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Preparación de 
nuevos 

nanomateriales
Ensamble de 
dispositivos

Caracterización 
Químico-

Estructural

Simulación 
Computacional

Caracterización 
Morfológica

• Nanomateriales para energía
• Biomateriales
• Biolectrónica



Capacidades Instaladas

• Caracterización Estructural
• Difracción de rayos X de Polvo
• Difracción de rayos X de bajo ángulo 

(nanomateriales).
• Difracción de rayos X de capas finas.
• Microscopio Raman Confocal
• Microscopio de Fuerza Atómica AFM

• Caracterización Física
• Simulador Solar
• Espectroscopia de Impedancias

• IMPS/IMVS
• Eléctrica
• Electroquímica.

• Propiedades ópticas:
• UV-vis Sólidos
• Thorlabs

• Síntesis
• Reactores hidrotermal
• Silverson Mixer (grafeno)
• CVD (grafeno)
• Impresión 3D

• Biomateriales
• Convencional

• Sonoplot (2D printing)
• Plasma Sputtering

Capacidades en CeFI !

Síntesis y preparación

• Grafeno y Óxido de grafeno: 
• biomateriales 
• polímeros conductores

• Titanatos nanoestructurados: 
• Celdas solares y electrolitos de 

baterías
• Compósitos Poliméricos

• Celdas Solares
• OECD: transistores orgánicos 

electroquímicos
• bioelectrónica

grafeno
quantum-dots

Nanotubos 
de titanatos

Thin film polimérico
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Celdas Solares

Obtener nuevos nanomateriales que 
mejoren las propiedades ópticas y la  
respuesta de fotoelectrodos para 
conversión de energía solar a eléctrica.

N719 Dye on top of a nanoparticle model of TiO2(B)
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Synthesis
Characterization: 

XRD, SAXS, Raman

Prototyping
Modeling

Hydrothermal Synthesis

(Anatase(A) , Rutile(R), o A/R 50% p/p)

120° C <Tr<150°C

24h<tr<68h
NaOH(ac) 10M

First Principles 
Calculations



Almacenamiento de Energía
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Modificaciones a polímeros Conductores P3HT
• Transferencia de carga
• Difusión de iones
• Mecanismo bi-polarónicos
• Aplicación en celdas solares.

Monday’s talk!

Obtener nuevos nanomateriales y 
compósitos poliméricos, que mejoren la 
conductividad iónica de electrolitos para 
baterías de ion-litio e ión-sodio.

Transistores orgánicos electroquímicos

Preparación, caracterización y simulación de materiales 
(polímeros conductores e hidrogeles) para dispositivos de 
detección de iones y otros metabolitos de interés biológico 
(bioelectrónica).

Romero et al. ACS Appl. Electron. Mater. (Under revision)
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Modelado Molecular
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Discovering atomistic pathways for supply of
metal atoms from methyl-based precursors to
graphene surface†

Davide G. Sangiovanni, a Ricardo Faccio, b Gueorgui Kostov Gueorguiev a

and Anelia Kakanakova-Georgieva *a

Conceptual 2D group III nitrides and oxides (e.g., 2D InN and 2D InO) in heterostructures with graphene

have been realized by metal–organic chemical vapor deposition (MOCVD). MOCVD is expected to bring

forth the same impact in the advancement of 2D semiconductor materials as in the fabrication of estab-

lished semiconductor materials and device heterostructures. MOCVD employs metal–organic precursors

such as trimethyl-indium, -gallium, and -aluminum, with (strong) metal–carbon bonds. Mechanisms that

regulate MOCVD processes at the atomic scale are largely unknown. Here, we employ density-

functional molecular dynamics – accounting for van der Waals interactions – to identify the reaction

pathways responsible for dissociation of the trimethylindium (TMIn) precursor in the gas phase as well as

on top-layer and zero-layer graphene. The simulations reveal how collisions with hydrogen molecules,

intramolecular or surface-mediated proton transfer, and direct TMIn/graphene reactions assist TMIn

transformations, which ultimately enables delivery of In monomers or InH and CH3In admolecules, on

graphene. This work provides knowledge for understanding the nucleation and intercalation mechanisms

at the atomic scale and for carrying out epitaxial growth of 2D materials and graphene heterostructures.

Introduction
Exploration and development of materials exhibiting new com-
positions and/or peculiar structural and electronic properties in
ever-scaling-down dimensionality undergoes continuous improve-
ments. Group III nitrides (AlN, GaN, and InN), for example, are
some of the most viable semiconductor material systems for
tunable optoelectronic devices. Thin (multi)layers of group III
nitrides in a wurtzite structure have been intensively developed
using metal–organic chemical vapor deposition (MOCVD) pro-
cesses leading to ‘‘the invention of efficient blue light-emitting
diodes which has enabled bright and energy-saving white light
sources’’ (The Nobel Prize in Physics, 2014).1 Group III nitrides are
being further researched at the nanoscale. The electronic and
exitonic properties of various 2D and bulk crystals of InN have
been compared based on density functional theory calculations.2

It has been predicted using first-principles calculations that the
band gap of 2D group III nitrides in a honeycomb monolayer

structure across the compositional range of BN, AlN, GaN, InN,
and TlN can be tuned from the UV to the IR region, and even
further to the THz frequency range.3,4 2D InGaN and InTlN
have further been suggested for efficient light harvesting thus
boosting opportunities for photovoltaic applications.3 It is to be
noted that InN, in its 2D sp2-bonded honeycomb monolayer
structure and also in its sp3-bonded wurtzite bulk crystal,
exhibits the smallest effective electron mass among the group
III nitrides.3 In general, the small effective electron mass is
related to the high electron mobility and saturation drift
velocity which are properties of crucial importance for enabling
evermore high-speed and high-frequency performance of
(nano)electronic devices. Similar prospects are being held by
2D InO which – among a group of several monolayer metal
oxides of various atomic structures – has also been predicted
using first-principles calculations to exhibit ultrahigh electron
mobility.5 It is noteworthy that by now, both 2D InN6 and the
2D InO7 have crossed over the realm of predictive first-
principles calculations to their material realization in confine-
ment at graphene/SiC interfaces via MOCVD. Epitaxial gra-
phene has also been used to investigate the realization of
InN-based van der Waals structures via MOCVD processes.8

MOCVD employs metal–organic precursors such as trimethyl-
indium, -gallium, and -aluminum, which contain (strong) metal–
carbon bonds. Therefore, it is of crucial importance to identify
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formation of a H3C–InH–CH2–CH3 neutral molecule, with all
orbitals hybridized sp3, Fig. 3d. Soon after (o1 ps), however, the
H3C–InH–CH2–CH3 species dissociates into H3CI :nH and
:
CH2CH3 radical molecules (see Fig. 3e, f and 2d). After tempora-
rily (E0.5 ps) bonding to graphene (Fig. 2e), the

:
CH2CH3 radical

attacks the methyl group of H3CI :nH, Fig. 3g. The reaction leads
to the formation of indium hydride (InH) and propane (C3H8)
molecules as shown in Fig. 3h, which float away from the surface
as shown in Fig. 2f and g.

To gain insights into the reactivity of an InH gas molecule
(Fig. 4a) with graphene, the simulation is extended for E4.5

additional ps. After two InH molecule bounces, the proton of
the InH molecule is attracted by the p electron cloud of
graphene (Fig. 4b) and detaches from the In ion (In!). Both
the proton and In! ion remain on graphene as adspecies
(Fig. 4c). After a fraction of ps, the propane gas molecule
(previously formed, see Fig. 2f and g) approaches the In!

adspecies and donates a proton from one of its terminal methyl
groups. The reaction produces an InH admolecule (Fig. 4d and e),
while the electron pair formerly occupying the C–H bond transfers
to a non-bonding sp3 carbon orbital of the CH3CH2C̈!H2 mole-
cule (Fig. 4e). Then, within one ps, the sp3 electron pair of C̈!

takes a proton from the central CH2 group (Fig. 4f), thus produ-
cing CH3C̈!HCH3 (Fig. 4g). Accidentally, the CH3C̈!HCH3 species
flies near the InH admolecule. The H atom of the central C–H
bond detaches from the molecule and bonds to the proton of InH
(Fig. 4g). The reaction leads to the elimination of a H2 gas
molecule and an In! monomer is formed again (Fig. 4h). This
process also produces a highly reactive CH3–C̈–CH3 molecule,
which quickly transforms in a

:
CH2CH2

:
CH2 double radical via

intramolecular hydrogen transfer (Fig. 4i).

Simulation#2

In this simulation we observe three collisions of TMIn onto
graphene for 8.5 ps. The remaining 3.5 ps of this simulation
reveal several intricate reaction pathways which ultimately lead
to the formation of an In! monomer or an InH admolecule on
graphene.

The first relevant reaction event of Simulation#2 starts with
a hydrogen molecule hitting a methyl group of TMIn (Fig. 5a
and b). The momentum transfer causes bending of methyl–In–
methyl chemical bonds, thus leading one methyl group to

Fig. 2 (Simulation#1) Sequence of trimethylindium (CH3)3In reactions on
graphene/SiC (0001) as observed in AIMD simulations at 3500 K. The
dynamic bonds have cutoff lengths of 2.2 Å.

Fig. 3 (Simulation#1) Trimethylindium (CH3)3In/graphene reactions lead
to formation of indium hydride and propane gas molecules.

Fig. 4 (Simulation#1) Indium hydride InH and propane reactions on
graphene/SiC (0001) as observed in AIMD simulations at 3500 K. The
reactions end with formation of an In! adspecies. The dynamic bonds have
cutoff lengths of 2.2 Å. The distance of the In! monomer from the closest
C atoms of graphene is typically within the range of 2.3–2.5 Å. The entire
sequence of events – from InH arrival on graphene (a) to formation of In!

and H+ adspecies, H2 and C3H6 gas molecules (i) – occurs over a time-
frame of E2 ps.

Paper PCCP

Estructura electrónica y dinámica molecular ab initio en sistemas 
nanoestructurados. (VASP + Machine Learning).
Nuevas propiedades electrónicas (ópticas y magnéticas).
Nuevos mecanismos de reacción sobre superficies.

The simulations reveal how collisions with hydrogen 
molecules, intramolecular or surface-mediated proton 
transfer, and direct TMIn/graphene reactions assist TMIn 
transformations, which ultimately enables delivery of In 
monomers or InH and CH3In admolecules, on graphene
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