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Structure-Activity Relationship of Photoinitiators for Two Photon Polymerisation

J. S. Beckwith1, A. Rosspeintner1, G. Licari1, M. Lunzer2, J. Fröhlich2, E. Vauthey1*

1University of Geneva, 2Technical University of Vienna

Donor-Acceptor-Donor molecules are of interest due to their two-photon absorption, symmetry
breaking, solvatochromism and in their potential application as photoinitiators for
polymerisation reactions. [1] The photoinitation process for polymerisation commonly occurs
from the triplet state,[2] and thus for efficient photoinitiators high two photon cross sections,
intersystem crossing rate constants and triplet yields irrespective of environment are
desireable.

In our contribution we will outline a structure-activity relationship of a new series of
photoinitiators (the building blocks of which are shown below). Using steady-state absorption
and fluorescence spectroscopy, TCSPC, fluorescence upconversion and transient absorption we
have investigated a series of structurally similar systems, in which the donor and acceptor
groups have been varied systematically. This enables us to observe clear trends.

With these techniques we can quantify how efficiently the triplet state is reached and what
impact this has on the photoinitiator efficiency. For example, the figure below shows that the
investigated selenium based chromophores (which structuring tests have found to be the most
efficient photoinitiators) have much higher intersystem crossing rate constants and triplet
yields than any of the other sulfur based systems due to the heavy atom effect.

[1] G. S. He, L.-S. Tan, Q. Zheng and P. N. Prasad, Chem. Rev., 2008, 108, 1245–1330.
[2] J.-F. Xing, W.-Q. Chen, X.-Z. Dong, T. Tanaka, X.-Y. Fang, X.-M. Duan and S. Kawata, J.
Photochem. Photobiol. A, 2007, 189, 398–404.
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Fast and accurate prediciton of covalent bonds in chemical space.

K. Y. S. Chang1, S. Fias2, R. Ramakrishnan1, O. A. von Lilienfeld1,2*

1University of Basel, 2Free University Brussels

We assess the predictive accuracy of perturbation theory based estimates of changes in
covalent bonding due to linear alchemical interpolations among molecules. We have
investigated σ bonding to hydrogen, as well as σ and π bonding between main-group elements,
occurring in small sets of iso-valence-electronic molecules with elements drawn from second to
fourth rows in the p-block of the periodic table. Numerical evidence suggests that first order
Taylor expansions of covalent bonding potentials can achieve high accuracy if (i) the alchemical
interpolation is vertical (fixed geometry), (ii) it involves elements from the third and fourth rows
of the periodic table, and (iii) an optimal reference geometry is used. This leads to near linear
changes in the bonding potential, resulting in analytical predictions with chemical accuracy (∼1
kcal/mol). Second order estimates deteriorate the prediction. If initial and final molecules differ
not only in composition but also in geometry, all estimates become substantially worse, with
second order being slightly more accurate than first order. The independent particle
approximation based second order perturbation theory performs poorly when compared to the
coupled perturbed or finite difference approach. Taylor series expansions up to fourth order of
the potential energy curve of highly symmetric systems indicate a finite radius of convergence,
as illustrated for the alchemical stretching of H2+. Results are presented for (i) covalent bonds
to hydrogen in 12 molecules with 8 valence electrons (CH4, NH3, H2O, HF, SiH4, PH3, H2S, HCl,
GeH4, AsH3, H2Se, HBr); (ii) main-group singlebonds in 9 molecules with 14 valence electrons
(CH3F, CH3Cl, CH3Br, SiH3F, SiH3Cl, SiH3Br, GeH3F, GeH3Cl, GeH3Br); (iii) main-group double
bonds in 9 molecules with 12 valence electrons (CH2O, CH2S, CH2Se, SiH2O, SiH2S, SiH2Se,
GeH2O, GeH2S, GeH2Se); (iv) main-group triple bonds in 9 molecules with 10 valence electrons
(HCN, HCP, HCAs, HSiN, HSiP, HSiAs, HGeN, HGeP, HGeAs); and (v) H2

+single bond with 1
electron.
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Ultrafast excited-state dynamics of the azo dye methyl orange 

C. Nançoz1, B. Dereka1, O. Yushchenko1, J. Beckwith1, R. Letrun1, A. Rosspeintner1, S. Richert1,
E. Vauthey1*

1University of Geneva

Azobenzenes and their derivatives are well known for their trans-cis photoisomerisation
properties[1] that can be used for various applications as molecular information storage
devices[2], photoswitch in biology[3] or light-driven molecular shuttels[4]. The exact
photoisomerisation mechanism is the object of intense research. It is known to depend on
different factors such as excitation wavelength, solvent polarity, pH, and substituents on the
azobenzene.

In this study, we will focus on the methyl orange azobenzene in a wide range of solvents using
several steady-state and time-resolved techniques: fluorescence up-conversion, transient
electronic absorption, transient infrared absorption, Fourier transform infrared spectroscopy
and time resolved surface second harmonic generation.

The decay of the excited state population is ultrafast, below one picosecond in all solvents. The
decay time increases with viscosity as expected for a trans-cis isomerisation, but this
dependence is rather weak and depends on the hydrogen-bond donating ability of the solvent
(figure B). The effect of the hydrogen bond is also visible in the steady state absorption spectra
with a red shift on the absorption band in the most solvents (figure A). This reveals hydrogen
bonding between the solvent and methyl orange in the ground state has a substantial impact
on its excited state dynamics and on the photoisomerisation.

[1] H. M. D. Bandara, S. C. Burdette, Chem. Soc. Rev. 2012, 41, 1809-1825.
[2] M. Iwamoto, Y. Majima, H. Naruse, T. Noguchi, H. Fuwa, Nature (London) 1991, 353,
645-647.
[3] M. Dong, A. Babalhavaeji, S. Samanta, A. A. Beharry, G. A. Woolley, Acc. Chem. Res. 2015,
48, 2662-2670.
[4] H. Murakami, A. Kawabuchi, R. Matsumoto, T. Ido, N. Nakashima, J. Am. Chem. Soc. 2005,
127, 15891-15899.
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Development of membrane mechanosensor

R. D. Ortuso1, K. Sugihara1*

1University of Geneva

Membrane forces play pivotal roles in numerous physiological processes such as endocytosis,
cell mutations and calcium signaling.

Currently used characterization methods such as atomic force microscope (AFM) or optical
tweezers allow for the controlled force application but not for the detection of the forces applied
to the bilayers. Micro-aspiration of giant unilamellar vesicles (GUV) enables the quantification of
surface tension, however, its conversion into local forces is difficult.

We are developing a mechanosensitive membrane probe that enables direct measurement of
molecular forces applied within lipid bilayers. We employ a mechanochromic polymer
polydiacetylene that changes its color and fluorescence intensity upon application of forces. As
a first step, we demonstrated a PDA vesicle assay that detects melittin, a transmembrane
peptide from bee venom. First we fabricated PDA vesicles by self-assembling the lipid monomer
and subsequently crosslinking by UV. These spectra overlap, suggesting no colorimetric
response due to the addition of melittin. However, we found that the spectra shifted over the
next several hours. After 4 hours, the shape of the spectra changed completely, as the color
change was clearly visible also by naked eyes. The slow response from our PDA sensor against
melittin is different from what has been reported with other types of PDA sensors[1][2].

In this work, we further analyze the unexpectedly slow interaction kinetics, fluorescence spectra
of PDAs, and discuss possible origin of the slow kinetics and calibrate the system to peptide
concentration [3].

The developed assay proved that DiynePC PDA is sensitive to mechanical stimuli. The
advantage of our PDA sensor is that it has a phosphocholine head group that mimics cell
membranes. Its combination of sensitivity and the biocompatibility will allow us to incorporate
this probe in live cells in future, providing us a further possibility to investigate force distribution
during mitosis, cell migration, and interactions with medical implants etc.

1. Kolusheva, S., T. Shahal, and R. Jelinek.Biochemistry, 2000. 39(51): p. 15851-15859.
2. Schrader, T. and E.V. Topics in current chemistry. 2007, Berlin: Springer. Online-Ressource.
3. Robert D. Ortuso et al., manuscript in review.
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Rechargeable Dual Electrolytes Li-Air and Li-Water Batteries

N. H. Kwon1, Y. Sheima1, K. Fromm1*

1University of Fribourg

Lithium is the lightest metal with the most negative potential (-3 V vs. SHE). Combining oxygen
or water as a cathode and an electrolyte with lithium as anode, rechargeable Li-air and Li-water
batteries potentially provide higher energy densities than the conventional Li-ion batteries.

However, the redox reversible reactions and cyclability of those batteries remain a challenge.
Among the several structures of Li-air batteries, using an aqueous electrolyte provides a higher
efficiency and cyclability due to the high ionic mobility and the solubility of discharge products
[1]. However, water must not contact the lithium metal anode to avoid a violent reaction,
producing heat and gas evolution. Thus, we apply an organic electrolyte on the lithium anode to
protect the metal and an aqueous electrolyte on the cathode side to allow reversible
electrochemical reactions.

During discharging, the value of pH increases due to the formation of LiOH, which damages the
membranes [2,3] and leads upon saturation to LiOH precipitation [4].

In the Li-air system, the solubility of O2 in the aqueous solution is a key parameter to obtain
highly reversible electrochemical reactions and a high energy density.

We studied the O2 solubility in terms of the concentration of LiOH aqueous solution and other
mixed salt solutions by means of the electrochemical techniques. Fig. 1 shows that the O2
solubility decreased with increasing concentration of LiOH. We will show the behavior of the O2
solubility of different aqueous mixed salt solutions and the charge/discharge behaviors in dual
electrolytes systems.

Fig. 1. The concentrations of O2 as a function of the various concentrations of LiOH in the
aqueous electrolyte.

[1] X. Wang, Y. Hou, Y. Zhu, Y. Wu, R. Holze, Nature 2013, 3, 1401.
[2] D.-J. Lee, O. Yamamoto, D.-M. Im, Y. Takeda, N. Imanishi, 2012, Patent Application No.
13/191769.
[3] J. Christensen, P. Albertus, R. S. Sanchez-Carrera, T. Lohmann, B. Kozinsky, R. Liedtke, J.
Ahmed, A. Kojic, J. Electrochem. Soc. 2012, 159, R1-R30.
[4] Y. Wang, H. Zhou, J. Power Sources 2010, 195, 358-361.
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Effects of Steric Hindrance and Electron Relaxation on DNP Enhancement at High
Field

D. J. Kubicki1, C.E. Avalos1, B. Náfrádi2, M. Yulikov3, G. Casano, S. Abel, C. Sauvée, K. Ganesan4,
G. Jeschke3, P. Tordo4, A. Lesage5, O. Ouari4*, L. Emsley1*

1Institut des sciences et ingénierie chimiques, 2Laboratoire de Physique de la Matière Complexe
, 3ETH Zurich, 4Institut de Chimie Radicalaire, Aix-Marseille Université / CNRS, 5Centre de RMN à

très hauts champs

Dynamic nuclear polarization (DNP) methods can boost the sensitivity of magic-angle spinning
(MAS) solid-state NMR experiments at low temperatures by several orders of magnitude. For
experiments at 80 K or above, typically the samples are dissolved or impregnated with a
solution of stable biradicals, acting as polarizing agents capable of transferring the electron
polarization to surrounding nuclei through the cross-effect. In order to maximize sensitivity it is
important to understand the factors that affect the magnitude of the DNP enhancement. From
previous work, we found that a two-fold improvement in DNP enhancements can be achieved
by simply incorporating solid particles into the sample, with enhancements up to εH = 515 [1].
We also found that the DNP enhancement appears to be strongly correlated with the electron
and nuclear spin relaxation times, with longer longitudinal relaxation times (T1) leading to
better enhancements. Heavier, more bulky radicals have longer electronic relaxation times, and
we have shown that this leads directly to better DNP enhancements with the introduction of
TEKPol and AMUPOL [2]. However, we guessed that the extent of crowding created by
functional groups adjacent to the unpaired electron(s) could also significantly affect the DNP
enhancement.

We recently measured the electron relaxation times of `Open' and `Closed' forms of AMUPOL at
94 GHz and found that the electron relaxation times of both species are similar, yet the DNP
enhancement using these radicals is an order of magnitude different. In this presentation we
will review the origin of some of these enhancement effects as well as present some new high
field relaxation data of commonly used DNP radicals at temperatures of 100 K and magnetic
fields up to 16 T.

[1] Kubicki et al., J. Am. Chem. Soc., 2014, 136 (44), 15711-15718
[2] Kubicki et al., Chem. Sci., 2016, 7, 550-558
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Electron-Transfer Dynamics at Water-Dodecane Interface Probed by Surface Second
Harmonic Generation

T. Kumpulainen1, G. Licari1, A. Efimov2, E. Vauthey1*

1University of Geneva, 2Tampere University of Technology

Increasing global energy consumption and limited reserves of fossil fuels have driven industrial
and academic research towards renewable energy resources. Organic photovoltaics (OPVs) and
dye-sensitized solar cells (DSCs), devices that convert solar energy into electricity, have gained
increasing attention during the past decades due to their low cost and easy fabrication. Both
approaches rely on absorption of photons by small π-conjugated molecules, metal complexes or
polymers followed by electron transfer to an acceptor. In the case of OPVs the acceptor is
typically also an organic molecule such as fullerene (C60), whereas in DSCs it is often a
semiconductor such as TiO2.[1,2] The common feature for both is that the electron transfer
process occurs at the interface of two materials with different dielectric properties. Therefore
understanding of the charge-separation process at interfaces is of paramount importance for
the future development of superior devices.

We approach this problem in an innovative way using a donor-acceptor dyad deposited on a
water-dodecane interface. The dyad consists of a covalently bound porphyrin donor and a
fullerene acceptor coupled to two hydrophilic arms to orient the dyad perpendicular to the
interface.[3] We use Surface Second Harmonic Generation (SSHG) to investigate the spectral
properties and the orientation of the molecules at the interface. Secondly, a pump-probe
approach gives us direct access the interfacial electron-transfer dynamics. The experimental
approach is depicted in the figure below. This opens up new possibilities to selectively change
the properties of the donor and the acceptor medium contrary to bulk solution measurements.
In our contribution, we will present our preliminary results on the water-dodecane interface.

[1] W. Cao, J. Xue, Energy Environ. Sci., 2014, 7, 2123–2144.
[2] A. Hagfeldt, G. Boschloo, L. Sun, L. Kloo, H. Pettersson, Chem. Rev., 2010, 110, 6595–6663.
[3] T. Vuorinen, K. Kaunisto, N. V. Tkachenko, A. Efimov, H. Lemmetyinen, A. S. Alekseev, K.
Hosomizu, H. Imahori, Langmuir, 2005, 21, 5383–5390.
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Bimolecular Charge Separation and Recombination in Dipolar and Ionic Environments

A. Rosspeintner1, G. Angulo2, M. Koch1, E. Vauthey1*

1University of Geneva, 2Polish Academy of Sciences

The last decade has seen room temperature ionic liquids (RTIL) gain notoriety as „panacea-
solvents“ in so diverse areas as biomass processing, gas chromatography or batteries and solar
cells.[1] This widespread use is mostly owed to the exceptional physical properties of RTILs
compared to conventional solvents.[2]

Here we investigate how the different nature of a solvent - either dipolar or ionic - affects the
dynamics of bimolecular charge separation (CS) and recombination (CR). Studies on CS have
shown that the kinetics are mostly governed by viscosity, regardless of the electronic nature of
the solvent, which is of minor importance.[3,4] Investigations on CR, however, have so far not
been reported. Thus the question of how an itself ionic environment - compared to a dipolar one
- influences the fate of photochemically generated ionic species is still unresolved.

We compare a simple donor-acceptor model system in three different solvent environments
(low viscous organic / high viscous organic / RTIL), by following the population of all involved
species from the sub-ps to the sub-μs range using broadband pump-probe spectroscopy in the
visible. Taking recursion to the unified version of the encounter theories we are able to obtain a
quantitative description of all involved species (including spin evolution) for the entire geminate
reaction stage.[5]

[1] N.V. Plechkova, K.R. Seddon, Chem. Soc. Rev., 2008, 37, 123-150.
[2] M. Armand, F. Endres, D.R. MacFarlane, H. Ohno, B. Scrosati, Nat. Mater., 2009, 8, 621–629.
[3] M. Liang, A. Kaintz, G.A. Baker, M. Maroncelli, J. Phys. Chem. B, 2012, 116, 1370–1384.
[4] M. Koch, A. Rosspeintner, G. Angulo, E. Vauthey, J. Am. Chem. Soc., 2012, 134, 3729–3736.
[5] A.I. Burshtein, Adv. Chem. Phys., 2004, 129, 105–418.
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Rydberg-Stark deceleration of metastable triplet helium atoms in a magnetic field

M. Zesko1, O. Tkáč1, F. Merkt1

1ETH Zürich

The technique of Rydberg-Stark deceleration has provided a means to decelerate and trap
Rydberg atoms and molecules at a temperature of around 100 mK. This technique relies on the
very large electric-dipole moments of Rydberg-Stark states (up to 3000 D at n=30), which
enable one to exert large deceleration forces on atomic and molecular beams using
inhomogeneous electric fields.
In the case of atomic hydrogen and helium at n=30, the trapped Rydberg atoms decay by
fluorescence on a time scale of around 100 μs [1,2]. This decay opens up the possibility to trap
paramagnetic atoms in their ground state or a metastable state using an overlaid electric and
magnetic trap. Such a trap would offer the advantage of increasing the phase-space density of
the trapped atoms by accumulating population in the ground state in successive experimental
cycles. To achieve this goal, we have designed and constructed a new experimental setup with
which metastable He (1s)(2s) 3S1 (He* hereafter) can be trapped magnetically following Rydberg-
Stark deceleration.

The first major step is studying how the deceleration process is affected by the magnetic field.
In a previous study, we examined how the energy levels of excited He* behave in electric and
magnetic fields of arbitrary orientation [3]. The findings allowed us to choose the optimal state
for the deceleration process. We present the experimental realisation of deceleration of He* in a
magnetic field. The experimental result is compared to the deceleration measurements in a
magnetic-field-free setup and with a particle-trajectory simulation of the deceleration process in
a magnetic-field-free case and in the presence of the magnetic field.

[1] S. D. Hogan, and F. Merkt, Phys. Rev. Lett. 100(4), 043001, (2008.)
[2] P. Allmendinger, J. A. Agner, H. Schmutz, and F. Merkt, Phys. Rev. A 88(4), 043433, (2013.)
[3] O. Tkáč, M. Žeško, J. A. Agner, H. Schmutz, and F. Merkt, J. Phys. B 49(10), 104002, (2016.)
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Orientation of a DNA probe at biological-like interfaces

G. L. Licari1, L. Cwiklik2, P. Jungwirth2, E. Vauthey1*

1University of Geneva, 2Academy of Sciences of the Czech Republic, Prague

Biological interfaces such as cell membranes fulfill prominent tasks in a cell and are of
fundamental interest for life science. The membranes are constituted mainly by phospholipid
bilayers and function as gates to the cell interior being selectively permeable to ions and
organic molecules. Such an environment is difficult to probe because the membrane (or in
general any other interface) represents a small portion of the cell and its properties are buried
by the response of the bulk phase. To overcome this problem, specific techniques must be
employed, one of which is Surface Second Harmonic Generation (SSHG).1 The dipolar origin of
SSHG technique forbids generation of the signal from medium with inversion symmetry and
therefore can be used to answer fundamental questions concerning interfaces.

We are currently employing SSHG to study DNA molecular probes at the interface between
dodecane and water in the presence of a phospholipid monolayer to simulate the environment
of a cell membrane. Our results suggest that the orientation of the cyanine dye TOSAC-bz,
belonging to the YO family,2,3 changes dramatically in the presence of the phospholipid
monolayer at the interface. Thank to this effect TOSAC-bz could be used as an orientational
probe to track structural changes in the membranes and in the cell shape. In this contribution
we will discuss our measurements in this regard as well as Molecular Dynamics simulations
(MD), which allows direct insight into the microscopic system and give additional information on
the origin of the changes of the dye orientation.

[1] Eisenthal, K. B. Chem. Rev. 1996, 96, 1343.
[2] Carlsson, C.; Larsson, A.; Jonsson, M.; Albinsson, B.; Norden, B. J. Phys. Chem. 1994, 98,
10313.
[3] Licari, G.; Brevet, P. F.; Vauthey, E. Phys. Chem. Chem. Phys. 2016, 18, 2981.
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Calorimetric and Spectroscopic Studies on the Solvation Energetics for H2 Storage in
the CO2/HCOOH System

C. Fink1, G. Laurenczy1*

1EPF Lausanne

Fossil fuels account for the majority of our energy needs, such as heat, electricity, and
transportation.1 The exploitation of these energy reserves by simple combustion processes
releases vast amounts of carbon dioxide gas into the atmosphere, with the well-known
consequences (greenhouse effect). Formic acid (FA) can contribute to a solution to our current
energy crisis: By capturing some part of the anthropogenic CO2 and reducing it with hydrogen,
obtained from readily available renewable energy sources (wind or sun), is an elegant way to
surpass the fluctuating nature of these energy sources since formic acid dehydrogenation
allows to provide electricity by fuel cell combustion on demand.2

Solvents play a crucial role in the catalytic formic acid/carbon dioxide cycle and additives can
be used to shift the reaction equilibrium towards higher yields. We studied the enthalpy of
mixing for selected solvents and basic additives (amines, aqueous KOH).3 Total formic acid
yields are highest when produced FA is “removed” effectively from the reaction equilibrium.
Clearly, the usage of basic chemicals - or solvents - yields higher total FA concentrations, but
the liberation of hydrogen is in return more energy consuming. Therefore, the enthalpy of
mixing is a valuable parameter for designing hydrogen storage devices because it allows to
estimate the energy balance for the CO2 hydrogenation/H2 liberation cycle.

The highest formic acid concentrations in direct catalytic CO2 hydrogenation under acidic
conditions were reached in DMSO.4 DMSO exhibits considerably stronger interactions with
formic acid than water as was observed in calorimetric measurements. The difference can be
ascribed to the formation of stronger hydrogen bonds between FA and DMSO than FA - water.
The phenomenon was examined more closely with in-silico methods, ATR-FTIR -and NMR
spectroscopy (1H, 13C). We found that 1:1 aggregates are predominating in DMSO - FA solution
in a broad concentration range, while the stoichiometry and the number of the FA - water
aggregates essentially depends on the concentration.

Formic acid/carbon dioxide cycle for hydrogen storage and delivery

Acknowledgments:The Swiss Competence Center for Energy Research (SCCER), Commission
for Technology and Innovation (CTI), and EPFL are thanked for financial support.

[1] World Resources Institute, World Resources Institute, http://cait.wri.org, (accessed
14/5/2016).
[2] Andrew F. Dalebrook, Martin Grasemann and Gabor Laurenczy, Chem. Commun., 2013, 49,
8735-8751.
[3] Cornel Fink, Sergey Katsyuba and Gabor Laurenczy, PCCP, 2016, 18, 10764-10773.
[4] Severine Moret, Paul J. Dyson and Gabor Laurenczy, Nat. Commun., 2014, 5, 4017,
DOI: 10.1038/ncomms5017.
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Threshold Photoelectron Spectroscopy to trace Chemistry in Combustion, Pyrolysis
and Catalysis

P. Hemberger1

1Paul Scherrer Institute, Villigen

In the last two decades soft photoionization with tunable vacuum ultraviolet (VUV) synchrotron
radiation has evolved into a versatile workhorse for the identification and quantification of
reactive intermediates and stable molecules in processes of energy conversion such as
combustion. Photoionization mass spectra (PIMS), which can be obtained by scanning the
photon energy and recording the ion signal, can be useful to distinguish between constitutional
isomers, when compared with calculated or experimental data.
However, this approach is limited if the ionization energies of different isomers are close, since
PI spectra do not show sharp peaks and vibrational fine structure as conventional photoelectron
spectra do.
Photoelectron photoion coincidence (PEPICO) spectroscopy is an excellent extension to mass
spectrometry, since it allows measuring (threshold) photoelectron spectra mass-selectively.
These spectra show selective vibrational transitions into ion states, which mostly follow the
Franck-Condon principle and thus serve as vibrational fingerprints (see Figure) to identify
complex composition of isomers. We will show several examples, which profited greatly from
this additional analytical dimension, which is implemented in the PEPICO endstation located at
the VUV beamline of the Swiss Light Source:

Hydroxyphenylradicals (HPR) produced selectively in a glowing microtubular reactor (see
Figure) decompose to form soot precursor molecules such as propargyl and cyclopentadienyl
radicals. Although HPRs were selectively synthesized, they are shown to rearrange to phenoxy
radicals, the global minimum on the potential energy surface, prior to decomposition.[1]

In a m-xylene oxygen flame (Φ = 1.8) we were able to identify up to four different isomers of
the composition C9H10 and C10H10, which are important findings in terms of soot formation
chemistry.[2] In Addition, we have identified m-xylyl as the most abundant fuel radical and found
a similar decomposition mechanism as previously identified in a hot microreactor.[3]

Most recently we have carried out experiments in the field of catalytic pyrolysis of lignin model
compounds. Zeolites like HUSY were tested towards their capabilities to form reactive
molecules when exposed to guaiacol. Compared to bulk phase catalytic pyrolysis fulvene and
methyl-cyclopentadienyl were identified, which might provide insight of the mechanisms taking
place on the catalyst surface. 

[1] P. Hemberger, G. da Silva, A. J. Trevitt, T. Gerber, A. Bodi, Phys. Chem. Chem. Phys. 2015,
17, 30076.
[2] T. Bierkandt, P. Hemberger, P. Oßwald, M. Köhler and T. Kasper, Proc. Combust. Inst. 2016,
accepted.
[3] P. Hemberger, A. J. Trevitt, E. Ross, G. da Silva, J. Phys. Chem. Lett.  2013, 4, 2546.
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Precision Spectroscopy in Cold Molecules: The Rotational Intervals of He2
+ by High-

Resolution Spectroscopy and Rydberg-Series Extrapolation

L. Semeria1, P. Jansen1, J. A. Agner1, H. Schmutz1, F. Merkt1*

1Laboratory of Physical Chemistry, ETH Zurich, CH-8093, Switzerland

He2
+ is an interesting system both from a theoretical and experimental point of view. It has only

three electrons, therefore highly accurate ab initio calculations are possible. Claiming an
accuracy of 120 MHz, the latest calculations of the rovibrational energies of He2

+ do not include
relativistic and quantum electrodynamics (QED) effects [1]. High-resolution Rydberg
spectroscopy of metastable He2 molecules has allowed us to determine the rotational energy-
level structure of He2

+ [2] through Rydberg-series extrapolation by multichannel-quantum-
defect-theory [3]. To this end, helium molecules in the a 3Σu

+ state are produced in supersonic
beams with velocities tunable down to about 100 m/s by combining a cryogenic supersonic-
beam source with a multistage Zeeman decelerator [4]. The metastable He2 molecules are then
excited to high np Rydberg states using the frequency-doubled output of a pulse-amplified ring
dye laser. The Zeeman decelerator greatly simplifies the spectral assignment because of its
spin-rotational state selectivity. The deceleration also reduces the systematic uncertainty
arising from a possible Doppler shift, even if the bandwidth of the laser system is too large to
observe the reduction of the Doppler width resulting from deceleration. The unprecedented
accuracy of 18 MHz that we have obtained for the lowest rotational intervals of He2

+ (with N+ ≤
5) enables the quantification of the relativistic and QED corrections by comparison with the
results of Ref. [1]. Moreover, the rotational structure of the metastable state has been
measured precisely for comparison with the results of Focsa [5]. In our poster, we present an
extension of these measurements and their MQDT analysis to higher rotational intervals of He2

+

up to N+ = 17. We have also replaced our pulsed UV laser by a cw UV laser, improving the
resolution of the spectra by a factor of more than five.

[1] W.-C. Tung, M. Pavanello and L. Adamowicz, J. Chem. Phys., 2012, 136, 104309.
[2] P. Jansen, L. Semeria, L. Esteban Hofer, S. Scheidegger, J.A. Agner, H. Schmutz, and F.
Merkt, Phys. Rev. Lett., 2015, 115, 133202.
[3] D. Sprecher, J. Liu, T. Krähenmann, M. Schäfer, and F. Merkt, J. Chem. Phys., 2014, 140,
064304.
[4] M. Motsch, P. Jansen, J. A. Agner, H. Schmutz, and F. Merkt, Phys. Rev. A, 2014, 89, 043420.
[5] C. Focsa, P. F. Bernath, and R. Colin, J. Mol. Spectros., 1998, 191, 209.
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Modifying peptides and proteins for quantum interference experiments

J. Schaetti1, U. Sezer2, L. Mairhofer2, J. Cotter2, M. Arndt2, V. Köhler1*, M. Mayor1*

1University of Basel, 2University of Vienna

The current world mass record for matter-wave interference experiments relies on the careful
design of the analyte molecules, i.e. chromophores decorated with highly fluorinated tags.[1]
The experiments require slow molecular beams and accordingly postionization of the neutral
analyte in the gas phase for manipulation and detection. Thermal evaporation of peptides
without decomposition is notoriously difficult due to the thermal lability and strong
intermolecular interactions of the analytes.[2] In addition their postionization by VUV (vacuum
ultra violet radiation) is hampered if the peptide sequence displays a low tryptophan content.[3]
A range of model compounds were prepared to i) reduce intermolecular interactions and
thereby improve their volatility ii) investigate photoionization of peptides in the gas phase. The
intermolecular interactions can be reduced by the removal of charges (through acylation and
amidation) and hydrogen bond donors (through methylation) and the decoration with
fluorinated alkyl chains.

The decoration of a small peptide (Ala-Trp-Ala) with fluorinated alkyl chains led to promising
evaporation results. It was possible to produce a slow molecular beam and measure the first
ever interference pattern of a peptide by mass detection after electron impact ionization.

Fig 1: (a) The tripeptide Ala-Trp-Ala with fluorinated alkyl chains attached to its C- and N-
termini. (b) Interference pattern of the tripeptide; X-axis : position (nm), Y- axis : counts/s. The
blue line is a guide for the eye.

[1] T. Juffmann, A. Milic, M. Mullneritsch, A. Tsukernik, J. Tuxen, M. Mayor, O. Cheshnovsky, M.
Arndt,Nat. nanotechnol. 2012, 7, 297-300.
[2] D. Gross, G. Grodsky, J. Am. Chem. Soc. 1955, 77, 1678-80.
[3] J. R. Cable, M. J. Tubergen, D. H. Levy, J. Am. Chem. Soc. 1987, 109, 6198-6199.
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Gold nanowire fabrication with lipid nanotubes

K. Jajcevic1, K. Sugihara1

1University of Geneva

The fabrication of conductive nanostructures is the key technology in semiconductor industry
and has gained importance in biology for applications such as biosensors and drug delivery.
We have demonstrated a high-throughput approach to fabricate gold nanowires on surfaces
with a lipid nanotube template. Biotin-tagged lipid nanotubes are formed from lipid blocks in
inverted hexagonal phase adsorbed on polymer-coated surfaces upon application of shear
force. Streptavidin-coated gold nanoparticles were attached to the biotin-tagged lipid
nanotubes and gold nanoparticle-encapsulated lipid nanotubes were cross-linked by chemical
fixation. Samples were dried and treated with oxygen plasma to remove the organic template
and connect the particles. The created nanowires were characterized by cryo-transmission
electron microscopy, atomic force microscopy and electrical measurements.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Physical Chemistry, Poster PC-116

Determining Nano to Micro Structures from Relayed DNP NMR

A. C. Pinon1, J. Schlagnitweit2, P. Berruyer2, A. Rossini2,3, A. Lesage2, C. Copéret4*, L. Emsley2*

1Ecole Polytechnique Fédérale de Lausanne (EPFL), 2Centre de RMN à très hauts champs, 3Iowa
State University, 4ETH Zurich

The characterization of the architecture materials on the nano to micro scale is of great
importance today.

However in many cases, where the sample is either for example opaque or made of many
mixed components, determining micro structures still remains an unsolved analytical problem.
Since there are very few direct methods to probe the inside of these types of materials, solid-
state NMR would be an attractive approach to look at these solid-state structures.1,2,3 Here, we
show how, combined with a model for spin diffusion, DNP NMR can be applied to determine
domain sizes in such materials.

Using an approach where we selectively dope a source component with radicals (usually by
impregnating the material with a radical containing solution), and where another target
component remains undoped, we show how polarization builds up in the target component in a
manner that is characteristic of the size and geometry of the target component.

For several pertinent types of geometry, we calculate the heterogeneous distributions of
polarization as a function of position at steady state. We then show the variation of the
integrated DNP enhancement (ε) as a function of the polarization time.The curves are seen
to be characteristic of the domain sizes in all cases. Finally, we compare the prediction of
the enhancement at steady state (ε∞) as a function of the size of the object to an analytical
expression from the numerical result.

[1] Rossini,A.J.; Zagdoun,A.; Hegner,F.S.; Schwarzwalder,M.; Gajan,D.; Copéret,C.; Lesage,A.;
Emsley,L. J. Am. Chem. Soc. 2012, 134, 16899−16908.
[2] Rossini, A. J.; Widdifield, C. M.; Zagdoun, A.; Lelli, M.; Schwarzwalder,M.; Copeŕet,C.;
Lesage,A.; Emsley,L. J. Am. Chem. Soc. 2014, 136, 2324−2334.
[3] Schlagnitweit, J.; Tang, M.; Baias, M.; Richardson, S.; Schantz, S.; Emsley, L. J. Am. Chem.
Soc. 2015, 137, 12482-12485.
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Long-range molecules correlated to electronically highly excited states in Cs

H. Saßmannshausen1, F. Merkt1, J. Deiglmayr1*

1Laboratory of Physical Chemistry, ETH Zurich, Vladimir-Prelog-Weg 2, 8093 Zurich

We present the observation of weakly bound, long-range Cs2 molecular states in singly or
double excited Rydberg states [1]. Rydberg states are electronically highly excited states, i.e.
states with large values of the principal quantum number n.

The experiments are performed on ultracold gas-phase samples of Cs atoms which are released
from a magneto-optical trap at a temperature of 40 μK and a density of about 1011 cm-3. The Cs
atoms are photoexcited to np3/2 Rydberg states in one-photon transitions using UV laser pulses
with wavelengths of about 320 nm. Close to the intense atomic np3/2 ← 6s1/2 transitions we
observe additional molecular resonances that are attributed to the photoassociation of two
ultracold Cs atoms into long-range molecular states. Two different types of molecular
resonances are identified.

The formation of the first type of long-range molecules is a result of the interaction of a Cs
Rydberg atom with a single ground-state atom which is located within the extended orbit of the
Rydberg electron [2,3]. The molecular potentials are modelled by taking into account the low-
energy scattering of the Rydberg electron off the ground-state atom. The exotic molecular
levels are bound by only about 0.0002 kJ/mol, much less that the thermal energy at room
temperature. We present the results of spectroscopic measurements of the binding energies at
different values of the principal quantum number (n between 26 and 34), of the Stark effect in
external electric fields and of the lifetime. The consequences of the hyperfine interaction of the
ground-state atom on the molecular binding are also discussed [4].

The second type of molecular resonances reveals the long-range interactions between two Cs
Rydberg atoms. These interactions are van der Waals interactions. The observed resonances
are a result of the dipole-dipole, dipole-quadrupole [5] and higher-order [6] contributions in the
multipole expansion of the long-range electrostatic interaction. To observe these doubly excited
Rydberg-atom-pair states, we employ either a one-colour two-photon excitation scheme [7],
which requires high-intensity laser pulses, or a two-colour two-photon scheme of the type nljn'l'
j' ← 6s1/2nlj ← 6s1/26s1/2. The two-colour excitation scheme relies on the resonant excitation of a
few atoms to Rydberg states (called seed atoms) and enables the observation of bound
Rydberg-atom pairs and of Rydberg-atom aggregates.

[1] H. Saßmannshausen, J. Deiglmayr, and F. Merkt, CHIMIA 70, 263 (2016).
[2] C.H. Greene, A.S. Dickinson, and H.R. Sadeghpour, Phys. Rev. Lett. 85, 2458 (2000).
[3] V. Bendkowsky, B. Butscher, J. Nipper, J. P. Shaffer, R. Löw, and T. Pfau, Nature 458, 1005
(2009).
[4] H. Saßmannshausen, F. Merkt, and J. Deiglmayr, Phys. Rev. Lett. 114, 133201 (2015).
[5] J. Deiglmayr, H. Saßmannshausen, P. Pillet, and F. Merkt, Phys. Rev. Lett. 113, 193001
(2014).
[6] H. Saßmannshausen, F. Merkt, and J. Deiglmayr, Phys. Rev. A 92, 032505 (2015).
[7] S. M. Farooqi, D. Tong, S. Krishnan, J. Stanojevic, Y. P. Zhang, J. R. Ensher, A. S. Estrin, C.
Boisseau, R. Côté, E. E. Eyler, and P. L. Gould, Phys. Rev. Lett. 91, 183002 (2003).

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Physical Chemistry, Poster PC-118

Cold and controlled mechanistic studies of conformer selected ionic cycloadditions

A. Kilaj1, D. Rösch1, H. Gao1, J. Küpper2,3*, S. Willitsch1*

1Departement Chemie, Universität Basel, Klingelbergstrasse 80, 4056 Basel, 2Center for Free-
Electron Laser Science, DESY, Notkestrasse 85, 22607 Hamburg, 3Department of Physics,

University of Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany

Despite their significance in organic synthesis, the mechanistic details of Diels-Alder
cycloadditions, in which a diene and a dienophile react to form a cyclic product, still remain an
unsolved and extensively discussed question. It has proven difficult to determine whether these
reactions favor a synchronous concerted or a stepwise mechanism. In case of a concerted
pathway, only the s-cis conformer of the involved diene reacts to form the cyclic product while
in a stepwise mechanism also the s-trans conformer adds to the formation of the product. Due
to their high stereo- and regioselectivity, a concerted mechanism is generally assumed [1]. For
polar Diels-Alder reactions, however, where one of the reactants contains a charge, the reaction
does not necessarily proceed via a concerted pathway but may instead favor a stepwise
mechanism.

In order to shed light on these questions we investigate the reactivities of individual conformers
by employing molecular beam technology [2]. Owing to their different dipole moments,
conformers can be spatially separated in an inhomogeneous electric field. Directing a molecular
beam of spatially separated conformers into a cloud of sympathetically cooled molecular ions in
an ion trap allows us to study highly conformationally selective reactions such as Diels-Alder
cycloadditions. Previously, this method has been successfully applied to study reactive
collisions of 3-aminophenol with a Coulomb crystal of Ca+ ions [3][4].

As a representative example, we want to study the conformationally resolved ionic
cycloaddition reaction of 2,3-dibromo-1,3-butadiene (diene) which exhibits two different
conformers, s-cis and s-trans, with ionic maleic anhydride (dieneophile). Here, the dieneophile is
ionized via a femtosecond laser pulse and sympathetically cooled into a linear quadrupole ion
trap through a Coulomb crystal of Ca+ ions. Then, a molecular beam of neutral conformer-
selected diene species is directed into the trap center where it collides with the dieneophile.
Finally, the products of the reactive collisions can be analyzed by an integrated high-resolution
time-of-flight mass-spectrometer. The performance of this setup was recently confirmed by
measuring the rate constant of the reaction between laser cooled Ca+ ions with N2O which was
in good agreement with existing literature [5]. This advancement will enable us to trace the
complex mechanistic pathways of Diels-Alder reactions.

[1] M. Eberlin, Int. Journal of Mass Spectrometry, 2004, 235, 263.
[2] F. Filsinger, U. Erlekam, G. von Helden, J. Küpper, and G. Meijer, Phys. Rev. Lett., 2008, 100,
133003.
[3] Y.-P. Chang, K. Dlugolecki, J. Küpper, D. Rösch, D. Wild and S. Willitsch, Science, 2013, 342,
98.
[4] D. Rösch, S. Willitsch, Y.-P. Chang and J. Küpper, JCP, 2014, 140, 124202.
[5] D. Rösch, H. Gao, A. Kilaj, S. Willitsch, submitted to EPJ techniques and instrumentation,
2016.
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Towards Continuous Trap Loading of Helium in Rydberg States 

O. Tkáč1, M. Zesko1, F. Merkt1*

1Laboratory of Physical Chemistry, ETH Zurich, CH-8093 Zurich, Switzerland

We present experiments on triplet helium Rydberg states carried out to fully characterize the
joint effects of electric and magnetic fields. We measured the high-resolution spectra of
transitions from the (1s)(2s)3S1metastable state of He to Rydberg states around n = 30 in pure
electric (Stark effect) and magnetic (Zeeman effect) fields as well as in combined electric and
magnetic fields at various relative angles and strengths [1]. The spectra were also calculated by
diagonalization of the Hamiltonian matrix. The avoided crossings between Rydberg states in the
range of electric- and magnetic-field strengths relevant for Rydberg-Stark deceleration and
magnetic trapping were characterized. In particular we discuss the effect of the successive
reduction of the spatial symmetry from isotropic under field-free conditions (l and ml are good
quantum numbers) through cylindrical in a homogeneous electric or magnetic field (ml is still a
good quantum number) to situations where even ml  is lost as a good quantum number. 

These experiments are carried out in the context of efforts to develop a continuous trap-loading
scheme for Rydberg atoms and molecules, the trap-loading being realized by Rydberg-Stark
deceleration [2, 3] and the long-term storage being achieved with a magnetic trap. A
prerequisite for this trap-loading scheme is that the trap centre is displaced from the
propagation axis of the beam. The poster will also describe experiments in which the He
Rydberg atoms have been deflected and loaded in an electric trap located 4 mm away from the
beam propagation axis. This enabled ameasurement of the decay of He atoms initially excited
to n = 20 Rydberg states from the off-axis electrostatic trap operated in a range of blackbody
radiation temperatures between 5 and 300 K.

[1] O. Tkáč, M. Žeško, J. A. Agner, H. Schmutz, F. Merkt, Journal of Physics B, 2016, 49, 104002.
[2] S. D. Hogan, M. Motsch, F. Merkt, Physical Chemistry Chemical Physics, 2011, 13,
18705-18723.
[3] S. Y. T. van de Meerakker, H. L. Bethlem, N. Vanhaecke, G. Meijer, Chemical Reviews,
2012,112, 4828-4878.
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Dynamic Nuclear Polarization Method as a Probe of Lipid Nanoparticles Structure

J. Viger-Gravel1, A. Schantz2, A. Rossini3, A. C. Pinon1, S. Schantz2*, L. Emsley1*

1Ecole Polytechnique Fédérale de Lausanne (EPFL), 2AstraZeneca R&D, 3Iowa State University

Lipid nanoparticles (LNPs) are used as drug carrier systems to achieve cellular internalization of
hydrophilic bioactive molecules such as small interfering RNA (siRNA) and messenger RNA
(mRNA).[1] The structure of LNPs and the mechanism of encapsulation of siRNA or mRNA by
LNPs is still unknown. Several propositions for LNPS structures have been made on the basis of
modelling or diffraction results, including multilamellar vesicle or nanostructure type structures,
but there is currently no consensus.

In this work, we develop and apply dynamic nuclear polarization surface enhanced NMR
spectroscopy (DNP SENS)to characterize structural features of LNPs in the presence and
absence of siRNA. The LNPs used here are composed of cationic lipid (DLin-MC3-DMA), a
phospholipid (DSPC), cholesterol and PEG (DMPE-PEG 2000), also sulphonated-siRNA is used to
mimic mRNA.[2] We present for the first time the successful application of 1H, 31P and 13C DNP
SENS to these systems. By studying the DNP enhancement (ε) as a function of polarization time
in terms of a relayed spin diffusion model we are able to determine the architectures of the
LNPs. In particular the various chemical components of the LNPs are well resolved in the NMR
spectra and we can establish their relative positions with respect to the LNP surface. In addition,
slow CP magic angle turning (CPMAT) experiments in the presence and absence of siRNA allow
measurement of the chemical shift anisotropy (CSA) of the sulphonated siRNA and the lipid
components of the LNP (PEG and DSPC).

[1] Vladimir P. Torchilin, Nat. Rev. Drug Discovery, 2005, 4, 145-160.
[2] Alex K. K. Leung, Ismail M. Hafez, Svetlana Baoukina, Nathan M. Belliveau, Igor V.
Zhigaltsev, Elharn Afshinmanesh, D. Peter Tieleman, Carl I. Hansen, Micheal J. Hope, Pieter R.
Cullis, J. Phys. Chem. C, 2012, 116, 18440-18450.
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Collision-Induced Rotational Excitation in N2
+-Ar: Comparison of Computations and

Experiment

O.T. Unke1, J. C. Castro-Palacio1,2, M. Meuwly1*

1University of Basel, 2Imperial College of London

The collisional dynamics of N2
+ cations with Ar atoms is studied using quasiclassical

simulations. N2
+-Ar is a proxy to study cooling of molecular ions and interesting in its own right

for molecule-to-atom charge transfer reactions. An accurate potential energy surface (PES) is
constructed from a reproducing kernel Hilbert space (RKHS) interpolation based on high-level
ab initio data. The global PES including the asymptotics is fully treated within the realm of
RKHS. From several ten thousand trajectories, the final state distribution of the rotational
quantum number of N2

+ after collision with Ar is determined. Contrary to the interpretation of
previous experiments[2] which indicate that up to 98 % of collisions are elastic and conserve the
quantum state, the present simulations find a considerably larger number of inelastic collisions
which supports more recent findings[3].

Quasi-classical molecular dynamics simulations of the nonreactive collision between the N2
+

cation and Ar atoms at two different temperatures show that inelastic rotational excitation of
the ion in the product channel is important and occurs more frequently than previously
assumed. The simulations use an RKHS PES based on UCCSD(T)/aug-cc-pVTZ electronic
structure calculations and correct handling of the asymptotics within the RKHS framework.
Analysis of the results for j'' = 6 using a strict filtering criterion for the vibrational energy
suggests that inelastic collisions occur in at least 17 % of the cases, which is one order of
magnitude larger than reported in earlier experiments (2 %).[2] However, it can not be ruled out
that subtle quantum mechanical effects affect the quantitative conclusions of the present work.
Converged close-coupling calculations using the present PES will be a desirable complement to
the present considerations, but challenging due tothe deep well and the large anisotropy of the
PES.

[1] O. T. Unke, J. C. Castro-Palacio, R. J. Bemish, M. Meuwly, Journal of Chemical Physics (in
press).
[2] S. Schlemmer, T. Kuhn, E. Lescop, D. Gerlich, International Journal of Mass Spectrometry,
1999, 185/186/187, 589-602.
[3] M. Germann, X. Tong, S. Willitsch, Nature Physics, 2014, 10, 820-824.
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Conformational effects in neutral and ionic Diels-Alder reactions

U. Rivero1, M. Meuwly1*, S. Willitsch1*

1Universität Basel

The Diels-Alder reaction is one of the most important reactions in organic chemistry in which a
diene reacts with a dienophile forming a cyclic product. Despite its prominence in text books
and the large body of literature existing on this reaction, there are many mechanistic details
that are still not well understood. For example, the synchronicity of the reaction is not clear in
asymmetric systems [1] or it has not yet been proven under single-collision conditions that only
the s-cis-conformer can react to form the cyclic product as required by the postulated concerted
reaction mechanism.

Y.-P. Chang et al. [2] have recently achieved conformational separation of isomers by
electrostatic deflection of a molecular beam based on their different dipole moments. With this
technique, it would be possible to separate the s-cis and s-trans conformers of a diene if they
have sufficiently different dipole moments.

Our goal is to explore the detailed mechanism of Diels-Alder reactions using both experimental
and theoretical techniques. In this part of the work, we theoretically study the reaction between
conformationally selected 2,3-dibromo-1,3-butadiene and supersonically cooled neutral and
cationic maleic anhydride. For this purpose, we calculate the potential energy surface of both
systems as a basis for reactive molecular dynamics simulations [3] for a theoretical
characterization of the reaction dynamics.

The theoretical results obtained will be presented in the context of the relevant experiments.
Also, the ionic and neutral results will be contrasted in order to gain insight into the role of
charge in this important reaction.

[1] Mats Linder, Tore Brinck, Phys. Chem. Chem. Phys., 2013, 15, 5108-5114 .
[2] Yuan-Pin Chang, Karol Dlugolecki, Jochen Küpper, Daniel Rösch, Dieter Wild, Stefan Willitsch,
Science, 2013,342, 98-101.
[3] Tibor Nagy, Juvenal Yosa Reyes, Markus Meuwly, J. Chem. Theory Comput., 2014, 10,
1366-1375.b
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Unraveling the electronic states of transition metal species by optical spectroscopy

M. Beck1, B. Visser1, P. Bornhauser1, G. Knopp1, J. A. van Bokhoven2,1, P. P. Radi1*

1Paul Scherrer Institute, Villigen, 2ETH Zurich

Within the main groups of the periodic table, the excited states of small molecules and clusters
are usually well accessible by both spectroscopy and computation. For transition metals on the
contrary, both approaches are hindered by the high density of states found in such systems.
Absorption spectra of transition metal clusters are typically characterized by a quasi-continuum
of densely packed lines from overlapping states, making assignments almost impossible.
Computing these states by ab initio quantum chemistry, multi-referenced methods are
required. However, a few transition metal atoms are already sufficient to reach the limits of
available computing capacity. In this work we apply double-resonant, non-linear spectroscopy in
a molecular beam environment to characterize a so far overlooked low-energy state in the
copper dimer, contesting a common assumption used in recent computational works.

The applicability of two-color resonant four-wave mixing spectroscopy for isotopologue-
selective studies in a mixed cluster beam as well as our experimental setup was already
described in [1]. Utilizing this method in search of an unknown high-lying state in dicopper by
double-resonance excitation, we instead found and characterized a state slightly below the so
far lowest-lying known excited singlet state. As the spin-orbit coupling in copper is much weaker
than for the isolobal gold, Hund’s case (a) was considered to be a good assumption for
computational treatment of the copper dimer. But since the newly found state would not exist
in that case, it is shown that significant jj-coupling has to be taken into account.

Figure 1: On the left, a one-color scan of the rotational lines within the B-X (1,0) transition of
Cu2 is shown over simulations of the most abundant isotopologues. The arrow indicates the
pump wavelength for the two-color scan shown to the right. There, only lines originating in the
“pumped” rotational levels of the ground state are visible. i indicates the heavier species.

[1] B. Visser, M. Beck, P. Bornhauser, G. Knopp, T. Gerber, R. Abela, J. A. van Bokhoven, P. P.
Radi, Journal of Raman Spectroscopy, 2016, 42, 425-431.
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Two-dimensional infrared spectroscopy of a site-specifically labeled photoswitchable
allosteric protein

O. Bozovic1, B. Stucki-Buchli1, P. J. Johnson1, K. L. Koziol1, P. Hamm1*

1University of Zurich

It has been shown that azidohomoalanine is a good vibrational label that can be inserted site-
specifically into proteins, can serve as a reporter for the changes in local environment and it is
possible to measure azidohomoalanine labelled proteins down to a sub-millimolar
concentration, with good signal to noise ratio[1, 2]. In order to investigate the signal
propagation upon a conformational change of protein, we have incorporated azidohomoalanine
as a site-specific label into the photoswitchable PDZ2 domain, previously used as a model
system for investigating allosteric proteins[3]. 

Our results show that azidohomoalanine is suitable as a label for reporting large changes, e.g.,
moving the label from a hydrophobic environment to a solvent exposed surrounding, as it
happens upon thermal unfolding. One of the mutant PDZ2 domain has shown a significant
change in azidohomoalanine absorption upon conformational switching. When the label is
placed at other positions in the protein, the changes in surrounding are too small to observe a
difference in absorption. Therefore, we have been investigating additional labels, with larger
oscillator strength, which may allow us to gain sensitivity to very small variations in
surrounding.

[1]Bloem, Robbert, et al. The Journal of Physical Chemistry B, 2012, 116(46), 13705-13712
[2]Koziol, Klemens L., et al. Current opinion in structural biology, 2015, 34, 1-6
[3]Buchli, Brigitte, et al. Proceedings of the National Academy of Sciences, 2013, 110(29),
11725-1730

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Physical Chemistry, Poster PC-125

Ultrafast and Nanosecond Transient Absorption and Photoluminescence
Spectroscopy Enlightens the Pathway towards Perovskite Electronic and Photovoltaic

Devices

N. Droseros1, G. Longo2, H. J. Bolink2, N. Banerji1

1University of Fribourg, 2Universidad de Valencia

Solid-state photovoltaic cells and light emitting diodes are the most promising solutions for the
modern, global energetic needs. Furthermore, the constantly developing electronics and
telecommunication technology needs new electronic elements such as field effect transistors
(FET) and lasers based on new generation materials. The on-going research has shown
promising applications, and the role of many physical mechanisms has been revealed, but
many new questions have been raised.

The optoelectronic properties of recently developed solid-state devices containing
organic/inorganic hybrid Perovskites, seem to be highly dependent on the synthetic conditions
and the subsequent film morphology. In the pathway towards the application of these materials
into complete devices, many interfacial and bulk mechanisms have been found to play a crucial
role. Upon photo-excitation, most of these mechanisms, which govern the deactivation of the
excited state and the fate of free carriers, are in kinetic competition.
Ultrafast spectroscopy and in particularly transient absorption on the femtosecond timescale is
a key characterization technique, which reveals the deactivation pathways and provides
information about their kinetic competition. Moreover, supported by other time-resolved
techniques, such as transient absorption and time-resolved photoluminescence in the
nanosecond to millisecond timescale, the influence of the microstructure on the free carriers
can be investigated and useful information about the synthetic and processing of the materials
can be provided.
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Terahertz Emission Spectroscopy on Thin Films

P. Krauspe1, D. Tsokkou1, N. Banerji1*

1University of Fribourg

In the terahertz emission spectroscopy, ultrashort laser pump pulses are focused on the gap
between two metal electrodes deposited on top of the thin film samples of interest. For our
experiments, a photoconductive switch configuration known as Auston switch [1] will be used.
Pulses with photon energy higher than the band gap of the investigated semiconductor cause
the photo-generation of carriers via interband transitions, which are subsequently accelerated
by an external static electric field VDC applied via the electrodes.
Using free space electro optic sampling the immediate electric field of the terahertz waveform
is measured. From the electric field, we can obtain information about the generation and
recombination rate of photoexcited carriers in the investigated sample on a femtosecond (1-15

s) timescale [2].

[1] D.H.Auston and P.R.Smith, Appl.Phys.Lett., 1983, 43, 631.
[2] S.L.Dexheimer, "Terahertz Spectroscopy: Principles and Applications", CRC Press Taylor
Francis Group.
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Photophysical study of a water-soluble cationic polythiophene derivative

L. Peterhans1, J. C. Brauer1, E. Alloa2, M. Leclerc3, S. C. Hayes2, N. Banerji1*

1University of Fribourg, 2University of Cyprus, 3Laval University

Here we present a spectroscopic study of a water-soluble cationic polythiophene (CPT)
derivative. CPT has a conjugated backbone, providing it with favorable optoelectronic
properties, and positively charged side chains, allowing water-solubility. It has been used as a
biosensor for DNA oligomers because of its interesting optical properties[1-2]. In aqueous
solution, CPT can adopt different conformations depending on the temperature and on the
assembly with single-strand DNA oligomers (ssDNAs). With a combination of stationary
absorption and resonance Raman spectroscopy, we have observed that the polymer backbone
has more torsional disorder at high temperature and that the chains are well dissolved, while
CPT becomes more planar at low temperature and can form aggregates. In the presence of
ssDNAs, another situation occurs: the backbone can become very planar (depending on the
DNA sequence), but the complexation to ssDNA prevents backbone aggregation and we are in
presence of the isolated polymer with elongated chains. The excited-state behavior of CPT in
these different cases has been investigated using transient absorption spectroscopy.

[1] H. A. Ho, M. Boissinot, M. G. Bergeron, G. Corbeil, K. Dore, D. Boudreau, M. Leclerc, Angew.
Chem. Int. Ed. 2002, 41, 1548-1551.
[2] I. Charlebois, C. Gravel, N. Arrad, M. Boissinot, M. G. Bergeron, M. Leclerc, Macromol.
Biosci. 2013, 13, 717-722.
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Possible role of triplet states in matrix-assisted laser desorption ionization
investigated by time resolved decay measurements

P. Steffen, R. Knochenmuss1, S. Leutwyler1*

1University of Bern

While matrix assisted laser desorption ionization (MALDI) is a technique which is widely used,
primary ionization processes are still controversial. Evidence exists that for some MALDI
substances ionization occurs via triplet states, possibly including multicentre processes
including exciton pooling [1]. In order to investigate these physical processes the frequently
used MALDI matrix 2,4,6-trihydroxyacetophenone (THAP) and various analogues like
2,6-dihydroxyacetophenone (2,6 DHAP) were examined. The fluence dependent decay curves of
the matrices at different excitation wavelengths were analysed using a streak camera. At
different excitation density the time dependent emission changes. A faster decrease in
emission at high fluence is consistent with pooling as shown in the figure below. The
measurements were done in solution at different concentrations and also in the solid state. Non
time resolved emission and excitation spectra were also measured, changes as a function of
concentrations including the solid state phase were observed. These results will be analysed in
the context of pooling and other MALDI ionization models [2]. Further experiments including
MALDI/MS to measure the performance and ion yield of the matrices are planned.

[1] K. M. Kirmess, R. Knochenmuss, G. J. Blanchard, G. R. Kinsel, Rapid Commun. Mass
Spectrom., 2014, 28, 2134-2140
[2] R. Knochenmuss, Annu. Rev. Anal. Chem., 2016, DOI: 10.1146/annurev-
anchem-071015-041750
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Structural studies on mixed shell thiolate-protected gold clusters

A. Sels1, N. Barrabes2, T. Bürgi1*

1University of Geneva, 2Institute of Materials Chemistry, Technical University of Vienna

Thiolate protected gold nanoclusters are a promising group of atomically precise nanostructures
which gained great importance in the last decades due to their unique size-dependent physical,
chemical and optical properties.[1] Their atypical structure and challenging crystallization
impedes the structural determination, hence X-ray absorption spectroscopy has been proven a
very reliable identification method.[2] The surrounding ligands play an important role in the
stability of the cluster. Recently, exchange of ligands was found to be a straightforward and
efficient post-synthetic functionalization method. Targeting several biomedical and sensing
applications, incorporation of the requested functionalities requests a thorough understanding
of this exchange mechanism.
Previous XAFS measurements focus on the influence of doping on the clusters structure, yet our
interest lies towards the effects of incoming ligands on the sulfur environment. In this study we
performed ligand exchange reactions on PdAu24(2-PET)18 with enantiopure R-BINAS as
substituting ligand.[3] Using this dithiol ligand limits the number of isomers and results in a
stable exchanged product.

Figure 1 presents the S K-edge XANES spectra of PdAu24(2-PET)18-2x(BINAS)x at several reaction
time intervals. XANES measures the average sulfur environment of the cluster, therefore
obvious changes are difficult to observe at first sight. Preliminary data shows interesting
results, however theoretical fittings are currently in progress as they are absolutely necessary
when stating conclusions on the experimental data. We expect that the exchange of ligands will
not drastically influence the Au-S framework of the PdAu24(2-PET)18-2x(BINAS)x cluster. Additional
XAFS measurements on Au LIII-edge are expected to shed more light on this issue.

Although sulfur XANES measurements are highly challenging, we are optimistic this method will
open new insights into thiolate protected clusters and their behaviour upon ligand exchange.

[1] Kurashige W., J. Phys. Chem. Lett., 2014, 5, 4134−4142; [2] Chevrier D. M., Nanotechnol.
Rev., 2015, 4, 193-206 ; [3] Knoppe S., Phys. Chem. Chem. Phys., 2013, 15, 15816-20.
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Ag doped Au38(SC2H4Ph)24 nanocluster: metal migration and chiroptical properties

B. Zhang1, T. Bürgi1*

1University of Geneva, 2Université de Genève

Thiolate-protected gold clusters and heteroatoms doped gold clusters have attracted increased
attention by their well-defined structure and size-dependent properties. [1] Among them, the
Au38(SCH2CH2Ph)24 cluster bears intrinsically chiral features due to the arrangement of the
protecting ligands on the surface of the cluster. [2] Enhanced stability and surface flexibility of
gold nanoclusters have been achieved by doping two Pd atoms inside Au38. [3]
However,theeffect of the number of dopant atoms on the nanocluster stability and chiral
properties has not been studied. Multiple Ag atoms were doped inside Au38 by time-dependent
metal exchange. Spontaneous Ag migration between AgxAu38-x and Au38 nanoclusters was also
observed by MALDI. The enantiomers of selected AgxAu38-x(SCH2CH2Ph)24 samples (average
x=6.5 and 7.9) have been separated by HPLC. Doping changes the electronic structure, as is
evidenced by the significantly different CD spectra (Figure 1). The temperature required for
complete racemization follows Au38 › AgxAu38-x (x=6.5) › AgxAu38-x (x=7.9) (Figure 1), which
shows an increased flexibility of the cluster with increasing silver content. The weaker Ag-S
bonds compared to Au-S, is proposed to be at the origin of this observation.

Figure 1: left: MALDI spectra of AgxAu38-x(SCH2CH2Ph)24 before and after mixing with
Au38(SCH2CH2Ph)24 in toluene solution, dopantnumber is marked above corresponding peaks;
right: First enantiomer of AgxAu38-x(SCH2CH2Ph)24 nanoclusters (x=0, 6.5 and 7.9), CD response
as a function of time at 40˚C in racemization experiment.

[1] Jin, R.; Nobusada, K. Nano Res, 2014, 7, 285.
[2] Knoppe, S.; Michalet, S.; Burgi, T. J Phys Chem C., 2013, 117, 15354.
[3] Niihori, Y.; Kurashige, W.; Matsuzaki, M.; Negishi, Y. Nanoscale 2013, 5, 508.
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Wood filter technology for waste water treatment

S. Vitas1, I. Burgert1, E. Cabane1

1ETH Zürich

The removal of heavy metals is still a crucial step in the treatment of waste water. Actual
strategies often imply the use of chemical coagulants, salts of aluminium or iron that bind the
heavy metal to form a floc [1]. The flocculation has to be combined with a filtration step and the
filtrate will undergo further treatments before entering the water supply [2]. The scope of this
project is to develop a filter able to strip the heavy metal directly from a contaminated flow.
Wood is a readily available natural material with anisotropic porosity [3]. Its natural ability to
transport water throughout its hierarchical structure makes it a material of choice for the
development of innovative filters based on renewable resources.
However, wood cell wall components (cellulose, lignin, and hemicelluloses) mainly offer
hydroxyl groups as reactive or binding sites. In order to improve the affinity of the filter towards
heavy metals, we propose to increase the carboxylic content of wood (beech) through an
esterification reaction with succinic anhydride (see Figure A) [4]. The modification succeeded in
a direct step consisting in mixing the wood with the reactant and a catalyst in DMF.

The capacity of the filter to remove heavy metal was assessed by filtering standard solutions of
copper ranging from 100 ppm to 500 ppm, through gravity filtration (see Figure B). The filtrates
were analysed using UV-Vis spectroscopy and AAS to confirm copper removal. Our preliminary
results show that the concentration of copper is significantly decreased in the filtrate and there
are indications that the filters do not reach saturation after a single filtration event. This
indicates that wood can be used as a functional material with tuneable properties which allow
for its use in the field of water treatment and can provide cheap and robust alternatives to
actual systems.

[1] Office fédéral de la santé publique, Procédés reconnus destinés au traitement de l’eau
potable, 2010.
[2] World Health Organization, Guidelines for drinking-water Quality, 4th Edition, 2011.
[3] Roger Rowell, The Chemistry of Solid Wood, American Chemical Society, 1984
[4] V. Marchetti, A. Clément, P. Gérardin and B. Loubinoux, Wood Science and Technology,
2000, 34, 167-173.
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Charge Carrier Dynamics in Dye-Sensitized Solar Cells Investigated by Ultrafast
Electromodulated Differential Absorption Spectroscopy

A. Burgos1, J.-E. Moser1*

1Photochemical Dynamics Group, Institute of Chemical Sciences & Engineering, Ecole
Polytechnique Fédérale de Lausanne, CH-1015 Lausanne

Dye-sensitized solar cells (DSSCs) are one of the earliest third-generation photovoltaic
technologies. Introduced by Grätzel et al. in the 90’s, devices based on nanocrystalline
mesoporous TiO2 anode and a liquid electrolyte have reached a maximum power conversion
efficiency (PCE) of 13%, while solid-state cells see their efficiency level off at 9%.1 A majority of
research efforts in the field have turned nowadays towards perovskite solar cells, whose PCE
now exceeds 22%.2 A number of lessons learned from the latter technology with regard to
carrier transport and extraction could be used for solid-state DSSCs, where plenty of room for
improvement still exists. As for perovskite photovoltaics, ultrafast spectroscopy techniques can
prove very useful to further understand limiting factors and point out the way forward.

We present novel insights into photogenerated charge carrier dynamics in DSSCs using ultrafast
electromodulated differential absorption (EDA) spectroscopy. This technique is based on the
time-resolved monitoring of the screening by drifting photocarriers of an external electric field-
induced Stark effect.3 It allows to characterize several dynamic processes, such as interfacial
charge transfer states dissociation, carrier separation and migration, and trapping-detrapping.
In addition, we present the fabrication steps for special devices designed to selectively study
various components and processes.

[1] B. E. Hardin, H. J. Snaith M.D. McGehee. Nature Photon. 2012, 6, 162–169.
[2] M. Saliba et al. Energy Environ. Sci. 2016, doi: 10.1039/C5EE03874J.
[3] A. Devižis et al. J. Am. Chem. Soc., 2015, 137, 8192-8198.
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Structural models of calcium silicate hydrate nanoparticles from NMR constraints

B. J. Walder1, A. Kumar2, A. Mohamed2, B. Srinivasan2, A. Hofstetter1, A. Rossini3, P. Bowen2, K.
Scrivener2, L. Emsley1*

1Institut des Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale de Lausanne, 2
Institut des Matériaux, Ecole Polytechnique Fédérale de Lausanne, 3Department of Chemistry,

Iowa State University, USA

Numerous structural models for cementitious calcium silicate hydrate (C-S-H) materials have
been proposed, but lack of detailed experimental constraints for model validation has led to
conflicting results and continuing debate about C-S-H structure. This is particularly true near the
industrially important ratio Ca:Si = 1.8. We have conducted a series of dynamic nuclear
polarization enhanced solid-state NMR experiments to obtain structural constraints on C-S-H
nanoparticle gels with Ca:Si ratios between 1.0 and 2.0; specifically, variable contact time
{1H}29Si CP, {1H}29Si HETCOR, and {29Si}29Si scalar INADEQUATE experiments at 100 K. Using
the constraints provided from the Q species quantification, 29Si connectivities, and 1H NMR
lineshapes, we propose a structural model consistent with the NMR results.
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Spectroscopy ofH2
+and HD+Near the Dissociation Threshold: Shape and Feschbach

Resonances

M. Beyer1, F. Merkt1*

1ETH Zurich

We use high Rydberg states to measure the properties of H2
+ and HD+ in the vicinity of their

dissociation limits H++H, H++D and H+D+, with particular emphasis on quasibound
rovibrational levels above the dissociation threshold of the X+ 2Σg

+ ground state. Although the
existence of these quasibound levels has been predicted a long time ago [1], they have never
been observed. Given the role that such states play in the three-body and radiative
recombination of H(1s) and H+ to form H2

+ , this lack of data may be regarded as one of the
largest unknown aspects of this otherwise accurately known fundamental molecular cation. We
present measurements of the positions and widths of the lowest-lying quasibound rotational
levels (shape resonances) of H2

+ , located close to the top of the centrifugal barriers and which
decay by quantum-mechanical tunneling [2]. For HD+ we present measurements of
rovibrational levels of the A+ 2Σu

+ state, located between the two dissociation limits. Because of
the g-u-symmetry breaking in HD+, these levels are coupled to the H++D continuum by
nonadiabatic interactions (Feshbach resonances). The experimental results will be compared
with the positions and widths we calculate for these levels using a potential model for the X+

and the A+ state of H2
+ and HD+ which includes adiabatic, nonadiabatic, relativistic and

radiative corrections to the Born-Oppenheimer potential energies. 

[1] J. P. Davis and W. R. Thorson, Can. J. Phys. 56, 996 (1978).
[2] M. Beyer and F. Merkt, Phys. Rev. Lett. 116, 093001 (2016).
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Encoding of chemical shifts using multiple indirect evolution in Homo- and
Heteronuclear NMR experiments

E. Sistaré1, D. Jeannerat1*

1University of Geneva

We propose a new general approach for chemical shift encoding based on the introduction of an
additional evolution time period in heteronuclear (HSQC) and homonuclear (DQF-COSY) [1]
pulse sequences. The additional evolution time period (t1’) results in a signal splitting along F1
as a function of the difference between the corresponding signal’s resonance and the carrier’s
resonance during that period. The “low-precision” chemical shift measured in the signal split
combined with the ambiguous but “high-precision” chemical shift of aliased signals, [2,3]
makes it possible to reconstruct full 2D spectra with high resolution in F1. [4]

Figure 1. HSQC (A) and DQF-COSY E/A (B) pulse sequences including the additional t1’
evolution time to produce chemical shift dependent splitting of signals. Comparison of a normal
HSQC (C) recorded with 256 time increments in 28 min, and a reconstructed spectrum (D),
obtained from an experiment using the same number of increments.

[1] Mark Rance, Ole W. Sørensen, Geoffrey Bodenhausen, Gerhard Wagner, Richard R. Ernst
and Kurt Wüthrich. Biochem. Biophys. Res. Comm. 1983, 117, 479.
[2] Damien Jeannerat, Encyclopedia of Magnetic Resonance, John Wiley, Chichester, 2011.
[3] Bruno Vitorge, Stefan Bieri, Munir Humam, Philippe Christen, Kurt Hostettmann, Orlando
Muñoz, Sandra Loss, Damien Jeannerat, Chem. Commun. 2009, 950.
[4] Mohammadali Foroozandeh, Damien Jeannerat, Magn. Reson. Chem. 2015, 53, 894.
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Evidence of spin state changes in homogeneous solar water splitting

S. Oh1,2, D. Bleiner*1, A. Borgschulte1,2

1Empa Materials & Technology, 2University Zürich

The concept of homogenous solar water splitting follows the idea that photo-excited molecules
in aqueous solution induce charge carriers. The electrons and holes, respectively, are then
transferred to the water reduction and oxidation catalysts (WRC and WOC), which oxidize and
reduce water to hydrogen and oxygen, respectively [1]. UV-VIS spectroscopy is an established
spectroscopy to study the electronic structure of matter and its changes upon chemical
reaction. The spectroscopy is thus compatible to investigate materials for solar energy
harvesting, because the UV-VIS properties serve as the analytical fingerprint, and are the
sought properties of the light harvesting devices as well. However, the UV-VIS properties are
usually optimized for one compound (the light absorbing complex, photosensitizer, dye, or semi-
conductor), while the other parts should not disturb the light flux to the light harvesting part.
Accordingly, these parts are difficult to detect by UV-VIS spectroscopy. To overcome this
challenge, we developed a Faraday spectrometer, which is compatible to the technical setup of
a light harvesting device. The magneto-optical Faraday Effect describes the change of light
transmitted through a medium exposed to a magnetic field and is particularly large in molecular
spin states [2]. We demonstrate the change of magneto-optical properties upon illumination of
a polypyridyl-based Co-complex as WRC evidence for a change of the spin state due to electron
transfer. From an analysis of the Faraday spectra we derive that the electron transfer from the
dye to the WRC oxidizes the Co(II)-complex to a Co(I)-complex, which is less paramagnetic.

The figure shows the Faraday rotation spectra of a homogeneous solar water splitting system
consisting of a Re-complex, a polypyridyl-based Co-complex as WRC, and ascorbic acid as
sacrificial electron donor, with, and without light (plotted as difference spectra).

[1] Alexander Rodenberg et al., Inorganic Chemistry, 2015, 54, 646−657
[2] John Mack, et al., Coordination Chemistry Reviews, 2007, 251, 429–453
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Excited state and light-induced electron injection dynamics in diketopyrrolopyrrole-
based push-pull organic dye-sensitized solar cells

H.Bahng1,1, J.-E. Moser2*

1Heewon Bahng, 2EPF Lausanne

DN-F10 is a blue-colored push-pull dye, where the conjugated bridge between an electron donor
moiety and the acceptor part is constituted by a diketopyrrolopyrrole (DPP) chromophore. This
molecule is an attractive redox sensitizer for solid-state dye-sensitized solar cells (ss-DSSCs)
based on mesoporous TiO2 anodes, as it encompasses high-performance and aesthetic
properties.1 Despite its successful use in practical devices, much has still to be understood
regarding the detailed mechanisms and dynamics, by which charge separate upon
photoexcitation, within the molecule and across the dye-semiconductor junction. In particular, it
is still unclear if the electron-hole pair is resonantly split in the excited state between the
acceptor and donor moieties or the process takes place in sequential steps. Detailed
investigation in this field involve the use of ultrafast transient absorption and fluorescence
spectroscopies.

The complex dynamics of electronic excited states of the (D-p-A)-structured dye in solution and
adsorbed on a redox-inactive metal-oxide surface, such as Al2O3, were scrutinized by
femtosecond pump-probe laser spectroscopy. Lateral intermolecular energy- and charge
transfer reactions between adsorbed molecules were evidenced. Photo-induced interfacial
electron injection and charge recombination dynamics were monitored in dye-sensitized
nanocrystalline TiO2 transparent films.

Since kinetic competition between various electron transfer, charge transport, and
recombination processes controls the photon-to-electron conversion efficiency in DSSCs,2 these
observations are expected to help determine the crucial factors that still limit the photovoltaic
performances of organic dye-based solar cell systems and foster new, improved designs.3

1. Holcombe, T. W.; Yum, J. H.; Kim, Y.; Rakstys, K.; Gräztel, M. J. Mater. Chem. A, 2013, 1,
13978-13983.
2. Moser, J.-E. in ‘Dye-sensitized solar cells’, K. Kalyanasundaram, Ed.; EPFL Press, Lausanne,
2010; Chapter 11 , pp. 403-456.
3. Hardin, B. E.; Snaith, H. J.; McGehee, M. D. Nature Photon. 2012, 6, 162–169.
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Ultrafast Electromodulated Absorption Spectroscopy of Perovskite Solar Cells:
Investigating Charge Carrier Separation Dynamics under Externally-Applied Electric

Field

A. A. Paraecattil1, M. Bouduban1, J. De Jonghe1, A. Ajdarzadeh1, J. Teuscher1, J.-E. Moser1*

1EPF Lausanne

Record power conversion efficiencies now exceeding 22 % have been achieved with single-
junction perovskite solar cells.1 Ultrafast electromodulated differential absorption (EDA)
spectroscopy was applied for the first time to methylammonium lead triiodide perovskite
(MAPbI3) thin films under reverse bias to unravel the mechanisms of light-induced charge
separation and transport across the semiconductor. The technique consisted in monitoring
optically the dynamics of the local counter electric field produced by the drift of photo-
generated electrons and holes in opposite directions. Free charge carriers were produced by a
femtosecond pump laser pulse, while the time-evolution of the Stark shift of the absorption
spectrum of the material caused by carrier separation and ensuing screening of the externally
applied electric field was probed by a delayed broadband pulse.

Studying the dynamics of photocarrier separation in an insulated, polycrystalline, vapor
deposited, 300 nm-thick films of MaPbI3 with EDA, we extracted an intra-grain averaged DC
charge mobility value m± = 23 cm2 V–1 s–1. Carrier trapping-detrapping processes at grain
boundaries were observed to slow down the migration of electrons and/or holes through the
entire film. A blue shift of the perovskite absorption edge caused by their eventual
accumulation at insulated surfaces took place within tens of picoseconds, yielding a decreased
carrier mobility m = 5 cm2 V–1 s–1. 2

The powerful EDA spectroscopy technique was also applied to state-of-the-art devices based on
mixed-ions perovskites3. In this case, the active absorber layers were quite homogeneous and
respective electron and hole mobilities me ≈ 22 cm2 V–1 s–1 and mh ≈ 3 cm2 V–1 s–1 were
calculated for drift across the entire film thickness. When the photovoltaic device is illuminated
through the transparent electron-extracting electrode (SnO2/ FTO glass) these results show that
negative carriers must reach the perovskite/acceptor interface significantly faster than do holes
at the opposite surface.

1. Saliba, M. et al. Cesium-containing Triple Cation Perovskite Solar Cells: Improved Stability,
Reproducibility and High Efficiency. Energy Environmental Science (2016).
2. Paraecattil, A., De Jonghe-Risse, J., Teuscher, J., pranculis, V. Moser, J. E. Dynamics of
Photocarrier Separation through Organolead Triiodide Perovskite Multi-grain Films under Static
Electric Field. J. Phys. Chem. Lett. (Submitted)
3. Paraecattil, A., . Bouduban, M., Hadadian, H.,Baena, J., Teuscher, J.,Hagfeldt, A., Moser, J. E.
Ultrafast electro-modulated absorption spectroscopy of perovskite photovoltaic devices. Nature
Communications (submitted)
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Electron Transfer within MAPbBr3 Perovskite Colloidal Nanoparticles 

M. E. Bouduban1, A. Burgos1, R. Ossola2, J.-E. Moser1*

1EPF Lausanne, 2ETH Zurich

Unravelling the mechanisms of light-induced charge carrier generation, separation, transport,
and collection in photovoltaic systems is key to the development of efficient devices. The
primary step towards such an understanding is a thorough analysis of the electronic structure
and properties of the active semiconducting material, yielding more targeted designs.

This is even more important in the context of hybrid lead halide perovskite solar cells : Further
improvement of their power conversion efficiency and stability requires now a clearer vision of
the dynamics of electron transfer occurring at heterojunctions. Indeed, the main limitation
towards reaching the theoretical Schockley-Queisser efficiency limit in these perovskite systems
arises from parasitic phenomena hindering charge separation and transfer at crystal grain
boundaries and interfaces. The dynamics of photogenerated electron-hole pairs and those of
the related interfacial phenomena, thus, need to be scrutinized to ensure further progresses.

Ideal systems for the study of such processes are nanoparticle colloidal suspensions : Colloids
exhibit a large surface/ volume ratio, which creates a favorable environment for the observation
of interfacial phenomena. Here, we characterized the electronic structure of methylammonium
lead bromide perovskites (MAPbBr3) nanoparticles as well as their interactions in solution. In
addition, we investigated the kinetics of interfacial charge transfer for suspensions in
chlorobenzene and two different electron donors: N,N,N',N'-tetrakis(4-methoxy-
phenyl)benzidine and 1,4-bis(diphenylamino)benzene.

Ultrafast transient absorption and nanosecond flash photolysis experiments have been
performed, a necessary combination of techniques allowing for getting insights into the very
different timescales of interest. Furthermore, Stern-Vollmer analyses and time-resolved
fluorescence measurements have shed light on the nature of the donor-acceptor interaction
and the long photoluminescence lifetime.

We show that the prepared nanoparticles were heterogeneous mixtures of 3D and multi-layered
perovskite platelets. The latter exhibited highly efficient energy transfer towards bulk (3D)
domains. Hole transfer from the valence band of the perovskite to donors at the surface was
observed to take place on an unusually long timescale, which was rationalized by the particular
structure of the interface.
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Experimental studies of the ion-molecule reactions H2
+ + H2 and H2

+ + D2 at low
collision energies with a merged beam apparatus

K. Höveler1, P. Allmendinger1, J. Deiglmayr1, F. Merkt1*

1ETH Zurich

Experimental studies of ion-molecule reactions at very low temperatures are essential for the
understanding of the chemical processes in interstellar clouds. The temperatures in these
clouds range from 10 K to 50 K, corresponding to energies below 5 meV. So far, such low
collision energies for ion-molecule reactions could not be obtained in the laboratory because of
the inevitable heating of ions by space-charge effects and stray electric fields. These effects
can be avoided by studying reactions involving molecules in nonpenetrating high-n, high-l
Rydberg states instead of electrically charged ions. As demonstrated experimentally, the high-n
Rydberg electron does not influence the ion-molecule reaction occuring within its extended
orbit [1], but effectively shields the reaction against external fields.

We have implemented this approach in a merged beam experiment. Two neutral-gas beams are
generated by pulsed supersonic expansion. The two beams initially propagate in directions
seperated by an angle of 10°. Merging of the two beams is archieved by photoexcitation of the
molecules of one beam to high-n Rydberg-Stark states followed by trapping and deflection in
the inhomogeneous field of a curved chip-based surface decelerator [2]. Reactions between the
positively charged ion cores of the Rydberg molecules in the deflected beam and the neutral
molecules in the other beam take place in an about 3cm-long flight region. Ionic reaction
products are detected in a time-of-flight mass spectrometer. The average collision energy can
be controlled by de- or ac-celeration of the Rydberg molecules or by changing the temperature
of the pulsed valve used to generate the neutral-reactant beam. High energy resolution is
achieved by exploiting the spatial dispersion of velocity components in the neutral-reactant
beam resulting from the very short opening times of a home-built valve as was already
sucessfully exploited in neutral-neutral reactions [3].

The performance of this approach to study ion molecule reactions is demonstrated using the
exothermic barrierless reaction H2

+(v+ = 0, N+ = 0) + H2(v = 0, N = 0,1) → H3
+ + H. This

reaction is the initial step of the reaction cycles forming many molecules in the interstellar
medium [4]. Collision energies as low as E/kB = 100 mK could be reached. In this range, the
observed reaction cross sections hardly deviate from classical Langevin capture model cross
sections, in accord with theoretical predictions [5,6]. The reaction H2

+ + D2 provides the
possibility to distinguish between charge transfer, D atom transfer, and H+ ion transfer, and first
results in this reaction system will be presented.

[1] P.M. Dehmer, W. A. Chupka, J. Phys. Chem., 2005, 99, 1686
[2] P. Allmendinger, J. Deiglmayr, J. A. Agner, H. Schmutz, and F. Merkt, Phys. Rev. A., 2014, 90,
043403
[3] A. B. Henson, S. Gersten, Y. Shagam, J. Narevicius, E. Narevicius, Science, 2012, 338, 234
[4] E. Herbst, Annu. Rev. Phys. Chem., 1995, 46, 27
[5] E. I. Dashevskaya, I. Litvin, E. E. Nikitin, J. Troe, J. Chem. Phys., 2005, 122, 184311
[6] C. Sanz-Sanz, A. Aguado, O. Roncero, F. Naumkin, J. Chem. Phys., 2015, 143, 234303
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Computational study onthe O2 formation on Amorphous solid water in cold
interstellarclouds

M. Pezzella1, O.T. Unke1, M. Meuwly1*

1Universität Basel

It is believed that pristine water can be formed and grows on the icy dust grains in interstellar
clouds from hydrogen and oxygen atoms. At present, however, little is known about the
mechanisms underlying water formation in and on dust grains. Two possible channels are
identified in interstellar space: one involving atomic oxygen and the other through molecular
oxygen (O2) and ozone (O3).

In all these scenarios, oxygen mobility is essential. In the present work it is shown that oxygen
atom diffusion on amorphous water surfaces is possible down to low temperatures (50 K) and
that recombination to form O2 is possible in cavities of the amorphous ice matrix [1]. The
recombination process is studied through reactive molecular dynamics and establishes that O2
can be stabilized by energy transfer between the energized molecule and the environment.
Previous experimental studies shows that the for lower temperature quantum effects could be
considered [2].

The diffusion behavior of O is studied using Monte Carlo simulations and then the time evolution
is investigated using classical and quantum methods. For temperatures lower then 50 K
diffusion barriers are be found between 0.3-0.9 kcal/mol. The inclusion of quantum effects for
calculating the diffusion distribution show only a slight deviation from the classical simulations
(2.6 %).

The formation of O2 is then investigated inside a water cavity using Reactive Molecular
Dynamics using for the bound state an interpolation of high quality potential energy curve [3].
Formation of O2 is occurs on time scale of 100-200 ps and partial vibrational relaxation of of 20
kcal/mol is observed during 1 ns simulation.

[1] M. W. Lee et M. Meuwly.; Diffusion of atomic oxygen relevant to water formation in
amorphous interstellar ices, Faraday Discuss. 2014, 168, 205.
[2] M. Minissale et al.; Quantum Tunneling of Oxygen Atoms on Very Cold Surfaces; Physical
Review Letters 111; 053201 (2013).
[3] L. Bytautas et al.; Accurate ab initio potential energy curves of O2 II.Core-Valence
correlations, relativistic contributions and vibration-rotation spectrum; J. Chem. Phys. 132,
074307 (2010)
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Simultaneous Optical and Electrochemical Characterization of Voltage Sensitive Dyes
in Lipid Membranes

M. Tsemperouli1, K. Sugihara1

1University of Geneva

Voltage sensitive dyes (VSDs) are powerful tools for cell membrane potential monitoring. The
main characteristic of VSDs is the change in their inherent fluorescence upon membrane
potential changes. The characterization of VSDs is commonly performed either directly with
living cells or with vesicles where the membrane potential is established by incorporating ion
selective channels. However, both characterization methods lack the possibility to precisely
control the voltage sequences, thus are unable to study the kinetics of the dyes. In this work, a
new approach for the mechanistic and kinetics studies of VSDs in lipid membranes is proposed.
First, pores (φ = 1 μm) were fabricated in silicon nitride thin (200 nm) membranes by focused
ion beam (FIB). Second, the membrane with pores was mounted in a home-made
electrochemical cell where both sides of the membrane are electrically accessible. Third, free-
standing lipid bilayers were formed over the pores either by preparation of black lipid
membranes (BLMs) or by giant unilamellar vesicle (GUV) rupture. After the incorporation of
VSDs (e.g. di-4-ANEPPS), the fluorescence signal from the bilayer is monitored by fluorescence
microscopy while applying different voltage sequences with a four electrode system. The
electrochromic dye di-4-ANEPPS appears a voltage-dependent shift in the excitation or emission
spectrum where the dye is assumed to be bound to the extracellular surface of the membrane
and undergo charge distribution in its excited state. The magnitude of the spectral shift is
linearly related to the change in the potential. The proposed platform offers the possibility 1) to
apply any voltage sequences, 2) to modify bilayer composition freely, and 3) to acquire two-
dimensional mapping of the VSD activities, allowing more detailed studies of VSDs. 

K. Sugihara, J. Vörös, T. Zambelli, ACS Nano 4, 5047-5054 (2010)
Kocun, M.; Lazzara, T. D.,; Steinem, C., Janshoff, A. Langmuir 27, 7672 (2011)
V. Montana, D. L. Farkas, L.M. Loew, Biochemistry 28, 4536-4539 (1989)
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Structural investigation of the HS to LS relaxation dynamics on [Fe(pz)Pt(CN)4] spin
crossover nanoparticles

T. Delgado1, A. Tissot2, L. Guénée1, P. Pattison3, A. Hauser1*, C. Besnard1*

1University of Geneva, 2Université de Versailles, 3Swiss-Norwegian Beamline, ESRF, Grenoble

The investigation of the LS to HS photo-excitation and subsequent relaxation dynamics in the
solid state is of particular importance for understanding the underlying physics associated with
cooperative effects. In our studies Synchrotron X-Ray powder diffraction reveals a quantitative
photo-induced LS-to-HS conversion based on Light-Induced Excited Spin State Trapping at 10 K
on microcrystalline and nanocrystalline powders of [Fe(pz)Pt(CN)4]·xH2O (pz = pyrazine) [1].
Time-resolved measurements evidence that the HS-to-LS relaxation depends on the particle
size. For 1.3 µm particles, the relaxation proceeds by a two steps mechanism: a random HS to
LS conversion at the beginning of the relaxation followed by a nucleation-growth process. When
reducing the size to 50 nm no nucleation is observed due to the lower rigidity of the lattice with
respect to the bulk material which prevent the cooperativity between centers through long
range interactions. In order to better understand the limit size above which long-range
interactions become more important intermediate particles sizes have been analysed. In the
case of 400 nm particles the relaxation proceeds mainly though a random distribution with
correlations only appearing towards the end whereas in the case of 140nm particles only a
random distribution is observed. The relaxation rates of all the samples depends thus on the
size, that’s say, on the mechanism they follow and on the way they interact with the
surrounding medium.

[1] Teresa Delgado, Antoine Tissot, Céline Besnard, Laure Guenée, Andreas Hauser a, Chem.
Eur. J. 2015, 21, 3664.
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Solvent Suppression in DNP-Enhanced Solid State NMR 

J. Yarava1, S. R. Chaudhari2, A. Rossini3, A. Lesage2, L. Emsley1*

1Institut des Sciences et Ingènierie Chimiques, Ecole Polytechnique Fèdèrale de Lausanne , 2
Universitè de Lyon, Institut des Sciencse Analytiques, Centre de RMN à très hauts champs
(CRMN/ENS Lyon/UCB Lyon1), Villeurbanne, France, 3Department of Chemistry, Iowa State

University, Ames, IA 50011, USA

Solid state NMR is a powerful analytical tool for the characterization of structure and dynamics
of a broad range of chemical and biological materials. However, the intrinsic low sensitivity of
NMR limits many applications. Dynamic nuclear polarization (DNP), in which large electron
polarization can be transferred to nuclear spins under the effect of microwave irradiation, allows
a sensitivity gain of two orders of magnitude and is currently revolutionizing the field. However,
unpaired electrons are usually introduced to the sample in the form of stable organic radicals in
a bulk solution that is used either to impregante the system under investigation or to dissolved
the target analyte. In both cases this results in a large solvent signal that can potentially
obscure both proton and carbon-13 spectra. 

Here we show how the solvent resonances can be efficiently suppressed in either frozen
solutions or in impregnated solids. This can be achieved by (i) exploiting the short relaxation
times of the solvent compared to longer relaxation times of impregnated solids, or (ii) by using
short cross-polarization contact times to transfer hyperpolarization to only directly bonded
carbon-13 nuclei in frozen solutions. Finally, we show how this allows for the acquisition of high-
resolution proton-proton correlation experiments without interference from the solvent signals.  
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On the formation of H2
+ by radiative recombination

L. Möller1, M. Beyer1, F. Merkt1*

1ETH Zurich

Recently shape resonances of the X+ 2Σg
+ ground electronic state of H2

+ have been observed
[1]. These shape resonances represent a possible pathway for the recombination reaction H+ +
H(1s) → (H2

+)* → H2
+(v+,N+). Electric-dipole-allowed transitions connect the 2Σg

+ shape
resonances to the A+ 2Σu

+ state. However, only bound levels with N+ ≤ 2 exist in the A+ state
and the lowest-N+ shape resonance has N+=4, which precludes electric-dipole transitions
because of angular-momentum selection rules. For this reason, it is generally assumed that the
radiative recombination takes place through electric-dipole transitions connecting the A+

continuum to the rovibrational bound levels of the X+ state [2,3,4].

We discovered that electric-quadrupole transitions connecting the X+ 2Σg
+ shape resonances to

bound X+ levels represent an alternative mechanism by which H2
+ can be formed. We present a

complete theoretical model of these electric-quadrupole recombinations and calculations of the
thermal recombination rate as a function of the temperature. We discuss the astrophysical
implications of our results.

[1] M. Beyer and F. Merkt, Phys. Rev. Lett. 116, 093001 (2016).
[2] D. R. Bates, Mon. Not. R. Astron. Soc. 111, 303 (1951).
[3] D. E. Ramaker and J. M. Peek, Phys. Rev. A 13, 58 (1976).
[4] P. C. Stancil, J. F. Babb and A. Dalgarno, Astrophys. J. 414, 672 (1993).
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NMR Studies of Hierarchical Protein Dynamics 

B. Busi1, J. Yarava1, A. Hofstetter1, M. Blackledge2, L. D. Emsley1*

1Ecole Polytechnique Federale De Lausanne, EPFL, 2Université Grenoble Alpes, Institut de
Biologie Structurale (IBS)

A fundamental challenge in biology is to understand the complex interaction between protein
motion and protein function. Recently, Lewandowski and coworkers have shown that
temperature dependent magic angle spinning multinuclear solid state NMR relaxation
measurements at temperatures ranging from 105 to 280K can provide a window into the
hierarchy of dynamic processes in prioteins.1 Since it is likely that the quantitative description
of motions reporting on different components of the system are dependent on a well-controlled
experimental conditions, here we evaluate the reproducibility of such measurements, and
extend the measurements to additional probes and to other magnetic fields.

We measured at 11.7T (500 MHz) the same set of thirteen different NMR observables as the
previous study twice for each of nineteen different temperatures in the range from 105 to 280 K
in the fully hydrated crystalline protein GB1 (1H,13C,15N). Our measurements are interpreted
using the same analysis as previously and we find excellent reproducibility between the three
measurements. We have also recorded data sets at 9.4 and 18.8 T.

1Lewandowski, J.R., Halse, M.E., Blackledge, M., and Emsley, L. Direct observation of
hierarchical protein dynamics. Science 348, (2015), 578–581.
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Complex thermolysis mechanism of phosphoramidate: Formation of PN based gas
phase active phosphorus species

S. Liang1,5, P. Hemberger2, J. Levalois-Grützmacher3, O. Korobeinichev4, H. Grützmacher3*, S.
Gaan6*

1ETH Zürich, 2Paul Scherrer Institute, Villigen, 3ETH Zurich, 4Siberian Branch Russian Academy
of Sciences Russia, 5Empa, 6EMPA St. Gallen

P-N containing organophosphorus compounds have received increasing attention in different
domains, such as biology, catalysis and in particular as flame retardant additives [1]. However,
due to the complexity of the flame chemistry and the lack of proper analytical technique
allowing for simultaneous snapshots of the thermolysis process under different conditions, their
corresponding inhibition mechanism in the flame still remains open. This study aims to make a
valuable contribution towards a better understanding of decomposition mechanism of the yet
unstudied phosphoramidate category and thereby provides a foundation for the targeted design
of new molecules. Taking advantage of the tunability of VUV synchrotron radiation, the
thermolysis process of dimethyl phosphoramidate was elucidated by imaging photoelectron
photoion coincidence (iPEPICO) spectroscopy, which allows for isomer-resolved species
identification, by recording temperature dependent mass spectra as well as threshold
photoelectron spectra (TPES) for each relevant species (Fig. 1 (a)). To correlate the probed
decomposition mechanism of DMPR with the corresponding inhibition efficiency under fire
conditions, we performed further experiments with a laminar premixed methane-air flame, in
which the formation of H and OH responsible for maintaining flames was monitored using a
molecular beam mass spectrometry (MBMS, Fig. 1 (b)) [2].

Based on these synchrotron experiments, a number of species such as methanimine, ethylene
and different phosphoryl species were unequivocally identified, including the commonly known
PO, OPOH [3] as well as the yet unknown species PN. More interestingly, the signal intensity in
the MS proves a significant preference on PN formation than other phosphoryl species. Different
computational chemistry approaches have been applied to develop a comprehensive reaction
mechanism, while the most dominant pathways will be presented and discussed. Besides, by
further investigating the efficiency of radical inhibition in flame sampling MBMS experiments,
the promising roles of PN in poisoning the flame will be addressed.

[1] a) M. Derudas, et al., Bioorganic Medicinal Chemistry 2010, 18, 2748-55; b) P. Garcia, et al.,
Angewandte Chemie International Edition 2013, 52, 9144-8; c) S. Gaan, et al., Polymer
Degradation and Stability 2009, 94, 1125-34; d) T.M. Nguyen, et al., Industrial Engineering
Chemistry Research 2013, 52, 4715-24.
[2] N. Hansen, et al., Progress in Energy and Combustion Science 2009, 35, 168-91.
[3] S. Liang, et al., Chemistry – A European Journal 2015, 21, 1073-80.
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Ionic Liquids based on Crown Ethers as electrolytes for batteries

H. Yao1, K. M. Fromm1*

1University of Fribourg

Room temperature ionic liquids (RTILs) are salts that are liquid at room temperature and that
are usually composed of an asymmetrical organic cation and a large charge-delocalized anion
which is poorly coordinated. They are non-flammable, and thermally as well as
electrochemically stable. These properties make them very interesting for many applications
including green solvents for synthesis, catalysis, and electrolytes for ionic and electronic
devices1. Crown ethers are able to strongly interact with alkali metal cations (Li+, Na+, K+) and
have been used as additives in battery electrolytes in order to increase the ionic conductivity of
the latter and to prevent electrolyte decomposition2-3. However, few studies have been done on
crown ethers in the field of electrolytes.

This is why we propose to integrate them covalently as an alkali cation carrier4-5 in the ionic
liquid system. The aim of the project is thus to design and synthesize new Room Temperature
Ionic Liquids (RTILs) based on crown ether moieties, to investigate their properties
(flammability, thermal and electrochemical stability, conductivity, Li/Na-ion diffusion) and then
to use them as electrolytes for rechargeable batteries. We will present their synthesis,
structures and properties in this contribution.

[1] H. Ohno, Electrochemical aspects of Ionics liquids, John Whiley sons, 2005
[2] Abouimrane, A.; Alarco. P J., Journal of power source, 2007, 174, 1193-1196
[3] Danil de Namor, Margot. A.; Abu Lebdeh. Y.; Davidson. I.; Armand. M., Journal of Physical
Chemistry, 1994, 98, 11796-11802
[4] Shu, Z.X.; McMillan. R S.; Murray. J J., Journal of the Electrochemical Society, 1993, 140,
101-103
[5] Assuma, C.D.; Crochet. A.; Cheremond.Y. ; Giese. B.; Fromm. K M., Angewandte Chemie
International Edition, 2013, 52, 4682-4685
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Time-resolved THz spectroscopy of Rhenium complex solvation in water.

S. N. Ahmed1, A. Shalit1, P. Hamm1*

1University of Zurich

The solvation dynamics of photoexcited water-soluble Rhenium complex [ReI(py)(CO)3bipy]+ is
investigated by means of ultrafast near-UV pump, THz probe spectroscopy. Excited electronic
state of Rhenium complex created by near-UV excitation (400nm) has a dipole moment which
differs significantly from that in the ground state [1]. The dynamics of low frequency modes of
water interacting with a dipole configuration of the excited Rhenium complex is probed by THz
pulse. Figure 1 shows the pump-induced changes in the amplitude of THz pulse transmitted
through 1 mM solution of Rhenium complex in water. The data shows how the excitation affects
the surrounding water molecules which solvate a photo-excited Re-complex within few
picosecond. Such a time scale is consistent with typical dielectric relaxation time of 8 ps
obtained for a bulk water [2]. 

Fig.1 Pump-probe signal (red) obtained for a 1 mM solution of Rhenium complex in water. No
signal was observed in the absence of complex.

[1] D. M. Dattelbaum, R. L. Martin, J. R. Schoonover, and T. Meyer, J. Phys. Chem. A, 2004,108,
3518
[2] C.Ronne1, L. Thrane1, P. Åstrand, A. Wallqvist, K.V. Mikkelsen,and S. R. Keiding, J. Chem.
Phys. 1997,107, 5319.
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Evaluating the magneto-crystalline anisotropy constant of (SPIONs) systems

J.C. Martinez Garcia1, F. Crippa1, C. A. Monier1, A. M. Hirt2, A. P. Fink1, M. Lattuada1

1Adolphe Merkle Institute, University of Fribourg, Chemin des Verdiers 4, CH-1700 Fribourg,
Switzerland, 2Institute of Geophysics, ETH Zürich, Sonneggstrasse 5, 8092 Zürich, Switzerland

Magnetic hyperthermia (MH) is a promising technique in cancer treatment because it causes
less damage than chemotherapy or radiotherapy. Active research is being done to improve the
specific adsorption rate (SAR), i.e., the amount of heat released per unit mass of MNPs, which
could permit the treatment of tumors of small size [1]. The specific absorption rate is extremely
sensible to the change of the magneto-crystalline anisotropy constant (KV) which is so far for
the case of magnetic nanoparticles assumed as an independent temperature parameter. By
applying a model free route approach [2,3] we have determined KV in superparamagnetic iron-
oxide-magnetic-nanoparticles (SPIONs) systems directly from the magnetic susceptibility data.
We found a strong dependence between KV and T as well as a strong discrepancy with the
assumed universal value of infinity relaxation time.Our results show a new way to estimate the
specific adsorption rate (SAR) directly from the magnetic susceptibility data without any model
assumption. This can have a direct impact to evaluate the magnetic hyperthermia in a more
assertive way [4].

[1] R. E. Rosensweig, J. Magn. Magn. Mater., vol. 252, pp. 370–374, 2002. A. P.Khandhar, R. M.
Ferguson, J.A. Simon, and K.M.Krishnan, J. Appl. Phys., vol. 111, pp. 07B306-1–07B306-3, 2012
[2] Martinez-Garcia, J. C.; Martinez-Garcia, J.; Rzoska, S. J.; Hulliger, J. The Journal of chemical
physics 2012, 137 (6), 064501.
[3] Martinez-Garcia, J. C.; et.al.,. Nat Commun 2013, 4, 1823. Martinez-Garcia, J. C, et al.
Scientific Reports 2014, 4, 5160. Martinez-Garcia, J. C.;et.al. Sci. Rep. 2015, 5.
[4] C. A. Monnier, M. Lattuada, D. Burnand, F. Crippa, J. C. Martinez-Garcia ,A. M. Hirt, B. Rothen-
Rutishauser, M. Bonmarin and A. Petri-Fink, Nanoscale 2016 (under revision)
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Interrogating Weakly Bound Complexes by Velocity Map Imaging Photoelectron
Photoion Coincidence

A. Bödi1

1Paul Scherrer Institut

Summary: Internal energy selection makes photoelectron photoion coincidence (PEPICO) a
versatile tool to study unimolecular reaction mechanisms and energetics. When applied to
hydrogen bound complexes, unfavorable Franck–Condon factors at the ionization energy and
the multicomponent nature of the sample make data analysis challenging. In such cases,
photoion velocity map imaging (VMI) contributes significantly to tracing the reactive flux, as will
be shown in mixed water–acetic acid adducts. Thanks to its sensitivity, PEPICO has revealed a
new, C–C bond formation pathway in methanol dimers, as well.

When monochromatic vacuum ultraviolet radiation ionizes isolated neutral species, only
photoelectrons may remove energy from the parent ion, and internal energy selection can be
achieved by electron kinetic energy analysis. Time-of-flight analysis of the coincident parent
and fragment ions as a function of photon energy has so far yielded hundreds of accurate
dissociative photoionization thresholds in covalent molecules. These can be used in
thermochemical cycles to derive new energetics and thermochemical quantities.

Negligible Franck–Condon factors close above the ionization energy are the first obstacle to
studying energetics in weakly bound species by PEPICO. In the energy range the nuclear wave
function overlap allows for ionization, the clusters may already have enough excess energy to
fragment. This is very often the case in H-bonded species that also exhibit intriguing
intracluster reactions. Nevertheless, intact dimers are sometimes seen, and, as will be shown
for the water dimer, appearance energies have the potential to yield very accurate
experimental proton affinities, too. Methanol dimer cations have been studied multiple times,
but the water-loss channel, yielding ethanol or perhaps dimethyl ether cations, has never been
observed before. Thanks to internal energy selection, minor but interesting reaction paths can
be studied quantitatively. This also puts ab initio potential energy surfaces to the test.

Unfortunately, neutral cluster sources are rarely monodisperse. Clusters of different size often
yield the same fragments, which complicates signal apportioning and constitutes the second
main limitation. As will be shown in the case of mixed water–acetic acid clusters, velocity map
imaging photoions in double imaging coincidence experiments offers a way to tell
translationally cold parent species apart from the products of fragmentation processes, as only
the latter are subject to kinetic energy release. The energy correlation map between the total
energy and the photoion kinetic energy can be obtained by the simultaneous reconstruction of
coincidence double imaging data. Our novel approach hinges on the separation of the near-
orthogonal kinetic energy distribution and angular anisotropies in the VMI projection.
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Halide Free M(BH4)2 (M= Sr, Ba and Eu): Single Route Synthesis

M. Sharma1, L. Daku1, R. Černý1, H. Hagemann1

1University of Geneva

Borohydrides have attained high interest in last few years due to their high volumetric and
hydrogen content. Synthesis of di-tri metallic borohydride is a way to alter the thermodynamics
of hydrogen release from borohydrides. Presence of halide ions in borohydrides change their
physical and chemical properties. Halide free monometalic borohydrides may be used as
precursors for synthesizing di or tri metallic borohydrides. In this paper we present a way to
synthesize halide free alkaline earth metal (Sr, Ba) and Europium borohydride starting with
respective hydrides as precursors.
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Mechanism of the cooperativity in antimicrobial peptides

E.B. Drab1, K. Sugihara1

1Department of Physical Chemistry, Univeristy of Geneva, Geneva, Switzerland

In this study we aim to elucidate the fundamental mode of action of antimicrobial cooperativity.
To investigate the cooperativity between two different human peptides defensin and
cathelicidin we synthesized artificial lipid bilayer onto highly doped p-type silicon electrode
covered by naturally formed silicon dioxide as a clean platform to separate peptide-peptide and
peptides-bilayer interactions from influence of other components within cell. Lipid bilayer was
obtained by fusion of unilamellar vesicles from buffer solution and investigated mainly by
impedance spectroscopy which is non-destructive and sensitive technique. In addition we
performed Fluorescence Recovery After Photobleaching measurements as a complementary
technique to confirm the bilayer formation by its recovery in photobleached region.

Next step in our investigation is to inject peptides and elucidate how they influence on the lipid
bilayer and moreover what is the mechanism of cooperativity of two different peptides. The
change in the resistance and the capacitancence will be studied at different peptide
concentrations.

[1] Oliver Purrucker, Heiko Hillebrandt, Electrochimica Acta 2001, 791-798
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