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• Física Nuclear Experimental


• Espectroscopías ópticas en 
nanoestructuras plasmónicas y 

semiconductoras


• Sistemas carentes de orden de 
largo alcance



Física Nuclear Experimental
LÍNEAS DE INVESTIGACIÓN: 

➢ Física Nuclear Experimental. 
➢ Estudio de estados nucleares excitados y resonantes. 
➢ Estudio de la estructura nuclear en reacciones con núcleos exóticos y estables a energías bajas, medias y relativistas. 
➢ Estudio de hiper-materia exotica. 
➢ Métodos de seguimiento de partículas y vértices para experimentos de física nuclear de alta energía.  
➢ Investigación sobre machine learning and deep learning a la espectroscopia nuclear experimental . 
➢ Simulaciones por computación usando la herramienta FairRoot para experimentos de Física Nuclear.

SUBLÍNEAS DE INVESTIGACIÓN: 

• Caracterización de la estructura nuclear mediante reacciones elásticas y de ruptura, así como a través de la  
desintegración beta. 

• Estudio del mecanismo de ruptura de estados excitados en múltiples partículas. 
• Estudio de las propiedades estructurales de núcleos en reacciones a energías relativísticas. 
•  I+D de centelladores para el calorímetro CALIFA para el experimento R3B@FAIR. 
• Medida de momentos magnéticos en núcleos exóticos mediante haces de iones radiactivos. 
• Instrumentación nuclear. 
• Métodos computacionales en Física Nuclear experimental (R3BRoot). 
• Herramientas de análisis de datos (Root). 
• Experimentación en Física Nuclear Experimental para FAIR. 
• Espectroscopia en vuelo de hipernúcleos ligeros e hipernúcleos exóticos.  
• Espectroscopía de núcleos unidos al mesón. 
• I + D en seguimiento y reconstrucción de partículas en física nuclear de altas energías 
• I+D en detectores de micro-vértice

TÉCNICAS UTILIZADAS: 

o Desintegración beta de núcleos exóticos producidos por el método ISOL en la instalación ISOLDE.  
o Reacciones a baja energía en el acelerador de 5MV CMAM@UAM. 
o Reacciones a energías relativísticas en el experimento R3B@GSI. 
o Simulaciones de Montecarlo utilizando el código GEANT4. 
o Espectroscopia Gamma. 
o Análisis de experimentos en Física Nuclear Experimental. 
o Métodos computacionales. 
o Espectroscopia de hipernúcleos en colisiones de iones.  
o Algoritmos de reconstrucción de trayectorias y vértices. 
o Arquitecturas de deep learning de Pytorch para trayectoria de partículas.



Espectroscopías ópticas en nanoestructuras 
plasmónicas y semiconductoras

LÍNEAS DE INVESTIGACIÓN: 

➢ Nano-Fotónica. 
➢ Plasmónica y Metamateriales. 
➢ Espectroscopía intensificada por superficies (SERS, SEF and SEIRA) de sistemas moleculares 
➢ Nanofabricación. 
➢ Nanosensores 
➢ Técnicas espectroscópicas aplicadas al estudio de materiales de interés en el Patrimonio Cultural. 
➢ Diseño de ecomateriales. 
➢ Análisis toxicológico mediante técnicas espectroscópicas

SUBLÍNEAS DE INVESTIGACIÓN: 

• Resonancias plasmónicas en nanoestructuras metálicas (nanoantenas). 
• Metamateriales con materiales dieléctricos de alto-índice. 
• Nanofotónica de nanohilos semiconductores. 
• Metamateriales metálicos transparentes. 
• Plasmónica topologica. Nanofabricación y funcionalización de nanoestructuras plasmónicas 
• Caracterización de biomoléculas adsorbidas en nanoestructuras mediante espectroscopías asistidas por plasmones 
• Detección de contaminantes mediante SERS 
• Análisis de colorantes y pigmentos mediante espectroscopía vibracional convencional y espectroscopías vibracionales intensificadas por superficie 
• Cálculos computacionales de espectros vibracionales 
• Estudios in situ de caracterización de materiales 
• Cementos sostenibles 
• Patrimonio subacuático 
• Análisis de huesos basada en la aplicación de técnicas espectroscópicas, Micro-Raman y Micro-FTIR

TÉCNICAS UTILIZADAS: 

o Cálculos desde primeros principios. 
o Métodos computacionales. 
o Física Teórica y Matemática. 
o Espectroscopía Raman Dispersiva 
o Espectroscopía Raman por Transformada de Fourier (FT-Raman) 
o Espectroscopía Raman portátil 
o Espectroscopía IR por transformada de Fourier (FTIR) 
o Reflectancia total atenuada de infrarrojo (ATR) 
o Espectroscopía de Fluorescencia 
o Fluorescencia de Rayos X (XRF) 
o Difracción de Rayos X (DRX)



Espectroscopías ópticas en nanoestructuras 
plasmónicas y semiconductoras



Espectroscopías ópticas en nanoestructuras 
plasmónicas y semiconductoras

9 Estudio de moléculas de interés en Patrimonio: Pigmentos, ligantes, aditivos, metales, etc
9 Estudio del deterioro in situ de materiales del Patrimonio

9 Síntesis de nanomateriales
9 Patrimonio sumergido: análisis de microplásticos

ESPECTROSCOPIAS ÓPTICAS SOBRE NANOESTRUCTURAS 
PLASMÓNICAS Y SEMICONDUCTORAS

Sagrario Martínez Ramírez. sagrario.martinez@csic.es 



Sistemas carentes de orden de largo alcance
LÍNEAS DE INVESTIGACIÓN: 

➢ Sistemas carentes de orden de largo alcance. 
➢ Instrumentación avanzada.

SUBLÍNEAS DE INVESTIGACIÓN: 

• Comportamiento físico a nano-escalas. 
• Estructura y dinámica microscópica de materia condensada desordenada.

TÉCNICAS UTILIZADAS: 

o Cálculos desde primeros principios. 
o Simulación Numérica.  
o Física Teórica y Matemática. 
o Dispersión de neutrones.  
o Adsorción de gases



Sistemas carentes de orden de largo alcance
SUBLÍNEAS DE INVESTIGACIÓN: 

• Comportamiento físico a nano-escalas. 
• Estructura y dinámica microscópica de materia condensada desordenada.
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a b s t r a c t

Crystallization under stringent cylindrical confinement leads to novel quasi-one-dimensional materials.
Substances with strong cohesive interactions can eventually preserve the symmetries of their bulk phase
compatible with the restricted geometry, while those with weak cohesive interactions develop quali-
tatively different structures. Frozen molecular deuterium (D2), a solid with a strong quantum character, is
structurally held by weak dispersive forces. Here, the formation of one-dimensional D2 crystals under
carbon nanotube confinement is reported. In contradiction with its weak cohesive interactions, their
structures, scrutinized using neutron scattering, correspond to definite cylindrical sections of the hex-
agonal close-packed bulk crystal. The results are rationalized on the grounds of numerical calculations,
which point towards nuclear quantum delocalization as the physical mechanism responsible for the
stabilization of such outstanding structures.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Carbon nanotubes are used to study crystallization under cylin-
drical constraints as well as to obtain a plethora of one-dimensional
(1D) materials [1e3]. These new materials emerge, owing to the
geometrical restriction, as crystalline phases with structures unlike
their bulk counterparts (see chapter 5 in Ref. [3]). Some substances
with strong cohesive interactions can retain their bulk crystallinity
down to the strict one-dimensional limit, in which all the crystal
constituents are simultaneously bulk and surface [4]. However, in
general, for a certain level of geometrical restriction, crystalline ar-
rangementswith symmetries alien to thebulkphasesdevelop [5]. As
expected, this is the rule if the cohesive interactions are weak, for
instance, hydrogen bonding in the archetypal case of water [6e8].

For purely dispersive interactions, molecular hydrogen (H2) is an
outstanding case owing to the strong quantum character of its

condensed phases [9e11]. In particular, crystalline H2 and its
deuterium isotopologue (D2) are prominent examples of quantum
solids. Such crystals are characterized by a quantum nuclear delo-
calization sizable compared to the intermolecular distance, even-
tually rendering the harmonic crystal approximation useless [12].
The effect is maximized in the case of H2, where quantum fluctu-
ations are so dominant that make the crystal insensitive to thermal
variations [10,11]. Furthermore, in both crystals the molecules
behave as quantum free rotators, which implies that the nuclear
orientational degrees of freedom are fully delocalized at low tem-
peratures. Both crystalline states are van der Waals solids with an
interaction potential well of just !2:77 meV, while that of the
binding potential to a graphite surface amounts to x! 50 meV
[13]. Confinement within narrow carbon nanotubes can roughly
double this depth.

Calculations without including the quantum nuclear delocal-
ization predict new ordered arrangements not present in the bulk
[14e16], some of them reminiscent of spiral configurations* Corresponding author.
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Absorbate-induced ordering and bilayer formation in propanol-
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a b s t r a c t

Real-time intercalation of liquid 1-propanol within graphite oxide prepared by Brodie's method has been
monitored by means of state-of-the-art neutron diffraction. We have developed a data analysis based on
the paracrystalline theory which enables the characterization of stacking disorder in terms of the average
number of layers contributing to Bragg scattering and the relative dispersion of the distribution of
interlayer distances. We find that monolayer intercalation expands the interlayer spacing from 5.63 Å up
to 9.24 Å, a process which is accompanied by noticeable improvement of stacking order. Thermally
activated mobility of the molecular adsorbate is observed down toz130 K, followed by the emergence of
a two-dimensional glassy state below such temperature. Heating at a slow rate from this kinetically
arrested state, leads to an adsorbate-driven ordering transition at z180 K, followed by formation of a
stable structure of the propanol-graphite-oxide system. This new phase enables reversible bilayer for-
mation and also is found to persist upon removal of excess propanol in vacuo. The final propanol-
graphite-oxide composite is characterized by an interlayer distance of 8.95 Å, a much-improved
ordering relative to its graphite-oxide precursor, and a pillar density of one intercalant molecule for
every nine “graphene-like” carbon hexagons.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The interest in Graphite Oxide (GO), a well known material in
graphene synthesis, has been reawakened in the past few years
mostly due to its potential for taylor-made design of materials for
separation technologies [1,2], hydrogen storage [3,4], gas capture
[5], or two-dimensional (2D) confinement studies [6e10]. In
particular, pillaring of GO by intercalation of different molecules
provides a route to prepare porous materials with tunable pore size
[3,4].

Although the details of the structure of GO remain a matter of
some debate, the widely accepted model due to Lerf [11] portrays it
as consisting of oxidized sheets with the Oxygen-containing groups
located either at the surface of the basal planes (hydroxyl and

epoxy) or at its edges (carbonyl and carboxyl). Such chemical
functional groups provide a source of chemical (bonding) in-
teractions, i.e., guest molecules react with these functional groups
in an irreversible (chemisorptive) fashion. Some examples of this
behaviour include the intercalation of boronic acids [4], alkylsilane
coupling agents [12], and organic isocyanates [13].

Guest-host interactions driving the intercalation in GO can also
involve hydrogen bonding (HB) or dispersion interactions as shown
by the pioneering works of MacEwan and collaborators [14]. Since
both, dispersion and HB interactions are relatively weak, molecular
uptake leads to reversible intercalation of guest species, although
the retention of significant amounts of molecules affecting the
thermal stability of the intercalate has been reported [15,16]. The
results are not only dependent upon the chemical nature of the
intercalant species but also on the method chosen to oxidize the
graphite precursor usually via Hummers' [17] or Brodie's methods
[18]. In particular, GO obtained by Hummers' method (H-GO) re-
tains guest species such as ammonia [19], water [10], or alcohols

* Corresponding author.
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unnormalized intensity shows a flat trend at these initial stages, it
follows that below some temperature Ta(300 K, 1-Pr molecules
can only enter previously intercalated GO galleries. Once the tem-
perature increases above Ta, the intercalation of empty GO galleries
quickly overcomes the aforementioned contrast effects, as evi-
denced by a sharp rise in both intensities. The relatively rapid

intercalation above Ta also induces a spatial redistribution of the 1-
Pr liquid, as attested by the significant increase in 1-Pr intensity
shown in Fig. 2.

In terms of peak widths (% FWHM), it is clear that 1-Pr inter-
calation greatly improves the ordering of the sample, as evidenced
by a clear decrease of (0 0 1) widths during loading. This ordering
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Fig. 3. Temporal evolution of neutron-diffraction patterns following 1-Pr loading. The I(Q) corresponding to the pristine GO is also shown as reference (dashed black line). For each
pattern the elapsed time as well as the corresponding interlayer distance are given. The inset shows the evolution of 1-Pr wt. % and temperature, i.e., a zoomed version of Fig. 2. The
arrows indicate the times corresponding to the neutron data shown in the main figure. (A colour version of this figure can be viewed online.)
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One-Dimensional Moire ́ Superlattices and Flat Bands in Collapsed
Chiral Carbon Nanotubes
Olga Arroyo-Gascoń, Ricardo Fernańdez-Perea, Eric Suaŕez Morell, Carlos Cabrillo, and Leonor Chico*
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ABSTRACT: We demonstrate that one-dimensional moire ́ patterns,
analogous to those found in twisted bilayer graphene, can arise in collapsed
chiral carbon nanotubes. Resorting to a combination of approaches, namely,
molecular dynamics to obtain the relaxed geometries and tight-binding
calculations validated against ab initio modeling, we find that magic angle
physics occur in collapsed carbon nanotubes. Velocity reduction, flat bands,
and localization in AA regions with diminishing moire ́ angle are revealed,
showing a magic angle close to 1°. From the spatial extension of the AA
regions and the width of the flat bands, we estimate that many-body interactions in these systems are stronger than in twisted bilayer
graphene. Chiral collapsed carbon nanotubes stand out as promising candidates to explore many-body effects and superconductivity
in low dimensions, emerging as the one-dimensional analogues of twisted bilayer graphene.
KEYWORDS: moire ́ superlattices, chiral carbon nanotubes, flat bands, twisted bilayer graphene

Thediscovery of superconducting1 and correlated insulating
behavior2 in twisted bilayer graphene (TBG) has shaken

up the field of two-dimensional (2D) materials, reinvigorating
the study of graphene-based systems. If two coupled graphene
sheets are rotated by an angle of 1.1° (dubbed magic angle),
starting from a symmetric stacking, the Fermi velocity drops to
zero and flat bands appear at the neutrality point, giving rise to
new physics.3−6 Strong correlations near the magic angle could
be foreseen due to the existence of these flat bands, producing a
many-particle gap, but superconductivity in TBG was an
unexpected phenomenon that awaits a theoretical explanation
and promises to be a fundamental piece in the understanding of
unconventional superconductors.
If the rotation angle is roughly below 10°, moire ́ patterns start

to be detectable by visual inspection. Regions with AB, BA, and
AA stacking can be identified. For rotation angles under 5°, band
velocity reduction is noticeable, being greatly diminished around
2°.4,5 Dispersionless bands with zero velocity correspond to
spatially localized states. In the case of the moire ́ potential,
localization in TBG takes place in regions with direct or AA
stacking which present a great increase of the local density of
states.5 These high-density regions are the origin of the exotic
behavior observed near the magic-angle.
Correlations are known to be enhanced in low dimensions;

they occur in 2D systems such as bilayer graphene and even
more strongly in one-dimensional (1D) systems in which exotic
many-body physics has been studied.7 For instance, in carbon
nanotubes (CNT), Luttinger liquid behavior was predicted8,9

and experimentally observed.10,11 If electron−electron inter-
actions are strong, a Mott insulator behavior is expected.7,12−15

It is therefore natural to look for a one-dimensional version of
twisted bilayer graphene. The most immediate instance would

be twisted bilayer nanoribbons. However, edge states16,17 are
unavoidable at the terminations of TBG18 or one-dimensional
moire ́ ribbons,19,20 obscuring the role of the AA-stacked regions.
In chiral double-walled nanotubes, we can also find one-

dimensional moire ́ patterns, albeit most of them are
incommensurable and consequently difficult to tackle from the
computational viewpoint. Koshino et al. theoretically found that
these structures have drastic changes in their electronic
properties from metallic to semiconductor.21 They have been
also experimentally studied but without evidence of flat
bands.22,23 Therefore, the quest for other systems which could
be the 1D analogues of TBG is of great importance to elucidate
the nature of superconductivity and strong correlations recently
found therein.
Here, we propose collapsed chiral carbon nanotubes as ideal

systems to explore one-dimensional moire ́ physics. Collapsed
nanotubes were experimentally found long ago in the early days
of nanotube research.24 In a narrow nanotube with diameter d
smaller than 20 Å, the elastic energy of the nanotube wall
impedes its flattening into a ribbon shape.24,25 Recent
experiments and simulations give diameters from 26 to 51 Å
as a threshold for stability.26,27 In any case, for d > 40 Å the tubes
are at least metastable in the flat form according to our
calculations and the different criteria discussed by other
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