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Light-mediated interaction between atomic spins and a nano membrane
SNI PhD Project P1309
Thomas Karg, Baptiste Gouraud, Chun Tat Ngai, and Philipp Treutlein
Unversity of Basel, Department of Physics, Klingelbergstrasse 82, 4056 Basel, Switzerland.

Abstract
A promising route towards quantum control of mechanical oscillators is to couple them to a
microscopic quantum system like cold atoms. Such a hybrid quantum system would enable
numerous applications in quantum sensing and signal transduction as well as the study of
nonclassicality in macroscopic objects [1].
In our experiment we use laser light to interface an atomic ensemble with a nanomechanical
oscillator. In this context we explore interactions mediated by an optical mode to which both
systems couple in a cascaded fashion. This approach is versatile because it allows to couple
distinct and spatially separated systems in a variety of different schemes [2, 3, 4]. Moreover,
because of the quantum fluctuations inherent to light, it is of fundamental interest to explore the
limits as to whether light can effectively act like a spring that mediates Hamiltonian interaction
between distant oscillators.
Here we present both experimental and theoretical work towards the implementation of such a
quantum interface between a collective atomic spin and a membrane inside a cryogenic optical
cavity. Recently we have implemented strong unidirectional coupling of the atomic spins driving
the mechanical oscillator and the mechanical oscillator driving the spins. We currently work on
putting these two building blocks together in order to achieve coherent bidirectional coupling.
This will manifest itself as a normal mode splitting between the two oscillators that are separated
by about one meter distance.

References
[1] P. Treutlein et al., in: Cavity Optomechanics, ed: M. Aspelmeyer, T. J. Kippenberg, and F. Marquardt
(Springer, Berlin 2014) pp. 327-351.
[2] K. Hammerer et al., Physical Review Letters 102, 020501 (2009).
[3] B. Vogell et al., New Journal of Physics 17, 043044 (2015).
[4] A. Jöckel et al., Nature Nanotechnology 10, 55-59 (2015).
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Coupling an ultracold ion with a nanowire
Panagiotis Fountas1,2*, Martino Poggio3 and Stefan Willitsch2
1. Swiss Nanoscience Institute, University of Basel
2. University of Basel, Department of Chemistry, Klingelbergstr. 80, 4056 Basel
3. University of Basel, Department of Physics, Klingelbergstr. 82, 4056 Basel

The control over micro- and nano-mechanical oscillators has recently made an impressive
progress1,2. High-frequency mechanical oscillators have already been cooled to the quantum
ground state and demonstrated single-phonon control using cryogenic cooling and techniques of
cavity optomechanics. Currently, a great challenge is to couple mechanical structures to
microscopic quantum systems with good coherence properties. An attractive candidate for this
hybrid system is an ultracold atomic ion3. An ion can be trapped by using radiofrequency electric
fields in ultra-high vacuum, and is isolated from the environment. By laser cooling the trapped ion
to its motional ground state in the trap, its motion can be manipulated on the quantum level with
little interference from the environment. Here we report progress towards the implementation of
an ultracold ion-metallic nanowire (hybrid) system in a layer chip trap, with aim to study the
resonant coupling between these two systems mediated by electric fields. This experiment will
form the basis of an entirely new research direction towards ion-solid state interfaces with a range
of potential applications such as engineering of quantum devices for quantum sensing
experiments, for spectroscopy and for mass spectrometry.

Fig 1 : Left picture shows a miniaturized segmented layer ion trap. The trap consists of a stack of alumina wafers that are
gold coated to create the DC and RF electrodes that are responsible for trapping ions. The wafers are clamped together
on a printed circuit board (PCB) and are electrically connected to the PCB with Al wire bonds. Right picture shows a
schematic of the trapping region of the ion, the RF and DC electrodes, laser beams for ion cooling and a conductive
nanowire with its metallic support at a specific distance away from the trapped ion.

References
[1] A.D. O’Connell et. al., Nature 464, 697 (2010).
[2] J.D. Teufel et al., Nature 475, 359 (2011).
[3] S. Willitsch, Int. Rev. Chem. 31, 175 (2012).
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Non-visual effects of LED lighting on humans
Tamara Aderneuera,b*, Oscar Fernándeza, Rolando Ferrinia & Christian Cajochenb
CSEM SA, Tramstr. 99, 4132 Muttenz, Switzerland
Centre for Chronobiology, University of Basel, Wilhelm Klein-Str. 27, 4002 Basel, Switzerland
a

b

Nowadays most people spend the majority their day inside, where they are exposed to
artificial lighting. Professional lighting solutions are mainly provided by LED luminaires and
their implementation will even increase. As light is the most important “Zeitgeber” for the
circadian rhythm of our inner clock” [1] it is consequently a powerful tool to trigger effects
such as alertness, cognitive performance and sleep. This shows the need to identify and
optimize professional lighting conditions with respect to non-visual effects. The project aims
to produce optimized illumination patterns for non-visual effects using freeform optical lenses
or microlens arrays.
In a first step the spectral tuning of a LED combination was investigated. Changing the
spectrum is of interest because the sensitivity of the non-visual photoreceptors (intrinsically
photosensitive retinal ganglion cells) is blue shifted compared to the visual photoreceptors.
The next step is to control the spatial light distribution. The objective is to develop an optical
structure that enables nonsymmetrical distribution of light, a so called freeform structure.
The principle of such a beam shaping solution is shown in Fig 1 a). Ray mapping
methodology is used to compute the lens [2]. Fig.1 b)-d) show an example case: the target
illumination, the computed freeform lens and resulting illumination when tested with
raytracing software. The design of freeform lenses for LED light sources is challenging in
the way to account for extended light sources (in contrast to point sources), different intensity
distributions (e.g. lambertian), fabrication restriction (e.g. no negative contact angles,
thickness reduction),… Future steps will include the fabrication and replication of the
designed structure and a laboratory study to investigate non-visual effects of spatial light
distribution.
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Fig. 1: a) Example of light management solution containing an array of red, green and blue LEDs
and a beam shaping optical structure. b) Target illumination. c) Computed freeform lens. d)
Illumination resulting from freeform lens when tested with raytracing software.
[1] Cajochen,C. et al. “Circadian and light effects on human sleepiness–alertness.”, Springer
[2] Ma, D. “Exploration of ray mapping methodology in freeform optics design for non-imaging
applications”, The University of Arizona
* tamara.aderneuer@csem.ch
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Microfluidic protein isolation and preparation for high-resolution cryogenic
electron microscopy
C. Schmidli, L. Rima, S. Albiez, P. Oliva, T. Stohler, F. Heule, H. Stahlberg and T. Braun
Swiss Nanoscience Institute, University of Basel

Protein structure determination is a time-consuming and challenging adventure. In particular,
protein expression, purification, and sample preparation are notoriously problematic.
The structural analysis of proteins by single-particle cryogenic electron microscopy (cryo-EM) only
needs several thousand to a few millions of individual proteins imaged to obtain a high-resolution
reconstruction. These quantities of purified protein can be provided and processed by microfluidic
technologies [1].
Here we present a direct method for the (i) affinity-isolation of an untagged protein from 900 nL cell
lysate [2], (ii) the elution of the protein in a final volume of 20 nL, and, (iii) the direct preparation of
the isolated protein for cryo-EM [2,3].

Fig. 1: Model fitting of the 20S proteasome. Side view of the electron
microscopy density is shown in transparent grey, and the protein model is shown in a green
ribbon representation. Arrows indicate bound Fab-fragments.
[1]
[2]
[3]
[4]

Arnold et al., Proteomics, 504, 107–112 (2018)
Giss et al., Anal Chemistry, 86(10), 4680–4687 (2014)
Arnold et al., J Struct Biol. 197, (3), 220-226 (2017)
Schmidli and Rima et al., J. Vis. Exp. 137 (2018)

* Claudio.schmidli@unibas.ch
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Understanding and engineering of phonon propagation in nanodevices by
employing energy resolved phonon emission and adsorption spectroscopy
Lukas Gubser1,2∗, Gergö Fülop2, Andreas Baumgartner1,2, Lucia Sorba3, Valentina Zannier3, Christian
Schönenberger1,2, Ilaria Zardo1,2
Swiss Nanoscience Institute, Klingelbergstr. 82, 4600 Basel, Switzerland
2
Departement of Physics, University of Basel, Switzerland
3
NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore, Piazza san Silvestro 12, I-56127 Pisa,
Italy
1

While the understanding and control over the electromagnetic degrees of freedom in nanodevices is
very advanced, control over the phonon transport is lacking. Based on the realization of a maser,
driven by single-electron tunneling through a double quantum dot (QD) in a semiconducting
nanowire [1,2], we propose a similar device to investigate phonon transport with high spectroscopic
resolution. QDs are embedded in a nanowire, where inelastic transport between QD states can be
used to emit and detect phonons, depending on the energy detuning between the QD states (see Fig.
1).

Fig 1: (a) Schematic illustration of the proposed phonon emitter and (b) detector using a double
quantum dot system. (c) Schematic of the planned device, where a pair of double quantum dots
hosted in a semiconducting nanowire are used as phonon emitter and detector.

The QDs are defined by InP barriers built into the InAs wire during the NW growth. The larger
bandgap of InP compared to InAs leads to a conduction band offset, forming a tunnel barrier. This
method of barrier formation achieves very good confinement, with previously reported barrier
heights of 500 meV[4].
We discuss electrical measurements on 2 barrier NWs generating a single dot in a 50 nm InAs
nanowire contacted by Ti/Au leads.
[1]
[2]
[3]

∗

Y.-Y. Liu, J. Stehlik, C. Eichler, M. J Gullans, J. M. Taylor, and J. R. Petta, Semiconductor double
quantum dot micromaser, in: Science 347, 285 (2015).
M. J. Gullans, Y.-Y. Liu, J. Stehlik, J. R. Petta, and J. M. Taylor, Phonon assisted Gain in a
Semiconductor Double Quantum Dot Maser, in: Phys Rev. Lett. 114(2015)
Stefano Roddaro, Andrea Pescaglini, Daniele Ercolani, Lucia Sorba, and Fabio Beltram,
Manipulation of Electron Orbitals in Hard-Wall InAs/InP Nanowire Quantum Dots, in: Nano Lett.
11(4), pp 1695-1699 (2011)

Corresponding author: email: Lukas.gubser@unibas.ch
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The Casimir Research School
Nicole Imholz and Gesa Welker
Casimir Research School, The Netherlands

The Casimir research school is a research school in interdisciplinary physics established in 2004 by
the Kavli Institute of Nanoscience at Delft University of Technology (Kavli) and the Leiden Institute
of Physics (LION). In this talk, we present the activities of the research school. In particular, we focus
on a survey held among our PhD students about their research progress and personal well-being.
Furthermore, we highlight positive aspects and potential pitfalls of a PhD process in general.

n.c.e.imholz@tudelft.nl
welker@physics.leidenuniv.nl
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Surface-functionalization of diamond nano-magnetometers for applications
in physics and life science
Marietta Batzer1,2, Uwe Pieles2, Patrick Maletinsky1
[1] University of Basel, Department of Physics, Klingelbergstrasse 82, 4056 Basel, Switzerland
[2] University of Applied Sciences and Arts Northwestern Switzerland, HLS, Gruendenstrasse 40, 4132
Muttenz, Switzerland

Color centers in diamond, specifically the nitrogen vacancy center (NV), have attracted a vast
interest in the area of quantum science and quantum information processing. Main reasons are a
long electron spin coherence time even at room temperature, bright and stable single photon
source, and excellent magnetic and electric field sensing capabilities. [1] These excellent properties
can partially be attributed to the diamond as host. It has a large bandgap, high robustness to
environmental exposures, strongest heat conductance, and can be grown with impurity
concentration in the order of parts per billion.[2] The main drawback of the NV is high emission into
the phonon side band (0.03% in Zero phonon line – ZPL).[3] This leads to a high interest in the negative
and neutral silicon vacancy (SiV) which have a significantly higher emission in the ZPL (70%) and a
linewidth with minimal spectral diffusion.[4] SiV0 has a comparable coherence time to the NV center,
several orders of magnitude longer than the SiV-. In this work we focus on the stabilization of the
neutral charge state by modifying the diamond surface as an easier and reversible alternative to the
recently published Fermi level engineering by boron doping the diamond substrate.[5]

Fig. 1: Spectra of Silicon vacancies in diamond with different surface terminations. ZPL vanishes
after hydrogen termination.

[1] R. Schirhagl et al., Annu. Rev. Phys. Chem. 65, 83-105 (2014)
[2] G. Balasubramanian et al., Nat. Mater. 8, 383-387 (2009)
[3] P. E. Barclay et al.,Phys. Rev. Lett. 110, 027401 (2013)
[4] A. Dietrich et al., New J. Phys. 16, 113602 (2014)
[5] Ref. 1: Rose et al., Science 361, 60-63 (2018)

* Marietta.batzer@unibas.ch
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Probing magnetic fields at the nanoscale using muons
Gesa Welker1*, Martin de Wit1, Tjerk Benschop1, Lucia Bossoni1,2, Thomas Prokscha3,
Tjerk Oosterkamp1
1 Leiden Institute of Physics, Leiden University, The Netherlands
2 Department of Radiology, Leiden University Medical Center, The Netherlands
3 Paul Scherrer Institute, Laboratory for Muon Spin Spectroscopy, Switzerland

Muons are elementary particles that exist only a fraction of a second. They can be used to measure
the internal magnetic structure of both biological and solid state samples. In a technique called
muon spin rotation, muons are implanted in the sample of interest. When they decay, their decay
products fly out of the sample and they carry information about the magnetic field at the original
muon site. This allows to analyze magnetic properties of a large variety of samples with nanometer
resolution.
In our research, we use muon spin rotation to characterize the depth-dependent magnetic
properties of the surface, of the inside of our sample, and of the interface with the substrate. We
reach a depth resolution of up to 5nm. This is important as magnetic effects from for example dirt
on the surface can obscure signals from inside the sample. We present measurements of a thin
palladium film containing a few iron impurities. The magnetic characterization of this sample can
help us to use it as a test bench. We investigate it for further developing other measurement
techniques: ultrasensitive magnetic force microscopy (MFM) and potentially also magnetic
resonance force microscopy.
The measurements presented in this talk were carried out at the low energy muon facility at the
Paul Scherrer Institute.

* Welker@Physics.Leidenuniv.nl
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Single-molecule protein mechanics
Michael Nash
Department of Chemistry, University of Basel, Switzerland, and
Department of Biosystems Science and Engineering, ETH Zurich, Basel, Switzerland

Understanding the response of proteins to non-equilibrium mechanical forces is fundamental for
understanding many processes in biology, including muscle contraction, cell adhesion, and
pathogenesis. If we consider protein complexes, for example, we know that the amount of
mechanical force that a protein complex can resist before breakage is independent from its
thermodynamic affinity. Using biophysical tools such as the atomic force microscope (AFM), we
have learned that when molecular complexes are mechanically stressed, they can dissociate along
energetic pathways that may be inaccessible under purely thermal excitation. These properties
lead to diverse force-activated processes in biology, such as catch bonds, shear-induced blood
coagulation, and pathogenic adhesion. This talk will provide an introduction to the field of
molecular biomechanics, highlight several recent discoveries from the Nash Lab on mechanicallyactivated protein interaction complexes, and point toward biomedical applications of mechanostable proteins.

* Michael.Nash@unibas.ch

Nanometer-sized 2D factories
Stefano Di Leone*, Wolfgang Meier, Uwe Pieles
School of Life Science (FHNW) of Muttenz, University of Basel

Amphiphilic block copolymers are interesting candidates to create distinct model systems such
as planar membranes. Mixing the amphiphilic block copolymers with phopsholipids form the
membranes with distinct domains due to physical properties of lipids. The domains formed by
amphiphilic block copolymers enhance stability of the whole system and furthermore improve
the lateral mobility togheter with the lipid domains.1 The presence of the polymer and lipid
domains significantly influences the insertion of membrane proteins in a controllable manner. In
this project, we planned to use functionalized amphiphilic block copolymers to modulate the
polymer-lipid hybrid membrane properties for selective insertion of more than one type of
biomolecule. We more specifically selected poly(dimethylsiloxane)-block-poly(2-methyl-2oxazoline) (PDMS-b-PMOXA) diblock copolymers and saturated lipids(e.g. 1,2-dipalmitoyl-snglycero-3-phosphocholine) or charged lipids(e.g. 1,2-dilinoleoyl-sn-glycero-3-phospho-1'-racglycerol) to form hybrid membranes. As model proteins, the inner membrane protein
cytochrome c was selected (Fig. 1). The cytochrome c was attached to hybrid membranes
through either covalent attachment or physical adsorption strategies. With this, we aimed to test
the versatility of those polymers and the functionality of the membranes. The aim of this project
is building a complex, stable and flexible system, in which the biomolecules can be inserted into
different domains of membrane while retaining their functions. This project will create a model
membrane platform to host different types of membrane proteins to support high industrial and
medical interests.

Fig. 1: Schematic representation of hybrid platform and possible protein combination with lipid
(red) or polymer (blue) domains.

[1] Hybrid Polymer−Lipid Films as Platforms for Directed Membrane Protein Insertion; J. Kowal,
D. Wu, V. Mikhalevich, C. G. Palivan, W. Meier Langmuir, 31, 4868−4877, (2015)
* stefano.dileone@unibas.ch
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Engineering of two-dimensional free-standing and highly
crystalline organic networks based on calixarenes
Mina Moradi,1,3* Nadia L. Opara,2,3 Ludovico G. Tulli,1 Christian Wäckerlin,4 Scott J. Dalgarno,5
Simon J. Teat,6 Milos Baljozovic,3 Olha Popova,7 Eric van Genderen,2 Armin Kleibert,8 Henning
Stahlberg,2 Catherine E. Housecroft,9 Jan Pieter Abrahams,10 Celestino Padeste,3 Philippe. F.-X.
Corvini,1 Thomas A. Jung,3 Patrick Shahgaldian1
1Institute

of Chemistry and Bioanalytics, School of Life Sciences, University of Applied Sciences and Arts Northwestern
Switzerland, Gründenstrasse 40, CH-4132 Muttenz, Switzerland
2Center for Cellular Imaging and NanoAnalytics (C-CINA), Biozentrum, University of Basel, Mattenstrasse 26, CH-4058
Basel, Switzerland
3Laboratory for Micro- and Nanotechnology, Paul Scherrer Institute, Villigen CH-5232, Switzerland
4Empa - Swiss Federal Laboratories for Materials Science and Technology, CH-8600 Dübendorf, Switzerland
5Institute of Chemical Sciences, Heriot-Watt University, Riccarton, Edinburgh, Scotland EH14 4AS, UK
6Advanced Light Source, Lawrence Berkeley National Laboratory, 1 Cyclotron Rd, MS6R2100, Berkeley, CA 94720, USA
7Department of Physics, University of Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland
8Swiss Light Source, Paul Scherrer Institute, CH-5232 Villigen, Switzerland
9Department of Chemistry, University of Basel, BPR 1096, Mattenstrasse 24a, 4058 Basel, Switzerland
10Biozentrum, University of Basel, Switzerland & Laboratory of Biomolecular Research, Paul Scherrer Institute, Villigen,
Switzerland

Molecularly precise two-dimensional (2D) organic networks, fabricated via bottom-up methods, have
recently triggered the attention of scientists because of their great potential in a wide range of
applications.1 In this content, calixarene synthons has remained yet unexplored to be employed as
an organic building components of 2D organic crystalline networks. Recently, we have shown, for the
first time, that a calix[4]arene molecule decorated with propyl chains at the lower rim and carboxy
groups at the upper rim, coordinates with Cu2+ nodes at the air-water interface and forms a crystalline
coordination network.2 Herein we show that by replacing the carboxy groups with methyl cyano
functional groups (1), i.e. p-methyl cyano-calix[4]arene, a free-standing and crystalline 2D
supramolecular organic network (SON) can be formed in the absence of any organic/inorganic linker.
The SON of 1 is the first example of a self-standing and crystalline network produced using fairly
weak dipole-dipole interactions.3 The presence of methyl carboxy functional groups at the upper rim
leads to formation of a bilayered metal-organic coordination network at the interface. The formation
of large self-assembled crystalline networks at the air-water interface and transferred onto solid
substrates has been analyzed by Brewster angle microscopy, high-resolution atomic force
microscopy, surface ellipsometry, contact angle measurements, X-ray photoelectron and near-edge
X-ray absorption fine structure spectroscopy and transmission electron microscopy.

[1] Grill, L.; Dyer, M.; Lafferentz, L.; Persson, M.; Peters, M. V.; Hecht, S. Nat. Nanotechnol. 2007,
2, 687.
[2] M. Moradi, L. G. Tulli, J. Nowakowski, M. Baljozovic, T. A. Jung, P. Shahgaldian, Angew. Chem., Int. Ed.,
2017, 56,14395.
[3] M. Moradi, N. Opara, L. G. Tulli, C. Wäckerlin, S. Dalgarno, S. Teat, M. Baljozovic, O. Popova,
E. Genderen, A. Kleibert, H. Stahlberg, J. Abraham, C. Padeste, P. Corvini, T. A. Jung, P.
Shahgaldian, accepted in Sci. Adv. 2018.
* mina.moradi@fhnw.ch

Nanoscience in
the Snow 2019
How fast can bacteria grow? ppGpp will say so

How guanosine tetraphosphate (ppGpp) controls proteins synthesis rates in Escherichia coli

Nicole Imholz*, Niels van den Broek, Marek Noga, Ferhat Buke, Greg Bokinsky
Bionanoscience Department, Kavli Institute, Delft University of Technology

Bacteria have the remarkable capacity to grow at various rates: they can double themselves in a
range from minutes to hours! This means that the rate at which they synthesize their major
components – proteins, DNA, RNA and membranes - has to be adjusted to their growth rate. How
do bacteria coordinate this?
There is a molecule in the cell, called guanosine tetraphosphate (ppGpp), that could integrate signals
about the environment and set a particular growth rate. ppGpp is known to bind to RNA polymerase
and control the synthesis of ribosomes, the machinery responsible for protein synthesis. The total
number of ribosomes and their activity are believed to be the major determinants of growth rate as
protein synthesis is a very costly process [1,2]. By determining the number of ribosomes, ppGpp has
a vast grasp on growth rate [1]. But what determines how fast ribosomes make more protein? There
is evidence both confirming [3] and contradicting [4] that ppGpp cannot only determine how many
ribosomes the cell has, but also tune ribosomal activity. On the mechanism of this effect there are
theories which include direct binding of ppGpp to translation factors [5,6,7] or stalling RNA
polymerase which slows down the ribosome during coupled transcription and translation [8, 9]. We
have determined both in vitro and in vivo the effect of ppGpp on translation rates, ranging from
basal to stress response-like ppGpp levels. It appears only very high ppGpp levels can affect the
activity of ribosomes. The question that follows is how ppGpp could affect ribosomal activity. To rule
out the effect of ppGpp on RNA polymerase, we are currently investigating the effect of ppGpp on
translation in bacterial strains with a mutant RNA polymerase which is insensitive to ppGpp.

[1] Potrykus, Murphy, Philippe and Cashel, Environmental Microbiology, 2011
[2] Dai, Zhu, Warren, Balakrishnan, Patsalo, Okano, Williamson, Fredrick, Wang and Hwa, Nature
Microbiology, 2016
[3] Svitil, Cashel and Zyskind, Journal of Biological Chemistry, 1993
[4] Sorensen, Journal of Molecular Biology 2001
[5] Milon, Tischenko, Tomsic, Caserta, Folkers, La Teana, Rodnina, Pon, Boelens, Gualerzi, PNAS,
2006
[6] Mitkevich Journal of Molecular Biology, 2010
[7] Dix and Thompson, PNAS, 1986

[8] Vogel and Jensen, Journal of Bacteriology, 1994
[9] Sorensen, Jensen and Pedersen, Journal of Molecular Biology, 1994
* n.c.e.imholz@tudelft.nl
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Study of Plasmon-enhanced water splitting in a hematite photoanode

Luc Driencourt*, Benjamin Gallinet, Sören Fricke, Catherine E. Housecroft & Edwin C. Constable
CSEM Muttenz, Swiss Nanoscience Institute, University of Basel

Solar water splitting can produce hydrogen gas from water through the electron transfer between
an aqueous electrolyte and a semiconductor electrode [1]. Metal oxides are very abundant and
stable in aqueous conditions, however their use as a semiconductor electrode has been subject to
some limitations so far, either because they absorb only short wavelength electromagnetic
radiations (TiO2 , WO3 ) or because their charge transport properties are poor (α − Fe2 O3, BiVO4).
An efficient hematite (α − Fe2 O3) photoanode needs therefore to have very small features such
that most light is absorbed close to the semiconductor/electrolyte interface [2]. Moreover, hematite
can absorb a large part of the solar spectrum due to its appealing bandgap of about 2 eV. The
quantity of light absorbed in a thin film of hematite can be further increased by including plasmonic
nanostructures in the design of the electrode, due to their ability of confining the electromagnetic
field over very small distances. This effect is studied theoretically with an analytical model and
periodic electromagnetic simulations. Moreover, a cost effective fabrication method for making
hybrid sample including metallic nanopillars (Fig 1.) in a semiconductor matrix is demonstrated.

Fig. 1: Silver nanopillars grown on top of an electrodeposited iron layer

[1] M. Gratzel, Nature, 414, pp. 338–344(2001).
[2] A. G. Tamirat et al., Nanoscale Horiz., 1, pp. 243–267(2016).
* ldt@csem.ch

Nanoscience in
the Snow 2019

Abstracts: Posters

Nanoscience in
the Snow 2019
Biomimetic engineering of cell derived nano-sized plasma membrane
vesicles (nPMVs)
Claudio Alter*, Dr. Tomaz Einfalt, Prof. Dr. J. Huwyler
Department of Pharmaceutical Technology, University of Basel, Klingelbergstrasse 50, 4056 Basel
In design of smart nano-drug delivery systems, cell derived materials present themselves as ideal
building materials. Cell derived giant plasma membrane vesicles (GPMVs) are modified on demand
by size homogenization and integration of molecules into the lipid bilayer and loading of cargo
within the cavity. GPMVs are produced by membrane budding of different carcinoma cell lines by
chemicals (PFA, DTT) (Fig. 1 C). In order to achieve a nano-sized formulation, the hydrodynamic
diameter (DH) of the 2 - 10 µm large GPMVs (Fig. 1 B) was reduced by extrusion through a 100 nm
polycarbonate membrane. This approach produced so called nano-sized plasma membrane
vesicle (nPMV) with sizes between 120 - 200 nm. To design a drug delivery system, we
investigated the modification of the membrane with Chol-PEG-FITC (Fig. 1 A) and the cavity with
sulforhodamine B (SRB) of GPMVs and nPMVs.

C1

Vesicle formation
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Size homogenisation

Functionalization
and loading

2

D
Targeting / Toxicology / Biocompatibility

In vivoPK and pharmacological effects in zebrafish
Proof of concept in rodents

Fig. 1: A: Chol-PEG-FITC (green) stained HepG2 cells during the GPMV formation. B: Isolated
GPMVs have sizes between 2 – 10 µm. C: Workflow of the vesicle formulation, homogenization
and loading. D: Application and testing of our formulation in vitro and in zebrafish embryos in vivo.
We are investigating cellular uptake specificity in vitro of SRB loaded nPMVs in different epithelial
carcinoma cell lines (liver: HepG2, HuH7 and lung: A549) as well as in a THP-1 cell line

differentiated from a human leukemic monocyte. In addition, we inject SRB loaded nPMVs in
zebrafish embryos with fluorescent labeled macrophages to test the in vivo biodistribution of our
formulation (Fig 1 D).
* Claudio.alter@unibas.ch
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Antiferromagnetic materials are of profound interest for spintronics devices, e.g. spin valves and
magnetic random access memories, and the development of novel ultra-hard magnetic materials
[1,2]. Studying those materials at the nanoscale allows exploring their full potential. However, the
absence of a net magnetic moment in antiferromagnetically ordered matter makes a direct
investigation of the magnetic properties difficult. Here, we present a unique experimental
approach allowing us to correlate the magnetism of individual nano-antiferromagnets with their
chemical properties and morphology. We investigate highly regular CoO/Co 3 O 4 core-shell
nanooctahedra. The CoO cores are synthesized by thermal decomposition and the Co 3 O 4 shell
forms automatically since the surface of rock salt CoO is thermodynamically instable. The magnetic
properties of CoO and Co3O4 in their bulk is well studied. However, it is possible that the magnetic
properties on the nanoscale deviate from the bulk properties due to the local chemical
composition, morphology and the microsctructure.
The chemical and magnetic properties of the individual CoO nanoparticles are studied by x-ray
absorption (XAS) and magnetic linear dichroism (XMLD) spectroscopy by means of x-ray photo
emission electron microscopy (X-PEEM). The temperature dependent and orientation dependent
XMLD is studied aiming to determine the antiferromagnetic spin axis of individual CoO
nanooctahedra. With subsequent SEM measurements on the very same nanoparticles we aim to
correlate the magnetic properties to the particles morphology. Thus, one can directly investigate if
the nanoparticles show the magnetic properties which would be expected in their bulk form.

Fig. 1: SEM image of individual CoO/Co 3 O 4 nanooctahedra with the dashed lines indicating the
crystal facets. The top facet is a {111} interface.
[1] S. Morup, D. E. Madsen, C. Fradsen, C. R. H. Bahl, and M. F. Hansen., J. Phys.: Condens.
Matter 19, 213202 (2007)
[2] N. Fontaíña-Troitiño, S. Liébana-Viñas, B. Rodríguez-González, Z.-A. Li, M. Spasova, M. Farle,
and V. Salgueiriño., Nano Lett.14, 640 (2014)
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Spin bearing molecules often exhibit a significant exchange interaction with ferromagnetic
substrates. It is of particular interest to investigate the exchange coupling of spin architectures
containing multiple spin bearing atoms. Here we investigate the self-assembly of triply-fused and
singly bonded porphyrin molecules on atomically clean Au(111) substrates for their potential to
provide an anisotropic 2D double- spin network. Scanning Tunneling Microscopy (STM) reveals
supramolecular monolayer islands exhibiting a compact zigzag assembly for both, the singly fused
and triply fused bis-porphyrin (Fig.1.a and 1.d). The molecular contrast is dominated by the ditertiarybutyl-phenyl moieties, which are flexibly attached to the porphyrin backbone of the
molecule and flex in response to the molecule-substrate interaction [1]. Already after the initial
sublimation, but even more pronounced after annealing to 400°C, we observe patches covered
with parallel lines. We tentatively assign these assemblies to a chemical decomposition and
reorganization process, possibly into a graphene like platelet. This assessment is consistent with
the established chemical experience that at 300°C the carbon atoms bridging the pyrrole groups
release their hydrogens and create C - C bonds. In ongoing work we investigate the metalation of
the metal free compounds investigated here. By comparing homo-metallic and hetero-metallic bisporphyrins we plan to investigate intra- and inter- molecular magnetic exchange, by spectromicroscopy correlation with local probe microscopy and X-ray magnetic dichroism at the Swiss
Light Source.

Fig. 1: a) Schematic of tb-singly bonded and triply fused porphyrin, b,d) molecular resolution
micrographs of Self-assembly patterns of tb-Singly bonded and triply fused porphyrin molecules c,f)
molecular resolution micrographs of the same samples after annealing up to 400°C.
[1] Christian Wäckerlin, Thomas A. Jung, et al., Nature Communications 1, An: 61 (2010)
•

Mehdi.heydari@psi.ch

Nanoscience in
the Snow 2019
Experimental Setup for Qubit Optomechanics
David Jaeger*, Thibaud Ruelle, Martino Poggio, Floris Braakman
Swiss Nanoscience Institute, University of Basel
Poggio Lab, Department of physics, University of Basel

Recent improvements in the fabrication and control of nanomechanical resonators have made cavity
optomechanics a leading field in quantum information processing and the study of the quantum to
classical crossover [1].
Simultaneously, hybrid systems consisting of a two-level system (TLS) and a mechanical resonator
have emerged as a route towards quantum control of mechanical systems [2].
Since optical control of a TLS is greatly enhanced in a cavity, a natural next step is to combine a TLS
with a cavity optomechanical setup. Such devices are promising candidates to observe unique
quantum phenomena. Particularly, a six orders of magnitude increase in the optomechanical
coupling rate was demonstrated in a circuit cavity electromechanical implementation [3].

Fig. 1: Microscope image of a fiber (blue) with concave end facet and its reflection in a large planar
mirror. The mirror and the end facet form a Fiber Fabry-Perot cavity.

We are building an experimental setup to study such systems, comprising a Fiber Fabry-Perot cavity
within which a nanomechanical resonator coupled to a TLS can be positioned (Fig. 1), forming a
membrane-in-the-middle system. This geometry was chosen for its flexibility. All three systems can
be chosen and modified independently, allowing the exploration of a broad range of experimental
parameters.
We plan on using this setup to investigate three-body interaction effects arising from the coupling
between the systems. We expect the combination of these effects to boost our system into the
strong single-photon optomechanical coupling regime, which should in turn make the observation
of much sought after nonlinear quantum cavity optomechanical phenomena possible.
[1] Aspelmeyer et al., Rev. Mod. Phys. 86, 1391 (2014).
[2] O'Connell et al., Nature 464, 697 (2010).
[3] Pirkkalainen et al., Communications 6, 6981 (2015).
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Nuclear pore complexes (NPCs) mediate the selective transport of biomolecules between the
cytoplasm and nucleus in eukaryotic cells. However, its molecular mechanism remains disputed.
This is because the NPC barrier is comprised of numerous intrinsically disordered phenylalanineglycine nucleoporins (FG Nups) that are extremely difficult to visualize, not least at transportrelevant timescales (~10 ms). Recently, we used high-speed atomic force microscopy (HS-AFM) to
resolve the dynamic behavior of FG Nups inside NPCs at ~200 ms timescales[1]. Meanwhile,
structural changes of FG Nups under transporting conditions are still unclear. Here, we have used
HS-AFM to characterize the dynamic behavior of different FG Nups tethered to a lipid bilayer. We
observe that the FG Nups form extended conformations that fluctuate rapidly on a lipid
membrane. In parallel, we have successfully reconstituted “pre-NPCs” from two NPC-associated
transmembrane nucleoporins (TM Nups; i.e., Pom121 and Ndc1) in lipid bilayers as resolved by HSAFM. Besides providing insight as to how TM Nups self-assemble to form the NPC channel, we
envisage that pre-NPCs may be used as templates to build on other NPC components.
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Fig. 1: A snapshot of the Pom121-Ndc1 pore (left) and the height profile along the dashed line (right). Scale
bar, 10 nm.

[1] Y. Sakiyama et al. Nature Nano. 11, 719-724 (2016).
* toshiya.kozai@unibas.ch
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Abstract
During biological evolution, iterated mutation and natural selection provide solutions for
challenges that organisms face in the natural world. However, the traits that result from natural
selection only occasionally overlap with features of organisms and biomolecules that are sought
by humans. To guide molecules evolution to access useful properties more frequently, directed
evolution in the laboratory has been used to mimic natural evolution. Here, a diverse library of
genes is translated into a corresponding library of proteins and screened/selected for functional
variants in a manner that maintains the correspondence between genotype (genes) and a desired
phenotype (proteins and their functions). These functional mutant genes are replicated and serve
as starting points for subsequent rounds of diversification and screening. Over many
generations, these beneficial mutations accumulate, resulting in a successively improved
phenotype.
In biological processes where mechanical forces are applied, the amount of force that a protein
complex can resist before breakage is independent from its thermodynamic affinity. In this
project, we aim to enhance mechanically stable protein receptor-ligand interactions using
directed evolution. We propose to display genetic libraries of model mechano-stable receptor
proteins on yeast cells and screen them for mechanically strong interactions via a highthroughput method that applies hydrodynamic shear stress to cells in complex with a ligand.
After several rounds of screening at increasing shear stress, isolated clones will be characterized
using atomic force microscopy (AFM)-based single molecule force spectrometry (SMFS) to
quantify the increase in mechanical rupture forces of the selected mutants.
The results will improve our understanding of molecular bionanomechanics and would quickly
enable a new class of binding proteins with enhanced performance in biomedical settings, for
example, in coagulation therapy, adhesive medical gels, and nanoparticle drug targeting under
shear flow.
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Fig 1: Overall strategy for enhancing mechanical interactions by directed evolution.

References
[1] Ott, W. et al. J. Struct. Biol. Elsevier. (2016).
[2] Jobst, M. A., et al. J. Vis. Exp. e50950. (2013).
[3] Boder, E. T., and Wittrup, K. D., Nat. Biotechnol. 15 , 553–557; (1997).
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Neurodegenerative diseases, such as Parkinson’s disease have a very high prevalence. The latter
affects 1-2 per 1000 people of which the disease origin mostly is unknown. Hereto, novel diagnostic
tools are of great importance.1 Recently, nanofluidic devices have gained increasing interest in the
field of biomedical research because of their rapid sample processing, low sample volume required
and precise fluid control. An example of such a device is shown in Fig. 1A. Currently, the fabrication
of nanofluidic devices largely depends on the employment of templating procedures. Herein, the
master structure is synthesized via 3D-lithography, such as two photon polymerization and e-beam
lithography and transferred into a polymer substrate.2–4 However, each adjustment in device design
requires a novel master to be made, which is a time-consuming process. Grayscale lithography via
direct laser writing is an alternative and very promising patterning technique, which enables quick
changes to the device layout, while retaining a high writing speed and adequate resolution. To
investigate grayscale lithography in depth, a linear (low-contrast) photoresist was exposed with
varying laser intensities to obtain complex 3D-structures, such as pyramids, spheres and whirlpools
as can be seen in Fig. 1B. The results show that complex 3D-structures can be easily produced with
the explored method, paving the way for rapid nanofluidic device prototyping towards the
elucidation of neurodegenerative disease pathology’s.

Fig. 1: A) Envisioned wedge-based nanofluidic particle sorter. The nanofluidic device has an inlet which is 3µm in height
which gradually decreases to 300 nm to enable size sorting of polystyrene nanoparticles (NPs). The movement of larger
particles is halted earlier than smaller particles, establishing a correlation between particle location and size. To modulate the
exposure dose and allow for the formation of a wedge-pattern, the blue channel of an RGB-image is altered (the higher the blue
intensity (0-255), the higher the exposure dose). B) 3D Pyramids achieved with direct laser writing grayscale lithography.
The dose is modulated by a decreasing dose from the edges towards the center, allowing for the formation of a 3D-structure.
1.
2.
3.
4.

Tysnes, O. B. & Storstein. J. Neural Transm. 124, 901-905 (2017)
Yazdi, A. A. et al. Microfluid. Nanofluidics. 20, 1-18 (2016)
Moolman, M. C., Huang, Z., Krishnan, S. T., Kerssemakers, J. W. J. & Dekker, N. H. J. Nanobiotechnology. 11, 12
(2013).
Friend, J. & Yeo, L. Biomicrofluidics. 4, 2 (2010).
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Long-range electron transfer (>15 Å) is particularly important for essential life processes like
respiration and photosynthesis. MARCUS theory predicts a regime in which the rate constants for
electron transfer increase with increasing distance (squares in Fig. 1) [1]. This prediction is in contrast
to the usually observed behavior where the electron transfer rate decreases with increasing distance
(circles in Fig. 1) [2, 3]. Recently we found direct experimental evidence for this counter-intuitive
effect in covalent donor-sensitizer-acceptor triads [4, 5], but no systematic studies of the distance
dependence as a function of the driving-force have been reported so far. Our new work on the triads
in Fig. 2 confirms the view that highly exergonic electron transfer reactions can exhibit
fundamentally different distance dependences than the more commonly investigated weakly
exergonic electron transfers. Our study especially focuses on electron transfer events regarding
thermal charge-recombination after initial photoexcitation [6].

‒ΔGET0 = 1.2 eV

‒ΔGET0 = 2.0 eV

Fig. 1: Schematic driving-force dependence
of the electron transfer rate for different
donor-acceptor distances with a high
driving-force (squares) and a lower drivingforce (circles).

Fig. 2: Molecular triad structures and driving-forces
(recorded in acetonitrile) with n = 1, 2.

[1] B.S. Brunschwig, S. Ehrenson, N. Sutin, J. Am. Chem. Soc. 1984; 106, 6858-6859.
[2] P. P. Edwards, H. B. Gray, M. T. J. Lodge, R. J. P. Williams, Angew. Chem. Int. Ed. 2008, 47,
6758-6765.
[3] M. Cordes, B. Giese, Chem. Soc. Rev. 2009, 38, 892-901.
[4] M. Kuss-Petermann, O. S. Wenger, Angew. Chem. Int. Ed. 2016, 55, 815-819.
[5] M. Kuss-Petermann, O. S. Wenger, J. Am. Chem. Soc. 2016, 138, 1349-1358.
[6] S. Neumann, O. S. Wenger, submitted for publication
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During recent years we developed a real-time nanomechanical sensing platform to measure
liquid viscosities and fluid densities based on cantilever technology [1-3]. We now use fully
clamped Si3N4-windows as resonators. This has several advantages: (i) the sample volume can
be further reduced, (ii) higher quality factors are obtained improving measurement accuracy; (iii)
non-transparent samples do not interfere with the optical excitation and readout system, and, (iv)
the contact of the sample with interfaces of the microfluidic walls is minimized, therefore reducing
the nonspecific binding of (biological) samples. Viscosity and mass density measurements have
already been performed and evaluated using the reduced order model [4]. Deviations from
theoretical values of 1.5% and 9.6% in viscosity and mass density, respectively, have been
achieved (Vsample = 1μL). Additionally, we were able to determine the properties of high viscosity
fluids (85%-glycerol). The improved platform is used to characterize interactions of biomolecules
in a label- and functionalization-free manner. This has also been confirmed by the real-time
characterization of G-actin polymerization.

Fig. 1: (a) Mass densities and viscosities of diluted glycerol solutions and water. Water, 30%-, and 50%glycerol solutions (red circles) were used as calibration fluids and the viscosity and mass density of the
remaining liquids (blue marks) was measured. Relative deviations from the reference values are shown
below. Additionally, the mass densities and viscosities of four liquids (green triangles) were measured with
membranes placed in an array; (b) Calibration fluids were 30%-, 60%- and 90%-glycerol (red circles). For the
highly viscous fluid (85%-glycerol), the deviations are calculated from the theoretical values because of
limitations of the commercially available viscometer.

References:
[1]
[2]
[3]
[4]

B.A Bircher et al., Micro & Nano Letters 8(11), 770-774 (2013).
B.A Bircher et al., Analytical Chemistry 85(18), 8676-8683 (2013).
B.A Bircher et al., Sensors and Actuators B 223, 784-790 (2016).
M. Heinisch et al., Sens. Actuators A: Phys. 220, 76–84 (2014).
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Graphene nanoribbons (GNRs) are promising candidates for novel devices architectures as they
promise tunable optical and electronic properties. Fabricated by bottom-up on-surface synthesis
from molecular precursors, their structure is can be controlled with atomic precision [1]. This results
in extended tuning possibilities of their electronic bandgap due to the lateral confinement of charge
carriers and edge effects [2]. However, for reliable device fabrication, characterization of the GNR
types, quality and orientation is crucial. Here, we use Raman spectroscopy to characterize different
types of GNRs and identify new geometry-dependent signatures beyond the radial breathing like
mode (RBLM). Furthermore, we investigate their dependence on GNR types and their interaction
with the device substrates (see Fig. 1), and how they are correlated with charge transport properties.

Fig. 1: left) Raman spectra of armchair-type GNRs with different widths. right) Low energy Raman
spectrum of 9-AGNRs showing a mode with substrate dependent shift of around 100cm-1.

[1] Cai, J. et al. (2010), Nature 466, 470–473
[2] Chen, Y.-C et al. (2013), ACS Nano 7, 7, 6123–6128
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A new material class for semiconductor electronic devices is atomically thin layers of transition
metal dichalcogenides, such as molybdenum disulfide (MoS 2 ) [1]. Such materials might be easier
to contact by superconducting materials than standard semiconductors and might become a
versatile platform to investigate fundamental physical phenomena, e.g. Majorana fermions. Here
we report normal metal and possibly the first superconducting contacts to few-layer MoS 2 .
First, we have established the fabrication process and transport properties of MoS 2 with normal
metal Au bottom contacts. The exfoliation and deposition of MoS 2 is carried out completely inside
an N 2 inert atmosphere (partial pressures of O 2 and H 2 O < 0.1 ppm), to prevent contamination
and degradation of the active MoS 2 layers. Transport measurements at 4.2 K show a field effect
mobility of up to 800 cm2/Vs at an electron density of 3x1012 cm-2, comparable to the best value
reported so far [2]. However, we find relatively large contact resistances in these samples, possibly
due to the formation of a gate-tunable Schottky barriers.
In a second step, we fabricated MoRe superconducting contacts using very similar recipes as for
the normal metal contacts. The optical microscopy image of a typical device is shown in the figure
below, next to electrical spectroscopy measurements at different magnetic fields perpendicular to
the device plane at a temperature of 1.5 K. In the absence of a magnetic field we find a
pronounced suppression in the differential conductance for a bias voltage below ~2.4 mV. We
speculate that this suppression might be due to the superconducting gap ∆ ~ 1 meV in the contacts
and the large series resistance of the Schottky barrier. At higher magnetic fields, this gap decreases
and the shape of the curves become rather non-ideal, possibly consistent with the suppression of
the superconducting gap at a critical field of ~ 10 T.

Fig. 1: a) Optical microscopy image of an MoS 2 device. The scale bar is 5 μm. b) Differential
conductance, G, as a function of the bias voltage, V, for the indicated magnetic fields. Inset: G as a
function of the top gate voltage, V TG .
[1] D. Lembke, S. Bertolazzi, and A. Kis. “Single-Layer MoS2 Electronics”, Accounts of Chemical
Research. 10.1021 (2015).
[2] R. Pisoni et al., “Interactions and magnetotransport through spinvalley coupled landau levels in
monolayer MoS2," arXiv:1806.06402 (2018).
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One major objective of synthetic biology is the bottom-up assembly of minimalistic nanocells
consisting of lipid or polymer vesicles as architectural scaffolds and of membrane and soluble
proteins as functional elements. However, there is no reliable method to orient membrane
proteins reconstituted into vesicles. Here, we introduce a simple approach to orient the
insertion of the light-driven proton pump proteorhodopsin (PR) into liposomes. To this end, we
engineered fluorescent proteins to the N- or C-terminus of PR, respectively. The fluorescent
proteins optically identified the PR-constructs and guided the insertion of PR into liposomes
with the unoccupied terminal end facing inwards. Using the PR-constructs, we generated
proton gradients across the vesicle membrane along predefined directions such as required to
power (bio)chemical processes in nanocells. Our approach may be adapted to direct the
insertion of other membrane proteins into vesicles.

Fig 1: Proton pumping directions of reconstituted PR. (A) Wild-type PR inserts in two opposing directions. (B)
Fusion of the C-terminus to a soluble domain prevents the terminus to insert. PR thus inserting from the Nterminal side transports protons into the vesicle and vice versa (C). (D) Photoactivity measurements of
proteoliposomes. Yellow areas indicate periods of illumination. Green lines show the proton-translocation activity
of proteoliposomes shown in (B) and red lines show the activity of proteoliposomes shown in (C). Grey lines
show controls of wt-PR proteoliposomes (Fig 1A).

[1] Ref. 1: Noah Ritzmann, Johannes Thoma, Stephan Hirschi, David Kalbermatter, Dimitrios
Fotiadis and Daniel J. Müller, Biophysical Journal
[2] Ref. 2: Roland Goers, Johannes Thoma, Noah Ritzmann, Alfredo Di Silvestro, Claudio Alter,
Gesine Gunkel-Grabole, Dimitrios Fotiadis, Daniel J. Müller and Wolfgang Meier, Nature
Communications Chemistry
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High-throughput screening (HTS) methods allow the successful discovery of desired enzymes for a
specific application. Consequently, screening efforts require an assay where the catalytic activity of
enzyme variants is coupled to biochemical readout, which is often a change in optical properties
(e.g., fluorescence or absorbance) [1]. Therefore, it is typically required to either label the enzymes
or use an indicator reaction. However, the labeling efficiency varies among different proteins, while
an indicator reaction is usually of no industrial importance, as few biotechnologically relevant
substrates carry fluorophores or chromophores. Most importantly, an optical readout is not always
or easily related to a chemical reaction, thus making quantification of the reaction challenging [2].
On the other hand, mass spectrometry (MS) is a label-free method that reports the mass of each
molecule present in a reaction, leading to a more complete assessment of the enzyme activity.
However, its throughput is currently low when compared to label-dependent methods.
Furthermore, owing to the destructive process of mass determination it is associated with loss of
the genetic information [3].
Here, we propose a novel label-free HTS method that couples droplet-based microfluidics with MS
and uses DNA and peptide barcodes to retain the genotype-phenotype connection during MS
analysis, but also to retrieve interesting variants (see Fig. 1). Ultimately, this method should allow
us to engineer any protein-based nanocatalysts or therapeutic protein.

Fig. 1: Schematic overview of the proposed HTS method.

[1]
[2]
[3]

J.D. Bloom, M.M. Meyer, P. Meinhold, C.R. Otey, D. MacMillan, F.H. Arnold, Curr. Opin.
Struct. Biol. (2005).
M. Wójcik, A. Telzerow, W.J. Quax, Y.L. Boersma, Int. J. Mol. Sci. 16 (2015) 24918–24945.
M. Wleklinski, B.P. Loren, C.R. Ferreira, Z. Jaman, L. Avramova, T.J.P. Sobreira, D.H.
Thompson, R.G. Cooks, Chem. Sci. (2018).
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Matter-wave interference experiments have the potential to address whether quantum mechanical
principles extend into the macroscopic domain. The high sensitivity of the interference patterns to
external fields enables gas phase metrology of molecules.[1] To realize the required charge-neutral
molecular beams, we investigated: (i) thermal evaporation of perfluoroalkyl-modified peptides;[2] (ii)
femtosecond laser desorption of large oligopeptides and (iii) neutralization of electro-sprayed ions
by photo-cleavage.[3] The third method can potentially be employed to ionize neutral species for
detection after diffraction. To study photo-cleavage for charge control in high vacuum, we decorated
oligopeptides with tailored ortho-nitroarylethers. The peptide length and the nature of the leaving
group influence which cleavage pathway—heterolysis, homolysis or cleavage under H-transfer—is
favored. By introducing a charged leaving group efficient neutralization of single charged electro
sprayed peptides could be achieved as well as the charge reduction of insulin modified with photo
cleavable tags.

Fig. 1: Photo-cleavage of ortho-nitroarylether modified peptides. LG = leaving group.
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Brand and M. Arndt., Phys. Scr., 91, 063007 (2016).
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Fatty Acid Synthases (FASs) catalyze more than 40 reaction steps for the de novo synthesis of fatty
acids from Acetyl- and Malonyl-CoA. In higher eukaryotes, FASs are present as multienzymes with
all the required six enzymatic domains integrated into one polypeptide chain, which further
dimerizes to form the active form of the enzyme1. An integral carrier protein domain in the FAS
multienzyme shuttles the substrate from one enzymatic domain to the other during product
synthesis. As demonstrated by biochemical experiments and electron microscopy (EM), these giant
molecular factories undergo dramatic conformational changes during product formation2 (Fig 1).
We are aiming to establish a comprehensive toolset for the characterization of multienzyme
dynamics. Cryo-EM provides overall 3-dimensional visualization based on averaging and
classification of large particle sets2. High-Speed AFM provides low-resolution surface visualization
of individual particles with 100ms time resolution3. Highly complementary data can be obtained by
single-molecule measurement with high time-resolution, e.g. based on fluorescence energy
transfer.
To enable such single-molecule analysis, we are now establishing methods for efficient single- and
multi-site labelling of large multienzymes, which are only efficiently produced in eukaryotic cells.
Our approach is based on the incorporation of unnatural amino-acids with bioorthogonal handles
during transient expression of multienzymes in eukaryotic expression systems, in particular HEK
293 cells. Such bioorthogonal handles enable labelling of proteins at specific sites, e.g. with organic
fluorophores or spin labels and further allow site-specific cross linking for trapping of transient
states and for the detection of interactions of multienzymes with other biomolecules. Most
importantly, such bioorthogonal handles would allow us to perform in vivo labelling of proteins
with dyes that have superior properties for single-molecule fluorescence as well as superresolution imaging. Ultimately, we are aiming to monitor the dynamic behavior of multienzymes in
their cellular environment in real-time at single-molecule level.

Fig. 1: Large-scale motions of different domains in Fatty Acid Synthase molecule2
References:
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III-V semiconductor heterostructures are very often used for electro-optics applications as their
properties can be engineered over a wide range. However, GaAs for instance does not form a
native oxide. The dangling bonds at the surface pin the Fermi energy in the energy gap, resulting
typically in a large electric field at the surface. This means that the active elements in an electrooptic device must be positioned relatively far from the surface. This in turn limits the feature size
that can be created by an on-surface pattern: high spatial frequencies are lost at the buried active
layer. A new class of semiconductor has emerged for which this problem does not arise. In a van
der Waals heterostructure, a device is constructed from individual layers, for instance graphene,
hexagonal-BN, MoSe2, and so on. Due to their truly two-dimensional nature each constituent
performs perfectly well in its monolayer form: there are no dangling bonds.
In this project, semiconducting transition metal dichalcogenide (TMD) heterobilayers consisting of
MoSe2 and WSe2 are studied. These heterobilayers form a type-II band alignment which leads to
an accumulation of electrons in the MoSe2 layer and holes in the other layer, forming so called
interlayer excitons (IX) with a permanent dipole moment and enhanced lifetime [1]. By embedding
encapsulated heterobilayers in a gated van der Waals heterostructure, where the top electrode is
patterned by electron beam lithography and plasma etching, we hope to create optically-active
quantum dots utilizing the so-called quantum confined Stark effect. Fig. 1 (a) illustrates a
schematic and Fig. 1 (b) shows an optical microscope image of this heterostructure. Here, we
present the determination of the crystal orientation of the TMD monolayers with the help of angle
resolved second harmonic generation (SHG) [2] and the fabrication of patterned graphite flakes. In
addition, we shall present our first optical characterization measurements of IX at 4K.
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Fig. 1: (a) Schematic of the proposed van der Waals heterostructure with the aim of creating
optically-active quantum dots. (b) Optical microscope image of the heterostructure.
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Gene therapy based on viral and non-viral delivery systems represent a novel strategy to treat or
improve the health condition of the patients by delivering a therapeutic gene material into the
nucleus. In this regard, developing a non-viral delivery system that can achieve high efficiency
without inducing an immune response remains a challenge [1]. In our research, the previously
studied peptide (H3gT) nanoparticles for co-delivery of drug and oligonucleotides was synthesized
and characterized [2]. H3gT peptide nanoparticles were able to self-assemble into
multicompartment micelles and condense 22mer single strand DNA (ssDNA). In the second step, we
planned to modify the H3gT peptide sequence in order to increase DNAs entrapment efficiency in
both single-strand and double-strand (ds) forms and incorporate longer nucleotide bases DNA into
peptide nanoparticles. As a result of optimizing, our new synthesized peptide (HR)3gT, approved to
self-assemble into multicompartment micelle nanoparticles that is able to condense 22 and 100
nucleotides ssDNA and dsDNA. DNA loaded nanoparticles were < 170 nm, revealing spherical shapes
by transmission electron microscopy (TEM). Fluorescence correlation spectroscopy (FCS) data
demonstrated higher entrapment efficiency for the new designed peptide. Furthermore, designing
our (HR)3gT peptide that has histidine and arginine residues in the hydrophilic domain besides
leucine and tryptophan residues in the hydrophobic domain, facilitated and enhanced the cellular
uptake. Reaching to this step, our future investigation will focus on additional advanced peptidecarrier’s modification to improve the physical and chemical properties of our non-viral nanoparticles
to entrap and release genomic DNAs into cells for gene-therapy.

Fig. 1: Schematic representation of the amphiphilic peptide (HR)3gT, self-assembling into
multicompartment micelles and condensing DNA through electrostatic interaction.
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The superposition of matter waves and their interference are the backbone of quantum
mechanics to understand some of the key phenomena such wave-particle duality and
researchers have investigated physical aspects of electron-matter interaction in the past [1–
4]. We study the wavefront modulation of coherent electron beams through nano-aperture
pairs using diffraction and interference techniques. The nano-aperture pairs with diameters
of ~150 nm and edge-to-edge separations down to ~40 nm are fabricated in low-stress silicon
nitride membranes by using electron beam lithography method. The transmission and
interference of high-energy (200 keV) electron beams are examined in a transmission
electron microscope by adjusting objective lens focusing to observe interference of Fresneldiffracted beams. An unusually enhanced constructive interference in Fresnel regime is
observed ascribed to the partial transmission of high-energy electron beam through the
membrane and the finite aperture sidewall slope which is supported with 2D Fresnel
diffraction simulation.
a

b

c

Fig. 1: Experimental observation of Fresnel diffraction through nano-aperture pairs in a transmission
electron microscope at a propagation distance of ~85 µm (a) shown with an intensity distribution at a
center of the image averaged over ~7 nm (b). Effect of geometry and partial transmission through
materials explained with the help of 1D and 2D Fresnel diffraction simulations (c).

[1]
[2]
[3]
[4]

G. Möllenstedt and H. Düker, “Beobachtungen und messungen an biprisma-interferenzen
mit elektronenwellen,” Zeitschrift für Phys., vol. 145, no. 3, pp. 377–397, 1956.
A. Tonomura, J. Endo, T. Matsuda, T. Kawasaki, and H. Ezawa, “Demonstration of singleelectron buildup of an interference pattern,” Am. J. Phys., vol. 57, no. 2, pp. 117–120, 1989.
K. Harada, T. Matsuda, A. Tonomura, T. Akashi, and Y. Togawa, “Triple-biprism electron
interferometry,” J. Appl. Phys., vol. 99, no. 11, p. 113502, 2006.
O. Donati, G. P. Missiroli, and G. Pozzi, “An experiment on electron interference,” Am. J.
Phys., vol. 41, no. 5, pp. 639–644, 1973.

ß* pooja.thakkar@psi.ch

Nanoscience in
the Snow 2019
Towards circuit-quantum electrodynamics with spins by means of magneticfield resilient high-impedance superconducting resonators
Jann H. Ungerer*, Gergő Fülöp , Joost Ridderbos, Roy Haller, Christian Schönenberger
University of Basel, Switzerland

In circuit quantum-electrodynamics (QED), single photons confined in a superconducting coplanarwaveguide resonator coherently couple to a quantum two-level system (qubit) [1]. These photons
can be used for realizing long-range qubit-qubit interactions and hence contribute to scaling-up
quantum processors. Recently, spin-photon coupling has been demonstrated [2-5] opening the field
of circuit QED for spin-based quantum information processing. Spins in semiconductor quantum
dots are a promising contender for realizing quantum computers due to their long coherence times
and well known-fabrication techniques [6-8]. We demonstrate the realization of magnetic-field
resilient high-impedance superconducting NbTiN resonators with a thickness of 12 nm. They aim to
maximize electric-dipole coupling to spins. These resonators will be used to couple to hole spins with
high spin-orbit coupling in Si/Ge core/shell nanowires. Moreover, the resonators can eventually be
coupled to novel quantum devices such as the Andreev-Spin qubit [9-11].

Fig. 1: Darkfield optical microscope image of a
representative high-impedance coplanar
waveguide λ/2 resonator.

Fig. 2: Measured resonance peak of a
λ/2 resonator in the absence of magnetic
field and at 1 T in-plane magnetic field.
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The valley degree of freedom (VDoF) in graphene stems from energetically degenerate but
nonequivalent local minima (maxima) of the conduction (valence) band at the corners of the
Brillouin zone. Since the two valleys are far away from each other in momentum space, intervalley
scattering is strongly suppressed, suggesting a potential use of the VDoF for electronic
applications, referred to as valleytronics.
Short-range disorder potentials may cause intervalley scattering in graphene. To avoid valley
mixing, ultraclean graphene is a prerequisite, which can be achieved by encapsulating graphene
with hBN [1]. It has been predicted that non-uniform strain can generate a pseudo-magnetic field
in graphene which acts on the two different valleys with opposite signs [2]. So strain is a possible
way to address the VdoF. We have successfully generated controllable strain in encapsulated
graphene using the break junction technique, which is confirmed by Raman spectroscopy.
Recently, strain effects in transport measurements have been observed at low temperature.

Fig. 1: Schematics of break junction technique. Controllable strain can be generated in
encapsulated graphene by bending the substrate.
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