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Professor Peter Saalfrank

A Expertise in the line at CFM: Chemical Physics of Complex Materials
A Merits: Elected ‘Fachkollegiat’ (Referee Board Member) of Deutsche
Forschungsgemeinschaft (German Research Council, DFG),
“Fachkollegium Festkorper-und Oberflaichenchemie: Theorie und
Modellierung” (Solid State and Surface Chemistry: Theory and
Modelling) (2004-2008, 2016-2019)
A Research Interest: Theoretical Surface Science, System-bath
Institut fiir Chemie, quantum dynamics, Laser-driven electron dynamics, Theoretical
Universitat Potsdam, Germany photophysics and chemistry, Electronic structure theory
A Publications: More than 175 ISI papers
Chair of Theoretical Chemistry,
Universitat Potsdam (2008-2010) A Often visitor of the DIPC and CFM.

Professor Antonio Hernando Grande

A Expertise in the line at CFM: Electronic Properties at the Nanoscale
A Awards: “Académico Numerario de la Real Academia de Ciencias Exactas,

Fisicas y Naturales”; Doctor Honoris Causa by the UPV/EHU; Gold Medal by

the “Real Sociedad Espanola de Fisica”; “Miguel Catalan” research award

by the Autonomous Community of Madrid; Fellow of the American Physical

Society; “Dupont” science award; “Juan de la Cierva” national research

award; Doctor Honoris Causa by the “Universidad de Cantabria”
A Research Interest: Magnetism and related areas. He combines basic

research of magnetic materials with projects in applied research Universidad Complutense
A Publications & Patents: More than 300 papers in ISl journals with more than de Madrid, Spain

10,000 citations. Author of 20 patents

Director of “Instituto de

A Often visitor of the DIPC, the CFM and the UPV/EHU. Magnetismo Aplicado” (IMA)

22 External Advisory Committee
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HIGHLIGHT

The w-SQUIPT as a tool to phase-engineering of Josephson topological materials

Strambini E, D’Ambrosio S, Vischi F, Bergeret FS, Nazarov YV and Giazotto F.

Nature Nanotechnology 11, 1055 (2016)

Multi-terminal superconducting Josephson junctions
based on the proximity effect offer the opportunity to
tailor non-trivial quantum states in nanoscale weak
links. In collaboration between the theory groups of
Sebastian Bergeret at the CFM and Yuli Nazarov at
the Delft University of Technology, together with the
experimental group of Francesco Giazotto in Pisa, a
three-terminal Josephson interferometer has been
analyzed. Tunneling spectroscopy measurements re-
veal transitions between gapped (that is, insulating)
and gapless (conducting) states that are controlled by
the phase configuration of the three superconducting
leads connected to the junction. These transitions are

of topological origin: a gapless state necessarily occurs
between two gapped states of different topological in-
dices, in much the same way that the interface between
two insulators of different topologies is necessarily
conducting. The topological numbers that character-
ize such gapped states are given by superconducting
phase windings over the two loops that form the Jo-
sephson interferometer. As these gapped states cannot
be transformed to one another continuously without
passing through a gapless condition, they are topologi-
cally protected. The findings of this work are pivotal for
enabling phase engineering of different and more so-
phisticated artificial topological materials.

Figure: (a) False-color tilted scanning electron micro-
graph of a typical w-SQUIPT. The inset highlights the core
of the interferometer: a nanosized T-shaped proximised
Cu weak link (magenta) in clean metallic contact with two
Al superconducting loops (blue). The area of each loop is
around 2um?. The central part of the weak link is tunnel-
coupled to a ~100-nm-wide Al ,,Mn, . normal metal probe
(green) via a partial oxidization of the AIMn. The replica
structures resulting from the shadow-mask evaporation
process are also visible.(b) The measurement set-up. The
current flowing through the circuit is indicated by |, and
V is the voltage drop across the interferometer. L, L° and

L, denote the lengths of the three arms of the weak-link.
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HIGHLIGHT

Single-molecule optomechanics in “picocavities”

Benz F, Schmidt MK, Dreismann A, Chikkaraddy R, Zhang Y, Demetriadou A, Carnegie C, Ohadi H, de Nijs B, Esteban

R, Aizpurua J and Baumberg JJ.

Science 354, 726 (2016)

For centuries, scientists believed that light could not
be focused down smaller than its wavelength, just
under a millionth of a meter. Researchers from the
“Theory of Nanophotonics” group, in collaboration
with DIPC and the University of Cambridge, have cre-
ated the world’s smallest magnifying-glass which fo-
cuses light a billion times more tightly, down to the
scale of single atoms. Theoretical models suggested
that atoms might act as tiny lightning rods that could
localize light to the atomic scale. These special cavi-
ties can enhance the coupling between photons and
molecular vibrations in a Raman scattering process
leading to an enhanced interaction in a tiny volume.

The experimental team in Cambridge used highly con-
ductive gold nanoparticles to make the world's tiniest
optical cavity, so small that only a single molecule can
fit within it, opening up new ways to study the interac-
tion of light and matter. The cavity —called a ‘pico-cav-
ity’ by the researchers - consists of a bump in a gold
nanostructure the size of a single atom, and confines
light to less than a billionth of a meter (see figure A).

In the same way as a hand plucks the strings of a gui-
tar, the energy of light can activate the vibrations of
a particular bond in a molecule. This phenomenon is
called optomechanical interaction, and in this work,
the researchers have achieved that light localized at
the picocavity can “pluck” the vibrations of a nearby
molecule. This can be understood as the tiniest guitar
in the world, a “molecular guitar” activated by light.
This molecular optomechanical interaction can be
used to switch optical signals, i.e. to “play” particu-
lar notes in the molecular “guitar”: certain light plays
some notes, and others are not capable to activate
them, thus allowing for switching the molecular signal
with light at the tiniest scale, the atomic scale.
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Group Leader: Rolindes Balda, University Professor, UPV/EHU

LASER PHYSICS AND PHOTONIC MATERIALS GROUP

The “Laser Physics and Photonic Materials” group is
located in the Department of Applied Physics of the
School of Engineering of the University of the Basque
Country (UPV/EHU) in Bilbao, and devotes most of its
research efforts to the optoelectronic properties of
new materials and structures for solid state lasing and
photonic crystal properties. Its activity also covers the
development of a complete set of high resolution tech-

HIGHLIGHT

niques, the development of new low-energy phonons,
rare earth-doped dielectric materials for energy con-
verters and/or solid state laser cooling applications,
and the probing, characterizing and modeling trans-
port and/or confinement of ultrafast ultra-intense
laser light in inhomogeneous (nano-micro) dielectric
materials doped with optically active centers for na-
nosensors, displays, and bioimaging applications.

Influence of Upconversion Processes in the Optically-Induced Inhomogeneous Ther-
mal Behavior of Erbium-Doped Lanthanum Oxysulfide Powders

Balda R, Hakmeh N, Barredo-Zuriarrain M, Merdrignac-Conanec O, Garcia-Revilla S, Arriandiaga MA and Fernandez J.

Materials 9, 353 (2016)

Lasers are commonly known as sources of heat used
to burn or cut through tissue and other materials,
but when shone on certain solids doped with rare-
earth ions, a laser can cool down the material. The
basic principle that anti-Stokes fluorescence might

be used to cool a material was first postulated by P.
Pringsheim in 1929. Twenty years later A. Kastler sug-
gested that rare-earth-doped crystals might provide a
way to obtain solid-state cooling by anti-Stokes emis-
sion (CASE).
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POLYMERS AND SOFT MATTER GROUP

HIGHLIGHT

Dielectric Susceptibility of Liquid Water: Microscopic Insights from Coherent and

Incoherent neutron scattering

Arbe A., Malo de Molina P, Alvarez F., Frick B. and Colmenero J.

Physical Review Letters 117 (2016) 185501

Paper selected as Editors’ Suggestion and Featured in
Physics

Water is an extremely complex liquid, made of net-
works of H,0 molecules linked by hydrogen bonds
that continuously form and break. Most of our knowl-
edge of the liquid comes from spectroscopic studies—
dielectric relaxation, Raman scattering, infrared ab-
sorption, and x-ray or neutron scattering—which use
radiation or particles to probe different aspects of
atomic and molecular motions. The combined infor-
mation derived from all these techniques may provide
a coherent picture of the liquid’'s dynamics, shedding
light on important questions about the nature of wa-
ter. How do molecular phenomena, such as vibrations,
rotations, diffusion, and the making and breaking of
hydrogen bonds determine the macroscopic proper-
ties of water, including its large dielectric constant?
What are the mechanisms by which the liquid relaxes
when energy is deposited into it? What is the distance
over which molecules of water can “feel” each other
—the so-called correlation length?

The authors of this work combine results from meas-
urements of dielectric relaxation and neutron scatter-
ing to deliver a detailed and unified picture of water
dynamics at room temperature. Through dielectric
relaxation experiments, the collective relaxation of
electrical dipoles that determines the macroscopic
dielectric response of water is characterized. Thanks
to the atomic scale sensitivity of neutron scattering
measurements, the authors were then able to estab-
lish a relationship between molecular dynamics and
the dielectric behavior of the liquid.
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The main feature of dielectric relaxation measure-
ments is a peak in e”(n) centered at 20 GHz (see
Figure). This is the well-known Debye peak, indicat-
ing that the collective relaxation of the macroscopic
dipole moment occurs on a time scale of 8.3 ps. By
means of neutron scattering, the authors of this pa-
per have shown that the same peak is seen when
the (incoherent) neutron scattering susceptibility is
measured ata momentum transfer of Q=7 nm™. The Q
dependence of the peak position demonstrates that
dipolar relaxation is linked to molecular diffusion and
gives the length scale of collective dipolar relaxa-
tion. The researchers deduce that the 8.3-ps dynam-
ics is due to the movement of atoms along relatively
large distances (0.34 nm), which are comparable to or
slightly larger than intermolecular distances.

As in the case of dielectric relaxation, the authors’
neutron scattering experiments also reveal two small-
er peaks in the THz domain, a high-frequency range
hardly accessible by dielectric relaxation. Because
their position doesn’t change with Q, the peaks cor-
respond to localized motions. The peak at the highest
frequency (around 2 THz) is associated with bending
of chains of three oxygen molecules connected by hy-
drogen bonds (0—0—0). The other one, at intermedi-
ate frequencies (around 0.5 THz), is a novel finding
of this work. This peak is related to local processes—
motions of hydrogen atoms that take place when in-
termolecular bonds break and reform on picosecond
time scales.

These results confirm the presence of two relaxa-
tional processes in liquid water, which are related to









Confined Water as Model of Supercooled Water

Cerveny S, Mallamace F, Swenson J, Vogel M and Xu LM.

Chemical Reviews 116, 7608 (2016)

Water is a key compound for the existence of life
since it is involved in almost all the chemical, geo-
logical and biological processes that occur on our
planet. Although water is the most common liquid, it
is also the most unusual with many atypical proper-
ties. These anomalies become more pronounced in
the no man’s land region (150 - 230 K) where bulk wa-
ter immediately crystallizes into ice. One way to avoid
crystallization of water is to restrict the size of water
domains by different types of geometrical confine-
ments. In this way, it is possible to experimentally ac-
cess this temperature region avoiding crystallization.
These confinements are also observed in geological
systems and in the new nano-technological materi-
als. Moreover, many biological processes take place in
very small aqueous environments where water can be
considered to be confined in small cavities. Since the
presence of confined water is essential for life, the
importance of understanding its dynamic and struc-
tural properties is extremely relevant.

For this reason a group of scientists, with different and
controversial opinions on the subject of the dynami-

cal behavior of confined water at low temperatures,
gathered to give a new vision on this subject. Conse-
quently, this review is not a typical compilation of data
previously measured; instead the group of experts
provided an integrative approach of this problem. To
achieve this challenge, three experimental techniques
have been used: dielectric spectroscopy, nuclear mag-
netic resonance and quasi-elastic neutron scattering.
We have proposed three different scenarios for the
dynamics of confined water (see Figure). However,
from these studies it is also clear that the interpreta-
tions of the experimental data are far from evident.
Therefore, three main interpretations are presented
to explain the experimental data, with a discussion of
their advantages and disadvantages. Unfortunately,
none of the proposed scenarios is able to predict all
the observations for supercooled and glassy bulk wa-
ter, indicating that either the structural and dynamical
alterations of confined water are too severe to make
predictions for bulk water or the differences in how
the studied water has been prepared (applied cooling
rate, resulting density of the water, etc.) are too large
for direct and quantitative comparisons.

Figure: Schematic diagram at ambient pressure of different scenarios for the dynamical behavior of supercooled con-

fined water. a_ . indicate confined a-relaxation, and B, means Johari-Goldstein 3-relaxation. On the right, some con-

finements used are shown.
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49 Photoinduced Absorption within Single-Walled Carbon Nanotube Systems
Glanzmann LN, Mowbray DJ, del Valle DGF, Scotognella F, Lanzani G, Rubio A.
Journal of Physical Chemistry C 120, 1926 (2016)

50 Structural, Vibrational, and Electronic Study of alpha-As2Te3 under Compression

Cuenca-Gotor VP, Sans JA, Ibanez J, Popescu C, Gomis O, Vilaplana R, Manjon FJ, Leonardo A, Sagasta E,
Suarez-Alcubilla A, Gurtubay IG, Mollar M, Bergara A.

Journal of Physical Chemistry C 120, 19340 (2016)

51 Search for a Metallic Dangling-Bond Wire on n-Doped H-Passivated Semiconductor Surfaces
Engelund M, Papior N, Brandimarte P, Frederiksen T, Garcia-Lekue A, Sanchez-Portal D.
Journal of Physical Chemistry C 120, 20303 (2016)

52 Surface Dynamics of the Wetting Layers and Ultrathin Films on a Dynamic Substrate: (0.5-4) ML Pb/Cu(111)
Rusina GG, Borisova SD, Eremeev SV, Sklyadneva 1Y, Chulkov EV, Benedek G, Toennies JP.
Journal of Physical Chemistry C 120, 22304 (2016)

53 Importance of Plasmonic Scattering for an Optimal Enhancement of Vibrational Absorption in SEIRA with
Linear Metallic Antennas

Neuman T, Huck C, Vogt J, Neubrech F, Hillenbrand R, Aizpurua J, Pucci A.

Journal of Physical Chemistry C 120, 3087 (2016)

54 Molecular-Level Realignment in Donor-Acceptor Bilayer Blends on Metals
Borghetti P, de Oteyza DG, Rogero C, Goiri E, Verdini A, Cossaro A, Floreano L, Ortega JE.
Journal of Physical Chemistry C 120, 5997 (2016)

55 AFM Imaging of Mercaptobenzoic Acid on Au(110): Submolecular Contrast with Metal Tips
Hauptmann N, Robles R, Abufager P, Lorente N, Berndt R.
Journal of Physical Chemistry Letters 7, 1984 (2016)

56 Electron-Hole Pair Effects in Polyatomic Dissociative Chemisorption:Water on Ni(111)
Jiang B, Alducin M, Guo H.
Journal of Physical Chemistry Letters 7, 327 (2016)

57 Rabi Splitting in Photoluminescence Spectra of Hybrid Systems of Gold Nanorods and J-Aggregates
Melnikau D, Esteban R, Savateeva D, -Iglesias AS, Grzelczak M, Schmidt MK, Liz-Marzan LM, Aizpurua J, Rakovich YP.
Journal of Physical Chemistry Letters 7, 354 (2016)

58 Evidence of Coupling between the Motions of Water and Peptides
Cerveny S, Combarro-Palacios I, Swenson J.
Journal of Physical Chemistry Letters 7, 4093 (2016)

59 Concentrated Solutions of Single-Chain Nanoparticles: A Simple Model for Intrinsically Disordered
Proteins under Crowding Conditions

Moreno AJ, Lo Verso F, Arbe A, Pomposo JA, Colmenero J.

Journal of Physical Chemistry Letters 7, 838 (2016)
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60 Decacyclene Trianhydride at Functional Interfaces: An Ideal Electron Acceptor Material for Organic
Electronics

de Oteyza DG, Garcia-Lastra JM, Toma FM, Borghetti P, Foreano L, Verdini A, Cossaro A, Pho TV, Wudl F, Ortega JE.
Journal of Physical Chemistry Letters 7, 90 (2016)

61 Optical response of silver clusters and their hollow shells from linear-response TDDFT
Koval P, Marchesin F, Foerster D, Sanchez-Portal D.
Journal of Physics Condensed Matter 28, 214001 (2016)

62 On the stability of the electronic system in transition metal dichalcogenides
Faraggi MN, Zubizarreta X, Arnau A, Silkin VM.
Journal of Physics Condensed Matter 28, 184004 (2016)

63 Spin-polarised edge states in atomic Mn chains supported on Cu2N/Cu (100)
Choi DJ, Robles R, Gauyacq JP, Rubio-Verdu C, Lorente N, Pascual JI.
Journal of Physics Condensed Matter 28, 23LT01(2016)

64 Anharmonic enhancement of superconductivity in metallic molecular Cmca-4 hydrogen at high pressure: a
first-principles study

Borinaga M, Riego P, Leonardo A, Calandra M, Mauri F, Bergara A, Errea .

Journal of Physics Condensed Matter 28, 494001 (2016)

65 Plasticization and Cocrystallization in LLDPE/Wax Blends
Gumede TP, Luyt AS, Perez-Camargo RA, Iturrospe A, Arbe A, Zubitur M, Mugica A, Muller AJ.
Journal of Polymer Science Part B-Polymer Physics 54, 1469 (2016)

66 Application of SSA Thermal Fractionation and X-Ray Diffraction to Elucidate Comonomer Inclusion or
Exclusion from the Crystalline Phases in Poly(butylene succinate-ran-butylene azelate) Random Copolymers
Arandia I, Mugica A, Zubitur M, Iturrospe A, Arbe A, Liu GM, Wang DJ, Mincheva R, Dubois P, Muller AJ.

Journal of Polymer Science Part B-Polymer Physics 54, 2346 (2016)

67 Insight on a novel layered semiconductors: CuTIS and CuTISe

Aliev ZS, Zuniga FJ, Koroteev YM, Breczewski T, Babanly NB, Amiraslanov IR, Politano A, Madariaga G, Babanly MB,
Chulkov EV.

Journal of Solid State Chemistry 242, 1(2016)

68 Noncovalent Dimerization after Enediyne Cyclization on Au(111)
de Oteyza DG, Paz AP, Chen YC, Pedramrazi Z, Riss A, Wickenburg S, Tsai HZ, Fischer FR, Crommie MF, Rubio A.
Journal of the American Chemical Society 138, 10963 (2016)

69 Gold as a 6p-Element in Dense Lithium Aurides
Yang GC, Wang YC, Peng F, Bergara A, Ma YM.
Journal of the American Chemical Society 138, 4046 (2016)

70 PiBand Dispersion along Conjugated Organic Nanowires Synthesized on a Metal Oxide Semiconductor

Vasseur G, Abadia M, Miccio LA, Brede J, Garcia-Lekue A, de Oteyza DG, Rogero C, Lobo-Checa J, Ortega JE.
Journal of the American Chemical Society 138, 5685 (2016)
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112 Spin-texture inversion in the giant Rashba semiconductor BiTel

Maass H, Bentmann H, Seibel C, Tusche C, Eremeev SV, Peixoto TRF, Tereshchenko OE, Kokh KA, Chulkov EV,
Kirschner ), Reinert F.

Nature Communications 7, 11621 (2016)

113 Dynamic spin filtering at the Co/Alq(3) interface mediated by weakly coupled second layer molecules
Droghetti A, Thielen P, Rungger I, Haag N, Grossmann N, Stockl J, Stadtmuller B, Aeschlimann M, Sanvito S,
Cinchetti M.

Nature Communications 7, 12668 (2016)

114 Ultrafast electronic response of graphene to a strong and localized electric field

Gruber E, Petuya R, Smejkal V, Kozubek R, Hierzenberger A, Bayer BC, Aldazabal I, Kazansky AK, Libisch F,
Krasheninnikov AV, Schleberger M, Facsko S, Borisov AG, Arnau A, Aumayr F.

Nature Communications 7, 13948 (2016)

115 Confined linear carbon chains as a route to bulk carbine

Shi L, Rohringer P, Suenaga K, Niimi Y, Kotakoski J, Meyer JC, Peterlik H, Wanko M, Cahangirov S, Rubio A, Lapin
ZJ, Novotny L, Ayala P, Pichler T.

Nature Materials 15, 634 (2016)

116 The omega-SQUIPT as a tool to phase-engineer Josephson topological materials
Strambini E, D’Ambrosio S, Vischi F, Bergeret FS, Nazarov YV, Giazotto F.
Nature Nanotechnology 11, 1055 (2016)

117 Nanocavities Optomechanics goes molecular
Schmidt MK, Aizpurua J.
Nature Nanotechnology 11, 114 (2016)

118 Pressure effects on crystal and electronic structure of bismuth tellurohalides
Rusinov IP, Menshchikova TV, Sklyadneva 1Y, Heid R, Bohnen KP, Chulkov EV.
New Journal of Physics 18, 113003 (2016)

119 Stability of the Dirac cone in artificial graphene formed in quantum wells: a computational many-electron
study

Kylanpaa I, Berardi F, Rasanen E, Garcia-Gonzalez P, Rozzi CA, Rubio, A.

New Journal of Physics 18, 083014 (2016)

120 Negative plasmon dispersion in 2H-NbS2 beyond the charge-density-wave interpretation
Cudazzo P, Muller E, Habenicht C, Gatti M, Berger H, Knupfer M, Rubio A, Huotari S.
New Journal of Physics 18, 103050 (2016)

121 Stability of the Dirac cone in artificial graphene formed in quantum wells: a computational many-electron
study

Kylanpaa I, Berardi F, Rasanen E, Garcia-Gonzalez P, Rozzi CA, Rubio A.

New Journal of Physics 18, 83014 (2016)
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CFM is developing a broad program of activities aimed at bringing the excitement of science to
society and especially to young people. Researchers at CFM are fully committed to spread the ac-
tivities in the Center with society at many different levels. Some of the activities where CFM staff
participated during 2016 follows:

High School Visits

Generating scientific vocation is one of the main goals
of the outreach strategic program of the CFM. Since
2013, together with DIPC (Donostia International Phy-
sics Center) we have carried out a program of visits
where both centers open their doors to high schools
and other school center’s students, approximately,
every two weeks during the academic year.

Besides visiting our facilities, we offer students the
opportunity to directly interact with our PhD students,
post-doc researchers, professors and other scientific
staff, which we believe is a unique way to learn what
researching is really about.

This year, CFM and DIPC have had the pleasure to host
a total of 362 students from 14 schools, with more
than 15 top line researchers involved in the visits.
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https://vimeo.com/channels/mestizajes



www.youtube.com/watch?v=cMexvjTUFUg

DSS2016 Donostia /San Sebastian European Capital of Culture

In 2016 Donostia/San Sebastian was honored to be chosen as the European Capital of Culture. The city has been
devoted to the task, offering a wide variety of activities that cover the whole year, bringing culture insights into
public scene. Science has played a key role as a part of the cultural background of the city. In this matter, CFM
has actively collaborated with the events at DSS2016 participating in talks, meetings and other activities, the
most notable being the following ones.

Urbanzientzia (Urbanscience)

Organized by TEKNAHI

“Waves of energy” sums up the “soul” of the “San Sebastian 2016” candidature in a clear message: people and
movements of citizens are the real driving force behind transformations and changes in the world. Urbanscien-
ce was part of these waves of energy. It consisted of a series of activities organized for one day right on the
street where citizens could directly participate and interact with researchers with a wide variety of proposals.
CFM participated in two activities:

Hands-on stand entitled “Inspired by the little secrets of nature” together with DIPC and CIC nanoGUNE.

Outreach talk “Molekulak ikusi nahi zituen kuxkusero baten istorioa, the curious boy who wanted to look into
the molecules”. Talk in a tale format with Javier Aizpurua, CFM’s director, as the storyteller.

Iztueta Street, Donostia/ San Sebastian
21/05/2016

See the talk
scanning this code

“Desafios/Erronkak/ Challenges”

Organized by Jakiunde

This meeting was organized by Jakiunde and DSS2016,
with the collaboration of museum San Telmo, in the
framework of the initiative “Desafios/Erronkak” to
analyze and show some challenges that nowadays
society faces. During this edition of “Challenges”, the
possibilities of new materials were explored. In this
context, CFM participated with two outreach talks:
“Nanofotonica-Nanophotonics” by Javier Aizpurua
and “Resembling nature: nanotechnology of indivi-
dual macromolecules” by Josetxo Pomposo.

San Telmo museum, Donostia/San Sebastian
04/05/2016
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https://www.youtube.com/watch?v=NU4Ttswt3FE






















