14.
[4] A. B. Burrill and P. M. Johnson, J. Chem. Phys. 2001, 115, 133.
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Methane combustion on Pd catalysts: structure activity studies by
operando XANES under genuine conditions

M. Santhosh Kumar, M. H. Aguirre, A. Weidenkaff and D. Ferri
Empa, Lab. for Solid State Chemistry and Catalysis, Überlandstrasse 129,
CH-8600 Dübendorf, Switzerland; e-mail: santhosh.matam@empa.ch

The combustion of methane is essential to diminish its impact on global
warming [1-3]. Although Pd based catalysts are the most effective for this
reaction, the intriguing behaviour of Pd is not yet completely understood
and is still a subject of debate [2,3]. In this study, the behaviour of Pd sup-
ported on γ-Al2O3 was monitored by operando X-ray absorption spectros-
copy during combustion of methane between ca. 350 and 1123 K (during
both heating and cooling) in a lab scale fixed bed reactor coupled with a
mass spectrometer. This setup enabled us to overcome the intrinsic limita-
tions of in situ reaction cells and thus obtain accurate and reliable data on
structure activity relationships. The results indicate that Pd oxide species are
the active sites, in particular below 950 K and above this temperature metal-
lic Pd can also catalyze the reaction. The improved combustion activity of
the catalyst below 650 K while cooling is attributed to decreased Pd disper-
sion and increased Pd oxide particle size as evidenced by EXAFS, STEM
and CO chemisorption studies on the fresh and used catalysts.

References
[1] R.J. Farrauto, M.C. Hobson, T. Kennelly, E.M. Waterman, Appl. Catal.
A 1992, 81, 227.
[2] J.D. Grunwaldt, N. van Vegten, A. Baiker, Chem. Commun, 2007, 4635.
[3] M. Santhosh Kumar, A. Eyssler, P. Hug, N. van Vegten, A. Baiker, A.
Weidenkaff, D. Ferri, Appl. Catal. B 2010, 94, 77.
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Influence of phosphorous aging on automotive catalysts

A. Winkler1, D. Ferri2, M. Santhosh Kumar2, M. Aguirre2

1Empa, Internal Combustion Engines Laboratory, CH-8600 Dübendorf,
Switzerland

2Empa, Laboratory for Solid State Chemistry and Catalysis, CH-8600
Dübendorf, Switzerland

Increasingly stringent emission regulations for the automotive sector (up-
coming Euro 6) in combination with high durability demands for the cata-
lyst require detailed knowledge of the catalyst aging phenomena. Whereas
thermal aging occurs due to high temperature induced sintering, chemical
aging results from combustion products of motor oil based additives (e.g.
zinc dialkyldithiophosphates) accumulating on the catalyst.

Phosphorous based combustion products strongly influence the morphology
of the catalytically active platinum particles of an engine aged automotive
catalyst. In the presence of phosphorous, smaller spherical platinum parti-
cles are formed (HR-TEM, Figure a) whereas in the absence of phosphorous
sintering results in larger, polyhedral platinum particles (Figure b). With
regard to the catalytic activity, the smaller spherical platinum particles show
significantly lower NO oxidation activity than the polyhedral platinum par-
ticles [1]. Similar results have been obtained after synthetic aging at lab
scale revealing that the effect of phosphorous on particle size and shape is
general.

[1] A. Winkler, D. Ferri, M. Aguirre, Appl. Catal. B 2009, 93, 177.
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Chemo-selective hydrogenation of substituted nitro aromatics

Christiane Kartusch and Jeroen A. van Bokhoven

ETH Zürich, Wolfgang-Pauli-Strasse 10, 8093 Zürich, Schweiz
Paul Scherrer Institut, 5232 Villigen PSI, Schweiz

Substituted aromatic amines are important intermediates in chemical indus-
try for the production of pharmaceuticals, fine chemicals, herbicides and
polymers. Usually they are prepared via catalytic reduction of the corres-
ponding nitro compounds. While simple nitro compounds are easily reduced
over a wide range of commercial catalysts, the selective hydrogenation of
nitro groups in the presence of other reducible functional groups is a more
difficult task. The employed catalytic systems exhibit major drawbacks such
as the formation of by-products and limited reusability [1]. Recently Corma
et al. [1] discovered that supported gold catalysts catalyzed the liquid phase
hydrogenation of substituted nitro compounds under mild conditions. Nitro
aromatics containing additional functional groups such as double bonds,
carbonyl, amide or nitrile groups were converted to the corresponding
amines with very high selectivities (> 95 %). Goal of our work is to design
highly active and selective catalysts for the development of new, clean and
sustainable industrial processes. To achieve that the origins of the factors
that influence the catalytic performance and the reaction mechanism have to
be understood. Our focus lies on the selective hydrogenation of 4-
nitrobenzaldehyde to 4-aminobenzaldehyde over supported gold catalysts.
In particular the effect of particle size, gold loading, support material, pre-
treatment conditions and the addition of radical initiators are being investi-
gated.

[1] A. Corma, P. Serna, Science 2006, 313, 332.
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The excited-state dynamics of a Perylene-Dimethylaniline bridged

system

Diego Villamaina and Eric Vauthey

Department of Physical Chemistry, University of Geneva, 30 Quai Ernest

Ansermet, 1211 Genève 4, Switzerland

The excited state dynamic of a donor-bridge-acceptor system consisting of

N, N dimethylaniline (DMA) as electron donor and Perylene (Pe) as elec-

tron acceptor has been investigated in different solvents various time re-

solved spectroscopic techniques.

The time constants obtained to reproduce the fluorescence decay evidence

the occurrence of an electron transfer process in all the solvents used, with a

quenching efficiency that increases with the solvent polarity. Transient ab-

soption spectra confirmed the existence of charge-separated state and the

intensity of its absoption band shows a dependence of the solvent polarity.

The weak intensity of this band centered at 587 nm relative to that at 700

nm due to S1 absorption of perylene points to a very small population of the

charge separated state. This can be explained by a charge recombination that

is faster than the initial charge separation, a phenomenon known as inverted

kinetics. The origin of such dynamics will be discussed.
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Heterodyne-detected photon echo measurements using a frequency

doubled cavity dumped femtosecond oscillator

Vesna Markovic, Bernhard Lang and Eric Vauthey

Department of Physical Chemistry, University of Geneva, 30 Quai Ernest

Ansermet, 1211 Genève 4, Switzerland

The aim of the project is a detailed comparison of the heterodyne-detected

photon echo technique and related population spectroscopy techniques

based on transient absorption (TA) and time resolved fluorescence (TRF)

detection for investigating polar solvation dynamics and energy transfer

processes.

The photon echo experiment is a four-wave-mixing technique, which allows

a full control of the four fields involved in a third order nonlinear optical

process. It removes the inhomogeneous contribution to the electronic

dephasing and permits thereby to study solvent fluctuation and relaxation in

real time. The heterodyne detection scheme provides information about both

amplitude and phase of the signal field as a function of time by an interfer-

ence with a secondary field used as known reference and commonly called

local oscillator. The experimental set-up consists of a cavity dumped Ti:

Sapphire oscillator which provides sub 20 fs pulses at 800 nm with an en-

ergy per pulse of up to 50 nJ. Dispersion control by two separate prism

compressors permits to obtain bandwidth-limited pulses at 400 nm with a

conversion efficiency up to 40%. The same laser system can be used as a

source for an all-reflective up-conversion set-up, which allows studying the

same sample under identical excitation conditions using two different ex-

perimental methods.

First results of the examination of solvation dynamics by means of a hetero-

dyne-detected photon echo experiment with 400 nm excitation will be pre-

sented.
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Radical cations of thioanisole derivatives.

Anna Błoch-Mechkour1, Thomas Bally1, Nicolas Monney1
and Richard S. Glass2

1University of Fribourg, Department of Chemistry, Chemin du Musée 9,
1700 Fribourg, Switzerland;

2The University of Arizona, Departments of Chemistry, Tucson,
Arizona 85721, United States;

It is known that the thioethers side chains of proteins containing methionine
are susceptible to oxidation by reactive oxygen species. [1] It is postulated
that cataract formation and neurodegenerative diseases such as Parkinson’s
and Alzheimer’s are the consequence of this process. [2] It has also been
reported that the radical cations of thioethers are stabilized by arenes that
are not directly connected to them, forming S···π interactions. [3] We there-
fore decided to study the effect of flanking aryl groups on the properties of
the radical cation of thioanisole. In particular we were interested in the con-
formation of the S-Me in relation to the centred phenyl moiety (in parent
thioanisole radical cation these are coplanar, with a high rotational barrier).
We employed low-temperature spectroscopy and quantum chemical calcula-
tions to address this question.

[1] Vogt, W. Free Radical Biol. Med. 1995, 18, 93.
[2] Wassef, R.; Haenold, R.; Hansel, A.; Brot, N.; Heinemann, S. H.;

Hoshi, T. J. Neurosci. 2007, 27, 12808.
[3] Chung, W.; Ammam, M.; Gruhn, N.; Nichol, G. S.; Singh, W.;

Wilson, G.; Glass, R. Org. Lett. 2009, 11, 397.
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Tracking Ultrafast Cis-Trans Isomerization with Transient Infrared

Anisotropy Measurements

Julien Réhault
1
, Jan Helbing

1

1
Physikalisch-Chemisches Institut, Universität Zürich, Winterthurerstrasse

190, 8057 Zürich, Switzerland.

Cis-Trans isomerization is an elementary reaction of wide impor-

tance and is involved in many reaction steps in nature. Following Cis-Trans

isomerization in time is a challenging target for spectroscopists, and could

be of great importance in aiming to understand the critical steps to get it fast

and efficient.

Here, we discuss on how polarization sensitive time-resolved mid-

infrared spectroscopy can be used to directly observe the structural changes

occurring during ultrafast cis to trans photo-isomerization. We applied our

method on a zwiterrionic N-alkylated indanylidene pyrroline photoswitch

(Z-NAIP) Previous work on this photoswitch [1, 2] showed that it under-

goes ultrafast isomerization by passing through a conical intersection with a

wavepacket behavior in the sub picosecond timescale.

Our results suggest that the isomerization is mostly due to the rota-

tion of the pyrroline moiety, which carries a 15D permanent dipole moment,

and not the much larger indanylidene moiety. We discuss the possibility of

detecting unidirectional rotation during the isomerization process.

[1] Melloni, A et al. Submitted to Angew Chem Int Ed, 2010.

[2] Briand, J et al. Phys. Chem. Chem. Phys. 2010, 12, 3178-3187.
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Jahn-Teller effect and spin-orbit coupling in the electronic ground state
of CH3I+ and CD3I+ from rotationally resolved photoelectron spectra

Monika Grütter, Julie M. Michaud, and Frédéric Merkt

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

We present the high-resolution PFI-ZEKE photoelectron spectra of the X+ 2E
ground states of both CH3I+ and its deuterated isotopomer, CD3I+. The spec-
tral resolution of better than 0.15 cm−1 allowed full rotational resolution of
the lower spin-orbit components 2E3/2 for the first time.
CH3I+ and CD3I+ experience a very strong spin-orbit coupling and conse-
quently have to be treated in the corresponding spin-double group, C2

3v(M):
Their rotational structures are reproduced with spectroscopic accuracy using
a rovibronic Hamiltonian [1], which incorporates the effects of the spin-orbit
as well as the Jahn-Teller coupling on the rotational structure. In addition,
a set of rovibronic photoionization selection rules was derived which de-
scribes Hund’s case (b) to Hund’s case (a) ionizing transitions in polyatomic
molecules and account for the experimental observations.
Deuteration of CH3I+ does not affect the purely electronic properties and
therefore provides the opportunity to unambiguously determine all relevant
spin-orbit coupling parameters (a and ζe) and the linear Jahn-Teller coupling
constants dH and dD. Finally, the ionization energies EI and rotational con-
stants along with the ground state structures of the methyl iodide cation and
its deuterated isotopomer are derived with better accuracy than previously
possible [2,3].

[1] J. M. Brown, Mol. Phys. 1971, 20, 817.
[2] M. Lee, Y. J. Bae, and M. S. Kim, J. Chem. Phys. 2008, 128, 044310.
[3] X. Xing, B. Reed, M.-K. Bahng, S.-J. Baek, P. Wang, and C. Y. Ng,

J. Chem. Phys. 2008, 128, 104306.
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Pulsed-Field-Ionization Zero-Kinetic-Energy (PFI-ZEKE)
Photoelectron Spectroscopic Study of the X̃ 2Π → X̃+ 1Σ+ (v = 1)

Transition of NO

Julie M. Michaud, Thomas Gersdorf, and Frédéric Merkt

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

The pulsed-field-ionization zero-kinetic-energy (PFI-ZEKE) photoelectron
spectrum of NO in a cold supersonic beam has been measured in the region
of the X̃ 2Π → X̃+ 1Σ+ (v = 1) band between 77040-77100 cm−1. The PFI-
ZEKE spectra were obtained with a resolution of better than 0.07 cm−1 and
full rotational resolution was obtained. Additionally, Rydberg-state-resolved
(RSR) PFI-ZEKE spectra were obtained for the same band. This variant of
PFI-ZEKE allows for the determination of the position of ionic energy levels
at an accuracy limited by the bandwidth of the tunable photoexcitation source
and for the study the interactions between different rotational ionization chan-
nels of NO. The high resolution of the PFI-ZEKE experimental setup can be
used to study large amplitude motions in larger molecular cations.
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In Search of the Marcus Inverted Region
using Femtosecond Spectroscopy

Arnulf Rosspeintner1, Gonzalo Angulo2, Eric Vauthey1

1Physical Chemistry Department, University of Geneva, Geneva
2Institute of Physical Chemistry, Polish Academy of Science, Warsaw

The Marcus Inverted Region (MIR), i. e. the slowdown of the rate of electron
transfer (ET) upon increasing its driving force, for intramolecular forward ET
in linked donor-acceptor systems [1] and intermolecular back ET [2] could
be unambiguously established in the mid-eighties. However, since Rehm’s
and Weller’s pioneering work in the late sixties the MIR for photoinduced in-
termolecular electron transfer has ”escaped” observation until today.[3] This
apparent absence of the MIR in this type of reactions has puzzled and inspired
the scientific community at least as much as its Nobel prize rewarding predic-
tion in 1956.[4]
Contrary to intramolecular and back ET, where the reaction partners are in
close contact, intermolecular forward ET requires the diffusive approach of
the reactants prior to the reaction thus masking the per se much faster ele-
mentary reaction. Previous attempts to extract the intrinsic electron transfer
rate from the diffusion influenced kinetics failed, however, due to their limited
time resolution (ps-regime).[5] Fortunately, the recent advent of femtosecond
spectroscopic techniques allows for probing the pure initial electron transfer
dynamics prior to the onset of their diffusive perturbation.
We are confident, that a femtosecond time-resolved ”Rehm-Weller plot” will
provide a more definite answer to the long lasting enigma of the apparent lack
of the MIR in photoinduced forward electron transfer reactions.

[1] Miller, J. R. et al. J. Am. Chem. Soc. 1984, 106, 3047.
[2] Gould, I. R. et al. J. Am. Chem. Soc. 1987, 109, 3794.
[3] Rehm D. and Weller A., Ber. Bunsenges. Physik. Chem. 1969, 73, 834.
[4] Marcus, R. A., J. Chem. Phys. 1956, 5, 979.
[5] Nishikawa, S. et al. Chem. Phys. Lett. 1991, 185, 237.
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The formation of PdZn alloy and its catalytic activity in the
hydrogenation of 1-pentyne

Min Wei Tew , Jeroen A. van Bokhoven†

Institute for Chemical and Bioengineering, ETH Zurich, 8093 Zurich, Swit-
zerland. † Laboratory for Energy and Environment, Paul Scherrer Institut,

5232 Villigen, Switzerland

The potential of PdZn alloy to replace the conventional catalyst in sev-
eral important catalytic reactions has been explored. Improved thermal sta-
bility and selectivity were reported in various reactions [1-3]. X-ray diffrac-
tion showed that the extent of alloy formation increases at elevated tempera-
tures [4]. It was postulated that during the reduction, hydrogen spills over
from palladium metal to reduce the ZnO and forms the Pd-Zn intermetallic
phases. The zinc metal which decorates palladium sites significantly de-
creases the available palladium sites and, consequently, suppresses the cata-
lytic activity. To optimize the potential of PdZn alloy in various catalytic
reactions, it is necessary to establish how exactly it is formed during reduc-
tion, its stability under reaction condition and if the structure-performance
relationship exists. Results from in situ XRD and XAS showed that the for-
mation of alloy started from the surface at a temperature as low as 100°C,
under reducing condition. This affects the catalytic performance as the full
hydrogenation was completely suppressed.

[1] Marita, N., Kjell, J., Peter, J., Lars J.P. Appl. Cat. B: Environ. 2009, 86, 18.
[2] Bollmann, L., Ratts, J.L., Joshi, A.J., Williams, W.D., Pazmino, J., Joshi, Y.V.,
Miller, J. T., Kropf, A. J., Delgass, W. N., Ribeiro, F. H. J. Cat. 2008, 257, 43.

[3] Sarkany, A., Zsoldos, Z., Furlong, B., Hightower J.W., Guczi L. J. Cat. 1993,
141, 566.

[4] Iwasa, N., Masuda, S., Ogawa, N., Takezawa, N. Appl. Catal. A: Gen. 1995,
125, 145.
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Jet Spectroscopy of the Deoxythymine Tautomers
5-Methyl-2-Hydroxypyrimidine and 5-Methyl-2-Pyrimidinone

Simon Lobsiger, Hans-Martin Frey and Samuel Leutwyler

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

We have investigated the absorption spectra of jet-cooled 5-methyl-2-hydroxy-
pyrimidine (5M2HP) [1] and 5-methyl-2-pyrimidinone (5M2P), the two tau-
tomeric forms of deoxythymine, using two-color resonant two-photon ion-
ization (R2PI) spectroscopy. Unlike uracil and thymine, which exhibit struc-
tureless optical spectra [2], the vibronic spectra of 5M2HP and 5M2P are
well-structured with narrow vibronic bands, allowing to probe the excited
state of a thymine analogue. The spectrum of 5M2HP shows strong in-plane
benzene-type vibrations, extended progressions and combination bands up to
> 3 600 cm−1 whereas the spectrum of 5M2P breaks off ∼ 500 cm−1 above
the electronic origin.
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[1] S. Lobsiger, H.-M. Frey and S. Leutwyler, Phys. Chem. Chem. Phys.
2010, DOI: 10.1039/b924395j.

[2] B. B. Brady, L. A. Peteanu and D. H. Levy, Chem. Phys. Lett. 1988, 147,
538.
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Supersonic Jet Spectroscopy of the Adenine Analogue 2-Aminopurine

Maria Trachsel, Simon Lobsiger, Rajeev K. Sinha and Samuel Leutwyler

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

The chemical structure of 2-aminopurine (2AP) differs from adenine (6-amino-
purine) only in the position of the amino group, but the lifetime of its S1 state
is significantly longer (2.1 ns) than that of adenine (10 ps) . Jet-cooled 2AP
has been previously studied [1, 2]. We have investigated the vibronic spec-
trum and excited-state nonradiative processes of supersonic jet-cooled 2AP
and d3-2AP by prompt and delayed two-color resonant two-photon ionization
spectroscopy. The rotational contour of the 00

0 band shows that the transition
is 1ππ*. Excitation is followed by rapid intersystem crossing to a 3ππ* state.

32500 33500 3400033000

wavenumber/ cm
-1

0
0

00
1

1

13
1

0

[1] K.A. Seefeld, et al., Phys. Chem. Chem. Phys. 2005, 7, 3021.
[2] K. Feng, et al., Chem. Phys. Chem. 2009, 10, 886.
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clusters

Rajeev K. Sinha, Simon Lobsiger, Maria Trachsel and Samuel Leutwyler

Department of Chemistry and Biochemistry, University of Bern,
Freiestrasse 3, CH-3012, Bern, Switzerland

2-aminopurine (2AP) is a purine base analogous to the nuclobase adenine,
differing in the position of the –NH2 group. The resonant two photon ioniza-
tion (R2PI) spectrum of 2AP has been reported earlier [1]. Here, we present
the one and two-color R2PI (1C-R2PI, 2C-R2PI) spectra of 2AP-H2O and
2AP-(H2O)2 clusters. The effect of microhydration on the electronic 1ππ*
origin [2] and other vibrational fundamentals of 2AP is investigated on the
basis of observed changes in the R2PI spectra of these species. Several iso-
mers of 2AP-H2O cluster are identified and studied using 2C-R2PI experi-
ments.

[1] K. A. Seefeld et al., Phys. Chem. Chem. Phys. 2005, 7, 3021.
[2] M. Trachsel et al., Poster at this meeting.
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Rovibrational Spectroscopy of Small Organic Molecules in the THz
Frequency Region

Christa Haase1, Jinjun Liu1,2 and Frédéric Merkt1

1Laboratorium für Physikalische Chemie, ETH-Zürich, 8093 Zürich,
Switzerland.

2current address: Department of Chemistry, Laser Spectroscopy Facility, The
Ohio State University, 120 W. 18th Avenue, Columbus, Ohio 43210, USA.

The fundamental bands of the CCl3 asymmetric deformation modes of se-
lected isotopomers of chloroform (CHCl3) and freon-11 (CFCl3) have been
measured between 7 and 8 THz in a static cell at ambient temperature using
a laser-based source of tunable radiation in the terahertz region (0.1-10 THz)
of the electromagnetic spectrum [1]. Simulation of the rotational contour of
the ν6 fundamental transition of 12CH35Cl3 confirmed previously suggested
values for C6 and C6ζ6 [2]. The fundamental frequencies were derived with
a precision of 2 GHz for all compounds except CF35Cl3, where the precision
amounted to 3 GHz. The frequencies are in agreement with values calculated
ab initio.

Development of an experimental setup with which it is possible to partially
resolve the rotational structure of these molecules is in progress. In this ex-
periment, the vibrational excitation will be followed by photoionization of the
upper vibrational level using another laser source. By tuning the frequency
of the THz source and detecting the photoions, this double-resonance scheme
should enable sensitive, background-free and isotopomer-selective absorption
measurements.

[1] C. Haase, J. Liu and F. Merkt, J. Mol. Spectrosc., accepted.
[2] J. H. Carpenter, P. J. Seo and D. H. Whiffen, J. Mol. Spectrosc. 170, 1,

215.
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Intermolecular vibrations of 2-pyridone·(NH3)n (n=1–3) clusters

Susan Blaser, Simon Lobsiger, Philipp Ottiger, Samuel Leutwyler

Departement für Chemie und Biochemie, Universität Bern,

Freiestrasse 3, CH-3012 Bern, Switzerland

We reinvestigated the 2-pyridone·(NH3)n and d1-2-pyridone·(ND3)n (n=1–3)
clusters, which have been studied before [1,2], by resonant two photon ionisa-
tion spectroscopy and carried out detailed assignments of the vibronic bands.
Due to complexation of the 2-pyridone with ammonia the out-of-plane ν1

twist of the N–H and C=O groups is hindered and the S1 state ν1 potential
changes from a pronounced double minimum potential for bare 2-pyridone to
a flat-bottomed single minimum potential for 2-pyridone·NH3.
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[1] M.R. Nimlos, D.F. Kelley and E.R. Bernstein, J. Phys.Chem. 1989, 93, 643.
[2] A. Held and D.W. Pratt, J. Am. Chem. Soc. 1993, 115, 9718.
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Non-Equilibrium Population of CH4 Nuclear Spin Species in the
Gas Phase at 16 K

H. M. Niederer1, S. Albert1, S. Bauerecker1,2, M. Quack1, G. Seyfang1

1ETH Zürich, CH-8093 Zürich, Switzerland
2TU Braunschweig, D-38106 Braunschweig, Germany

The principles of approximate parity and nuclear spin symmetry conserva-
tion in molecular processes are among the most useful insights in molecular
dynamics and spectroscopy [1]. Attempts to find their violations have been
suggested and undertaken in practice [2,3], including an early FTIR-study of
CH4 in supersonic jets [4] and studies by cw-cavity ring down spectroscopy of
supersonic jets [5]. We study here again methane CH4 in the gas phase at very
low temperature for the understanding of the spin conversion mechanism and
energy transfer within excited quantum levels with a new experimental tech-
nique in this context. Methane was cooled down to at most liquid Helium
temperature using a collisional cooling cell [6,7] connected to the Zürich pro-
totype Bruker 125 FTIR spectrometer [8,9]. Transitions to the isolated ν3

band around 3000 cm−1 have been observed with a wavenumber accuracy
better than 10−5 cm−1. Due to a rapid cooling process, non-equilibrium in-
tensity ratios have been observed. The spectra could be simulated with effec-
tive rotational temperatures of about 16 and 27 K under different conditions,
and assuming conservation of nuclear spin symmetry upon cooling. An upper
bound for the conversion rate between A, E and F nuclear spin isomers can be
estimated from the residence time of the molecules in our experimental setup.

[1] M. Quack, Mol. Phys. 1977, 34, 477.
[2] M. Quack, Chem. Phys. Lett. 1986, 132, 147.
[3] P. L. Chapovsky and L. J. F. Hermans, Annu. Rev. Phys. Chem. 1999, 50, 315.
[4] A. Amrein, M. Quack, and U. Schmitt, J. Phys. Chem. 1988, 92, 5455.
[5] M. Hippler and M. Quack, J. Chem. Phys. 2002, 116, 6045.
[6] S. Albert, S. Bauerecker, M. Quack and A. Steinlin, Mol. Phys. 2007, 105, 541.
[7] S. Bauerecker, M. Taraschewski, C. Weitkamp and H. K. Cammenga, Rev. Sci. Instru-

ments. 2001, 72, 3946.
[8] S. Albert, K. K. Albert and M. Quack, Trends in Optics and Photonics 2003, 84, 177.
[9] S. Albert and M. Quack, ChemPhysChem. 2007, 8, 1271.
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High Resolution Spectroscopy of Small, Chiral Heterocyclic Molecules

Karen Keppler Albert1, Sieghard Albert1, Martin Quack1, Jürgen Stohner1,2

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

Small, chiral precursor molecules of evolution [1] are very interesting be-
cause of the possibility of their astrophysical observation using spectroscop-
ic methods [2,3]. Particularly interesting also in this regard is the discussion
of molecular partiy violation in terms of early biochemical evolution [3,4].
The chiral molecules oxiranecarbonitrile (C3H3NO) and aziridine-2-
carbonitrile (C3H4N2), for these reasons, are excellent objects of study [3-5].
We report results of an experimental high resolution infrared spectroscopic
investigation of these two molecules and monodeuterooxirane [6] (C2DH3O)
a simple chiral molecule for which the undeuterated species has been de-
tected in interstellar space [7]. Results include detailed examination of sev-
eral rovibrational bands in each molecule, including the ν12 (ν0 = 915.2565
cm-1) band of C3H3NO, analyzed using the ground state constants of Behnke
et al [8], and the ν8 (ν0 = 896.02524 cm-1) band of C2DH3O, and a compari-
son of the spectra of these three molecules in the region 800 – 1000 cm-1.

[1] A. Eschenmoser and E. Loewenthal, Chem. Soc. Rev. 1992, 21(1), 1.
[2] F. Müller and A. Bauder, J. Mol. Spectrosc. 1996, 179, 61.
[3] R. Berger, M. Quack and G.S. Tschumper, Helv. Chim. Acta 2000,

83(8), 1919.
[4] M. Quack, Angew. Chem. Intl. Ed. (Engl.) 2002, 41(24), 4618.
[5] G.S. Tschumper, J. Chem. Phys. 2001, 114(1), 225.
[6] K. K. Albert, S. Albert, M. Quack, J. Stohner, O. Trapp, V. Schurig,

Proc. 19th Coll. High Resol. Mol. Spectr., Salamanca 2005, 248.
[7] M. Ikeda, M. Ohishi, A. Nummelin, J.E. Dickens, P. Bergman, A.

Hjalmarson and W.M. Irvine, Astrophys. J. 2001, 560(2), 792.
[8] M. Behnke, I. Medvedev, M. Winnewisser, F.C. DeLucia and E.

Herbst, Astro.J. Suppl. Series 2004, 152, 97.
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Synchrotron based highest resolution FTIR spectroscopy of naphthalene
(C10H8) and rovibrational analysis in the 17-30 THz range

S. Albert1, K.K. Albert1, Ph. Lerch2, M. Quack2

1Physical Chemistry, ETH Zuerich, CH-8093 Zuerich
2Swiss Light Source, Paul-Scherrer Institute, CH-5232 Villigen

One of the great challenges of astronomical infrared spectroscopy is the iden-
tification of the Unidentified Infrared Bands (UIBs) found in several interstel-
lar objects. Polycyclic Aromatic Hydrocarbons (PAHs) have been proposed
to be the carrier of the UIBs [1]. For that reason we have started to inves-
tigate the rotationally resolved FTIR spectrum of the bicyclic naphthalene
as a simple prototypical spectrum for a PAH infrared spectrum. Extending
our previous setup [2], we have interfaced an eleven chamber interferome-
ter, the ETH-SLS Bruker prototype 2009, to the infrared port available at
the Swiss synchrotron, the Swiss Light Source (SLS) located at the Paul-
Scherrer-Institute. Due to the high brightness of the synchrotron radiation,
which is effectively 5 to 10 times brighter than conventional thermal sources
in the spectral region between 500 and 900 cm−1 (17-30 THz), and the high
resolution of the new interferometer (unapodized resolution of 0.00053 cm−1,
18 MHz), it was possible to analyze the newly rotationally resolved infrared
spectrum of naphthalene (C10H8). Previously, this has been recorded only at
modest resolution in the IR [3] and at high resolution in the UV [4]. Here,
we present a rovibrational analysis of the strongest band, consisting of c-type
transitions of naphthalene in this region, the out-of-plane mode ν46. We can
simulate this band at different resolutions based on our analysis. Due to the
unique band shape of a c-type band we propose a simple check for the UIBs
to determine whether planar PAHs can be the carriers of these bands.

[1] A.G.G.M. Tielens, Annu. Rev. Astron. Astrophys. 2008, 46, 289.
[2] S. Albert and M. Quack, ChemPhysChem 2007, 8, 1271.
[3] O. Pirali, M. Vervloet, G. Mulas, G. Malloci and C. Joblin, Phys. Chem.

Chem. Phys. 2009, 11, 3443.
[4] M.H. Kabir, S. Kasahara, W. Demtroeder, Y. Tatamitani, A. Doi, H. Kato

and M. Baba, J. Chem. Phys. 2003, 119, 3691.
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Isotope Selective Overtone Spectroscopy (ISOS) of the NH-stretching
vibration in substituted anilines measured in a molecular beam

E. Miloglyadov, A. Kulik, M. Quack, G. Seyfang

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

The investigation of the vibrational structure and dynamics in aniline has a
long history. The inversion motion of the NH2 group over the plane of the
phenyl ring can be described by a double well potential with a saddle point
of the potential hypersurface at the planar geometry. An early determination
led to a barrier of about 450 cm−1 [1]. The tunneling process through the bar-
rier splits the ground state and also many vibrationally excited states into two
tunneling components. In the chiral isotopomers R-NHD the splitting can be
used to derive stereomutation times between the enantiomers on the ps and
sub ps timescale. The dependence of the inversion tunneling process upon
the excitation of other vibrational modes was approximately treated using
the quasiadiabatic channel reaction path Hamiltonian (RPH) [2] and shows
a strong mode selectivity. Room temperature FTIR spectroscopy and super-
sonic jet ISOS spectroscopy has been used in our group to investigate the
dependence of the tunneling process on the NH-stretching excitation of the
normal and deuterium substituted anilines, showing the NH-stretching to be
an inhibiting mode [2,3,4]. The main goal of the present experiments is to
extend the measurements up to the second NH(ND)-stretching overtone and
to fluorine substituted anilines using FTIR spectroscopy at room temperature
and the ISOS method [3,4] at very low temperature in a molecular beam. The
comparison of the assignment for C6D5NH2 and normal aniline C6H5NH2

confirmed the applicability of the restricted normal mode model to the NH2-
chromophore in aniline.

[1] M. Quack, M. Stockburger, J. Mol. Spectrosc., 1972, 43, 87
[2] B. Fehrensen, D. Luckhaus, M. Quack, Z. Phys. Chem., 1999, 209, 1
[3] B. Fehrensen, M. Hippler, M. Quack, Chem. Phys. Lett., 1998, 298, 320
[4] M. Hippler, M. Quack, Isotope Selective Infrared Spectroscopy and In-

tramolecular Dynamics, in ”Isotope Effects in Chemistry and Biology”,
edited by A. Kohen and H. Limbach, Taylor & Francis, 2006, pp.305-359
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Probing nuclear spin symmetry conversion in water in a supersonic-jet
expansion by cavity ring-down (CRD) spectroscopy

Carine Manca Tanner, David Schmidiger, Georg Seyfang,
Karen Keppler Albert and Martin Quack

Laboratory of Physical Chemistry, ETH Zurich, Switzerland

Supersonic expansion is a well-suited technique to investigate the possible
conversion of nuclear spin isomers in a molecule. In the case of nuclear spin
symmetry conservation, the various nuclear spin isomers keep their relative
populations set at room temperature before the expansion and one observes
a Boltzmann redistribution for the population of the rotational levels of each
nuclear spin isomer. Conversely, in the case of nuclear spin symmetry re-
laxation, the nuclear spin states are allowed to change during the collisional
process of the expansion and the relative populations should represent the
global thermal equilibrium among all states at low temperatures.
In our group, the interconversion of nuclear spin isomers has already been
investigated for CH4 and its isotopomers in a supersonic-jet expansion and
in collisional cooling cells with FTIR [1,2] and diode laser spectroscopy [3]
and nuclear spin conservation has been observed. H2O is another interesting
candidate already discussed in a different context [4]. We present here our
initial results of H2O expansions in seeded jets probed by cavity ring-down
spectroscopy in the region of the 2ν3 overtone at temperatures below 30 K.

[1] A. Amrein, M. Quack, and U. Schmitt, J. Chem. Phys. 1988, 92, 5455.
[2] H. M. Niederer, S. Albert, S. Bauerecker, M. Quack, G. Seyfang, submit-

ted to this conference 2010.
[3] V. Horka-Zelenkova, M. Caviezel, M. Quack, and G. Seyfang, submitted

to this conference 2010.
[4] S. Albert, B. H. Meier, M. Quack, G. Seyfang, A. Trabesinger, Chimia

2010, 60, 476.
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Reinvestigation of the overtone icosad of 12CH4 in a supersonic-jet
expansion using cavity ring-down (CRD) spectroscopy

Carine Manca Tanner, Martin Quack, Andreas Schneider, Georg Seyfang,
and Martin Suter

Laboratory of Physical Chemistry, ETH Zurich, Switzerland

Methane (12CH4) plays a key role in various fields such as geosciences, re-
action kinetics and combustion science, biotechnology, astrophysics, atmo-
spheric and environmental science, to name but a few. In all these cases in-
frared spectroscopy is generally the best diagnostic tool and has been studied
for a long time in order to model methane absorption precisely. The num-
ber of interacting vibrational levels within a polyad increases rapidly with the
polyad quantum number, rendering the line-by-line assignment analysis more
and more difficult. The ν2 + 2ν3 subband of the N = 2.5 icosad of 12CH4

has been first assigned in 1933 at low resolution [1]. The CRD measurements
performed in our group some years ago [2] using supersonic expansions pro-
vided first high resolution analyses and an accurate location of the vibrational
level ν2 + 2ν3 at 7510.3378 cm−1. Following additional, more recent stud-
ies [3,4], we have reinvestigated this spectral region at lower temperatures
[5] and present here a new assignment of the Q branch and a more detailed
assignment of the R branch. While the first series of measurements were per-
formed with an expansion of pure methane at 54 K, we can now detect signal
of 12CH4 in a 1 % Ar-expansion cooled at 28 K with our improved setup. We
also discuss the investigation of interconversion of nuclear spin isomers.

[1] W. Norris and H. Unger, Phys. Rev. 1933, 43, 467.
[2] M. Hippler and M. Quack, J. Chem. Phys. 2002, 116, 6045.
[3] S. Albert, S. Bauerecker, V. Boudon, L. R. Brown, J. P. Champion, M.

Loëte, A. Nikitin, and M. Quack, Chem. Phys. 2009, 356, 131.
[4] E. Sciamma-O’Brien, S. Kassi, B. Gao, and A. Campargue, J. Quant.

Spectr. Rad. Transf. 2009, 110, 951.
[5] M. Suter, C. Manca Tanner, and M. Quack, Proceedings, 17th Symposium

on Atomic, Cluster and Surface Physics, Obergurgl 2010, 254.
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Intramolecular vibrational energy redistribution (IVR) in CHD2I
studied by high resolution spectroscopy

Carine Manca Tanner, Sieghard Albert and Martin Quack

Laboratory of Physical Chemistry, ETH Zurich, Switzerland

CHD2I is an appropriate candidate for the investigation of Intramolecular Vi-
brational energy Redistribution (IVR) after excitation in the region of the CH-
stretching overtone to the low frequency CI modes. We have used two fun-
damental approaches to study IVR; (i) the time resolved fs pump-probe ap-
proach and then (ii) the high resolution spectroscopic approach without time
resolution (for a critical discussion and comparison see [1]). Recent fs pump-
probe experiments in our group [2] have shown that CHD2I has different IVR-
times from fs to ps, revealing different intramolecular coupling mechanisms.
On the other hand, our spectroscopic work at modest resolution has already
highlighted the strong Fermi-resonance coupling between the CH-stretching
and bending modes in CHD2I, demonstrating very fast redistribution times on
the order of 100 fs [3]. The present work will newly focus on the rovibrational
analysis of the very high-resolution spectra of fundamentals [4]: a systematic
investigation should make it possible to establish weaker couplings between
the modes and to understand the slower redistribution times in the fs-pump-
probe experiment. We discuss our new results in relation to our recent work
on the overtone spectra and dynamics and to the femtosecond pump-probe
results.

[1] M. Quack, ”Molecular femtosecond quantum dynamics between less than
yoctoseconds and more than days: experiment and theory”, in Femtose-
cond Chemistry 1995, Ed. J. Manz and L. Woeste, Verlag Chemie, 781.

[2] V. Krylov, M. Nikitchenko, M. Quack, and G. Seyfang, Proc. SPIEE
2004, 5337, 178; V. Krylov, A. Kushnarenko, E. Miloglyadov, M. Quack,
and G. Seyfang, Proc. SPIEE 2007, 6460, 64601D-1.

[3] V. Horka, M. Quack, and M. Willeke, Mol. Phys. 2008, 106, 1303.
[4] S. Albert, C. Manca Tanner, and M. Quack, in preparation 2010.
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Morphology and Optical Properties of Cyanine Dye / PCBM Blends

Jakob Heier1, Rolf Steiger2, Frank Nüesch1, Roland Hany1

1Swiss Federal Laboratories for Materials Testing and Research (EMPA),
Überlandstrasse 129, 8600 Dübendorf, Switzerland
2Rte. de la Côte 12, 1724 Le Mouret, Switzerland

Today a plethora of soluble cyanine dyes absorbing from the ultra-violet to
the near-infrared range are available owing to more than a century of re-
search and development, mostly in photographic industry. Numerous prop-
erties of cyanine dyes suggest that this material class can be interesting for
organic opto-electronic devices. Most importantly, the unparalleled absorp-
tion coefficients allow using very thin films for harvesting solar photons.
Secondly, dye molecules are capable of self-assembling into aggregates
where charge and excited states are delocalized over hundreds of molecules.

Here we exploit the phenomenon of spinodal dewetting during spin coating
of blends of PCBM and a cyanine dye for the design of well defined phase
separated morphologies. AFM snapshots of as-prepared films and after se-
lective dissolution suggest that the solution separates into transient bilayers,
which destabilize due to long-range intermolecular interactions [1]. Highly
organized H-aggregates form spontaneously during phase separation [2],
their formation can be controlled through the parameters that influence film
formation.

[1] J. Heier, J. Groenewold, S. Huber, F. Nüesch, R. Hany, Langmuir
2008, 24, 7316.
[2] J. Heier, R. Steiger, F. Nüesch, R. Hany, Langmuir 2010, 26, 3995.
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Photoinduced intramolecular charge transfer dynamics in GFP-

chromophore derivatives

Irina Petkova
1,2
, Georgi Dobrikov

2
, Natalie Banerji

1
, Eric Vauthey

1

1Département de Chimie Physique, Université de Genève, CH-1211 Genève

4, Switzerland;
2IOCCP, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria

A new class of organic

compounds with grat

promise for optoelectronic

application are biologically

inspired 1H-imidazol-

5(4H)-derivatives and more

particularly their dimethy-

lamino derivatives.

Introducing strong electron donating dimithylamino group in the ben-

zylidene moiety changes substantially the nature of the excited-state,

namely charge transfer (CT) state. This effect is stronger when an electron-

withdrawing substituent presents in the imidazolone part of the molecule.

CT state is characterized by an ultrafast intramolecular charge separation

dynamics and large emission wavelength dependence in polar solvents.

Thus, controlling the CT character of the excited state of these molecules

should in principle allow a rather fine-tuning of their emission wavelength

even in rigid media, where their emission quantum yield is very large.

Herewith carrying out detailed studies on the ultrafast photoinduced in-

tramolecular charge transfer processes of these new synthetic p-benzylidene

substituted imidazolones using time-correlated single photon counting and

fluorescence up-conversion, as well as transient absorption spectroscopy in

the femtosecond time domain our aim is to employ the obtained knowledge

in order to rationalize their optoelectronic properties in more details.

N

N

O

N(H3C)2

CN
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Bimolecular electron transfer beyond Marcus theory

Bernhard Lang,1 Diego Villamaina,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

Photo-induced electron transfer (ET) between donor-acceptor (DA) pairs, of-
ten considered as the simplest of chemical reactions, plays an important role
in chemistry and biology. In general, the classical Marcus theory is applied to
rationalize the kinetics of ET reactions though the predicted inverted region
has never been observed experimentally for bimolecular photo induced elec-
tron transfer [1,2]. Since long it has been speculated that ET to an excited
state could account for this by shifting the reaction to the normal region.

Analysing the hot ground state contribution upon ultrafast ET quenching and
subsequent charge recombination, we can estimate the amount of heat which
is released to the reaction partners. Comparing DA pairs where an excited
state of the ion is energetically accessible with pairs where this is not the case,
we observe a clear trend which strongly supports the mentioned hypothesis. In
cases where an excited electronic state of the ion is accessible, the hot ground
state contribution of that reaction partner indicates largely increased heat re-
lease due to the relaxation from the excited electronic state to the ground state
where the corresponding excess energy is released exclusively to that reaction
partner.

[1] D. Rehm, A. Weller, Isr. J. Chem. 1970, 8, 259.
[2] E. Vauthey, J. Photochem. Photobiol. A 2006, 179, 1.

Physical Chemistry 484
Physical Chemistry

Wave packet dynamics of a model of Cl-O-O-Cl under laser excitation
including parity violation

Robert Prentner1, Martin Quack1, Jürgen Stohner1,2, Martin Willeke1,3

1Laboratory for Physical Chemistry, ETH Zürich, CH-8093 Zürich,
Switzerland

2Institute of Chemistry and Biological Chemistry, Zürich University of
Applied Sciences, CH-8820 Wädenswil, Switzerland

3Department of Materials, ETH Zürich, CH-8093 Zürich, Switzerland

The quantum dynamics of the torsional vibrational modes of chlorine per-
oxide is studied in terms of populations, time dependent absorbed energy
(multiphoton spectra) and wave packets of stereomutation processes. Tor-
sional modes are calculated using the quasiadiabatic channel Reaction Path
Hamiltonian (RPH [1,2]) treatment. The time-dependent Schrödinger equa-
tion including coherent radiative excitation is solved in the Quasi Resonant
Approximation (QRA [3-6]). The following dynamical limiting situations are
studied:
i) stereomutation during laser excitation, ii) stereomutation after laser excita-
tion of an excited state of well-defined chirality, and iii) time evolution under
parity violation.
Finally we simulate the time evolution for a possible measurement of parity
violation based on the schemes proposed in [7,8].

[1] M. Quack and M. Willeke, J. Chem. Phys. A 2006, 110, 3338-3348.
[2] B. Fehrensen, D. Luckhaus, and M. Quack, Z. Phys. Chem. 1999, 209,

1-19; Chem. Phys. Lett. 1999, 300, 312-320; Chem. Phys. 2007, 338,
90-105.

[3] M. Quack, J. Chem. Phys. 1978, 69, 1282-1307.
[4] M. Quack and E. Sutcliffe, J. Chem. Phys. 1989, 83, 3805-3812.
[5] R. Marquardt and M. Quack, J. Chem. Phys. 1991, 95, 4854-4876.
[6] M. Quack and J. Stohner, J. Phys. Chem. 1993, 97, 12574-12590.
[7] M. Quack, Chem. Phys. Lett. 1986, 132, 147-153.
[8] M. Quack, J. Stohner and M. Willeke, Ann. Rev. Phys. Chem. 2008, 59,

741-769.
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Single enantiomorphism due to chiral conflict in 2D crystals

Christian Roth, Leo Merz, Manfred Parschau and Karl-Heinz Ernst

Nanoscale Materials Science, Empa, Swiss Federal Laboratories for Mate-

rials Testing and Research, Dübendorf, Switzerland

In order to investigate chiral recognition at the molecular level, we studied

the effect of chiral conflict between different chiral entities in monolayers

on Cu(110) with scanning tunneling microscopy (STM) and low energy

electron diffraction (LEED). As reported earlier, doping of achiral succinic

acid (Fig. 1b) with small amounts of chiral tartaric acid (Fig. 1a) installs

homochirality on the entire surface (sergeants-and-soldiers effect) [1].

Here we present now a cross-contamination experiment of tartaric acid

(TA) and malic acid (MA, Fig. 1c). The mixture of left and right handed TA

(rac.-TA) shows a superposition of the two homochiral enantiomorphs in

LEED. Adding one enantiomer of MA to the mixture suppresses formation

of one of the two enantiomorphs. (R)-MA allows thereby only the formation

of the structure known for pure (R,R)-TA, while (S)-MA leads to the (S,S)-

enantiomorph.

Our STM investigations suggest that in the rac.-TA/MA experiment

nucleation of one enantiomorph is suppressed by a disordered MA/TA

quasiracemate.

[1] M. Parschau, S. Romer and K.-H. Ernst, J. Am. Chem. Soc. 126

15398 (2004).

[2] S. Haq, N. Liu, V. Humblot, A. Jansen and R. Raval, Nature Chem. 1

409 (2009).

Figure 1 a) (R,R)-

tartaric acid, b) suc-

cinic acid, and c)

(R)-malic acid.
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ABSORPTION OF VISIBLE LIGHT BY PROTONATED NILE RED
IN THE GAS PHASE

Robert J Nieckarz, Konstantin Chingin, Vladimir Frankevich, Rui Wang,
Renato Zenobi

ETH Zürich, 8093 Zürich, Switzerland
Due to it’s highly sensitive fluorescence behavior to environmental

factors, Nile Red (NR) is a widely used probe for the investigation of many
chemically important systems [1, 2]. According to calculations reported by
Tuck, et. al., the absorbance maximum of neutral NR in solution exhibits a
blue shift from 518 nm to 502 nm as the solvent is changed from acetonitrile
to benzene [2]. When the relative blue shift (16 nm) is compared to the ex-
perimentally determined value (13 nm, 549 nm to 536 nm) relatively good
agreement is observed. It is of great importance to determine the behavior
of such an important fluorescent probe in the limit of no environmental ef-
fects, i.e. the gas phase. Calculations by Tuck also predict a further blue
shift to 463 nm when neutral NR is transferred from the non-polar benzene
solution into the gas phase [2]. The electronic nature of protonated NR in
the gas phase can be probed thanks to the combination of a modified Fourier
transform ion cyclotron resonance mass spectrometer (FTICRMS) and a
line-tunable continuous wave Ar+ laser located in the Zenobi laboratory at
ETH. Depending on the site of protonation, calculations at the TD
B3LYP/6-311+G level predict either a blue or a red shift in the absorption
maximum when neutral NR is compared to protonated NR. Upon irradiation
with 50mW laser light for 5 seconds, the fragmentation behavior of the
trapped protonated NR indicates that protonation occurs at the nitrogen
found on the central ring, since fragmentation, and hence absorption, occurs
more efficiently at 514 nm than at 488 nm.
[1] A. K. Dutta, K. Kamada and K. Ohta, J. Photochem. Photobiol. A.

1996, 93, 57–64.
[2] P. O. Tuck, R. C. Mawhinney and M. Rappon, Phys. Chem. Chem.

Phys. 2009, 11, 4471–4480.
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Supersonic jet spectroscopy of unconventional N-H· · ·π
hydrogen bonded complexes and clusters

D. Infanger, Ch. Pfaffen and S. Leutwyler�

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

In order to understand the secondary stabilization of proteins and poly-
mers the spectroscopic analysis of N-H· · ·π unconventional hydrogen
bonds is of great importance. The 2-pyridone·benzene complex shows an
unconventional T-shaped structure similar to the benzene dimer[1]. We
investigate the S1 ← S0 spectrum of the supersonically cooled pyrrole·ben-
zene (Pyr·Bz) complex and Pyrm·Bzn clusters (m,n = 1,2) using resonant
two-photon ionization spectroscopy and ab initio calculations. The S0

state is analyzed by IR-depletion spectroscopy. The SCS-MP2 S0 state
geometry of Pyr·Bz is T-shaped.
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[1] Ch. Pfaffen, H.-M. Frey, P. Ottiger, S. Leutwyler, R. A. Bachorz and W.
Klopper, PCCP, 2010, in press.
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Large-Amplitude Vibrations of an N-H· · ·π Hydrogen Bonded
Cis-Amide - Benzene Complex

Ch. Pfaffen, H.-M. Frey, P. Ottiger and S. Leutwyler

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

We have investigated the large-amplitude vibrations of supersonically cooled
2-pyridone·benzene in the S1 state, using two-color resonant two-photon ion-
ization spectroscopy. RI-CC2 and SCS-RI-CC2 calculations of the S1 state
predict a tilted T-shaped structure with an N-H· · ·π hydrogen bond to the
benzene ring, similar to the S0 state [1]. The vibronic band structure up to
60 cm−1 above the electronic origin is dominated by large-amplitude δ tilting
excitations, reflecting a change in the tilt angle. The S0 and S1 state δ po-
tentials were fitted to experiment, yielding a single minimum in the S0 state
and a double-minimum S1 potential with δmin= ±13 degrees. Weaker ex-
citations of the second large-amplitude vibration, the θ twisting or benzene
internal-rotation mode, are also observed.
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[1] P. Ottiger, Ch. Pfaffen, R. Leist, R. A. Bachorz, W. Klopper and S. Leutwyler, J. Phys.
Chem. B 2009, 113, 2937.

[2] Ch. Pfaffen, H.-M. Frey, P. Ottiger and S. Leutwyler, PCCP 2010, in press.
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SrO.Al2O3 composite materials: A new efficient catalyst class
for oxidative coupling of methane

Tinku Baidya, Niels van Vegten, Yijiao Jiang, Frank Krumeich,
Alfons Baiker*

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

Oxidative coupling of methane (OCM) with molecular oxygen to produce
higher hydrocarbons has been a subject of research since three decades [1-
3]. In search of a new catalyst for OCM, a series of xSrO.yAl2O3 composite
oxide materials have been prepared by hydroxide precipitation method and
characterized by various analytical techniques. These catalysts contain a
mixture of a crystalline and non-crystalline phase as determined by XRD
and solid state NMR. The mixed oxides show maximum conversion of 28 %
with selectivity toward C2+ products of 63 %. The non-crystalline phase
containing materials outperformed the crystalline single phase reference
compounds. It was observed that the relative extent of non-crystalline phase
in the composite materials increased with Sr/Al ratio and this was well cor-
related with the conversion of methane. The specific activity with respect to
surface area of the catalyst increased with increasing Sr/Al ratio up to 1.25.
These catalysts show comparable activity to the well-known reference cata-
lyst 1.9%Mn-4%Na2WO4/SiO2 [4].

[1] G.E. Keller, M.M. Bhasin, J. Catal. 73 (1982) 9.
[2] J.S. Lee, S.T. Oyama, Catal. Rev.-Sci Eng. 30 (1988) 249.
[3] G.J. Hutchings, M.S. Scurrell, J.R. Woodhouse, Chem. Soc. Rev. 18
(1989) 251.
[4] D.J. Wang, M.P. Rosynek, J.H. Lunsford, J. Catal. 155 (1995) 390.
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NOx storage and reduction over M/MgAl2O4 (M = Pt, Pd, Rh, and Ir):
Comparison of performances of noble metals in terms of Oxidation,

Storage and Reduction

Sounak Roy, Niels van Vegten, and Alfons Baiker

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

NOx storage and reduction (NSR) catalysis is an efficient technique to re-
move NOx from the exhaust of lean-burn gasoline or diesel engines [1,2].
Under lean conditions of engines, when oxygen is in excess, NOx is oxi-
dized and adsorbed on the catalyst, and under rich conditions, when the re-
ductants evolve, the stored NOx is reduced. Earlier we have shown, that
flame-made Pt/MgAl2O4 had superior dynamic NSR performance at short
regeneration times (< 30s) compared to a standard 1%Pt-20%Ba/Al2O3 ref-
erence catalyst. However, the better NSR performance at short regeneration
times of Pt/MgAl2O4 was limited to the use of hydrogen as reductants, whe-
reas with other reductants, like CO or C3H6, the NSR performance was simi-
lar for both catalysts [3].
In this contribution we present the comparison of different noble metals (Pt,
Pd, Rh and Ir) dispersed on MgAl2O4, in terms of oxidation, storage and re-
duction in NSR catalysis. The reduction ability of the stored NOx by differ-
ent noble metals was dependent on the (i) regeneration time, (ii) nature of
reductants, and (iii) temperature.

[1] S. Roy, A. Baiker, Chem Rev. 2009, 109, 4054.
[2] S. Matsumoto, Catal. Today 1996, 29, 43.
[3] S. Roy, N. van Vegten, A. Baiker, J. Catal. 2010, 271, 125.
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NOx adsorption and release properties of MgAl2-xCoxO4
spinel-like oxides

Niels van Vegten, Sounak Roy and Alfons Baiker

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

Recent research by our group has identified flame-made MgAl2-xMxO4 (M =
Mn, Fe, Co, x = 0.1, 0.5, 1 and 2) spinel-like oxides as active catalysts in the
catalytic combustion of methane [1]. Currently we are investigating the ap-
plicability of these materials in other processes, especially those centered on
the abatement of NO.
In this contribution we present the adsorption and release properties of NO
on MgAl2-xCoxO4 spinel-like oxides. Under oxygen-rich conditions, NO is
oxidized and subsequently strongly adsorbed on the catalyst surface. Upon
switching to reducing atmosphere, NO is released from the material. A poss-
ible application of these materials might therefore be in NOx abatement
from diesel or gasoline exhaust gas as noble metal free adsorbent. The NOx
reduction can than take place on a downstream noble metal based catalyst.
This spatial de-coupling has the advantage that storage and reduction can be
optimized independently.

[1] N. van Vegten, T. Baidya, F. Krumeich, W. Kleist and A. Baiker,
submitted
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Aerobic Oxidation of alpha-Pinene

Ulrich Neuenschwander, Ive Hermans*

ETH Zurich, Wolfgang-Pauli-Strasse 10, CH-8093 Zurich, Switzerland

A combined experimental and theoretical approach was used to study the
aerobic oxidation of the renewable olefin α-pinene [1]. Four regioisomeric
peroxyl radicals are generated, the verbenyl peroxyl radical being the most
abundant one. All four peroxyl radicals can react in two distinct types of
propagation steps, i.e. the abstraction of allylic H-atoms, and the addition to
the unsaturated C=C bond; the efficiency for both pathways appears to de-
pend on the structure of the peroxyl radical. The observed product selectivi-
ties are used to determine the oxidation mechanism.

The selectivity as well as the overall reaction rate of propagation is affected
by the oxygen pressure [2]. This unusual behavior is a consequence of fur-
ther oxygen-involving elementary steps.

[1] U. Neuenschwander, F. Guignard, I. Hermans, ChemSusChem 2010,
3, 75.

[2] U. Neuenschwander, I. Hermans, submitted 2010.
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Electronic dephasing processes of non-polar solutes in both polar and
non-polar solvents studied by UV 3-pulse photon echo measurements

Ahmad A. Oskouei, Olivier Bräm, Andreas Tortschanoff, Andrea Cannizzo
and Majed Chergui

Laboratoire de Spectroscopie Ultrarapide, ISIC, Ecole Polytechnique Fédé-
rale de Lausanne (EPFL), CH-1015, Lausanne, Switzerland

Photon echo techniques are powerful methods to investigate intra-
molecular dephasing processes as well as solvation dynamics by tracking
the transition frequency correlation function of the chromophore probe.
They have successfully been employed in the visible and infrared ranges.
However, these techniques have been less developed in the ultraviolet (UV)
region; although there are much interest such as fluctuation dynamics in bio-
logical systems and non-polar solvation dynamics.

In a series of articles [1-3], we investigated the electronic dephasing of
nonpolar solutes, p-terphenyl and diphenylacetylene, in various solvents by
3-pulse photon echo measurements in the UV. In all of these cases, we ob-
served sub-100 fs electronic dephasing times for both polar and non-polar
solvents. This is in contrast to previous theoretical work where the elec-
tronic dephasing for non-polar solute in non-polar solvent was primarily re-
lated to slight rearrangement of the first solvation shell around the chromo-
phore and was estimated to be in the order of hundreds of femtoseconds [4].
Our results reveal a much faster solvent independent dephasing mechanism
and suggest that the primary mechanisms for the electronic dephasing in
non-polar solution are intra-molecular processes, namely internal conver-
sion or internal vibrational redistribution.

References:
[1] A. A. Oskouei, et al; Chemical Physics, 2008, 350, 104.
[2] A. A. Oskouei, et al; Journal of Molecular Liquids, 2008, 141, 118.
[3] A. A. Oskouei, et al; Journal of Chemical Physics, 2010, (submitted).
[4] A. M. Walsh, et al; Chemical Physics Letters, 1991, 186, 77.
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Molecular engineering of organic molecules for dye-sensitized solar cells

Ines Raabe1, Jun-Ho Yum1, Il Jung1, Md. Khaja Nazeeruddin1, Jaejung Ko2,
Michael Grätzel1, Sheng Meng3

1Ecole Polytechnique Fédérale de Lausanne, Institut des Sciences et
Ingénierie Chimiques, 1015 Lausanne, Switzerland

2epartment of Chemistry, Korea University, Jochiwon, Chungnam 339-700,
Republic of Korea

3Ecole Polytechnique Fédérale de Lausanne, Institut des Matériaux, 1015
Lausanne, Switzerland

Organic molecules have been shown to be highly efficient sensitizers in dye-
sensitized solar cells (DSC)[??,??]. Usually, they consist of three parts: a
chromophore (donor), a linker (conducting bridge) and an anchoring group
(acceptor). In order to fine-tune the properties of the dyes (like photon-to-
electron conversion efficiency, potential, etc.), a theoretical and experimental
study of the influence of changes in the molecular structure on each of the
three moieties has been performed.

[1] S. Kim, J. K. Lee, S. O. Kang, J. Ko, J.-H. Yum, S. Fantacci, F. De An-
gelis, D. Di Censo, M. K. Nazeeruddin, M. Grätzel, J. Am. Chem. Soc.
2006, 128, 16701.

[2] H. Choi, I. Raabe, D. Kim, F. Teocoli, C. Kim, K. Song, J.-H. Yum, J.
Ko,M. K. Nazeeruddin, M. Grätzel, Chem. Eur. J. 2010, 16, 1193.
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A Peptide Capping Layer over Gold Nanoparticles
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Physikalisch-Chemisches Institut, Universität Zürich, Winterthurerstr. 190,

8057 Zürich, Switzerland;
2
Institute of Biomolecular Chemistry, Padova Unit, CNR, Department of

Chemistry, University of Padova, Via Marzolo 1, 35131 Padova, Italy

We use time-resolved femtosecond infrared spectroscopy to study vibra-

tional energy transport through a capping layer of short peptide helices over

gold nanoparticles. Energy transport is initiated by exciting the plasmon

resonance of spherical gold nanoparticles, which are covalently linked to

and completely covered by 310-helical peptides. The subsequent flow of

vibrational energy through the applied peptide layer is monitored by em-

ploying C=O probes at various distances from the gold surface as local ther-

mometers.

The measured transport properties qualitatively agree with our previous

studies of energy transport in 310-helices after UV excitation of a covalently

attached Azoswitch [1] and IR excitation of C-D modes in a Leu-d10 residue

[2]. The fact that the transport rate does not depend on how exactly vibra-

tional energy is deposited means that it is not mode selective, and hence,

vibrational energy must be completely randomized on the picosecond time

scale.

We discuss the advantages of using gold nanoparticles as an alternative

heater for energy transport experiments.

[1] V. Botan, E. H. G. Backus, R. Pfister, A. Moretto, M. Crisma, C. To-

niolo, P. H. Nguyen, G. Stock, and P. Hamm, Proc. Natl. Acad. Sci.

USA 2007, 104, 12749.

[2] M. Schade, A. Moretto, M. Crisma, C. Toniolo, and P. Hamm, J. Phys.

Chem. B 2009, 113, 13393
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TG and FTIR investigation on the adsorption behavior of alcohols,
water and CO on Cu-BTC

Stefan Marx, Niels van Vegten, Wolfgang Kleist, Alfons Baiker

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

Due to their exceptionally high specific surface areas, large pore volumes
and high crystallinity MOFs have been utilized in gas storage, gas separa-
tion, sensor and catalysis applications. Since all these processes require an
interaction of target molecules with the framework, a proper understanding
of the adsorption of substrate molecules at the active sites is an important
prerequisite for the successful design of functional MOF materials. In the
present study we have used time-resolved DRIFTS as well as TG experi-
ments to study the adsorption behavior of several alcohols at the accessible
Cu2+ sites of Cu-BTC.

It could be shown that two species were present after MeOH adsorption
(3500 and 3650 cm-1). TG experiments revealed that the amount of chemi-
sorbed MeOH corresponds to the number of Cu2+ centers in the structure.

[1] G. W. Peterson, G. W. Wagner, A. Balboa, J. Mahle, T. Sewell, C. J.
Karwacki, J. Phys. Chem., 2009, 113, 13906-13917.

[2] P. Küsgens, M. Rose, I. Senkovska, H. Fröde, A. Henschel, S.
Siegle, S. Kaskel, Microporous Mesoporous Mater., 2009, 120, 325-
330.
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High-resolution 2D NMR Experiments Using 10&9.9 ppm

or Differential Evolution in Carbon to Resolve Ambiguities

in Aliased HSQC Spectra

Mohammadali Foroozandeh1, Damien Jeannerat1

1Department of Organic Chemistry,University of Geneva

30, quai Ernest Ansermet, CH-1211, Switzerland

The overlap of two HSQC spectra recorded with 10 ppm1 and 9.9 ppm car-

bon spectral windows gives rise to highly resolved signals with a pattern

providing unambiguous precise and accurate chemical shifts. The quantized

shifting of signals in the 9.9 ppm spectrum relative to those of the 10 ppm

spectrum allows one to determine the full six-digit chemical shift using a

correction ruler for the high-order digits. Alternatively to the overlap of

spectra, the new DENA-HSQC pulse sequence takes advantage of a differ-

ential evolution of carbon chemical shifts to do the same in a single experi-

ment. Combined with multiplicity edition, the DENA-HSQC experiment

advantageously replaces commonly used 1D DEPT-135 spectra.

The correction ruler indicate that the full chemical

shift of the relevant signal is 5.67 + 30 = 35.67 ppm.

[1] B. Vitorge et al. Chem. Commun. 2009, 950.
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Comparison of microscale measurement of residual stress in silicon us-

ing EBSD cross-correlation technique and confocal Raman microscopy

Lukas Bucher
1
, Xavier Maeder

1
, Pierre Brodard

1
, Silke Christiansen

2
and

Johann Michler
1

1
EMPA, Swiss Federal Laboratories for Materials Testing and Research,

Feuerwerkerstrasse 39, CH-3602 Thun
2
Max-Planck-Institut for the Science of Light, Günther Scharowsky-Str. 9,

D-91058 Erlangen

Residual stresses have been measured by electron backscatter diffraction

(EBSD) cross-correlation technique [1,2] and confocal Raman microscopy

[3] on laser-crystallized polycrystalline silicon thin film on glass substrate

for solar cells, and around indents in Si wafers. EBSD gives information on

the full strain and stress tensor and confocal Raman microscopy measures

the total stress. A good agreement was found between the two techniques,

but larger residual stress values are generally measured with the EBSD tech-

nique, as previously observed by Vaudin et al. around wedge indents in Si

[4]. This is interpreted to be mainly due to the difference of probing depth

between the two techniques. The residual stress in laser-crystallized poly-

crystalline Si on glass substrate is complex due to a progressive intergranu-

lar lattice misorientation linked to the laser process. The main residual stress

occurs close to grain boundaries and in areas where the lattice bending is

strong, and can reach GPa values. High residual stresses can influence the

mechanical integrity of the solar cell device. It is also directly associated to

multiple defects such as dislocations, which can act as recombination cen-

ters for electron-hole pairs and hence deteriorate the solar cell performance.

[1] A.J. Wilkinson, G. Meaden, D.J. Dingley, Ultramicroscopy 2006, 106,

307.

[2] A.J. Wilkinson, G. Meaden, D.J. Dingley, Mater. Sci. Technol. 2006,

22, 1271.

[3] I. De Wolf, J. Raman Spectrosc. 1999, 30, 877.

[4] M.D. Vaudin, Y.B. Gerbig, S.J. Stranick, R.F. Cook, Appl. Phys. Lett.

2008, 93, 19311.
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Excited state dynamics of tetraphenyl- and octaethyl-metalloporphyrins
studied with time-resolved fluorescence

Olivier Bräm, Andrea Cannizzo, Majed Chergui.

Laboratoire de Spectroscopie Ultrarapide, ISIC, Ecole Polytechnique Fédé-
rale de Lausanne, Switzerland CH-1015

Metalloporphyrins are paradigm molecules for many biological systems,
such as hemoproteins, and are at the center of an intensive research aimed to
design functional and scalable artificial photosystems. Despite this growing
interest, the understanding of their photocycle is still not complete, mainly
because previous time-resolved studies were limited to a resolution of sev-
eral hundreds of fs. Thanks to our sub-100fs resolution fluorescence set-up
with broadband detection, we have carried out studies on metalloporphyrins
having a partially filled metal 3d shell and found a photocycle for the Zn
and free base porphyrins more complex than previously reported. Exciting
the Soret band (corresponding to the S2 excited state), we obtain a biphasic
internal conversion (IC) with time constant of 370 fs and 2 ps, from this
state to hot levels of the S1 state (corresponding to the so-called Q-bands),
followed by an IVR/cooling dynamics spanning from 300 fs to 20 ps. We
also observed that the energy structure of the empty states on the central
atom speeds up all dynamics by almost two orders of magnitude. We also
investigate the effect of the porphyrin ring terminations by comparing the
tetraphenyl- and octaethyl-porphyrins (TPP and OEP) analogs. Interestingly
we found a dramatic effect on the Q band emission both in terms of band
profile and lifetime (~30 fs for TPP and ~100 fs for OEP). Our results con-
firm that in these systems there is no dependence of the relaxation dynamics
on the specific metal, but only on the presence of empty metal d orbitals.
Conversely the electronic structure of the porphyrin ring plays a dramatic
role both on the excited state lifetime and on the electron-phonon couplings.

Physical Chemistry 500Physical Chemistry

Electron injection into semiconductor thin films studied with time-
resolved fluorescence

O. Bräm, A. ElNahhas, A. Cannizzo, and M. Chergui

Laboratoire de Spectroscopie Ultrarapide, ISIC, Ecole Polytechnique Fédé-
rale de Lausanne, Switzerland CH-1015

Dye sensitized solar cells (DSSC) are based on the use of metal-based mo-
lecular complexes adsorbed onto a semiconductor substrate. Upon absorp-
tion of visible light by the singlet metal-to-ligand-charge-transfer (1MLCT)
states of the dye, injection of an electron into the substrate occurs, provided
the excited state of the dye lies above the conduction band of the substrate.
The detailed understanding of the mechanism and time scale of electron in-
jection is crucial for the optimization of DSSCs. So far, it is accepted that
injection occurs from the triplet 3MLCT state, but several studies have
pointed out an efficient sub-100 fs injection from 1MLCT. We observed an
extremely fast (≤ 30 fs) 1MLCT to 3MLCT intersystem crossing in Ru- and
Fe(bpy)3 complexes in solution using femtosecond-resolved broad-band
fluorescence up-conversion.1,2 We also found that intramolecular relaxation
(Internal conversion (IC) and Internal Vibrational Redistribution (IVR)) oc-
curs in ≤ 10 fs. We found similar results for RuN3 and RuN719 dyes in so-
lution. We compared them with results of the RuN719 dye adsorbed on
TiO2 (which favours electron injection) and on Al2O3 (which does not allow
electron injection). While the kinetic behaviour we observe is identical for
the two substrates and for the solution data, we found a ~3 fold decrease in
intensity of the short-lived fluorescence on TiO2 compared to the Al2O3 sub-
strate. This points to an injection that competes with the ultrafast IVR/IC,
and from the intensity decrease we estimate a Quantum Yield of singlet
state injection of 66 %, and an injection time of ≤ 3 fs.

[1] Cannizzo, A.; Van Mourik, F.; Gawelda, W.; Bressler, Ch.; Chergui,
M. Angew. Chem.-Int. Edit. 2006, 45, 3174.

[2] Gawelda, W.; Cannizzo, A.; Pham, V. T.; van Mourik, F.; Bressler,
C.; Chergui, M. J. Am. Chem. Soc. 2007, 129, 8199.
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Simultaneous gas- and condensed phase investigations in multiphase
atmopsheric chemistry at low temperatures

Riccardo Iannarelli, Michel J. Rossi

Laboratory of Atmospheric Chemistry (LAC), Paul Scherrer Institut (PSI),
CH-5232 Villigen, Switzerland

An experimental study of thin ice films doped with atmospheric relevant
trace gases will be presented.
Pure ice films, representative of PSCs, are grown at temperatures relevant
for the atmosphere (170-210 K) in a high vacuum reactor [1] by deposition
of water onto a Si optical support. A known amount of dopant can be in-
jected though an independent line in order to contaminate the ice.
IR Fourier transform spectroscopy is employed to monitor the solid phase
and two configurations are available: transmission and grazing incidence
transmission reflection spectroscopy (RAIRS), at an angle of incidence of
around 75°. HeNe interferometry at 632.8 nm is also used for observation of
the changes of the film thickness. The gas phase products are also studied
using a residual gas MS analyzer and an absolute pressure gauge.

[1] C.Delval and M. J. Rossi, Phys. Chem. Chem. Phys., 2004, 6, 4665.
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Reactive Molecular Dynamics study of sulfuric acid (H2SO4)
Photodissociation

Juvenal Yosa, Markus Meuwly�

Department of Chemistry, University of Basel, Klingelbergstrasse 80,
CH-4056 Basel

In the troposphere, sulfur is emitted mainly as sulfur dioxide (SO2),
which is oxidized to form sulfuric acid (H2SO4) [1]. This cycling between
SO2 and H2SO4 has been studied mainly because it plays an important
role in the troposphere aerosol layer formation [2] which is related to
the global atmospheric chemistry, including cloud condensation altering
the chemical composition and influencing the course of aqueous reactions
in clouds. The mechanism and pathway involved in the photodissocia-
tion of H2SO4 have not been characterized yet. Studies by Crim [3-4]
and Vaida et al suggest that dissociation of H2SO4 is possible mainly
by highly excited OH-stretching vibrational overtone in H2SO4. Thus,
excitation of the higher OH-stretching vibrational overtone should pro-
vide sufficient energy for photodissociation to takes place. Here we use a
Reactive Molecular Dynamics (RMD) [5] to investigate vibrationally in-
duced H2SO4 decomposition. The results show that once ∼ 32 kcal/mol
is deposited in internal degrees of freedom, decomposition of H2SO4 to
form SO3 and H2O takes place on picosecond time scale. This results is
agrees with experimental data which for the third overtone exitation (36
kcal/mol) leads H2SO4 dissociation.
[1] Burkholder, J. B.; Mills, M.; McKen, S. Geophys. Res. Lett.,

2000, 27, 2493.
[2] C.F. Clement, L. Pirjola, C. H. Twohy,I. J. Ford, M. Kulmala.

Aerosol Science, 2006, Volume 37, 1717.
[3] Crim, F. F. Annu. Rev. Phhys. Chem., 1984, 35, 657.
[4] Crim, F. F J. Phys. Chem., 1996, 100, 12725.
[5] Danielsson, J., Meuwly, M., J. Chem. Th. Comp., 2008, 7,

1083.
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Heteronuclear Double-Resonance Methods in NMR as probes for fast
dynamics in biomolecules

Simone Ulzega1, Takuya Segawa1, Nicola Salvi1, Fabien Ferrage2, and
Geoffrey Bodenhausen1,2

1Ecole Polytechnique Fédérale de Lausanne, Institut des Sciences et Ingé-
nierie Chimiques, 1015 Lausanne, Switzerland

2Ecole Normale Supérieure, Département de Chimie, associé au CNRS, 24
rue Lhomond, 75231 Paris Cedex 05, France

Biological processes are often governed by local dynamics occurring on µs-
ms timescales, which can result in chemical-exchange contributions to re-
laxation. In particular, chemical-exchange-induced cross-relaxation between
multiple-quantum (MQ) coherences can provide a wealth of information
about fast local dynamics as well as thermodynamical and structural pa-
rameters [1]. We have designed new Heteronuclear Double-Resonance
(HDR) methods [2] based on well-known decoupling schemes, applied si-
multaneously to two scalar-coupled spins, to preserve MQ coherences, so
that the interconversion between them can occur only through cross-
relaxation. An analytical expression for the MQ cross-relaxation rate under
HDR irradiation was obtained extending the approach of Podkorytov and
Skrynnikov [3]. Experiments carried out on ubiquitin have led to the charac-
terization of the fast exchange process occurring on a timescale of ~40 µs,
in agreement with Massi et al. [1]. Results obtained on KIX are complemen-
tary to [4] and may reveal the presence of an additional faster process.

[1] F. Massi, M. J. Grey, A. G. Palmer, Protein Science 2005, 14, 735.
[2] M. Verde, S. Ulzega, F. Ferrage, G. Bodenhausen, J. Chem. Phys. 2009,

130, 074506; S. Ulzega, M. Verde, F. Ferrage, G. Bodenhausen, J.
Chem. Phys. 2009, 131, 224503.

[3] I. S. Podkorytov, N. R. Skrynnikov, J. Magn. Reson. 2004, 169, 164.
[4] M. Tollinger, K. Kloiber, B. Agoston, C. Dorigoni, R. Lichtenecke, W.

Schmid, R. Konrat, Biochemistry 2006, 45, 8885.
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A molecular dynamics study of vibrational energy relaxation of the
cyanide ion in water

Myung Won Lee and Markus Meuwly∗

Department of Chemistry, University of Basel
Klingelbergstrasse 80, 4056 Basel, Switzerland

The exchange of vibrational energy between solute and solvent molecules is
important in the understanding of chemical reactions in solution. As a sim-
ple model system to study the exchange of vibrational energy, we chose the
vibrational energy relaxation of cyanide ion in water, which has been investi-
gated by experiments [1-2] and by computer simulations [3-4] previously. In
this work, the vibrational relaxation of the cyanide in H2O, D2O, and T2O is
studied using classical molecular dynamics (MD) simulations with multipole
moments on the cyanide ion [5] and flexible water model [6].

When the cyanide ion in water is vibrationally excited, it relaxes back to the
ground state, releasing energy to the surrounding water molecules. The effi-
ciency of this process relies to some extent on the coupling between inter- and
intramolecular degrees of freedom. In order to compare with the experimental
results, the vibrational relaxation time T1 was computed from multiple clas-
sical MD trajectories. By comparing T1 values obtained from the simulations
with and without multipole moments on the cyanide ion, it is shown that mul-
tipole moments play an important role in the simulation of vibrational energy
relaxation.

[1] E. J. Heilweil, F. E. Doany, R. Moore, and R. M. Hochstrasser, J. Chem.
Phys. 1982, 76, 5632.

[2] P. Hamm, M. Lim, and R. M. Hochstrasser, J. Chem. Phys. 1997, 107,
10523.

[3] A. Bastida, J. Zúñiga, A. Requena, and B. Miguel, J. Chem. Phys. 2008,
129, 154501.

[4] R. Rey and J. T. Hynes, J. Chem. Phys. 1998, 108, 142.
[5] N. Plattner and M. Meuwly, Biophys. J. 2008, 94, 2505.
[6] N. Kumagai, K. Kawamura, and T. Yokokawa, Mol. Simul. 1994, 12,

177.
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Classical and Quantum Simulations of Proton Dynamics in
Acetylacetone

Jing Huang, Markus Meuwly�

University of Basel, Klingelbergstrasse 80, CH-4056 Basel, Switzerland

Acetylacetone (AcAc) is a prototype system for studying intramolecular pro-
ton transfer (PT). It is also important in coordination chemistry for its anion
being a common bidentate ligand to many transition metals. Although AcAc
has been studied experimentally and computationally over the years, some
fundamental properties are still not fully understood. For example, it is still a
matter of debate whether its ground state assumes an asymmetric (Cs) struc-
ture with a double-minimum potential [1] or a symmetric (C2v) structure with
a single-minimum potential [2].

Here we discuss classical and quantum simulations of AcAc on a globally
valid, accurate and reactive potential energy surface (PES). The PES is based
on molecular mechanics with proton transfer (MMPT) [3] and allows to re-
produce structures, energetics and vibrational features predicted by electronic
structure calculations at MP2/aug-cc-PVTZ level. Molecular dynamics sim-
ulations of AcAc and deuterated AcAc in both gas phase and solution are
carried out, and the computed IR spectra reproduce the experimental ones
very well. This reactive force field is transferable to other β-diketones.

Proton tunneling and proton dynamics are then explored by solving a har-
monic bath average (HBA) Hamiltonian [4]. As an analogy to the reaction
path Hamiltonian [5], HBA hamiltonian is constructed by explicitly including
the couplings between the PT coordinate and other vibrational modes. Our
results might help explain the experimental observations in Ref. [1] and [2].

[1] Srinivasan R, Feenstra JS, Park ST, Xu S, Zewail AH, J. Am. Chem. Soc.
2004, 126, 2266.

[2] Caminati W, Garbow J, J. Am. Chem. Soc. 2006, 128, 854.
[3] Lammers S, Lutz S, Meuwly M, J. Comput. Chem. 2008, 29, 1048.
[4] Yang Y, Meuwly M, J. Chem. Phys., submitted.
[5] Miller WH, Handy NC, Adams JE, J. Chem. Phys. 1980, 72, 99.
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Kinetics of Light-Induced Oxidation of Iodide by Dye-Sensitizers
Adsorbed on the Surface of Nanocrystalline TiO2 Films

Joël Teuscher, Arianna Marchioro,Robert Pérez, Julien Andrès,
Loïc Roch, Shaik M. Zakeeruddin, and Jacques-E. Moser*

École Polytechnique Fédérale de Lausanne, Institute of Chemical Sciences
and Engineering, 1015 Lausanne, Switzerland

Photo-excited dye-sensitizer molecules (S) adsorbed on the surface of TiO2
readily inject an electron into the conduction band of the oxide. Sustainable
charge separation and regeneration of the dye is achieved by reducing the
resulting oxidized dye species (S+) by iodide. Oxidation of iodide to iodine
atom S+ + I–→ S + I• is slow. A fast alternative one-electron transfer reac-
tion path involves the formation of I2–• radical-anions : S+ + 2 I–→ S + I2–•.

The dependence of the pseudo first-order rate constant (kr) of the regenera-
tion of various inorganic and organic dyes adsorbed on nanocrystalline TiO2
films upon I– concentration was studied. Results indicate that a fast pre-
equilibrium S+ + I– ⇌ (S+-I–) establishes with sulfur atom-containing dye
molecules, which is followed by the reaction with a second iodide anion:
(S+-I–) + I–→ S + I2–•. Depending on the dye’s structure, an associative or
repulsive interaction of iodide contained in the solution with the sensitized
surface is observed to strongly influence the kinetics of electron transfer.
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Conductivity in Dye sensitized TiO2 probed by Optical Pump THz
Probe Spectroscopy

Jan C. Brauer1, Joël Teuscher1, Angela Punzi1, Jacques-E. Moser1

1Ecole Polytechnique Fédérale de Lausanne Institute of Chemical Science
and Engineering, CH-1015 Lausanne Switzerland

Dye sensitized solar cells (DSSCs) have shown to be an promising alterna-
tive to traditional silicon based solar cells. DSSCs consists of a porous net-
work of TiO2 sensitized by a dye molecule and an electrolyte or hole trans-
porter material sandwiched between two electrodes. Effective transport of
the injected charges in the TiO2 and the electrolyte is essential to the func-
tioning of the cell.
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Fig1 Photo-induced change of THz transmission in dye sensitized mesoporous TiO2 layers

We have investigated the charge transport dynamics and especially the ef-
fect of dye aggregation on the TiO2 surface using Optical Pump THz Probe
spectroscopy in mesoporous anatase layers using a RuL2(SCN)2 complex
(N3) as sensitizer.

Physical Chemistry 508Physical Chemistry

UV laser micropatterning of silicone nanofilaments
A. Stojanovic, S. Seeger

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

Initially superhydrophobic surfaces were fabricated using a versatile and
inexpensive technique by which a dense layer of silicone nanofilaments
grows onto various substrates [2]. Performing a refunctionalization step
with 1H,1H,2H,2H-perfluoroocctyltrichlorosilane (PFOTS) the coating be-
comes non-wetting for both polar and non polar liquids [3]. The coated sur-
faces were then patterned in order to create regions of contrasting wet-
tabilites. This was achieved by exposing regions of the surface to a nano-
second Nd:YAG laser operating at 355 nm and causing ablation of nano-
filaments coated surface. Applied aqueous and oily solutions wet only ab-
lated domains while the rest of the sample remains dry. The straightforward
patterning procedure enables the creation of superhydro-
philic/superoleophilic patches of arbitrary shape (e.g. channels, circles,
squares) with micron precision embedded into superhydrophobic or su-
peroleophobic background.

Figure 1. SEM images of hydrophilic channels created by laser ablation of superhydropho-
bic silicone nanofilamets.

[1] G. Artus, S. Jung, J. Zimmermann, H. Gautschi, K. Marquardt,
S.Seeger, Adv. Mater., 2006,18, 2758-2762.
[2] J. Zimmermann, M. Rabe, G. Artus, S.Seeger Soft Matter, 2008, 4, 450-
452.
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Cross section of protein ions in the gas phase probed by electron impact
ionization and dissociation mass spectrometry

Aleksey Vorobyev, Hisham Ben Hamidane, Yury O. Tsybin

LSMB, Ecole Polytechnique Fédérale de Lausanne, Switzerland

Electron impact ionization/dissociation (EII/EID) is a classical mass spec-
trometrical technique used in structure analysis of organic molecules. How-
ever, recent development of mass spectrometry made it possible to study
structures of larger molecules, including peptides and proteins. On the con-
trary to EII/EID applied to neutral organic molecules, ionization and frag-
mentation of peptides and proteins is performed on typically multiply
charged species. Irradiating positively charged peptides and proteins with
high energy (50-100 eV) electrons leads to single and multiple electron
emission and formation of radical ions with the higher charge states. The
described process has only recently been discovered and presented in the
first publications. Here we present results of the measurements of two main
characteristics of this process as a function of ion charge state – electron-ion
collision cross section and ionization energy. The EII/EID experiments were
performed on a high performance Fourier transform ion cyclotron resonance
mass spectrometer (12T FT-ICR MS at EPFL, Lausanne) equipped with
ion-electron interaction cell located in a high magnetic field. Preliminary
results show the non-linear increase of ionization energy with ionic charge
state. In addition, we evaluate the possibility of using EII experiments as a
“gas phase electronic microscope”. Keeping both precursor and product ions
trapped before detection allows accurate measuring of relative electron-ion
ionization cross-section. Selection of peptides and proteins for the cross sec-
tion measurements was performed to allow a comparison with protein ion
gas phase cross sections previously suggested by other methods. For exam-
ple, the EII/EID data was correlated with the known ion mobility mass spec-
trometry data coupled to replica exchange molecular dynamics (REMD) si-
mulation performed in collaboration with group of Prof. Dugourd, Universi-
ty of Lyon, France.
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High Resolution Cavity Enhanced Lamb-Dip Spectroscopy of NH3

Peter Dietiker, Fatih Ünlü, Martin Quack, Andreas Schneider, Georg Seyfang

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

Investigation of parity violation in chiral molecules is of great interest in
physics and chemistry [1,2,3]. Several experiments are discussed in rela-
tion either to measure frequency shifts [4,5,6,7] or to measure the energy
difference between enantiomers ∆pvE directly in a time-dependent measure-
ment [8],which uses an excited state with well defined parity and seems to
be most promising. In preparation for this experiment a stimulated emission
setup with a cw-OPO as pump laser was realized. Nonlinear spectroscopic
techniques are useful to resolve the hyperfine structure and lines, otherwise
congested by inhomogenious broadening. We report Lamb-dip spectra of a
number of lines of the (ν1 + ν3)-state of NH3 at about 6600 cm−1. Some
of these lines are (partially) hyperfine resolved. We estimate a quadrupole
coupling constant for the (ν1 + ν3)-vibrational level and analyse the pressure
and laser intensity dependence of the Doppler-free linewidth. This leads to
an estimation of the transition-dipole moment and of the elastic and inelastic
collisional cross sections.

[1] A. Bakasov, T.K. Ha, M. Quack, J. Chem. Phys. 1998, 109, 7263.
[2] M. Quack, J. Stohner, Chimia 2005, 59, 530.
[3] M. Quack, J. Stohner, M. Willeke, Annu. Rev. Phys. Chem. 2008, 59,

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

Commun. 1976, 19, 414.
[5] E. Arimondo, P. Glorieux, T. Oka, Opt. Commun. 1977, 23, 369.
[6] A. Bauder, A. Beil, D. Luckhaus, F. Müller, M. Quack, J. Chem. Phys.

1997, 106, 7558
[7] Ch. Daussy, T. Marrel, A. Amy-Klein, C.T. Nguyen, Ch. J. Borde,

Ch. Chardonnet, Phys. Rev. Lett. 1999, 83, 1554.
[8] M. Quack, Chem. Phys. Lett. 1986, 132, 147.
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Doppler free Spectroscopy of the CH-Stretching Fundamental of C2H2

through Stimulated Emission

Fatih Ünlü, Peter Dietiker, Martin Quack, Andreas Schneider, Georg Seyfang

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

The investigation of parity violation in chiral molecules is of great interest in
physics and chemistry [1,2]. Several high-resolution experiments were pro-
posed and performed to measure the very small parity violating frequency
shift between IR bands of two enantiomers of CHFClBr [3-5]. However, this
shift is calculated to be extremely small [6]. Another promising experiment is
to observe the time evolution of an initially prepared state with well-defined
parity [7,8]. In this time resolved method the excited state with well-defined
parity has to be populated in a multi-step preparation process [7,8]. In prepa-
ration for this experiment, a system with one stabilized OPO-laser and a sec-
ond tuneable OPO was set up for a stimulated emission experiment. Such
double resonance techniques allow also 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 of C2H2 us-
ing the ν1 +ν3 vibrational state as an intermediate level. This provides a proof
of principle of the preparation step in the aforementioned 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.
[4] A. Bauder, A. Beil, D. Luckhaus, F. Müller, M. Quack, J. Chem. Phys.

1997, 106, 7558.
[5] Ch. Daussy, T. Marrel, A. Amy-Klein, C.T. Nguyen, Ch. J. Borde, Ch.

Chardonnet, Phys. Rev. Lett. 1999, 83, 1554.
[6] M. Quack, J. Stohner, Phys. Rev. Lett. 2000, 84, 3807.
[7] M. Quack, Chem. Phys. Lett. 1986, 132, 147.
[8] M. Quack, M. Willeke, J. Phys. Chem. 2006, 110, 3338.
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Time resolved infrared spectroscopy of a homogeneous Rhenium and
Cobalt based system for the photocatalytic production of H2

Alexander Rodenberg1, Benjamin Probst2, Miguel Guttentag2,
Roger Alberto2, Peter Hamm1

1 Institute of Physical Chemistry, University of Zürich, Winterthurerstr. 190,
CH-8057 Zürich, Switzerland

2 Institute of Inorganic Chemistry, University of Zürich, Winterthurerstr.
190, CH-8057 Zürich, Switzerland

We use time resolved infrared spectroscopy from pico- to milliseconds to
elucidate mechanism and kinetics of the photocatalytic H2 production from
transition metal complexes, namely ReI(CO)3 based photosensitizers in
combination with Co(dmgH)2 type water reduction catalysts.1,2 Experiments
were performed in DMF as well as H2O, whereas the latter constitutes a
major step towards a full water splitting system.3 A typical example of such
a water reducing system, together with its catalytic cycle in DMF, is shown
in the following scheme:

After excitation of the photosensitizer [ReNCS(CO)3bipy], the reaction
proceeds via reductive quenching with triethanolamine (TEOA) and
subsequent electron transfer to the water reduction catalyst [Co(dmgH)2],
which then produces H2.

[1] Probst, B.; Kolano, C.; et. al., Inorg. Chem. 2009, 48, 1836-1843.
[2] Probst, B.; Rodenberg, A.; et. al., Inorg. Chem. 2010, in revision.
[3] Probst, B.; Guttentag, M.; Rodenberg, A.; et. al., submitted.
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Copper-zeolites for the conversion of methane to chemicals

E.M.C. Alayon1,2, M. Nachtegaal2, J.A. van Bokhoven1,2

1ETH Zurich, Wolfgang Paulistrasse 10, 8093 Zurich, Switzerland
2Paul Scherrer Institute, 5232 Villigen, Switzerland

A reaction route for the conversion of methane to chemicals at mild condi-
tions as a highly economical and environmentally attractive alternative to
the energy-intensive steam-reforming process is explored. This requires an
active and selective catalyst to activate the strong C-H bond without total
oxidation. Infrared spectroscopy data showed that methanol was formed on
Cu-MOR and Cu-ZSM5 during methane interaction at 150°C. However, the
catalytic process is hindered by the strong sorption of methanol on the cata-
lyst surface [1]. The adsorbed species was extracted and detected by gas
chromatographic analysis as methanol, and its desorption as CO2 during
heating the catalyst in helium was seen through mass spectroscopic mea-
surements. Pre-adsorbed methanol on Cu-MOR and Cu-ZSM5 dehydrated
to dimethyl ether upon heating in helium. Conversion of methanol to dime-
thyl ether and dimethyl carbonate has also been shown to occur on similar
copper-exchanged zeolites [2,3]. Thus, a route of converting methane direct-
ly to chemicals is envisioned to be possible by performing these successive
reactions on the same catalyst.

[1] M.H. Groothaert, P.J. Smeets, B.F. Sels, P.A. Jacobs, R.A. Schoon-
heydt, J. Am. Chem. Soc. 2005, 127, 1394.

[2] S.T. King, J. Catal. 1996, 161, 530.
[3] Y. Zhang, I.J. Drake, D.N. Briggs, A.T. Bell, J. Catal. 2006, 244,

219.
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Solvation Dynamics of the Hexacyanoferrate(II) Ion Probed with Ultrafast
Laser and X-ray Absorption Spectroscopy

M. Reinhard , C.J. Milne, V-T. Pham, A. El Nahhas, R.M. van der Veen, F. Lima, M.
Chergui

Ecole Polytechnique Fédéral de Lausanne, Station 6, CH-1015 Lausanne,
Switzerland

Reactant charge-transfer processes are of particular interest in chemistry and bioche-
mistry. They most often take place in solution where the solvent medium influences
the reaction energetics and dynamics. One method of probing the reaction coordina-
tes is to investigate the charge-transfer-to-solvent (CTTS) states which are populated
after photo-excitation of the solute with photons close to the ionization threshold.
These states represent a sharing of electron density between the solvent and solu-
te and are very sensitive to the intermolecular potential. Using a combination of
ultrafast x-ray and laser spectroscopy we have investigated the solvent perturbation
around the aqueous iodide anion after photoexcitation of an electron into a CTTS
state [1]. Our current studies extend this to the more complicated molecular system
of aqueous hexacyanoferrate(II) ([FeII(CN)6]4−). Our particular interest is to obtain
a complete picture of the ongoing dynamics after photoexcitation into a CTTS state
[2] and the subsequent relaxation processes, including intramolecular electronic re-
laxation and electron solvation dynamics. Applications of cyanoferrates are found in
photoswitching, energy conversion and biologically related fields.

Ultrafast laser spectroscopy is capable of resolving the dynamics of the electronic
states involved in these processes, it does not, however, directly provide structural
information. Ultrafast x-ray absorption (XAS) is the ideal technique to resolve both
electronic and structural changes around the absorbing atom [3]. In this case the iron
atom will represent the local probe at the center of the molecule, and will be sensitive
to both the change in oxidation state to Fe(III), and the structural rearrangement of
both the CN ligands and the surrounding solvent. Ultrafast laser experiments have
been performed and x-ray experiments are in preparation, the details of which will
be presented.

[1] Pham et al., JACS 2007, 129 (6), 1530-1531.
[2] Pommeret et al., Chem. Phys. Lett. 1998, 288, 833 - 840.
[3] Majed Chergui and Ahmed H. Zewail, ChemPhysChem 2009, 10, 28 - 43.
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Conformational dynamics of single G protein-coupled receptors
trapped in solution

Alexandre Fürstenberg1, Samuel Bockenhauer1, Quan Wang1, Xiao-Jie
Yao2, Brian Kobilka2, W. E. Moerner1

1Department of Chemistry and 2Department of Molecular and Cellular
Physiology and Medicine, Stanford University, Stanford, CA 94305, USA

In single-molecule studies, one would ideally like to observe each bio-
molecule in its native or in a close-to-native environment for as long a time
as possible, which means without the molecule diffusing away from the ob-
servation volume and without chemically attaching it to a surface which
might impair its function. The Anti-Brownian ELectrokinetic (ABEL) trap
developed in the Moerner group solves this issue by using electrokinetic
forces which can be very strong on single fluorescent nanoscale objects so
as to suppress Brownian motion in solution using real-time feedback con-
trol. Compared to diffusion through a Gaussian focal spot, the time-
averaged optical intensity is uniform in the ABEL trapping volume, so that
useful amplitude information can be extracted from each molecule. We
demonstrate how this device can be used to trap single biological objects
such as G protein-coupled receptors (GPCRs) in order to extract information
on the dynamics of single biomolecular systems.

Figure 1. Trappping of single GPCRs in solution. Every fluorescence burst
corresponds to a single protein trapped in solution for up to ~1 second.
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Thermodynamic Cycles Involving at least one Source or Sink with Fi-
nite Heat Capacity

Yves Carraux 1

1Gravure Myl SA, R&D Department, Rue Charles-Perrier 1, CH-2074 Ma-
rin-Epagnier, Switzerland

For many years, thermodynamic cycles involving at least one source or sink
with finite heat capacity were studied in finite time thermodynamics, using
an infinite number of endoreversible, Carnot cycle stages. We present the
conventional study of three thermodynamic cycles using a new physical
model that describes an elementary, ideal gas transformation in perfect
thermal contact with part of a source of finite heat capacity [1]. The first
cycle is called a "Polycycle" and works between an initially hot source with
finite heat capacity and a sink with infinite heat capacity [2]. The second
cycle has already been evoked in the literature but does not have a name [3].
It works between a heat source with infinite heat capacity and a reservoir
with finite heat capacity, which is initially at a cold temperature and finally
at the same temperature as the heat source. This cycle has the particular fea-
ture of recovering the heat usually lost in the heat sink. The third cycle is the
generalized Carnot cycle working between two sources or sinks with finite
heat capacity. The notion of maximum adiabatic work (without any ex-
change of heat with the environment) which can be produced from different
reservoirs of finite heat capacity is introduced and must be distinguished
from exergy. Systematic study of this cycle demonstrates a new result: the
temperature (K) finally reached by extracting the maximum adiabatic work
of different reservoirs with finite heat capacity, is the geometric mean of the
initial temperatures (K) weighted by the corresponding heat capacities.

[1] Y. Carraux, A Simple Physical Model describing an Ideal Gas with a
Source of Finite Heat Capacity, submitted to Science
[2] M. J. Ondrechen, B. Andresen, M. Mozurkewich, S. Berry, Am. J.
Phys. 1981, 49(7), 681-685.
[3] P. T. Landsberg, H. S. Leff, J. Phys. A: Math. Gen. 1989, 22, 4019-
4026.
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High rate capability of graphite anodes in lithium-ion batteries

Michael Heß, Wolfgang Märkle, Petr Novák

Paul Scherrer Institut, Electrochemistry Laboratory, CH-5232 Villigen-PSI

Graphite is one of the most used anode materials of today’s lithium-ion
batteries. It has several advantages compared to other anode materials
including safety, a low potential versus lithium metal, high coulombic
efficiency, and reasonable specific charge of 372 mAh/g.

For LiFePO4 cathodes high rate capability of 400C have already been
achieved [1]. Such fast cathodes require also fast anodes. Therefore, our
group investigates graphite with regard to its high rate capability. The
diffusion coefficient should not limit the rates in graphite [2]. Previous
results proposed that loading, electrode thickness and porosity influences
the possible rates. Therefore, we prepared electrodes with different
thicknesses and porosities which have been cycled versus lithium metal.
Medium thicknesses of 50 μm can be discharged at 20C while single layers
of graphite particles of about 1-2 μm can be discharged at very high rates.
Unfortunately, the charge process is much more limited with 2C for medium
and 5C for thin thicknesses, respectively. The rate limiting step seems to be
electrolyte diffusion or exchange currents at the solid electrolyte interphase.
In this work, the dependency of the rate capability to electrode thickness and
charge/discharge rate will be presented.

[1] Kang, B. & Ceder, G., Nature Letters Vol. 458, 190-193 (2009)
[2] Persson K.; Hinuma, Y.; Meng, Y. S.; Van der Ven, A.; Ceder, G., Phys.
Rev. B 2010, Submitted.
[3] Buqa, H., Goers, D., Holzapfel, M., Spahr, M.E., and Novák P., J.
Electrochemical Soc. 152, A474-A481 (2005)
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Adsorption of Ethylene on Pd(111) surface:
a first-principles periodic density calculation

K. Hebali a,b, M. Sahnoun b, C. Daul a

a Department of Chemistry, University of Fribourg, Switzerland
b LPQ3M, Faculty of Sciences and Technology, University of Mascara,

Algeria

We present and discuss results of the calculations of the adsorption of Ethy-
lene (C2H4) at different sites on Pd(111) surface using ab initio method
based on Density Functional Theory (DFT) formalism with generalized gra-
dient approximation (GGA.PW91) for exchange and correlation. These cal-
culations provide information about geometries, stabilities, and reactivities
of adsorbed species on various surfaces. We compare our result with pre-
vious experimental and theoretical studies of the ethylene adsorption on
Pd(111) surface.
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A new heteroleptic ruthenium complex, coded CYC-B13, incorporating an

antenna ligand composed of the sequential connection of a conjugated seg-

ment and carbazole hole-transport moiety was prepared. This new sensitizer

exhibits the lower energy Metal to Ligand Charge Transfer (MLCT) band

centered at 547 nm with a high molar absorption coefficient of 1.93 x 10-4

M-1 cm-1. Thin-film cells based on this new sensitizer show good conver-

sion efficiency (>8%) and excellent durability under light soaking at 60
o
C in

simulated sunlight for 1000 h. An all-solid state device based on CYC-B13

is also demonstrated to have a conversion efficiency of 3.8%. The photovol-

taic data of DSCs sensitized with CYC-B13 suggested that carbazole is a

photostable hole-transporting moiety to be used in dye-sensitized solar cells.

[1] N.Pootrakulchote et al., J. Phys. Chem. C 2009, 113, 20752–20757.
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