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Preface

II ESCOLA DE QUÍMICA COMPUTACIONAL & ADF COMPUTATIONAL
CHEMISTRY WORKSHOP

Computational chemistry plays a central role in modern chemical research. Various molec-
ular properties can be computed with chemical accuracy. In this way, information can
be obtained about quantities that are experimentally inaccessible yet indispensible for
molecular design and synthesis. One of the main objectives of this course is to learn
current state-of-the-art quantum chemical methods and the Amsterdam Density Func-
tional (ADF) computer software. This course deals with ab initio theory (among others,
Hartree-Fock and Møller-Plesset theory) and modern density functional theory (DFT).

These methods are applied in a computer lab in order to get acquainted with important
modeling skills, such as, geometry optimization (molecular structure, stability, and ther-
mochemistry), the exploration of potential energy surfaces (kinetics, reaction mechanism)
and molecular orbital (MO) theory.

An important issue in this course is the unifying power of computational chemistry:
the same theoretical models serve as tools for solving very diverse problems from all
branches of chemistry, ranging from organic chemistry and catalysis via biochemistry till
pharmaceutical sciences.

The course is intended for PhD students and master students. The aim is to provide
participants with enough background and hands-on experience to get started in modeling
chemical structures and reactions with the ADF program. Theoretical background is pro-
vided, but the emphasis is on the application of computational methods to help answering
questions and solving problems in chemical research.

bbb
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Organizing Committee.
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Schedule

Day Nov Event Subject

Mon 16 Visit to Invicta Brewery (a typical microbrewery)

Tue 17 Lect 1 Predictive Catalysis with the Activation Strain Model
Lect 2 Advanced Features of ADF
Lab 1 Basics of ADF

Wed 18 Lect 3 Halogen Bonding versus Hydrogen Bonding
Lect 4 Resonance Assisted Hydrogen Bonds in DNA
Lab 2 Energy Decomposition Analysis with ADF

Thu 19 Lect 5 Aromaticity. MO Picture of an Intuitive Concept
Lect 6 DNA Replication
Lab 3 Kohn-Sham MO Analysis with ADF

Poster Session

Wed 20 Lect 7 Hypervalence: "Freezing" the SN2 Transition State
Lect 8 DNA Nanoswitches
Lab 4 Activation Strain Analyses of Chemical Reactions
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Invited Speakers

Prof. Dr. F.M. (Matthias) Bickelhaupt
VU University Amsterdam
Radboud University Nijmegen
F.M.Bickelhaupt@vu.nl

I develop chemical theories and methods for rationally designing molecules,
nano-structures and materials as well as chemical processes toward these com-
pounds, based on quantum mechanics and computer simulations. An essential
part of these e�orts is the application of our theories and models in cooper-
ation with experimental groups. My scienti�c activities comprize four main
directions of research that are intimately connected and reinforce each other:
1) Structure and Chemical Bonding in Kohn-Sham Density Functional The-
ory (DFT), 2) Molecular Recognition and Theoretical Biochemistry, 3) Ele-
mentary Chemical Reactions [see: Activation Strain model; Pyfrag], and 4)
Fragment-oriented Design of Catalysts.

Dra. Célia Fonseca Guerra
Associate Professor
VU University Amsterdam
Theoretical Chemistry and ACMM
c.fonsecaguerra@vu.nl

Weak chemical interactions are the driving force for self-assembly in biological
and supramolecular systems. The research in my group focusses on under-
standing these weak chemical interactions with Kohn-Sham MO theory. Our
analyses of cooperativity, π assistance, and substituent e�ects in Watson-Crick
base pairs, DNA mismatches and quadruplexes have provided groundbreaking
new insights in the nature of the hydrogen bond and supramolecular aggrega-
tion. Furthermore, my group is committed to understanding the role of metal
ions in self-assembly processes. The development and the implementation of
chemical analysis methods to understand the nature of hydrogen bonding and
chemical bonding in general are also part of my research program.
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Predictive Catalysis with the Activation Strain Model
F. Matthias Bickelhaupt

Reactivity is one of the central issues, if not the core business, of chemistry. Yet, our understanding 
of chemical reactivity, in particular, the height of reaction barriers,  still  lags behind the minute 
understanding that we have today of molecular structure and stability. What is missing is a general 
model that provides physical insight into why a particular reaction has a higher or lower barrier than 
another (competing) reaction. 

Here, we present the Activation Strain model which aims at providing such insight into chemical 
reactivity,  in terms of the reactants. In the Activation Strain model, the potential energy surface 
∆E(ζ) along the reaction coordinate  ζ is decomposed into the strain energy ∆Estrain(ζ) associated 
with the geometrical deformation that the reactants undergo, plus the interaction energy ∆Eint(ζ) 
between the deformed reactants: ∆E(ζ) = ∆Estrain(ζ) + ∆Eint(ζ).

Figure 1. Activation-Strain analysis of palladium-catalysed C–H versus C–C bond activation.

Various  phenomena  and  tuning  parameters  in  catalytic  bond  activation  are  discussed.  What 
determines  the  course  of  oxidative  addition  via  direct  insertion  or  an  SN2  pathway?  Why  is 
activation of the weaker C–C bond more difficult than that of the stronger C–H bond? (The clue is 
contained in Figure 1). I will address various topics, such as, the nature of the bite angle in catalyst 
complexes, steric attraction as opposed to steric repulsion, and the electronic regime of a catalyst.

Literature
1. L. P. Wolters, F. M. Bickelhaupt, WIRES Comput. Mol. Sci. 2015, 5, 324-343 (open access.).
2. I. Fernandez, F. M. Bickelhaupt, Chem. Soc. Rev. 2014, 43, 4953-4967 (tutorial review).

3. W.-J. van Zeist, R. Visser, F. M. Bickelhaupt, Chem. Eur. J. 2009, 15, 6112.

4. L. P. Wolters, F. M. Bickelhaupt, Chem. Asian J. 2015, 10, 2272-2282.

5. L. P. Wolters, R. Koekkoek, F. M. Bickelhaupt, ACS Catalysis 2015, 5, 5766-5775. 

6. L. P. Wolters, W. J. van Zeist, F. M. Bickelhaupt, Chem. Eur. J. 2014, 20, 11370-11381 (cover). 

7. F. M. Bickelhaupt, J. Comput. Chem. 1999, 20, 114.
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Advanced Features of ADF
Célia Fonseca Guerra

I will guide you through the basic structure of ADF and especially its advanced features through 
which this QM software code distiunguishes itself from other ones.
The following subjects will be addressed:

1. Parallellisation and linearisation of the code.
2. Basis functions: Slater Type Orbitals
3. Numerical integration
4. Energy decomposition analysis
5. Voronoi Deformation Density Charges

Literature
1. G. te Velde, F. M. Bickelhaupt, E. J. Baerends, C. Fonseca Guerra, S. J. A. van Gisbergen, J. G. Snijders, T. Ziegler,  

J. Comput. Chem. 2001, 22, 931-967.

2. F. M. Bickelhaupt, E. J. Baerends, In:  Reviews in Computational Chemistry; K. B. Lipkowitz, D. B. Boyd, Eds.; 

Wiley-VCH: New York, 2000, Vol. 15, pp. 1-86. 

3. C. Fonseca Guerra, J.-W. Handgraaf, E. J. Baerends, F. M. Bickelhaupt, J. Comput. Chem. 2004, 25, 189-210. 

4. C. Fonseca Guerra, J. G. Snijders, G. te Velde , E. J. Baerends, Theor. Chem. Acc. 1998, 99, 391-403.
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Halogen Bonding versus Hydrogen Bonding
F. Matthias Bickelhaupt

I  will  present  the  results  of  an  extensive  computational  analyses  of  the  structure  and bonding 
mechanism in trihalides DX···A– and the analogous hydrogen-bonded complexes DH···A– (D, X, A 
= F, Cl, Br, I) obtained using relativistic density functional theory (DFT) at ZORA-BP86/TZ2P. One 
purpose of these computations has been to obtain a set of consistent data from which reliable trends 
in structure and stability can be inferred over a large range of systems. 

The main objective is however to achieve a detailed understanding of the nature of halogen bonds, 
how they resemble but also how they differ from the better understood hydrogen bonds. Thus, we 
present  an  accurate  physical  model  of  the  halogen  bond  based  on  quantitative  Kohn-Sham 
molecular orbital  (MO) theory, energy decomposition analyses (EDA) and Voronoi deformation 
density (VDD) analyses of the charge distribution.  It  appears that the halogen bond in DX···A– 

arises not only from classical electrostatic attraction but also receives substantial stabilization from 
HOMO–LUMO interactions between the lone pair of A– and the π* orbital on D–X.

Literature
1. L. P. Wolters, F. M. Bickelhaupt, ChemistryOpen 2012, 1, 96-105.

2. L. P. Wolters, P. Schyman, M. J. Pavan, W. L. Jorgensen, F. M. Bickelhaupt, S. Kozuch, WIRES Comput. Mol. Sci. 

2014, 4, 523-540.

3. F. M. Bickelhaupt, E. J. Baerends, In:  Reviews in Computational Chemistry; K. B. Lipkowitz, D. B. Boyd, Eds.; 

Wiley-VCH: New York, 2000, Vol. 15, pp. 1-86. 
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Resonance-Assisted Hydrogen Bonds in DNA
Célia Fonseca Guerra

The  view that  the  hydrogen  bonds  in  Watson-Crick  adenine–
thymine  (AT)  and  guanine–cytosine  (GC)  base  pairs  are  in 
essence  electrostatic  interactions  with  substantial  resonance 
assistance from the  electrons is questioned. Our investigation isπ  
based on a state-of-the-art density functional theoretical (DFT) 
approach  (BP86/TZ2P)  that  has  been  shown  to  properly 
reproduce  experimental  data.  Through  a  quantitative 
decomposition  of  the  hydrogen  bond  energy  into  its  various 
physical terms, we demonstrate that, contrary to the widespread 

belief, donor-acceptor orbital interactions (i.e. , charge transfer) in  σ symmetry between N or O 

lone pairs on one base and N–H  σ*-acceptor orbitals on the other base do provide a substantial 
bonding  contribution  which  is,  in  fact,  of  the  same  order  of  magnitude  as  the  electrostatic 
interaction term. The overall orbital interactions are reinforced by a small  component which stemsπ  
from polarization in the -electron system of the individual bases. This  component is, however,π π  
one order of magnitude smaller than the σ term. 
Furthermore,  we show that  the  cooperative  reinforcement  between hydrogen bonds  in  guanine 
quartets  is  not  caused  by  resonance-assisted  hydrogen  bonding  (RAHB).  This  follows  from 
extensive computational analyses of guanine quartets (G4) and xanthine quartets (X4) based on 
dispersion-corrected density functional theory (DFT-D). Our investigations cover the situation of 
quartets in the gas phase, in aqueous solution as well as in telomere-like stacks. A new mechanism 
for cooperativity between hydrogen bonds in guanine quartets emerges from our quantitative Kohn-
Sham  molecular  orbital  (MO)  and  corresponding  energy  decomposition  analyses  (EDA).  Our 
analyses reveal that the intriguing cooperativity originates from the charge separation that goes with 
donor–acceptor orbital interactions in the -electron system, and not from the strengthening causedσ  
by resonance in the -electron system. The cooperativity mechanism proposed here is argued toπ  
apply,  beyond the  present  model  systems,  also  to  other  hydrogen bonds showing cooperativity 
effects.

Literature

1. L. Guillaumes, S. Simon, C. Fonseca Guerra, Chemistry Open 2015, 4, 318.

2. C. Fonseca Guerra, F. M. Bickelhaupt, J. G.Snijders, E. J. Baerends, Chem. Eur. J. 1999, 5, 3581.

3. C. Fonseca Guerra, F. M. Bickelhaupt, J. G. Snijders, E. J. Baerends, J. Am. Chem. Soc. 2000, 122, 4117

4. C. Fonseca Guerra, H. Zijlstra, G. Paragi, F. M. Bickelhaupt, Chem. Eur. J., 2011, 17, 12612.

5. C. Fonseca Guerra, T. van der Wijst, M. Swart, J. Poater, F. M. Bickelhaupt, Theoret. Chem. Acc. 2010, 125, 245.
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Aromaticity. MO Picture of an Intuitive Concept
F. Matthias Bickelhaupt

Recently,  we  have  shown  that  the  propensity  of  the   electrons  in  1,3-cyclobutadiene  (orπ  
[4]annulene) as well as in benzene (or [6]annulene) is always to localize the double bonds, against 
the delocalizing force of the  electrons. More importantly, we have also shown that the  electronsσ π  
nevertheless decide about the localization or delocalization of the double bonds.

Here, based on accurate Kohn-Sham DFT computations, we explain the mechanism behind this 
behavior and we show that larger [n]annulenes are subject to the same electronic mechanisms (see 
illustration).  The  geometry  and  nature  of  (anti)aromatic  rings  is  compared  to  that  of  the 
corresponding saturated ones. We also address the issue that aromatic character fades out if one 
goes to larger annulenes, such as, [10]annulenes.

Literature
1. S. C. A. H. Pierrefixe, F. M. Bickelhaupt, Chem. Eur. J. 2007, 13, 6321-6328.

2. S. C. A. H. Pierrefixe, F. M. Bickelhaupt, J. Phys. Chem. A 2008, 112, 12816-12822.

3. S. C. A. H. Pierrefixe, F. M. Bickelhaupt, Aust. J. Chem. 2008, 61, 209-215. 

4. I. Fernandez, F. M. Bickelhaupt, F. P. Cossio, Chem. Eur. J. 2009, 15, 13022-13032.

5. J. Poater, F. Feixas, F. M. Bickelhaupt, M. Solà, Phys. Chem. Chem. Phys. 2011, 13, 20673-20681. 
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DNA Replication
Célia Fonseca Guerra

The  discovery  by  Kool  and  co-workers  that 
2,4-difluorotoluene (F) mimics thymine (T) in 
DNA replication has led to a controversy about 
the question if this mimic has the capability of 
forming hydrogen bonds with adenine (A). In 
the  present  study,  we  address  not  only  the 
question  about  the  strengths  of  the  hydrogen 
bonds in AF as compared to those in AT but we 
focus  in  particular  on  the  nature  of  these 
interactions.  Thus,  we have analyzed AF and 
AT  at  the  BP86/TZ2P  level  of  density 

functional theory (DFT). In line with previous experience, this approach is shown to achieve close 
agreement with the available data from ab initio computations and experiment: the complexation 
energy of  AF ( 3.2 kcal/mol)  is  confirmed to be  much weaker  indeed than that  of  AT ( 13.0− −  
kcal/mol). Interestingly, the weak hydrogen bonds in AF still possess a significant orbital interaction 
component that resembles the situation for the more strongly bound AT, as follows from (1) an 
analysis of the orbital electronic structure of AF and AT, (2) a quantitative decomposition of the A–
F and A–T bond energies, as well as (3) a quantitative decomposition of the charge redistribution 
associated with the A–F and A–T interactions based on the Voronoi deformation density (VDD) 
method. The VDD method has been further developed such that the charge redistribution Q perΔ  
atom can be decomposed into a component associated with the Pauli repulsive orbital interactions 
and a component associated with the bonding orbital interactions: Q = QΔ Δ Pauli+ QΔ oi. Implications 
of our findings for the mechanism of DNA replication are discussed.
Furthermore,  with  dispersion-corrected DFT computations we reveal the key factors behind the 
intrinsic affinity of a DNA template–primer complex to select the correct nucleotide. 

Literature
1. C. Fonseca Guerra, F.M. Bickelhaupt, Angew. Chem. Int. Ed. 2002, 41, 2092.

2. J. Poater, M. Swart, C. Fonseca Guerra, F. M. Bickelhaupt, Chem. Commun. 2011, 47, 7326.

3. C. Fonseca Guerra, F. M. Bickelhaupt, E. J. Baerends, ChemPhysChem 2004, 5, 481

4. C. Fonseca Guerra, F. M. Bickelhaupt,  J. Chem. Phys. 2003, 119. 4262
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Hypervalence: "Freezing" the SN2 Transition State
F. Matthias Bickelhaupt

Silicon in [Cl-SiH3-Cl]– is hypervalent whereas carbon in [Cl-CH3-Cl]– is not. In this talk, I show 
how this can be understood in terms of the ball-in-a-box model according to which silicon fits 
perfectly into the box that is constituted by the five substituents, while carbon is too small and, in a 
sense, "drops to the bottom" of the box (see illustration, left). Proceeding from this insight, I will  
develop a strategy for creating a stable species involving a truly hypervalent, five-coordinate carbon 
atom (see illustration, middle). If successful, this quest would come down to a violation of the octet 
rule for carbon! One might conceive this also as "freezing" the otherwise labile SN2 transition state, 
turning it into a stable equilibrium structure (see illustration, right).

Literature
1. S. C. A. H. Pierrefixe, S. J. M. van Stralen, J. N. P. van Stralen, C. Fonseca Guerra, F. M. Bickelhaupt,  Angew. 

Chem. 2009, 121, 6591-6593; Angew. Chem. Int. Ed. 2009, 48, 6469-6471.

2. S. C. A. H. Pierrefixe, J. Poater, C. Im, F. M. Bickelhaupt, Chem. Eur. J. 2008, 14, 6901-6911.

3. S. C. A. H. Pierrefixe, C. Fonseca Guerra, F. M. Bickelhaupt, Chem. Eur. J. 2008, 14, 819-828.

4. A. P. Bento, F. M. Bickelhaupt, J. Org. Chem. 2007, 72, 2201-2207.

5. A. P. Bento, F. M. Bickelhaupt, Chem. Asian J. 2008, 3, 1783-1792.

6. M. G. Goesten, C. Fonseca Guerra, F. Kapteijn, J. Gascon, F. M. Bickelhaupt,  Angew. Chem. Int. Ed. 2015,  54, 

12034-12038.
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DNA Nanoswitches
Célia Fonseca Guerra

We have theoretically analyzed Watson-Crick GC base pairs in which purine-C8 and/or pyrimidine-
C6 positions carry a substituent X = NH–, NH2, NH3

+ (N series), O–, OH or OH2
+ (O series), using 

the generalized gradient approximation (GGA) of density  functional  theory at  BP86/TZ2P. The 
purpose is to study the effects on structure and hydrogen bond strength if X = H is substituted by an 
anionic, neutral or cationic substituent. We find that replacing X = H by a neutral substituent has 
relatively small effects. Introducing a charged substituent, on the other hand, leads to substantial 
and characteristic changes in hydrogen bond lengths, strengths and bonding mechanism. In general, 
introducing  an  anionic  substituent  reduces  the  hydrogen-bond  accepting  and  increases  the 
hydrogen-bond donating capabilities of a DNA base,  and vice versa for a cationic sub-stituent. 
Thus, along both, the N and O series of substituents, the geometric shape and bond strength of our 
DNA base  pair  can  be  chemically  switched  between  three  states,  thus  yielding  a  chemically 
controlled supramolecular switch. 

Interestingly,  the  orbital  interaction  component  in  some  of  these  hydrogen  bonds  is  found  to 
contribute more than 49% of the attractive interactions and is thus virtually equal in magnitude to 
the electrostatic component, which provides the other somewhat less than 51% of the attraction.

Literature
1. C. Fonseca Guerra, T. van der Wijst, F. M. Bickelhaupt, Chem. Eur. J. 2006, 12, 3032.

2. C. Fonseca Guerra, Z. Szekeres, F. M. Bickelhaupt, Chem. Eur. J. (communication) 2011, 17, 8816.

3. C. Fonseca Guerra, T. van der Wijst, F. M. Bickelhaupt, ChemPhysChem 2006, 7, 1971
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Functionalization of the oxide/hydroxide of iron (delta-FeOOH): A theoretical 

and experimental study 
 

Silviana Corrêa1*, Maíra S. Pires1, Lívia C. T. Lacerda1, Marcus V. J. Rocha1-2 (PQ), Teodorico 

C. Ramalho1 (PQ), Elaine F. F. da Cunha1 (PQ). 

silvianacorrea123@yahoo.com.br 
1Laboratory of Molecular Modeling, Department of Chemistry, Federal University of Lavras, Lavras/MG 
2Department of Theoretical Chemistry, Faculty of Sciences, Vrije Universiteit, Amsterdam, Países Baixos 

 

Introduction 

 The hybrid materials are of great interest in commercial applications due to their unique 

properties resulting from the combination of thermal and chemical stability of the inorganic 

components and the flexibility of organic polymers. The development of hybrids based on 

PMMA (polymethylmethacrylate) and iron oxides have led to nanomaterials that have 

biomedical applications. For example, iron oxide microspheres have been used in hyperthermia 

treatments in cancer patients [1]. In view of this scenario, the objective is to synthesize a new 

hybrid material, PMMA/δ-FeOOH, assessing their spectroscopic and structural properties. 
 

Methodology 

The hybrid was obtained experimentally by functionalization of δ-FeOOH particles with 

TMSM (trimetóxisililpropilmetilmetacrilato), 500mg of the particles were dispersed in 2,6mL of 

TMSM and agitated in an ultrasound bath for 24 hours at 55 ° C. Lastly, washed with toluene 

and dried at 50 ° C for 24 hours. The material was characterized by spectroscopy in the infrared 

Fourier transform spectroscopy (FTIR). 

The theoretical calculations of potential energy surface (PES) were performed in periodic 

boundary conditions in the BAND program module ADF (Amsterdam Density Functional) in 

PBE/TZP level. A PCA analysis was done to interpret the results [2]. 
 

Results and Discussion 

 IR spectra were obtained for the materials δ-FeOOH (pristine) and δ-FeOOH/TMSM 

(Figure 1). In the spectrum of the functionalized ferroxita band 1096 cm-1 is attributed to the 

covalent Si-O-Fe. The functionalization occurs with the formation of Si-O-Fe bond. The 

disappearance of Fe-OH bond in 908cm-1 in the infrared spectrum of the δ-FeOOH/TMSM is 

also further evidence of the formation of the hybrid material. 
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Figure 1. IR spectrum for δ-FeOOH and δ-FeOOH / TMSM. 
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For construction of EPS (Figure 2) points were selected using factorial design star type, 

and the center point of the intersection angles 130, 130 relative to PMMA with the oxide surface. 

 
Figure 2. PMMA/δ-FeOOH (A); Potential energy surface chart (B). 

 

The point of lowest energy is characterized by the angles (155, 130). This feature defines  

the most stable structure of the hybrid material. The vibrational frequencies are in good 

agreement with the experimental. 

 

Conclusions 

In the IR spectrum, the formation is observed of the band that confirms the 

functionalization of iron oxide, and the potential energy surface calculations confirm that the 

formation of the material is favorable thermodynamically.  

The results allowed the identification of the PES minimum energy for hybrid PMMA/δ-

FeOOH. The theoretical IR calculation in good agreement with the experimental values. 
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Introduction
Nitric Oxide, NO, is involved in the control of sleep, neurotransmission, cardiovascular

control and in the blood pressure.1 In these sense, the study of nitrosyl complexes is a
convenient task to find new potential NO release systems.2 Specially ruthenium nitrosyl
complexes are good candidates due their physical and chemical characteristics,3 where the
NO reactivity is strongly modulated by the different ligands attached in the ruthenium
centre.4 A well-established class of ligands, the N-heterocyclic carbenes, NHCs, with a high
𝜎 donation and a poor 𝜋 acceptance are widely employed in organometallic chemistry.5
Recently Cheng and its colleagues6 reported a series of nitrosyl ruthenium complexes with
pyridine-functionalized NHCs acting as a bidentate ligand, which lead us to verify the
influence of the carbene nature and the different NO binding positions in the Ru-NO+

bond.7

Computational Methodology
The geometries were optimized with the BP86-D3/Def2-TZVP level of theory win

conjunction with ZORA as implemented in the ORCA v3.0.1 package. The minima structure
were verified by the absence of negative eigenvalues in the hessian matrices. The Ru-NO+

bond was analyzed by the energy decomposition analysis EDA-NOCV, at BP86-D3/TZVP+
level of theory, in the ADF 2013 package.

Results and Discussion
The results are summarized in a recently publication.7 Adopting the Cheng’s6 complex

1a as a model structure. We investigated the influence of different heteroatoms in the NHC
skeleton, and the NO+ group in the different positions, as shown in Fig. 1. The optimized
structures show a good agreement with the experimental x-ray data6, and the almost linear
angle (≈180∘) of Ru-N-O confirm the NO+ character. The Ru-NO+ bond lengths are shorter
than the Ru-Carbene and the Ru-N from the pyridine. The Ru-NO+ bond are shorter in
the 1a-16a than the 1b-16c complexes. In 1c-16c the carbene trans has a big influence in
the bond, specially in the PHCs complexes.

The interaction energy term was more stabilizing in the a complexes, followed by the b
and c. The less stabilized was the PHCs. The bond was majority covalent (≈70%), and two
𝜋-backdonation from Ru→NO+ and a 𝜎-donation NO+ →Ru is the principal contributors
to these stabilization, as shown in the Fig. 1.
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(Experimental)
Calculated

(a)

1a 2a 3a 4a

5a 8a 6a 9a

7a 10a 11a 16a

12a 13a 14a 15a

(b) (c)

Figure 1: (a) Optimized geometries for complexes 1a-1c, including the calculated and
experimental6 bond lengths (Å) and angles (∘) for complex 1a, (b) for complexes 1a-16a,
exemplifying the different carbenes used in this study, and (c) the density deformation
channels for complexes 2a and 7a, showing the two 𝜋-backdonation metal→ligand (Δ𝜌1
and Δ𝜌2) and the 𝜎-donation ligand→metal (Δ𝜌3)

Conclusions
The weaker Ru-NO+ bonds was found in the PHCs, especially in complexes when the

NO+ group is bonded trans to the carbene group. The bond was more covalent than
electrostatic in all 1a-16c complexes.
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Introduction
Cyclophanes are defined as compounds containing bridged aromatic rings,1 and due to

their structural features, they are used in polymer production, as catalysts in asymmetric
synthesis, biological recognition processes and in host-guest interactions, such as cation-𝜋
and anion-𝜋.2 An interesting class of cyclophanes are those bridged by NHCs units. Baker
and colleagues3 reported a ruthenophane presenting an unusual (𝜂1−NHC)2:𝜂6− arene
binding, 1. Seeking to give more insight about the electronic structure of this complex, and
extend our previous work4 we studied the complex reported by Baker3 (1), its different
possible isomers and conformers, through the energy decomposition analysis, EDA-NOCV.

Computational Methodology
The geometry optimizations were performed by with the BP86-D3/Def2-TZVP level

of theory, including ZORA in the ORCA v3.0.1 package. The minima structures were
verified by the absence of imaginary vibrational frequencies. The interaction between
the cyclophane↔{RuCl}+ fragments was analyzed by the energy decomposition analysis,
EDA-NOCV, at BP86-D3/TZVP+ level of theory, as implemented in the ADF 2013 package.

Results and Discussion
The optimizations showed that the isomers 1s and 2 adopt an 𝜂2-arene coordination with

the top aromatic moiety, whereas the others, 1, 3-9 prefer an 𝜂6-arene coordination to the
ruthenium atom, as shown in Fig. 1. The electronic energy indicates that the more stable
complexes are the 1 and 4, and that the bottom aromatic moiety, which are not bonded to the
ruthenium, controls this factor, were the stabilization follow the trend orto>meta>para. The
EDA-NOCV results showed that the cyclophane↔{RuCl}+ interaction are very stabilizing,
ranging between -327.9 and -362.6 kcal·mol−1. For all complexes, the orbital term was the
most pronounced, indicating a large covalent character (about ≈ 55% of the total stabilizing
interactions), where the electrostatic component, describing the coulombic interaction was
also high stabilizing (≈ 45%). The density deformation channels indicates two 𝜎-donation
from the carbene atom to the metallic centre and a 𝜋-backdonation metal→ligand.

Conclusions
It was found that the Baker3 complex is the energetically the most stable among the

different isomers, followed by the meta-orto isomer. The interaction is mostly covalent but
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(a) (b) (c)

Figure 1: (a) Optimized geometries for complexes 1-9 with some geometrical bond lengths,
in Å; (b) electronic energy relative to complex 1; the EDA-NOCV energy terms (Δ𝐸𝑖𝑛𝑡,
Δ𝐸𝑒𝑙𝑒, Δ𝐸𝑃 𝑎𝑢𝑙𝑖 and Δ𝐸𝑜𝑟𝑏) for complexes 1-9; and the interaction energy (Δ𝐸𝑖𝑛𝑡) relative
to complex 1; and (c) the forth first density deformation channels, Δ𝜌1-Δ𝜌4 for complex 1.

with a wide electrostatic character. The density flow show two 𝜎-donation to the ruthenium
centre and also a 𝜋-backdonation from the metal to the cyclophane.
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INTRODUCTION 

The Gaussian theory has been developed over the last decades with the goal of approaching 
exact molecular energies using a set of ab initio calculations.  Mayhall et al.  collected a test set 
comprising of 20 enthalpies of formation for transition metal compounds for testing three different 
methods. One of them is referred to as the G3(MP2,CCSD,rel) theory and provided a mean absolute 
deviation (MAD) of 4.58 kcal mol-1 , which is three times the average experimental uncertainty of 
1.5 kcal mol-1 . The objective of this work is to test the Stuttgart/Dresden pseudopotential in the 
G3(MP2,CCSD,rel) with M06-L to be used in transition metal compounds. 

METHODS 

The G3(MP2,CCSD,rel) composite energy is obtained by combining CCSD(T), MP2, and 
Douglas-Kroll-Hess  (DKH)  calculations  with  progressively  larger  basis  sets,  and  including 
firstorder spin-orbit corrections for atoms and molecules (ΔE(SO)), zero-point energy corrections 
(E(ZPE)), and an empirical higher level correction (E(HLC)) that depends on the number of paired 
and unpaired electrons. 

All steps of the original G3(MP2,CCSD,rel) theory were used and adapted to include the 
Stuttgart/Dresden pseudopotential. The modified method was named as G3(MP2,CCSD,rel,SDD). 
The general expression for the composite energy is given by the expression: 

Eo[G3(MP2, CCSD, rel)] ) = CCSD(T)/6- 31G(d) + ΔE(MP2) + ΔE(rel) + ΔE(SO) + E(HLC) + 
E(ZPE) 

Where: ΔE(MP2) ) = E[MP2/G3MP2LargeXP] - E[MP2/6-31G(d)]    And 

ΔE(rel) ) = E[DKH-CCSD(T)/6-31G(d)] – E[CCSD(T)/6-31G(d)]

The scalar relativistic corrections were obtained from DKH-CCSD(T)/6-31G(d) single-point energy 
calculations using a second-order DKH scalar relativistic Hamiltonian. The ZPE correction was 
obtained  from  scaled  harmonic  approximation  and  spin-orbit  effects  were  obtained  from  the 
literature. 

RESULTS

Table  1  contains  20  enthalpies  of  formation  of  compounds  containing  Sc-Zn  atoms 
calculated  using  the  G3(MP2,CCSD,rel),  G3(MP2,CCSD,rel,SDD)  and 
G3M06(MP2,CCSD,rel,SDD) methods. The deviations with respect to available experimental data 
for these molecules are given in this table as well as the mean absolute deviation (MAD). All data 
are in kcal mol-1 and were calculated as experiment minus theoretical data.  G3(MP2,CCSD,rel) 
presented a MAD of 4.58 kcal mol-1, And G3(MP2,CCSD,rel,SDD) presented a similar MAD of 
4.39 kcal mol-1 . A general comparison of the data shows that the use of pseudopotential does not 
follow  the  same  trend  of  the  deviation  observed  for  the  all-electron  calculations,  while 
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G3M06(MP2,CCSD,rel,SDD)  presented a similar MAD of 3.95 kcal mol-1
TABLE  1:  Experimental  enthalpies  of  formation  (in  kcal  mol-1 )  at  298  K  and  deviations  calculated  at  the 
G3(MP2,CCSD,rel) and G3(MP2,CCSD,rel,SDD) levels of theory. 

Moléculas Experimental G3(MP2,CCSD,rel) G3(MP2,CCSD,rel,SDD) G3M06(MP2,CCSD,rel,SDD)
ScO -13.0±2.2 -2.4 -7.59 -7.39
ScCl3 -160,5±2.1 5.97 -0.04 0.41
TiO -13.7±2.2 0.68 -7.88 -6.61
TiF4 -370.8±1 5.48 -1.43 0.18
VO -31.8±2 -1.97 -9.24 -5.63

CrCl -31.0±0.6 1.13 1.03 2.17
CrO3 -77.3±1 9.12 2.49    -3.77
MnCl 15,8±1.6 9.37 6.91 9.45
MnS 63.31±2 1.5 -4.94 -3.14
FeCl 49.5±1.6 8.95 5.81 2.56
FeCl2 -32.8±1 7.71 3.54 4.51
FeCl3 -60.5±1.2 9.43 3.17 5.76
CoCl2 -22.6±1 5.56 -0.92 0.43
CoCl3 -39.1±2.5 2.94 -7.38 -4.30
NiCl2 -17.4±1 5.35 -0.26 0.37
NiF2 -77.8±1.1 8.9 6.21 8.90
CuH 65.9±2 -0.53 -4.22 -6.49
CuCl 19.3±2 0.83 6.40 5.34
ZnH 62.9±0.5 0.31 -2.85 -0.31

Zn(CH3)2 12.86±2 3.52 -4.31 -1.33
MAD 4.58 4.33 3.95    

CONCLUSIONS 

The  G3(MP2,CCSD,rel,SDD)  and  G3M06(MP2,CCSD,rel,SDD)  method,  which  includes  scalar 
relativistic effects, presented a mean absolute deviation of 4.39 kcal mol -1 and 3,95 kcal mol-1 for a 
test set of 20 enthalpies. The method presents an excellent performance when compared with the 
all-electron version. The outliers observed in both sets of calculations are being analyzed. 
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Introduction 
G-quadruplex (GQ) structures are non-canonical secondary structures of DNA, some of them 
has been found in relevant regions of human genome such as telomeres,1,2 and promoter 
regions of oncogenic genes, being considered potential therapeutic targets against cancer 
(Mitchell et al, 2013). Some Naphtalene diimide derivatives has been demonstrated as ligands 
of these GQ-structures modulating their stability, and in consequence their biochemical 
effects. Understanding the interaction between small organic ligands such as Naphthalene 
diimides (NDIs) and DNA G-quadruplex structure at the molecular level is important for the 
design of new drugs and probes that can recognize these structural motifs.  

Methodology 
Five individual GQ structures having NDIs as ligands were retrieved from PDB database 
(accessing codes: 4DAQ, 4DA3, 3 UYH, 3T5E, and 3SC8) and compared each other by 
structural alignment for determining a consensus pattern of interaction between a G-quartets 
and NDIs (Fig 1). Then the geometries of the stacked complex between three, two or one G-
quartet and a NDI, and their isolated forms were optimized at PBE/DNP DFT level of 
calculus using dmol3 program, in order to investigate the interactions between GQ and NDIs, 
and the influence of the number G-quartets on them. It should be noted that some authors 
argue that BSSE for numerical basis sets such as DNP is close to zero, and the DNP set is 
comparable in quality to quite large triple-zeta basis sets, being efficient in terms of accuracy 
per computational cost.4,5 Bulk solvation effects were represented by the COSMO continuum 
solvation model assuming the bulk dielectric constant of 78.5 for water. The binding energy 
values for the interaction of NDI moiety and the G-quartets were determined by:  
E = E (G4 · · · NDI)− E (G4)− E (NDI), where E (G4· · ·NDI) is the energy of the G-quartet 
complex with NDI, E (G4) is the energy of an isolated G-quartet and E (NDI) is the energy of 
the optimized NDI molecule. 
 
Results 
The consensus structure for the complex between GQ G-quartets and NDI moiety is shown in 
Fig 1A, their pi interactions between NDI moiety and adjacent G-quartet are shown in Fig 1B.   

 
Figure 1. Consensus structure for the interaction between GQ and NDI moiety. 
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The differences between the values of binding energy between NDI moiety and the GQ 
structure including one, two or three G-quartets were not superior to 2.3 Kcal mol-1 
 
Conclusion 
According to our results, the interaction between the adjacent G-quartet and NDI moiety was 
not influenced by the presence of the other G-quartets, then a model which includes one G-
quartet and a NDI moiety is sufficient for studying at other levels of calculus, the van der 
Waals dispersive forces, permanent electrostatic effects of interacting dipoles and 
hydrophobic effect included in the aromatic stacking. 
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Introduction 

The internal rotation potential of amide C-N bonds is important for the understanding 

of the conformation of proteins. Hence many experimental and theoretical studies have been 

reported on the internal rotation of the amide bond. 
[1]

 Formamide had attracted much interest 

to characterize its fundamental properties for the last two decades since it is the simplest 

compound containing the amide linkage (-CO-NH-). 
[2, 3]

 

Experimental observations have revealed that the internal rotational barrier height of 

the amide bond is strongly affected by the solvent. The importance of the use of large basis set 

and electron correlation correction in conformational energy calculations has been 

claimed.
[1,3]

 Therefore, the objective of this work is to conduct a systematic study involving 

basis set, electron correlation and solvent effect on the barrier high. 

Computational Methodology 

All calculations were carried out with Gaussian 09W 
[4]

 software and aug-cc-pVTZ 

Dunning basis set using B3LYP hybrid density functional, second-order Møller-Plesset 

Perturbation Theory, Quadratic Configuration Interaction (QCI) calculations including singles 

and doubles substitutions with a triples contribution and Coupled Cluster (CC) method using 

both singles and doubles substitutions including triple excitations non-iteratively. The 

solvation effect was calculated using implicit solvation models: PCM (Polarizable Continuum 

Model), C-PCM (Conductor-like PCM), IEFPCM (Integral Equation Formalism Polarizable 

Continuum Model), SMD and COSMO (Conductor-like Screening Model) in different 

environments n-hexane, thf, methanol, water and formamide. 

Results and Discussion 

 Investigations carried out by our group using the G3(MP2)//B3-CEP composite 

theory
[5]

 indicated that the planar structure is 20.7 kcal mol
-1

 more stable than the 

conformation where the O-C-N-H dihedral angles are 90°. The maxima of the potential curve 

were characterized as transition states: Ts1 (562.2i cm
-1

) and Ts2 (479.9i cm
-1

) are 15.8 and 

17.2 kcal mol
-1

 more stable than the planar structure. Figure 1 shows the most important 

conformations of the formamide. 

    
Planar Ts1 90º Ts2 

Figure 1. Different geometries of formamide. 

From the transition structures calculated in vacuum, Tsn (n=1 and 2) the solvent effect 

was included in the calculations in order to estimate the changes in the barrier high, shown in 

Table 1. The results show that the barrier can be enlarged in values around ±2 kcal mol
-1

. 
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Table 1. Theoretical values for rotation barriers of formamide (90°) in solution, kcal.mol
-1

 

Method/ 

basis set 

Solvents 
Internal rotational barrier heights 

PCM SMD IEFPCM  COSMO C-PCM 

B3LYP/ 

aug-cc-pVTZ  

(vacuum =23,74) 

n-hexane (ε=1.88) 24,24 24,16 24,24 24,45 24,24 

thf (ε=7.42) 24,97 24,75 24,97 25,46 24,97 

methanol (ε=32.61) 25,20 26,20 25,20 25,79 25,20 

water (ε=78.35) 25,24 26,29 25,24 25,85 25,24 

formamide (ε=108.94) 25,25 26,28 25,25 25,87 25,25 

MP2/ 

aug-cc-pVTZ  

(vacuum =22,97) 

n-hexane (ε=1.88) 23,57 23,50 23,57 23,75 23,57 

thf (ε=7.42) 24,27 24,07 24,27 24,75 24,27 

methanol (ε=32.61) 24,50 25,51 24,50 25,09 24,50 

water (ε=78.35) 24,54 25,62 24,54 25,15 24,54 

formamide (ε=108.94) 24,55 25,60 24,55 25,16 24,55 

QCISD(T)/ 

aug-cc-pVTZ  

(vacuum =22,19) 

n-hexane (ε=1.88) 22,82 22,75 22,82 23,02 22,82 

thf (ε=7.42) 23,56 23,29 23,56 24,08 23,57 

methanol (ε=32.61) 23,80 24,89 23,80 24,42 23,80 

water (ε=78.35) 23,85 24,98 23,84 24,48 23,85 

formamide (ε=108.94) 23,85 24,97 23,85 24,50 23,85 

CCSD(T)/ 

aug-cc-pVTZ 

(vacuum =22,11) 

n-hexane (ε=1.88) 22,74 22,67 22,74 22,95 22,75 

thf (ε=7.42) 23,49 23,36 23,49 24,01 23,50 

methanol (ε=32.61) 23,73 24,82 23,73 24,36 23,73 

water (ε=78.35) 23,78 24,93 23,78 24,42 23,78 

formamide (ε=108.94) 23,79 24,91 23,79 24,43 23,79 
(‡)

 Experimental rotation barriers  

for formamide in solution 

neat 18,9 ± 1,0 

water 21,3 ± 1,3 
(‡) 

Wang, X.C.; Facelli, J.C.; Simons, J.; Int. J. Quant. Chem. 1993, 45, 123-132. 

Conclusions 

 The trend of increased rotation barrier height by increasing the dielectric constant was 

observed independent of the solvation model or the methodology used. The results obtained 

with the PCM, IEFPCM and C-PCM models are essentially the same. The lowest values for 

the height of the barrier were obtained with the CCSD(T) method. 
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Introduction
The nitric oxide, NO, and its derivatives RNOs are compounds present in different

physiological processes, including inflammatory and neurological responses, vasoconstriction,
vasodilation, and induction of cellular apoptosis.1 Ruthenium and osmium nitrosyl complexes
have been considered as a well suited option to medical applications,2 specially those
containing amino acids as ligands.3 Recently, Osmium4 (II) and Ruthenium5 (II) nitrosyl
complexes containing amino acids as ligands were reported, namely the mer(Cl),trans(NO,O)-
[RuCl3(AA-H)(NO)]−. Since the nature of metal-ligand bonding is a crucial point to modulate
the behaviour of such complexes, we have studied the metal ligands bonding situation in
the light of GKS-EDA, by considering the following amino acids glycine, L-alanine, L-
valine, L-proline, D-proline, L-serine, L-threonine, L-tyrosine, L-methionine, L-histidine, and
L-cysteine as ligands.

Computational Methods
The geometries were optimized with the BP86-D3/Def2-TZVPP level of theory in

conjunction with ZORA as implemented in the ORCA v3.0.1 package. The minima structures
were verified by the absence of negative eigenvalues in the Hessian matrices. The M-NO+,
M-Cl𝑛− (𝑛=1, 2 and 3) and the M-(H-AA)− bond interactions (M = Ru(II) and Os(II))
were analyzed by the Generalized Kohn-Sham Energy Decomposition Analysis, GKS-EDA,
at the same level of theory, as implemented in GAMESS-US 2012 package.

Results and Discussion
All obtained geometries presented pseudo-octahedral coordination with three chloride

atoms in mer position and the NO group trans to the bonding oxygen of amino acid. In
both class of complexes the nitrosonium character of the NO ligand was verified by the
almost M(II)-N1-O1 linearity. The nature of amino acid ligands. As shown in Fig. 1 (a), the
GKS-EDA results indicates that the metal-ligand interactions between the ligands and the
metal centre are slight stronger within the Ru(II) than the Os(II) complexes. Among the
ligands, the M-NO+ presented the most stabilizing interaction, followed by the M-(H-AA)−

interaction. The less stabilizing interaction energy was found to the M-Cl𝑛− (𝑛=1,2,3). In
both series of compounds and for all fragmentation scheme, the orbital interaction is the
main factor to the bond stabilization (Fig. 1 (b) and (c)).
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(a) (b)

(c) (d)

Figure 1: Optimized geometries for 1a and 1b with selected geometrical parameters; (b)
GKS-EDA energy components for complexes 1a-1b; and (c) the total interaction energies
for complexes 1a-11a relative to 1a and (d) for complexes 1b-11b relative to 1b.

Conclusions
Both ruthenium and osmium complexes presents structures with similar geometrical

parameters. The bond character in all fragmentation scheme is mainly covalent, but
electrostatic character is also very stabilizing.
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Introduction
Bulk gold is well known for its chemical stability. Chalcogenate-protected gold nanoclusters

(NCs), on the other hand, have very distint structures and behaviours depending on their
particle sizes[1], which makes them technologically interesting.

Ligands can, however, strongly influence gold NCs’ properties as well[1]. This work
attempts to explore the effect of the ligand by comparing a Au(111 ) model and a chalcogenate-
protected gold NC model.

Computational Methodology
Models for the Au(111 ) face were build and adsorbed on different sites (B, HCP and

FCC) by different ligands (X−CH3, X = S, Se, Te), as shown in Fig. 1. These models were
employed as starting points to build the nanocluster models.

Geometries were optimized using the BP86-D3-ZORA/def2-TZVP level of theory, as
implemented in the ORCA package (version 3.0.1). Structures were identified as local minima
through frequency calculations. The nanocluster–ligand interactions were analyzed by an
Energy Decomposition Analysis (EDA-NOCV), at BP86-D3-ZORA/TZVP+ level of theory,
as implemented in the ADF package (version 2013).

Results and Discussion
Sulphur-surface distances on the Au(111 ) model were 2.03 Å, 2.04 Å and 2.00 Å for B,

HCP and FCC (Figs. 1a, 1b and 1c), respectively. A similar bridge-like behavior was reported
by Fertitta et al.[2] (1.990 Å, 1.880 Å and 1.876 Å, respectively) using PBE with a plane
wave basis set on a seven-layer SAM model. We can thus observe that our values for a simple
surface model are within 1% those obtained from a more complex and expensive calculation.
When completely optimized, our models have an average S−Au distance (2.37 Å) close to
one found in a nanocluster of similar size characterized by cristalography (2.38 Å)[3].

From the EDA-NOCV analysis it is observed that stronger interactions happen with
heavier chalcogens. Relaxing the gold structure also strengthens the interactions, as expected.
In all cases, the density differences from EDA-NOCV expose ligand-cluster charge transfers
and ligand polarizations. Hirshfeld charges indicate that the absolute partial charge on the

II EQC & ADF CCW

15 FFCLRP, 2015



(a) B site (b) HCP site (c) FCC site

(d) B site (opt.) (e) HCP site (opt.) (f) FCC site (opt.)

Figure 1: Au(111 ) face with S−CH3 adsorbed on different sites (B, HCP and FCC) and their
respective relaxed structures.

NC grows with the softness of the chalcogen (𝑞NC = 0.022, -0.003 and -0.028 for S, Se and
Te in Fig. 1f, respectively) but are increased on the surface model (𝑞NC = -0.078, -0.150 and
-0.199 for S, Se and Te in Fig. 1c, respectively).

Conclusions
Our optimized structures show a central gold atom, which is experimentally observed in

clusters of similar size[3].
Ligand-metal charge donations plays a key role in the studied interactions, but may be

much more important on Au(111 ) than on the surface of nanoclusters. Changing Se for S
may also enhance that effect as well.
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Introduction
The risks offered to the environmental and human health have placed polycyclic aromatic

hydrocarbons (PAH) (Figure 1a) under the spotlight, since carcinogenic, teratogenic, and
mutagenic effects are related to them.1 Stoddart2 have described the sinthesys and ability of
ExBox4+ (Figure 1b) to scavenge 11 different electron-rich PAH in different environments,
observing that all 11 PAH form inclusion complexes with ExBox4+.

(a)

(b)

Figure 1: Schematic representation of (a) 11 polycyclic aromatic hydrocarbons (PAH) and
(b) ExBox4+.

Objectives
The aim of this work is understand the nature of host-guest interaction between ExBox4+⊂PAH.

Computational Methodology

II EQC & ADF CCW

17 FFCLRP, 2015



The geometries were optimized using the BP86-D3BJ/Def2-TZVP level of theory as
implemented in the ORCA v3.0.1 package. The ExBox4+⊂PAH interactions were analyzed
by the energy decomposition analysis EDA-NOCV, at BP86-D3BJ/TZ2P level of theory, in
the ADF 2013 package.

Results and Discussion
The general trend that was observed in ExBox4+⊂PAH interaction is that the values of

Δ𝐸𝑖𝑛𝑡 range from -29.99 kcal·mol−1 to -62.78 kcal·mol−1, wich is due to the volume inside.
Therefore, when big PAH (like chrysene, perylene and coronene) are inside ExBox4+ the
charge flows more easily between PAH to positively charged corners of ExBox4+, Δ𝐸𝑒𝑙𝑒

and Δ𝐸𝑜𝑟𝑏 endorse this feature. Obviously, Δ𝐸𝑑𝑖𝑠𝑝 represent the main contribution in this
interaction, being the more expressive due of high 𝜋 − 𝜋 interaction between phenilene spacer
of ExBox4+ and aromatic rings of PAH.

Table 1: EDA-NOCV of ExBox4+ complexed with PAH (values in kcal·mol−1). Employing
BP86-D3BJ level of theory and TZ2P basis set.

1 2 3 4 5 6 7 8 9 10 11
Δ𝐸𝑖𝑛𝑡 -29.99 -43.27 -42.72 -47.32 -51.75 -51.87 -52.87 -52.21 -50.37 -57.20 -62.78

Δ𝐸𝑃 𝑎𝑢𝑙𝑖 23.15 33.83 32.54 35.37 41.30 43.86 42.73 41.33 35.94 42.79 46.68
Δ𝐸𝑒𝑙𝑒 -12.36 -19.61 -18.86 -20.64 -22.64 -24.43 -24.50 -22.92 -21.24 -25.21 -27.08

(23.4%) (25.4%) (25.1%) (25.0%) (24.3%) (25.5%) (25.6%) (24.5%) (24.6%) (25.2%) (24.7%)
Δ𝐸𝑜𝑟𝑏 -6.62 -9.00 -8.13 -9.50 -15.20 -13.48 -12.78 -12.56 -11.47 -13.21 -14.98

(12.5%) (11.7%) (10.8%) (11.5%) (16.3%) (14.1%) (13.4%) (13.4%) (13.3%) (13.2%) (13.7%)
Δ𝐸𝑑𝑖𝑠𝑝 -34.16 -48.49 -48.28 -52.55 -55.21 -57.82 -58.31 -58.06 -53.60 -61.57 -67.41

(64.3%) (62.9%) (64.1%) (63.5%) (59.3%) (60.4%) (61.0%) (62.1%) (62.1%) (61.6%) (61.6%)
𝑞1 3.93 3.96 3.97 3.95 3.85 3.91 3.93 3.94 3.95 3.95 3.94
𝑞2 0.07 0.04 0.03 0.05 0.15 0.08 0.07 0.06 0.05 0.05 0.06

Conclusions
The magnitude of ExBox4+⊂PAH interaction exhibited an expressive Δ𝐸𝑑𝑖𝑠𝑝 contribution,

59.3% to 64.3%. Δ𝐸𝑜𝑟𝑏 range between 10.8% to 16.3% meanwhile electrostatic Δ𝐸𝑒𝑙𝑒 term
range between 23.4% to 25.6%. So we can find the way of how ExBox4+⊂PAH interactions
occurs, being our next step modify ExBox4+ moiety in attempt to manipulate the selectivity
of this by specific PAH.
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Introduction 

Isomoschatoline is an oxoaporphines alkaloid isolated from Cleistopholis and 

Guatteria, both belong the Annonaceae
1
 family of plants. This family are known for 

their medicinal properties. Recent studies show that this alkaloid has significant 

activities as antifungal, antiproliferative against C. albicans, human tumor cell lines of 

breast and antioxidant
2
. 

Mass spectral fragmentation patterns for Isomoschatoline have not been reported 

previously.  Furthermore, basic sites such N and O promote an interesting discussion 

based on the reactivity, considering the proton transfer reaction.   

In this work it was studied the multi-pathways of Isomoschatoline fragmentation 

patterns at density functional theory (DFT) level. The energies of major pathways were 

reported providing a closer look at the intermediate structures.  

Computational Methodology 

Optimized geometries and relative free energies of the ions obtained by 

fragmentation, were carried out at M06-2X/6-31+G(d,p)  level of theory. The 

equilibrium geometries were confirmed by harmonic vibrational frequencies 

calculations. All calculations were performed using the Gaussian 09 program
3
.    

Results and Discussion 

Free energies were calculated for precursor, intermediates and product ions, 

observed at the mass spectra. We employed both the protonation and fragmentation 

pathways. The optimized geometries for the imine nitrogen (N1), carbonyl oxygen 

(O3), and the hydroxyl group (O4) protonated were successfully obtained and carefully 

analyzed. Table 1 shows the proton affinities (in kcal mol
-1

) for the Isomoschatoline 

protonated compounds obtained by M06-2X/6-31+G(d,p) level. 

Table 1. Proton affinities, (in kcal mol
-1

) for protonated species of Isomoschatoline. 

 

 

 

 

 

 

 

 Protonation site  

N O OH  

     Isomoschatoline                 241.06 236.52 179.02  
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The calculations using M062X exchange-correlation functional and 6-31+G(d,p) 

basis sets were employed in order to obtain the detailed reaction pathways involved in 

the fragmentation of Isomoschatoline. The Fragmentation process leads to two different 

fragmentation patterns, and these results are shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Energy profiles of the Isomoschatoline fragmentation pathways calculated at M062X/6-
31+G(d,p) level of theory. The relative free energies were obtained at 298.15 K and are shown in kcal 
mol

-1
. 

The reaction begins with the O-CH3 bond breaking from the m/z 308 precursor 

ion. This process leads the formation two ions. One of them is the m/z 293 ion and other 

is the m/z 275 ion. The first ion is more stable than the second ion. Water loss was 

observed for the fragments m/z 275 and was the most important fragmentation channel 

for the ion.  

The product with m/z 247 was obtained by ring contraction through CO group 

elimination. At this step, it was observed a reversion in the order of stability. The 

relative Gibbs energies for products are 61.57 and 74.58 kcal mol
-1

.    

Conclusions 

The fragmentation process of protonated Isomoschatoline was investigated at 

M06-2X/6-31+G(d,p) level of theory and supported by results obtained through mass 

spectrometry data. The fragmentation pathway was based on successive elimination of 

CH3, H2O and CO groups. An preferably fragmentation can be seen in the side groups, 

keeping intact the aromatic rings till the last step, in which occurs a change in stability 

of the products formed. 
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Introduction 

Hydrazine (N2H4) and its derivatives form an important group of energetic molecules 

whose decomposition is exploited as fuel element for propulsion of rockets and satellites 

launchers. The knowledge of the reactions involved in the decomposition of hydrazine and 

others propellants is important to apply in the kinetic modeling of flame reactions. In this 

work we are directed to study the interaction of the species formed from hydrazine 

decomposition with the tetrahedral Pt4 cluster representing the catalyst surface. Although it is 

a small cluster, one can compare our results with the recent studies on the interaction of some 

of these species (N2Hx) with the larger Pt20 cluster [1]. This study presents the structures and 

the adsorption energies of species N2H4, N2H3, N2H2, NNH2, N2H, HNNH3, N2H5, N2 and the 

transition states (TSI and TSII) interacting with Pt4 cluster. The TSI transition state represents 

the intermediate between hydrazine and HNNH3 species and TSII represents the dissociation 

of the N2H5 in NH2 and NH3, and both take part of an overall study about hydrazine 

decomposition. 

 

Computational Methodology 

All geometry optimizations were carried out by using the density functional method, 

M06. The effective core potential (ECP) LANL2DZ basis set, including the effective core 

potential was employed for the Pt atom and the 6-311++G(d,p) basis set was used for the N 

and H atoms. Geometry optimizations were carried out with partial constraints, with Pt-Pt 

distances were kept constant and equal to the experimental bulk distance, 2.775 Å. All the 

electronic calculations were carried out using the Gaussian 09 code. 

 

Results and Discussion 

The relaxation effects on the cluster optimization have been calculated for the 

hydrazine adsorption and the results demonstrate that the adsorption energy varies only 1 

kcal.mol
-1

 when the system cluster-molecule is fully optimized.   

The Table 1 presents the adsorption energies for the above related species. 

The relative adsorption energy values for the N2H4, N2H3 and N2H2 species are about 

30 kcal.mol
-1

, for the NNH and NNH2 species are about 20 kcal.mol
-1

, and for the N2H5, TSII, 

HNNH3 and TSI species the Eads values are respectively equal to -61.2, -58.4, -54.5 and -43.6 

kcal.mol
-1

, much higher than the other. These higher Eads values indicate that these species are 

stabilized when interact with the platinum atoms. Analyzing the N2H5-Pt4 geometry, despite 
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the high value of Eads, we observe that the Pt-N bond distance is relatively large, 2.41 Å, 

therefore the high value of the adsorption energy can be related to the greater proximity of the 

hydrogen atoms of the adsorbed species with the platinum atoms as presented in Table 1. 

 

Table 1: Adsorption energies of the N2Hy species on Pt4, using M06/6-311++G(d,p)
 

Species E E0 

 kcal.mol
-1

               eV kcal.mol
-1

           eV 

N2H4Pt4 -31.1  (-18)
a
         -1.35 

-30.5 (relaxed)     -1.32 

-29.5                 -1.28 

-28.6                 -1.24 

HNNH3Pt4 -54.5                    -2.36 -52.5                 -2.27  

N2H5Pt4 -61.2                    -2.65 -59.3                 -2.57 

TSIPt4  -43.6                    -1.89  -42.3                 -1.83  

TSIIPt4  -58.4                    -2.53  -55.3                 -2.40  

N2H2Pt4 -36.1   (-16)
a
        -1.56 -34.4                 -1.49 

N2H3Pt4 -30.7  (-18)
a
         -1.33 -28.3                 -1.23 

NNH2Pt4  -21.7                    -0.94  -19.5                 -0.84  

NNHPt4  -22.0 (-1)
a
            -0.95 -19.1                 -0.83 

N2Pt4  -0.3                      -0.01 + 0.5                 +0.02 
          a Botte et al. [1], N2Hy on Pt20 cluster, the original values are given in kJ.mol-1 

 

Note that the adsorption energy can be directly related with the Pt-H bond distance, 

the adsorption energy increases as the distance between Pt and H decreases, see Table 2. In 

the case of N2H5-Pt4, there are two hydrogen atoms closer to the Pt atoms, 2.19 and 2.20 Å. 

The adsorption energy for hydrazine on the platinum surface Pt(111) calculated by Agusta et 

al. [2] using the plane wave DFT as implemented in VASP is equal to -1.03 eV.  

 

Table 2: Adsorption energies and bond distances using M06/6-311++G(d,p)
 

Species E ads kcal.mol
-1

 r (Pt-H) Å r (Pt-N) Å 

N2H5Pt4 -61 2.19  2.41 

TSIIPt4 -58 2.57 2.04 

HNNH3Pt4 -54 2.64 2.08 

TSIPt4 -43 2.73 2.07 

N2H4Pt4 -31 3.50 2.13 

 

Conclusions 

 The adsorption energy seems to be directly related with the distances between 

hydrogen atoms of the adsorbed species with the platinum atoms, beyond the Pt-N interaction, 

the Pt-H distance is also important for determining the adsorption energies.   
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Introduction  
 
 Some molecules have an intrinsic property called fluorescence. In particular, proteins exhibit 
this property due to three main amino acids: phenilalanine (Phe), tyrosine (Tyr) and tryptophan 
(Trp). The tryptophan has been tremendously studied because its fluorescence properties and 
quantum yield. But these quantum yields are extremely sensitive to the local environment. Due to 
these phenomena is that although many proteins have one Trp, their fluorescence quantum yields 
are different. To understand how environment modulates the quantum yield of TRP, is that our 
group started to study the NATA using QM methodologies.  
 
 
Computational Methodology  
 
 Geometry optimization of NATA molecule were carried at cam-B3YP / 6-311++g(d,p). In 
order to obtain the ground and exited states, TD-DFT were employed using cam-B3YP / 6-
311++g(d,p).  All QM calculation was done in Gaussian 09.     
             
          
 
Results and Discussion  
 
 The QM calculation of the ground and excited states of NATA showed that the electron 
distribution around the molecule has a differential location. In the case of the ground state, it were 
identified that the electronic density are mainly located in the indole ring of NATA.  Excited states 
were analysed and it were found two main states. One of them explain the fluorescent state of 
NATA and the other one explain a charge transfer state, in which the electron distribution are mainly 
located at the amide group of  NATA. 
 
Conclusions  
  
 NATA showed to has two main exited states, one describing the fluorescent state and the 
other the charge transfer state. The charge transfer state is a key to explain the quantum yield of 
NATA. Additional studies need to be done in different solvents to known how the charge transfer 
modulate the quantum yield o NATA. 
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It is well known that non-covalent weak interactions such as Halogen Bonds play an important 

role ruling the protein-ligand complexes in biological systems¹. There are a few empirical potentials being 

developed to improve the force fields accuracy for a better description of electronic effects²,³. Therefore, 

it is necessary trustful quantum methods to act as benchmarks to force fields parametrizations. In this 

work, DFT-D3 methods have been tested to perform aromatic Halogen Bonds studies. Moreover, the 

interaction of benzene and s-triazine (Fig 1) is a model to understand and propose a new and efficient 

empirical potential.  

The performace of DFT-D3 functionals can be seen in Table 1. MP2/aug-cc-pVDZ predicts 

better the re but fails with the energy compared to CCSD(T). The performance of M062XD3 with 6-

31+G** seems to be very enough and interesting in aspects of computational cost. In Fig 2a confirms that 

conventional force fields are not sensitives to complex electronic effects caused by the presence of 

different substituents. Furthermore, results from the new developed potential (1) are shown in Fig 2b. 

Besides the low range energy minimization, the new equation can predict the variation of σ-hole charge 

(δ) and its position regarding the interaction axis. 

Table 1.  NCBr-Ar complex interaction energies (ΔE) in kcal.mol-1, equilibrium distances (re) in Å and the deviation from 
CCSD(T) energies (dCCSD(T)) in kcal.mol-1. 

Method 
 6-31+G**  

 
aug-cc-pVTZ 

 
 re ΔE dCCSD(T)  re ΔE dCCSD(T) 

B97D3BJ  3.381 -4.48 -0.48  3.389 -4.31 -0.31 

B3LYPD3BJ  3.369 -4.37 -0.37  3.363 -4.34 -0.34 

M062XD3  3.305 -4.13 -0.13  3.234 -3.98 0.02 

                   re                      ΔE      dCCSD(T) 

MP2/aug-cc-pVDZ4 3.369                 -4.37 -0.37 

CCSD(T)/CBS14 3.35 -4 - 

 

 

𝐸𝑣𝑑𝑤−𝑥−𝑎𝑟(𝑟) = 𝛾 {
𝑟𝑒−(𝛿 6⁄ cos ∅)

𝑟
− 2

𝑟𝑒

𝑟+([1+𝛿]21+𝛿 25𝑟⁄ ) cos ∅
} (1))   

  

 

Figure 1. s-Triazine structure (X=Br, Y=H,NO2). 

 

Figure 2. s-Triazine-Benzene interaction results: a) Uff 

versus M062XD3/6-31+g** and b) The new potential 

(vdw-x-ar) versus Lennard-Jones potentials when Y=H 
Our results highlight the importance of the correct energy and geometry predictions in aromatic 

halogen-bonded systems. Molecular Mechanics methods can be a powerful tool to the comprehension of 

these interactions if well parametrized and supported by QM methods.  
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Introduction 
Since their discovery in the mid-1960´s, poly(pyrazolyl)borates, often referred as 
scorpionates, have raised a lot of interest in the field of coordination chemistry.1 
Because of its versatility, structure and easy synthetic access, these ligands have been 
used to obtain complexes with almost all metals in the periodic table.1c In addition, 
different electronic and steric effects can be obtained by varying the number, position 
and nature of the substituents groups in the pyrazole rings. The coordination of the 
poly(pyrazolyl)borates with trivalent lanthanide ions can lead to the formation of 
compounds with interesting luminescent properties.2 In this way, this study is aimed to 
investigate the nature of chemical bonding and electronic effects resulting from the 
coordination of metal centers and lanthanide ions with poly(pyrazolyl)borates anions.  
 

Computational Methodology 
The geometry optimizations and vibrational frequencies calculations were performed 
using the UBP86/TZVP and PBEPBE models. The effective core potentials 
ECP10MDF and ECP52MWB (or ECP28MWB) were applied to the metal center and 
lanthanide ion. The topological analysis of the electron density was performed with the 
use of the theory QTAIM (Quantum Theory of Atoms in Molecules). 
 

Results and Discussion 
The binding energies (Eb) of complexes are presented in Table 1. The results show that 
the inclusion of second ligand leads to a decrease of the Eb values. 
 

Table 1. Binding energies (Eb, Kcal/mol). 
Complexes Eb (kcal/mol) 
[Eu(TPB)3] -109,65 
[Eu(TPB)2]+ -280,05 
[Cu(TPB)2] -153,19 
[Cu(TPB)]+ -543,29 
[Cu(TP)]+ -558,08 

Eb= Ecomplex – E(TP;TPB)- - E(EuX+), where E(TP;TBP)- and E(EuX+) are the energies of ligand and the 
rest fragment EuX+, respectively. 

 

Table 2. Bond critical point properties (a.u.) of Cu(II)-TPB and Cu(II)-TP(a).  
Comp. BCP ρb ²ρb Gb Vb Hb -Gb/Vb 

Cu(II)-TPB Cu-N(2) 0.092 0.357 0.116 -0.143 -0.027 0.813 
Cu-N(14) 0.086 0.359 0.113 -0.136 -0.023 0.830 

Cu(II)-TP Cu-N(2) 0.094 0.365 0.119 -0.146 -0.028 0.811 
Cu-N(13) 0.088 0.367 0.116 -0.140 -0.024 0.828 

(a) (TPB) Tris(pyrazolyl)borate; (TP) Tris(3,5-dimethyl-1-pyrazolyl)borate 
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The bond critical point properties of the Cu(II) complexes are presented in Table 2. 
Metal-ligand bonds lengths, molecular graphical and Laplacian of electronic density 
([Cu(TPB)2]) are show in Figure 1. 
 

  

      
Figure 1. Metal-ligand bond lengths (Å) for some Cu(II) and Eu(III) complexes, 
molecular graphical and Laplacian of electronic density of the [Cu(TPB)2] complex. 
 
Conclusions 

For Cu-N bonds the values of Gb and |Vb| are almost comparable, but |Vb| is 
rather larger than Gb, leading to total energy densities with negative or close to zero 
values. The ratio-Gb/Vb can also be used as a topological descriptor of the nature of a 
given interaction: -Gb/Vb > 1.0 for noncovalent interactions; -Gb/Vb < 0.5 for covalent 
interactions; and 0.5 < -Gb/Vb < 1.0 for partially covalent interactions. The obtained 
values suggest the small covalent character of Cu-N bonds. 
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Introduction 

At the nanoscale the properties of an atomic or molecular aggregate depend largely on 

its size, changing in a non-uniform pattern as the system increases. The range of properties 

can be greatly amplified if mixtures are considered, and it is hoped that the chemical and 

physical properties may be tuned by changing the composition of a given alloy. For 

predicting their properties, it is necessary to find the spatial arrangement in which the cluster 

is more likely to be found. The search for such structure is especially difficult when we are 

dealing with alloys, since for each potential minimum with a given shape, there must be 

several isomers arising from atom permutations (homotop
1
). The present work aims to 

develop and test a genetic algorithm (GA) to be coupled with electronic structure (ES) 

methods employed in energy evaluations and local geometry optimizations in order to 

perform an unbiased survey of possible structures corresponding to energy minima. 

 

Computational Methodology 

The normal approach taken in the study of clusters is to first use an empirical analytic 

potential, such as to have a fast way of evaluating the energy, and explore it using global 

optimization methods such as GAs
2
 or basin-hopping

3
. Nevertheless, quantum effects cannot 

be precisely reproduced by these empirical potentials, which leads to a poor representation of 

the system especially in the few atoms regime. Alternatively, a GA coupled to ES 

calculations (QGA) was developed and employed for searching the global minimum in the ab 

initio potential energy landscape of alloy clusters, instead of guessing initial structures. The 

proposed approach is based on coupling the GA with fast MP2/ECP calculations using 

LANL2DZ basis set. The procedure is started by randomly generating a given number of 

cluster coordinates that constitute the initial population (here set as 32). The energy of these 

individuals is then evaluated using the GAMESS
4
 package, followed by a simple geometry 

optimization with a loose convergence criterion. After that, the resulting individuals are 

ranked according to their energy and the evolutionary process starts. The first evolutionary 

operator is chosen as a predator that kills 25% of the population (those with higher energy), 

followed by three other operators that create new individuals. The first one is the immigration 

operator, which generates totally random clusters, granting the population an unbiased 

diversity. The other two are the well-known mutation and mating operators, which use 

clusters that were not killed by the predator to generate new ones and complete the 

population size. In the present procedure a new feature is introduced: the convergence 

criterion for the energy gradient in local optimizations is progressively reduced over the 

generations in order to require less energy evaluations. After obtaining the putative global 

minimum of the MP2/ECP potential energy surface from the QGA approach, further 

reoptimizations were performed within both MP2 and DFT levels of theory employing the 

def2-TZVPP basis set and B3LYP and SVWN5 exchange and correlation functionals. 

 

Results and Discussion 
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 For all compositions and nuclearities here explored, we employed three different 

random initiation seeds for the QGA algorithm. For the clusters with total number of atoms of 

4, 5 and 6, it is possible to manually generate and optimize all possible homotops for a given 

molecular shape, which was done here for all the compositions in order to check whether our 

algorithm has effectively found the correct homotop. For larger clusters, it quickly becomes 

too complicated and one has to rely on the algorithm. For the 4 atoms clusters, the QGA 

found the expected planar diamond shape structures, in good quantitative agreement with 

coupled cluster calculations
5
. For the alloy cases, the correct homotop was successfully 

obtained for all compositions. For the 5 atoms pure clusters (Na5 and K5), the expected planar 

C2v structure was also obtained by the QGA. The same planar shape was obtained here for the 

alloys, though distorted due to atom size mismatch. The QGA successfully predicted the most 

stable homotop for each composition of this nuclearity. An interesting feature was found for 

the 6 atoms alloys. It is known that the pure clusters Na6 and K6 show both pyramidal (C5v) 

and planar triangle (D3h) isomers, which are quasi-degenerate. Here we explored all alloy 

compositions for these 6 atoms clusters, which poses a good test of the QGA approach, since 

there are many quasi-degenerate homotops for both the planar and pyramidal (distorted) 

shapes, making the search rather difficult. After manually generating and optimizing all 

possible homotops, we checked if our algorithms successfully found the correct one. The 

most stable structure for each composition is that shown in Fig. 1, and only in the Na3K3 

composition our approach has failed to yield the correct homotop. Instead of the planar 

triangle with alternating atoms, the QGA found a pyramid which lies 3 kcal mol
-1

 above it. 

 
Fig. 1 – The most stable structure for each composition of 6 atoms clusters. 

 The particular analysis of this 2D-3D-2D transition was studied in detail in the present 

work for the first time. Completely new structures could be unveiled for larger clusters 

through the QGA approach. It would not have been possible by guessing their initial frames. 

 

Conclusion 

 A genetic algorithm, named QGA, which does not call upon empirical potentials was 

successfully developed and allowed an enhanced analysis of small metallic alloy (Na-K) 

clusters. The QGA has systematically shown higher efficiency than other similar approaches 

performed on the Na-K system in our previous works
5
. The coupling of the characteristic 

evolutionary procedure to an efficient quantum chemical approach of local optimization and 

energy evaluation raised significantly the probability of finding reasonable initial conditions 

to further assessment within higher level ES methods. The present approach is thus well 

suited to survey the potential energy surfaces associated with atomic clusters, mainly when 

one has no information on the likely structural arrangement of those systems. 
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Introduction 

Due the strong development in the last decades, NMR spectroscopy has played a key role 

in the discovery and design of new drugs. In addition of being widely used in the 

characterization of new structures, NMR has also been used in the optimization of complexes 

targets, in the elucidation of reaction mechanism, as well as in the studies of biomarkers and 

biosensors [1]. 

In the present study, a comprehensive analysis of relevant factors involved in the Pt-195 

NMR chemical shift predictions are conducted. Non-relativistic and relativistic calculations are 

employed using distinct computational schemes to assess the most accurate method to calculate 

the Pt-195 NMR chemical shift. New relativistic Gaussian basis sets were constructed for Pt 

atoms and H-He, Li-Ne, Na-Ar, K-Ca. Ga-Kr, Rb-Sr, In-Xe atoms, commonly used as Pt-

ligands. The proposed computational protocols were tested for Pt-195 NMR chemical shift 

prediction using a broad set of 256 Pt-complexes, for which experimental data were available. 

 

Computational Methodology 

New segmented all-electron relativistically contracted Douglas-Kroll-Hess (DKH) 

Gaussian basis sets (labeled as NMR-DKH) for H-He, Li-Ne, Na-Ar, K-Ca, Ga-Kr, Rb-Sr, In-

Xe and Pt atoms were constructed. The basis sets were developed in order to calculate NMR 

properties where it is essential to properly represent both valence and core electrons. 

DFT non-relativistic calculations were carried out by using the GAUSSIAN 09 program 

Revision A.02. The geometries of all molecules (256 Pt-complexes) studied in this work were 

optimized at B3LYP/LANL2DZ (Pt atom)/Def2-TZVPP and Def2-SVP (Ligands atoms). The 

solvent effect was also considered in the geometry optimization and NMR chemical shift 

calculations, using IEF-PCM model. 

The NMR shielding constant () was calculated using GIAO) method at non-relativistic 

B3LYP/NMR-DKH and PBEPBE/NMR-DHK level. Furthermore, the Pt-195 NMR chemical 

shift was predicted through Equation (1) with the parameters “a” and “b” fitted using a data 

bank of 183 Pt-complexes and tested and validated for another 73 Pt-complexes for which 

experimental data were available.  

 δcalc = a ×   + b (1) 

Lastly, relativistic calculations for NMR chemical shift were performed using the ADF 

program (Model 1). The structures were those optimized at the B3LYP/LANL2DZ/Def2-

TZVPP level, and the shielding constant was calculated using the GIAO approach at the DFT 

GGA PBE functional with the relativistic TZ2P Slater basis sets for all atoms. The relativistic 

effects were considered by SO-ZORA approach and the COSMO method was used to consider 
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the solvent effects. To calculate the chemical shift Equation (2) was used with the shielding 

constants and chemical shifts given in ppm relative to the standard reference [PtCl6]
-2 in D2O.  

 δcalc = 𝑟𝑒𝑓 −  (2) 

 

Results and Discussion 

In the present work, we constructed relativistic basis sets for all atoms and then calculated 

the Pt-195 NMR shielding constant () using non-relativistic Hamiltonian. In order to partially 

recover the relativistic effects and other electronic features not included explicitly in the 

calculation scheme, the computed  was linearly correlated with the experimental chemical 

shift, using a data bank of 183 Pt-complexes for the descriptive fitting procedure and 73 Pt-

complexes for the prediction and validation approach. The semi-empirical model is represented 

by Equation (1) and resulting parameters are shown in Table 1. 

 
Table 1. Simple linear regression models for the 183 Pt(II) complexes used to build the models. 

Models Linear Regression Models R2 p-value Durbin-Watson RMSE 

Model 2 𝛿 = −0.7966(±0.0119)𝜎 − 2527.1750(±21.1353) 0.961 0.001 2.30 219.8785 

Model 3 𝛿 = −0.9698(±0.0154)𝜎 − 1833.1171(±30.6528) 0.956 0.200 2.28 232.9339 

Model 4 𝛿 = −0.9250(±0.0146)𝜎 − 2065.7558(±27.6253) 0.956 0.016 2.25 232.5123 

Model 2: B3LYP/NMR-DKH//B3LYP/LANL2DZ/Def2-TZVPP; 

Model 3: PBEPBE/NMR-DKH//B3LYP/LANL2DZ/Def2-TZVPP 

Model 4: PBEPBE/NMR-DKH//B3LYP/LANL2DZ/Def2-SVP 

 

Based on statistical analysis, Table 1, Model 2 presents evidence of normality deviation 

because a p-value equal to 0.001 is presented. On the other hand, Models 3 and 4 presented 

normal behavior of residues to the 95% (p-value >0.05) and 99% (p-value >0.01) confidence 

interval, respectively. So, Models 3 and 4 were chosen as the best semi-empirical models 

proposed in the present work. After, the predicting power of Models 3 and 4 were evaluated for 

73 Pt-complexes not included in the fitting data bank. From the results, the mean absolute 

deviation (MAD) and the mean relative deviation (MRD) were 190 ppm and 8% (Model 3) and 

150 ppm and 6% (Model 4), respectively. Moreover, the predicted and experimental values 

were correlated, with R2>0.97, demonstrating the high predictive power of both models. 

Considering all 256 Pt(II) complexes, the MAD, the MRD and the R2 of 182 ppm, 6% 

and 0.9606 (Model 3), 168 ppm, 5% and 0.9624 (Model 4), respectively, presented an excellent 

agreement with the Model 1 (ADF program), 207 ppm (MAD), 6% (MRD) and 0.9646 (R2). 

 

Conclusions 

This work reported a computational protocol to predict the Pt-195 NMR chemical shift. 

For all the 256 Pt(II) complexes studied, we can observe that our proposed models presented 

MAD and MRD as low as those obtained at the PBE-SO-ZORA/TZ2P level with ADF program 

(Model 1). Thus, we can conclude that Models 3 and 4, with the new NMR-DKH Gaussian 

basis sets, are an excellent choice to assist in the predicting the NMR chemical shift of Pt-195 

in platinum complexes using the Gaussian 09 program. 
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Introduction 

The annonaceous acetogenins
1
 are regarded as their major active principle agents presenting 

antitumor, sedative, hypotensive, anthelminyic, antibacterial, antiviral and antifungal activities. The 

objective of this work is to identify different of acetogenins from Annona muricata extract by the 

use of ab initio calculations through the hydrogen bonding enhancing of the absorption intensity of 

the O-H stretch. 

 

Computational Methodology 

 There can be several hundreds of different acetogenins in a typical Annonaceae plant. 

Therefore seven test molecules were chose as their diversity is able to represent most of the 

molecules present in a plant extract structure. The geometry of the molecules was accessed through 

geometry optimizations with B3LYP/6-31G(d,p). A AMD 64 Opteron workstation with 

GAUSSIAN03 was used. In order to obtain the theoretical infrared spectra of the test molecules 

GAUSSIAN03 was again used at the same level of theory used for the geometry optimizations.  

 

Results and Discussion 

The test molecules chosen were goniotetracin, (2,4-cis)-gonioneninone, montecristin, 
uvarigin, rollidecin, triobalicin and goniotriocin. Their core structure responsible for the O-H 

stretch absorption for each molecule is shown below. 

 
Figure 1. Core structure for the test molecules 

 

Uvarigin and rollidecin form proper hydrogen bonds making their O-H stretches much more 

intense (394 and 582 km.mol
-1

) than expected from a regular O-H stretch, around 5 km.mol
-1

, as is 

the case for montecristin (7,9 km.mol
-1

). The remaining molecules possess in their structure what 

has been defined in this work as pseudo-hydrogen bonds. Such bonds contribute with around 40 

km.mol
-1

, showing a slight increase compared to a regular hydrogen bond. 

 

Conclusions 

It is possible to distinguish different acetogenins in by their IR spectra, as the hydrogen bond 

enhancing effect on the O-H stretch is characteristic for a specific structure. 
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Introduction 

The  study  of  the  theoretical  foundations  of  energy  and  charge  transfer  in  supramolecular 
structures is essential for the understanding of several key processes in condensed matter systems. This 
work presents a detailed analysis of fundamental issues for electron transfer (ET) dynamics, such as 
adiabatic  versus  nonadiabatic  mechanisms,  the  influence  of  vibrational  degrees  of  freedom on the 
electronic dynamics, and the occurrence of electronic coherences and the ensuing dephasing effects. 
We investigate two charge transfer processes: the photo-induced interfacial electron transfer (IET) in 
dye sensitized semiconductors, and the excited state intramolecular proton transfer (ESIPT) in the HBT 
molecule. 

Computational Methodology

We use  a  coupled  quantum/classical  simulation  method  to  study the  quantum dynamics  of 
electrons in molecular structures with the DynEMol suite of programs. The diagram of the coupled 
quantum/classical method is shown below. 

The time propagation of the photoexcited electron-hole wavepackets is carried out by a dynamic tight-
binding  formalism,  based  on  the  extended  Hückel  Hamiltonian,  via  the  combined  AO/MO  time 
propagation method. The molecular mechanics propagator uses the OPLS force field to describe the 
nuclear  dynamics  in  the  electronic  ground  state  (GS).  In  the  excited  state  (ES),  the  molecular 
mechanics force field is modified on the fly by the time-dependent excited charges of the photoexcited 
state. 

Results and Discussion

Figure 1. Left: Perylene chromophore adsorbed on the (101) TiO2 anatase surface. The dye is free to move by classical MD; 
the shaded area under the anchor site depicts the atoms of the anatase that are also free to move. The remaining atoms are 
kept fixed during the simulation. Right: IET dynamics viewed by the charge probability on the perylene dye. 
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Figure 2. Left: the projected electronic density of states (pDOS) on the conduction band (CB) of the TiO2 semiconductor 

(blue) and on the perylene dye (red).  Right: the electron (a) and hole (b) wavepacket’s occupation in the adiabatic (MO) 

basis, plotted as a function of energy and time. The nonadiabatic spread of the electronic wavepacket is caused by the 

nuclear motion. 

The ESIPT in the HBT molecule was studied with the coupled QM/MM method. The ground 
state  molecular  dynamics  is  performed  with  the  OPLS force  field,  in  the  NVT ensemble  and the 
Berendsen thermostat. The bond between the proton with the donor (O atom), and the proton with the 
acceptor (N atom) is described via a Morse potential. The donor/acceptor distance is constrained by a 
harmonic bond potential. The excited state nuclei dynamics is obtained by including the excited state 
FF potential produced by the time-dependent photoexcited charges.

Figure 3. Left: Molecular structure of 2-(2'-hydroxyphenyl)benzothiazole (HBT) and Morse model potential utilized for the 
O—H, N—H bonds. Right: Molecular dynamics in the NVT ensemble, with T=300 K, for the HBT molecule in the ground 
state (GS, left and right) and excited state (ES, center). The proton is transferred in the photoexcited state and returns in as 
soon as the photoexcited state decays.
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Introduction 

 The word mycorrhiza is of greek origin and is used to refer to the symbiotic relationship 

between fungi (mykos) and plant roots (rhizos) [1]. The types of mycorrhizae most studied 

worldwide are ectomycorrhizae and arbuscular mycorrhizae (AM) [2]. Some of the benefits of 

the AM fungi is their use as biofertilizers, bioprotectors and bioremediators [3]. When the AM 

fungi colonize the roots of some plants, a yellow coloration occurs in the roots, this coloration 

is known as yellow pigment [4]. It has been reported that the main components of the yellow 

pigment from arbuscular mycorrhizal roots are two apocarotenoids: mycorradicin (an acyclic 

C14 polyene) and blumenol C cellobioside (a C13 cyclohexenone diglucoside) [4]. However, 

in the experimental spectra reported by these authors there are still some unknown spectral 

features, whose origin is quite important to know. In this way, the aim of this work was to 

calculate the absorption spectra of mycorradicin and blumenol C cellobioside using Time 

Dependent DFT [5, 6]. The comparison of these theoretical results to the corresponding 

experimental spectra could contribute, on one side, to a better understanding of the yellow 

pigment structure, and on the other side, to the general characterization of AM [7, 8]. 

 

Computational Methodology 

A conformational search was performed for the initial molecular structures using 

MMFF94 implementation in MarvinSketch [9]. From 1000 generated conformers only the 10 

lower energy structures were chosen for a DFT geometry optimization by using BP86 and PBE 

functionals with Def2-TZVPP basis set. Grimme's atom-pairwise dispersion correction to 

energy, and relativistic treatment using Douglas–Kroll–Hess theory with a TZV-DKH basis 

set, were also taken into account. The solvent (ethanol) effects have been considered using the 

COSMO solvation model [10]. In order to reduce CPU-time, the accelerators for the 

calculations, GDIIS and the Resolution of Identity Approximation RIJCOSX with Def2-

TZVPP/J auxiliary basis set, were tuned on. To obtain absorption spectra, TDDFT was 

employed with TPSSh functional, and the calculation level used for the geometry optimization. 

The calculations were performed in an Intel Core i7 computer with 16GB RAM using ORCA 

package [11]. SpecDis software was used for the analysis of the calculated spectra [12]. 

 

Results and Discussion 

 From the theoretical calculations, absorption spectra were obtained for the optimized 

structures, then compared to the reported experimental data. The results are shown in Fig. 1. 

No significant difference between the calculated spectra (green solid lines in Fig. 1.a-b) for 

mycorradicin using BP86 and PBE geometry optimizations can be appreciated. Similarity 

factors (S) calculated for both components are shown in Table 1. The main differences appear 

when solvent effect is considered into the calculations. The results considering solvent effect 

show a better resemblance between the calculated spectra of the yellow pigment components 

and the experimental reported yellow pigment absorption. There is a reported absorption 

maximum at 318 nm for the yellow pigment, currently not associated either to mycorradicin or 

blumenol c cellobioside, which compared with our theoretical results show a possible relation 

with our calculated maximum at 330 nm for mycorradicin. It could be explained as solvent 
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effects on the mycorradicin absorption (Fig 1.a-b). Similar behavior occurs for blumenol C 

cellobioside at 209 nm when solvent effects are considered (Fig. 1.c). 

 

 

Fig. 1. Comparison of absorption spectra calculated with TPSSh functional with and without solvent (ethanol) effect, for (a) 

Mycorradicin, BP86 geometry optimization. (b) Mycorradicin, PBE geometry optimization, and (c) Blumenol C Cellobioside, 

BP86 geometry optimization. 

 
Table 1. Similarity factors [range: 0-1] for the calculated spectra using TPSSh functional. 

 Blumenol C cellobioside Mycorradicin 

 BP86 Opt BP86 Opt 

+ COSMO 

BP86 Opt BP86 Opt 

+ COSMO 

PBE Opt PBE Opt + 

COSMO 

S = 0.9790 0.9186 0.9728 0.9479 0.9710 0.9487 

 

Conclusions 

 Absorption spectra calculated for both components with DFT are in good agreement 

with the experimental reported data. The similarity factor of the spectra is between 91% and 

97%. From the results it can be suggested that the reported absorption band of the yellow 

pigment at 318 nm could be associated to solvent effect on mycorradicin absorption. Either 

BP86 or PBE functionals provide a good choice for geometry optimization since no significant 

difference has been obtained from the results. 

 

Acknowledgments 

A. Pérez and R. Nolasco for many helpful discussions. 

 

References 
[1] B. Dreyer, El Salvador Ciencia & Tecnología, 2007, 12, 18-22 

[2] S. E. Smith, D. J. Read, Mycorrhizal Symbiosis 3a ed. (Elsevier, 2008) 

[3] J. Vessey, Plant and Soil, 2003 255, 571-586 

[4] T. Fester, B. Hause, D. Schmidt, K. Halfmann, J. Schmidt, V. Wray, G. Hause, and D. Strack, Plant Cell 

Physiol. 2002, 43, 256-265.  

[5] F. Neese, Coord. Chem. Rev. 2009, 253, 526-563 

[6] M. A. Marques, E. K. Gross. Annu. Rev. Phys. Chem, 2004, 55, 427-455 

[7] A. Pérez, B. Dreyer, C. Rudamas, in Simposio Centroamericano y del Caribe de Física (ed. L. M. Moya 

Rodríguez), Universidad de Costa Rica, 2009 

[8] R. Nolasco, Undergraduate Thesis, Universidad de El Salvador, 2015. 

[9] Marvin 15.05.25, 2015, ChemAxon (http://www.chemaxon.com) 

[10] A. Klamt, Wiley Interdiscip. Rev. Comput. Mol. Sci. 2011, 1, 699-709 

[11] F. Neese, Wiley Interdiscip. Rev. Comput. Mol. Sci. 2012, 2, 73-78 

[12] T. Bruhn, A. Schaumlöffel, Y. Hemberger, and G. Bringmann, Chirality. 2013, 25, 243-249 

II EQC & ADF CCW

35 FFCLRP, 2015



Gold Trinuclear Communication: The Behavior Under Oxidative Additions

Rafael de Mattos Piccoli(PG) and Giovanni Finoto Caramori(PQ)
Departamento de Química, Universidade Federal de Santa Catarina, CP 476, Florianópolis, SC 88040-900, Brazil. 

E-mail: rafainfonet@hotmail.com
Introduction
Triangular arrangements of  [M3(μ-L)3] (M = metal and L = ligands)  are common in chemistry, due
to their luminescent properties and ability to form supramolecular structures, related to the nature of
the metal and ligands. The objective is to investigate theoretically the phenomena of communication
between metals (metallophilicity), by the successive addiction of Cl2 (Oxidative Addition)² in the
compound [Au3(μ-3,5-CF3pz)3], represented by compounds of 1,  2, 3 and 4, Figure 1.

1 2 3 4
Figure 1. Models of the non oxidized (1) and oxidized structures by Cl2 (2, 3 and 4), respectively.

Computational Methodology
All geometries (Figure 1) were optimized at the DFT level of theory, BP86-D3/def2-TZVP with
ZORA approximation, performed with ORCA package and characterized as a global minimum. 

Results and Discussion
The results shows that the oxidation of the metal center reflects onto the nitrogens, and leads to an
electron withdraw over the nine membered ring, due to the electronic delocalization of the system,
and also increased the distance between the gold atoms. The charges of Au3 shows that when the
metal center is oxidized, one of the atoms becomes more oxidized, compared with compound 1.   

Table 1. Bond lengths and atomic charges of compounds 1-4.

Compound
Bond (Å) Atomic Charges (eV)

Au1-Au2 Au2-Au3 Au3-Au1 N* Au1 Au2 Au3

1 3.373 3.352 3.350 0.113 0.246 0.242 0.246

2 3.425 3.443 3.384 0.137 0.138 0.357 0.383

3 3.398 3.434 3.425 0.147 0.142 0.139 0.377

4 3.420 3.509 3.420 0.157 0.143 0.150 0.169
* is the average charge onto N's; underlined values correspond to gold charges in Cl-Au-Cl. 
Conclusions

According to previous results¹ the charge distribution over the nine membered ring is an effect of
the  electron  donation  and back bonding,  the  electronic  repulsion  is  the  sight  for  the  increased
distances, and the non homogeneous charge distribution the result of metallophilicity. 
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