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Preface

III ESCOLA DE QUÍMICA COMPUTACIONAL: Theory of new materials at
atomistic level: Graphene, Graphene Defects and π-Conjugated Polyradical
Systems

Introduction: Graphene’s many remarkable physical, thermal and electrical properties
with interesting applications in electronics, optoelectronics and photonics have made it
an object of intense research since it was first successfully isolated in 2004 from graphite
using the Scotch-Tape method. Graphene is a special allotrope of carbon composed of a
two-dimensional lattice of fused benzene rings.

Graphene is looked to in particular for its potential to replace silicon in electronics. In
spite of this fascinating outlook, several problems still exist since graphene is a semimetal
and the zero-energy bandgap limits graphene use as in electronic devices. Another ap-
proach to devise new materials at carbon basis is to look at polyaromatic hydrocarbons
(PAH) which can be modulated to display interesting electronic properties for well-defined
relatively small molecules as well. In this context, diradicals and polyradicals play an in-
creasingly important role for the rational design of advanced materials.

The accurate characterization and stability assessment of all these biradicaloid systems
is important for the development of new materials to be used in organic semiconductor
technology. However, due to the low stability or transient character of many of these
compounds these goals are often difficult to accomplish by experimental methods alone
and theoretical approaches play an increasingly important role for the characterization of
these compounds.

The need for tuning the electronic properties of the different π-conjugated systems dis-
cussed in the previous paragraph led to a multitude of theoretical investigations which
have been applied successfully for predicting the electronic properties such as band gaps,
defect structures and polyradical character. Depending on the properties investigated,
quite different computational methods are being used ranging from high-level calcula-
tions with periodic boundary conditions in the framework of density functional theory to
ab initio multireference methods and to tight-binding approaches to be used in electron
transport simulations.

Goals and Perspectives: The purpose of this workshop is to present an overview of
the different computational methods used to describe graphene, graphene defects and
polyradicaloids and to discuss specific outstanding applications. An important issue in
the proposed workshop plays also the connection to experimental work. For this purpose
we have also included in our program talks by experimental scientists working in the
spectroscopic properties of graphene and in the synthesis of polyradical systems.

Experimental techniques such as transmission electron microscopy (TEM) and electron
energy loss spectroscopy (EELS) will be covered as well. In total, we taken care to prepare
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a good mix between introductory talks giving overviews of a field and high-level presen-
tations explaining the state-of-the-art. The invited speakers are all high-level experts
in their fields. Besides Brazilian scientists we have also succeeded to attract interesting
speakers from various countries abroad (USA, Singapore, Austria, Czech Republic) to our
workshop.

bbb
Ribeirão Preto, SP - Brazil. December, 2017.

bbb
Organizing Committee.
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Program

The program is built around three main topics:

1. Density Functional Theory (DFT): Introduction and Special Topics

2. Multireference Methods for Graphene Defect Models and Polyaromatic Hydrocar-
bons (PAHs): Basic Principles and Applications

3. Electron Transport in Graphene: Basic Formalism and Applications
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Monday, Dec. 11, 2017

9:00 Opening
Sergio E. Galembeck,
Head of DQ-FFCLRP,
Director of FFCLRP

9:30
(40 + 10)

Indenofluorenes and Quinoidal
Analogues: A New Class of Electron-

Accepting Materials

Michael M. Haley

University of Oregon
ha  ley@uoregon.edu

10:20 Coffee Break

Section A: Density Functional Theory I

10:50
(25 + 5) DFT calculation on graphene

Rodrigo Amorim (UFF
rgamorim@gmail.com

http://lattes.cnpq.br/0616474769970457

11:20

(25 + 5)

Ab initio calculation of graphene and
related 2D materials forming complex

systems: alloys, heterostrutuctures
and their interactions with substrates

Marcelo Marques (ITA)
mmarques@ita.br

http://lattes.cnpq.br/  9283127775686902

11:50 Lunch

14:00

(40 + 10)

First principles modeling as a guide
for understanding microscopy and

spectroscopy

Toma Susi
University of Vienna, Austria

toma.susi@univie.ac.at

14:50

(40 + 10)

2D- Materials : from Trivial to
Topological Insulator

Adalberto Fazzio (USP)
fazzio@if.usp.b  r

http://lattes.cnpq.br/  2714004273523549

15:40 Coffee Break

16:00

(40 + 10)

Electronic structure of graphene
allotropes (graphynes) and extended

defects in two-dimensions

Ricardo W. Nunes (UFMG)
 rwnunes@fisica.ufmg.b  r

http://lattes.cnpq.br/  6217898418202518

16:50
(25 + 5)

2D Materials: Vibrational Properties
and Spectroscopy

Pedro P. M. Venezuela (UFF)
pedro.venezuela@gmail.com

http://lattes.cnpq.br  /8358755068997  419

18:40 Dinner

Tuesday, Dec. 12, 2017

Section B: Density Functional Theory II

9:00

(40 + 10)

From Open-shell Singlet
Diradicaloids to Polyradicaloids

Jishan Wu
National University of Singapore

chmwuj@nus.edu.sg

9:50

(40 + 10)

Study of Stability and Electronic
Properties of Transition Metal
Dichalcogenides using Density

Functional Theory

Juarez L. F. da Silva
juarez_dasilva@iqsc.usp.br

http://lattes.cnpq.br/7424727996189469
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10:40 Coffee Break

11:00

(25 + 5)

Defects in 2D materials and their
applications in energy

Leandro S. Rocha (MackGraphe)
l  eandro.seixas@mackenzie.b  r

http://lattes.cnpq.br/9575661316014079

11:30

(25 + 5)

A Computational Study of π-π
Stacking Interactions Using High-

Level Ab Initio Methods and Density
Functional Methods

Adelia J. A. Aquino 
Tianjin University, China

adelia.aquino@univie.ac.at

12:00 Lunch

Section C: Multireference Methods I

14:00

(40 + 10)

The Polyradical Character of
Polyaromatic Hydrocarbons: Kekulé

and Non-Kekulé Structures

Hans Lischka
Tianjin University, China
hans.lischka@univie.ac.at

14:50

(25 + 5)

MRCI Calculations on Vacancy
Defect Models

Francisco B. C. Machado (ITA)
f  machado@ita.br

http://lattes.cnpq.br/3088345359357221

15:20

(25 + 5)

Spectroscopy and thermochemistry of
small molecules using multireference

quantum chemistry

Antonio G. S. Oliveira Filho (FFCLRP-USP)
antoniogsof  @gmail.com

http://lattes.cnpq.br/3984513875185641

15:50 Coffee Break

16:10

(40 + 10)

The Consequences of Neglecting
Permutation Symmetry in the
Description of Many-Electron

Systems

Marco A. C. Nascimento (UFRJ)
chaer01@gmail.com

http://lattes.cnpq.br/3314639624288740

17:00
-19:00

Poster session 

20:00 Dinner

Wednesday, Dec. 13, 2017

Section D: Multireference Methods II

9:00

(40 + 10)
Excited States of PAHs

Dana Nachtigallova
Czech Academy of Sciences, Czech Republic

dana.nachtigallova@marge.uochb.cas.cz

9:50

(25 + 5)

The Excited Life of Nucleobases from
a Multiconfigurational Perspective

Antônio Carlos Borin (USP)
ancborin@iq.usp

http://lattes.cnpq.br/6706700583500988

10:20

(25 + 5)

Excited States in Organic
Photovoltaic Material

Itamar Borges, Jr (IME)
itamar.borges.jr@gmail.com

http://lattes.cnpq.br/7247460085720503

10:50 Coffee Break

11:10

(25 + 5)
Electron Donor/Acceptor Doping

Max Pinheiro, Jr (ITA)
maxjr82@gmail.com

http://lattes.cnpq.br/7514469146730771
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11:40

(25 + 5)

On the Interaction Energy among
Propellant Components: A Carbon

Black Model

Luiz F. A. Ferrão (ITA)
ferrao@ita.br

http://lattes.cnpq.br/7246198992739011

12:10 Lunch

Section E: Electron Transport in Graphene I

14:00

(40 + 10)

Simulating quantum transport
through graphene: phonons, defects

and strain

Florian Libisch
Technical University of Vienna, Austria

florian.libisch@tuwien.ac.at

14:50

(25 + 5)

A tight binding calculation of the
transport properties of graphene
nanoribbons with vacancies and

extended defects

Dario A. Bahamon (MackGraphe)
dario.bahamon@mackenzie.br

http://lattes.cnpq.br/4024191340514093

15:20

(25 + 5)

A experimental study of the
minimization of defects in the

synthesis of reduced graphene oxide

Sergio H. Domingues (MackGraphe)
sergio.domingues@mackenzie.br

http://lattes.cnpq.br/3585264786800637

15:50 Coffee Break

16:20 9 selected students talk (15 minutes – 10 + 5) 

18:20 Dinner

Thursday, Dec. 14, 2017

Section F: Electron Transport in Graphene II

9:00

(40 +10)

Multiscale Modeling of Graphene-
based Materials

Douglas S. Galvão (UNICAMP)
galvao@ifi.unicamp.br

http://lattes.cnpq.br/9138028556380501

9:50

(40 + 10)

Spin and valley Hall effects in
graphene

Caio H. Lewenkopf (UFF)
caio@if.uff.br

http://lattes.cnpq.br/8567960115058074

10:40 Coffee Break

11:00

(25 + 5)

Spin Caloritronics in Graphene
 with Mn

Alberto T. R. Junior (UFSC)
atriera@if.usp.br

http://lattes.cnpq.br/5067356671119955

11:30

(25 +5)

Ab-initio design of nanoscaled
transistors

Matheus Paes Lima (UFSCar)
mplima@df.ufscar.br

http://lattes.cnpq.br/1835846543912999

12:00 Conclusions
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Invited Speakers

Adalberto Fazzio
Universidade de São Paulo

Adelia J. A. Aquino
Tianjin University, China

Alberto T. R. Junior
Universidade Federal de Santa Catarina

Antônio Carlos Borin
Universidade de São Paulo

Antonio G. S. Oliveira Filho
Universidade de São Paulo

Caio H. Lewenkopf
Universidade Federal Fluminense

Dana Nachtigallova
Czech Academy of Sciences, Czech Republic

Dario A. Bahamon
Universidade Mackenzie

Douglas S. Galvão
Universidade Estadual de Campinas

Florian Libisch
Technical University of Vienna, Austria

Francisco B. C. Machado
Instituto Tecnológico da Aeronáutica

Hans Lischka
Tianjin University, China

Itamar Borges Junior
Instituto Militar de Engenharia

Jishan Wu
National University of Singapore

Juarez L. F. da Silva
Universidade de São Paulo

Leandro S. Rocha
Universidade Mackenzie

Luiz F. A. Ferrão
Instituto Tecnológico da Aeronáutica

Marcelo Marques
Instituto Tecnológico da Aeronáutica
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Marco A. C. Nascimento
Universidade Federal do Rio de Janeiro

Matheus Paes Lima
Universidade Federal de São Carlos

Max Pinheiro Junior
Instituto Tecnológico da Aeronáutica

Michael M. Haley
University of Oregon

Pedro P. M. Venezuela
Universidade Federal Fluminense

Ricardo W. Nunes
Universidade Federal de Minas Gerais

Rodrigo Amorim
Universidade Federal Fluminense

Sergio H. Domingues
Universidade Mackenzie

Toma Susi
University of Vienna, Austria
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Indenofluorenes and Quinoidal Analogues – A New Class of Electron-Accepting 

Materials 

 

Michael M. Haley 
 

Department of Chemistry & Biochemistry and the Material Science Institute,         

University of Oregon, Eugene, Oregon 97403-1253, United States 
 

This talk will present our synthetic, structural and materials studies of a new class of 

electron-accepting molecules based on the indenofluorene (IF) skeleton. The initial 

preparative route involved transannular cyclization of octadehydrodibenzo[12]annulenes to 

afford the pentacyclic ring system. Subsequent transformations generated the first stable 

examples of the fully conjugated, 20 pi-electron, formally anti-aromatic compounds.
[1]

 

Optimization of intermediate IF-6,12-dione synthesis via a simple three-step process now 

permits access to IF derivatives in multigram quantities.
[2]

 Work on 6,12-diarylIFs 

demonstrated that single crystals of the pentafluorophenyl derivative could serve as an active 

layer in organic field effect transistors (OFETs) that exhibit ambipolar behavior using Au 

source/drain contacts.
[3]

 Current studies are focused on varying the antiaromaticity of the 

indacene unit by replacement of the benzene groups with thiophene units
[4]

 as well as 

increasing biradical character of the framework by expansion of the quinoidal core.
[5]

 

 

 
 

[1] Chase, D. T.; Rose, B. D.; McClintock, S. P.; Zakharov, L. N.; Haley, M. M. Angew. Chem. 
Int. Ed. 2011, 50, 1127. 
[2] Chase, D. T.; Fix, A. G.; Rose, B. D.; Weber, C. D.; Nobusue, S.; Stockwell, C. E.; 
Zakharov, L. N.; Lonergan, M. C.; Haley, M. M. Angew. Chem. Int. Ed. 2011, 50, 11103. 
[3] Chase, D. T.; Fix, A. G.; Kang, S. J.; Rose, B. D.; Weber, C. D.; Zhong, Y.; Zakharov, L. 
N.; Lonergan, M. C.; Nuckolls, C.; Haley, M. M. J. Am. Chem. Soc. 2012, 134, 10349. 
[4] (a) Young, B. S.; Chase, D. T.; Marshall, J. L.; Vonnegut, C. L.; Zakharov, L. N.; Haley, M. 
M. Chem. Sci. 2014, 5, 1008; (b) Marshall, J. L.; Uchida, K.; Frederickson, C. K.; Schütt, C.; 
Zeidell, A. M.; Goetz, K. P.; Finn, T. W.; Jarolimek, K.; Zakharov, L. N.; Risko, C.; Herges, 
R.; Jurchescu, O. D.; Haley, M. M., Chem. Sci. 2016, 7, 5547. 

[5] (a) Rudebusch, G. E.; Fix, A. G.; Henthorn, H. A.; Vonnegut, C. L.; Zakharov, L. N.; 

Haley, M. M. Chem. Sci. 2014, 5, 3627; (b) Rudebusch, G. E.; Zafra, J. L.; Jorner, K.; Fukuda, 

K.; Marshall, J. L.; Arrechea-Marcos, I.; Espejo, G. L.; Ponce-Ortiz, R.; Gomez-Garcia, C. J.; 

Zakharov, L. N.; Nakano, M.; Ottosson, H.; Casado, J.; Haley, M. M. Nature Chem. 2016, 8, 

753.  
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Nanobio applications of graphene: from flakes to 2D materials 

 

Rodrigo G. Amorim 

 

Universidade Federal Fluminense, UFF, ICEx, Volta Redonda/RJ 

rgamorim@id.uff.br, rgamorim.wix.com/rodrigo 

 

Graphene is a versatile 2D material and promissing for nanobio applications. This fact is due 

to its interesting electronic properties and large surface area. One possible application for 

graphene is gas or biomolecules sensing, where the device should have at least two features: 

(i) good sensitivity or conductance changes at gas/molecule presence and (ii) small 

gas/molecule resident time. One way to improve the sensitivity is using defective graphene 

device, but this fact could affect the resident time. The goal to have a good sensor is to 

increase the sensitivity and keep the resident time not very large. Using Density Functional 

Theory (DFT) combined with non-equilibrium Green's function were investigated the 

graphene its properties in pristine and defective form. For understand the defect reactivivity 

we will show the potential energy surface (PES) for a single pyrene model and also extended 

for a square graphene flake. In a second moment we will discuss the graphene electronic and 

also transport properties. With these ingredients the nano/bio sensor will be tested for DNA 

molecules and also molecular gas NO2, NO and H2S. Hybrid graphene/h-BN also will be 

explored for nano/bio applications. The graphene nanoroad will be used as a device to detect 

different nucleotides in two different sensing mechanism. The first one we nominate on top 

mechanism, where the molecule are on the device, and the second we called single 

modulation device, where there is a single nanopore and the molecule translocate inside the 

nanopore.  
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Materiais 2D: Propriedades Vibracionais e Espectroscopia 

Pedro Venezuela 

 

Instituto de Física daUFF 

 

Os materiais bidimensionais (2D) são formados por uma ou algumas camadas de átomos 

diversos. Estes materiais podem ter variadas propriedades podendo ser metálicos, isolantes, 

semicondutores ou até mesmo isolantes topológicos. 

Esta área começou a ser desenvolvida com o advento do grafeno em 2004. 

Posteriormente vários outros materiais 2D foram obtidos como o BN, o MoS2, o siliceno e o 

fosforeno, por exemplo. 

Nesta palestra iremos focar em cálculos de primeiros princípios aplicados a materiais 

2D. Em particular, vamos enfatizar as propriedades vibracionais destes materiais que podem 

ser descritas através do conceito de fônons. 

Várias técnicas experimentais, como por exemplo a espectroscopia Raman, podem ser 

utilizadas para caracterizar os materiais a partir de suas propriedades vibracionais. Iremos 

mostrar como cálculos de primeiros-princípios podem ser usados para uma melhor 

interpretação dos resultados experimentais e também para a previsão de novos resultados. 
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First principles modeling as a guide for understanding microscopy and spectroscopy 

 

Toma Susi 

 

University of Vienna, Faculty of Physics, Boltzmanngasse 5, 1090 Vienna, Austria 

 

Computer simulations are an invaluable tool for understanding phenomena that are not directly 

accessible to experiment. My research has focused particularly on two such cases with 

graphene, the one-atom-thick form of hexagonally bonded carbon: interpreting the core level 

binding energies measured by x-ray photoemission, and elucidating the mechanisms of 

electron-beam induced dynamics observed via transmission electron microscopy. 

 

For the case of core level binding energies, the experimental challenge is that each measured 

energy corresponds to a specific chemical environment of the atoms in the material, but the 

technique itself cannot directly resolve the atomic structure. Although it is possible to study the 

bonding of, for example, heteroatom dopants by direct imaging either by electron microscopy 

or scanning tunneling microscopy, this is very time-consuming and there are no guarantees the 

painstaking local sampling faithfully represents the bulk composition of the sample. With 

advances in first principles modeling, and especially density functional theory, it has become 

possible to predict the energies with sufficient accuracy to test hypotheses and understand 

experiments such as synchrotron spectroscopy of nitrogen-doped graphene. 

 

For electron irradiation, the challenge is more fundamental: when a relativistic electron that is 

used for imaging transfers kinetic energy to a nucleus in the material, the dynamics that follow 

occur on the picosecond timescale, orders of magnitude beyond the experimental time 

resolution. Thus even though with modern aberration-corrected instruments it is possible to 

directly observe the atomic structure, each image is essentially a static snapshot of a relaxed 

atomic configuration. To understand why a certain process occurs, such as the movement of a 

trivalently bonded silicon atom through the graphene lattice, density functional theory 

molecular dynamics modeling offers invaluable insight into the dynamics, albeit with a high 

computational cost. 

 

These studies have been conducted working closely with experimentalists to solve specific 

challenges, illustrating the value of cross-disciplinary collaboration. In my experience, having 

at least a basic understanding of both experimental and theoretical tools is very useful in 

helping to form a full picture of the physics of the system under study. 
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2D- Materials : from Trivial to Topological Insulator 

 

Adalberto Fazzio 

 

Universidade Federal do ABC, São Paulo, Brazil 

 

The development of a wide variety of two dimensional materials(2D) has opened a new, 

extensive and exciting field of research. The properties and possible applications of these 

materials have far reaching implications. 2D materials can present unusual properties such as 

high electron mobilities, band structure that can be tuned to specific target, for example, 

materials characterized by topologically protected electronic states. Among these materials, 

we should certainly cite graphene, silicene, phosphorene, germanene, stanene, borophene, and 

the family of transition metal dichalcogenides, which appears as interesting option for 

nanodevices, spintronic, etc. In my talk I emphasize (i) van der Waals (vdW) heterostructures 

by stacking 2D crystalline atomic layers. And (ii) the phase transition of trivial to topological 

insulator . All these 2D materials are composed by atoms of column II, III, IV, V, and VI of 

the periodic table. All the calculations of electronic and structural properties were performed 

using a Density Functional Theory(DFT). 
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Theoretical Chemistry of Carbon Materials 

R. W. Nunes 

 

Departamento de Física, Universidade Federal de Minas Gerais 

 

In the last decade, graphene has emerged as a prototypical two-dimensional material. In the 

monolayer form, graphene exhibits intriguing electronic properties, connected with the linear 

dispersion of its electronic band structure, in an interval of  ̴ 1 eV from the Fermi level, and 

the two sublattices that make up its bulk honeycomb lattice. These two features imply that the 

electronic bands of graphene map onto a massless chiral Dirac fermion problem, and the rich 

phenomenology of Dirac fermions manifests itself as emergent behavior of carriers in 

graphene. Recently, carbon allotropes named graphynes, containing twofold-coordinated 

carbon atoms with sp covalent hybrids and threefold-coordinated cabons with sp
2
 hybrids, 

were shown to display the same band-structure features as graphene itself. In this seminar, I 

will discuss in detail the electronic structure and lattice stability of pristine and functionalized 

(with either hydrogen or oxygen) -graphyne systems. Lattice instabilities, due to soft-phonon 

modes, are identified, as well as the symmetry-breaking mechanism leading to gap opening in 

the Dirac-fermion electronic spectrum of these systems. In the case of an 

oxygen-functionalized -graphyne structure, each O atom binds asymmetrically to two 

twofold-coordinated C atoms, breaking inversion and mirror symmetries, and leading to the 

opening of a sizeable gap of 0.22 eV at the Dirac point. Generally, mirror symmetries are 

found to suffice for the occurrence of gapless Dirac cones in these -graphyne systems, even in 

the absence of inversion symmetry centers. Moreover, we analyze the gapless and gapped 

Dirac cones of pristine and functionalized -graphynes from the perspective of the dispersion 

relations for massless and massive free Dirac fermions. We find that mirror-symmetry 

breaking mimics a Dirac-fermion mass-generation mechanism in the oxygen-functionalized 

-graphyne, leading to gap opening and to isotropic electronic dispersions with a rather small 

electron-hole asymmetry. In the hydrogen-functionalized case, we find that carriers show a 

remarkable anisotropy, behaving as massless fermions along the M-K line in the Brillouin 

zone and as massive fermions along the -K line. 
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Ab initio calculation of graphene and related 2D materials forming complex systems: 

alloys, heterostructures and their interactions with substrates 

Marcelo Marques
1
, Ivan Guilhon

1
, Daniel S.  Koda

1
, Filipe Matusalém

1
, Ronaldo R. Pelá

1
, 

Friedhelm Bechstedt
2
 and Lara K. Teles

1 

 

1
Grupo de Materiais Semicondutores e Nanotecnologia-GMSN , Instituto Tecnológico de Aeronáutica 

Institut fur Festkörpertheorie und -optik, Friedrich-Schiller-Universität, 

Jena, Germany 

Complex systems formed by semiconductors materials as (i) heterostructures and (ii) alloys 

were the basis of all fantastic development of electronic industry. These systems go beyond 

the simplicity of initial monolithic approach and provide great advantages for devices.  The 

heterostructures are formed by a perfect connection of different materials, that allows the 

modulation of the electric potential along the material in order to confine and also to quantize 

the state of the electron.  As examples, the development of technology of lasers 

semiconductors and also the discovery of quantum hall effect was achieved by the 

employment of heterostructures. In a similar   way, semiconductors alloys are obtained by 

the mixture of different materials forming a totally new compound with intermediate 

properties. Semiconductor alloys are used in large number of important applications as for 

example white LEDS for illumination. 

In this context, the discovery of two dimensional (2D) materials open a huge door in terms of 

materials and new properties for devices and also new physical phenomena.  Besides the 

possibility of totally original properties that 2D material initially provides, a natural step is 

also to build 2D complex systems as heterostructures and alloys..  In this work we present 

the research developed in Grupo de Materiais Semicondutores e Nanotecnologia-GMSN 

concerning the study of complex 2D semiconductors systems. We will present the developed 

new methodologies required and also the results obtained in theoretical studies of 2D 

heterostructures[1], 2D alloys[2,3] and also the physics of 2D materials interacting with 

substrates[4].  

[1] D. Koda et al., J. Phys. Chem. C XX (2017)  DOI: 10.1021/acs.jpcc.6b10976 

[2] I. Guilhon et al.,  PHYSICAL REVIEW B 92, 075435 (2015) 

[3] I. Guilhon, et al., PHYSICAL REVIEW B 95, 035407 (2017) 

[4] F. Matusalem et. al.,  PHYSICAL REVIEW B 94, 241403(R) (2016) 
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Electronic properties of 2D materials: from graphene to 2D metal-organic frameworks 

 

Hélio Chacham 

 

Departamento de Física – UFMG 
 

In 2004-2005, Andre Geim and Konstantin Novoselov reported, along with collaborators, the 

production, isolation, identification and characterization of graphene – a single atomic layer 

of graphite, discoveries that led to the Nobel Prize in Physics to Geim and Novoselov. Despite 

its short history, graphene has already revealed a large spectrum of new physics and potential 

applications, most of them related to its large electronic mobility. However, applications in 

electronics are limited by the absence of a bandgap. Parallel to their work on graphene, Geim 

and Novoselov reported studies on several materials – boron nitride (BN), molybdenum 

disulfide (MoS2), among others – that, analogous to graphene, can be exfoliated to the limit 

of a single atomic layer. These materials – known as two-dimensional materials (or, shortly, 

2D materials) – have been intensively investigated in recent years, with the discovery of 

several novel materials within this class. In our talk we will present recent results of our group 

on the electronic properties of 2D materials: 

a) The influence of adsorbed molecules on electronic properties of graphene [1], 

allowing, for instance, its use in sensors. 

b) The opening of bandgaps in graphene due to co-doping with boron nitride [2]. 

c) Electronic and optical properties of novel carbon nitride single-layer materials [3]. 

d) Electronic properties of two-dimensional metal-organic frameworks [4], including 

possible 2D topological insulator materials. 

References: 

[1] I Silvestre et al., ACS Nano 7 (8), 6597 (2013). 

[2] R Nascimento, JR Martins, RJC Batista, H Chacham, The Journal of Physical Chemistry 

C 119 (9), 5055 (2015);] J da Rocha Martins, H Chacham, Physical Review B 86 (7), 07542 

(2012). 

[3] WH Brito, J da Silva-Araújo, H Chacham, The Journal of Physical Chemistry C 119 (34), 

19743 (2015); WH Brito, J da Silva-Araújo, H Chacham, Physical Chemistry Chemical 

Physics 17 (47), 31995 (2015). 

[4] OJ Silveira, H Chacham, Journal of Physics: Condensed Matter 29 (9), 09LT01 (2017); OJ 

Silveira, SS Alexandre, H Chacham, The Journal of Physical Chemistry C 120 (35), 

19796-19803 (2016). 
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Defects in 2D materials and their applications in energy 
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University, Rua da Consolação 896, 01302-907, São Paulo, SP, Brazil. 

Recently, 2D materials as graphene and transition metal dichalcogenides are being studied as 

possible low-cost materials to replace platinum in the catalysis of the hydrogen evolution 

reaction (HER). While some of these pristine 2D materials are inert for this purpose, active 

sites can be created through structural defects, edge effects, phase polymorphisms or dopants. 

In this talk, I will introduce how point defects in 2D materials can create active sites for HER, 

and recent results obtained at MackGraphe in this direction. 
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A Computational Study of π-π Stacking Interactions Using High-Level Ab Initio and 

Density Functional Methods 
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High level ab initio interaction energy calculations based on coupled cluster methods with 

singles and doubles and non-iterative singles (CCSD(T)) and scaled opposite-spin (SOS) 

Møller-Plesset perturbation theory (MP2) were performed on several sandwich (S) and the 

slipped parallel (SP) dimers of selected polyaromatic hydrocarbons (PAHs) up to corone 

encircled by three sets of benzene rings (coronene circum-3 dimer, 300 carbon atoms) in an 

attempt to reliably compute the π-π stacking interactions of extended aromatic systems. 

Results are compared with density functional theory (DFT) using the B3LYP functional and 

the D3 dispersion correction. Comparison of coupled cluster with SOS-MP2 results show for 

smaller linear polyacenes (benzene to anthracene dimer) good agreement whereas the 

unscaled MP2 results demonstrate a well-known overshooting of interaction energies. The 

SOS-MP2 method reproduces quite well interring distances in comparison to higher level 

results. Thus, investigations on the stacking properties of larger systems have been continued 

at this computational level. 

The sandwich structure of the coronene circum-2 dimer is shown in Figure 1. 

 

Figure 1. The biconcave structure of the coronene circum-2 dimer based on SOS-MP2/SV(P) 

optimization. 

It is interesting to note the biconcave structure of this complex with a stronger interaction 

(smaller distances) in the center. The distance of 3.33 Å is significantly smaller than the van 

der Waals distance of ~3.60 Å. Slipped parallel structures have been investigated as well. 

They are in all cases more stable than the sandwich structures. Comparison in terms of 

inter-sheet bond distances and interaction energies with sandwich structures will be discussed 

in the presentation.  
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The Configuration Interaction Method 
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Starting with a short review of major points of the Hartree-Fock self-consistent field 

(HF-SCF) method, we examine its limitations concerning the description of excited electronic 

states and bond dissociation processes. In this context, we introduce the concepts of static and 

dynamic correlation effects and show how the above problems can be solved by constructing 

a multi-configuration version of the HF-SCF, which now accounts for bond dissociation and 

provides an initial and necessarily approximate description of excited states, especially those 

of the same spatial and spin symmetries. The configuration interaction method is then 

introduced to recover dynamic correlation effects and thus to provide reliable quantitative 

results. The formalism behind this method is next developed as didactically as possible 

through simple examples so that one can appreciate some steps in the application of the 

method that are “invisible” today for most users of the method as implemented in the usual 

software packages for electronic structure calculations. By requiring that the wavefunction be 

spatial and spin-adapted, we show that the general structure of the Hamiltonian matrix is 

made simpler, and illustrate how a typical element of this matrix is expressed in terms of 

integrals over molecular integrals and the original set of integrals over atomic orbitals. Once 

constructed the Hamiltonian matrix, it is then diagonalized by appropriate algorithms for 

large-scale matrices. Different variants of the method exist in the literature, but a special one 

known as CASSCF/MRCI will be used to illustrate the description of excited states and 

dissociation processes for some simple systems. Finally, the slow convergence of the method, 

and criticisms concerning the lack of size-consistency and size-extensivity will be examined. 

 

Acknowledgments. The author is grateful to Fundação de Amparo à Pesquisa de São Paulo 

(FAPESP) and to Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) 

of Brazil for continuing academic support.  
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MRCI Calculations on Vacancy Defect Models  
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The electronic states occurring in a single and double vacancy defect (SV, DV) of graphene 

nanoribbons have been calculated in detail based on a pyrene model (Figure 1, left) [1,2]. 

Detailed calculations have been performed using CASSCF and MRCI methods using the 

6-31G and 6-31G* basis sets. In total, 12 singlets, triplets and quintets electronic states for the 

unrelaxed and relaxed structures at C2v symmetry for the single vacancy defect (pyrene-1C) 

were characterized, and a total of 16 singlets and triplets electronic states at D2h symmetry for 

the double vacancy defect (pyrene-2C). Based on these investigations, the interaction of the 

defect structure with a hydrogen atom and the ability to form CH bonds was investigated [3]. 

Scans of the energy surfaces in the four lowest electronic states were performed by moving Hr 

(Figure 1, right) in a grid over the pyrene defect structure. Additionally, complete geometry 

optimizations were performed by letting Hr interact with each of the carbon atoms 

individually. The coordinates of the carbon atoms connected to hydrogen atoms in the original 

defect structure were frozen in order to simulate the geometrical restrictions exerted by 

connected benzene rings in the graphene nano sheet. Investigations on in some extended 

models (extended pyrene and 7a,7z-periacene) were also carried out using DFT/B3LYP level.  

(Acknowledgments: FAPESP, CNPq, CAPES) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Pyrene with numbering of selected carbon atoms to be removed, unrelaxed and 

relaxed structures (left). Pyrene and SV-, DV-pyrene models and reactive hydrogen Hr (right). 

 

[1] Machado, F. B. C.; Aquino, A. J. A.; Lischka, H.; ChemPhysChem., 2014, 15, 3334. 

[2] Machado, F. B. C.; Aquino, A. J. A.; Lischka, H.; PhysChemChemPhys., 2015, 17, 12778. 

[3] Nieman R; Amorim, R; Aquino, A. J. A.; Machado F. B. C.; Lischka H.; Chem. Phys., 

2017, 482, 346. 
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Spectroscopy and thermochemistry of small molecules using multireference quantum 

chemistry 
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In this lecture, we will discuss Coupled-cluster and Density Functional Theory calculations of 

dissociation energies, equilibrium bond distances, and harmonic vibrational constants for a 

large set of diatomic molecules. The accuracy of the “gold standard” electronic structure 

approximation, Coupled-cluster with single and double excitations with a perturbative 

estimate for connected triples, CCSD(T), and of many flavors of DFT will be discussed and 

compared to experimental results and to state-of-the-art internally contracted multireference 

coupled-cluster calculations, allowing us to assess the shortcomings of single-reference 

CCSD(T), DFT calculations, and even experimental results. 
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The Polyradical Character of Polyaromatic Hydrocarbons: Kekulé and non-Kekulé 

Structures 

Hans Lischka
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School of Pharmaceutical Sciences and Technology, Tianjin University, 

Tianjin, 300072, China 
 

In this work the polyradical character of a series of Kekulé and non-Kekulé polyaromatic 

hydrocarbons (PAHs) which are of interest for developing chemical sensors, organic 

semiconductors and nonlinear optics devices is discussed. As examples belonging to the 

former class of compounds heptazethrenes (Scheme 1a) have been chosen; for the second 

class phenalenyl (Scheme 1b) and circular extensions as well as 

dimethylenepolycyclobutadienes (DMCBD) (Scheme 1c), the non- Kekulé forms of 

polyacenes, are investigated. 

 

   

Scheme 1. a) two heptazethrene valence bond structures, b) phenalenyl and c) 

dimethylenepolycyclobutadiene 

 

Because of the pronounced polyradical character in several of the investigated structures, 

multireference (MR) calculations based on MR configuration interaction (MRCI) and the MR 

averaged quadratic coupled cluster (MR-AQCC) method have been performed. The 

COLUMBUS program system has been used for these calculations [1]. The relative stability 

of different spin multiplicities has been computed and the polyradical character has been 

discussed on the basis of unpaired densities. In case of the zethrenes [2] the computed 

polyradical character illustrates well the biradical structure (Scheme 1a). 

The DMCBD chains show an intriguing almost linear increase in the unpaired density 

starting already with small oligomer sizes [3]. Thus, different values of multiplet gaps could 

be conveniently chosen using quite small oligomer chains. 
 
[1] H. Lischka, Th. Müller, P. G. Szalay, I. Shavitt, R. M. Pitzer, R. Shepard, WIREs Comput. 
Mol. Sci. 1, 191 (2011).  
[2] A. Das, Th. Müller, F. Plasser and H. Lischka, J. Phys. Chem. A 120, 1625 (2016). 
[3] 297 M. Vazdar, M. Eckert-Maksić, and H. Lischka, ChemPhysChem, in press, DOI: 
10.1002/cphc.201600103. 
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The computational studies of excited states of polyaromatic hydrocarbons were performed by 

means of the MCSCF and CASPT2 levels to find a methodology suitable and computationally 

feasible for calculations of the absorption spectra of extended π-systems. The absorption 

spectra of such systems include the states with multi-configurational character of the 

wavefunction of both, covalent and ionic character. It is shown that the most important 

contributions to the excited state wavefunction are present using a reasonable size of the 

active space in the MCSCF treatment and further correlation contributions are recovered at 

the CASPT2 level.  
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Excited States in Organic Photovoltaic Materials 
 

Itamar Borges, Jr,
†,

 Elmar Uhl,
†
 Lucas Modesto-Costa,

 †
 Adélia A. J. Aquino,

§ 
Hans 

Lischka
§,,

 

†
 Departamento de Química and Programa de Pós-Graduação em Engenharia de Defesa, Instituto 

Militar de Engenharia (IME), Brazil 
§
Department of Chemistry and Biochemistry, Texas Tech University, USA 

 Institute for Theoretical Chemistry, University of Vienna, Austria 

 

 A promising low-cost alternative for solar cells are organic semiconductors. They behave 

similarly as compared to inorganic counterparts, but there are significant differences that strongly 

complicate the processes in the former. A more detailed knowledge of the different photophysical 

processes with special emphasis on an understanding at molecular level and the capability of 

quantitative predictions are required. In these systems, the elusive charge transfer states play a 

dominant role. Quantum chemistry investigations are thus a convenient and accurate approach for 

investigating them. 

 The recently synthetized and already commercialized 

poly-thienothiophene-benzodithiophene (PTB) polymer series built from a sequence of alternating 

thieno[3,4-b] thiophene and benzodithiophene moieties involving different substituents and side chains 

is a promising and prototypical organic semiconductor for photovoltaic applications. These low band 

conjugated polymers display remarkable properties as electron donors in bulk heterojunction (BHJ) 

organic solar cells such as the PTB/PCBM. The PTB copolymer combines electron deficient 

thienothiophene (TT) and electron rich benzodithiophene (BDT) moieties in each monomer unit. 

Three members of the PTB series, namely, PTB1 (no substituents and side chains), PTB6 (two 

o-n-propyl chains in BDT) and PTB7 (fluorine atom in TT and two o-iso-propyl side chain in BDT) 

are especially relevant for applications. In this talk, I will present our recent work on the excited state 

states of the PTB1, PTB6, PTB7 copolymers
1
 and on a realist model of PTB1/PCBM.

2
 

 To investigate the excited states of these systems, we employed the ab initio algebraic 

diagrammatic construction method to second order, ADC(2), to obtain accurate results and benchmark 

data for excited state properties. Time dependent density functional theory (TDDFT) calculations 

using the exchange-correlation functionals PBE, B3LYP, BhandHYLYP, CAM-B3LYP and LC-wPBE 

were also performed and compared with ADC(2) results.  

 Investigation of these systems lead to some very interesting results. For the PTB/PCBM 

model, charge transfer states are located below the bright interchain excitonic state and are directly 

accessible via internal conversion processes. Discrete bands of charge transfer states originated by the 

lateral C60’s are formed and interchain charge delocalization for the stability of the charge transfer 

states is important. A simple model for the charge separation step has been given also, leading in total 

to the energetic feasibility of the overall photovoltaic process. 

 Including at least 20% of Hartree-Foch exchange in the functional is crucial to compute 

accurate electronic spectra. We verified that there is a possibility of exciton trapping by geometry 

relaxation occurring in the middle of a PTB polymer chain. We confirmed the so call dipolar effect in 

the three PTB copolymers, an experimental evidence of partial negative charge concentration on 

certain TT units and partial positive charge on the adjacent BDT that is more pronounced on the most 

efficient PTB7 polymer.  

 Preliminary results of non-adiabatic molecular dynamics of charge transfer states also will be 

presented. 
1
 J. Phys. Chem. C, 2016, 120 (38), pp 21818–21826 

2 
J. Am. Chem. Soc., 2013, 135 (49), pp 18252–18255
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Chemical doping of oligoacenes as an strategy for tuning its radical character and 

excitation properties: a theoretical study 

Max Pinheiro Jr
1
, Francisco B. C. Machado

1
, Hans Lischka

2
  

maxjr82@gmail.com 
1Departamento de Química, Instituto Tecnológico de Aeronáutica, São José dos Campos – SP, 

Brasil, CEP 12228-900 
2Departament of Chemistry and Biochemistry, Texas Tech University, Lubbock – TX, USA, C. P. 

79409-1061  

 

n-acenes, a class of polyaromatic hydrocarbons (PAHs) composed of linearly fused 

benzenoid rings, can be viewed as a quasi-1D strip of graphene with zigzag boundaries. 

Increasing the acenes length, the electronic properties rapidly evolves to achieve 

semiconducting levels, but also a radical character emerges yielding a chemical instability that 

limits the practicality of these materials for nanoelectronic devices. Chemical doping has 

proven to be an efficient strategy for modulating the electronic, optical, and physico-chemical 

properties of graphene-based materials [1]. However, its effects on the radical electronic 

structure of n-acenes is still unknown. To properly address this problem from a theoretical 

perspective, extended ab initio calculations using the multireference averaged quadratic 

couple cluster theory (MR-AQCC) [2,3] were performed for two n-acene molecules (n=4 and 

n=8) doped with a pair of N, B or B/N atoms. The complex nature of the MR wave function is 

transformed into simple descriptors such as natural orbitals occupations and unpaired electron 

densities. From these analysis, we find that a quench in the acenes radical character is 

obtained as the distance between the dopants decreases, moving them from the outermost to 

the central ring. Moreover, this effect is accompanied by an energetic stability of the doped 

structures with the innermost doping configurations being the lowest energy ones. Further 

analysis of the Mulliken atomic charges reveals that a charge transfer process occurs in the 

-electron system, but in way that the charges from the dopants distributes  preferably over 

the carbons with higher open-shell character. Finally, the impact of chemical doping on the 

singlet-triplet splitting will be discussed aiming to provide a better insight into the excitation 

properties of such chemically tunable radical systems.  

Acknowledgments: Brazilian funding agencies CNPq, CAPES-ITA and FAPESP. 
1. X-K. Kong, a C-L. Chen, and Q-W. Chen, “Doped graphene for metal-free catalysis”, Chem. 
Soc. Rev., 2014, 43, 2841 
2. P. G. Szalay, T. Müller, G. Gidofalvi, H. Lischka, and R. Shepard, “Multiconfiguration 
Self-Consistent Field and Multireference Configuration Interaction Methods and Applications”, 
Chem. Rev., 2012, 112, 108 
3. S. Horn, F. Plasser, T. Müller, F. Libisch, J. Burgdörfer, and H. Lischka, “A comparison of 
singlet and triplet states for one- and two-dimensional graphene nanoribbons using multireference 
theory”, Theor. Chem. Acc., 2014, 133, 1511 

  

III EQC: Graphenes and π-Conjugated Polyradical Systems

xxvii FFCLRP/USP, 2017



On the Interaction Energy among Propellant Components: A Carbon Black Model  
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The development of chemical propulsion, mainly by the increase of its efficiency has a central role in the 

progress of the aerospace propulsion in 21th century. Nowadays this development is possible, since the 

control of materials increased up to nanometric scale, allowing the synthesis of new propellants with 

superior performance and low environmental impact. From the quantum chemical point of view, there are 

three main characteristics to take in account in the development of propellants and its components: (1) 

Their energy content; (2) The chemical interaction among the components and; (3) The energy release in 

combustion and decomposition. In this work, we are concerned about the chemical interaction between the 

fuel (paraffin) and the additive (carbon black) used in hybrid rocket propellants. Specifically, we 

constructed a model to describe the surface of carbon black and it`s interaction with weak adsorption 

systems (CH4), in order to evaluate the capabilities of such model to describe interaction energies involved 

among propellant components. The Carbon black macromolecule is an agglomerated collection of carbon 

spheres, in which each sphere is made of graphitic carbon flakes that typically form broken concentric 

layers emanating from the core of the sphere
1
. We constructed a minimal model for the carbon black 

surface, consisting of two layers of a graphene fragment in a graphitic stacking geometry. Each layer has a 

mean diameter of 2 nm, representing the typical size of a carbon flake. The three layers ONIOM 

methodology was employed to describe the model: The high and medium level layers consisted in DFT 

within M06-2X approximation with triple and double zeta basis sets, respectively, while in the low level 

layer a semi-empirical method was used. The high-level contained the 4 central rings and the considered 

molecule for adsorption (CH4), while the mid-level contains all adjacent rings of the high layer, comprising 

14 rings of the graphene outer layer. All other atoms and the entire inner layer are described with the 

low-level semi-empirical method. From the low-level semi-empirical methods considered (MNDO, PM3 

and PM6), only PM6 presented an attractive stacking energy between the graphene layers, although with 

only 10% of the experimental value. Since the stacking energy does not vary significantly during the 

considered processes, this does not represent an issue for the model. The low-level should only represent a 

geometrical constraint, while the mid and high levels recover the largest part of the interaction energy. The 

calculated and experimental values
2
 of the distance and adsorption energy of a methane molecule over the 

flake surface are within the chemical accuracy, Rcalc = 3.29 Å, Eads_calc = 3.5 kcal.mol
-1

 and Rexp = 3.03 – 

3.45 Å, Eads_exp = 2.82 - 3.33 kcal.mol
-1

. The CH4 adsorption on the CB flake model, obtained with 

DFT/Semi-empirical ONIOM methodology reveal the capability of the methodology to describe physical 

adsorptions, in agreement with the experiments, enabling the next step, which is to study stronger 

intermolecular interactions involving ligands in the CB surface with larger paraffin molecules. 

Acknowledgments: CAPES, FAPESP and CNPQ. 

 

References 
1
Deshmukh, A. A., Mhlanga, S. D. and Coville, N. J. Mater. Sci. Eng. R Reports 70, 1–28 

(2010). 
2
Vidali, G., Ihm, G., Kim, H.-Y. and Cole, M. W. Surf. Sci. Reports 12, 135–181 (1991). 

  

III EQC: Graphenes and π-Conjugated Polyradical Systems

xxviii FFCLRP/USP, 2017



Simulating quantum transport through graphene: phonons, defects and strain 
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The special properties of graphene have created wide interest in possible graphene-based 

nanoelectronic devices. A theoretical understanding of the electronic structure of graphene in 

different chemical environments, and ways to tailor them, are crucial for future device 

applications. We investigate transport through nanostructured graphene using tight binding. 

Density functional theory calculations in combination with Wannier projections allow for 

quantitatively accurate tight binding parameters to simulate defects. We account for elastic 

scattering at defects as well as inelastic scattering at phonons.  

 

The properties of lithographically patterned graphene nanoconstrictions are dominated by the 

edge roughness induced by the device fabrication process. Coulomb blockade measurements 

with our simulations reveals defect states that strongly localize at the rough constriction edge 

[1]. Sandwiching graphene between layers of hexagonal boron nitride protects the material 

against chemical residuals of the etching chemistry, allowing for the experimental observations 

of finite size effects [2]. Indeed, experiment and theory agree very well, allowing for 

quantitative assessment of the residual disorder strength. To demonstrate the unique symmetry 

properties of graphene requires dot geometries without physical edges. We combine a magnetic 

field with the tip of a scanning tunneling microscope to create a smooth confinement. The 

resulting potential well allows for localizing states in the Landau gaps of bulk graphene [3]. 

Such devices open a pathway towards applications of graphene in quantum information 

technologies. 
 

[1] D. Bischoff et al., Appl. Phys. Lett. 107, 203107 (2015) 

[2] B. Terres et al., Nature Comm. 7, 11528 (2016) 

[3] N. Freitag et al., Nano Lett. 16, 5798 (2016).  
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A tight binding calculation of the transport properties of graphene nanoribbons with 

vacancies and extended defects 
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In this talk, I will give an overview of the recursive lattice Green’s functions methodology 

and their use to investigate coherent electron transport in graphene. Specifically, we will 

discuss: (i) recursion equations for zigzag and armchair orientations, (ii) decimation 

techniques for zigzag and armchair leads, and, (iii) addition of magnetic fields. Then, We will 

apply the developed tools to examine the electron transport properties of zigzag and metallic 

armchair graphene nanoribbons in the presence of vacancies and extended linear defects. 

Regarding this last point, we will show atomic scale tunabilty of the conductance, total 

density of states (DOS) and local density of states (LDOS). 
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Multiscale Modeling of Carbon-based Materials 
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The recent advances in computer science (software and hardware) created new perspectives in 

computational materials science, in particular in the area of carbon-based nanomaterials. The 

rich carbon-chemistry has allowed the synthesis of remarkable structures, with different 

electronic dimensions (0D-fullerenes, 1D-nanotubes, 2D-graphene, 3D-diamond). These 

structures can be exploited to create a large number of different materials, with macro scale 

functionality, such as: buckypapers [1], carbon nanotube-based artificial muscles [2,3], and 

graphene foams [4]. Some of these materials exhibit very complex topologies and unusual 

mechanical behavior (negative Poisson's ratio [1,6]), which present great challenges to create 

realistic models able to describe their structural and mechanical properties [5-7]. In this talk 

we will present and discuss new strategies to model them, from atomistic to macro scale [1-3], 

including the use of bio-inspired artificial intelligence methods. Of particular interest are the 

new reactive molecular dynamics methods [4], that allow the simulation of chemical reactions 

without explicitly taking into account the electronic part. 

[1] L. J. Hall, V. R. Coluci, D. S. Galvão, M. E. Kozlov, M. Zhang, S. O. 

Dantas, e R. H. Baughman, Science v320, 5875 (2008). 

[2] M. D. Lima et al., Science v338, 6109 (2012). 

[3] Z. F. Liu et al., Science v349, 400 (2015). 

[4] S. Vinod et al., Nature Commun. v5, 4541 (2014). 

[5] M. A. Kabbani et al., Nature Commun. v6, 7291 (2015). 

[6] R. H. Baughman and D. S. Galvao, Nature v375, 735 (1993). 

[7] S. Lei et al., Nature Nanotech. v11, 465 (2016). 
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Spin and valley Hall effects in graphene 
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Heavy adatoms, even at low concentrations, are predicted to turn graphene into a topological 

insulator with a substantial gap. The adatoms mediate the spin-orbit coupling that is 

fundamental to the quantum spin Hall effect and the valley Hall effect in graphene. Adatoms 

act as local spin-orbit scatterers inducing hopping processes between distant carbon atoms 

giving origin to transverse spin currents. Although there are effective models that describe in 

great detail the spectral properties of such systems, a quantitative theoretical work for 

transport is still lacking. We developed a multiprobe recursive Green’s function technique 

with spin resolution to analyze the transport properties for large systems (~10
5
 atoms). We use 

an effective tight-binding Hamiltonian to describe the problem of adatoms randomly placed at 

the center of the honeycomb hexagons, which is the case for most transition metals. We put 

forward a current and voltage probe geometry which favors experiments, since it filters the 

contribution of only one spin orientation, leading to a quantized spin Hall conductance of e
2
/h. 

We also discuss the electronic propagation in the system by imaging the local density of states 

and the electronic current densities. 
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Spin Caloritronics in Graphene with Mn 
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The field of spin caloritronics deals with the interaction of spin and heat currents, that is, the 

coupling between spintronics and thermoelectrics, which, in turn, describes the 

interconversion between heat and electrical currents. 

In this talk, I will present a quick and easy-to-follow introduction to thermoelectrics (Seebeck 

effect). Then, that graphene with Mn impurities trapped at single vacancies presents 

spin-dependent Seebeck effect, therefore enabling the use of this material for spin 

caloritronics. It will be shown as well that a gate potential can be used to tune the system's 

thermoelectric properties in a way it presents either a completely spin polarized current, 

flowing in one given direction, or currents for both spins flowing in opposite directions and 

without net charge transport. At last, I will discuss about how the thermal magnetoresistance 

can be tuned to any desired value between -100% and +100% by varying the gate potential. 

[Appl. Phys. Lett. 104, 072412 (2014)] 
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The second decade of the XXI century is refereed as the years of the ending of the Moore’s 

law. Such mark is generated by the limit in the miniaturization process that the transistors and 

other circuit components have been suffered, since they are reaching the atomic scale. For 

example, the gate length of FETs in use today are few dozens of nm, and the challenge into 

decrease even more is to avoid leakage currents created by the tunneling effetct. Such 

limitation is even more evidentiated in the case of the logic technology, which requires high 

Ion/Ioff ratio and high subthreshold slope.In this scenario, several nanostructured materials 

have been investigated for build new transistors with shorter gate length.  

In this presentation will be showed the state of the art, as well as our ab-initio investigations 

about nanoscaled transistors. We calculated the transport properties with 

Non-Equilibrium-Green’s Functions (NEGF) techniques coupled to Density Functional 

Theory (DFT) calculations. Our metho-dology allows the inclusion of the gate potential 

responsible to the on/off switching of the current. Among the investigated systems are FETs 

composed by Carbon nanotubes, and Half-Hydrogenated Silicene. Our findings demonstrate 

the potentiality of the 2D materials in the field of nanodevices. 
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Study of Stability and Electronic Properties of Transition Metal Dichalcogenides using 

Density Functional Theory 

 

Juarez L. F. da Silva 
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Paulo, Brazil 

 

In contrast with graphene, layered transition-metal dichalcogenides (TMDCs) can show 

semiconductor, conductor, superconductor and insulator properties. Although all those 

properties can be obtained, there is no clear recipe yet that provide a route to designing 

layered TMDCs with particular properties. Therefore, there is a great interest to screen the 

stability and electronic properties of the layered TMDCs bulks, a requirement to distinguish 

all possible combinations in the different groups, i.e., semiconductors, conductors, etc. In this 

work, we report density functional theory calculations with van der Waals corrections for 27 

different TMCD compounds. Along the talk, we will summarize all the results and provide all 

the trends that helps to screen materials for specific applications. 
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Ab-initio study of the structural, energetic and electronic properties
of mixed oxides clusters Ce15-nZrnO30, (n = 0-15)

Priscilla Feĺıcio Sousa, Larissa Zibordi-Besse, Yohanna Seminovski, and Juarez L. F. da Silva
São Carlos Institute of Chemistry, University of São Paulo, São Carlos/SP.

priscillafelicio@me.com

Introduction
There is also great interest in the study of mixed oxides due to the possibility of combining two or

more oxides on a nanometric scale, in order to control their physical and chemical properties.1,2 In this
work the metals Ce and Zr were used, since the oxides of these elements have a promising application
in the industry as in fuel cells, catalytic reactions among others.3 The mixed oxides Cem-nZrnO2m,
present the ability to store or release oxygen during chemical reactions and therefore are widely used
in three-way catalysts in the automotive industry.4

Computational Methodology
In this study, we used DFT with Perdew-Burke-Ernzenhof (PBE) for exchange- correlation. The

Kohn-Sham (KS) equations were solved, with in the a Self-Consistent Field (SCF), using the all-
electron basis set functions denominate Numerical Atomic-centered Orbitals (NAO),5 different of
pseudopotential which used only valence electrons, the NAO can describe the format of orbitals near
of the nucleus, it is implemented within package FHI-aims.

Results and Discussion
To study the mixed oxides, it was necessary to conduct a study of the céria and zirconia clusters to

understand the behavior of its properties and select the cluster that were employed in the construction
of mixed oxides clusters. After analyses showed that the clusters of Ce, Zr and follow the same trend
the properties analyzed were number of coordination (CN), average distance (dav), chemical order
parameter (σ) and the average radii (Rav) of the clusters. It was observed that compact clusters do
not necessarily feature lower energy. The values obtained for CN is different from the values obtained
for bulks due to loss of symmetry.

To understand the formation of these clusters the calculated enthalpy of formation and the
temperature used was 0 K. Entalphy of formation was calculated using the following equation,6

ΔHmix = E(Ce1−xZrxO2) − (1 − x)EZrO2 − xECeO2 . The obtained results show the structures that are
most stable at certain composition and also which composition is the most favoured that is around
x = 0.27, consistent with experimental data, where results gave the most stable composition with x
around 0.20.1

Conclusions
To obtain the most stable clusters we analyzed the formation energy of the systems, the most

favorable configuration to be obtained is Ce0,27Zr0,73O2, which was considered the representative pGMC
structure of the studied configurations. Taking into consideration the results, obtained in the analysis
of the formation of the mixed clusters, delimited the higher probability of formation of mixed stable
clusters between 25 % to 60 %, of cerium in composition.

Acknowledfments
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Introduction: Ethanol is considered an important, widely available and renewable 

source of energy for fuel cells that can be used for hydrogen production via ethanol 

steam reforming[1],[2]. The interaction between reactants and substrate is a major factor 

in the convertion of ethanol into many different chemicals and fuels[3],[4]. The atomistic 

understanding of these processes is crucial to their development[5],[6]. In the present 

study, a review of previous work on adsorption properties of ethanol was made 

considering a large number of compact, fcc(111), bcc(110) and hcp(0001), transition-

metal surfaces of pure Fe, Co, Ni, Cu, Ru, Rh, Pd, Ag, Os, Ir, Pt, and Au. 

Computational Methodology: The calculations were based on density functional 

theory within the generalized gradient approximation for the exchange-correlation 

energy functional proposed by Perdew, Burke and Erzenholf (PBE) along with van der 

Waals (vdW) correction proposed by S. Grimme (DFT+D3)[7]. The all-electron 

projected augmented wave method was used with the software Vienna ab initio 

Simulation Package (VASP). 

Results and Discussion: The adsorption energy decreases almost linearly with 

increasing occupation of the d-band for periods 4d and 5d. This trend was not observed 

for 3d metals. In general, the adsorption energy is higher for species that have the d-

band center closer to the Fermi level, as the d-band shift model predicts[5]. Ethanol 

binds preferentially on the on-top sites of the surfaces through the O atoms. The OH 

group is almost parallel to the surface in all cases. The adsorption energies are more 

negative with the DFT+D3 correction; this can be explained by the attractive nature of 

the vdW interaction. The correction also changes the preferential orientation of ethanol, 

except for ethanol−Fe(110). The work function decreases with adsorption, indicating 

the redistribution of the electron density; in general, the vdW correction decreases the 

difference observed in the work function. The results presented herein are in good 

agreement with the theoretical and experimental literature. 

Conclusions: The trends in the adsorption properties were more clear for 4d and 5d 

metal surfaces. The differences observed for the 3d metals may be related to anomalous 

effects observed for the respective clean surfaces. The results are significantly affected 

by the vdW correction. These results improve our understanding of adsorption 

processes and is important for further studies considering more complex materials, such 

as alloys. 

Acknowledgments: The authors are grateful to FAPESP, CAPES and CNPq for 
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Introduction

Heck-Matsuda  reactions  are  a  variant  of  the  well-known  Heck-Mizoroki
reactions employing aryldiazonium salts as electrophiles1. Previously we have shown
that  a non-covalent  interaction between a palladium center  and an hydroxyl plays a
pivotal  role  in  the  high  enantioselectivity  observed  in  the  desymmetrization  of  3-
cyclopenten-1-ol2.  In this work, we have employed Density Functional Theory (DFT)
calculations  on the migratory insertionstep of the Heck-Matsuda desymmetrization of
the analogous substrate cyclopentylmethanol with the pyrimidine-oxazoline ligand L6,
which cointains an one-carbon tether between the hydroxyl group and the cyclopentane
ring, in order to investigate the influence of the hydroxyl group of this substrate on the
enantioselectivity of these process (Scheme 1)

Computational Methodology

Eight  stereoisomeric  transition  structures  associated  with  this  reaction   were
found and characterized as transition states with IRC calculations. All calculations were
performed  with  the  Gaussian  09  suite  of  programs.  Geometry  optimizations  were
carried out with the M06L functional with the 6-31G(d) basis set for light atoms and the
relativistic pseudopotential SDD for Pd. Single point energies in toluene (SMD) were
calculated based on the previously optimized structures with the same functional and the
def2-SVP basis set.    Non-covalent interactions were qualitatively evaluated with the
aid of the NCIPlot 3.0 program3. All energies reported here are potential  energies in
kcal.mol-1
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Results and Discussion

All  the  eight  transition  states  involved  in  this  reaction  were  found  and  their
potentialnergies are reported in Scheme 2.  TS2, the lowest energy transition state has
the  hydroxyl  group  oriented  towards  palladium,  a  C-H  π  interaction  between  the
pyrazinering of the ligand and the aryl moiety of 2, and the tert-butyl group oriented far
away from the substrates. Additionally, all the transition states with the endo orientation
of  the  hydroxyl  group (TS2,  TS3, TS5 and  TS6)  also  show a  nonclassical  C-H-O
hydrogen bond between the hydroxyl group and the phenyl ring of the aryldiazonium
salt substrate. Non-covalent interaction (NCI) Isosurfaces 3 were plotted for TS2 (Figure
1) showing these non-covalent interactions along with steric ones. 

Conclusions

Non-covalent  interactions  play  a  key  role  in  the  enatioselection  of  Hcck-
Matsuda reactions of  cyclic alkenols substrates. Benchmark studies on these reactions
will be reported in due course in order to correctly these trends in terms of Gibbs Free
Energies along with novel experimental results.
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Introduction 

There is a rising interest nowadays in employing nanoscale materials as new possible 

types of fuels. To be considered an efficient fuel, the candidate material must be sufficiently 

unstable in order to react with another system and then release a considerable amount of energy. 

On the other hand, it must be stable enough to be synthesized and stored without spontaneously 

decomposing itself [1]. To be considered “green” these materials must not only generate 

reasonably less toxic products than the current widely spread fuels do, but also demonstrate 

higher performances while being technically as well as economically attractive [2]. 

In this context, polinitrogen systems have been studied due to their potential use as 

high-energy density materials (HEDM), since their dissociation into inert N2 molecules may 

release huge amounts of energy [1,3]. Therefore, studies of the photochemistry of polinitrogen 

systems can be considered important theoretical prototypes, supporting their detection through 

spectroscopic analysis and the understanding of their chemical behavior [4]. This subject has 

already been intensively studied for the nitrogen gas, while quantum chemical calculations are 

responsible for most of the information on larger polintrogen systems [3,5,6]. While several 

calculations involving various polinitrogen isomers indicate high potential energies when 

compared to molecular nitrogen, only some of them exhibit an essential HEDM feature: high 

dissociation barrier [3]. Within this perspective, the scientific community has been giving great 

attention to isomers of tetranitrogen (N4), in particular to the tetrahedral form (N4 – Td) [6,7]. 

Methodology 

All the electronic structure calculations reported here were performed using MOLPRO 

package. The potential energy surfaces (PES) for the N4 systems approached were constructed 

employing the CASSCF(12,12) level of theory with cc-pVTZ basis set. MRCI/cc-pVTZ 

calculations were carried out when more reliable energy differences were required. 

Results and Discussion 

Theoretical investigations of the electronic potential energy curves associated with the 

dissociation of the N4 (Td) into two N2 molecules were performed for the electronic ground state 

and the first excited states. 

 
Figure 1. Potential energy surfaces generated at CASSCF(12,12) level of theory associated with the 

dissociation of N4 (Td) via (a) D2d and (b) Cs symmetry paths. No symmetry constraints were imposed. 

 

The graphs containing the dissociation paths studied are shown in Fig. 1 and involve 

singlet and triplet states, where it is possible to observe both conical intersections and 

intersystem crossings. It is noticed that the excited electronic states of N4 (Td) get lower in 

energy along the dissociation coordinate as one N2 moiety bends in relation to the other in the 

region of the dissociation barrier. This leads to an intersection between 1
1
A and 2

1
A states, as 

well as an intersystem crossing between 1
1
A and 1

3
A states, highlighted in Fig. 1 (b). 
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Possible alternative dissociation channels for the N4 (Td) were then inferred from these 

crossings. Despite the barrier in the case show in Fig. 1(b) has been estimated to be higher in 

energy (60 kcal.mol
-1

) than that of case (a), photoexcitation of the species on the latter case may 

take it to a dissociative electronic state, subsequently reaching a conical intersection and 

undergoing a non-radiative transition. Alternatively, after photoexcitation, the system may reach 

an intersystem crossing and produce an excited dissociated N2 molecule in its first triplet state, 

with subsequent characteristic UV photon emission. 

The opposite direction on the reaction path may also be of interest, where an 

electronically excited N2 molecule combines with another one in its ground state to form the N4 

(Td). This could lead to a process with much lower energy barrier in which the system 

undergoes electronic relaxation mediated by a conical intersection. 

 
Figure 2. Left: Potential energy surfaces associated with the abstraction mechanism to form linear N3 

from 2 N2 generated at CASSCF(12,12) level of theory. Only singlet total spin states were approached. 

Right: Energy levels for the same chemical system yielded by MRCI/cc-pVTZ calculations. 

 

The reaction between two N2 molecules, if specifically oriented, may also lead to the 

formation of a linear N4 molecule. However, it does not correspond to a minimum on the PES, 

but rather a possible transition state to the formation of the azide radical. This reaction is indeed 

expected to occur, upon photoexcitation, and supported by experiment [4]. Nevertheless, a more 

precise description of its mechanism was still lacking. 

The construction of the electronic PES and energy level diagram presented in Fig. 2 

helps to describe this mechanism. The threshold photon energy reported [4] to produce linear N3 

from N2 molecules agrees very well with the energy gap obtained here between 1A1 and the 

degenerate 1B1 and 1B2 states of the 2N2 system. However, it is not enough to take the system 

to the final observed state (N3(
2
Πg) + N(

2
D)), which lies 78 kcal.mol

-1
 above the latter in energy 

and implies the overcome of a barrier of 100 kcal.mol
-1

. Thus, differently from how it has been 

described in the literature so far [4], we propose an abstraction mechanism involving 2N2 

molecules both in the excited state. 

 

Conclusions 

The combination of the characteristic photon energies involved in the excitation of the 

N4 (Td) molecule to its first singlet excited state and in the relaxation of the possibly excited 

dissociated system may support the detection of this species. 

A possible reaction mechanism involving the abstraction of a nitrogen atom from a N2 

molecule in an excited electronic state, by another N2 molecule, to produce linear N3 has been 

proposed. The energy profile of this reaction has been unraveled at MRCI/cc-pVTZ level. 
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Introduction 

Heck-Matsuda reactions have becoming a pivotal tool for the formation of C-C bonds in 

organic synthesis. This reaction is an effective and practical strategy to give superior 

reactivity and direct access to the cationic Heck mechanism, which are crucial to 

achieve levels of enantioselectivity.  Initially, Correia group reported a study on the 

arylation of 3-cyclopenten-1-ol using the chiral N,N-ligand PyOx.[1] The allylic alcohol 

1 (majority) and the ketone 2 were obtained with excellent enantiomeric excesses. 

Despite the remarkable synthetic methodology created, the formation of ketone as 

secondary product was undesirable. Herein, Density Functional Theory (DFT) 

calculations have been performed to drive a new synthetic protocol to improve the 

selectivity of reaction.[2] 

Computational Methodology 

All electronic structure calculations were based on density theory functional (DFT). The 

transition states were fully optimized in the gas phase with local functional M06- L, 

suitable for description on thermochemical kinetics and noncovalent interactions of 

transition metals and inorganic and organometallic compounds. The standard 6-31G(d) 

basis set was adopted for lighter atoms and a relativistic pseudopotential method SDD 

for Pd; approaches are denoted 6-31G(d) and SDD(Pd). This basis set approach was 

performed for DFT investigation in other Pd-catalyzed C−C cross-coupling reactions 

based on the PyOx ligand with a successfully rationalization on reactivity and 

enantioselectivity. Frequency calculations were carried out in order to verify that 

transition states have only one imaginary frequency. The intrinsic reaction coordinate 

(IRC) method was also used to further authenticate the transition states. Solvent effects 

for methanol (M) and toluene (T) were introduced through the SMD method by single-

point calculations in geometries optimized on the gas phase at the SMD-M06-L/6-

31G(d) and SDD(Pd) levels of theory. The transition states are discussed in free energy 

terms with solvent, thermal, enthalpy, and entropic corrections at 298.15 K and 1 atm, 

reported in kcal·mol−1. All calculations were performed with Gaussian 09 suite quantum 

chemical programs. 

Results and Discussion 

One of our first objectives was to look for evidence regarding our initial hypothesis that 

a key interaction between the hydroxyl group in the achiral 3- cyclopenten-1-ol and the 

metal center was indeed providing additional stabilization in the migratory insertion 

transition state (TS). 
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Additionally, we performed an investigation on the influence of the solvents (methanol 

and toluene) in the stereoselectivity of the reaction. It was assumed that this last stage 

refers to the enantiodetermining step, since the arylpalladium complexes are supposed 

to be in rapid equilibrium. Consequently, the reaction enantioselectivity should depend 

solely on the energy difference between the transition states under typical Curtin–

Hammett conditions. According to our calculations, the transition state TS1, which has 

the hydroxyl in an endo orientation toward palladium, is the lowest energy transition 

state in both solvents. Figure 1 shows the optimized geometries with selected bond 

lengths of TS1 and TS2. Calculations suggest that an interaction between the hydroxyl 

group in an endo orientation to the metal center is the major factor responsible for the 

stabilization of TS1 in comparison to TS2. This transition state is characterized by a 

noncovalent interaction between the hydroxyl group and palladium, with an O1–Pd 

bond length of 2.974 Å. Population analyses indicate the presence of strong electrostatic 

interaction between the negatively polarized hydroxyl group and the cationic palladium 

center.  

 

Figure 1. Optimized geometries of transition states TS1 and TS2. 

The difference between the barriers increased when methanol was replaced by toluene, 

thus suggesting an increase in the selectivity for the formation of Heck 

product 1 depending on the solvent. 

Conclusions 

Mechanistic insights gleaned from DFT calculations of the putative transition states 

predicted toluene as an adequate solvent choice to attain high enantioselectivity by 

strengthening the noncovalent interaction of the substrate hydroxyl group and the chiral 

cationic palladium catalyst. These new conditions furnished remarkable product 

selectivity to Heck adduct 1 originating from a resident hydroxyl group and the critical 

choice of the reaction solvent. 
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Introduction:  In  contrast  with  graphene,  layered  transition-metal  chalcogenides
(TMCs) can show semiconductor, conductor, superconductor and insulator properties,
which  have  open a  wide range of  possible  applications.  Therefore,  there  is  a  great
interest  to  obtain  an  atomistic  understanding  of  layered  chalcogenide  materials,  in
particular, the designing of TMCs with specific fundamental and optical band-gaps. In
this talk, we will review our recent work in the field of layered chalcogenides [1-3].

Computational Methodology: Our work has been based on density functional theory
(DFT) within the PBE (Perdew-Burke-Ernzerhof) generalized gradient formulation as
implemented in all-electron full-potential VASP and FHI-aims packages. Along with
that,  we have employed also hybrid-DFT functionals such as the PBE0 and HSE06,
while the description of the weak van der Waals interactions have been improved by
addition of atomic-pair wise interactions via several correction schemes, e.g., D2, D3,
TS, TS-SCS, etc. Both VASP and FHI-aims have been considered the state-of-the-art in
DFT implementations, and the screening of large amount of materials can be performed
in  short  time  in  parallel  mode,  which  can  be  combined  with  machine  learning
techniques to extract crucial physical and chemical parameters in short time.

Results and Discussion: Although several studies have been performed, we will focus
mainly on the band-gap engineering of layered quaternary chalcogenide compounds, in
particular, the A2MIIMIV

3Q8 family, where A = K, Rb, Cs; MII = Mg, Zn, Cd, Hg; MIV =
Ge, Sn and Q = S, Se, Te, i.e., it can includes more than 50 compounds, from which
several compounds have been characterized by experimental techniques [1,2]. From all
those  compounds,  DFT calculations  were  performed  for  more  than  30  compounds.
From that, we obtained that the equilibrium volume increases linearly by increasing the
atomic number of the chalcogen atoms, which can be explained by the increase atomic
radius of the S, Se, and Te species. The fundamental and optical band-gap follows a
linear relation as a function of the unit  cell  volume, which can be explained by the
atomic size of the chalcogen atom and the relative position of the Q p-states within the
band-structure. Furthermore, the atomic size of the A and Q species play a crucial role
in the stability of the two-dimensional layered materials, i.e., a reduction in the atomic
size of the A species can change the structure from 2D to 3D crystal structure [3].

Conclusions: We provided an atomistic understanding to control the fundamental band-
gap using quaternary chalcogenide compounds of the  A2MIIMIV

3Q8 family [1,2].

Acknowledgments: We thank FAPESP, CNPq, CAPES for financial support, and USP
(LCCA, CeTI-SC) and LNCC for computational resources and infra-structure.
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Introduction

The steady rise in atmospheric CO2 concentration and its relationship to climate change
suggests that we need to replace fossil fuels with renewable energy sources, such as wind and
solar.  Renewables  require  the  development  of  cheap  and  reliable  transport  and  storage
technologies. Li-ion batteries are good candidates for this application, but to make the use of
these batteries possible in large-scale applications, it is necessary to develop safe and stable
electrolytes. Ionic liquids (ILs) have been considered to be good candidates for a new class of
electrolytes because of their favorable physicochemical properties, such as low flammability,
good conductivity, wide electrochemical window, thermal and chemical stability. In the last
years many studies involving ILs electrolytes have been reported in the literature and the most
commomly ions studied are the ILs derived from the cations imidazolium and pyrrolidinium
with  anions  such  as   hexafluorophosphate  ([PF6]−),  tetrafluoroborate  ([BF4]−)  and
bis(trifluoromethylsulfonyl)imide  ([Tf2N]−).²  In  this  work,  however,  we  have  chosen  to
investigate ionic liquids containing aprotic heterocyclic anions (AHAs) with phosphonium and
imidazolium  cations.  In  recent  work  Brenecke¹  and  coworkers  have  reported  physical  and
electrochemical properties of AHA ILs doped with Li+. They found that these systems exibit a
good conductivity, diffusivity with low viscosity. The phosphonium cations were chosen due to
their  favorable  reductive  stability,  reversible  Li+ deposition  in  IL/Li+ mixtures,  and  good
diffusivity  and  conductivity  relative  to  their  viscosity.  Molecular  dynamics  simulations  of
twelve ionic liquids  formed by the combination of aprotic  heterocyclic  anions (AHAs) and
imidazolium cations as well as phosphonium cations were performed at 403.15 K. Diffusion
coefficients and structural analysis were performed to characterize the effect of lithium ion in
the IL systems. 

Computational Methodology/Experimental Details

We have performed molecular dynamics simulations of twelve ionic liquids formed by
the combination of  aprotic heterocyclic  anions (AHAs) and imidazolium cations as  well  as
phosphonium  cations  with  three  different  Li+ mole  fractions.  All  the  simulations  were
performed using GROMACS package following the same the same processure: Initial structures
were generated using PACKMOL package, energy minimization was performed usign a steep-
descent algorithm. A 7 ns NVT ensemble simulation at 700 K was then run and a subsequent
anneling simulation in the NpT esemble was performed, in which the temperature was decrease
from 700  K  until  the  desired  temperature.  Following  this,  the  boxes  were  submited  to  an
equilibration and production with 10ns and 12 respectively. Temperature and pressure were kept
constant  usign  v-rescale  and  Parrinelo-Rahman  thermostat  and  barosthat.  The  leap-frog
algorithm was utilized with a time step of 2 fs.
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Results and Discussion

Figure 1 shows the diffusion coefficients for the [P222mom]-based ILs in relation of
Li+  mole  fraction.  As  expected  the  self-diffusion  coefficients  decrease  with  the  increasing
lithium concentration. In IL/Li+ mixtures, there is a strong Li+-anion interaction that leads in the
formation of  Li+-anion aggregates and wich is responsible to decrease the ions mobility and
increase the viscosity. Figure 1(B) shows the center of mass g(r) of anion-anion interactions in
the IL derived from [P222mom] cation. When no Li+ is present in the IL, there is a peak around
0.8 nm for each system, however, when Li+ is added a new peak appears around 0.4 – 0.6 nm.
The peak intensity increases with increasing lithium concentration. These peaks are due to the
fact that the lithium is smaller than the IL cations and can coordinate with multiple anions. In
this way, Li+ brings the anions to close regions around itself creating the Li+-anion aggregates.³
The  intensities  of  the  old  peaks  around 0.8  nm decrease  with  increasing  Li+ concentration
because the number of anions around the IL cation decreases, however, there is no significant
effect in the cation-anion g(r). 

Figure 1 – (A)  Computed self-diffusivity of cation (black circle), anion (red square) and lithium
(green  triangle)  as  a  function  of  Li+  mole  fraction  in  [P222mom][123Triaz],  [P222mom]
[124Triaz],  [P222mom][2-CNpyr],  and  [P222mom][3-CNpyr]  at  403.15  K.  (B)  Radial
distribution function (g(r)) for anion-anion calculated for systems formed by [P222mom]+ cation
and different anions at 403.15 K.

Conclusions

Distinct structural distribution functions and diffusion coefficients for each ion in the
system  were  computed  in  order  to  find  a  correlation  between  structure  and  dynamical
properties, as well as the influence of cation and anion on the lithium dynamics. It was found
that the Li+ has a strong association with the anion, resulting in the formation of clusters in the
liquid and a correlated diffusion, in which the diffusion coefficient of the lithium is related to
diffusion coefficient of the anion. 
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Introduction: The development of nanotechnology is associated with the origin of new 

properties of matter by dramatically reducing the size of systems. In this way, the study of 

metals clusters is of great interest due to the option to tune their physical and chemical 

properties through the size, shape, and composition, which opens the possibility to obtain 

materials with a wide range of technological applications. In this context, the knowledge of the 

atomic structure of the nanoclusters is a basic prerequisite to obtain insights into the 

mechanisms that determine their chemical and physical properties. Here, we report a systematic  

investigation of the 55-atom metal nanoclusters, including alkaline, transitional, and post-

transitional metal (42 systems)
1
. 

Computational Methodology: The total energy calculations for 42 metal systems were based 

on the density functional theory within the generalized gradient approximation. We employed 

the exchange-correlation energy functional formulated by Perdew, Burke, and Ernzerhof (PBE) 

combined with van der Waals (vdW) correction, spin-orbit coupling (SOC) for the valence 

states, and PBE+U to investigate the role of the localization of the d-states. The Konh-Sham 

equations were solved using the projector augmented wave (PAW) method as implemented in 

the Vienna ab initio Simulation Package (VASP)
1
.  

Results and Discussion: We have initially focused on the determination of the atomic structure 

for the 55-atom nanoclusters, i.e., a set of putative global minimum configurations (pGMCs), 

based on DFT-PBE. For 16 systems, we found a strong preference for the compact Mackay 

icosahedron structure, while 6 systems adopt alternative compact structures such as poly-

tetrahedron, and 10 structures, are derived from crystalline face-centered cubic and hexagonal 

close-packed fragments. However, the 10 remaining systems adopt less compact structures 

based on the distorted reduced-core structure, tetrahedral-like, and one hexagonal close-packed 

wheel-type structure. From these configurations was calculated the effective coordination 

number, bond lengths, binding energy, and magnetic moment. Was found a quasi-parabolic 

behaviour as a function of the atomic number in properties as bond length and binding energy, 

hence, the occupation of the bonding and anti-bonding states defines the main trends. The 

binding energy for nanoclusters is, on average, 79% of the cohesive energy of the respective 

bulk metals. The addition of the vdW correction changes the pGMC for selected cases, and as 

expected, the PBE+U functional increases the total magnetic moment, which can be explained 

by the increased localization of the d-states. The addition of the SOC cannot change the 

pGMCs, however, it affects the electronic properties
1
.  

Conclusions: This work provides a significant atomistic understanding of the physical and 

chemical properties of 55-atom metal nanoclusters. Furthermore, those results will set up 

several new studies, which include temperature, chemical environment effects, and etc. 

Acknowledgments: The authors thank the FAPERGS, FAPESP, CNPq, and CAPES for the 

financial support. 
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Introduction
The recent advances in two-dimensional materials research have attracted great 

interest  to  the  transition  metal  dichalcogenides  (TMDs),  compounds  of  chemical 
formula MQ2 (M = transition metal, Q = S, Se, Te), whose properties point to promising 
advances for several applications, such as electronics, catalysis and energy storage [1,2], 
due to the possibility of tuning the properties of chalcogenides through modification of 
the chemical composition [3,4]. Layered crystal structures are predominantly observed 
in TMDs with M from groups 4 to 6, however a larger variety of crystal structures is 
observed for compounds with M from the remaining groups, for example, among the 
group  9  TMDs,  only  the  tellurides  are  observed  in  layered  crystal  structures  [1,5]. 
Therefore, the objective of this work is to study the relative stability of crystal structures 
in group 9 dichalcogenides. 

Computational Methodology
Density functional theory calculations were performed with the Vienna ab initio 

simulation package (VASP), employing the Perdew-Burke-Ernzerhof (PBE) exchange 
correlation functional and the D3 van der Waals correction. For 11 crystal structures 
previously  reported  for  TMDs,  equilibrium geometry  configurations  of  the  group 9 
dichalcogenides were determined by minimization of the stress tensor and forces on 
atoms. 

Results and Discussion
Compared with available experimental data, relative errors in lattice parameters 

are all smaller than 3.9%. For all compounds, the crystal structure with lowest energy 
was found to be the IrSe2-type or IrTe2-type structure, except for CoS2, for which the 
pyrite structure has the lowest energy. Energy differences between the lowest energy 
crystal  structures and another experimentally observed structures of each compound, 
such as marcasite, 1T and pyrite, are between 44 and 128 meV/f.u. Among the layered 
crystal structures, 1T has always the lowest energy, and its relative energy to the most 
stable structure of each compound decreases as Q  goes from S to Te. It is also observed 
that the layered PdS2 crystal structure is unstable in all these compounds, and is relaxed 
to a pyrite configuration. 

Conclusions
In summary, equilibrium geometry configurations for 9 MQ2  compounds (M = 

Co, Rh, Ir; Q = S, Se, Te) in 11 different crystal structures were determined. Lattice 
parameters  are  in  good  agreement  with  available  experimental  data.  Relative  total 
energy results were used to determine the stability of the crystal structures.
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Introduction

Since the industrial  revolution,  atmospheric  carbon dioxide concentration  has
increased from 278 ppm to 400 ppm [1]. This rise is related to climate changes and it
represents a challenge because of the importance of fossil fuels to the global economy
[2]. To use CO2 in a chemical reaction and to transform it into valuable products, such
as chemicals and fuels, one must overcome its thermodynamic stability. Therefore, the
search  for  transition  metal-based  catalysts  is  of  major  importance  to  chemistry  [2].
Ideally, such catalysts should be cheap and made from abundant elements, in order to
have a potential impact on CO2 capture and transformation.

This study aims to determine the potential energy surface (PES) for the reaction
between  atomic  iron  and  carbon  dioxide.  The  PES  is  constructed  using  ab  initio
calculations fitted to a functional form based on the many-body expansion (equation 1)
using neural networks.

Computational Methodology

The electronic structure calculations were made at the B3LYP/def2-TVZP level
of theory [3]. The neural network were trained using Scikit Learn.

Results and Discussion

The two-body interactions are fitted and the root mean squared errors using the
neural network are close to the conventional fitting, between 0.07 and 0.12 kcal mol-1.

The energy  profile  with the stationary  points  of  this  reaction  is  displayed in
Figure  1.  The  minimum  energy  path  barrier  is  19.9  kcal  mol-1.  The  experimental
enthalpy of reaction, at 0K, is 29.4 kcal mol-1, that compares to the calculated value of
18.9 kcal mol-1. 
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This discrepancy should be mitigated, in the future, by the use of higher levels of
theory.

Conclusions

The preliminary results obtained with the B3LYP/def2-TZVP level of theory are
in good agreement with the experimental data. In the next step of this study, we will also
use higher levels of theory.

The neural network fitted two-body potentials are smooth and have errors of the
same magnitude of conventional  fitting.  Neural network fits of three- and four-body
potentials are in development.
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Figure 1: Energy profile for the stationary points on the PES for the CO2 + Fe reaction.
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 Introduction Glycerol (C3H8O3) has been suggested as an energy source for 

hydrogen production through steam reforming reaction (SRR). The glycerol reactions 

are performed in presence of transition metal (TM) catalysts, while the selectivity for 

desired products is strongly dependent on the catalysts structure. Thus, in order to 

improve our understanding of glycerol-TM interaction, we investigated by means of 

Density Functional Theory (DFT) the adsorption of glycerol on defected Pt(111) and 

Pt(100) substrates.  

Computational Methodology Our calculations were based on spin-polarized DFT 

within the Perdew-Burke-Ernzerhof (PBE) approximation for the exchange-correlation 

energy functional. The van der Waals (vdW) correction DFT-D3
[2]

 was employed to 

improve the description of long-range effects. We solved the DFT-PBE+D3 framework 

using the projected augmented wave method, as implemented in the Vienna ab initio 

simulation package (VASP). 

Results and Discussion Glycerol was adsorbed on several defected Pt substrates, 

including the surfaces Pt(111) and Pt(100) for reference data. We found that glycerol 

binds preferentially to low-coordinated sites by a terminal oxygen with the carbon chain 

nearly parallel to the substrate
[2]

. This result can be explained by the d-band model, as 

the low-coordinated Pt sites have the d-states closer to the Fermi level. The equilibrium 

O-Pt bond distances, dO-Pt, correlate well with the binding energies since  dO-Pt shortens 

for systems with increasing Ead. The Bader charge analysis shows the glycerol 

interaction changes the charge of the adsorption site which goes from negative to 

positive, which indicates a Coulombic contribution between the cationic Pt and anionic 

O to the binding
[2]

. The addition of vdW corrections enhanced the adsorption energies, 

whereas it decreased the equilibrium glycerol-substrate distances due to the attractive 

effect of dispersion forces. 

Conclusions The presence of defects on Pt surfaces increases the interaction with 

glycerol, which was observed by the calculation of the adsorption energy. Furthermore, 

Bader charge results suggest that Coulombic interactions play a role in the O-Pt bond, 

where the anionic O interacts with the cationic Pt. 
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Introduction 

Recent studies, experimental [1, 2] and theoretical [3], have suggested the phenylene-

containing oligoacenes (POA) molecules as promising materials for extending the -conjugation 

framework while still preserving high chemical stability and also achieving enhanced 

optoelectonic properties. These structures have a quadrangular (cyclobutadiene) ring partially 

interrupting the -conjugation between benzenoid rings, in such a way that this topological 

modification can give rise the interesting effect of limiting electron delocalization. 
The present study will consider structures of the oligomer series of the so-called, n-

acenes[b,h]biphenylenes (𝐶(12+8𝑛)𝐻(8+4𝑛)), represented in Figure 1. The smallest compound in 

this series is the biphenylene molecule (𝑛 = 0, 𝐶12𝐻8), whose electronic characterization was 

recently performed using spectroscopic measurements and DFT calculations [4]. Important 

aspects such as bond lengths and orbitals energies of the structures will be addressed in the present 

study. 
 

 

 

The geometry optimization of these compounds was performed in order to analyze the 

evolution of the bond lengths through the series, which is expected to provide valuable 

information about the interference of the 4-membered ring on the -conjugation structure. 

Furthermore, the interplay between the geometry modifications and electronic properties can be 

accessed. 

Computational Methodology 

The geometry optimization of the molecules was carried out using the second-order 

Møller-Plesset perturbation theory within the resolution of identity approximation (RI-MP2). The 

chosen basis set was the triple valence polarization def2-TZVP, as recently applied for the study 

of acenes [5]. All calculations were performed using the program package ORCA 4.0. 

Results and Discussion 

 The evaluation considered starts with the biphenylene, Figure 2. First, the geometry 

optimizations were compared to previous calculations and experimental data to verify the 

consistency of the calculations (see Table 1 and Figure 3). 
In order to obtain better insight into the behaviour and interference of the 4-membered 

ring through the series, it was performed single point calculations to evaluate the total energies of 

the isolated cyclobutadiene group at the geometry it assumes in the ground state of the n-

acenes[b,h]biphenylenes molecules. As shown in Table 2, the deformation energies, ∆𝐸𝑡𝑜𝑡𝑎𝑙, of 

the cyclobutadiene linkage increases as the number of fused benzene rings increases, reflecting 

the significant changes in the bond lengths (see Figure 3) of the quadrangular moiety. 
 

 

 

 

 

 

 

Figure 1. Representation of the series of the n-acenes[b,h]biphenylenes (𝐶12+8𝑛𝐻8+4𝑛). 

Table 1. Comparison of the calculated MP2 bond lengths in 

Å of the biphenylene with experimental crystallographic 

data [6]. The bonds are the indicated in Figure 2. 

Figure 2. Representation of the biphenylene, the first 

compound of the series under analysis, with bond 

identification. 
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Still in Table 2, one can note that the instability associated with the cyclobutadiene 

increases as indicated by the increase in the HOMO energies. 
 An important property related to the chemical stability of this class of compounds is the 

aromaticity [7]. Following the structural modifications, the Harmonic Oscillator Model of 

Aromaticity (HOMA) will be used to evaluate the aromatic character of each individual ring of 

the structure, also connecting the geometry with electronic properties. 
 

Conclusions 

 Through the series of compounds, there is an evident approximation between the acenes 

sequences (see Figure 3) and simultaneously the cyclobutadiene linkage increases the instability 

as it approaches a square geometry. The HOMO energies also indicate this tendency as the 

number of benzenoid rings increases. The results are aligned with the idea of a partial interruption 

in the -conjugation as the distance between the benzenoid sequences, though reduces, keeps 

having a significant length. 

The next steps of the present work intend to continue in exploring the interplay between 

the geometry and electronic properties. 
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Figure 3. Evolution of the 𝑎 bond’s length (see Figure 2) 

through the series of compounds, with the increase of the 

number of hexagonal rings. For the biphenylene (𝑛 = 0) 

there is experimental [6] and theoretical [4] data for 

comparison with the MP2 calculated results. 

Table 2. The deformation energy, calculated as the difference 

between the energy of the isolated cyclobutadiene group in each 

of the compounds and the energy of the fully optimized 

cyclobutadiene (∆𝐸𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 − 𝐸𝑐𝑦𝑐𝑙𝑜𝑏𝑢𝑡𝑑𝑖𝑒𝑛𝑒), 

and calculated HOMO energies for the structures that correspond 

to the ionization energies by the Koopman’s theorem. 
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Introduction 

Molecular switches have at least two molecular forms that can be reversibly and 

controllably interconverted
1, 2

. As an example of a reversible isomerization one can 

mention that which occurs over C=C double bonds, opening and closing of rings, 

among others. These characteristics can be found in molecules as large as enzymes or in 

small synthetic molecules
2,3

. A molecular switch must have some specific 

characteristics, so that the passage between the distinct forms must be highly selective, 

only one form being preferred under certain conditions (or one in a much larger 

proportion than the other). The passageway must be fast and steady long enough for the 

system in which the switch is inserted to perceive the "on" or "off" conditions. It is 

important to control the switch externally without interfering too much with the system. 

For that reason, light-controlled switches are ideal for much of the circunscances
1 - 4

. 

The present work explored the possibility of the use of E/Z isomerism in some 

azobenzenes as a molecular switch system. Several azobenzenes (OH-Ph-N=N-Ph-X, 

X=H, o-OCH3, p-OCH3, o-CF3, o-SO3H) were synthesized and subjected to 

experiments using UV-VIS light. The search for the most appropriate wavelengths 

shown that use of 364 nm light would promote isomerization more efficiently 

 

Computational Methodology/Experimental Details 

The isomerization process was tested for pure toluene and a mixture of toluene 

and ethanol, the second one in catalytic concentrations of ethanol. The differences in 

isomerization times between the toluene and toluene/ethanol experiments were quite 

pronounced, with isomerization much faster in the second condition. This result showed 

that it is possible to modulate the isomerization time from a suitable mixture of solvents, 

which can be quite advantageous when one thinks of applications that could require 

isomerization processes at varying times. In order to have a better understanding of the 

process, electronic structure calculations were performed at the M06-2X/6-31+G(d,p) 

level of theory. 
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Results and Discussion 

The isomerization was investigated and it was found that the presence of protic solvent 

actually facilitates isomerization. The isomerization time (EZ) reduced from hours to 

seconds, whereas the return time (Z  E) reduced drastically too from days to minutes. 

In order to explain these observations, scans through the dihedral angle were made and 

found a maximum energy when C-N=N-C is 90
o
. Were performed an optimization and 

frequency and found a characteristic frequency of transition state by nitrogen 

inversion
5,6,7

. The transition states and the ground states were submitted to two different 

conditions, namely, association with a methanol molecule and complete protonation. 

Association through hydrogen bonds does not lower the activation energy too much. On 

the other hand, complete protonation on the N=N site considerably decreases the energy 

of the transition relative to the ground state. 

   

 Conclusions 

We showed that protic solvent has a huge influence in isomerization of 

azobenzene, in accordance to previous studies. Also, we investigated the mechanism of 

isomerization that is not well described in the academic community and we showed that 

there are indications that the inversion of nitrogen occurs when it comes to ground 

state. 
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Introduction

The development of fluorescent probes for detecting transition metal ions has attracted
great interests of researchers because of its high selectivity and sensitivity [1]. Copper atoms
play  crucial  roles  in  many  important  biological  processes,  it  is  the  third  most  abundant
transition-metal ion in the human body. However, the normal concentration range for copper
ions in biological systems is narrow, and its deficiency or excess can be many pathological
states. Therefore, there is a clinical need to quantitatively monitor the existence of Cu2+ ions [2].

Recently, a Yang and coworkers [2], synthesized chemosensor denominated CS1 (Fig.
1) for detection of Cu2+ ions. In order to understand the sensing mechanism of CS1 in details,
we carried out the DFT/TD-DFT calculations. The results are useful to investigate the ground-
and the excited sates electronic properties.

Figure 1. The strategy for the design and action of probe CS1 [2].

Computational Methodology

The structures of CS1 and CS1-Cu2+ in the ground state have been fully optimized using
DFT method with ωB97XD exchange-correlation functional and 6-311G++(d,p). The basis sets
Lanl2dz were employed for Copper atom.  Solvent effects (to water) were included using the
polarizable continuum model (PCM). All calculations were carried out employing Gaussian 09
program [3].

Results and Discussion

The binding energy (ΔE) of the binding reaction between the CS1 and diffents metal
ions were obtained at equilibrium molecular geometries. The Fig. 2 clearly shows that the ΔE
values of the probe CS1 for Cu2+  are larger than others ions of the first row transition metals.
There is a clear sensitivity for ions copper in different oxidations states (Cu2+  and Cu+).
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The CS1 complexation by the Cu2+  leads the hydrolysis reaction and it can generate the
free HBT moiety,  which will  exhibit the unique ESIPT properties.  The detailed mechanism is
showed  at  Fig.  3.  The  reaction  proceeds  thorough  two  transition  states  involving  an
intramolecular transfer  proton.  The exothermicity of full  path reaction demonstrates  that  all
process is thermodynamically favorable.  

Figure 3. Free energy profiles for the reaction of hydrolyses of CS1-Cu2+

Conclusions

From the  theoretical  point  view,  it  is  possible  to  verify  that  the  probe  has  a  high
sensitivity to Cu2+ ions. The full mechanism of action of the probe was investigated and showed
that global process is thermodynamically favorable.
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Introduction

Fluorescence is a powerful technique that has been largely used to study proteins.   The
aminoacids that has the ability to emit fluorescence are phenilanaline, tyrosine and tryptophan.
Tryptophan (TRP) is most popular probe used in protein fluorescence due to its high quantum
yield and its  solvent  dependency of emission wavelength [1].  The diversity of fluorescence
emission wavelengths of tryptophan in proteins can vary from 310 to 360 nm.  The mechanism
of fluorescence emission in TRP proteins were investigated by the Vivian and Callis (2001)
using  an  QM-MM  hybrid  approach  [2].  But  the  use  of  QM-MM  methodology  require
computational resources and is challenging due to the fact that the vertical transition energies
need to be analysed.  Here we propose four simple parametrized classical models to compute
the fluorescence emission wavelength of tryptophan in proteins.  

Computational Methodology/Experimental Details

 Molecular  dynamics  simulation  were  performed  for  18  single-tryptophan  proteins,
maintaining the crystallographic waters. Proteins were solvated with Packmol [3] using TIP3P
model of water. Sodium and Chloride ions were used to kept the systems neutral. The systems
(protein,  water  and  ions)  were  simulated  with  CHARMM27  force-fields.  Equilibrarion  of
molecular dynamics simulations were done in three steps: i) 1000 steps of Conjugate-Gradient
minimization followed by 200 ps of molecular dynamics simulations (MD) with the all protein
atoms fixed, ii) 500 steps of Conjugate-Gradient minimization followed by 200 ps MD with the
Cα atoms of the proteins fixed, iii) 2.0 ns MD without any constraint. The final structures were
used as starting configurations for production runs of 20 ns. All simulations were run at the NPT
ensemble at 1 atm (controlled by a Langevin barostat with 200 fs period and 100 ps decay) and
298.15K (controled by a Langevin bath with 10 ps damping coefficient).  Molecular dynamics
(MD) simulations were done with NAMD software [4].  Solvent accessible surface area and
pictures  of  MD  were  done  with  VMD  [5].  Electrostatic  interactions  was  performed  with
MDAnalysis suite [6].

Results and Discussion

Four classical parametrized models to compute the fluorescence emission wavelength
were proposed and its prediction capabilities were tested in 18 single TRP proteins. In the next
lines the models will be briefly described (Table 1).

1. Model based on solvent accessible surface area (SASA) of indole (Model 1): This
model propose a linear relation of SASA of indole and emission wavelength. The prediction of
this model has an standard deviation (SD) with respect to experimental data of 5.44 nm (Figure
1A).

2. Model based on solvent accessible surface area of benzene/pyrrole (Model 2): This
model gives different weigths to the benzene and pyrrole ring of indole. The prediction were
slightly better than with the model 1, with an SD of 5.08 nm (Figure 1B).
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3. Model based on electrostatic potential on indole (Model 3): This model propose a
linear relation between electrostatic potential interaction between everything (protein + water)
and indole. The prediction were similar to the model 1, with a SD of 5.67 nm (Figure 1C).

4. Model based on electrostatic potential water/protein on indole (Model 4): This model
gives differents weights to the protein and water contribution for the fluorescence emission
wavelength prediction. The performance of this model was the best compared to the previous
models (Figure 1D). 

Table 1: Models and parameters for the prediction of fluorescence emission wavelength
in  proteins.  R2 is  the  squared  Pearson  correlation  coefficient  of  the  model  predictions  to
experimental data, SD is the standard deviation of the prediction with respect to experimental
data (in nm). 

Figure 1 Experimental versus predicted fluorescence emission wavelength of TRP in 18
proteins. A) Model 1,  B) Model 2, C) Model 3 and d) Model 4. 

Conclusions

Four parametrized classical models were proposed for the prediction of fluorescence
emission wavelength in proteins. The predictive capabilities of the models were satisfactory.
These models can help in the understanding of the mechanism of fluorescence in proteins.
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Introduction: Ceria, CeO2, has been employed in several applications, namely, catalyst support
for three-way-catalysts, and has been investigated as support for CO2 reduction and methane
conversion to high value products, which explains the exponential publications increasing in the
last decade [1]. The size of the oxides particles have been reduced year by year, and nowadays,
high-controlled catalytic experiments can be performed for small transition-metal clusters on
ceria nanosupports, which opens new application possibilities [2-4], however, it requires a deep
atomistic understanding of ceria clusters, knowledge that remains far from satisfactory. Thus,
this work will focus on the structural, energetic, and electronic properties of the (CeO2)6 cluster.

Computational  Methodology:  Our  calculations  are  based  on  all-electron  hybrid-density
functional theory within the HSE06 functional  as implemented in the FHI-aims package,  in
which the Kohn-Sham orbitals are expanded in numerical atomic orbitals  [5]. Furthermore, for
comparison, calculations also based on the PBE functional were performed.

Results and Discussion: Initially, we optimized a set of 243 (CeO2)6  configurations using the
PBE functional,  which  was  reduced to  22  representative  configurations  using  the  modified
Euclidean metrics. The PBE and HSE06 comparison was performed, since the representative
configurations are all local minimum verified by vibrational analysis.  In which we identified
that the HSE06 functional yields slightly smaller bonds lengths and larger binding energies than
PBE.  However,  the  main  difference  occurs  on  the  putative  global  minimum  configuration
(pGMC), namely the HSE06 pGMC configuration is 82 meV per unitary formula lower than the
PBE pGMC, and further changes in the relative stability also occurs for high energy isomers. It
is an unexpected result as the Ce f-states are delocalized in the (CeO2)6 clusters, and hence, in
principle both PBE and HSE06 functionals should yield the same results, however, our results
indicate that changes in the localization of the electronic states induced by the HSE06 plays a
crucial  role  in  the  pGMC of  clusters.  Furthermore,  we  extended our  investigation  also  for
cationic and anionic clusters, where HSE06 functional is crucial to yield the correct results as
the PBE cannot yield the expected and observed localization of the Ce 4f-states. 

Conclusions: We found that PBE and HSE06 functionals yield different pGMC configurations
for neutral (CeO2)6. Unlike the cationic pGMC,  we observe that the anionic pGMC is derived
from neutral  HSE06 pGMC. But overall,  the relative energy order sequence of anionic and
cationic clusters change in comparison to the neutral clusters.
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Introduction: Due the compositional and structural variety of the Hume-Rothery phases and 

their increasing significance in catalytic applications, this project presents an ab initio 

investigation, whose object is to study transition metals nano clusters, combining with group 13 

monovalent metal [1]. These nano alloys formed by CuAl have been studied in the context of 

intermetallic glasses [2], due to their excellent combination of mechanical and magnetic 

properties, corrosion resistance, and processability [3]. 

 

Computational Methodology/Experimental Details: Our spin polarized density functional 

theory calculations were performed using the FHI-aims package [4] and the semi-local 

functional PBE [5]. The Kohn-Shan orbitals were expanded using numerically tabulated atom-

centered orbitals (NAOs), with light-tier1 basis set.  

 

Results and Discussion: The 55-atom CuAl bimetallic nanoclusters were previously studied in 

our group [6] employing the revised basin-hopping Monte Carlo (RBHMC) algorithm combined 

with the embedded atom method (EAM). The obtained potential energy surface exploration, 

provided the initial configurations that are used for our DFT calculations. We observed that, 

once formed the bimetallic nanoclusters, the cluster's shape assumes a nearly icosahedron (ICO) 

structure, that is preserved since a few atoms of the host system (Cu55) are replaced by Al atoms. 

Considering the 55-atom ICO nanoclusters with formula Cu42Al13 and Cu43Al12, the cluster 

structure can be separated in four regions: (1) the central atom; (2) twelve first shell atoms; (3) 

thirty edge atoms at 2nd shell; and, (4) twelve vertices atoms at 2nd shell. Our calculations for 

the Cu43Al12 systems, were performed considering two symmetrical systems, with 12 aluminum 

atoms at the ICO’s region (2) and (4) respectively. The conformation with aluminum atoms 

allocated in the ICO's vertices are energetically favorable, if compared to the aluminum’s first-

shell conformation. The obtained total electronic energy difference between these species was 

4.28 eV. About the Cu42Al13 systems, we consider four different conformations, varying Al sites 

in the ICO cluster. The energetically favorable structure for these systems shows the outermost 

sites occupied by Al atoms (12 atoms at the ICO’s region (4) and 1 atom at the ICO’s region 

(3)), therefore it was considered as the energy reference (0.00 eV). Keeping the ICO’s outer 

region (4) filled by 12 Al atoms, and gradually replacing the inner sites by Al atom, the relative 

energy increases, as observed for the conformations with one Al atom at the ICO’s region (2) 

and (1), with the relative energies 0.24 eV and 0,70 eV, respectively. When the inner sites (1) 

and (2) of the ICO cluster, are totally filled by Al atoms, the conformation’s relative energy 

quite increases to 4.85 eV. 

 

Conclusions: The Al atoms preferential sites, outside of the 55-atom ICO cluster, can be 

explained by the atomic size of the Al atoms, which are larger than Cu atoms, furthermore the 

lower surface energy of the Al surfaces. These results agree with previous published data in our 

group. 
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Introduction 

The resonance Raman (RR) effect is a form of inelastic light scattering observed when              
the system is illuminated by light of frequencies near that of an electronic transition. The               
intensity of scattered radiation can be expressed in terms of the transition polarizability tensor,              
whereas this tensor can be obtained through the Time Dependent (TD) or Independent Time (TI)               
approach. In our research group, TI approach was computationally implemented to perform ab             
initio and DFT calculations of fully anharmonic vibrational RR spectrum. The vibrational            
problem is numerically solved using a variational stochastic method (VSM) or the iterative             
Cooley-Numerov (CN) method. The aim of this work is to explore the advantage of the TD                
approach of the scattering RR, wherein the intermediate sum-over-states is replaced by a Fourier              
semi-transform of the cross-correlation function of the electronic transition moment [1]. 

Computational Methodology 

The anharmonic RR spectra of diatomic systems were obtained using PLACZEK code [2],             
developed for infrared and Raman calculations. The RR intensities are expressed through differential             
cross sections according to Equation (1), where is the solid angle, is the vacuum permittivity, is       Ω      ε0      f i   
the fraction of molecules in thermal equilibrium at temperature T, is the wavenumber of scattered          νR       
radiation, , and are rotational invariants of the polarizability tensor associated with the αf i  γf i   δf i            f ← i  
transition. These invariants can be obtained from the Cartesian components (a,b=x,y,z) of the             
polarizability tensor, given by Equation (2), where , , and are the ground and       e 〉｜ g  e 〉｜ r  Eg   Er      
excited electronic state wavefunctions and their respective energies, and are the initial        υ 〉｜ i

g   υ 〉｜ f
g     

and final vibrational wavefunctions of the ground electronic state, is a vibrational wavefunction         υ 〉｜ r
n      

of the excited electronic state, and are vibrational energies and is the energy of the incident     Eυn   Eυi
     E0        

photon, and   is related to the lifetime of the excited state  .Γr
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The electric dipole electronic transition moment, , can be calculated using the      〈e ｜μ ｜e 〉g
︿

a r Q       
Franck-Condon (FC) approximation or taking into account the Herzberg-Teller vibronic coupling. 

Results and Discussion 

The anharmonic RR spectrum obtained for O2 shows that the intensities are strongly affected by               
anharmonic effects (see Table 1). 

Table 1: Differential cross sections (in m2 sr-1) of O2 as a function of the vibronic model adopted      ·            
for the electronic transition moments. 

 1 0←  2 0←  3 0←  

O2* Harm. Anharm. Harm. Anharm. Harm. Anharm. 

FC 4.6 10-32×  6.8 10-35×  9.1 10-33×  2.9 10-34×  1.7 10-34×  6.4 10-34×  

FCHT1 1.2 10-32×  3.6 10-35×  5.0 10-33×  1.5 10-34×  7.2 10-34×  3.1 10-34×  

FCTH12 1.2 10-32×  3.5 10-35×  4.7 10-33×  1.4 10-34×  6.8 10-34×  3.0 10-34×  

*Cross sections obtained with  = 193,4 nm, T=300 K and  = 120.λ0 N υr  

The main disadvantage of TI approach is the requirement of a reliable and efficient prescreening               
algorithm to select intermediate vibrational states [1]. Therefore, our group is developing a code to               
implement the TD approach to obtain anharmonic RR intensities. 

Conclusions 

The study of anharmonic RR spectrum for diatomics through TI approach has shown that the               
intensities are strongly affected for anharmonicity effect [3]. In the present study, we are working on a                 
form for the cross correlation function of the electric dipole based on anharmonic wavefunctions for               
arbitrary potentials. 
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 The graphene is a planar structure, formed by atoms of carbon with 
hybridization of the type sp2. It confers to the graphene multiple physical chemical 
properties with various applications in electronic devices, such as photovoltaic panels 
and in electrochemical sensors. In view of the exceptional electronic properties 
presented by such material, the purpose of this work is to describe the physical and 
electronic structure of the two sheets of graphene through the Theory of the Functional 
Density. [1] 

 Two models were used to describe the system: the cluster model and the periodic 
model.The cluster model calculations were performed with the program Gaussian09, 
with the functional DFT: B3LYP, B97D3, CAM3LYP, LC-B97D3, LC-M06L and 
M06. The periodic model used to represent the system was that implemented in the 
program VASP with the functional PBE, Perdew-Burke-Ernzenrhof, with the approach 
GGA, Generalized Gradient Aproximation,and van der Waals correction DFT-D2. 

 The results obtained for two sheets of graphene with the cluster model indicated 
that the attractive interactions of van der Waals were underestimated at the edges of the 
system, due to the unsaturations caused by the hydrogen atoms. This showed that edges 
effect decisively influenced on the description, which produced a structure that did not 
correspond the experimental structure. (figure 1) 

 

Figure 1- Optimized structure of the two sheets of graphene by the cluster model. 

  The periodic model was able to describe better the edges of the system, 
keeping the two sheets in a planar structure, as observed experimentally, but at a 
distance of approximately 4Å and interaction energy of 0,000924 eV. These latest 
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results suggest a very weak interaction of van der Waals between the two sheets, 
practically preventing them from remaining together. For the better description of the 
system two corrections were applied within the VASP program: TS+SCS and D3-BJ, 
which according to the bibliographic references describe better the dispersion 
interactions.[3] 

 Through the analysis of the results obtained, we can state that the model that best 
represents, among the analyzed models, is the periodic model. For futher improvement 
this representation it will be necessary to apply other functional that better van der 
Waals interactions, in order to obtain a planar structure in which the two sheets remain 
tightly attached. 
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Introduction
Intertwining asymmetries and external  magnetic  fields in  semiconductor  nanostructures is  a
complex theoretical endeavor. In this context, the study of doped semiconductor quantum dots
with magnetic impurities is a challenging task when adding spin-orbit interaction and exchange
interaction with asymmetry effects. Thus, the main objective of the present work is to combine
all  these factors within a single theoretical framework, allowing the introduction of external
fields  [1]. The  effective  mass  model  of  the  electronic  structure  that  allows  combining
confinement profiles  with controllable  symmetry lowering,  spin-orbit  interaction effects  and
external fields under a variety of configurations in a systematic way has been complemented
with density functional theory simulations. The connection between the effective mass model
and such atomistic approaches was done through a characterization of the main trends for the
Mn positioning, as well as the exchange interaction term, which is calculated with a fully  ab
initio technique. 

Computational Methodology                                                                                                      
To characterize the trends of the Mn positioning in the quantum dots at atomistic levels, we 
have taken advantage of the density functional theory calculations [2,3]  and the projector 
augmented wave method (PAW)  [4]  as implemented in VASP package [5].  For solving the self-
consistent Kohn-Sham equations, was used the exchange-correlation functional proposed by 
Perdew, Burke, and Ernzerhof (PBE) [6] and the Hubbard U model to improve the description of 
the electronic band gap.

Results and Discussion                                                                                                               
The possibility to manipulate of confinement profile, and consequently, the morphology, opens 
an important possibility for study and understand several nanoscopic systems. The introduction 
of the asymmetries and impurity effects in the quantum dots are described in the effective Lande
factor in following expression:

 
,

where  geff
(1)  includes  the  asymmetry  effects,  J0  is  the  exchange  interaction  term  due  the

introduction  of  the  Mn impurity  and  a0
3/(πl0

2Lz)  is  the  quantum dot  volume.  The  impurity

positioning ρMn  affects the ground state spin splliting. As the exchange interaction plays a key

role in diluted magnetic semiconductors, we characterized the  tuning of J0  at atomistic level
within density functional theory. In the  ab initio calculations, the exchange interaction can be

obtained from the total  energy difference  (ΔEtot)  between an antiferromagnetic  (EAFM)  and a

ferromagnetic (EFM) states, ΔEtot=EAFM-EFM, whereas the magnetic alignment concerns the spin at

the Mn site and the electrons around it. 
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In this way, the J0 is obtained with the relation J0  = -  ΔEtot/xeff<Sz>, where xeff  and <Sz> are the

impurity concentration and spin impurity, respectively. Fixing the Hubbard correction in the
PBE functional, PBE+U, at 7eV on d-Cd and d-Zn states in order to ensure a good description
of  the  lattice  parameter  of  CdSe  and ZnSe  in comparison with the  experimental  ones,  and
adjusting the Hubbard correction on d-Mn orbitals,  was noted the strong dependence in the
exchange interaction term in function of the Hubbard correction, where the experimental value
of J0=0.26 eV [7] is reproduced by our model with Ueff

d-Mn=3 eV for pristine Cadmium Selenide
(CdSe) doped by Manganese (Mn) impurity.

However, the additional effects in the quantum dot, such as strain and confinement, can change
the value of exchange interaction parameter (J0). For one substitutional impurity of Mn in a Cd
site in the Cadmium Selenide (CdSe) quantum dot embedded in a Zinc Selenide (ZnSe) host
material, the calculated J0 is almost twice the value of the pristine case.

Conclusions
The effective Lande factor shift becomes tunable with the deformation shape. In addition, the
model offers a framework to emulate the combination of various types of deformations along
with the magnetic impurity incorporation. The effective Lande factor is written as a function of
the exchange interaction (J0) term that is also affected by quantum confinement. Using ab initio
calculations, we presented a method to obtain this parameter, showing that the hybridization
between the p-Se and d-Mn orbitals rules the strength of J0.
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Introduction 

Organofluorine chemistry has been widely explored in the fields of 

pharmaceutical, agrochemical and materials science. Due to specific characteristics of 

the C-F bond, the introduction of a fluorine atom in an organic molecule can affect its 

physical, chemical and biological properties, as well as its conformational equilibrium1. 

2-Fluorocyclohexanone, for example, exists predominantly in the axial form in gas 

phase, although the equatorial conformation is more stable in solution2. According to 

the well-known gauche effect, the introduction of an endocyclic oxygen in 2-

fluorocyclohexanone was expected to favor the axial conformer due to the gauche 

arrangement between the fragment O-C-C-F. However, the equatorial conformer 

remains more stable, even in the gas phase3. Therefore, in order to achieve a neutral 

compound that induces an axial preference for the 2-fluoro substituent in the 

cyclohexanone backbone, we propose the conformational analysis of 1-Boc-3-fluoro-4-

oxopiperidine (Fig. 1), since the resonance N-C=O  N+=CO- can favor an 

electrostatic attraction between N and F in the axial conformation. 

N

O

F

N

OF

OO

O

O

 
Figure 1. Conformational isomerism of 1-Boc-3-fluoro-4-oxopiperidine 

 

Computational Methodology 

Optimization and frequency calculations for axial and equatorial conformers of 

1-Boc-3-fluoro-4-oxopiperidine were performed at the ωB97X-D/6-311++g(d,p) level 

in gas phase and implicit solvents (cyclohexane, chloroform and DMSO) according to 

the Polarizable Continuum Model (PCM)4. Natural bond orbital (NBO) analysis were 

carried out at the same level of theory in order to obtain the Lewis-type (steric and 

electrostatic interactions) and non-Lewis type (hyperconjugative) contributions to the 

conformer stabilization. All calculations were performed using the Gaussian 09-D015 

program. 

 

Results and Discussion 

The rotation of the N-C(=O) bond yielded two energy minima for each 

orientation (either axial or equatorial) of the fluorine atom, corresponding to C-N-C=O 

dihedral angles of about 0º (conformer 1 and 3, Fig. 2) and 180º (conformer 2 and 4, 

Fig. 2). Conformer 2 is the most stable in gas phase, but its population decreases with 

the solvent polarity (Table 1). The axial fluorine in conformer 2 appears to minimize the 

electrostatic repulsion with both carbonyl oxygens, thus explaining the axial preference.  
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However, introduction of an endocyclic oxygen in 2-fluorocyclohexanone³ resulted in a 

compound with equatorial predominance in the gas phase, because an additional dipolar 

repulsion with the oxygen takes place rather than the expected fluorine gauche effect. 

Despite the sterically hindered N-Boc group, the axial conformation dominates the 

equilibrium of the studied compound. Since the axial population decreases importantly 

with the increase in the solvent polarity, the effect ruling the conformational equilibrium 

of 1-Boc-3-fluoro-4-oxopiperidine is predominantly electrostatic. Thus, two 

possibilities arise: an electrostatic gauche effect (N+F-) appears in the gas phase or 

the NF repulsion is not so strong as the OF in 3-fluorodihydro-2H-pyran-4(3H)-one. 

It is worth mentioning that the axial conformer in 2-fluorocyclohexanone itself is 

preferred in the gas phase by ca. 0.45 kcal mol-1.2 

 
Figure 2. Conformers (1-4) of 1-Boc-3-fluoro-4-oxopiperidine obtained at the ωB97X-D/6-311++g(d,p) 

level 

Table 1: Molecular dipole (Db), relative energies (kcal mol-1) and populations (%, according to 

the standard Gibbs free energy) for conformers 1-4 in gas phase and implicit solvents. 

  Gas phase  Cyclohexane  Chloroform  DMSO 

 μ Erel Grel Pop  Erel Grel Pop  Erel Grel Pop  Erel Grel Pop 

1 3.3 0.66 0.80 12  0.85 0.91 11  1.20 1.25 9  1.48 1.78 4 

2 2.7 0.00 0.00 48  0.34 0.31 30  0.83 1.51 6  1.29 1.93 3 

3 5.4 0.57 0.24 32  0.29 0.00 51  0.24 0.00 74  0.15 0.00 86 

4 3.7 0.24 1.06 8  0.00 1.08 8  0.00 1.10 11  0.00 1.50 7 

 

Conclusions 

The conformational isomerism of 1-Boc-3-fluoro-4-oxopiperidine is mainly 

dictated by electrostatic interactions. In order to further explore the influence of the N-

Boc group on this conformational equilibrium, evaluation of other 2-

fluorocyclohexanone derivatives are underway. 
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Introduction 

Non-covalent interactions are fascinating phenomena frequently observed at 

supramolecular and even at small systems1. This work focuses on an unfashion category of these 

phenomena, the chalcogen bonds. The chalcogen bond is a non-classical interaction in which 

Group VI atoms are involved2. Albeit its mechanism is not being fully elucidated, the chalcogen 

bonds has a strong potential to practical applications in chemistry3. In this sight, the aim of this 

work consists in to get the first insights to clarity the mechanism of this non-covalent interaction 

and propose the application of the chalcogen bonds in order to improve the charge-transfer effects 

in organic solar cells. 

Computational Methodology/Experimental Details 

All calculations were performed with the Amsterdam Density Functional (ADF) software 

using dispersion-corrected B3LYP functional with BJ damping function and QZ4P basis set.  The 

zeroth-order regular approximation (ZORA) Hamiltonian was used to consider the relativistic 

effects. The bonding mechanism was analysed via the Energy Decomposition Analysis4 using the 

model structure I in Figure 1. The total energy ΔE can be decomposed into the strain energy 

ΔEstrain and the interaction energy ΔEint (1). The interaction energy between the monomers can be 

further decomposed into four other terms (2). 

∆E = ∆Estrain + ∆Eint                                                                                                                  (1) 

∆Eint = ∆Velstat + ∆EPauli + ∆Eoi + ∆Edisp                                                                               (2) 

                    
                                                       I                                         II 

Figure 1. Model’s scheme to investigate chalcogen bonds interactions. X2Z is the chalcogen bond 

donor, where Z = O, S, Se or Te and X = F, Cl or Br. Y is the chalcogen bond acceptor, where Y 

= H, F, Cl, Br or I. 

 Lastly, the chalcogen bonds concept was used as a tool to induce the planar conformation 

in thiophenes, selenophenes and tellurophenes structures (Figure 1 II), potent building blocks to 

organic solar cells. 

Results and Discussion 

The results reported in Table 1 shed some light into the nature of chalcogen bonds. Most 

of the destabilizing energy comes from the Pauli repulsion (ΔEPauli) rather the strain energy. The 

strongest contributions to stabilize the interaction energy come from the electrostatic energy 

(ΔVelstat) and orbital interactions (ΔEoi). In the F2S complexes, the ΔVelstat are relatively higher than 

ΔEoi, which start to overcome the attractive electrostatics energies in X = Cl, Br and I. It is also 

possible to notice that the total energy is more sensible to Y than X. In fact, this highlights the 

importance of the orbital interactions to these systems. If the electrostatic nature was the most 

relevant, the F2S should be a better donor than Cl2S, due to the higher electronegative ability of F 

to induce polarization on S. On the other hand, the σ*S-Cl orbital is a better acceptor than σ*S-F. 
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Table 1. Analysis of sulfur-bonding mechanism in X2S∙∙∙Y- complexes. Computed at ZORA-

B3LYP-D3BJ/QZ4P. 

X2S∙∙∙Y
- ∆E ∆Estrain ∆Eint ∆Velstat ∆EPauli ∆Eoi ∆Eσ

oi ∆Eπ
oi ∆Edisp 

F2S∙∙∙F- -51.90 15.04 -66.94 -123.10 164.20 -107.34 -100.21 -7.13 -0.69 

F2S∙∙∙Cl- -25.28 9.02 -34.30 -57.35 77.35 -52.50 -49.65 -2.85 -1.81 

F2S∙∙∙Br- -22.16 7.97 -30.13 -48.49 64.94 -44.48 -42.34 -2.14 -2.09 

F2S∙∙∙I- -18.50 6.99 -25.49 -38.94 52.57 -36.63 -35.06 -1.57 -2.50 

Cl2S∙∙∙F- -54.90 20.11 -75.01 -138.41 205.53 -141.19 -134.01 -7.18 -0.93 

Cl2S∙∙∙Cl- -28.24 13.95 -42.19 -67.76 102.98 -74.93 -71.70 -3.23 -2.49 

Cl2S∙∙∙Br- -25.58 13.25 -38.83 -58.34 87.70 -65.30 -62.82 -2.49 -2.89 

Cl2S∙∙∙I- -22.52 13.01 -35.53 -50.88 77.75 -58.91 -56.89 -2.02 -3.50 

 

 To picture the relevance of chalcogen bonds, the Figure 2 shows the influence of this non-

covalent interaction in the conformation of thiophene based structures. When Y=F, the torsion 

barrier is increased in comparison with Y=H. Even with higher repulsion and with neutral species, 

the presence of the fluorine to interact with S enhance the planar conformation rather than the 

hydrogen atom in Y. 

 

                                   Y=H                                                                     Y=F 

Figure 2. Energies relative to the S-C-C-C dihedral torsion in thiophene made structures (see 

Figure 1 II; Z=S) for Y=H and Y=F. Maximum energy barrier ΔEb indicated in the graphics. ΔEb 

= 2.68 kcal.mol-1 for Y=H and 3.19 kcal.mol-1 for Y=F. 

Conclusions 

In this work, we have done one step forward to understand the nature of chalcogen bonds. 

Our calculations have shown the importance of orbital interactions and we strongly believe this 

can help to understand and rationalize relevant applications of this non-covalent interactions in 

science. 
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Introduction: Mixed oxides such as CeO2-ZrO2 have been employed as catalyst support for
several reactions, which includes three-way-catalysts, CO2 reduction, methane conversion to
high value products, and so on.1 The formation of thin-film layers of CeZrO4 on CeO2(111) has
attracted interest in the last decades as model systems to obtain an atomistic understanding
of the synergetic effects between CeO2 and ZrO2. To contribute to this problem, we performed
an ab initio investigation of the adsorption of Zr𝑛 adatoms on CeO2(111) for 𝑛 = 1 − 4.

Computational Methodology: Our ab initio calculations are based on density functional
theory (DFT) calculations within the Perdew–Burk–Erzenholf functional and the Hubbard
on-site interaction tern (U) to Ce 𝑓 -states as implemented in the Vienna ab itio simulation
package (VASP). For the surface calculations, we employed 3 × 3 surface unit, 9 layers slab,
and 12 Å vacuum region.

Results and Discussion: As expected,2 the Zr adatoms binds to the O of hcp-hollow sites
due to the strong Coulomb repulsion from the cationic Ce sites, and the adsorption energy
for a single Zr adatom on CeO2(111) is 10.42 eV, i.e., a chemisorption process. Upon the Zr
adsorption, four Ce atoms change the oxidation state from CeIV to CeIII,3 which s indicated
by the local magnetic moments, Bader charges, and bond length analysis, e.g., there a local
magnetic moment of about 0.95 𝜇B on the CeIII atom due to the strong localization of the
Ce 𝑓 -states.4 We found a strong preference of the Zr adatoms for subsurface sites, i.e., the
replacement of a Ce atom in the topmost surface layer by Zr lower the total energy by 0.99 eV,
which can explained by the lower surface energy of the CeO2 surfaces and by the smaller
atomic radius of the Zr atoms, and hence, it contributes to release part of the strain energy
due the large atomic radius of the CeIII cations. We found a migration of the oxygen atoms
from the topmost surface layers, which change their positions to form a OZrO-layer like,
which helps to stability the surface as it contributes to reduce the Coulomb energy, for two
or more Zr. Because of oxygen migration and CeIV reduction induced by large amount of Zr
(𝑛 = 4) the atoms in topmost surface layers are Ce2O3-like in the CeO2(111)-like structure.

Conclusions: In conclusion, the interaction of Zr adatoms with the CeO2(111) surface is
stabilized by the Zr−O interaction and large charge transfer from Zr to surface, which drives
the reduction of few Ce atoms from CeIV to CeIII. We found a trend to Zr atoms penetrate
the surface to stabilize the structure, while the increase on Zr deposition on the surface
induce oxygen migrations from the surface stabilize the system by forming a OZrO-layer over
the reduced CeO2(111) surface.
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Introduction:  Oxides such as TiO2, ZrO2, and CeO2, have attracted great attention due to the
wide range of technological applications, in particular, in renewable energy and catalysis, and
the experimental capability to control the size of those particles from clusters with few atoms to
particles with 10 nm have open new perspectives. Although several studies have been reported,
our atomic understanding of the structural, energetic, and electronic features of small particles is
far from satisfactory, specially due to the challenges to identify the correct structures. In this
work, we will perform a systematic study of (MO2)n clusters for M = Ti, Zr, Ce, and n = 1-15
employing ab initio calculations.

Computational Methodology: Our ab initio calculations are based on density functional theory
within the PBE functional as implemented in the FHI-aims code, which expands the KS orbitals
in numeric  atom-centered orbitals.  To obtain the  putative global  minimum and high energy
configurations, we employed the so-called tree-growth combined with the modified Euclidean
metrics,  which  was  developed  and  implemented  in  our  group.  This  algorithm  combines
structural information from small fragments with an efficient exploration of the potential energy
surface by the random sort of million fragments, which are reduced using a modified Euclidean
metrics.

Results and Discussion:  The representative set of structures includes true local minima and
putative global  minimum configurations,  since none vibrational  modes presented  imaginary
frequencies.  From those,  we  found  a  tendency  of  TiO2 to  form structures  with  layers  and
terminal  Ti=O bonds,  while  ZrO2 and  CeO2 grow closer  to  more  spherical  shapes  without
monocoordinated  M=O bonds. The coordination number (CNM) and average bond lengths of
metals (dav

M) for clusters tend to their respective bulk values, where a comparison between TiO2,
ZrO2,  and CeO2 clusters present the titania with lower  dav

M values followed by zirconia and
ceria, which is related with the vdW radius of metals, that increases from Ti < Zr < Ce. We also
analyzed the clusters’ radius,  that  presents larger sizes for TiO2 clusters,  due to the layered
formation which elongates the structures. Concerning the energetic properties, we found there
are two slopes in the binding energy (Eb) with the increasing cluster size, one for n up to 5 and
another between 6-15, explained by the fact the a quantum size barrier was crossed. Also, the
magnitude of the Eb increases from Ti < Ce < Zr, which can be related with the magnitude of the
fourth ionization potential of metals that presents the same order. 

Conclusions: We found a tendency of clusters to form similar geometric and energetic features
than their  respective bulk phases.  We highlight  the  layered formation for  titania  tending to
rutile-anatase, while zirconia and ceria systems present more compact structures. Energetically,
the zirconia clusters are more stable than ceria and titania, due to the small value of fourth
ionization potential of Zr.
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Introduction 

Polycyclic aromatic hydrocarbons (PAHs), as acenes and perianes have been 

used as graphene’s model for electronic structure characterization [1]. Graphene has 

been used in several areas such as sensors manufactory, organic semiconductors, 

spintronic and non-linear optics [2]. This versatility in nanotechnology manufacturing 

occurs by its electronic structure [3]. Therefore, the characterizations of fundamental 

and excited states of PAHs, n-acenes (n=0-4) and n-periacenes (n=0-4), presented in 

Figure 1, is the main purpose of this work.  

                                          

(a)                                                                (b) 

Figure 1. Structure of acenes (a) and periacenes (b). 

 

Computational Methodology 

Molecular quantum chemistry methods are highly used in PAH’s study. In this 

work, the Density Functional Theory (DFT) with B3LYP, M06-2X, PBEPBE, 

PBE1PBE, OLYP and WB97-XD functionals and CASSCF methods were employed 

with 6-31G* basis set. The absorption spectra was performed to describe two singlet-

singlet excitation energies that correspond to the La and Lb band and the singlet-triplet 

splitting (S-T). 

Results and Discussion 

The results obtained with DFT calculations were compared with available 

experimental data. On the average the deviations are in the range of 0.30 to 0.43 eV for 

the La band, and 0.30 to 0.40 eV for the Lb band for the acenes series. For the 

periacenes series, the deviations are in the range of 0.28 to 0.35 eV for the La band and 

0.44 to 0.63 eV for the Lb band. The deviations increase with the size of system, as well 

as the multiradicalar character, as expected. CASSCF calculations using several active 

space were performed for the smallest systems showing the importance of the static 

correlation for the Lb band and the S-T spiliting.  
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Conclusions 

In this work, we have investigated the size dependency of the singlet-singlet and 

singlet-triplet excitations energies of acenes and periacenes. In the DFT calculations the 

excitation energies decrease with number of rings, but the deviations from experimental 

values increase. The CASSCF calculations show the importance of static correlation for 

the Lb band and S-T spilitting but do not describe the La band with good accuracy. For 

both systems, a degeneracy of the singlet and triplet states is found for extend systems. 

In the case of acenes, the S-T splitting became near to zero with a smaller number of 

rings than periacenes.  
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