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Novel Semiconductors
and Nanoscale Patterning
Using Energetic Beams

M. Aziz

Harvard School of Engineering and Applied Sciences
29 Ozford Street, 02138 Cambridge MA, U.S.A.

maziz@harvard. edu

The recent discovery of semiconductor materials whose properties depend dramat-
ically on the introduction of an alloying species at levels below a few atomic percent
has opened opportunities for the synthesis of quantum structures and hitherto un-
explored device structures. Examples of these dilute alloys are GaN,As;_,, which is
characterized by a giant bandgap bowing that makes it ideal for quantum confine-
ment; Gaj_,Mn,As, which displays ferromagnetic behavior that makes it a prime
candidate for spintronics applications; and Si;_,S,, which displays sub-bandgap op-
toelectronic absorption that makes it an intriguing candidate for IR photodetection
and photovoltaic applications. In all of these alloys, the very low value of x opens
new routes to their synthesis and integration. Additionally, the discovery of electro-
luminescence from silicon controllably injected with native point defects creates the
opportunity for the development of an electrically pumped silicon laser operating at
important communications wavelengths.

I will report on the explorations of my collaborators and my group on the syn-
thesis and patterning of these materials using ion implantation and Pulsed Laser
Melting (PLM) induced rapid solidification. PLM has unique advantages for point
defect manipulation. PLM also enables an entirely new approach to the realization of
novel 1D and 0D quantum structures from compound semiconductor materials in an
arbitrarily programmable direct writing process creating concentration changes with
lateral resolution that could approach 10 nm. Structurally, these materials appear sin-
gle crystalline with small variations in alloy composition; however, from an electronic
point of view they should exhibit an arbitrarily patterned band structure.
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Carbon-nanotubes as 1D Probes
for Superconductivity

P. Barbara

Department of Physics, Georgetown University
Washington, DC 20057, USA

Single-walled carbon nanotubes are seamless cylinders made of a monolayer of
carbon atoms. They can be either metallic or semiconducting and the conductance
of a semiconducting nanotube can be tuned by applying a voltage to a nearby gate
electrode, providing a one-dimensional field-effect transistor at the nanometer scale.
These systems can be used to explore physics in reduced dimensions as well as for
technological applications.

Here I will describe experiments on carbon nanotube field effect transistors with
superconducting and normal electrodes, to probe superconducting proximity effect
in one dimension. When the electrodes are made of normal/superconductor bilayers,
carbon nanotubes can be used as point contacts for Andreev reflection spectroscopy,
to study proximity effect at the normal/superconductor interface [1]. When the elec-
trodes are normal metals, anomalous transport features indicate that the nanotube
may become superconducting when the gate voltage shifts the Fermi energy into van
Hove singularities of the electronic density of states. In this scenario, proximity ef-
fect occurs at the interface between the superconducting nanotube and the normal
electrode [2].
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Resonances in Electronic Transport
Through Systems of Coupled Quantum Dots
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2 Institute of Molecular Physics, Polish Academy of Sciences
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Charge and spin transport through quantum dots is of current interest. We in-
vestigated theoretically the electronic transport through systems of coupled quantum
dots which are generally attached to magnetic and/or nonmagnetic electron reservoirs
(electrodes). In particular, we focused our considerations mainly on systems consisting
of two and three quantum dots coupled to the electrodes. The transport properties
of such dot arrays were analyzed in both weak and strong coupling regimes, and
the main attention was paid to various interference effects, including also the Kondo
phenomenon. Some of these effects resemble similar effects which are well known in
atomic physics, like for instance Dicke and Fano resonances. The transport charac-
teristics, including current, linear and nonlinear conductance, shot noise, and tunnel
magnetoresistance, were calculated using several theoretical techniques. To describe
transport properties in various regimes, we made use of the nonequilibrium Green
function (NEGF) formalism, slave-boson mean field (SBMF') theory, and the real-time
diagrammatic technique. The Kondo temperature (in the case of the orbital Kondo
phenomenon) was evaluated from the scaling approach and slave boson techniques.
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In the last decade, a significant progress has been made towards development of
new processes for integrating nanostructured materials into novel micro-and opto-
electronic devices. The nanostructures of interest include arrays of clusters, nanopar-
ticles, quantum dots and wires. For most of the potential applications the nanostruc-
tures must be ordered and highly homogeneous in size in order to exploit the quantum
effects for device applications.

In the first part of the presentation, a review of the recent advances in self-assembly
mechanisms and processes will be given [1]. The talk will particularly address the
mechanisms of formation of highly ordered arrays of Ge quantum dots during the
growth on nano-patterned Si(001) substrates [2,3].

The second part of the talk will be devoted to a new fabrication process of Ge
nanocrystals (NC) embedded in an SiOy amorphous matrix. The two step fabrication
process is based on the Ge QD self-assembly on an SiO2/Si(001) substrate nanopat-
terned by Focused Ion Beam (FIB). During the first step, FIB direct writing is used
to create an array of ultra-small holes with high density (> 10'cm™2) in a thin ther-
mal SiO; layer on a Si(001) substrate. New results obtained with the Orsay Physics
FIB apparatus implemented with an in situ mass filter and permitting high resolution
nanopatterning with Si (or gold) ion beams will be presented. During the second step,
Ge quantum dots are obtained by the conjunction of crystallization and dewetting of
an amorphous Ge layer during MBE in situ annealing [4].

The third part of the talk is focused on the structural, electrical and optical prop-
erties of Ge dots. We show by the transmission electron microscopy that both Si and
Ge NC exhibit a pseudo-equilibrium shape independent of the annealing conditions.
The bandgap of individual NC determined by scanning tunneling spectroscopy is di-
rectly correlated to their size as predicted by quantum confinement predictions [5].
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Optical and electronic properties of Ge NC embedded in an oxide matrix were stud-
ied [6,7]. In particular, hysteresis loops observed in the capacitance-voltage curves
were attributed to electron injection/emission process in Ge NC, which is represen-
tative of the memory effect. New optical and electronic properties are evidenced for
ultra-small Ge NCs (3 nm mean diameter).
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The development of protein arrays with feature sizes at the micrometer length
scale is currently of great interest for biomedical diagnostics and life sciences be-
cause these devices promise to evolve into a powerful technological platform for a
high-throughput analysis of biomolecular interactions with low requirements for the
amount of samples and hands-on processing time. An important area in the develop-
ment of protein and small molecule arrays concerns their further miniaturization to
the nanometer regime. Although various methods have been developed based on the
scanning-probe lithography or micro contact printing, it is currently still very diffi-
cult to fabricate nanoarrays containing multiple features, such as a range of different
proteins or small-molecule ligands.

We report here a novel approach to the fabrication of protein nanoarrays which
takes advantage of Atomic Force Microscopy (AFM)-based Nanografting, previously
developed and applied in our group for hybridization studies of DNA and other nu-
cleic acids, and DNA-directed Immobilization (DDI) of semisynthetic protein-DNA
conjugates. The latter method, which takes advantage of the specific Watson-Crick
hybridization of oligonucleotide-modified proteins to surface-bound complementary
oligomers, has previously been developed and extensively applied for the generation
of self-assembled protein arrays at the micrometer length scale.

It will be shown that a combination of these two methods can be used to syn-
ergistically enable fabrication of protein nanoarrays with high control over the spot
size and the molecular orientation, as well as options for reliable read-out, based on
topographic AFM measurements. Moreover, it will shown that by using such device
it is possible to study the affinity and kinetics parameters of bio-recognition events.
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Absorption Properties of Carbon-Protected
Magnetic Nanoparticles in a Pore

M. R. Dudek, M. Kosmider

Institute of Physics, University of Zielona Gdra
ul. Szafrana 4a, 65-069 Zielona Géra, Poland

A computer simulation study of the absorption properties of the magnetic nanopar-
ticles inside pores is discussed. The analysis is restricted to the case when the dynamics
of a single nanoparticle in a pore is controlled by two factors: a DC magnetic field and
an AC radiofrequency electromagnetic field which is used for heating the magnetic
nanoparticle. The theoretical model includes magnetization dynamics in the Landau-
Lifshitz formulation and a molecular dynamics method for describing the mechanical
properties of magnetic nanoparticles.

References
(1] J. H. Van Vleck, Physical Review 78, 266-274 (1950)
[2] L. Landau, E. Lifshitz, Phys. Z. Sovjetunion 8 (1953) 153

31



Joint Conferences on Advanced Materials
6*h Workshop on Functional and Nanostructured Materials
L08 10" Conference on Intermolecular and Magnetic Interactions in Matter
27-30 September 2009, Sulmona—L’Aquila, Italy

Finmeccanica Nanotechnology
Studies and Developments

C. Falessi

SELEX Sistemi Integrati, a Finmeccanica Company
Strategic and Planning Directorate, Technology Strategy
Via Tiburtina Km. 12.4, 00131 Rome, Italy

cfalessi@selex-si.com
www. selex-si.com

Finmeccanica is a financial and industrial holding company whose production ac-
tivities are concentrated in aeronautics, helicopters, space and defense, with additional
well-established skills and production assets in the transport, energy, homeland pro-
tection and security sectors providing applications, sensors, systems and systems of
systems.

The main companies of the Group are Alenia Aeronautica, Thales Alcatel Space
Italia, Agusta, SELEX Sensors and Avionic Systems, SELEX Communications, SE-
LEX Sistemi Integrati, MBDA Italia, STMicroelectronics, ELSAG-Datamat and An-
saldo.

The Finmeccanica Group is present in the world with more than seventy thousand
employees on about 500 operating sites; the turnover exceeds 16 000 M euros and over
14% of the revenues is invested in R&D.

To compete in the world open market a continuous innovation is mandatory. In
order to build emerging technologies Finmeccanica has sponsored a project, named
MindSh@re, among more than 25 companies. The project aims at creating value in
the FNM Group through the practice of team building and co-operation within the
Companies, capitalization of activities, knowledge, processes and best practices within
the Group, sharing of common technology platforms.

More precisely, fourteen main companies and four research centers are working
together in a Finmeccanica Focus Group on Nanomaterials and Nanotechnologies,
since it is necessary to find out new approaches to become a future “technology
differentiator” to maintain and strengthen the position of a world leader in the state-
of-the-art applications.

The Finmeccanica Nanotechnology Focus Group is investigating:
e Nanostructured RF Absorbent Materials and Frequency Selective Surfaces.

e Vacuum Tube NanoAmplifier (Tx NanoValves): transmitters based on Carbon
Nanotubes that could generate an emission field with a very high efficiency and
at a low temperature.
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The efficient realization of elementary nanovalves could be based on nanotube
arrays which could supply more than 25 db of current gain up to 37 THz.

e Carbon NanoTubes adoption for dense electronic devices
e Thermal Management and Interconnection (Flip Chip & Face Up configuration).

Nanostructured high strength alloys adopting severe plastic deformation tech-
niques such as Accumulative Roll-Bonding (ARB) techniques for aeronautics
and ballistic protection applications.

e Nanosensors for Bio-Chemical Agents Detection and Control (Future Soldier)
making use of a vapor phase deposition technology type - Pulsed Microplasma
Cluster Source (PMCS).

In addition the Finmeccanica Focus Group Nano is coordinating a Multiscale
NanoScience — Engineering Integration Initiative. The “NanoTechnology Multiscale
Project — NMP” is partially funded by the Italian MoD and is a complete realization
of the Vertical and Horizontal Integration recognized as a condition for the Nan-
oTehnology application to Industry and Society. NMP includes the development of
9 nano-demonstrators and aims at the definition & development of integrated method-
ologies and environments to study, design, develop and test nanotechnology based
metamaterials, devices, sensors and systems.
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Oxides for Ultra-Scaled CMOS and Innovative
Non-volatile Memory Devices

M. Fanciulli

INFM - MDM Lab. C/o ST Microelectronics
via C. Olivetti, 2 20041 Agrate B.za (Mi) Italy

The availability of the next generations of silicon-based devices depends on the
solution of the challenging problems related to the capability of growing advanced ma-
terials, controlling their interface structure and stability on Si or other high-mobility
semiconductors, understanding the dopant interaction and charge transport in sub-
micron regions, and realizing new functionalities. The astonishing advances in nano-
electronics will continue until the sizes of device approach atomic dimensions, a realm
where a wide variety of novel device concepts will play a relevant role. High-£ dielec-
tric materials in combination with high mobility substrates represent a promising way
for the further development of CMOS based nanoelectronics. The dielectrics have also
the potential to play an important role in novel and emerging devices. I shall focus on
some concepts related to nanoelectronics, for both logic and memory functionalities,
pointing out the experimental challenges related to material science aspects, such as
the quality of the layers and the interfaces, to metrology issues, such as the availability
of very sensitive characterization tools, and to fundamental solid-state physics such
as switching mechanisms in resistive RAM. The application of advanced dielectrics in
other novel nanoelectronic devices will be also briefly discussed.
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Recent Advances
in Non-conventional Systems

J. N. Grima

Department of Chemistry, Faculty of Science, University of Malta
Msida, Malta

Most materials we encounter are such that they get thinner when stretched (i.e.
exhibit a positive Poisson’s ratio) and expand when heated (i.e. exhibit a positive
thermal expansion coefficient). Nevertheless, not all materials behave like this and it
is possible for materials and structures to get fatter stretched (i.e. exhibit a negative
Poisson’s ratio, NPR, commonly referred to as auxetic) and contact when heated
(i.e. exhibit a negative thermal expansion coefficient, commonly referred to as NTE
materials). It is also possible for materials and structures to neither get thinner nor
fatter when stretched (i.e. exhibit a zero Poisson’s ratio, ZPR) or neither expand
nor contract when heated (i.e. exhibit a zero thermal expansion coefficient, may be
referred to ZTE materials).

In this paper we present some recent advances we made in this field. In particu-
lar we discuss a new manufacturing process for the production of NPR foams from
conventional foams, together with ways which can be used to re-convert the auxetic
foam back to conventional foam. We also present a novel system exhibiting ZTE and
some other very interesting properties.

Finally, we show how NTE and ZTE multi-layered systems can be manufactured
using conventional materials having different mechanical and thermal properties. In
particular we show that to optimise (NTE) characteristics, the systems must be con-
structed by combining thin layers of stiff materials having high positive coefficient of
thermal expansion (CTE) characteristics bonded together through thicker layers of
soft material having low CTE values and, more importantly, having Poisson’s ratio
as high as possible.
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Influence of Excited 4 f*~15d! State
on Impurity Trapped Exciton States
in Ln-Doped Materials

M. Grinberg

Institute of Fxperimental Physics, University of Gdansk
Wita Stwosza 57, 80-952 Gdansk, Poland

fizmgr@univ. gda.pl

In rare earth ion doped solids the emission takes place usually due to 4f™ — 4f"
and 4f"~15d' — 4f™ internal transitions of lanthanide ions. In the case of band to
band excitation the effective energy transfer from the host to the impurity requires
the existence of localized impurity trapped exciton states that cause the localization
of the electron and the hole at the dopand site. Such states appear since the location
of a single charge (electron or hole) at the electrically insensible impurity creates
the long range Coulomb potential. In several cases, however the impurity trapped
exciton state becomes stable and it produces anomalous luminescence instead of the
Ln emission.

In this contribution the pressure effect on energies of the 4f"~15d* — 5f" tran-
sitions in Ln doped oxides and fluorides as well as the influence of pressure on the
energy of impurity trapped exciton states is discussed. The latest results on high pres-
sure investigations of luminescence related to Pr3* and Eu?" in different lattices are
presented. The influence of pressure on anomalous luminescence in BaSrFo:Eu?* and
LiBaF5:Eu?t systems is presented and discussed. A theoretical model describing the
impurity trapped exciton as a system where a hole is localized at the impurity and
an electron is captured by the Coulomb potential at Rydberg-like states is developed.
The model is used to analyze the anomalous luminescence in Eu?* doped fluorides and
pressure quenching of Pr®t luminescence in some oxides. The contribution presents
the effect of mixing between the Rydberg-like electrons and the localized electrons,
which is significantly different for the 4f™ and 4" !5d electronic manifolds. The
results show the importance of the local lattice relaxation for the creation of stable
impurity trapped exciton states. Additionally, the influence of macroscopic quantities
such as bulk modulus and dielectric constant on the possibility of creating an impurity
trapped exciton is discussed.
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Magnetic Properties of a PBT-Block-PTMO
Polymer with a Small Amount
of Nickel Magnetic Nanoparticles

N. Guskos™2, J. Typek? B. Padlyak®%
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4 Institute of Physics, University of Zielona Géra
Prof. Szafrana Str. 4a, 65-516 Zielona Géra, Poland

5 Department of Chemistry, Ivan Franko National University of L'viv
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S Institute of Chemical and Environmental Engineering
West Pomeranian University of Technology
Al. Piastow 17, 70-310 Szczecin, Poland

" Institute of Materials Science and Engineering
West Pomeranian University of Technology
Al. Piastéw 17, 70-310 Szczecin, Poland

Samples containing fine particles of a face-centred cubic (fcc) phase of Ni embedded
in a PBT-block-PTMO polymer at concentrations of 0.1 and 0.25 wt.% were synthe-
sized. The mean size of Ni crystalline particles varied from 8 to 30 nm. A ferromagnetic
resonance (FMR) study was carried out in the 4-300 K temperature range. A sym-
metrical and very intense magnetic resonance line was recorded in the investigated
samples for all temperatures while an additional line connected with an anisotropic
magnetic interaction appeared below 100 K. At low temperature, an electron para-
magnetic resonance (EPR) spectrum from isolated Ni ions was registered. At room
temperature, a resonance line was registered at g = 2.240(2) (H, = 2989(1) kOe)
with linewidth AH,, = 644(2) kOe. The resonance field (AH,/AT) gradient for the
PBT-block-PTMO polymer containing 0.25 wt. % of Ni strongly depended on tem-
perature with the following values in different temperature ranges: from 44 to 295 K —
AH, /AT = 2.4 kOe/K, (1.1 kOe/K for 0.1 wt. % of Ni [1]) and from 19 to 35 K —
AH, /AT = 84.7 kOe/K (70.7 kOe/K for 0.1 wt. % of Ni [1]). The internal magnetic
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field strongly increased with the decreasing temperature and concentration of mag-
netic nanoparticles. A strong temperature dependence of the linewidth as well as some
other anomalies in the FMR line intensity were registered.

The static magnetic susceptibility of Ni—C ferromagnetic nanopowders and the
PBT-block-PTMO polymer samples with Ni nanoparticles was investigated by the
Faraday balance technique in the 100400 K temperature and 1 — 10 kOe magnetic
field range. The PBT-block-PTMO polymer samples containing 0.1 and 0.25 wt. % of
Ni showed approximately a linear dependence of the magnetic susceptibility vs a re-
ciprocal magnetic field what could be taken as evidence of their superparamagnetic
properties. The magnetic susceptibility for both samples showed a temperature de-
pendence similar to bulk Ni. Nevertheless, the temperature dependence in a high
temperature range suggested that the process of reorientation of magnetic nanopar-
ticles strongly depended on the matrix (polymer — glass transition). The following
Ax/AT gradient values were obtained: Ax/AT (at T > 265 K) = 2.2:107? emu/g-K,
Ax/AT (at T < 265 K) = 0.5-1072 emu/g-K for the polymer sample containing
0.25 wt. % of nickel and Ax/AT (at T > 265 K) = 2.1-107? emu/g-K, Ax/AT (at
T < 265 K) = 1.6-107° emu/g-K for the polymer sample containing 0.1 wt. % of
nickel.

The peculiarities of the FMR spectra and the static magnetic properties of the
PBT-block-PTMO polymer samples containing 0.1 and 0.25 wt. % of Ni are considered
and discussed.
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Spectroscopic Investigations of New Class
of Rare-Earth and Zinc/Cadmium Tungstates
and Molybdato-Tungstates

S. M. Kaczmarek?!, E. Tomaszewicz? H. Fuks?

Y West Pomeranian University of Technology
Institute of Physics
Al. Piastow 17, 70-310 Szczecin, Poland

2West Pomeranian University of Technology
Department of Inorganic and Analytical Chemistry
Al. Piastow 42, 71-065 Szczecin, Poland

In the last decades, a large number of tungstates and molybdates of rare-earth
metals have been extensively investigated. In most cases, the emission of rare earth
ions is due to optical transitions within the 4f orbitals and their f-f emission spectra
consist of sharp lines. The f-f transitions in RE3* ions have found practical appli-
cations in laser host materials in quantum electronics, phosphor materials used in
fluorescent lamps and scintillators in medical devices.

Our earlier studies concerning a reactivity zinc tungstate (wolframite type struc-
ture) with rare-earth metal tungstates REoWOgs (RE =7, Nd, Sm-Ho) showed the
existence of a new series of zinc and rare-earth metal tungstates with the formula
ZnRE4W3016 [1]. These compounds were synthesized by high-temperature solid-state
reaction according to the following equation:

ZHWO4(S) + REQWOﬁ(S) = ZHRE4W3016(S) (1)

The obtained compounds crystallized in the orthorombic system and melted incon-
gruently or decomposed in the solid state in temperatures above 1250°C [1].

In turn, new zinc and rare-earth metal molybdato-tungstates ZnRE>MoWO1q
(RE =Sm, Eu, Gd, Dy) were prepared by a conventional solid-state reaction between
ZnWO4 and REoMoOg mixed at the molar ratio of 1:1 [2]. The obtained compounds
crystallized in the monoclinic system and melted incongruently within the tempera-
ture range of 1016-1033°C [2].

Very interesting magnetic and luminescent properties were shown by new cad-
mium and rare-earth metal tungstates [3-5]. The Cdg. 25 RE¢.5000.25s WO4 compounds
(RE=Nd, Sm, Eu, Gd; O — randomly distributed vacancies in the cation sublat-
tice) crystallized in a scheelite type structure and were obtained by heating equimo-
lar RE;W309/CdWO, mixtures in air [3]. The double tungstates with the general
formula CARE;W3019 (RE =Y, Pr, Nd, Sm-Er) were obtained from CdWO, and
an adequate RE2WOg trough a solid-state reaction [4,5]. CdPraW201q crystallized
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in the orthorhombic system [5], while the other cadmium and rare-earth tungstates
CdRE;W,01 crystallized in the monoclinic system [4].

In this work EPR and luminescent properties of the some above-mentioned com-
pounds were studied and analyzed.
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Glassy Dynamics and Glass Transition
of Polymer Nanometer Thin Films

T. Kanaya

Institute for Chemical Research, Kyoto University
Uji, Kyoto-fu 611-0011, Japan

Confined glass-forming materials in nanometer thin films show very different prop-
erties from bulk such as thermal and mechanical ones. Their properties are very in-
teresting and important from not only scientific but also industrial points of view
because they are related to important phenomena such as surface friction, adhesion,
surface coating. Hence, confined systems are one of the current topics in condensed
matter physics as well as polymer physics.

We studied polystyrene (PS) thin films by X-ray and neutron reflectivity [1-3]
and found that glass transition temperature Ty decreased with film thickness below
about 40 nm, there existed ultra-slow relaxation process in thin films, and thermal
expansivity in glassy states decreased with film thickness.

In order to understand the glassy dynamics and the glass transition mechanism in
thin films, we also studied dynamics of PS thin films (20-100 nm) by inelastic neutron
scattering (INS) [4-7]. In the meV region we found that mean square displacement
(u?) as well as the density of phonon states G(w) decreased with the film thickness
below about 100 nm. We also studied dynamic heterogeneity of the glassy thin films in
terms of non-Gaussian parameter and found that it increased with decreasing the film
thickness below about 40 nm. This has been assigned to the dynamic heterogeneity of
the thin films. In the peV region, we evaluated the glass transition temperature from
the mean square displacement (u2) As the film thickness decreased, the glass transi-
tion temperature thus evaluated increased. This observation completely contradicts
the results revealed by X-ray and neutron reflectivity, where T decreased with film
thickness [1-3].

In the conference we will discuss the molecular origin of these anomalous properties
of PS thin films in terms of dynamic heterogeneity of polymer thin films.
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Nanowire-based Spintronics

0. Kazakova

National Physical Laboratory
Hampton Road Teddington, Middlesex TW11 OLW, United Kingdom

Modern electronics in its rapid development towards even higher-speed digital
circuits and ever diminishing transistor size still vastly relies on semiconductor het-
erostructures. Nevertheless novel materials become increasingly important in the view
of sustaining the Moore’s law. One of these emerging approaches is to use diluted mag-
netic semiconductors (DMS). The search for an ideal DMS material with tunable fer-
romagnetic behavior is being actively pursued for realization of spintronics devices. In
such materials a Curie temperature, T, far in excess of 300 K is essential for practical
applications. Besides they should be compatible with conventional silicon technol-
ogy to have a chance of rapid rollout. From this point of view, magnetically doped
group-1V semiconductors (Ge and Si) would be ideal candidates. Room-temperature
ferromagnetism in Ge;_;Mn, [1] and Si;—,Mn, [2] nanowires and nanocolumns [3]
was recently demonstrated and a perfect dilution of Mn ions in the host was proven [1].
Germanium is an especially attractive material with high carrier mobility and hence
ideally suitable for ultra-high-speed electronics.

In this talk we summarise our recent experimental results on magnetic properties
of Ge;_,Mn, nanowires and emphasise the important role of dimensionality in spin-
dependent scattering and dynamic magnetic properties of DMS materials. We also
present our results on realization of a first field effect transistor based on a Gel-xMnx
nanowire [4]. Integration of such nanowires may eventually provide a route towards
smaller, lighter but still more powerful and faster computers, mobile phones and music
players.

References

[1] O. Kazakova, et al., Phys. Rev. B, 72, (2005) 094415

[2] M. Jamet, et al., Nature Materials, 5, (2006) 653

[3] H. W. Wu, et al., Appl. Phys. Lett., 90, (2007) 043121
[4] M. I. van der Meulen, et al., Nano Lett., 9, 50 (2009)

42



Joint Conferences on Advanced Materials
6*h Workshop on Functional and Nanostructured Materials
10" Conference on Intermolecular and Magnetic Interactions in Matter L
27-30 September 2009, Sulmona—L’Aquila, Italy ].6

Magnetic Properties
of NiFe,O4 Nanoparticles

S. P. Kruchinin!, A. Zolotovsky?

! Bogolyubov Institute for Theoretical Physics, NASU
Kiev, 03143, Ukraine

2 Lashkaryov Institute of Semiconductor Physics
Kiev, Ukraine

The magnetic properties of nanoparticles of nickel ferrite, NiFe;O,4, have been
recently investigated experimentally. In the present lecture we consider the theory of
the physical properties of such nanoparticles. In particular, we investigated the band
structure and density of states of the NiFesO4 nanoparticles. We also studied their
magnetic properties and size effects using the renormalization group approach.
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The X-ray absorption fine structure (XAFS) analysis is a powerful technique to
determine the local atomic structure around a given atom. This information can be
very useful for conclusions about the position of a particular atom in a crystal net in
case of dopants in a crystalline matrix or its chemical bonding. Moreover, it helps in
resolving the phase contents in complex composites or minerals. In case of materials
with a high level of disorder like e.g. natural chitosan polymers used as heavy metal
sorbents it can be used to determine the metal bonding inside the polymer. In the
present lecture the application of XAFS for the study of liquids will be presented.
It will be shown how to determine the influence of a given solvent on the compound
in a solution, and next, the influence of this compound on specific chemicals used in
medical treatment will be found out.

Knowing that malaria remains the world’s most prevalent disease which causes se-
vere health problems particularly in African and Asian countries, an example of using
the XAFS technique for a problem related to this disease will be demonstrated. The
most severe form of malaria is caused by the Plasmodium falciparum (Pf) parasite.
The intraerythrocytic stage of Pf involves hemoglobin proteolysis and detoxify heme
into an inert crystalline material, called malarial pigment or hemozoin. The crystal
structure of hemozoin has been solved by X-ray powder diffraction in recent years and
its synthetic analogue, beta-hematin, has been synthesized. The ferriprotoporfiryn IX
is believed to be a target for commonly used antimalarial drugs but its interactions
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are still not understood on the molecular level. In the presented work we are especially
interested in drug-induced perturbations of structures of a soluble beta-hematin-like
compound, iron(IIT) (meso-porphyrin-IX anhydride) called mesohematin. Similarly to
its insoluble parent compound, beta-hematin, this compound is also built of dimmers
which was confirmed by the EXAFS analysis. The XAS measurements on a frozen
sample of mesohematin in a solution were performed at ESRF (station ID26). Two
kinds of solvents were tested: dimethylsulfoxide and acetic acid. In the case of the lat-
ter pure acetic acid and acetic acid with water with a volume ratio of 30:1 and 15:1,
respectively were used as solvents. The high resolution XANES and EXAFS spectra
on the iron K-edge enabled us to reveal the differences in the local environment of Fe
atoms inside a mesohematin structure in investigated solutions before and after the
chloroquine drug addition.
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Phonon Properties of Nanocrystalline Bismuth
Layered Ferroelectrics
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Bismuth layered compounds (Aurivillius family) of general formula
(Bi2O2)(An 1B O03m11),

where A = Na, K, Ca, Sr, Ba, Pb etc. and B = W, Ta, Nb, Ti etc. [1], have received
much attention for device applications. For instance, these compounds are important
candidates for the development of ferroelectric random access memories [2]. They
constitute also an important class of oxide anion conductors [1]. Recently, BioaWOg
and BisMoOg have been found to be excellent photocatalytic materials and solar-
energy conversion materials [3,4].

The change in crystallte size may lead to significant structural changes, for in-
stance to stabilization of the high-temperature phase or even the appearance of new
phases not observed for the bulk material [5,6]. Although a number of papers have
been published reporting synthesis of nanocrystalline bismuth layered ferroelectrics,
no attempts have been made to investigate the dependence between the crystallite size
and the structure and phonon properties for m = 1 members of this family of com-
pounds. Therefore, we decided to perform such studies for BioWOg and BisMoOg. In
particular, we used Raman and IR spectroscopies as tools for structural investigations
since these techniques were shown to be very useful in studies of nanocrystalline ma-
terials. We will show that the phonon and structural properties of these compounds
exhibit very significant changes with a decrease in the crystallite size which must
have a significant impact on their photocatalytic, ionic conductivity and ferroelectric
properties.
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Vertically Aligned Carbon Nanofibers
as Nanotools for Cellular Interfacing

A. V. Melechko!, T. E. McKnight?
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The advances in synthesis of vertically aligned carbon nanofibers and development
of methods to integrate them into functional multiscale structures opened new possi-
bilities to exploit the properties of carbon nanofibers in interfacing with live cells and
tissues. Most significantly, the geometry and dimensions of VACNFs make them suit-
able for nondestructively penetrating cell membranes and probing or modifying cell
function; the side wall chemistry makes them amenable to a wide variety of function-
alization strategies, turning them from simple graphitic sticks into “smart carbons”.
The efficient electron transport across the sidewalls and acceptable electrical conduc-
tivity makes them suitable for interfacing electrogenic cells and nanoscale probes for
electroanalytics on a level of a single cell. Two implementations of a nanostructured
interface to live systems will be presented. Impalefection, or transfection by impale-
ment, is VACNF-based gene delivery method that relies on both mechanical ability of
nanofibers to penetrate nuclear domain and their chemical functionality to allow DNA
attachment (Figure 1). Neuronal interface is based on combining VACNF geometry
with their electrical properties and holds a promise to significantly impact the fields
of electrophysiology and neuroscience by enabling multimode recordings (electrical
and neurotransmitter) at high spatial resolution.

Figure 1: SEM image of Chinese hamster ovary cells impalefected with VACNF's
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Surface Corrugation, Morphology
and Electronic Structure of Exfoliated Graphene:
a LEEM, Micro-LEED and Micro-ARPES Study
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The recent availability of exfoliated graphene sheets has opened unprecedented op-
portunities for the study of this intriguing material and its unique physical properties.
Although transport measurements are typically conducted on exfoliated graphene, the
microscopic size of the flakes impedes access to its electronic structure using laterally
averaging photoelectron spectroscopy. Synchrotron-based spectromicroscopy offers a
powerful means to overcome this problem and enable their experimental investigation.

Our study reveals the morphology and electronic structure of suspended and SiOo
supported exfoliated single and multi-layer graphene. Graphene samples were probed
up to mesoscopic length scales using an array of complementary photon and elec-
tron probes operated in a microscopy mode, namely low energy electron microscopy
(LEEM) micro-spot low energy electron diffraction (u-LEED), and micro-spot an-
gle resolved photoelectron spectroscopy (u-ARPES). Our observations support the
picture that ultra-thin SiOs supported graphene layers partially conform to the un-
derlying substrate. They reveal that the interaction energy at the SiOs interface can
effectively induce a significant deformation in the graphene stack up to thicknesses
of several layers. An inverse dependence proportionality between thickness (number
layers) and degree of corrugation has been found. Surface corrugation gives rise to
characteristic diffraction patterns of low energy electrons, and also strongly influences
the ARPES spectra [1]. Compared to supported flakes, suspended graphene displays
a much improved planarity. In particular, the smoothness of suspended bilayers is
comparable to that of thick graphite films, producing very sharp diffraction patterns.
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Such morphology could correlate with the significantly improved transport properties
of suspended graphene devices [2].
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Phase Diagrams and Cluster Structure
Before Solidification

S. Mudry
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It is known that the liquid-solid phase transition is accompanied by disorder- order
changes in the atomic arrangement. Numerous studies of such transition by means of
theoretical and experimental methods have yielded a lot information about the ther-
modynamic and kinetic conditions of this transformation, but the understanding of
these processes, occurring just before solidification is scarce. Moreover, the assump-
tion about the existence of clusters as main structural units in a liquid state needs
more motivation and detail studying.

Most information about the behaviour of liquid alloys just before solidification
is commonly taken from equilibrium phase diagrams which are established for most
binary systems. Unfortunately, to date there has been no information on the interre-
lation between the kind of phase diagram and the cluster structure in a liquid state
before solidification. Studying of such interrelation is also important from the view-
point of many technologies dealing with the nanoscale structure formation.

In this work, the results of features concerning a cluster structure in molten binary
alloys with a different kind of a phase diagram are presented. Four groups of phase
diagrams were studied: eutectic, monotectic, systems with chemical compounds and
systems with unlimited solubility in liquid and solid states. The cluster structure pa-
rameters were obtained by means of X-ray diffraction and viscosity measurements. It
is shown that the chemical ordering in clusters, their size and temperature dependence
are correlated with the “liquidus” curve profile in an equilibrium phase diagram.
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Systematic Study of Synthesis
and Self-assembled Morphology
of Silver Triblock Copolymer Nanocomposite

M. Mukherjee, A. K. M. Maidul Islam

Surface Physics Division, Saha Institute of Nuclear Physics
1/AF, Bidhannagar, Saltlake, Kolkata-64, India

Preparation of silver nanoparticles can be achieved from a silver ammonia com-
plex, [Ag(NH3)s]™ in aqueous solution of a hydroxyl terminated amphiphilic tri-
block copolymer of poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide).
The conventional chemical reducing and stabilizing agents are not necessary in this
method. The triblock copolymers with a long hydrophilic chain are amphiphilic in
nature and can act as reductants as well as colloidal stabilizers and are very efficient
in both functions.

It is known that PEO-PPO-PEO in aqueous solution is strongly thermo-responsive.
In the preset study the effect of temperature on formation and stabilization of silver
nanoparticles was investigated systematically. Real time UV-Vis and Dynamic Light
Scattering spectroscopy was used to monitor the particle growth at different tem-
peratures in the solution stage. The size and the distribution of nanoparticles were
investigated using TEM. A bimodal distribution of particles was observed at lower
temperatures. At intermediate temperatures particles of a very small size with a nar-
row distribution were achieved. At higher temperatures the particle size increased and
the monodisparsity was lost.

Self-assembly thin films from a silver polymer composite were prepared by dip
coating on silicon substrates. The morphology of the films prepared at different tem-
peratures on hydrophilic and hydrophobic substrates was studied using SEM and
angle resolved XPS. From the XPS analysis we find that the reduction of silver ions
to silver nanoparticles follows different oxidation steps of poly (ethylene oxide) at
different temperatures. We will discuss the mechanisms of the nanoparticle growth
and structural aspects of the thin films formed by the self-assembly of the polymer
silver nanocomposite.
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Removal of SO, from Gases on Carbon Materials
U. Narkiewicz, A. Pietrasz
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The aim of the work is to describe a capability of active carbon CARBON L-2-4
(AC) and nanocarbon (NC) materials containing iron nanoparticles to continuously
remove SO from inert atmosphere.

A vertical glass tubular reactor packed with AC or NC was used to study the
conversion of SOy (0,25% and 0,8%) into HoSOy in the presence of Oq, Ny and HO,
in the temperature range of 30-80°C. The process of SO5 removal was carried out on
a dry catalyst and on a catalyst wetted with HoO carbon.

Carbon nanomaterials containing iron nanoparticles (NC) were synthesised using
a CVD method — through catalytic decomposition of ethylene on nanocrystalline iron.

The obtained results (changes of the outlet SO, concentration with time) for both
kind of catalysts are shown in the figures below.

The level of a steady-state SO concentration at the reactor outlet increases with
the increasing inlet SO4 concentration and decreases with the increasing concentration
of Og, Ny as well as HoO. The effectiveness of SOy removal using dry active carbon
(two-phase system, Figure 1) at lower temperatures is better than in the case of
wetted carbon (three-phase system, Figure 2). In the temperature 60°C and above
the effectiveness of SO2 removal is better on wetted activated carbon (Figure 2) than
on the dry one (Figure 1). The best effectiveness of SO; removal for dry carbon is
reached in the temperature of 30°C, however the best results for wetted carbon are

Dry catalyst Carbon L-2-4
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Figure 1: Changes of outlet SO2 concentration in the temperature range 30-80°C
for dry catalyst Carbon L-2-4
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Wetted catalyst Carbon L-2-4
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Figure 2: Changes of outlet SO2 concentration in the temperature range 30-80°C
for wetted catalyst Carbon L-2-4
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Figure 3: Changes of outlet SOz concentration in the temperature range 30-80°C

for dry NC catalyst
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Figure 4: Changes of outlet SO2 concentration in the temperature range 30-80°C
for wetted NC catalyst

obtained at 70°C. In the case of a nanocarbon material, the removal of SO is more
effective in the three-phase system (wetted catalyst, Figure 4) than in case of the
two-phase system (Figure 3) and it is more effective at lower temperatures. In the
case of this catalyst the initial reduction with hydrogen is planned, to increase the free
area of iron nanoparticles. Further experiments at higher temperatures (100-300°C)
are planned as well.
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Scattering of Electrons by a Two-dimensional
Parabolic Repeller in a Magnetic Field

G. J. Papadopoulos

Department of Physics, Solid State Physics Section, University of Athens
Panepistimiopolis, Athens 157 84, Zografos Athens, Greece

The distributions for the charge and current density of an electron incident on
a 2D symmetric parabolic repeller under the influence of a perpendicular magnetic
field are obtained, utilizing the evolving wave function stemming from a wave packet
locating the particle at a certain distance from the barrier center and carrying the
initial electron momentum targeting the center. The corresponding charge and current
densities are, then, derived as functions of space and time. There follow numerical
calculations with initial expected energies below the barrier height, seen by the particle
at its initial position, as well as for various values of the magnetic field and the
barrier strength. For small magnetic fields the charge and current density spatial and
temporal distributions are mildly affected by the field. However, for large magnetic
fields capable of superseding the repelling effect of the barrier through the cyclotronic
motion there appear interesting effects. E.g. the charge and density distributions at
a given location rise from and fall asymptotically with time to zero for small magnetic
fields, while for large enough, higher than a critical value, there appears repetition
in rise and fall with a gap of almost zero charge density followed by reversal in the
current density componenets. The frequency of the above repetitions increases with
increase in the magnetic field. Finally, the results, obtained, may be of some use in
relation to experiments involving tunneling arrangements with extended antidots in
a perpendicular magnetic field.
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Luminescent Solar Concentrators
Cased on Hybrid Materials

R. Reisfeld’, T. Saraidarov, V. Levchenko

Department of Inorganic Chemistry, The Hebrew University
Jerusalem, 91904, Israel

* Enrique Berman Professor of Solar Energy
The Hebrew University of Jerusalem

In recent years because of the rapid increase of the cost of fuel there is renewed
great interest in solar energy and specifically in Luminescent Solar Concentrators.
Luminescent Solar Concentrator (LSC) in which the solar light falling on a large area
of luminescent plate concentrates on a small area of a plate edge allows to decrease
the cost of the photovoltaic electricity by permitting to use smaller amounts of costly
photovoltaic cells. Limitations to produce effective stable LSC still exist and these
have to be improved. We present here a model by which the plate efficiency will be
increased by incorporate of stable fluorescent dye in conjunction with plasmons.
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Confinement Effects in Polymer Systems:
Monte Carlo Simulations

P. Romiszowski

Department of Chemistry, University of Warsaw
Pasteura 1, 02-093 Warszawa, Poland

The properties of a polymer chain confined to a slit, a tube or a spherical pore
are quite different from those of a chain in a bulk. The changes of polymer properties
in confinement are important because such systems have such practical applications
as chromatography, colloidal stabilization, lubrication etc. A study of the influence
of a confinement on polymer chains is a theoretical challenge because the presence of
confining surfaces changes significantly the properties of the system. The presented
study was an investigation of polymer molecules located between two parallel and
impenetrable surfaces. The properties of the chains depend strongly on the width of
the slit. Also the case of confinement between the adsorbing surfaces is shown and
discussed. The chains were constructed of identical segments and were restricted to
knots of a simple cubic lattice. The properties of the model chains were determined by
means of Monte Carlo simulations with a sampling algorithm based on local changes
of chain conformation. The differences and similarities in the structure for different
adsorption regimes and the slit size were shown and discussed. It was observed that
at certain conditions the polymer chain was adsorbed at one of the confining surfaces,
and then, after a certain period of time, it detached from this surface and approached
the opposite wall; this switch was repeated many times during the simulation run —
a fragment of the trajectory is presented in Figure 1. The influence of the adsorption
strength, the slit size and the chain length on the frequency of those jumps was
determined. The mechanism of the chains motion during the switch was also shown.
An analysis of the structures (trains, loops, tails and bridges) which can be found in
a confined polymer system will be presented.
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Figure 1: Plot of z-position of the center of mass of the polymer molecule located in the slit
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Tailoring Thermal Expansivity
in Cellular Solids

C. W. Smith

NMA Palumbo, W Miller School of Engineering
Mathematics and Physical Sciences, University of Exeter
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c.w.smith@ezx.ac.uk

The coefficient of thermal expansivity (CTE) is insensitive to structural disorder
in monolithic materials and structures. Monolithic cellular solids such as honeycombs
and foams are no different in this respect. The CTE of a multi-phase or composite
materials, such as particulate filled polymers, is usually satisfactorily predicted by
simple rule of mixtures type relationships, except however where there is significant
internal ordering. In these cases CTE is not bounded by rule of mixtures type relations.
Since cellular solids are not usually structured at atomistic size scales the differences
between a material and a structure are ignored here. Examples of cellular solids which
have been postulated include those formed from bi-material strips and wireframe
constructs. None of these however have much potential as structural elements since
they sacrifice much of their stiffness for extreme CTE values. A system of using
internal constraints to force swapping of thermally driven distortion for thermally
driven stress has been developed for scale independent truss-type structures, e.g.
extruded 2D honeycombs or truss cores for sandwich panels. This system offers the
possibility for tailored CTE (within some limits) but with near zero penalties in
stiffness and weight. Such systems can be realised via standard current manufacturing
techniques, at appropriate size scales. An overview of these systems, how they work,
and their limitations will be presented.

o7



Joint Conferences on Advanced Materials
‘Workshop on Functional and Nanostructured Materials
L28 10" Conference on Intermolecular and Magnetic Interactions in Matter
27-30 September 2009, Sulmona—L’Aquila, Italy

6th

White Organic Light Emitting Diodes
for Super-thin Flat Panel Lighting

T. Tsuboi

Faculty of Engineering, Kyoto Sangyo University
Kamigamo, Kyoto 603-8555, Japan

Organic light emitting diode (OLED) generates electroluminescence (EL). This
diode is currently used for flat panel displays including television monitor. The EL
panels are manufactured by aligning three red, green, and blue OLED devices. Each
of these mono-color OLEDs consists of thin films of cathode, electron injection layer,
electron transporting layer, emitting layer, hole transporting layer, hole injection layer,
and transparent anode. When voltage is applied to the OLED, electrons and holes
are injected from cathode and anode, respectively, then molecular exciton is formed
by recombination of electron and hole at the same single molecule in the emitting
layer, giving rise to light emission (momoner exciton emission). Its color depends of
the organic material in the emission layer.

Unlike such a mono-color OLEDs, white OLED generates blue to red multi-color
emissions from a single device. The white OLED is one of the candidates for the next
generation solid state lighting alternative to conventional incandescent bulbs and flu-
orescent lamps. White OLED makes possible lighting of low-cost power consumption,
very light-weight, and flexibility. We review current science and technology of white
OLEDs, and discuss their EL processes.

The white emission from a single OLED device is generated from (1) blue B-, green
G-, and red R-emitting layers, (2) B- and R-emitting layers, or (3) single emitting
layer which emits RGB or RB lights. Three or two emitting layers are stacked in the
first two cases, while three or two different emitter dopants are doped in the same host
material in the last case. In addition to the white emission by two or three momoner
emissions, there is another white emission using exciplex. Exciplex is formed from two
distinct molecules with one in the excited state and the other in the ground state, an
electron donor (D) with low ionization potential and an electron acceptor (A) with
high electron affinity, when D-located hole (D) approaches A-located electron (A™).
In this case white emission is generated by simultaneous emission from monomer and
exciplex since the exciplex emission locates at lower energy of the monomer emission.

Fabrication of white OLEDs is made by mixing blue, green, and red emitting
dopants in host material. This method gives rise to different degradation rates and
phase segregation among the different dopants, resulting in instability of OLED de-
vice operation. Emission from excimer is used to avoid such a segregation. Excimer
is formed from two same molecules with one in the excited state and the other in
the ground state. When the dopant concentration is low, only monomer is formed,
while both the monomer and excimer are formed with increasing concentration of the
dopant. The excimer emission locates at the low energy of the monomer emission,
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leading to white emission by adjusting the relative intensity ratio between the red
excimer emission and the blue monomer emission. Besides the excimer method, dual
or triple emission has been observed from single molecule with mixed ligand molecules
in not only polymer but also small molecules.

We present the various techniques to obtain white emission suitable for lighting
and discuss the advantage and disadvantage among them.
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Interface Magnetization
in Half-metallic Manganites:
a Synchrotron Radiation Approach
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Via Vignolese 905, 41100 Modena, Italy

Transition metal manganites are from a theoretical point of view ideal materi-
als for production of spintronic devices due to their intrinsic half-metallic behavior.
Nevertheless, their performance as sources and collectors of spin-polarized currents
is strongly weakened by the reduced magnetization shown by them at the interface
with a non-magnetic material, the so called magnetic “dead layer” effect [1]. A de-
tailed understanding of this detrimental mechanism, and of the strategies to exclude
it, requires an accurate measurement of magnetization gradients with a spatial (ver-
tical) resolution of a single monolayer. X-ray resonant magnetic scattering (XRMS)
is the most innovative and promising technique to this aim [2]. First, the principles of
this technique, based on the interference effects that occur when circularly polarized
light is scattered by differently magnetized regions of the same sample are illustrated.
Then, the application of XRMS in specular geometry to determine the magnetiza-
tion profiles in titanate/manganite heterostructure is discussed. The presence of a
sharp magnetic profile, and then of a completely nonmagnetic manganite region at a
titanate/manganite interface, is easily identified by the presence of oscillations and
a sign reversal in the XRMS signal as a function of an exchanged momentum: the
oscillation period is inversely proportional to the dead layer thickness that can be
measured with a unit cell (~4 A) resolution. The presence of a smoothed magnetic
profile and residual interfacial magnetization, instead, produces a decrease in the
oscillation amplitude and alters the periodicity at a higher grazing angle. The appli-
cation of this technique to the experimental determination of magnetic dead layers
in an atomically engineered Laj_,Sr, MnO3/SrTiO3 ultrathin heterostructure grown
by oxygen-assisted molecular beam epitaxy is presented.
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Electronic Instabilities,
Fluctuations and Charge Transport
in Quantum Chains
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One-dimensional quantum conductors have always captured the imagination of
physicists. While a strictly one-dimensional material mostly remains a theoretical
construct, a vast number of materials can be viewed as macroscopic ensembles of
weakly-coupled quantum chains, making them interesting test cases for theoretical
models and even some practical applications in nanotechnology. I will discuss the
electronic properties of some quasi one-dimensional electronic materials grown on
Si surfaces. Highlights include the self-assembly of indium atoms on Si(111) into a
weakly-coupled two-dimensional array of parallel atom wires [1], and the formation of
highly uniform YSi, nanowires on Si(100) [2]. The silicide nanowires exhibit electronic
properties reminiscent of a multichannel one-dimensional conductor. These include the
stepwise increase of the tunnel current as a function of tip bias in scanning tunneling
microscopy and the appearance of a fluctuating charge-density-wave instability at
low temperature, opening up a small band gap. The indium wires also undergo an
insulator-metal transition. Here, we show that although these electronic instabilities
arise from the low dimensional nature of these materials, they should not be attributed
to Fermi surface nesting. Instead, the insulator-metal transition arises from dynamical
fluctuations that are driven by lattice entropy, which is more consistent with an order-
disorder transition. I will finally describe recent efforts in my group to utilize some of
these nanowires in a nanoscale Coulter counter for the electrical read out of base pair
sequences in DNA molecules.
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Anomalous Mechanical Properties
of Various Models in Two Dimensions

K. W. Wojciechowski

Institute of Molecular Physics, Polish Academy of Sciences
M. Smoluchowskiego 17, 60-179 Poznan, Poland
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Mechanical properties of materials are crucial for various applications. Studies of
relations between the interactions, structure and phenomena occurring in materials
are required to design materials of desirable properties. Studies of simple models are
of help in establishing and understanding such relations. Two-dimensional models
are both simpler for solving and easier to visualize than their three-dimensional

counterparts.

In this lecture a few two-dimensional models will be presented which were solved
analytically, numerically, or by computer simulations. The models illustrate the mech-
anisms underlying various anomalous behaviour observed in certain real systems, like
a negative Poisson’s ratio, negative thermal expansion, negative compressibility and

other surprising effects.
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Compact green semiconductor lasers with a long operation time can be used for
numerous applications such as local networks, space-underwater communication, nav-
igation, projection TV, etc. An overview of the main problems related to the devel-
opment of such lasers based on different material systems will be given in the pa-
per. Laser diodes (LDs) based on ZnSe heterostructures have up to now exhibited
not a sufficient operation time of about 400 hours, although the reason for the slow
degradation has been established to be due to the non-stable nitrogen acceptor in
selenides. Another possibility to cover the green spectral region is an improvement of
the growth technology of InGaN/InGaAIN quantum well (QW) heterostructures with
a high In content, using mainly the advantages of homoepitaxy and a proper design
of the laser structures. However, undoped ZnSe/ZnCdSe laser heterostructures with
QWs or quantum dots (QDs) pumped by an electron beam or optically, using the
radiation of a blue-violet III-N LD (laser converter), may compete successfully with
the above approaches. It can be expected that the lifetime of such lasers will be much
longer than that of II-VI LDs.

Our work is devoted to an elaboration of the growth technology and optical
properties of the ZnMgSSe/ZnSSe/ZnSe/CdSe QD heterostructures with a low laser
threshold. The structures were grown by molecular beam epitaxy on GaAs(100). In
order to reach a low laser threshold, separate confinement double heterostructures
(SC DH) of a special design and quality were optimized by using calculations of
the optical confinement factor and determination of a feedback between the emission
(laser) properties, structure and the growth technology of QD heterostructures. The
active region of heterostructures comprises from one to nine (1-2)-nm-thick ZnSe
QWs separated by thin ZnSSe barriers or ZnSe/ZnSSe superlattices (SL) for elastic
stress compensation. A 2.5-monolayer-thick CdSe QD plane was incorporated into
each QW. The 200-nm-thick ZnSg 15Seq.85/ZnSe SL waveguide was asymmetrical to
place the active region in the maximum of the electromagnetic field of the fundamen-
tal mode. This waveguide was sandwiched between Zng gsMgp 1250.165€0.84 bottom
and cap cladding layers. Photoluminescence (PL) and laser parameters of optically
pumped lasers cleaved from the heterostructures were investigated using excitation
by a pulsed Ny laser (A =337.1 nm, 7, =8 ns, P =40 kW), a CW HeCd laser
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Figure 4: Laser converter pulse power as
a function of the ITII-N LD excitation power

(A =325 nm, P =15 mW) and a commercial InGaN/GaN violet LD (A = 416 nm,
Tp = 50 18, Ppulse max = 2 W).

The influence of the layer thickness, the number of the QD planes, the energy
and intensity of the exciting light on the optical and laser properties of these het-
erostructure were studied. The PL spectra revealed the band maxima between 520
and 540 nm, while the laser spectra were positioned near 525 nm. The heterostructures
with 5 electronically-coupled QD planes in the active region demonstrated higher PL
efficiency and a lower laser threshold than those with 7 and 9 QD planes. A reduction
of the ZnSe QW thickness and an increase in the thickness of the ZnSSe barrier led
to a drop in the PL intensity. The laser emission exhibited TE polarization and lasing
at a fundamental transversal mode. The laser threshold value for the cavity length of
680-630 pm was 2.3 kW/cm?, 2.8 kW/cm? and 3.5 kW /cm? for the structures with
5, 7 and 9 QD planes, respectively. The external laser quantum efficiency reached its
maximum of 50% under the excitation by the Ny laser for the laser structure with
the active region comprising 5 QD planes. The first prototype of the laser converter
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Figure 5: Sketch of the II-VI/III-N blue- Figure 6: Photo of the ZnSe/CdSe green
green laser converter laser pumped by pulsed radiation of the
violet InGaN LD

of the violet radiation of the InGaN/GaN QW pulsed LD into the green coherent
emission of the optically pumped ZnSe/CdSe QD laser heterostructures was realized.
The conversion quantum efficiency of violet (416 nm) into green emission was 8% for
the active region with the 5 QD planes at room temperature.

The optical and laser properties of different ZnSe/CdSe QD heterostructures, as
well as of the III-N/II-VI laser converter, are analyzed and possible directions of
further investigations and development are discussed.
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Surface Patterns Due to Step Flow Anisotropy
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The growth of a gallium nitride on a GaN(0001) surface is a process controlled
by surface diffusion of Ga adatoms and occurs in an N-rich state for both MOVPE
and HVPE growth conditions. In a supersaturated state two consecutive steps of
a GaN(0001) surface have one or two broken bonds. As a result, their kinetics is
different. The simplest model that describes a growing crystal of GaN has hexagonal
symmetry, and one or two broken bonds for every second step orientation and for
every second surface step, as well.

The results of crystal growth simulations for such a model show that depending
on the terrace width the steps tend to group in a double step structure, or for thicker
terraces, the steps form wave-like structures. The model behavior exactly reconstructs
the effects that are observed experimentally.
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The two main challenges in carbon nanotube science are the synthesis of single-
walled nanotubes (SWNTs) in high quantity and purity on the one hand and the
availability of SWNTs with well defined properties, on the other hand [1]. The devel-
opment of strategies for their property-controlled fabrication, sorting, and assembly
has only been commenced. At present, e.g., there are no reliable methods reported
which allow for sorting single SWNTs according to their chirality-dependent metal-
lic or semiconducting (SC) character. Nevertheless, noticeable and enhanced photo-
emissive [2], photoconductive [3] or nonlinear optical properties [4-6] promise to realize
new added-value functions.

We plan to elaborate radically new optical functions fundamentally based on the
properties of individual Single- (and Multi-) Walled Nano-Tubes (SWNTs/MWNTSs)
sorted in a sequential order versus their fundamental properties. This possibility is
investigated by means of Holographic Optical Tweezers assisted by selective absorbing
and photoluminescence properties of each nano-object. The nano-objects could be
elaborated by optimised methods of homo and hetero atomic MWNT and SWNT.
Furthermore, multiple and dynamic trapping is possible by introducing a Spatial Light
Modulator into the Tweezers setup. This is a liquid crystal on silicon device that can
turn a single laser beam into a multiple beam whose beams distribution can be turned
with a rate of about 60 Hz. The setup is then equipped with a spectrograph in order to
distinguish the spectroscopical fingerprints of the trapped object either by analysing
the Raman spectrum or the photoluminescence.

Building-up optical functions linked to the fundamental character of a collection
of sorted nano-objects will result from such a sort.
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Nanoparticle Measurement:
From Size Distribution and Shape
to Advanced Characterisation
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To ensure the continuing development and safety of innovative nano materials
and their related products, the core components (nanoparticles, tubes and fibres)
need to be fully characterised in terms of their physical dimensions and chemical
composition. This information will provide the size distribution, shape and structure
of the consistent particles and of any agglomerates formed. It is important to have
recognized sizing methods and reference materials in place; unfortunately no such
procedures exist.

This presentation will form two parts. In the first we will present our results in
determining the size and shape of standard spherical and non-spherical nanoparti-
cles using several complementary techniques; electron and scanning probe microscopy
(Figure 1) and dynamic light scattering. The strength and limitations of each tech-
nique will be highlighted.

In the second part, the application of advanced characterisation methods to de-
termine the structure of individual particles and tubes will be described. In particular
transmission electron microscopy (TEM), energy loss spectroscopy (EELS) and energy
filtered TEM (EFTEM) will be demonstrated as providing unique information.

Figure 1: 30 nm gold nanoparticles imaged by (a) TEM, (b) SEM and (c) AFM
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The aim is to demonstrate that selecting the correct technique to characterise
a particular application is essential to obtain the relevant information and not to
highlight the use of high performance instruments. Examples of which include core
particle dimensions, extent of agglomeration and the structure and homogeneity of
bespoke particles.
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Trapping-Detrapping Fluctuations
in Organic Space-Charge Layers
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Organic field-effect transistors (OFETSs) and light-emitting diodes (OLEDs), or-
ganic solar cells and memories successfully compete with traditional electronic devices
when the flexibility, large area, low cost and weight are the main requirements. The
injection of charge carriers at molecule-metal interfaces plays a decisive role in the
performance of organic semiconductor devices. Defect states drastically alter the in-
jection mechanism, hence their origin and effect on the charge transfer across the
interface are one of the main investigation issues. Charge carrier trapping-detrapping
processes have been indeed recognized as a source of current instability and degrada-
tion of organic FETs.

Relative current spectral densities obtained on polyacenes have evidenced striking
peaked behavior at voltages corresponding to the trap filling transition (TFT) between
Ohmic () and Space Charge Limited Current (SCLC) regimes. These results have
been interpreted as evidence for continuous percolation between the two regimes,
considered as different electronic phases. Accordingly, at the TFT, the clustering of
insulating regions should lead to a reduction in the ohmic paths.

The overall effect was expected to give a substantial increase in the noise in an
analogy with the increasing of fluctuations near a structural phase transition. A com-
plementary interpretation based on a trapping-detrapping fluctuation model can also
explain such a sharp increase. The fraction of ionized traps obtained from the current-
voltage characteristics is related to the relative current noise spectral density at the
trap-filling transition. The agreement between theory and experiments validates the
model and provides an estimate of the concentration and energy level of deep traps.
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of Si Nanowires on Silicon Oxide Substrates
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The recent achievements in nanoscience regarding the understanding and tailor-
ing of the physical properties of such nanostructures as semiconductor nanowires have
had important implications in the implementation of novel devices. Thus, nanotech-
nology has grown exceptionally, especially in finding the best methods to fabricate
electronic and optoelectronic devices at a nanometric scale. At present, nanotechnol-
ogy has successfully demonstrated the feasibility of such individual nano-devices as
nano-FET’s and nano-photodiodes that employ single nanostructures positioned on
silicon oxide. As the best method to place and weld a large number of nanostruc-
tures on circuit locations, where they must operate, has not been found yet, a mixed
top-down and bottom-up paradigm could be one of the most promising technique for

HY curr | HFW |mag O WD | det |tilt
5.00 KV |86 pA|3.23 um| 78 x 4.0mm|ETD|0

Figure 1: Example of nanowire of Si grown regularly on a matrix of gold dots
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fabrication of arrays of nanodevices at the manufacturing level. In this communication
the recent results on localized growths of high crystalline grade doped and undoped
Si nanowires directly grown on SiO, films deposited on Si substrates are presented.
The nanowires were grown by the Vapour-Liquid-Solid mechanism, assisted by a low
pressure chemical vapour deposition and using gold nanodisks lithographically pat-
terned on the SiO» film surface as the catalyst. The SEM and TEM analyses provided
a detailed study on the crystalline properties, the size, growth rate and activation en-
ergy of nanowires as a function of the growth temperature and the dimension and
mutual distances between the gold catalysts. To test the scalability of the technique,
an appropriate sequence of sub-micrometric lithographic processes (spatial resolution
less that 50 nm) was implemented to produce arrays of simple electrical nanodevices.
The steps were: (a) growth of alignment Nb markers, (ii) partial etching of SiOs to
obtain grooves capable of hosting a nanowire, (iii) growth of gold nanodisks close to
the hosting grooves acting as the catalyst. Then, through a manipulation technique,
each nanowire was arranged in the desired position. In the next lithographic step
each nanowire was electrically contacted with four electrodes. This allowed accurate
measurements of their electrical properties to be taken. This will be the first step to
fabricate really usable devices based on nanowires.
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Nanomaterials offer exciting possibilities for photovoltaic applications because of
the possibility of engineering their optical and electronic properties increasing the
quantum confinement effects by tailoring the material size and the surface-to-volume
ratio. In this research field, Ge nanodots have attracted much interest due to their
possible applications as infrared photodetectors and waveguide systems [1] (and ref-
erences therein).

Very few works have been dedicated to the use of the Ge nanostructures as de-
vices for solar cells and have been focused on studying a possible enhancement of
the quantum efficiency in the infrared part of the solar spectrum [2,3]. This is ob-
tained by fabricating a stacking of several layers of Ge dots between p and n silicon
films. In this way a p-i-—n structure is built-up, where the intrinsic Ge dots form
the heart of the whole system. An open problem is the actual influence of the Ge
nanostructures on the alighment of the Ge Fermi level with those of the p and n
silicon films, producing a cascade of electron-holes in two opposite directions. To shed
some light on this point, we performed an experiment in which a single and homo-
geneous layer of Ge nanodots was grown on an ultrathin SiOs layer thermally grown
on a Si(100) substrate n* doped with As. Recently, in fact, we demonstrated that
such a growth process produces a high density (2-3-10'2 of homogeneous Ge dots,
quite spherical in shape [4,5]). We observed that while the bare substrate produced
a low photocurrent upon illumination, the presence of the Ge dots induced a sizeable
carrier generation that:

a) involved both the electronic states of the Ge dots and the Si substrate,

b) depended on the Ge dots size.

We interpret these experimental results as due to the ability of the Ge dots to
induce a sizeable band bending at the silicon substrate interface thus producing a het-
erojunction behaving as an i—n solar cell.
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Liquid crystals (LCs) are a successful example of how the control of self-assembling
and self-organization [1] via chemical design [2] leads to new applications. These are
mostly based on such (quasi-) equilibrium properties as thermal stability, mesophase
transition temperature, long-range molecular ordering and anisotropy. Here we present
a new application of LCs based on non-equilibrium properties: a logic pattern which
also records the thermal history of the system as a time temperature integrator.
We control the multifunctionality of Discotic LCs (DLCs) by lithographic control to
the self-assembling. DLCs are patterned into a “checker-board” of domains whose
alignment differs from that of the surrounding dominant phase. Furthermore, these
domains are distributed as a “logic pattern” containing information stored in binary
code. When the temperature overcomes the phase transition temperature 7,5, be-
tween columnar rectangular and hexagonal mesophases, the domains progressively
reorient into the dominant phase. The time spent above T,._; is monitored by an
optical microscope as the irreversible change of the local birefringence.

As T,-p is tuned by the chemical design, a new application of non-equilibrium LC
patterns as time-temperature integrators and as information storage media can be
envisioned [3].
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In the past decades the development of crystal growing techniques has led to
the production of molecular organic semiconductors with an extremely low struc-
tural disorder, attaining an upper intrinsic limit of the carrier mobility, u ~ 10'-
102 ¢m?/Vs [1], whose explanation has challenged the scientific community for a long
time [2]. In this class of materials, due to the inherently large thermal lattice fluc-
tuations associated to the weak van der Waals inter-molecular bonds [3], a puzzling
regime of transport shows up around room temperature where the electron mean-
free-path becomes comparable with the inter-molecular spacing, yet exhibiting no
sign of carrier localization. At the same time the particle (molecular, real-space) and
wave (band-like, momentum-space) nature of the carriers becomes so entangled that
different experiments may show results in agreement with either the molecular or
the band identity. These concepts, that have been often discussed in the literature
on a phenomenological basis, are now put on a rigorous basis by solving accurately
a well-defined model relevant for the organic semiconductors.
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The interest in knowing the spectroscopic signature of a single molecule is wide
and spans from physics, chemistry, material science to biology, where DNA or protein
mutation due to a single gene or a single aminoacid can be evidenced. From an optical
point of view, the detectability of a single molecule is related to the spatial confinement
of the electromagnetic field. The interest here is not only in the detection of isolated
molecules placed at specific “hot spots”, but also in employing dense samples where
the molecules are in proximal contact. In the last five years, there has been a burst in
the study and conceiving of new devices for the generation of surface plasmon polari-
tons (SPP) confined at the nanoscale, where radiation-matter interaction is strongly
enhanced. Several fabrication methods are now available for material preparation and
surface nanostructuring, but only few of them can ensure the stringent design control
needed for an effective and reproducible generation and manipulation of SPP. Here,
we report the design, fabrication, and characterization of a novel nanooptical device
conceived for label-free detection and chemical mapping of few molecules by means
of Raman Scattering combined with AFM. The device consists in a silver cone acting
as a plasmonic nanoantenna, placed at the centre of a photonic crystal (PC) cavity
(Figures 1 and 2, the device is fabricated on an AFM cantilever). The PC cavity pro-
duces an efficient coupling between the external optical source and the nanoantenna,
in fact, direct coupling of the far field to the nanoantenna in the absence of a PC is
inefficient, as we observed both theoretically and experimentally. The nanoantenna
placed at the cavity centre supports SPP modes and acts as a nano-scale waveguide,
able to propagate and focus the SPP towards the tip where strong enhancement of
the e.m. field intensity occurs [1]. The geometry of the metallic nanoantenna plays an
important role in defining the SPP mode profile details. When its shape is perfectly
conical adiabatic behaviour is predicted [2,3]. This causes the SPP field being effec-
tive for scattering emission only at the tip where an enhancement factor of about 103
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for the electrical field is theoretically reachable. Such stringent conditions force the
choice toward top-down fabrication techniques that guarantee a strict dimensional
and geometrical control. Our nanolithography technique of choice in this work relies
on two powerful fabrication methods: focused ion beam (FIB) milling and chemical
vapour deposition (CVD) induced by a focused electron beam.

Figure 1: SEM image of the PC on silicon  Figure 2: SEM image of the tip of the
nitride cantilever with the silver cone acting nanoantenna showing a radius of curvature
as nanoantenna in the centre of the cavity down to 10 nm

Raman scattering and AFM measurements were performed with different sub-
strate and experimental conditions; in particular the Raman spectrum of a silicon
nanocrystal stripe on silica substrate is reported in Figure 3. When a scan is per-
formed across a stripe of silicon a clear variation of the Raman signal (from silicon
peak at 520 cm~! to silica peak at 460 cm™! can be observed. The corresponding
AFM topography is reported in Figure 4. In our best condition a chemical resolution
of 7 nm is reached, also when Raman scattering and AFM topography are performed
at the same time. The present results open up new perspectives on label-free single
molecule detection in the subwavelength regime and in the far field configuration.
We also aim at achieving unambiguous chemical information of molecular species
localised in a region down to 5-10 nm and in label-free conditions. The major ad-
vantages of the present device are that the nano-waveguide provides a considerable
SPP enhancement, and that the excitation source (focused on the PC cavity) is spa-
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Figure 3: Raman spectrum measured across Figure 4: AFM topography of silicon

a strips of silicon nanocrystal (Figure 4). nanocrystal strips growth on silicon sub-
A clear variation of Raman signal can be strate. The Raman spectrum performed
observed when substrate changes from silicon across a single strip is reported in Figure 3
(520 cm™!) to silica (460 cm™!)
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tially separated from the Raman active site. This decreases the perturbation effects
of the source, the background signal, and provides increased sensitivity down to few-
molecules detection. For the above reasons, the present experimental configuration is
distinguished from the current research efforts in few/single-molecule detection, that
are mainly based on tip enhanced near-field configurations (SERS, TERS, gap-mode
TERS) where excitation and detection sites are spatially coincident.
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The likely significance of nanoscale systems in the near future explains the re-
cent interest in their study. High costs of an experimental analysis favour the use
of computer simulation to investigate the properties and behaviour of such systems,
where the motions of individual atoms are considered. Traditionally, the equation
of motion is obtained either in the classical regime, by molecular-dynamics (MD),
or quantum-mechanically, by ab initio methods. The simplicity of the MD approach
allows for treatment of larger systems, but simple empirical interatomic potentials
usually cannot capture all the relevant effects. Ab initio methods are of use only in
the smallest systems, up to a thousand of atoms, because of their involvement. Mul-
tiscale approaches, which combine the two methodologies are a new addition to the
toolbox of a computational material scientist [1].

We present a multiscale method targeted at non-equilibrium simulation of met-
als in which selected regions are modelled using a robust tight-binding (TB) scheme
developed at the Naval Research Laboratory (NRL-TB) [2,3] and the rest of the sys-
tem is treated with molecular-dynamics employing (in this case) the Sutton-Chen [4]
many-body interaction potential. The parameters of the underlying MD potential are
re-parametrized locally on-the-fly by the employment of an extension to the Learn-
on-the-Fly [5] technique, in order to reproduce the forces obtained by local TB cal-
culations. The technique is parallel-ready, with both the quantum-based calculation
and the force-fitting procedure scalable to several tens of processors [6].

Apart from presentation of the method and implementation in a computer code,
the results of a series of simulations of nanoindentation and nanoscratching of copper
with an infinitely rigid tool, where the immediate region of contact between the tool
and the workpiece is treated with the TB method, will be briefly discussed. With the
system size of ca. 10000 atoms, ca. 1000 atoms were treated quantum-mechanically
and ca. 3000 atoms took part in the force-fitting procedure.
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Diluted magnetic atoms in a non-magnetic metallic host often display unconven-
tional transport and magnetic phenomena.

In these systems, the interplay between the Coulomb interaction among d or f
electrons and delocalization, mediated by the matrix electronic states, defines complex
electronic and magnetic configurations which have not been fully understood, so far.
When an isolated magnetic atom is in contact with a metal host its discrete atomic
levels spread into resonances [1], whose energy, width and orbital character determine
many properties of the system.

This situation can be realized and probed at the surface of metallic substrates
on which dimensionality and distribution of magnetic impurities are under control.
Scanning tunnelling spectroscopy reveals a characteristic feature in the local density
of states at the Fermi level, i.e. the Kondo effect. However, direct spectroscopic inves-
tigations intended to shed light onto the electronic configuration of the impurities as
a function of the hybridization strength with the metal host are still missing.

Here we report the results of photoemission studies on the electronic configuration
of Fe impurities on alkali metal surfaces and Ce impurities on Ag(111), W(110) and
Rh(111) crystals. In both cases, the evolution of the adatom electronic structure is fol-
lowed from the localized to hybridized limit. The interaction of Fe with a free-electron
environment is varied step-wise by changing the substrate species. The d multiplet
structure evolves and gradually dissolves into a quasiparticle peak near the Fermi
level with the host electron density increasing from Cs to Li [2], in agreement with
a previous X-ray magnetic circular dichroism analysis [3].

Similar observations are reported for the f electron shell of diluted Ce impurities.
In this case the resonant photoemission spectroscopy has been employed to extract
the 4 f signal of minute Ce amounts from the d electron bath of the metal hosts and to
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follow the effect of increasing the hybridization strength along the sequence Ag-W-Rh.
The good agreement between the photoemission spectra and the Dynamical Mean-
Field Theory-like calculations highlights the importance of considering full electron
correlation effects as well as the details of the hybridization function in the description
of energy bands in diluted magnetic systems.
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Granular superconductors are composed of superconducting grains of a size be-
tween several and hundreds nanometers embedded in an insulating, semiconducting or
metallic matrix. Their properties are very interesting due to the presence of Coulomb
effects, electron tunneling, Josephson coupling between granules, and various aspects
of disorder. The presence of a magnetic field may cause either a decrease or increase
in the material’s resistivity.

The electrical properties of (Bi,Pb)-Sr-Ca-Cu-O granular superconductors ob-
tained by the solid state crystallization method were studied in this paper. The
materials may be considered as a system of granules of a high-temperature super-
conductor embedded in an insulating matrix. The granules were of the range from
10 nm to 40 nm. All the studied materials contained granules in the superconducting
state below the transition temperature. Those which contained very small granules
(10 nm) of the superconducting phase had the exponential temperature dependence
of resistivity characteristic for hopping conductivity. The magnetic field’s influence on
the hopping parameters was studied. In the samples containing relatively large gran-
ules of the 2212 phase (above 30 nm), a bulk superconducting state was achieved.
Both groups of materials showed positive magnetoresistance.
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In the last years the interest towards silicon based nanostructures has been rapidly
increasing, for both fundamental and applicative reasons. In particular, many research
efforts have been devoted to optical and vibrational properties of Silicon nanocrystals.
In this work, Silicon nanocrystals were produced and deposited on different substrates,
and characterized trough photoluminescence (PL) and Raman experiments. In order
to clarify the PL properties of these nanoparticles, the photoluminescence spectra
of several samples were studied as a function of exposure to air, oxygen, nitrogen,
and rare gases. Measurements at different pressures revealed a strong enhancement
of the PL at atmospheric pressure when the sample was in air. In contrast, no sig-
nificant PL was observed for clean Si quantum dots in a rare-gas atmosphere and
in air at low pressure. Different behavior was detected in oxygen and in nitrogen as
a function of pressure. These data point out a catalytic role of the surface adsorption
adding significant information for clarifying the PL mechanism. A comparison of our
results, including the decay-time spectra with the data and models from the liter-
ature, demonstrates an important role of the phonon interaction in relaxation and
decay processes.
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High quality thin Si layers obtained from a liquid phase by the Epitaxial Lateral
Ovegrowth (ELO) method can play a crucial role in photovoltaic applications. Lat-
erally overgrown parts of a layer have a lower dislocation density than the substrate.
The layer’s thickness and width depend on the technological conditions of the LPE
process, basically the growth temperature, the cooling rate and the system geometry
(mask filling factor). Therefore, it is very important to find an optimal set of growth
parameters for obtaining very thin structures with a maximum width (high aspect
ratio).

This paper presents a two-dimensional computational study of the epilayer in-
terface evolution for different conditions. In order to calculate the interface motion
a solute concentration in an Si-Sn solution was determined after each time step.
A new interface position was obtained by calculating the growth rate in direction
normal to the interface. The growth rate was computed from the concentration gradi-
ents near the growing surface. To solve the layer growth problem the mixed Eulerian
— Lagrangian approach was used. According to this method the solid-liquid front
was tracked explicitly while the diffusive transport was solved on a fixed Cartesian
grid (Figure 1). Simulations were carried out to obtain the growth rates and the as-
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Figure 1: Configuration for the epilayer growth simulations by the front tracking method
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Figure 2: Concentration profile of the solute in the solution

pect ratio of the epilayer for given conditions. The calculation results were compared
with the experiments.
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Control of Polymers Assembling
in Thin P3HT Films
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62032 Camerino, Italy
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Poly(3-hexyl)thiophene (P3HT) is one of the most used organic semiconductors
in the photovoltaic field. The reasons can be found in its relatively high mobility, its
ability to crystallize in a wide range of temperatures [1]. Recently a new procedure of
polymer assembling control has been obtained through the fine tuning of an electric
field and the speed in electrospray thin films growth [2]. In order to understand
how the P3HT film characteristics were modified during the growth we performed
a systematic study with ultra-violet photoemission spectroscopy (UPS), UV-Visible
absorption and photocurrent measurements.

XRD and AFM measurements were used to give further support to the already
well delineated picture obtained from the spectroscopies.

Summarizing, using such techniques, we have discovered, a preferential orienta-
tion of the polymer within the films and the high control obtainable on the basis of
the experimental conditions. Such a control is completely absent in the most com-
monly employed methodology such as spin coating and casting and can be of pivotal
importance in the design of future organic devices.

The study which includes a close comparison with spin coated films [3] will also
cover other important properties regarding the behavior under illumination [4] and
the use of rubbing of the films by both mechanical systems or by low kinetic energy
ion beam irradiation [5].
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Laser-induced Breakdown Spectroscopy
Using Table-top Short-wavelength (46.9 nm)
Radiation Laser
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Laser-ablation based spectrochemical analytical methods, as e.g. Laser-Induced
Breakdown Spectroscopy (LIBS) or Laser Ablation Inductively Coupled Plasma Mass
Spectrometry (LA-ICP-MS) could be employed in applications in which the capability
for spatially resolved, fast multi-elemental analysis in a broad variety of matrices is
required. Such analysis gives a two dimensional (2D) or three dimensional (3D) map
of the monitored chemical elements. Recently these methods have been utilized e.g.
for large-area mapping of the elemental distribution in plant compartments [1] or for
analysis of a mineral microstructure with a high spatial resolution (~ 200 pm) [2].
The resolution of this method is basically determined by the spot size of the ablation
laser.
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Figure 1: SEM images of the ablation pattern created by (a) fs laser and (b) capillary-
discharge based soft X-ray laser on biological samples (leaves)
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Here we discuss the possibilities of utilizing the table-top soft X-ray (46.9 nm) laser
at the University of L' Aquila for surface ablation and subsequent chemical analysis of
different materials. The capability of this laser to create small-diameter ablation holes
have already been demonstrated (Figure 1). Further steps in order to characterize the
ablation mechanism and to use LIBS or LA-ICP-MS for chemical analysis will be
detailed.
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Nanostructure Modelled by 6 Type Potential:
Estimates for the Number of Bound States
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A model of an electron confined by a semiconductor structure with a possibility
of tunnelling is considered. In the considered problem, the nanostructure is modelled
by the so called § type potential which is supported by a line. We are interested in

some spectral properties of such a system; especially, the estimates for the number of
bound states.

References

(1] Exner P and Ichinose T 2001 Journal of Physics A: Math. Gen. 34, 1439-1450
[2] Exner P and Kondej S 2005 Journal of Physics A: Math. Gen. 38, 4865-4874

93



Joint Conferences on Advanced Materials
‘Workshop on Functional and Nanostructured Materials
O 1 7 10" Conference on Intermolecular and Magnetic Interactions in Matter
27-30 September 2009, Sulmona—L’Aquila, Italy

6th

Atomic Oxygen Functionalization
of Double-walled C Nanotubes

R. Larciprete!, S. Gardonio? L. Petaccia? S. Lizzit?

LCNR-Institute for Complex: Systems
Via Fosso del Cavaliere 100, 00133 Roma, Italy

2 Sincrotrone Trieste S.C.p.A.
S.S. 14 Km 1683.5, 34012 Trieste, Italy

The technological importance of low cost routes to produce oxygen functionalized
graphene sheets in the form of graphite oxide or oxygenated C nanotubes is renewing
the scientific interest towards the definition and control of the chemical composition,
thermal stability and chemical reactivity of oxidized sp? materials. Oxygen func-
tionalization is a routinely used treatment to counteract the hydrophobic and inert
character of the as-grown C nanotube surfaces and increase their chemical reactivity.

We studied the interaction of atomic oxygen with double-walled C nanotubes
(DWCNTSs) at room temperature (RT) by high resolution photoemission spectroscopy
with synchrotron radiation. The nature of the chemical species formed on the nano-
tube sidewalls was followed from the initial adsorption up to advanced oxidation
stages, whereas the thermal evolution of the O-related chemical species was moni-
tored by fast photoemission. At the beginning of oxidation O atoms preferentially
chemisorb forming C-O-C bonds, in ether and epoxy structures, which originate dif-
ferent components in the O 1s spectra and exhibit different thermal stability, with the
epoxy starting to desorb below 150°C and ether at around 270°C. The onset of sp?
lattice distortion is attested by the appearance of C—C bonds intermediate between
sp? and sp? configurations. The formation of double and triple C—O bonds is favored
at later oxidation stages, and is accompanied by increasing lattice amorphization and
a decreasing emission in the Fermi level region. Among the highly oxidized function-
alities, carbonyls seem to be the most stable thermally, whereas O—C=0 bonds start
to decompose below 530°C.

We also probed the DWCNT structural damage after O desorption and the inter-
action of the O functionalized, partially reduced and deoxygenated DWCNTs with
small gas phase molecules in order to reveal possible modifications in the chemical
reactivity induced by the oxygen functionalization. We found that DWCNTs, com-
pletely deoxidized after 950°C annealing, still retained lattice defects, whereas no RT
interaction was observed between NO, CO and Os and oxidized DWCNTs, or after
partial or total oxygen desorption. This result suggests that the dangling bonds are
promptly healed by thermal annealing and only stable topological defects are retained
in the nanotube lattice.
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Gas Solubility and Mobility in Modified
and Unmodified Zeolites at Low and High Pressures
by PcT Kinetic and Equilibrium Sorption
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The demand for clean and renewable energy sources in competition with the well
established fossil fuels requires the development of materials which are able to convert
or vehicle the energy. Several gas species (Hz, oxygenates and hydrocarbons in general)
are the so-called energy vectors. However, the results obtained up to now in respect of
their storage and purification are still not satisfactory, and their use in place of fossil
fuels have not been economical to date. Porous materials with a high specific surface
area (SSA) are studied for the gas storage [1], and, in the form of membranes, for gas
separation and purification [2,3]. In specific zeolites there are porous and crystalline
tectosilicates with a range of compositions, crystal structures and pore size that can
be exploited to tune the interactions with gas species and modify the gas adsorption
properties. When embedded in polymeric membranes, zeolites can improve to a large
extent the permeability and selectivity of the sole polymer in the separation of gas
mixtures [4].

Figure 1: SEM picture of silicalite-1 (MFI)

95



Joint Conferences on Advanced Materials
‘Workshop on Functional and Nanostructured Materials
10t" Conference on Intermolecular and Magnetic Interactions in Matter
27-30 September 2009, Sulmona—L’Aquila, Italy

6th

018

silicalite-1 modified with SiC1(CH;);

] silicalite-1 modified sith SiCL(CH,),

silicalite-1 modified with SiCLCH;

I silicalite-1 fluorinated

silicalite-1 literature

R

Intensity (arb. units)

h
—
—
h

20 25
20 ()

Figure 2: XRD patterns of silicalite-1 before and after modifications
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Figure 3: PcT hydrogen isotherms in a) silicalite-1 (MFI) at 77 K and b) in activated carbon
at 77 K and room temperature [1]. A comparison with the literature data (Figure b) evidences
a high accuracy of the measurements carried out in this work

The adsorption properties of different gases (Ha, CH4 and CO3) in organo-silane
surface-modified silicalite-1 (MFI), and in SAPO-34 (CHA, silicoaluminophosphate)
were obtained by a Sievert-type apparatus up to 80 bar at liquid nitrogen (LNs) and
room temperatures. The surface modifications which were introduced in order to tune
the permeance and selectivity of the sample to different gas molecules, did not pro-
duce any change in the sample morphological and structural properties (see Figures 1
and 2). A careful analysis of Pressure-concentration-Temperature (PcT) isotherms
(see Figure 3) with selected models can give information on the dynamical and equi-
librium behavior of Hy molecules. In particular, the fitting results of PcT isotherms
by Toth models [5] indicate the heterogeneity /homogeneity of the adsorption prop-
erties of the samples. In the investigation of hydrogen adsorption those properties
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change depending on the pressure range. However, the maximum storage capacity
obtained at 8 MPa and 77 K on the different modified silicalite-1 is similar because
the modification is external to the samples. On the other hand, the diffusion time of
hydrogen molecules into the samples is different depending on the pressure range and
the sample surface modification. In our case higher heterogeneity of the adsorption
properties of the samples corresponds to a higher diffusion time. Therefore, the mod-
ification introduces variations on the dynamical properties of the samples. The same
analysis was obtained on the CH, and COy adsorption properties showing, a higher
storage capacity and a slower gas diffusion in the SAPO-34 sample compared to the
hydrogen adsorption which could result in significant changes in the gas permeance.
The present work is also carried out with the aim to test the accuracy and reliability
of the results obtained in the investigation of the adsorption properties by means of
the PcT apparatus developed in collaboration with DeltaE srl [6]. A series of opti-
mization of the mechanical, thermal and cleanness properties together with innovative
software allowed us to reduce the errors in the evaluation of the adsorption properties
and extract the diffusion related parameters at different temperature and pressures.
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Graphene has increasingly attracted interest in the scientific community due to
the extraordinary electronic, mechanical and optical properties. These properties are
tightly bounded to the electronic structure and strongly modified in the presence
of local undulations and/or bending in the structure itself. TEM investigation of
freely suspended graphene membranes have shown that their surfaces are continuously
undulated, over the distances of ~5 nm, with the height variations of less than 1 nm [1].
Moreover, theoretical studies have shown that this local curvature of the crystal lattice
induces a redistribution of valence charges and modulates the electronic and transport
properties of the flake [2]. For all these reasons, the methods for resolving a three-
dimensional (3D) structure of graphene flakes are therefore mandatory.

Figure 1: (a) HREM image of the border of a FGC flake. (b) Close-up of the (0002) folded
zone from which it is possible to determine that the flake has an ABAB stacking sequence.
(c) Fast Fourier Transform (FFT) of the HREM image, where the graphite reflections (blue
circles) and the 0002 reflections of the border (red rectangles) are clearly visible

Perspective View

Figure 2: Scheme of a simplified graphene flake with undulations. On the left, the perspective
view showing a three-dimensional structure, and on the right, the two-dimensional top view
where the sloped regions appear compressed
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Figure 3: GPA reconstruction results. (a) HREM image of the FGC graphene flake. (b)
reconstructed phase map for the [10-10] direction. (c) phase profile in the region marked by
the rectangle. (d) schematics of the reconstructed structure of the flake in perspective and

lateral view

To date, only few experimental results have indirectly provided information on the
3D atomic structure in graphene from the investigation of peak intensities in electron
diffraction patterns [1].

Here, we present a novel method to reconstruct the 3D waviness at a nanoscale
of a 2D crystal (i.e. graphene) from high-resolution transmission electron microscopy
(HREM) images. Differently from other approaches, such as electron tomography,
our method requires only one HREM micrograph of a crystal flake and relies on the
geometrical analysis of the spatial frequencies composing the image to recover 3D
information [3].
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HREM images contain information on the z-projection of the crystal atomic struc-
ture, where the arrangement of crystal planes is imaged as modulated interference
fringes in space according to interplanar distances. An HREM image of a Few Gra-
phene Crystal (FGC) flake border is reported in Figure 1. The membrane is folded
over itself on two sides, exposing (0002) fringes, which makes it possible to determine
the number of layers in the membrane as 3. Moreover, from the disposition of the
intensity peaks of the folded zone it is possible to determine that the flake has an
ABAB stacking sequence. However, no information about the height variation of the
folded flake is directly provided.

Nevertheless, the sample is observed using an electron beam almost perpendicular
to the flake surface and the projected atomic positions will appear compressed in the
regions where the flake is bended in the z-direction, as shown in Figure 2. Using the
Geometric Phase Analysis (GPA) [3], a technique analyzing the geometric distortions
in the HREM micrograph of a crystal lattice by means of the Fourier analysis of the
image, it is possible to measure this compression. The measurement of the apparent
compressions will provide a determination of the FGC flake’s slope and local height
variations.

The results of the GPA deformation reconstruction for the previously shown
graphene flake are reported in Figure 3. Figure 3b shows the reconstructed phase
map for the [1010] direction in false colors. Three regions of significant phase dis-
placement are aligned over the border and indicated by black arrows. The one on
the right, partially covered by the indicated region of interest (ROI), is larger and
the most intense, and the line profile of the phase displacement over this region is
reported in Figure 3c. It is possible to easily calculate the associated strain maps
from this phase displacement map, and the slope of the flake from the strain profile
over the same region. The final result is reported in Figure 3d where a model of the
reconstructed structure of the graphene flake in the ROI is reported. The slope of
the flake and the height of each stacked layer are calculated accordingly using the
described experimental procedure.
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for Selecting Achiral SWCNT's

L. Ortolani’, V. Morandi’, M. Monthioux?

YCNR IMM-Bologna, Via Gobetti 101, 40129 Bologna, Italy

2CEMES, Groupe NanoMat (CNRS UPR 8011)
Rue Jeanne Marvig 29, 31055 Toulouse Cedez 4, France

Chirality dramatically affects the physical and electronic properties of single-
walled carbon nanotubes (SWCNTs). The atomic level control during growth is far
from being achieved, and the current growth methods result in SWCNTs of mixed
chiral indices. Finding a simple and effective way to discriminate and separate chiral
from achiral SWCNTSs will be an important step toward their practical exploitation.

Chirality control and selection are commonly addressed in post-grown processes,
and two main strategies can be identified among them: elimination (partial or total) of
tubes with specific chirality [1] or selection of only one family of tubes from a solution.
Within the frame of this second approach, a specific interaction between SWCNTs
and the atomic structure of the poly-aromatic molecule has been investigated [2].

Following the above method we will demonstrate and discuss how graphene mem-
branes — the largest aromatic molecule — act as effective nanoscopic tangential sieves
by retaining only achiral SWCNTs. We prepared ethanol solutions of graphene flakes
(obtained by mechanical exfoliation of Madagascar graphite microcrystals) — see Fig-
ure la — mixed with commercial SWCNTSs (grown using the arc technique and ex-
hibiting different chiralities) — see Figure 1b. SWCNTSs deposited over the graphene

Figure 1: (a) TEM image of the produced thin graphite flakes as dispersed over a standard
3 mm TEM grid covered with a holey amorphous carbon film. (b) TEM micrograph showing
the dispersion of bundles of SWCNTSs before shortening sonication
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Armchair tubes Zig-zag tube

Figure 2: (a) ED pattern of aligned CNTs over graphite. There is evidence of diffraction
patterns from armchair (red rectangles) and zig-zag (blue rectangles) tubes, both aligned
to the same underlying pattern from graphite (yellow circles). (b) Scheme of armchair (left)
and zig-zag (right) tubes matching the underlying graphene honeycomb lattice
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Figure 3: (a) HREM image of two armchair tubes perfectly aligned to the underlying
graphene lattice as shown by the FFT of the tube in the yellow rectangle, reported in
(b). (c) HREM image of a misaligned armchair tube. Two distinct hexagonal patterns of the
graphene lattice (yellow circles) and of the tube (red rectangles), are visible as shown in the
FFT in (d)

surface. Then, as a consequence of the subsequent mechanical agitation provided
by ultrasonic vibrations and then centrifugation, chiral SWNCTs were found to be
preferably eliminated, while achiral SWNCTs were found to continue to stick to the
graphene surface.
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The samples were investigated by Transmission Electron Microscopy (TEM), first
by Electron Diffraction (ED), to show the presence and the orientation of SWCNTSs
over graphene flakes over large areas, and then by High Resolution TEM (HREM),
to investigate the interaction between SWCNTSs and the graphene flake surfaces on
a local scale.

Figure 2a shows an ED pattern of aligned CNTs over graphite. There is evidence of
SWCNT diffraction patterns of armchair (red rectangles) and zig-zag (blue rectangles)
tubes crossing at 90°. Both diffraction patterns from tubes are aligned to the same
underlying honeycomb reflections marked by the yellow circles. Figure 2b reports
a scheme of the relative orientation of armchair and zig-zag tubes when both lattices
match the direction of the underlying graphite lattice. The relative angle between the
direction of the zig-zag and the armchair tube matching the lattice is either 30° or 90°.

This perfect match between the atomic lattices of armchair tubes and that of the
underlying graphene surface is demonstrated by the following HREM micrographs.
Figure 3a shows two armchair tubes, both perfectly aligned to the underlying hon-
eycomb lattice. The specific features of the non-chiral structure of the tube in the
yellow rectangle, as well as the perfect orientation of the tube axis to the underlying
lattice, are clearly visible in the Fast Fourier Transform (FFT) reported in the inset.
Eleven SWCNTSs lying on the surface of a single few graphene crystal domain were
investigated, of which ten were achiral (zig-zag and armchair) and aligned with the
underlying lattice, and only one, shown in Figure 3c, was armchair and not aligned
with the underlying graphene network. Therefore, this latter image makes it possible
to verify that the signal from the lattice of the tubes and that from the graphene
lattice both contribute to the pattern of the HREM images. When a misalignment is
present there is no superimposition of the diffraction patterns, as in the previous cases,
and two distinct patterns are present, as shown in the FFT reported in the inset.
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A new chemical strategy for a direct synthesis of L1 FePt alloy nanoparticles start-
ing from a polycrystalline molecular compound, iron(II)cloroplatinate hexahydrate
(FePtClg - 6H20), in which Fe and Pt atoms are arranged on alternating planes like
in an fct FePt structure is reported in this work. This hypothesis is strongly supported
by the structural data obtained solving the single crystal structure of FePtClg - 6H5O.
A reduction of such compound, in crystalline form, by 5 % Hs and 95% Ar at 400°C
with a heating rate of 5°C/min, leads directly to a highly ordered L1y phase without
using any metals additives. Two experiments were performed to prove this supposi-
tion: in the first experiment, reducing of amorphous FePtClg - 6H2O in SiOs, a disor-
dered FePt nanoparticles was obtained in the fcc phase up to 650°C. In the second
experiment, reducing of the milled polycrystalline FePtClg - 6H2O in SiO», a complete
and direct transformation in L1y FePt at 400°C was obtained. These results prove
that the reason for the low temperature of the direct synthesis of L1y FePt is a pe-
culiar crystalline and atomically layered structure of the precursor. Furthermore, our
studies prove that the method is able to produce L1y FePt nanoparticles with an
average size of 5+ 2 nm (TEM images).The XRD pattern of nanoparticles is reported
and shows the presence of peaks characterizing the L1y FePt phase, the lattice pa-
rameters a and ¢ were determined from the Rietveld refinement of XRD data and are
3.8489(3) and 3.7307(5) A, respectively. The ratio ¢/a, equal to 0.968 is comparable to
the theoretical value of bulk FePt. The hysteresis loop, measured on nanoparticles at
room temperature, shows a high coercivity value (H, = 1.5 T), as expected for a high
anisotropy L1y phase. The actual coercive field should be even higher, as saturation
is not yet reached at the maximum applied magnetic field (5 T). Compared to other
wet, chemical syntheses to prepare L1g FePt nanoparticles, our method is employed at
a lower temperature without any other metal additives, it presents a highly ordered
L1y phase and, moreover, it does not use an organic solvent. The method could be
applied to other bimetallic crystalline compounds to get ordered alloys.
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Addressing the efficiency of biochemical reactions over DNA nanostructures on
solid surfaces is a required step for the development of a new class of highly sensitive
biosensors working with extremely low amounts of genetic materials, up to a single
cell limit.

Previous studies on the Dpnll restriction digestion enzyme have demonstrated
that it is possible to follow reactions over DNA patches of variable density, fabricated
by means of nanografting, by precise Atomic Force Microscopy topographic height
measurements [1].

An extension of the study to other DNA modifying enzymes (i.e. DNA polymerase
and DNA ligase) will make it possible to perform several different biochemical reac-
tions consecutively over dense/finite size molecular nanoaggregates that mimic the
interactions inside living cells.

We will show here the preliminary results on DNA polymerase reactions over
thiolated DNA nanostructures bound on a gold film surface. In the attached figure we
report a scheme (on the left) and the atomic force microscopy images (on the right)
of the various steps of the reaction:
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(a) immobilization of a DNA single strand with a specific restriction site for the
DpnlI restriction enzymes in the middle of the molecule;

(b) addition of a primer oligonucleotide complementary to the terminal portion of
the immobilized ssDNA strands to form a duplex region at the 30 end;

(¢) polymerase extension of the primer to the downstream region to form a double
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stranded restriction enzyme cleavage site (indicated in red);

(d) subsequent restriction digestion step cleaving the DNA duplexes to determine
the polymerase extension efficiency

The bottom panel shows the differences in the height profile along the patches.
Despite the unexpected lowering of the height after the polymerase reaction (yellow
line), related to the fact that during the reaction it is possible to remove some DNA
strands by the enzyme, the hybridization efficiency is demonstrated by the cleavage
(reducing the height of the patches) after the Dpnll restriction digestion (blue line).

These preliminary results highlight our ability to carry out consecutive highly
efficient enzymatic reactions over the same DNA nanostructures. The use of extremely
ordered DNA nanostructures would make it possible to control the crowding effect
(the distance between neighboring DNA molecules) in a reproducible manner and
also to extend our knowledge on the steric requirements of different DNA-modifying
enzymes.
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Attention on metal-metalloporphyrins interfaces is growing in relation with the de-
velopment of hybrid organic-inorganic electronic and optical devices such as OLEDs [1]
and thin film transistors [2]. The 3D paramagnetic porphyrin molecules, in contact
with a transition metal (TM) substrate, are considered promising building blocks for
the development of molecular electronic devices. Porphyrins deposited on surfaces can
be used to form porous networks which can be used as a template for the growth of
other molecules [3]. Moreover, magnetic properties of large molecules can be altered
by deposition on metal surfaces, giving the possibility, once the chemical bond is
known, of engineering magnetic nanostructures with potential use in spintronics [4].

Copper (II) and Nickel (IT) octaethyl porphyrin (CuOEP, NiOEP) are molecules
with an extended 7w-Orbital. Together with the central metal ion the 7w-system is re-
sponsible for interesting electrochemical and photo-physical properties. Understand-
ing the electronic structure in the organic-metal junction is important to control the
charge carrier injection between metals and organic semiconductors.

In our studies we focus on the effects that the central atom has on the molecule-
substrate interaction. We use non local techniques looking at the long range order,
together with the surface structure we are also aiming to determine modification in
the substrate [5].

The porphyrins are deposited on Au(111) and Ag(111) by evaporation under Ultra
High Vacuum (UHV) conditions. Low energy electron diffraction (LEED) shows dif-
ferent structures depending on the central atoms and monolayer depositions exhibit
well ordered patterns.

Photoemission valence band measurements suggest a charge transfer between
molecules and substrate with the molecules donating electrons to the substrate. Such
charge transfer is depending on the work function of the substrate. Moreover, the sep-
aration between HOMO and HOMO-1 is measured to be bigger than the free molecule
of about 0.3 eV for the monolayer case.
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The room-temperature ferromagnetism and the possibility to grow high-quality
epitaxial films on different semiconductor substrates has led MnAs to attract increas-
ing attention in the field of spintronics [1]. Another interesting feature of MnAs is the
large magnetocaloric effect (MCE) displayed at the Curie transition T, = 318 K [2].
Bulk MnAs is characterized by a first-order magneto-structural transition between
the hexagonal a-phase and the orthorhombic 3-phase at T, [3]. In this case a possi-
ble contribution from the lattice to the latent heat may give origin to an enhanced
(“giant”) MCE. Furthermore, lattice deformation, as that induced by an external
pressure [4] or by a proper Mn doping [5] may further enhance the MCE (“colossal”)
in MnAs. However, the deduction of such enhanced MCE has been criticized [6] as
due to an inappropriate application of the Maxwell’s relation in the vicinity of 7.
The presence of strain strongly influences both the temperature and the apparent na-
ture of the transition, as is observed in epitaxial MnAs/GaAs thin films, in which the
strain is due to the substrate-induced constraints. The transition observed in MBE-
grown MnAs/GaAs(001) epilayers is apparently of second-order, as it results from
the broad and continuous temperature dependence of magnetization. However, it has
been suggested [7] that the transition proceeds by first-order, due to the coexistence
of the a and  phases in a temperature interval around 7.

The use of different GaAs templates, and thus of different strain conditions, has
been recently proposed [8] to the aim of tuning the MCE behavior of MBE-grown
MnAs epilayers. In particular, although the MCE intensity appears not to be markedly
affected by strain, its temperature spread and peak position can be controlled by
modifying the epitaxy-dependent strain. The use of MnAs thin films could in princi-
ple enable the production of innovative devices for magnetic refrigeration of micro-
electromechanical systems as well as new spintronic devices. While MBE is very useful
for fabrication of prototype device, the scale of future devices will require different
growth techniques such as metal-organic vapor phase epitaxy (MOVPE), commonly
employed by the microelectronics industry [9,10]. A magnetic characterization of epi-
taxial MnAs films grown by MOVPE on GaAs(001) and GaAs(111)-B substrates is
presented in this paper for comparing the effect of thickness and substrate on their
magneto-thermal properties.
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In the case of MnAs/(001)GaAs films, SQUID magnetometry measurements show
a strong in-plane anisotropy coherently with the morphology consisting of elongated
grains. The thinnest films are characterized by rather smooth M (T') behavior around
T, without thermal hysteresis, while the thickest films show a small thermal hysteresis
which vanishes upon application of high magnetic fields. The transition temperature
T., as deduced from the flex of initial susceptibility measurements, is found to be 317 K
for the thinnest sample (18 nm), while for the thickest one (290 nm) it is 318.5 K on
cooling and 327.5 K on heating. For the case of MnAs/(111)GaAs films, T, is even
larger, and ranges from 325 to 331 K on increasing the thickness from 10 to 60 nm,
without thermal hysteresis. These values are appreciably larger compared to those
of bulk MnAs at atmospheric pressure and a zero applied field [2], probably due to
the granular nature of the films [10] together with the large surface roughness, which
could lead to a compressive strain release or to an additional source of tensile strain.
Moreover, T, increases with the applied field following a linear relation with a slope
of (44 1)-10~* K/Oe for sample MnAs(18 nm)/(001)GaAs, in agreement with that
reported for bulk MnAs [2]. As the value of dH/dT, is closely related to the maximum
expected adiabatic temperature change at a first-order transition, in the case of our
MnAs films one could expect, in principle, AT,q =~ 4 K for a 0-10 kOe field span.
Moreover, the reduction or disappearance of thermal hysteresis in MOVPE-grown
MnAs films is a favorable feature in view of possible applications of these systems for
magnetic refrigeration.

We have estimated the MCE as an isothermal entropy variation, by measuring
isothermal magnetization curves around the transition temperature and by applying
the Maxwell’s relation. The resulting temperature dependence of the magnetic entropy
change in the case of MnAs/(001)GaAs films shows a peak value of about 10 J/KgK
irrespectively of the film thickness, a value which is substantially lower with respect to
that reported for bulk MnAs, 35 J/KgK, for the same field span and at atmospheric
pressure [2]. It should be noted, however, that the obtained value is affected by the
uncertainty on the magnetically active volume of the films and that MCE spreads
over a wide temperature range, which is a favorable feature for applications. This
behavior is even more evident in the case of the MnAs/(111)GaAs thin films.
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In spite of a huge body of experimental work covering almost 25 years of research,
the band structure in solid Cgy compounds is far from being understood due to the
experimental and theoretical challenges involved [1,2]. If the fulleride monolayers on
Ag surfaces [3] and the recent experiments on KgCgo thick films [4] are excluded,
there is no clear evidence of the validity of the band structure calculations in bulk ful-
lerides. This is manly due to the lack of unambiguous angle-resolved photoemission
spectroscopy (ARPES) data performed with a high momentum and energy resolu-
tion. This requirement is essential since in fullerides, the photoemission spectra can
be affected by important electron-phonon, electron-electron and electron-plasmon in-
teractions added to the effects of an orientational disorder of molecules and the small
size of the Brillouin zone.

We performed new and detailed ARPES experiments of the HOMO and LUMO
bands dispersion of Cgg and K3Cgg thick films, grown in situ on silver single-crystals.
The data were acquired at the BaD EIPh beamline [5] at Elettra. This new beamline
is primarily devoted to high-resolution ARPES in the low photon energy regime. In
such conditions the greatest sensitivity to k-vector of photoemitted electrons and high
energy resolution is available.

Moreover, low photon energies provide enhanced bulk sensitivity, since the inelastic
mean free path is expected to increase drastically for electrons with kinetic energies
below ~10 eV, and are useful for tuning matrix elements, which vary rapidly at low
energy.
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For an undoped Cgy multilayer, at low photon energy the HOMO states show
clear momentum dependence both at room temperature and below, where molecular
rotations are frozen.

The measured dispersion is less than 500 meV and temperature independent. For
K3Cgo, the measured dispersion of the filled LUMO-derived bands near the Fermi
level is less than 100 meV, i.e. about a factor of 2 less than expected with LDA
calculations. These results will be compared to the band dispersion measured for ng
monolayers on Ag surfaces [3] and discussed in the light of recent models for these
systems [2]. Moreover, when the bulk sensitivity is increased by reducing the photon
energy, no variation in the LUMO lineshape is seen, indicating no difference in the
bulk and surface electronic states.
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