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Abstract: Industry, governments and the media have become increasingly more
interested in the castor bean seeds (Ricinus communis L.). This stems from the unusual
properties of its byproducts, such as castor oil and ricin. The ricinoleic acid comprises
around 90% of all fatty acids extracted from the castor bean plant [1].

Besides the interest in its oil, the co-products generated during its production
have garnered wide commercial attention. This is due to the production of around 1.5
million tons per year [1]. Hence, it is in the best interest of the industry to find an
economically viable purpose for these co-products. A welcoming alternative regards the
use of these co-products as animal food, though it is still not possible due to the
presence of ricin, a ribosome-inactivating protein composed by two sub-units (known as
RTA and RTB), in which the RTA serves as the catalytic sub-unit [2]. In addition to the
problems related to co-products in the production of castor oil, terrorist groups yet
utilize the ricin as a chemical weapon [3]. In this manner, the inhibition of the action
mechanism within the ricin is of major economic, public and military interest, with the
RTA being the target of inhibitors. Recently, fields of study within theoretical and
computational chemistry have developed a capital role in the research of biological
and/or biochemical systems, which provide with a proper orientation towards the
conception of new drugs.

This study has carried out calculations for enthalpy of formation (AH;) and
ground state geometries of RTA and RTB subunit, both separately and joined to form
complexes containing possible inhibitors, through semiempirical methods such as:
RM1, PM6, PM6-DH+ and PM?7. Crystallographic structures available at the PDB(ID)
of the complexes containing inhibitors (ORB, PT1, EJ5, JP2) and of the RTA and RTB
Ricin subunits (2AAI) were used in these studies. We also performed studies with two
different inhibitor candidates synthesized by the group (Lv213 and Lv215). The
structures were positioned in the active site of RTA through Molecular Docking [4]. The
objective was to identify mechanisms that would favor ricin inhibition and to verify
which semiempirical method would better describe the binding enthalpies (AHyina) of the
RTA-ligand and RTA-RTB complexes, at least from a qualitative viewpoint.
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Semiempirical calculations of AH; for ligands (ORB, PT1, EJ5, JP2, Lv213 and
Lv215), RTA-ORB (4228 atoms), RTA-PT1 (4250 atoms), RTA-EJ5 (4234 atoms), RTA-
JP2 (4218 atoms), RTA-Lv213 (4245 atoms) and RTA-Lv215 (4238 atoms) complexes
were performed using the MOZYME [5] linear scaling technique implemented on the
MOPAC program [6]. We carried out these calculations with the crystallographic
structures, optimized by each of the mentioned methods. For the ricin structure (2AAI),
since the RTB subunit presents glycosylations in its structure, AH; calculations were
conducted for the RTA-RTB systems without glycosylations (8212 atoms) and RTA-
RTB with glycosylations (8444 atoms). Once the data for the AH; of the ligands, RTA,
RTB and the RTA-ligands and RTA-RTB complexes were calculated, one obtains the
AHpingy values for the RTA-RTB systems (without glycosylations), RTA-RTB systems
(with glycosylations) and the various RTA-ligands complexes. In all calculations, we
considered the effects of the solvent through the implicit COSMO model for proteins
solvated in water.

The AHs results on the crystallographic geometry using the PM7 semiempirical
method presented the following values for the RTA-ligand complexes: RTA-ORB2
[AHgpingy= -61.04 kcal/mol], RTA-1PT [AHping = -62.04 kcal/mol], RTA-EJ5 [AHping) =
-69.23 kcal/mol], RTA-JP2 [AHpimg) = -60.39 kcal/mol], RTA-Lv213 [AHping = -32.31
kcal/mol] and RTA-Lv215 [AHging) = -17.62 kcal/mol]. All values are consistent with
those were experimentally observed for common enzyme-ligand complexes (at least in
terms of the value range). Therefore, the data shows that, from an enthalpy viewpoint,
the EJ5 ligand presented the lowest AHgingy When forming a complex with the RTA. On
the other hand, the Lv215 ligand was the one presented the highest interaction value.
Another interesting point is that the RTA-RTB complex without glycosylations
presented an unfavorable interaction enthalpy (AHpina) = 80.91kj/mol) for its formation.
However, the RTA-RTB complex with glycosylations presented a very pronounced
favorable interaction (AHgpingy = -6568.311kj/mol). Such results suggest the
glycosylations play an important role in the formation of the ricin enzyme complex
(RTA-RTB).
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A theoretical spectroscopic study of the reversible inhibitory B-carbolines of
monoamine oxidase (MAO) and the specific substrates of their enzymes, serotonin and
noradrenaline, was carried out using the Functional Density Theory (FDT). The -
carbolines studied were: Harmina (7-methoxy-1-methyl-9H-pyrido [3,4-b] indole);
Harmana, 1-Methyl-9H-pyrido [3,4-b] indole; Norharmana, 9H-pyrido [3,4-b] indole;
Harmaline, 7-methoxy-1-methyl-4,9-dihydro-3H-pyrido [3,4-b] indole; Harmol, 1-
methylethyl-2,9-dihydropyrido [3,4-b] indol-7-ol. Molecular structures were determined
by optimizing the geometry of each molecule with the abinitio method and the 6-31G *
base function, the AHgymation With semi-empirical methods PM3 and the excitation
energies using TFD. The results showed that the calculations produced UV absorption
spectra similar to the experimental spectra in both hydrophobic and hydrophilic media.
In view of this, predictions were made of the photoactive region, photophysical
properties and mode of action of each molecule and it was found that between f3-
carbolines and the two substrates, besides the structural similarity, there are similarities
in the electronic structures. For example, for serotonin, harmana, and harmaline, the
lowest fluorescente state S1 are (1 © *) and it was originated from eletronic transition
between indole N to benzene C. The HOMO and LUMO energies in eV are: (5.08 and
0.96), (5.62 and 0.98) and (5.03 and 0.94) respectively. The possible explanations for
the inhibition of MAO, mode of action of $-carbolines and the interacion of these
molecules with the biological material are discussed.

Key-words:density functional theory, [-carbolines, serotonin
Support: Fundagao de Amparo a Pesquisa do Estado do Amazonas, (FAPEAM) .

References:

[1] A.D.S. Marques; H. F. Souza, 1. C. Costa, W.M. Azevedo, J. of Mol. Struct. 520,
179 (2000).

[2] A. H. A. Reis, A. S. Marques e Y. Takahata. Scientia Amazonia, 3(1), 41(2014).
Revista on-line http://www.scientia.ufam.edu.br.

[3] A. D. S. Marques, C. T. Lin, L. G. Pereira, Y. Takahata, International J. Quantum
Chemistry. 110, 2047(2010).

[4] A.D.S. Marques, C. Zheng, C. T. Lin, J. of Mol. Struct. 753, 13(2005).

122

Livrondd 122 @ 01/11/2017 12:58:50



Bond metamorphosis between coordinate (dative) and
single covalent bonds: BN-ethylamine molecule

Alejandro Lopez-Castillo* and Nelson H. Morgon**

*Departamento de Quimica, Universidade Federal de Sdo Carlos (UFSCar), 13565-
905 Sao Carlos-SP, Brazil
**Instituto de Quimica, Universidade Estadual de Campinas (UNICAMP), CP 6154,
13083-970 Campinas-SP, Brazil

Abstract: The BN-ethylamine molecule (NH,BH,NH3) [1] was studied in order to
show the bond metamorphosis step-by-step between BN single (...H;B-NH;) and
coordinate (dative) (...H,B-NHj3) [2-4]. Analyzing the molecular orbitals, charges and
bond order along the hydrogen tunneling process (NH;BH,NH, < NH,BH;3;NH, <
NH,BH,NH,), it is possible to follow the bond metamorphosis between single covalent
and coordinate (dative) bonds. The bond metamorphosis can also be followed along the
hydrogen transfer observing the three main molecular orbitals. The IRC profile and the
HOMO are shown in Fig.1. The hydrogen tunneling potential and its two first states are
shown in Fig.2.
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The molecular geometries, the harmonic vibrational analysis, and the IRC calculation
were carried out at the MP2/aug-cc-pVDZ level of theory. MP2 and CCSD(T) single
point energies were obtained using a larger aug-cc-pVTZ basis set. All calculations
were performed with Gaussian09. The potential energy curve to dissociation limit of
transferred hydrogen (H...NH,BH,NH, < NH;BH,NH, < NH,;BH;NH, <
NH,BH;NH3 <> NH,BH,NH,...H), obtained by the methods previously described, was
considered to solve the Schrodinger equation to find the eigenstates of the tunneling
hydrogen process.

The main objective of this work was to illustrate the smooth modification between the
two important different kinds of chemical bond. The technical analysis was presented
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and the practical result was condensed in three most important MOs, which describe the
metamorphosis process. These three MOs are shown in Fig.3 for the minimum of
energy, intermediary geometry, and transition state. The charges, bond orders, and bond
lengths were considered to study the bond transformation connected to tunneling
transfer of hydrogen atom. This work can also contribute to educational issues, for
example showing the difference between covalent and dative chemical bonds.

Energy Minimum Intermediary Geomet Transition State

HOMO

HOMO-2

HOMO-5

Fig.3

Key-words: BN coordinate (dative) bond, BN covalente bond, hydrogen tunneling
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Abstract: The reactions of the decomposition products, such as HCN and O, CH and
NO, NH and CO, OH and CN, also play important roles in the combustion of N-
containing hydrocarbon fuels [1-5]. Kinetics of these species are therefore of
considerable interest in developing improved models for the combustion of fuels
containing organically bound nitrogen. The elucidation of chemical mechanisms in
flames is difficult, because there are several pathways involving reactants that are
equilibrated among themselves. Even if a mechanism predicts the correct dependence
on temperature and composition, it may not be unique. The goal of this work is to
investigate global features of potential energy surface (PES) for the exit and
isomerization channels on both singlet and triplet O + HCN reactions, represented by:

0+ HCN - OH +CN AH = 23.77 kcal/mol (R1)
- NH +co AH = 8.41 kcal/mol (R2)
- 3NH + CO AH = —32.20 kcal/mol (R3)
- H+NCO AH = —9.79 kcal/mol (R4)
- 0+ HNC AH = 14.07 kcal/mol (R5)
- N+ HCO AH = 37.25 kcal/mol (R6)
- CH+ NO AH = 71.55 kcal/mol (R7)

The singlet and triplet PES (see Figure 1) were calculated using the complete basis set
model chemistry, CBS-QB3. The vibrational frequencies and geometries for all species
involved in the reaction were calculated using B3LYP/6-311G(2d,d,p) level, internal
level of CBS-QB3 method. Seven different channels were analyzed and the results from
the potential energy surface calculations were used to determine rate constant with
Master Equation Solver for Multi-Energy Well Reactions (MESMER) [6] and
APUAMA [7] programs. Ab initio transition state theory (TST) based master equation
simulations are used to predict the temperature and pressure dependence of the O+HCN
reaction rate and product branching. In the singlet state, isocyanic acid, HNCO, has
been found to be the most stable isomer (-119.17 kcal/mol) followed by cyanic acid,
HOCN (-94.26 kcal/mol), fulminic acid, HCNO (-51.41 kcal/mol), isofulminic acid,
HONC (-35.77 kcal/mol), NC(H)O (-33.51 kcal/mol) , N(H)CO (-11.97 kcal/mol) and
O(H)CN (-6.00 keal/mol). In the triplet state, the *HNCO is 9.50 kcal/mol higher than
O+HCN (reactants), the branched *NC(H)O isomer is -33.46 kcal/mol energetically
lower than, followed by *HNCO (-31.71 kcal/mol). The cyclic c-’NC(H)O is by 49.63
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kcal/mol less stable than the branched conformation of the ‘NC(H)O, followed by
*HCON with an relative energy of 48.03 kcal/mol.
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Figure 1. Schematic potential energy diagram for the O + HCN reaction calculated
using CBS-QB3 level. Solid lines denote singlet states, while dashed lines denote triplet
states.
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Abstract: Photoionization cross-section and dynamic polarizabilities are important
properties in areas such as optical refractivity and photoelectron spectra of free and
adsorbed species. On the theoretical side, the main difficulty in determining the
photoionization cross-section resides in the calculation of continuum wave functions.
This can be done by explicit construction!, which has the disadvantage, among others, of
treating bound electrons at Hartree-Fock level. The other possibility is the discretization
of the continuum. In the spirit of the second approach, Langhoff? proposed a procedure
for constructing the photoionization cross-section from an approximate spectral
representation of the dynamic polarizability by moment-theory techniques with L? basis
functions. The technique is known as Stieltjes imaging. The complex dynamic
polarizability contains both the absorptive and dispersive information about the system.
Thus, the photoionization cross-section and the dynamic polarizability can be obtained
simultaneously, once a representation is found for the complex polarizability. This can be
achieved by using a discrete basis set L* to represent both the bound and the continuum
states of the system.

Alternatively, the complex dynamic polarizability can be constructed by analytic
continuation of the approximated representation®*, by using Padé approximants or
continued franctions®. Pseudo-spectra, which are used as input for an approximated form
of the complex dynamic polarizability can be obtained by a variety of methods of
electronic structure. Recently, our group has shown the suitability of using linear response
coupled cluster approximation (LR-CC)® based on the Lanczos diagonalization to obtain
pseudo-spectra used in analytic continuation. Lanczos algorithm is able to converge a
large number of pseudo-states while diagonalization by Davidson algorithm is efficient
only for a few low-lying states. In the present work, we try another possibility, i.e., to
use time-dependent density functional theory (TDDFT) to generate pseudo-spectra and,
consequently, total photoabsorption cross sections in both valence and inner-shell
regions.

In Figure 1, we present our recent results obtained with TDDFT for the furan
molecule. On the top panel we have the total photoabsorption cross section and on the
bottom one we show the oxygen K-shell cross section. As one can observe from the results
presented in Figure 1, there is a good agreement among calculated and experimental
cross-section. In the symposium we will show that, in general, results obtained from
TDDFT are not as accurate as LR-CC, as could be expected, but they are accurate enough
to describe the general trends of the photoabsorption spectra. This has encouraged us to
extend the method to larger molecules. (CNPq, FAPERJ, CAPES)
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Figure 1: (Top) Furan total photoabsorption cross section obtained with TDDFT where
PBE functional has been employed. Experimental values [7]. (Bottom) Oxygen K-shell

photoabsorption cross section obtained with TDDFT where PBEO functional has been
used. Experimental values [8].
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Abstract: Acid drainage, commonly referred to as acid mine drainage (AMD), has
become an economic and environmental burden. It is a very ubiquitous problem in areas
where there has been a history of coal or hard rock mining. This phenomenon is
generally associated with heavy metals as a uranium mine localized in the southeast of
Brazil, in the state of Minas Gerais (Pogos de Caldas Municipality). The study and
identification of uranium complexes from such acid water are imperative not only from
the point of view of its economic value but it is important for understanding actinide
separation and predicting actinide transport in the environment, particularly with respect
to the safety of nuclear waste repositories [1]. The uranyl, UO,”", ion has received
considerable interest due to its importance for environmental chemistry of radioactive
elements and its role as a benchmark system for larger actinides. Many useful insights
into structures and intrinsic stabilities of actinide complexes can be gained from
quantum-chemical calculations are it through ab initio wave function theory or density
functional theory (DFT). As for the latter, hybrid DFT and small-core relativistic
effective core potentials (ECPs) or all-electron relativistic treatments have proven fairly
robust in describing the thermochemistry of actinides. Therefore, it is a challenge to
evaluate the thermodynamic properties of the hydrolyzed UO,*" species and the
interactions with SO,4” ions and an amino exchanger group, present in ion exchange
resins [2]. DFT computations were performed using the Gaussian 09 program package.
Full geometry optimizations and frequency computations were performed using the
B3LYP hybrid functional; the Stuttgart—Dresden triple-valence basis sets together with
the corresponding effective small-core potential (SDD) were used for uranium and the
Pople triple-zeta basis sets, 6-311G(d,p), for hydrogen and oxygen. A thermodynamic
study aims to provide a theoretical discussion on the complexes, in order to obtain the
parameters that determine their chemical properties. The heats of formation values (AG)
of the complexes were obtained using a thermodynamic cycle. The calculation of
relative energy (AAGq) was performed to identify the most stable species. The
following structures were calculated UO,OH", UO,(OH),, UO,(OH)3", (UO,),(OH)*,
(UOL),(OH),*, (UO,)3(OH)>, (UO,)3(OH)s" and (UO,)3(OH);, reported previously
based on experimental evidences [3]. The formation reaction energies of the different
species from the UO,”" and H,0 were estimated. The relative formation energies follow
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the order: UO,OH" (20.99 kcal/mol) > (UO,),(OH)** (21.67 kcal/mol) > (UO,),(OH),*"
(41.73 kcal/mol) > (UO,)3(OH)s" (51.14 kcal/mol) > UO,(OH), (56.63 kcal/mol) >
(UO,)3(OH),*" (81.71 keal/mol) > UO,(OH);™(93.23 keal/mol) > (UO,)3(OH); (180.20
keal/mol). The interaction of these species with the SO,* and benzyltriethylammonium
ion exchange their relative energies will be also presented. Sulfate ions are present in
the acid rock drainage that occur in the mining areas of uranium and may affect the
chemical speciation of the uranyl in aqueous solution. From experimental data it is
observed that the ion exchange resins work well, in a wide range of pH, for the removal
of uranium. According to our results, we can suggest the formation of ionic pairs due to
a strong electrostatic attraction between the sulphate oxygens coordinated to the UO,*
ions and the quaternary ammonia of the resin. This mechanism is probably predominant,
although not the only one, since these functional groups can participate in covalent,
hydrogen bonds and weak Van der Waals forces [4].
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Abstract: Clusters are aggregates of a countable number of particles, where a hetero-
atomic cluster is constituted of two or more different species. Metal clusters may be
constituted of a single metallic element or of more than one, giving rise to nanoalloys !'!.
The study of hetero-atomic clusters opens a great channel to design new mixed
materials, whose physicochemical properties can differ from those of their pure
elemental counterparts !, Silicon based clusters possess great interest due to their
potential applications in semiconductor and optoelectronic industries and aluminum-
silicon compounds possess considerable significance in nanomaterials fields .
However, nowadays, there is a lack of studies of these nanoalloys *!. The properties of
alloy clusters may be “tunable” by changing the composition of a cluster of a given size,
and to find the most stable structures there is a need to study all possible isomers that
appear from atom permutations (homotops) ***!. This is a very difficult task, given that
the number of local minima increases very fast with cluster size. The goal of this work
is to find the most stable structure and composition of aluminum and silicon nanoalloys,
using computational calculations. For this purpose, we consider nanoalloys that possess
between three and thirteen atoms, and all possible composition of aluminum and silicon.
In each case, all possible isomers are considered, permuting the position of all the atoms
that constitute each cluster. There are a lot of possible permutations, and these lead to
thousands of structures to be analyzed. The initial coordinates are taken from the singly
aluminum doped silicon neutral clusters obtained by Tam et a/ ¥, and from these
coordinates the structures are optimized using the Moller-Plesset (MP) Perturbation
Theory methodology. The MP2 calculations consume a considerable amount of time
and in this work, the basis set chosen is the LANL2DZ with an Effective Core Potential
(ECP) ™!, which makes the calculations of all homotops faster. In order to generate all
homotops, we developed an algorithm that reads the skeleton of the molecule from
Cartesian coordinates inserted in a separated file and select the desired spin multiplicity.
After performing these simple steps, the program generates a GAMESS input for all
possible homotops to be locally optimized. Vibrational frequencies are also calculated
for the optimized structures. At the same time, when executed, the program presents the
nuclear repulsion energy of each structure and search for similar values. This is useful
to compare the generated inputs and verify if they represent the same structure, avoiding
a repeated calculation. If the energies differ only in the last decimal places, the program
accuses a possible equivalence of the structures. After performing all calculations, the
optimized energies are analyzed and the lowest energy minimum is selected, therefore,
the most stable structure with that specific composition is determined. Average binding
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energies and excess energies of each composition and cluster size are calculated. After
performing these calculations, for selected compositions, the homotops will be re-
optimized using a more sophisticated method and basis set. This will enable a
comparison between the methods, and verify if the most stable structure obtained with
the MP2/ECP method is the most stable structure obtained by a more refined method.
All electronic structure calculations are carried out using the GAMESS 2016 program
package.

Key-words: Nanoclusters; electronic structure; optimization.
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There is strong interest in the application of polyazulenes and polynaphthalenes as
materials have unique electrochemical and nonlinear optical properties that make
applications possible in the fabrication of sensors, batteries, and electrochromic and
electroluminescence devices [1,2]. Azulene is an aromatic compound isomer of
naphthalene, although naphthalene and azulene are structurally similar with the same
number of carbon and hydrogen atoms and 10 n-electrons, the properties of the azulene
molecule differ from that of its isomer in many respects. The azulene molecule consists
of fused five and seven membered rings, exhibits a large dipole moment p=1.08D and
an intense blue color, on the contrary, naphthalene molecule consists of two fused six
membered rings with zero dipole moment and colorless appearance [3-5]. In the present
work, we propose a theoretical study of a small polymer chain up to 10 azulene and
naphthalene monomers in C; symmetry according to Fig.1.

(a)

Fig.1 — Polymers: (a) [10]-azulene and (b) [ 10]-naphthalene

All calculations have been performed with TURBOMOLE software [6]. Calculations on
the electronic ground state were carried out by Density Functional Theory (DFT),
B3LYP/6-311G**. The [n]-naphthalene polymers are energetically more stable than the
[n]-azulene ones. HOMO-LUMO energy gaps decrease as the polymer chain grows as
shown in Fig.2.

The peaks of electronic transitions in the visible region (see Fig.3) are attributed to the
small HOMO-LUMO energy gap, due to the extension of the n-electron system.

133

Livro.indd 133 @ 01/11/2017 12:58:53



—=— [n]-azulene
—e— [n]-naphihalene

HOMO-LUMO gap(eV)
-

Number of azulene and naphthalene

Fig.2 —- HOMO-LUMO gap for [n]-azulene and [n]-naphthalene

We observed a shift of the maximum absorption peaks (1 — m * transition), from the
visible region to the infrared, increasing polymer chains.
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Fig.3 — UV-Vis spectra: (a) [n]-azulene and (b) [n]-naphthalene
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Abstract: The resin process of ornamental stones is crucial in the treatment of this type
of stone, because, besides conferring an esthetic beauty, it protects against the action of
physical, chemical and biological inclement weather increasing the mineral durability.
However, the epoxy resin, which is the most used in this process, it presents toxicity,
besides of not being biodegradable, thus creating an important environmental liability
and contributes to the interest in finding alternatives in renewable sources[1]. The
present work studies, through molecular modeling techniques, the interaction of epoxy
resin and two possible active principles of biodegradable resins, cardanol [2] and
ricinoleic acid [3], with the mineral albite which is representative of granitic stone, in
order to better understand the adsorption process and the energies involved, in order to
investigate a renewable alternative to the epoxy resin. A conformational analysis, using
mechanical and molecular dynamics techniques, with the COMPASS force field, it was
carried out for each of the representative molecules of the resins. The most stable
structures obtained were submitted to a geometric optimization with frequency
calculation by semi-empirical PM6-DH + [3] methodology, in order to obtain the
minimum energy structure and ensure that they were in the ground state. Obtained the
minimum structure, geometric optimization calculations with the PM6-DH+ method [4]
were performed for successive approximations and in different orientations of each
resin in relation to the albite structure constructed from crystallographic data. The
maximum distance between the resin and the albite so that the method used admits that
there is an interaction was SA. Above this value, the optimizations did not evolve into
an interaction and the two structures have separated. In all cases, the resins assumed a
position very close of the albite indicating the formation of chemical bonds. This seems
to indicate that phenomena of chemisorption are expected. The figure 1 shows the
results for the adsorption energy of the three systems studied and it indicates that the
interaction with ricinoleic acid is the strongest, followed by the epoxy and finally by the
resin the cardanol.
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(c) AE = - 81,85 kcal/mol

Figure 1 — Resin-Albite structures and respective adsorption energies: (a) Ricinoleic
Acid-Albite; (b) Epoxy-Albite; (¢) Cardanol-Albite.

Key-words: Ornamental Stones, Resins, Compass force field, PM6-DH+
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Abstract:

Non-covalent interactions are the main forces involved in the recognition,
transport and regulation of virtually all events in biological systems [1]. Although the
chemical relevance of anionic molecules is very defined, the chemistry of anion
receptors is still a growing area [2]. Host molecules which can interact with anionic
species through non-covalent interactions have some advantages due to intrinsic
characteristics of the anions, such as size, polarizability and coordination number [3].

Recently, Wang and co-workers [4] prepared a family of heterocalixarenes
containing rings of 1,3,5-triazine, bridged by either oxygen or nitrogen atoms. Using the
Wang’s compound bis-cloro-tetraoxacalix[2]arene[2]triazine as a reference model
compound, we carefully addressed the nature and the magnitude of the anion-m
interactions with the anionic guests CI', Br', I', BF4, CH3CO,’, H,PO4, HSO4, NCS’,
NOy’, PFg, and SO,> [5]. The role of the bridging heteroatoms (N(H)-, O-, and S-) were
also studied. The magnitude and the physical nature of the interaction in these host-
guest complexes were analyzed through the energy decomposition analysis (EDA) [6],
natural bond orbitals (NBO) [7] and the non-covalent index (NCI) [8] as fundamental
tools.

The most stable situation in the host-guest systems was observed when the
anions are disposed between the triazine rings, leading to different sorts of non-covalent
interactions, as well as hydrogen bond formation (Fig. 1a). Anions containing hydrogen
atoms also acts as weak hydrogen bond donors to the nitrogen atoms of the triazine
units. Non-covalent regions due dispersion interactions are observed between the anions
and the triazine unities, specially for the sulfur-bridged heterocalixarene, Fig lc. The
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EDA results reveal stabilizing interactions in all host-guest complexes. The
electrostatic interaction plays a fundamental role in oxygen-bridged complexes, whereas
the orbital term is the most significant contribution in sulfur- and nitrogen-bridged
heterocalixarene complexes. Since in all complexes the Pauli repulsion and the
electrostatic term are very similar in magnitude, they cancel each other to a large extent,
which suggests that is the orbital interactions the driven forces to the host-guest
complex formation.

Two different orbital contributions to the host-guest interaction was found in the
NBO analysis: (a) the donation from lone pairs of the anion to the ¢* antibonding
orbital of C-H bonds, which is related to the hydrogen bonds and (b) the donation from
the anion lone pair to the triazine C-N ©* antibonding orbital, which is the orbital part of
the anion-w interaction, Fig. 1b.

¢

.
Cl(Ip) > C-H (0*)
AE®,;- = 8.78 keal.mol”

()=3.750 A, (j)=3.482 A, (k)=2.264 A,
()=3.493 A, (m)=3.782 A.

¢

Cl(lp) > C-N(rT")
AE®; = 0.20 keal.mol!
(a) (b) (c)
Figure 1: (a) Minima structure with selected geometrical parameters; (b) NBO donor-acceptor
interactions with their respective energy; and the (c) Perspective and superior view of NCI
analysis for the host-guest complex of oxygen-bridged heterocalixarene with chloride.
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Abstract: Metal-Organic Frameworks (MOFs) constitute a crystalline material class
that has been heavily studied since the last decade and they present structured nanopores
[1-5]. MOFs are built coordinating metallic ions with organic multifunctional binders
[6]. The combination of organic functional groups with specific inorganic unities allow
infinite different arranges to be possible, while presenting unique properties and easy
modulation [7]. The ability to identify and capture a variety of gas molecule based on
the interaction affinity between a MOF and the gas is highly desirable. That would
reduce the financial cost and the time needed to capture undesirable molecules in the
atmosphere, like CO,, for example. Computational simulations might offer a
microscopic perspective about the interactions between the molecules, which is
inaccessible with experimental measures.

This work is organized in two steps. At first, simulations considering infinitely long
MOFs with CO, and Metane gases are compared to previously done simulations. The
second part consist of finite MOFs, of different sizes, along with atmosphere gases
simulations to identify the effect of humidity in the system. The MOF considered in this
work simulations is zinc-methylimidazolate framework-8 (ZIF-8).

The goal of this work is to develop and validate computational methodologies with low
processing cost that can identify MOFs with potential to capture CO,. Then, the
expected results are: (i) develop and validate different force fields for the Monte Carlo
computational simulations, using the software DICE [8], to describe the process of
absorption and liberation of molecules from the atmosphere in the MOFs; (ii) identify
the effects of finite sized MOFs for gas capture; (iii) identify how humidity affect the
MOFs and the consequences on gas capture.

Key-words: MOF, Atmosphere, Monte Carlo, Computational Simulation, Carbon

Dioxide
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The Metal-Organic Frameworks (MOFs) compose a class of solids with diversified properties,
justifying their potential application in different areas, such as gas storage, separation methods,
catalysis, sensors, controlled drugs release devices and magnets [1]. The reticular chemistry
(methodology that consists on the connection of molecular construction blocks to the formation of
predetermined structures) combined with the understanding at molecular level of those solids in their
application allow the design of materials with adjusted properties for more efficient technological
applications. In this context, computational simulations to obtain structural and electronic information
of MOFs are very important.

The MOF-74 is obtained from the combination of divalent metallic cations with the divergent
organic ligand 2,5-dihydroxybenzene-1,4-dicarboxylate (DBDC). Its crystalline structure presents a
honeycomb topology (Figure 1). A wide diversity of materials can be synthetized based on the
topology of MOF-74 [2]. Besides the different divalent metallic cations which can be used to the
preparation of these solids, and
Conventional unit cell Primitive unit cell even the combination of them (in
the mixed metals MOFs), organic

‘;%“"”\q":-_ ligands with larger sizes and with
L] 3

\ vt other functional groups can also be

5{:_ 5" e employed. After the synthesis of

the MOF, it is still possible to make
post-synthetic modifications in its
structure [3]. All of this justifies the
importance to obtain structural and

, Space g"";pu’ R-3 120 i"“e gm‘ép’ P'390 electronic information of the MOF-
=h=¢a=B=90°ey=120° a=b=ca=g=y>90° . .
‘ Gu=p v Y 74, to better understand this solid at
Figure 1. Unit cells of MOF-74. Legend of atoms: oxygen (red), molecular l.evel to a.ssist the fie§ig“
carbon (black), metallic cation (pink), hydrogen (grey). of materials with  optimized

properties.

Computational simulations were performed based on Density Functional Theory (DFT) with
plane waves methodology under periodic boundary conditions. The exchange-correlation functionals
PBE and PW91 with pseudopotentials of ultrasoft type were used in the Quantum Espresso package
[4]. The dispersion was included by the D2 method of Grimme. Cutoff energies of 50 and 500 Ry for
plane waves and charge density and potential, respectively, were applied. The Monkhorst-Pack
scheme was chosen to the Brillouin-zone integration in the Gamma point, besides Marzari-Vanderbilt
0.02 Ry smearing. The choice of these values for the calculation parameters guarantees a convergence
for energy of 1 mRy. The solids Mg-MOF-74, Co-MOF-74 and Mn-MOF-74 were investigated using
the primitive unit cell (Figure 1). The spin configuration utilized to simulate the solids constituted by
open shell cations (Co(II) and Mn(II)) was the one resulting of an antiferromagnetic coupling among
all the ions. Effective Hubbard parameters from 0.0 to 8.0 eV were evaluated to cobalt and manganese
atoms, in order to obtain a properly description of the electronic correlation on d orbitals.

The levels of theory that best describe both structural (Table 1) and electronic parameters of
these materials were PBE-D2/US, PBE-D2+U4+J1/US and PBE-D2+U5.5+J0 for Mg-MOF-74, Co-
MOF-74 and Mn-MOF-74, respectively. These levels of theory were used to the detailed investigation
of the solids.
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Table 1. Lattice parameters for the evaluated MOFs. The percentage errors in relation to the experimental data
are in parenthesis.

MOF Method alA c/A Work
Mg-MOF-74 PBE-D2/US 26.039 (0.46) 6.860 (-0.04) This work
Mg-MOF-74 Neutron Powder Diffraction 25.921 6.863 Queen et al.[5]
Co-MOF-74 PBE-D2+U4+J1/US 26.166 (1.0) 6.836 (0.3) This work
Co-MOF-74 X-Ray Powder Diffraction 25.906 6.817 Dietzel et al.[6]
Mn-MOF-74 PBE-D2+U5.5+J0/US 26.555 (1,2) 6.975 (-0.9) This work
Mn-MOF-74 X-Ray Powder Diffraction 26.230 7.035 Zhou et al.[7]

The direct band gaps on the I" point were 2.10, 1.97 and 2.00 eV for Mg-MOF-74, Co-MOF-
74 and Mn-MOF-74, respectively. The experimental value for Co-MOF-74, which was obtained
through diffuse reflectance UV-VIS spectroscopy, is 2,02 ¢V [8], indicating the good description of
the material. The analyses of the electronic band structure show that the band gap with the lower
energy variation is indirect from I" to Z point, and occurs between states localized on carbon atoms.
There is a significant contribution in the conduction band of states from metallic cations, indicating a
possible Lewis acidic activity of these atoms, and a significant contribution in the valence band of
states from oxygen atoms, indicating their possible Lewis basic activity.

The methods Electron Localization Function (ELF) and the Quantum Theory of Atoms in
Molecules (QTAIM) were applied to the analyses of the electronic density topology obtained to the
three solids. These methodologies indicated that the bonds between the metallic cations and the
oxygen atoms are predominantly ionic while the other ones are predominantly covalent. Furthermore,
through QTAIM analyses were possible to identify non-
conventional hydrogen bonds in Mg-MOF-74 and Co-MOF-74,
which were not observed to Mn-MOF-74 (Figure 2). This
interaction occurs between the oxygen atoms of carboxylate
group and the hydrogen atoms bonded to the aromatic ring of the
organic ligand. The absence of this interaction in Mn-MOF-74
makes its structure more flexible than the others. The Bader :
charges to the metallic cations were +1.74, +1.56 and +1.41 a.u. Non-conventional
to Mg(II), Mn(II) and Co(Mn), indicating that the increasing hydrogen bonds
order of Lewis acidic strength is Co(Il) < Mn(Il) < Mg(Il). In 'C‘E'?e“d.’ol -
this way the catalytic activity of these materials, for example, iS |i Bond Critical Points; Ring Critical Points.
dependent of the combination of the flexibility of the structure to
accommodate the substrates involved in the reaction process
(highest to Mn-MOF-74) and of the Lewis acidic strength
(highest to Mg(I)).

In conclusion, the levels of theory suitable for computational simulations of Mg-MOF-74, Co-
MOf-74 and Mn-MOF-74 were optimized, which provide data in agreement with the experimental
ones. Besides that, it was exposed structural and electronic properties of the evaluated MOFs that
allow to better understand these solids at molecular level, which can assist the design of new materials
and even to recognize processes already described in literature.

Figure 2. Critical points found to Co-
MOF-74 and Mn-MOF-74.
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Abstract: Electrical generation from hydrogen, the element with higher energy
density per unit mass, requires appropriated materials that can be used in its storage [1].
Palladium, with a high capacity to dissociate, absorb and desorb gaseous hydrogen, has
been widely used for hydrogen storage [2], in separation membranes [3] and catalytic
hydrogenation [4]. The present DFT calculations on clusters models reveal interesting
details  of the hydrogen absorption/desorption  process in  palladium and metal
hydrides. The results point to the existence of a pre-absorption state of the hydrogen
atom on palladium and indicate that occupation of the tetrahedral site is preferred at
low hydrogen concentrations (o-phase), whereas in B-phase the octahedral site is the
most stable. Taking the absorption and desorption energies of palladium as reference,
we analyzed the properties of the metal hydrides AlH3, MgH,, Mg(BHa),,
Mg(BH4)(NH2) and Li;NH for hydrogen storage. Among these compounds, MgH> most
closely resembles the properties of palladium, but the complex hydrides
in borohydrides (BH4") and amide (NH2") show better properties both in absorption and
desorption. Furthermore ~ we found that Cu and Pd doping of MgH> can  reduce

the desorption energy, improving the hydrogen release.
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Analysis of the interaction of water with TiO,
nanotubes
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Abstract: TiO, is a multifunctional semiconductor that presents a wide variety of
applications in different fields, such as: ceramic, cosmetic, catalyses, etc [1, 2]. At
atmospheric pressure, TiO, presents three stable polymorphs: rutile, which is
thermodynamically favored, anatase and brokita. These polymorphs show different
degrees of chemical reactivity and studies have shown that the TiO, anatase is more
reactive when used for catalysis and photocatalysis studies. The TiO, anatase, focus of
this study, presents a tetragonal structure formed by clusters [TiOg]. In this work a study
of the TiO, nanotubes and the interactions with the water molecule were carried out.
The CRYSTAL14 program associated to DFT and to the B3LYP hybrid functional was @
used. The theoretical results of the nanotubes were correlated with experimental data of
the group and those found in the literature.
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Introduction: Segmented all-electron basis sets of valence double and triple zeta
qualities plus polarization functions for the elements Fr, Ra, and Ac are generated' using
non-relativistic and Douglas-Kroll-Hess (DKH) Hamiltonians. The sets are augmented
with diffuse functions with the purpose to describe appropriately the electrons far from
the nuclei. At the DKH-B3LYP level, first atomic ionization energies and bond lengths,
dissociation energies, and polarizabilities of a sample of diatomics are calculated.
Comparison with theoretical and experimental data available in the literature is carried
out. It is verified that despite the small sizes of the basis sets, they are yet reliable. Here,
we will discuss only the first ionization energies.

Methods: The Hartree-Fock (HF) and restricted openshell Moller-Plesset perturbation
theory (ROMP2) methods were used to construct the nonrelativistic DZP and TZP basis
set. The relativistic set was obtained from the DZP and TZP set by re-optimizing the
values of the contraction coefficients using the second-order DKH Hamiltonian. At the
end of this process, one obtains: DZP — [9s7p4d1f] for Fr and Ra and [9s6p5d2f] for Ac;
TZP —[10s7p5d2f] for Fr and Ra and [10s6p6d3f1g] for Ac. It should be mentioned here
that for Ac, it is not possible to optimize any function associated with the 7p orbital.

Results and Discussion: In Table 1 experimental and theoretical ionization energies for
Fr, Ra, and Ac are displayed. For comparison, experimental® and other theoretical results?
are also included. In general, the TZP-DKH results are in better accordance with the
benchmark theoretical values®* evaluated with the DK2-CASPT2/ANO procedure
(without SO) than the DZP-DKH ones. The differences between the DKH2-B3LYP/TZP-
DKH and DK2- CASPT2/ANO results do not exceed 0.131 eV, being the largest one for
Ra. Pantazis and Neese’ reported a value of 5.18 eV for Ac using the DKH2-
B3LYP/[21s13p10d7f] model. The TZPDKH and ANO ionization energies for Fr and Ra
agree well with the experimental values?, whereas for Ac, they are overestimate about
4.6%. For Ac, a 6d electron is removed in the ionization process, whereas for the other
elements it is a 7s one. Considering the Ac element yet, one verified that the SO effects

are not large* and that they get worse according to the experimental data®. So, the origin
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of the problem was attributed to the used electron correlation treatment. The expectancy
for Fr and Ra is that the SO corrections be small since in both the cases an electron of s
symmetry is ionized. Finally, it should be mentioned here that at the DKH2-B3LYP level
of theory, the first ionization energies for Fr (4.154 eV) and for Ra (5.31 eV) calculated
in this work with the large contracted ANO basis sets>* are in good agreement with the
TZP-DKH results.

Table 1. First ionization energies (in eV).

DZP-DKH* TZP-DKH®  ANO basis set’ Expt.°
Fr (S) 3.869 4.024 3.929 3.942
Ra ('S) 5.258 5.241 5.110 5277
Ac *D) 5.350 5.231 5.21 5.00

Present investigation (DKH2-B3LYP calculations). Basis set generated in this work.
"DKH2-CASPT2 calculations (without SO)>?. [12s11p8d5f] and (27s24p18d14f6g3h) basis sets for Fr
and Ra and Ac, respectively.

¢ Experimental data from Ref. [2] averaged over the J quantum number.

Conclusions: Segmented basis sets (DZP, TZP, DZP-DKH, and TZP-DKH) for Fr, Ra,
and Ac are developed to be employed in conjunction with the non-relativistic and DKH
Hamiltonians. Theses sets are compact enough, but still accurate, to be competitive with
the ECP valence basis sets. Computationally, they are more efficient than generally
contracted basis sets on DFT calculations of large molecules and, according to our
knowledge, the smallest all-electron basis set sizes of valence double and triple zeta
valence qualities so far presented in the literature. The DKH2-B3LYP/TZP-DKH
ionization energies are in excelente agreement with benchmark theoretical values®*.
Except for Ac, which is overestimate, they are close to the experimental data®. In
summary, along these years we have shown that it is possible to develop all-electron
segmented basis sets that have a good balance between accuracy and computational cost
on atomic and molecular property calculations. The XZP and XZP-DKH (X =D and T)
basis sets for the atoms from H to Lr are available on different formats at
http://qcgv.ufes.br.
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Theoretical and experimental study of lanthanide ion
complexes: Spectroscopy and chemical bond analysis
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Abstract: The theoretical intensity parameters of 4f-4f transitions in lanthanide
complexes depend on the chemical environment and the nature of rare-earth ion, where
in the absence of inversion center, the two main contributions are the forced electric
dipole mechanism (FED) and the dynamics coupling (DC) mechanism [1,2]. The
overlap polarizability (c.p) and ionic specific valence were recently used [3] to reshape
and reinterpret the expressions of these two mechanisms, in which the ligand effective
polarizability describes the environment polarizability not accounted into 0. In this
work, a set of different complex where analyzed by using the new methodology [3]. The
investigated complexes are [Ln(BD)3(L)x], (where Ln = Eu’", Tb’" and Gd*") with p-
diketones ligands D (BZAC = benzoylacetonate; DBM = dibenzoylmethanate and
TTA = 2-thenoyltrifluoroacetonate) and ligands L derived from 2-aminopyridine (2AP)
and 2-aminoprimidine (2APM), wherein X = 1 or 2. These compounds were
synthesized, characterized and their quantum efficiency, radiative (Anqg) and
nonradiative (Ap.q) emission coefficients, and intensity parameters Q, and €4 where
experimentally obtained from spectroscopic data (Table 1).

a) b) c)
. Lig. o (A)
s 29 @ DBM 20,18

- ‘3\ ¢‘~q‘a
33 -, NA2APM 11,99
@°@®° NP 1126

2 »
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Figure 1. (a) Eu’" complex [Eu(DBM);(NP2AP)] (b) Table with the obtained values of the ligand
effective polarizabilities; (c¢) DBM ligand orbitals localized at the coordination region.

It is known that the ligand field breaks the symmetry of the metal Ln, and
modifies the electron density around the metal center. Consequently, the energies of
the *Dy —F;, transitions, on the Eu®" ion (for example), also change as a consequence
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the nephelauxetic effect [1,2]. This electron density is dependent on the
characteristics of the ligand, that is, whether a ligand is a soft or hard Lewis basis or if
it has an electron donor or withdrawn substituent. The characterization of the Ln®"—
bond situation [2] reveals that chemically more polarizable bonds and environments
contribute to increase of the intensity parameters in lanthanide compounds [1-3]. It
can be seen in Table 1 that the experimental Q, and Q4 values change a lot, when
some systematic ligand modifications are imposed. For instance, Q, for
[Eu(DBM);(NTE2AP)] is 18.6-10°cm™, while the same parameter for
[Eu(DBM);(NTE2APM)] is 37.3-10*%cm %, making it clear the importance of the
theoretical study.

Table 1. Experimental intensity parameters Q) (in 10 %cm ), radiative (Ag), nonradiative (Apq) and
total (Ayrr) emission coefficients (in s’l), emitter lifetimes 1 (in ms) and quantum efficiency Ny (in %).

Complexes QZ 94 Arad Anrad Atotal T Neal
[Eu(BZAC);(H,0),] 169 22 4377 48255 52632 0.19 8.3
[Eu(BZAC);(NA2APM)] 219 25 5415 582.1 11236 089 482
[Eu(BZAC);(NA2AP)] 157 65 4642  2984.1 34484 029 135
[Eu(BTF)y(H,0),] 18.6 1.8 461.1 21705 26316 038  17.5
[Eu(BTF);(NTF2AP)] 89 62 3399 8229 1162.8 086 292
[Eu(BTF);(NTF2APM)] 184 2.5 4668 7237 1190.5 084 392
[Eu(DBM)3(H,0),] 380 1.8 8836 991164 100000  0.01 0.9
[Eu(DBM);(NTF2AP)] 186 25 500 6167 6667 015 8.0
[Ew(DBM);(NTE2APM)] 373 26 8674 15135 23809 042 364
[Eu(TTA)s((H;0),)] 293 38 7005 34662 41667 024 168
[Eu(TTA)y(NA2AP), ] 291 2.5 6887 14852 21739 046 317
[Eu(TTA);(NA2APM),] 328 39 7829 1103.9 1886.8 053 415
[Ew(TTA)y(NTF2AP)] 137 24 3934 10352 14286 070  27.5
[Eu(TTA);(NTF2APM),] 396 1.5 913 754 1667 06 55

Initial geometries of the complexes were pre-optimized by Sparkle/PM6 model,
and were used as input for the DFT B3LYP/6-31+g(d) optimizations. The ligand
effective polarizabilities were calculated using B3LYP/aug-cc-pVDZ methodology,
where the o’ values were calculated from the LMOs in a region within two bonds from
the ligating oxygen atoms (Figure 1c). The Pipek-Mezey and Ruedenberg localization
procedures were used. Each ligands geometries in all complexes were used to calculate
the o value, where some of the results are depicted in Figure 1b. It is important to
highlight that the biggest calculated o’ was obtained for the DBM ligand, which also has
some of the biggest Q, values. The recent developed JOYSpectra program has been
used for the calculations of force constants, charge factors and theoretical intensity
parameters.
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The spherical-harmonics representation for the
interaction between H,O-HX molecules, with X = H, F,
Cl and Br atoms.
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Abstract: The explicit representation of the potential energy surfaces (PES) for
interactions of H>O-HX systems, with X representing the atoms H, F, Cl and Br, based
on orthogonal vectors, via harmonic expansion functional depending on the distance
between the centers of mass of the two molecules and on four angles, assuming that the
two molecules are rigid[1-3]. In this way, account for two contributions: an external one
depending on the three angle variables which define the mutual orientation of the two
molecules and an internal one expressed by the angle which describes the position of the
oxygen atom in H>O with respect to the HoO -HX system, as can be seen in the figure 1.
vy A
Figure 1. The mutual
position of the H,O and
X | HX molecules is expressed

o T T T TN, : by five coordinates in the
~ u / . Cartesian coordinate
/ framework xyz.

The potential energy surface (PES) was generated in the framework of the
supermolecular approach, using the counterpoise-corrected interaction energies at the
CCSD(T), auc-cc-pVQZ level with the Molpro code. Comparisons with the atoms
involved are presented and their features are discussed. The analytical form of the
potential energy surfaces, for each of the leading configurations, is constructed by
fitting the energies to a fifth degree generalized Rydberg function [4,5] and Improved
Lennard Jones [6] respectively into the ab initio points, taking the advantage of the
parameters also obtained as source of comparisons. The PES was computed for about
one hundred points for each of the 27 leading configurations, whose number reduces to
23 because of symmetry properties. In the figure 2, we report the isotropic components
of the interaction potential of HO -HX system, which can be measured experimentally,

allowing the comparison and evaluation of the capacity of the theoretical method used.
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The results for the system reduced the number of degree of freedom, reducing the
computational cost simplifying the fitting and representation of the potential energy
surface for other applications also to classical and quantum molecular dynamics
simulations.

Key-words: Potential Energy Surfaces, van der Waals interactions, Rydberg function,
Improved Lennard Jones function, Spherical Harmonics.
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Abstract: Clusters have been a central theme in the development of nanotechnology
research, and its study allows the development of properties tunable by size in the
nanometric scale.'! Agglomerates consisting of two or more metal elements are called
nanoalloys, and may also be tuned by composition. These are highly reactive, and can
be prepared by means of beam techniques or by matrix isolation.!'! The metallic
nanoalloys that are the object of this work, have as components aluminum and silicon.
Al clusters have been extensively studied, both experimentally and theoretically, due to
their wide application in the field of catalysis, electronics, among others.['?! Si clusters
are of great interest because of two potential applications in the semiconductor and
optoelectronic industries. The Al-Si compounds have considerable significance in the
nanomaterials areas.’) To investigate these alloys theoretically it is necessary first to
determine the geometrical configuration of the most stable structures, which is difficult
due to the large number of isomers generated by the permutations of Al and Si atoms
(called homotops).[! The objective of this work is to predict the stability of such
clusters, employing previously determined geometries. For this purpose, clusters
between three and thirteen atoms with the lowest energies are considered. The structures
were optimized using the Mdller-Plesset Pertubation Theory (MP). A basis set was used
that has an effective core potential (ECP), where the innermost electrons are disregarded
(LANL2DZ), culminating in a faster calculation.[>! The results are refined using CCSD
and compared to DFT calculations with larger basis sets. The software used for the
calculations was the General Atomic and Molecular Electronic Structure System
(GAMESS), version 2016/ and for visualization wxMacMolPlt was used.!®! The results
obtained are interpreted according to the reactivity and stability of the structures using
binding energy, excess energies and the HOMO-LUMO gap. The binding energy (eq.1)
gives us the stability of the clusters as a function of composition.™

Ey(ALSi,) = E(AL,Siy) — xE(Al) — yE(Si) eq.1
According to the binding energy analysis, the larger the amount of silicon atoms in the
cluster compositon, the more likely they are to become more stable. By means of the
excess energy (eq.2), the favorability of the formation of alloy rather than the
corresponding pure clusters can be obtained.¥! A negative value indicates that the

formation of the corresponding nanoalloy is favored.
Eexc(AlSLy) = Ey(ALSiy) — x 20 _ oy ) eq.2
The excess energy analysis indicates that smaller clusters tend to be more stable in the

homonuclear form, whereas in cluster with 8, 9 and 11 atoms mixing is favored.
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HOMO-LUMO gaps, electron affinity and ionization energies are also relevant to
estimate the reactivity of the clusters and will also be calculated.

Key-words: cluster, nanoalloy, Al-Si, bonding energy, excess energy.
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Abstract: Borylation of unsaturated compounds catalyzed by transition metal boryl
complexes have attracted increasing attention because the reactions yield organoboron
derivatives that are used in synthetic processes, especially cross-coupling reactions
[1,2]. Recently, Tsuji and co-authors reported, for the first time, the copper catalyzed
boraformylation of allenes [1]. In this experimental study, they found that copper
complexes bearing different ligands lead to huge discrepancies in the relative yields of
B-boryl B,y-unsaturated aldehydes. A crucial step of the general mechanism of this type
of reaction involve the substrate insertion into the Cu-B (boryl) bond, which is usually
responsible for the regioselectivity of the reaction [3]. In order to unveil the role of
different ligands in the mechanism, the present work uses computational approaches to
explore their influence on the insertion of allene into Cu-B (boryl) bond. Figure 1 shows
the transition state (TS) associated with this process, in which a N-heterocyclic carbene
ligand (NHC) is present. This TS was obtained at the B3LYP-D3/6-31G(d),SDD(Cu)
level of theory using Gaussian09. Further DLPNO-CCSD(T) calculations and IBO
(Intrinsic Bond Orbitals) analysis will be performed to refine energies and discuss bond
interactions, respectively, on this system and others ones with different ligands.

Figure 1. TS associated with the insertion of allene into Cu-B (boryl) bond. The H
atoms are omitted for clarity.

Key-words: Boraformylation, Catalysis, DFT and CCSD(T) Calculations.

Support: This work has been supported by FAPESP, grants #2015/01491-3 and #

2014/25770-6

References:

[1] T. Fujihara, A. Sawada, T. Yamaguchi, Y. Tani, J. Terao, Y. Tsuji, Angew. Chem.
Int. Ed. 56, 1539 (2017).

[2] E. C. Neeve, S. J. Geier, I. A. 1. Mkhalid, S. A. Westcott, Todd B. Marder, Chem.
Rev.116,9091 (2016)

[3] H. Zhao, L. Dang, Todd B. Marder, Z. Lin J. Am. Chem. Soc.,130, 5586 (2008)

154

Livro.indd 154 @ 01/11/2017 12:59:11



On the Degradation Pathway of Glyphosate and
Glycine

Anderson José Lopes Catdo and Alejandro Lopez-Castillo

Departamento de Quimica, Universidade Federal de Sao Carlos (UFSCar),
Sdo Carlos, SP, 13560-970, Brazil

Abstract: Glyphosate is a systemic and non-selective herbicide consisting of a glycine
and a phosphonomethyl group [1]. The use of glyphosate-based herbicides (GBHs) has
increased significantly as to be worthy of attention in the health areas, both
environmental and human health [2]. In case of treatment, e.g. water depollution, it is
important to know the details of molecular degradation mechanism. Computation
models open the possibility of studying such process in silico. In processes that occur in
liquid phase solvent plays an important rule. One alternative to include solvent effects in
quantum chemical calculations is the solvent implicit model. There are several models
and they have proved to be very useful to take into account macroscopic effects but they
are poor in describing microscopic detail, such as bond-breaking process. Another
alternative is to include solvent explicitly, by means of addition of solvent molecules,
i.e. microsolvation. We studied the degradation mechanism of glyphosate and glycine,
sketched in Scheme 1. All calculations were performed using the GAUSSIAN 09
package [3]. We performed geometry optimizations and intrinsic coordinate reaction
(IRC) [4] calculation using aug-cc-pVDZ basis set [5] and M062X [6] functional.
Solvent effects were included by means of both microsolvation and the polarizable
continuum solvation model IEF-PCM [7]. We found two degradation pathways of
glycine and glyphosate. Both routes lead to a decarboxylation of the molecule. In the
case of glyphosate the product formed was the aminomethylphosphonic acid (AMPA),

which is one of the degradation product already reported [4].
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Scheme 1 — Glycine (R = H) and Glyphosate (R = PO;H,CH,) degradation mechanisms: concerted (up)
and stepwise (down) mechanisms

The energy barrier is quite similar for both molecule, 3.24 eV and 3.13 in the concerted
mechanism for glycine and glyphosate, respectively, and 1.90 eV and 1.36 for glycine
and 1.90 eV and 1.09 eV for glyphosate in the two-step mechanism for [EF-PCM. The
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concerted mechanism is characterized by a proton transfer, from nitrogen to carbon
vicinal atom, accomplish by the breaking of the C—C bond. The stepwise mechanism,
which occurs in two steps, begins with decarboxylation followed by the proton transfer.
When explicit water molecules are included, mechanism profiles still the same but
energy barriers not. Transition states were characterized to each system, with explicit
water molecules or not. Water molecules were included in order to preserve the
transition state of that obtained with only implicit solvent. Although transition states
differ, degradation mechanism is essentially the same. Concerted mechanism seems to
be assisted by water molecules, which take a part in the proton transference process.
This assistance reduces the energy barrier considerably, as shown in Figure 1. In glycine
case energy barrier is reduced by almost half when two water molecules are included.
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Figure 1 — Glycine IRC pathways: (a) concerted and stepwise mechanisms in implicit solvent model; (b)
concerted mechanism with (dashed line — right Y axis) and without (solid line — left Y axis) explicit water
molecules (isolated water molecule total energy is -76.41522075 hartree).

In summary, two mechanisms were presented to the degradation of glycine and
glyphosate molecule. Although both routes are globally energetic equivalent, the
stepwise mechanism needs lower activation energy and might be the most common
chemical degradation pathway.
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Abstract: Monocrystalline germanium (Ge) is a key material in the fields of
semiconductors, infrared optics and high-frequency electronics. In its crystalline
form Ge has a diamond structure, whereas in the amorphous state it forms a
random and distorted tetrahedral network. The experimental evaluation of its
crystallization kinetics in the supercooled liquid is complicated by the fact that it
occurs very fast within the interior of a dense liquid [1] and the critical nucleus
size is usually too small to be detected. Therefore, the computational study of
the molecular origins and microscopic mechanism of homogeneous crystal
nucleation can provide relevant molecular insight on this system [2] and can
also be useful to other materials. In this work we have carried out standard
molecular dynamics simulations using the Tersoff potential [3] for Ge (~4,000
atoms). The crystalline phase was characterized by a tetrahedral order
parameter (q) [4], whose values for a unique atom range between -3 and 1 (g=1
in a perfect tetrahedral arrangement and g=-3 for a linear configuration).
Individual Ge atoms were considered to be in the crystalline state whenever
0>0.92. Spherical crystalline nuclei were created into an amorphous Ge matrix
in order to find the critical size of the crystalline nucleus (Figure 1, left) in a few
temperatures at very deep undercooling conditions. The simulations allowed the
calculation of free energy terms related to the formation of a crystalline nucleus
with radius r in an amorphous matrix (Figure 1, right), to be used latter in the
classical nucleation theory (CNT) calculations. Both results are consistent with a
critical size of the Ge nucleus at 2000 K of ca. 22 A (Figure 1). The
crystallization of Ge is pictured on Figure 2, where all atoms in red represent
those in tetrahedral configuration (g> 0.92). The initial structure had a seed
crystal of diameter equal 24 A (Figure 2, left), and after 5000 ps nearly all atoms
evolved into a crystalline structure (Figure 2, right). The measurement of the
crystal growth velocity is being carried out using a tenfold larger system in the
SDumont supercomputer, in order to minimize finite-size effects which have
been detected in the simulations with these smaller models.
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Figure 1: Fraction of Ge atoms with tetrahedral order parameter larger than
0.92 (left) and orientational entropy at 2000 K (right). Different colors stand for
the size of the seed used for nucleating the crystal growth (diameters in A).

Figure 2: Atoms wit >0.92 at the beginning of the simulation (left) and after 5
ns (right). Atoms with q<0.92 are not shown for clarity (seed diameter of 24 A,
T=2000 K).
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Abstract: There is a long history of important developments in quantum theory
supported exclusively on scattering experiments. Concerning particularly the subfield of
electron collision, there are still important topics such as atmospheric chemistry and the
growing relevance of electron energy loss spectroscopy to name just a few[1].

The Born approximation is as old as quantum mechanics itself, and it is still the
fundamental tool for collisions within fast electrons. While keeping the energy of the
bound states as a lower limit, the Born approximation is the prevalent theoretical
treatment for electron-molecule collisions [2]. Therefore, the main issue to be attacked
is the dependence on the molecular wave functions. The method is very sensitive to the
quality of the wave functions and the theoretical apparatus of highly correlated methods
are of fundamental importance.

The problem of electron scattering by molecule has not profited decades of
developments of quantum chemistry methods, which is evidenced by the absence of
calculations of properties related to scattering problems in modern quantum chemistry
computational packages. This led us to work on methods for practical computation of
scattering amplitudes based on high quality wave functions. Very successful
applications were found by using density matrices obtained from equation of motion —
coupled cluster singles and doubles(EOM-CCSD)[3] and configuration interaction(CI).
The convenience of using an Octave [4] scripts has an immediate trade off on computer
time, although for an average ten minute computation we were able to obtain good
accuracy. These results are presented here for a series of small molecules used as
benchmark. Results include some scattering experiments never simulated before with
quantitative accuracy.
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Polymorphism of Lipid A bilayers in presence of AI’* at
different ionic concentrations of NaCl and AICl;
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!Department of Fundamental Chemistry. Federal University of Pernambuco.Cidade
Universitaria, Recife - PE, 50740-540

Abstract: Lipid A is the endotoxically active region of the lipopolysaccharide (LPS)
molecule composing the outer membrane of Gram-negative bacteria., Lipid A is a highly
potent stimulator of the innate and adaptive immune system of mammalians. In the last
decades, monophosphorilated Lipid A combined with aluminum salts have been
commonly used as vaccines adjuvants since it induces similar cytokine profiles as LPS
but it is at least 100-fold less toxic [1]. Previous experimental studies have shown a
correlation between the chemical structure and aggregation phase of Lipid A and its
biological activity [2]. It is also known that different cations can induce transitions from
lamellar to non-lamellar arrangement of Lipid A bilayers [3]. Therefore, we have
investigated the influence of aluminum cations on Lipid A aggregation phase using
atomistic molecular dynamics simulations. We have performed simulations of mono- and
diphosphorilated Lipid A bilayers from E. coli in presence of A" at different salt
regimes: (a) 0 mM where AI*" was added only to neutralize the system total charge. (b)
150 mM NaCl and (c¢) 150 mM AICIs. All molecular dynamics simulations were carried
out in a NpT ensemble, semi-isotropic scheme (1 bar) and temperature of 300K using the
GROMACS 4.5.6 program [4]. We have used an extension of GROMOS 53A6 force field
for Lipid A [2] and in-house developed tools to analyze curved membrane surfaces [5].
The Lipid A bilayer at 0OmM salt concentration kept a lamellar arrangement, with the
presence of curvature in the surface of the diphosphorilated Lipid A bilayer. Systems
containing AICI3 suffer a structural transition from lamellar to non-lamellar arrangement.
Similar behavior was observed for Lipid A bilayers neutralized with AI** and in presence
of NaCl. Furthermore, it is observed the full replacement of aluminum by sodium cations
on phosphate binding groups of Lipid A. Lipid A bilayers show selective affinity to
cations, which influence directly the final aggregation phase of these systems. We are
currently investigating the effect of a broader range of concentrations and multisalt
solutions on the aggregation and dynamics of Lipid A bilayers.

Key-words: Hofmeister effects, Order parameters, Radial distribution function, Cation
and membrane hydration

Support: This work has been supported by FACEPE, CENAPAD-UFC, BioMol
Project/CAPES, STINT, CNPq

160

Livro.indd 160 @ 01/11/2017 12:59:15



References:

[1] MacLeod, M. K.; McKee, A.S.; David, A.; Wang, J.; Mason, R.; Kappler, J.W_;
Marrack, P., Proc. Natl. Acad. Sci. USA 108: 7914-7919 (2011).

[2] Brandenburg, K. J., Biophys.,64, 1215-1231 (1993).

[3] Pontes, F.J.S.; Rusu, V.H.; Soares, T.A.; Lins, R.D., J. Chem. Theory Comput. 8,
3830-3838 (2012).

[4] Kabsch, W.; Sander, C., Biopolymers. 22, 2577 (1983).

[5] Santos, D.E.S.; Pontes, F.J.S.; Coutinho, K.; Linds, R.D.; Soares, T.A, in preparation
(2017)

161

Livro.indd 161 @ 01/11/2017 12:59:15



Substituent effect on 'Jcy in benzaldehyde derivatives
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Abstract: NMR spin—spin coupling constants (SSCCs) can lead to insights about the
electronic structure of molecules when experimental NMR data are combined with
quantum mechanical calculations [1]. This is possible because theoretically, the SSCCs
can be decoded in different components of the SSCCs mechanism, which allows the
identification of “steric” or “hyperconjugative” origin [2]. In this work, the 'Jcu of the
formyl group for the substituted benzaldehydes with distinct electronic character in ortho,
meta, and para positions were evaluated (Table 1). J-coupling constants and your
decompositions were calculated using the method described by Autschbach [3] with the
CPL module of ADF package using PBEO functional and jcpl basis set. Experimental and
theoretical results indicated that there is a significant increase on the SSCC when
substituents are in ortho position, except for hydroxy and methyl groups, compared to
benzaldehyde. To understand the origin of this increase, the theoretical SSCCs of these
compounds were decomposed into NLMOs contributions that are calculated in Lewis and
non-Lewis terms. For halogenates and methoxy substituents, anti-conformers are more
populated (> 86%) than syn-conformers. So, in these cases, the observed SSCCs can be
described by the anti-conformers and the ‘Jcy couplings increased for these conformers.
The decomposition analysis showed that this increase on 'Jen occurs in the Lewis (L)
term of the formyl cc.y NLMO contribution, suggesting that steric effects are more
pronounced than conjugative one. This proposal is supported by two observations: the
first one is an increase of s characters on the carbon of formyl C-H bond (about 1%) and
on LP; for the ortho substituent (< 0.2%), indicating an electronic rearrangement to
“accommodate/stabilize” electronic density into internal orbitals, and the second one is
an increase on H-C¢-Cp bond angle, in response of the steric interaction between the
formyl C-H bond orbital and the substituent’s lone pairs. The syn-conformers showed no
significant change on 'Jcn compared to benzaldehyde, but the L and NL components of
the C-H formyl NLMO contribution showed important variations that are compensated
because these terms have opposed signals. These results can be explained by changes in
electronic interaction of 6c.n and 6*cv-cx (Cyp is the benzyl carbon bonded to the formyl
group and X is the ortho substituent) that contribute positively for NL term and, in
response, negatively for L term. When benzaldehydes have two ortho-substituents, the
increase on Jcn can be interpreted by steric effects on anti-conformers contributions for
the total SSCC and a balance of steric and delocalization effects on syn-conformers. For
example, in o,0-difluorobenzaldehyde there are no significant delocalization
contributions in response of fluorine substituents so, steric effects explain the total 'Jcp.
However, for o,0-dichlorobenzaldehyde delocalization contributions (NL term) are as
important as steric (L term).
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Table 1: Experimental, theoretical 'Jen and its decomposition contributions changes
compared to benzaldehyde for benzaldehyde derivatives and conformers population.

Compound pop. 'Jem AoC-H-AoC-HY pop. 'Joy AcC-H- AcC-HMA!Jcy AlJcn
syn _syn  SYn_ SYn qnti anti  anti  anti  teor. exp.
benzaldehyde - - 0 0 - - 0 0 0 0
o-fluorob. 13.5 1789 -25 54 86.5 1862 103 -1.8 92 82
o-chlorob. 58 179.6 -10.6 13.7 942 188.7 138 -3.6 124 88
o-bromob. 53 180.1 -157 19.0 94.7 1885 127 -25 123 7.1
o-iodob. 7.6 180.7 -145 179 924 186.8 179 1.3 105 7.1
o-methoxyb. 42 1750 -18.6 17.7 958 1857 53 27 95 6.6
o-hydroxyb. 939 1769 -74 74 6.1 1858 6.1 1.9 1.6 24
o-methylb. 702 1744 -06 12 29.8 1758 -158 165 -1.0 -1.1
o-nitrob. 28 1872 -55 153 972 203.1 234 -1.8 268 183
0,0-difluorob. - - 106 1.1 - - 10.6 1.1 141 128
0,0-dichlorob. - - 44 128 - - 44 128 105 137
o-chloro,o- 39.1 1909 -19 141 609 1914 126 03 154 134
fluorob.
o0-bromo,o- 446 1909 -72 193 554 1913 13.1 -03 153 133
fluorob.
o-fluoro,o- 48.1 1913 -10.5 227 519 1888 102 0.7 142 12.1
iodob.
m-fluorob. 55.7 178.3 - - 443 1786 - - 26 25
m-chlorob. 51.8 178.6 - - 482 1794 - - 32 26
m-bromob. 51.9 178.7 - - 48.1 1792 - - 3.1 1.4
m-iodob. 49.2 1784 - - 50.8 179.2 - - 3.0 -
m-methoxyb. |44.4 177.1 - - 556 177.0 - - 1.2 06
m-hydroxyb. [69.1 177.3 - - 309 1764 - - 1.2 1.0
m-methylb. 52.6 175.7 - - 474 1757 - - -0.1  -0.5
m-nitrob. 41.3 1804 - - 58.7 182.6 - - 59 51
m,m-difluorob. | - - - - - - - - 53 51
p-fluorob. - - - - - - - - 0.7 0.6
p-chlorob. - - - - - - - - 1.7 13
p-bromob. - - - - - - - - 1.6 14
p-iodob. - - - - - - - - 1.7 1.4
p-methoxyb. - - - - - - - - 2.1 -1.9
p-hydroxyb. - - - - - - - - -1.1 - -1.6
p-methylb. - - - - - - - - -09  -1.1
p-nitrob. - - - - - - - - 5.7 48

Key-words: benzaldehydes, 'Jcn, SSCC decomposition.
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Abstract: In this review, we highlight some parameters and fundamental concepts
which are usually not fully discussed concerned to the Arrhenius Law and the transition
state(TST) [1]. Most of papers and textbooks consider as a rule of thumb the pre-
exponential A and the activation energy E, as independent of the temperature in the
classical Arrhenius equation. However, theoretical and experimentally a non-Arrhenius
behavior should be the rule rather than an exception. Measurements of rate coefficients
over wide temperature range confirm this effect. The transition state theory is based on
a logarithm expression derivative of the classical Arrhenius and represents a
culmination of an unified model of four keystones of chemical physics, i.e. quantum
mechanical potential energy surface, kinetic theory, thermodynamics, and statistical-
mechanics. This theory has an unquestionable success in a variety of applications in the
predictions of rate constants and support the interpretation of experiments. However
there are some drawbacks of the basic concepts of this model which should be
highlighted. One important fact are the structures and the potential force field of the
stationary states which are calculated out of the equilibrium geometry and used as input
in the calculations of partition functions of the variational transition state theory. Also,
the possibility of choice of Cartesian or Curvilinear internal coordinates, for the
definition of the framework of reactants, transition state and products show a variance
of values of certain complex properties as the coefficients of rate constants. Anharmonic
effects on the modes with low values in flexible molecules is another important factor
which should be considered in calculations of partition functions specially in the range
of medium to high temperatures [1]. Thus, anharmonicity and the multi-structural
character of flexible molecules are essential concepts not usually mentioned in the
literature but which are essential in the affordable model of kinetics and
thermochemistry. One of the starting examples we compare the deviation from the
Arrhenius law on the model of the transition state theory (TST) for the elementary
reaction [2],

¢is-HCOOCH; + O (°P) — CH;0CO + OH
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whose rate of reaction is calculated by the adjustment given by the relation
k = AT"exp(-E,/RT) 1)

where 4, n and R are constants £, is the activation energy and 7 is the temperature as in
the Arrhenius Law, and by the simple model of TST/W rate constants based on the
Wigner-unidimentional tunnling corrections. Clearly we can check the deviation
between the two methods in the plot below for the Arrhenius Law. We also compare the
conventional linear Arrhenius law and TST results with the model of deformed
transition TST [3] model which gives some heuristic insights on the critical chemical
dynamics parameters controlling the reactivity.
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Abstract: Carbon capture and storage (CCS) is an important option in the portfolio of
mitigation measures for stabilizing the atmospheric concentration of carbon dioxide.
Briefly, it consists in capturing CO, from large stationary sources, transporting it
through pipelines and safely storing it into underground geological formations [1]. The
current capture technology is based on amine scrubbing [2], and it has some drawbacks
such as a significant energy requirement to regenerate the solvent and environmental
impacts due to solvent emissions. Adsorption-based separation processes with
microporous solids are expected to reduce the costs and the environmental impact of
CCS [3]. Pure-silica zeolites with narrow pores combine hydrophobicity, thermal
stability and favorable kinetic effects for CO,/N, separation [4], thus being promising
adsorbents for capturing CO, from flue gases. In particular, pure-silica chabazite (Si-
CHA) separates CO, from N, in the presence of water, with good selectivity, a much
higher CO, adsorption capacity than the benchmark zeolite 13X, and without the need
for vacuum desorption [5].

The adsorption of CO; and N; on Si-CHA has been studied at the molecular
level with Density Functional Theory in the finite cluster/supermolecule approach.
Electronic structure calculations were carried out with GAMESS package [6] at the
PBE0-D2/6-311G(d,p) level. Si-CHA has been represented by a cluster (Z) of
composition SizcH3¢Os4 consisting on a full ellipsoidal cavity, which has been carefully
constructed and validated. Geometry optimizations were performed without any
symmetry constraints, and the exact Hessian matrix has been evaluated for each
stationary point. Molar enthalpies of adsorption of CO, and N, on Si-CHA have been
calculated for the first time at a quantum chemical level, by taking Boltzmann averages
of the energies of all relevant minima on the potential energy surfaces of the (CO, . Z)
and (N, . Z) systems (Tables 1 and 2), including zero-point (AZPE) and thermal (AE™)
corrections. Vibrational frequency shifts for both adsorbates (Avs e Av) have also been
calculated for the first time.

The calculated molar enthalpies of adsorption of CO, and N, on Si-CHA (-22.1
kJ/mol and -14.0 kJ/mol, respectively) deviate from the experimental values [7,8] less
than 0.5 kJ/mol. Additionally, the experimental structural information available in the
case of CO; [9] could be correctly reproduced and even better interpreted. Finally, site-
specific information for the case of N, which are not yet available from experiment,

166

Livro.indd 166 @ 01/11/2017 12:59:17



could be anticipated. Once more, Quantum Chemistry has proven to be a valuable tool
in bridging the gap between experimental techniques, thus leading to a molecular-level
understanding of the adsorption phenomena under investigation [10].

Work is in progress to extend this study to other pure-silica zeolites, with special
attention to the small pore ones. We consider such a long-term contribution to be an
important step towards the development of a new generation of adsorbents, designed at
the molecular level, for capturing CO, from flue gases by adsorptive separation

processes.
Table 1: Results for (CO,-Z) at 301 K*

min  AE?  AZPE AE™ _RT  AH'  Awe P“—«E ﬁ\ﬁil\\
! |

1 887 63 1.9 -25 -231 57 /\_L Lol L

2 -390 83 112 -25 -219  -75 ’ < \ ‘ h 3
3 -394 88 113 —25 218 78 Ly % d \L {5k
4 -365 67 108 -25 -214 -5l UPRY ¢ e

5 —366 69 1.1 -25 -21.1 638 ! )

Table 2: Results for (N,-Z) at 298.15 K?

min AE® AZPE AE™ —RT AH? Av

6 217 31 66 -25 145 35 RGN 1
7T 236 46 74 25 140 3.8 N

8§  -221 37 70 -25  -139 2.3 i(;}/
9 222 42 71 25 134 3.2

6 7

a) Energy in kJ/mol, wavenumber in cm ™.

Key-words: Carbon capture, adsorption, zeolite, chabazite, DFT.
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Abstract: Mesoionics are five or six-membered heterocyclic structures with a wide
variety of applications, such as synthesis of other heterocycles, transition metal
complexes, biological activity and non-linear optics [1-5]. This class of molecules has
as characteristic a high delocalization and charge separation [6,7]. The present work
aims to elucidate the structural stability of the heterocyclic azoles (1,3-oxazol-5-one,
1,3-oxazol-5-thione, 1,3-thiazol-5-one and 1,3-thiazol-5-thione) and their derivatives, in
the ground state. MP2 and CCSD calculations were performed with aug-cc-pVDZ basis
set and Gaussian 09 program [8], as well as MCSCF using aug’-cc-pVDZ, aug-cc-
pVDZ and cc-pVTZ basis set and single point CI/cc-pVTZ with Columbus-7.0 program
[9]. The structural stability of mesoionic compounds was investigated from relaxed
scans in the coordinate referring to the ring-opening, with subsequent optimization of
the structures and frequency calculations of stationary points (reagent, transition state
and product) at MP2, CCSD, MCSCF and MCSCF//Cl/cc-pVTZ. The MCSCF//Cl/cc-
pVTZ results indicate that the rings containing oxygen (1,3-oxazol-5-one and 1,3-
oxazol-5-thione) spontaneously open without barrier. However, the structure with a
inner S along with a exocyclic O atom (1,3-thiazol-5-one) has a small activation barrier
and a small positive reaction energy (closed structure slightly more stable). On the other
hand, the structure containing two S atoms (1,3-thiazol-5-thione) at MCSCF/cc-pVTZ
level has a negligible energy difference between open and closed systems. Thus, there is
a strong indication that these thiazoles (rings with sulfur) form acyclic tautomers
[10,11]. The MCSCEF and CI results showed a significant multiconfigurational character
for these structures and their use is justified by the disagreement with the results
obtained at MP2 and CCSD (regarding the relative stability between closed and opened
structures), this disagreement being greater for MP2 method, especially for structures
with an inner O atom.

Key-words: Mesoionics, structural stability, multiconfiguration, MCSCF and CI.
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Abstract: There has been considerable interest in the spectroscopy and photochemistry
of HOX (X = Cl, Br, and I species since their important role played in the stratospheric
ozone balance in polar regions was described [1,2]. It is believed that HOCI, in
particular, participates in heterogeneous chemical reactions in polar stratospheric clouds
in the conversion of relatively chlorine stable molecules to more reactive species that
participate in the catalytic depletion mechanism of the stratospheric ozone [3]. These
studies motivated a recent investigation in our group of similar potential energy surfaces
for the sulfur series '[H, S, X], X = CI, Br and I [4 — 6]. In the case of the HSCI species,
for example, it has been shown that in conditions of high concentrations of hydrogen
sulfide, as in the vicinity of active volcanic regions, there is a high possibility of
formation of the HSCI molecule [7, 8].

As an extension of the previous studies, the group has also recently
characterized, at a high level of electronic structure theory, the species contained on the
potential energy surface of the selenium series [H, Se, X], X = F, Cl, and Br [9 — 11].
Concerning the surface '[H, Se, I], theoretical/experimental data for the most stable
species are still unknown in the literature, although a couple of theoretical calculations
on the Sel, [12] molecule and an experimental value for the distance Sel in the Sels"
[13] were reported. In this direction, calculations were performed with the highly
correlated CCSD(T) [14] method, along with a series of correlation consistent basis set
followed by extrapolations to the complete basis set limit. Corrections that arise due to
spin-orbit coupling and scalar relativistic effects were also considered in the atomization
energy evaluation. Accounting for core-valence correlation into the wave function, and
of anharmonic effects on the vibrational frequencies were also explored, making the
present results a very reliable source of data. Our results for the structural parameters,
IR spectra, as well as the isomerization barrier and determination of the heat of
formation of the species involved are the first ones to be reported in the literature. The
HSel species can be seen as normally covalently bonded and more stable by 42.04 kcal
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mol! than the HISe isomer. These two species are separated by a barrier (AG") of 52.35
kcal mol™. For the diatomic molecule Sel, we estimated enthalpies of formation of
36.87 kcal mol™! and 35.16 kcal mol™* at 0 K and 298.15 K; for the most stable isomer,
we obtained 18.25 kcal mol™ and 16.72 kcal mol™, respectively.

With the results of this study, we can now have an overview of the energy,
structural properties, and infrared spectrum of the complete triatomic series (HSeX)
containing selenium and halogens. We hope that this study can contribute to the
understanding of the potential reactions between halogens and chalcogens in different
chemical environments and also further motivate the experimental search and
characterization of this new molecular species.

Key-words: Chalcogens-halogens, HSel and HISe, atomization energy, heats of
formation, harmonic and fundamental frequencies, CCSD(T), CBS limit.
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Abstract: The state in which force fields are used in molecular dynamics has changed
very little over the past 30 years. The most energy-transferable way to describe an atom
within a system is through Quantum Chemical Topology[1] (QCT). A force field based
on QCT emerges as an attractive alternative to provide atomistic energies for molecular
dynamics simulations. We present, for the first time, an innovative method for
predicting the dynamic electron correlation (Dispersion) energy of an atom or a bond in
a molecule. Our approach uses the machine learning method Kriging (Gaussian process
regression with a non-zero mean function) to predict these dynamic electron correlation
energy contributions. The true energy values are calculated by partitioning the MP2
two-particle density-matrix via the Interacting Quantum Atoms[2] (IQA) procedure. In
principle, we hope to use Dynamic Correlation to add Dispersion energies our ab initio
force-fields, named FFLUX][3]. We show some results:

I) We show the first ab initio Lennard-Jones parameter B=514.6, obtained
through IQA and correlation energies for the water dimer (Fig .1a and b).

1) Also, we Machine learn the electronic correlation of a GLU-ALA helix,
predicting the electronic correlation of around 900 geometries, from 190 training points.
The predictions of the helix have a maximum absolute error below 5.3 kJ/mol with R-
square equal to 0.997 (Fig 1.c).

III) Finally, we can calculate atomic and bond correlation energies for amino
acids in explicit solvation. The O...H hydrogen bond interactions are negative and the
0...0 and O...N are positive, causing a partial cancelation in the correlation energy of
the hydrogen bond(Fig 1d).
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Figure 1. a) The correlation energy (kJ mol™) of the hydrogen bond (H>0...H>0) vs 1/r°
distance in Angstroms for the water dimer at the MP4/6-31G++(2d,2p) b) The
correlation energy (kJ mol') of the hydrogen bond (H,O...H.0) vs distance in
Angstroms for the water dimer at the MP4/6-31G++(2d,2p) ¢) The S-curve for the
predictions of the total ECE of the alanine-glutamic acid helix derived from kriging..
And d) Optimized geometry of glycine hydrated with one water molecule, with some
hydrogen bond correlation values
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Electronic structure calculations for the study of
polyaniline-based chemical sensors
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Abstract: Conjugated organic polymers represent an important class of materials for
varied technological applications, including in active layers of chemical sensors. In this
context, polyaniline (PANI) derivatives have been identified as promising candidates,
mainly due to their high chemical stability, good processability, versatility of
synthesis/polymerization/doping, as well relatively low cost [1-3]. In this study
electronic structure calculations were carried out for varied PANI derivatives in order to
identify systems with improved sensory properties. Preliminary reactivity studies were
performed to identify possible adsorption centers on the oligomer structures via
Condensed-to-atoms Fukui indexes (CAFI) [4] employing a DFT/B3LYP/6-31G
approach and Hirshfeld partition charge. Adsorption studies were then carried out for
selected derivatives employing five distinct gaseous analytes: H,, H,S, H,O, NH;3 and
SO, [3]. Structural changes, average bond energies, energy level alignments and
theoretical optical absorption spectra of the obtained systems were investigated in order
to evaluate the influence of the analytes on the oligomers properties. The obtained
results indicate the derivatives PANI-NO, and PANI-C¢Hs as the most promising
materials for the development of chemical sensors.

Key-words: chemical sensors, polyaniline derivatives, electronic structure.
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Abstract:

Uranium is an actinide metal mostly known for its use as fuel at nuclear power plants.
Once the amount of fissile isotope (**U) in nature is not enough for a chain reaction,
uranium must be enriched in order to achieve roughly 4% of the 235 isotope. Therefore,
it is converted into UFg, a gaseous compound, which can be used in isotope separation
techniques (being centrifugation the most used and laser enrichment a promising one) .
Currently UFs is made by UF4(s) fluorination, a reaction which presents sub-products.
An example of related reaction is UFs successive reduction by hydrogen, leading to
lower uranium fluorides and HF 2,

In this work, a DFT study has been performed on 3 uranium fluorides and their
reactions in gas phase, covering the most stable equilibrium geometry and spin
multiplicities. We used the basis sets TZP-DKH for fluorine and hydrogen and
LANL2DZ/ECP for uranium. The DFT functional chosen was the hybrid one PBEO.

Initial optimization calculations lead to two isomers (C, and D) for UFs Cu
symmetry for UFs and Oy, for UFe. After that, it has been investigated possible transition
states (TS) for UFs formation via reaction between UF, and F-. It has been employed a
Linear Least Motion (LLM) analysis for this TS search, followed by geometry
optimizations. Two TS had been obtained, been one of them the structure which
connects the minima UF, + F, and UFs. This reaction mechanism has been studied in
detail using Intrinsic Reaction Coordinate (IRC) calculations.

Another reaction studied was UFg synthesis via UF, and HF, a reaction that occurs in
two steps and presents UFs as intermediate compound. In the calculations performed, it
has been found a TS which consists of a UFs (Ds,) molecule and a hydrogen atom as a
ligand. IRC calculations showed a different product, the complex UFsH, which had been
observed by Eerkens *. Besides this, it has been obtained the infrared spectra of this
product, which had not been theoretically or experimentally observed yet.

Vibrational frequency calculations have also been performed for the fluorides and they
present good agreement with experimental data available. Finally, we have performed
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an investigation on possible isotopic shifts at the vibrational spectra of 6 UFs
isotopologues, i.e., compounds whose compositions differ by an isotope. As a result, it
has been found isotopic shifts for the frequencies v; and vs, which may be used in
uranium isotopic separation, since all species presented slightly different frequencies,
mainly at v; . Same calculations have been performed for UFsH and shifts were found at
Vio.

Key-words: UF;. DFT. potential energy surface. isotopic shift.
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Abstract:

Computational methods play an important role in the design of new drugs and the
prediction of their behavior in biological environment. Many current studies seek to
understand how these drugs are capable to interact with biological membranes and also
the influence of these molecules into the stability of these biomembranes (1, 2). This
work aims to understand the mobility and interaction forces between a hydrophobic
drug, zinc phthalocyanine and membrane composed of phospholipids only, also the
same drug interacting with a mixture of phospholipids and cholesterol in mass to mass
ratio of 5:1. The methodology used was Molecular Dynamics simulations using the
GROMACS 5.1.4 computational package with OPLS-AA force field, using NPT
ensemble, at 310K and 1 bar with explicit spc water. In order to insert the zinc
phthalocyanine into the oplsaa force-field, its RESP charges was obtained by the
NWCHEM software (Valiev et al., 2010) after the geometry optimization and energy
minimization have been made with 6-31G* basis-sets in ORCA 3.0.3 software (Hocevar
et al., 2016). The results showed that freedom of locomotion of drug through the lipid
portion of phospholipid bilayer is higher in the presence of cholesterol, this fact is
evidenced by higher values of MSD (mean square displacement) found in comparison
with the same analysis made for the purely phospholipid bilayer. This interpretation is
in agreement with experimental results obtained by our research group in previous
studies (Oliveira et al., 2010), in which the drug in question has a higher
pharmacological efficiency when encapsulated in phospholipid vesicles containing
cholesterol. Recent studies have shown that biomembranes containing cholesterol are
more organized and tend to pack the carbon chains of their phospholipids more easily
(1). Additional structural analyzes such as the RMSF (root mean square fluctuation)
were performed, which displayed that the fluctuation in the position of the atoms of
biomolecules of the membrane was smaller in the system in which the cholesterol was
present, evidencing a freedom of the carbonic chains when the cholesterol is not part of
the vicinity of phospholipids. Faced with such results it is possible to conclude that the
greater activity of the drug observed experimentally may be linked to a higher
movement liberty that drug possesses through the proposed drug delivery system
membrane.

Key-words: zinc phthalocyanine, phospholipid bilayer model, Molecular Dynamics.
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Abstract: Amidines are special nitrogen analogues of the carboxylic acid, containing
two N of different functionality. One is formally single bonded like-amino nitrogen (N')
and the other is a formally double-bonded imino nitrogen (N*), where protonation
occurs first. The pKa’s of amidines vary from neutral to slightly acidic (pKa ranges
from 4.4 to 14) depending on their substitution pattern. Amidines are present in
numerous bio-related compounds and can be found important medicinal and
biochemical agents [1]. Since there are no theoretical studies on the reliability of
computational methods in the prediction of the pKa’s of amidines. A benchmark of
different computational methods against experimentally determined pKa values
available in the literature is necessary to validate a reliable protocol, which could be
used to make accurate predictions for complex systems containing an amidine group.

The pKa is one of the most important properties of drug compounds, since it is
directly connected to their chemical and biological activity. Although, the calculation of
pKa has received considerable attention and many different approaches were developed,
accurate prediction of the pKa (with 1 unit) is still a challenging task. In this work, we
have calculated the pKa values of a set of 16 amidines. From these set, 12 amidines had
their values compared against experimental values, and the other 4 were possible
candidates to be tested as enedyines warhead for the development of a new pH sensitive
cancer drug [2]. Calculations in aqueous medium were carried out with the density-
based solvation model (SMD)[3] and three hybrid exchange-correlation functionals
(B3LYP, M06-2X and MN15) with two basis sets (6-31+G(d,p) and 6-311++G(d,p)).
The effect of including explicit water molecules on the calculated pKa’s was assessed
by having up to one water molecule at the protonated site.

The inclusion of one explicit water forming a hydrogen bonding with the imino
N was found to reduce the error by about 1 pKa unit, whereas the addition of another
water molecule did not improve the pka values. Among the DFTs tested B3LYP is the
least reliable with errors larger than 2 pKa units. The most reliable method is M06-2X
combined with 6-31+G(d,p) basis set and one explicit water (mean unsigned error MUE
= 0.57 £ 0.82). However, MN15 with 6-311++G(d,p) basis set and one explicit water
performed similarly well (MUE = 0.85+0.86) as illustrated in Figure 1. On the basis of
the molecules studied here, MN15/6-311++G(d,p) and M06-2x/6-31+G(d,p) with one
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explicit water can be used to calculate pKa’s directly without the need for statistical
adjust or thermodynamic cycles.

18
MN15/6-311++G(d,p):SMD
16
@ no water
14F @ 1 water
3
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Figure 1. Linear correlation of experimental pKa’s [1] and values calculated by using
new DFT functional MN15 with SMD solvation model and the arrangement of one
explicit water in the protonated site.
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Exploring EPR Parameters of **Tc Complexes for Designing new MRI Probes:
Coordination Environment, Solvent, and Thermal Effects on the Spectroscopic
Properties
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Currently, cancer is one of the most serious health problems. Studies have shown
that this disease has increased in last years, including a growing number of deaths.
Among the types of cancer, the breast cancer is the most common. Generally this type
of cancer is diagnosed in advanced stages, thereby some modern techniques, such as
tomography and Magnetic Resonance Imaging (MRI), which allow the diagnosis in
early stages, have been used for breast cancer diagnosis. The MRI is a noninvasive
technique for diagnosis because it is based on the magnetic properties of the 'H and '’O
nuclei, which are the most abundant elements in the human body [1]. However, with
only the natural relaxation of the water molecules in the body, it is often not possible to
obtain clear MRI images. Thus, contrast agents (CAs) are used for improving the MRI
image resolution. The CAs are paramagnetic compounds able to decrease longitudinal
and transverse relaxation times of water molecules in the proximity of their structure,
thus facilitating breast cancer diagnosis. Based on this context, it is necessary to
understand the relaxation mechanisms of water molecules and the influence of
paramagnetic effects on the 'H and '’O hyperfine coupling constant (4js,) values [2].

In this study, the solvent and thermal effects on spectroscopic parameters of **Tc
complexes coordinated to explicit water molecules were evaluated. Molecular dynamics
simulations were performed followed by hyperfine coupling constant calculations (Ajs)
and the QTAIM method was used to probe hydrogen bonds between the studied
complex and water solvent molecules. In order to validate our calculation strategy for
'H and 7O hyperfine coupling constant values, the complex [Mn(H,0)s]*" was used.

The results showed a small difference between the explicit and explicit/implicit
solvent for Ajs, calculations on complexes 1 and 2 (figure 1). This small difference
between the explicit and explicit/implicit solvent found was expected, which shows that
the number of water molecules added during the Ajs, calculation describes the system
well. It can be noted also that thermal effect greatly influence the system. It is important
to observe that the Tc coordination environments are different for both complexes,
therefore, it is important to know that changes in the coordination environment of Tc
complexes can significantly influence the Ajs, results [3]. The QTAIM methodology is a
quantum model considered innovative in studies of chemical bonds but also it is
effective in characterizing intramolecular and/or intermolecular interactions. Thus,
QTAIM calculations are very important to check the influence of hydrogen bonds in the
Ajs, values. Therefore, QTAIM calculations were performed for evaluating the
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interaction between the water molecules and the studied complexes and our results
showed a strong interaction between them [4].

Since, it is well-known that the use of gadolinium complexes as MRI contrast
agents has generated several problems due to their high toxicity [9]. Our theoretical
findings point out that an alternative to this traditional approach is to use technetium
complexes as MRI contrast agents, because they present lower toxicity and show good
Ajso results in solution [4].

CO o

° o,x ,/co 0

HN

Tc{) \Tc/
SO0 0 i 3 A

0::1]_,3

OH,

Figure 1: (*™Tc)(CO):(NNO) conjugated with 2-(4-aminophenyl)benzothiazole(1);
oxotechnetium(V) complex with the ligand N(2(1-Hpyrolmethyl).
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Quasiclassical Trajectory Study of the Kinetics and
Dynamics of the O(*P) + HBr Reaction

Bruno E. S. de Freitas, Antonio G. S. de Oliveira Filho
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Sdo Paulo, Ribeirdo Preto, SP, Brasil

Abstract: Reactions between atoms and diatomic molecules can be investigated to high
degrees of detail and precision using high-level ab initio potential energy surfaces (PES)
and the quasiclassical trajectories (QCT) method. [1, 2] In this work, we use a PES
constructed using internally contracted multireference configuration interaction with
complete basis set extrapolation (icMRCI+Q/CBS) and the QCT method to calculate the
rate constant and product energy distribution of the O(*P) + HBr reaction. [2] The rate
constants, in cm® molecule™! s7! and at 298 K, for the O + HBr reaction is 2.31 x 104
for QCT.

Key-words: Quasiclassical trajectory, rate constant, potential energy surfaces
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Influence of Molecular Dynamics in the Docking of
Dialkylphosphorylhydrazones in Leishmania

braziliensis Hexokinase
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Abstract: Leishmaniasis, caused by parasites

of the genus Leishmania, is one of the so- ﬁ

called neglected diseases. A previous study of b—i— b o //

. ) | ot AN,
our group with a series of o f v@
dialklyphosphorylhydrazones (DAPH), 4a- :

40, some of which showed leishmanicidal
activity both in vivo and in vitro, indicated —\ o w { )
hexokinase as a probable target of action of a—ﬁ—w/ \
the compounds [1]. Using molecular docking o M=
and semi-empirical quantum calculations, we
have previously studied the interactions Figure 1: ligands 4i, 4k and 4n.
between DAPH and a homology model of L.

braziliensis hexokinase (LbHK), in the form of a dimer (chains A and B). The results
indicated the ligands 4i, 4k and 4n (figure 1) as the most promising as potential inhibitors
of LbHK. The objective of this work is to refine the LbHK model by molecular dynamics
(MD) and apply the refined model in molecular docking studies, in order to verify the
influence of the use of MD on the quality of the results of these studies. The MD
simulations were done through the Gromacs 5.1.2.2 program [2], with the OPLS force
field and the tip4p model for water, with a production phase of 50 ns. An alignment of
the pre-MD homologous structure with its post-MD structure was performed, resulting in
a RMSD value of 9.08 A, which indicates a substantial conformational change. In order
to evaluate if there were significant changes in the catalytic site of the parasite enzyme or
emergence of new sites, a blind docking procedure using the ligand 4k, the best of the
three ligands mentioned above, was performed in both structures. In the blind docking
procedure, the search space for protein-ligand interaction corresponds to the total surface
of the protein, which allows a complete search of possible sites on the surface of the
protein. This procedure was made with the SWISSDOCK web server [3]. The protein-
ligand conformations given by the docking are grouped in clusters, and cluster O is the
one that presents the most favorable Gibbs free energy of interaction (AGin). The cluster
0 for the pre-MD model is located in the B chain’s active site and has a small energy
difference (-2,32 kcal mol™!) when compared to an adjacent site. However, in the post-
MD model, the cluster in the adjacent site does not exist, indicating that the active site is
the most relevant presenting a AGint = -8.78 kcal mol™! for the cluster’s best solution. The
blind docking predicted interaction poses of 4k in the active site in both LbHK
conformations, providing favorable interaction energy values for both, being the

interaction with the post-MD structure the most favorable. Then, a restricted docking with
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the 15 ligands was performed in the post-MD structure, where the search grid was
restricted to the region of the active site, in order to compare with the pre-MD docking
results. The restricted docking were performed with GOLD 5.4 [4] program (CCDC). The
results showed that the 4i, 4k and 4n ligands remained the best among the 15. The absence
of one of the poses clusters shows that the results of blind docking were significantly
influenced by the MD treatment of the structure obtained by homology modeling,
indicating that this treatment of the models must be adopted prior to the doping studies,
at least in the case of proteins with high flexibility like LbHK. The next step of this work
is to propose changes in the structure of the ligands above mentioned to further improve
their activity as inhibitors of the parasite’s enzyme.

Key-words: Leishmanicide, hexokinase, dialkylphosphorylhydrazones, Blind docking,
Molecular Dynamics.
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A DFT Study on the non-covalent interaction control
on enantioselective Heck-Matsuda Reactions
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Abstract: Heck-Matsuda reactions are a variant of the well-known Heck-Mizoroki
reactions employing aryldiazonium salts as electrophiles.! 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-1-0l.2 In this work, we have employed Density Functional Theory (DFT)
calculations (MO6L-def2SVP(d)//M06L-6-31G(d), SDD(Pd)) on the migratory insertion
step of the Heck-Matsuda desymmetrization of the analogous substrate
cyclopentylmethanol, 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)

HO tBu,
HO. N,BF N
BF, oy
+ = _— o | .
R—\l NZN-O
\
1 2 Rﬁ,.\ L6 N\.)

“tBu
Scheme 1: Heck-Matsuda arylation of cyclopentilmethanol with ligand L6

All the eight transition states involved in this reaction were found and their potential
energies are reported in Scheme 2. TS 2, the lowest energy transition state has the
hydroxyl group oriented towards palladium, a C-H 7 interaction between the pyrazine
ring 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® were plotted for TS2 (Figure 1)
showing these non-covalent interactions along with steric ones. 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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Scheme 2: Transition State Energies (kcal.mol™) for the migratory insertion step
(Single-point energies in toluene (SDD))

Figure 1: NCI Plot isosurface of TS 2
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Structural and electronic modeling of Cuprum Oxide

Bruno Vilella“, Mateus M. Ferrer ", e Julio R. Sambrano”
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POSMAT, Bauru, Brasil.

Abstract:

Recently, the Copper Oxide (Cu,O) has been used in the fabrication of
photovoltaics diodes devices and in the preparation of high sensibility gas sensors.
These applications is due to its great characteristics of electrical rectification,
photovoltaic performance and the good interaction of the experimental surface of the
Cu,0O with gases [1-2]. The Cu,0O has a simple cubic structure (space group Pn-3m) and
a band gap about 2.0 eV, a fact the helps to explain its electrical properties [3]. Figure 1
presents the unitcell of the studied Cu,O.

Figure 1: unitcell of the Cu,O

This work consisted in a quantum computational study applied in the Cu,O
system in order to provide electronic information allowing the explanation of
experimental properties. The calculations have been carried out according the DFT
method implemented in the CRYSTAL package [4]. Two hybrid functionals, B3LYP e
HSEO06, and a set of copper Gaussian basis[5—7] were used to define the best theoretical
conditions in order to compare with the experimental systems. The oxygen orbitals were
described according to the 6-2111d1G basis [8]. All the calculations were performed as
open-shell and the initial unitcell parameters were set according the experimental
information found in ICSD 52043 card [9].

The gap energy and vibrational frequencies of the optimized structure indicated
that the B3LYP functional associated to the base functions provide a better
rapprochement when compared with the experimental result. Table 1 depict the
structural parameters and the gap energy of the calculations.
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Table 1: Structural parameters (a, A) and band gap energy (E gap ,

eV) of the Cu,0.
Functional Egp Lattice parameter (a)
B3LYP 2,18 4,26
HSE06 2,12 421
Experimental result 2,20 4,27

The best combination functional and basis was used to elaborate a detailed
study of density of states and electronic band transitions.

Keywords: Cu,0, DFT, Theoretical modeling.
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On the description of the orientation state in
mesophase pitch-based carbon fibers
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Abstract: Due to its high oriented molecular structure and crystalline graphite content,
the mesophase pitch is the main precursor of high-performance carbon fibers (HPCFs)
with high Young’s modulus and great thermal and electrical conductivity [1]. In this
work, we propose a mesoscopic continuum approach for mesophase pitch-based carbon
fibers, in order to describe how the mesophase regions orientation states can influence
the behavior of the pitch in different flows. By using the continuity condition for the
orientation distribution function (ODF) of the mesophase pitch, one can obtain a new
homogenous non-linear evolution equation for ODF [2]. The finite element method
solves the homogeneous non-linear equations. This work shows two-dimensional
solutions only, although three-dimensional solutions are straightforward extensions. In
the two-dimensional approximation, all mesophase regions are parallel to the shear
plane. Thus, the angle between the shear direction and the mesophase region orientation
completely specifies its orientation state. In general, the numerical solution for the new
homogeneous non-linear equations proposed in the work shows orientation angle values
strictly close to those experimentally obtained by Hamada et al. [3], indicating the
accuracy of the approximation. All calculations were performed by the Mathematica
software (version 11.1).

Key-words: Carbon fibers, Fluid dynamics, Orientation distribution, Mesoscopic
continuum thermodynamics
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Aflatoxin B;: An Inactivation Proposal.
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Abstract: The effects of the high toxicity of most mycotoxins produced by Aspergillus
flavus compared with the Aflatoxin B1 (AFBI1) are negligible, thus depicting an
alarming picture and reference potential for chemical study of a possible structural
modification that establishes inactivation of toxicity and carcinogenic properties
performed by AFBI1. Therefore, we seek in this work a proposal for a chemical reaction
to modify the toxicity of AFBI. Our study was based on the addition of acetyl radical
due to Michael mechanism. In this perspective we conducted a study of quantum
chemistry methods in the calculation of molecular parameters that indicate the
feasibility of the proposed in humans and other animals.

Key-words: Aflatoxin B1, 4.flavus, quantum chemistry
Support: Universidade Federal Rural de Pernambuco (UFRPE)

Introduction:

The fungi of the gender Aspergillus produce a varied number of toxins, however, a
toxicity and carcinogenic power for AFB, that is about in 500 times greater in relation
to others, being known as one of the natural product most carcinogenic'. In it’s
molecular structure AFB; has an lactone ring that is fundamental for it’s chemical
properties®. Our intention is to demonstrate the possible reaction of AFB; with acetic
acid through the mechanism proposed (Michael Addition), mainly blocking the
carcinogenic effect of AFB;.

Methodology: (AM1 and PM3). To study the
From the structures of the four possible electronic structure of the compound,
isomers of AFB;, we performed resulting from the addition of AFB; to
molecular mechanics (AMBER) and acetic acid, we performed calculations
semi-empirical calculations AMI1 and using the Density Functional Theory
PM3 to reproduce the values obtained (DFT) using the B3LYP Functional and
by Nicolas-vazquez et al. (2010)*. Once 6-31 * G basis. In this work we made
obtained the structures and the use of HyperChem 7.5 licensed to
respective heat of formation, we start UFRPE.

from the lower energy isomer to Figura 1: AFB1-Acetyl compound.

construct the possible  structures
resulting from a Michael addition of
AFB, with acetic acid as in Figure 1.
The structures obtained were also
optimized with molecular mechanics
(MM-AMBER) and Semi-Empirical
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Results Obtained:

Fisrt we reproduced the structures of the
isomers of AFB; with the same values
of AHf for the four isomers with the
semi-empirical method AMI1 as
obtained by Nicolas-vazquez et al.
(2010)*. From the more stable structure,
with the inclusion of the acetyl radical
on the carbon atom 11 (Fig. 1) and the
hydrogen atom on the carbon atom 12
considering all the possibilities as a
consequence of the inclusion that can
occur in cis and trans with respect to the
principal plane of the molecule. Four
structures are possible, that have been
optimized with MM-AMBER, AMI
and PM3. One of the isomers (Fig. 2)
showed the lowest AHf (-251,79 Kcal /
mol) with PM3 Method, making it the
most stable of the possible structures.
With the same PM3, the AHf for the
most stable isomer of AFBI1 is -157.61
Kcal / mol. To complete our analysis,
we obtain with PM3, the AHf equal to -
100.63 Kcal / mol for acetic acid. The
sum of the heat of formation of the
reactants (AFB1 + Ac. Acet.) Gives -
258.24 Kcal / mol. The product -
reagent difference is around only 6.45
Kcal / mol. Considering that the molar
mass of AFB; is 312 gr, this means that
1 mg of this compound would need only
0.02 calories, the amount of heat that
could be supplied if we mixed the
contaminated cereal with AFB; with a
solution of acetic acid heated in Around
40 to 50 C. The amounts of aflatoxins
found in contaminated products are of
the order of micrograms, therefore, we
would need much less heat for the
reaction to happen. With the most
probable AFB;-Acetyl structure, we
performed DFT calculations. The
analysis of the results indicates that the
inclusion of acetyl groups significantly

Livro.indd 192
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alter the electronic structure in the
lactone ring region when compared to
AFB,.

Fig. 2: More stable AFB1-Acetyl.

Conclusion:

Our results indicated the possibility of
the reaction between AFB; and acetic
acid through a Michael addition in
heated medium with the temperature
around 40-50 °C. The calculations
indicate that the electronic structure of
the lactone ring of AFBI is significantly
altered, indicating change in the
chemical behavior of AFB;. The
inclusion of the acetyl group makes the
AFB; chain more ramified, which will
prevent interaction with guanine in the
DNA, avoiding its harmful effect on the
DNA structure and possibly its
carcinogenic  effect’.  This  work
continues with an achievement of the
experimental stage in the attempt to
verify ~what was indicated by
calculations.
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Abstract: Alzheimer’s disease is a chronic neurodegenerative disease responsible for
almost 70% of all case of dementia. Its cause is not yet completely understood, but 70%
of the risk is believed to be genetic with many genes involved. Each year, thousands of
new cases are reported around the world and this number is estimated to be three times @
higher in 2050[1]. Currently, there are some medicines that can control the Alzheimer’s
disease symptoms but its healing is not yet available[2]. Discovery new drugs that can
better control the evolution of that disease is a very active research field in chemistry [3].
Here, we report a structure activity relationship study of a set of tacrine compounds and
their analogues with activity against Alzheimer’s disease [3]. Density functional theory
with the exchange-correlation functional B3LYP[4] and the basis set 6-31G(d) were used
to calculate the molecular descriptors. The principal component analysis technique [5]
was employed to discriminate the compounds in active ( 1 a 8, 11 e 13) and inactive
groups ( 9,10 e 12 ). The results show that five descriptors are required for complete
discrimination of the compounds (Figure 1): HOMO and LUMO energies, angle between
atoms 1, 6 and 16 ( Figure 2), atomic partial charge on atom 4( Figure 2) and dipole
moment. These findings can be used in the modeling of new tacrine analogues that have
enhanced activities against Alzheimer’s disease.

Key-words: Alzheimer, Tacrine and analogues, DFT, PCA.

193

Livro.indd 193 @ 01/11/2017 12:59:33



Figure 1 PC1_PC2 score plot

o

130

w
o

PC2
a8

20
1

25
s

PC1

Figure 2 Molecular structure basic numbered for labelling atoms

Rz
‘ NHz

2 /h
/1@3 bm
13

PP

16R 6 L N9

10 14

References:

[1] Alzheimers Association, A. 2015 Alzheimer’s disease facts and figures.
Alzheimer’s and Dementia, v. 11, n. 3, p. 459-509, 2015.

[2] Castilho, M.S.; C. Guido, R. V_; et al. Classical and Hologram QSAR Studies on a
Series of Tacrine Derivatives as Butyrylcholinesterase Inhibitors. Letters in Drug
Design & Discovery, v. 4, n. 2, p. 106113, 2007.

[3] Bautista-Aguilera, O.M.; Esteban, G.; et al. Design, synthesis, pharmacological
evaluation, QSAR analysis, molecular modeling and ADMET of novel donepezil-
indolyl hybrids as multipotent cholinesterase/monoamine oxidase inhibitors for the
potential treatment of Alzheimer’s disease. European Journal of Medicinal
Chemistry, v. 75, p. 82-95, 2014.

[4] Kohn, W.; Becke, A.D.; et al. Density Functional Theory of Electronic Structure.
The Journal of Physical Chemistry, v. 100, n. 31, p. 12974-12980, 1996.

[5] Jolliffe, I.T. Principal Component Analysis. Book, v. 2, p. 37-52, 1986.

194

Livro.indd 194 @ 01/11/2017 12:59:33



DFT models for first step of the Chemoselective
Hydrogenation of Substituted Aldehydes Using Silver

Nanoparticles as Catalyst
Camila Iserhardt,® Felipe S. S. Schneider,® Giovanni F. Caramori® and Maximiliano
Segala®
(a) Departamento de Fisico-Quimica, Instituto de Quimica, Universidade Federal do
Rio Grande do Sul (UFRGS), Av. Bento Gongalves 9500, Zip Code 91501-970, Porto
Alegre, Brazil. maximiliano.segala@ufrgs.br.

(b) Departamento de Quimica, Universidade Federal de Santa Catarina (UFSC),
Campus Universitdrio Trindade - PO Box 476, Zip Code: 88040-900 Florianopolis,
Brazil.

Piet van Leeuwen recently published [1,2] studies about Au nanoparticles
stabilized by secondary phosphine oxides (SPOs) and its use as catalyst for the
hydrogenation of substituted aldehydes. Silver compounds have desirable physical
properties, good relative abundance and low cost; however, there are only a few studies
describing its properties. Bigioni et al. published [3] the crystallographic results to
M4 [Agaa(p-MBA)3]* (where Ms* = alkali counterions and p-MBA = p-
mercaptobenzoic acid), which has a very stable Ags> core. Similarly, Bakr at al.
published [4] a reversible size control of Silver nanoparticles via ligand-exchange, in
which, they observed the metal-ligand binding energy has huge importance in the size
of the nanoparticle.

This work aims to understand the interaction of Silver nanoparticles with SPOs
starting from complexes of this metal to describe the nature of the interactions between
them and describe also the heterolytic cleavage process of hydrogen with complexes of
this metal (from step 1 to step 2 in Figure 1). It was done by theoretical studies of the
first step of the mechanism proposed by van Leeuwen to the hydrogenization of
substituted aldehydes [1] [2] using Ag instead of Au as the metal in nanoparticle. Two
models were studied: i) Agi-SPOs complexes; ii) Ags3-SPOs nanoparticles. The
geometries both complexes and nanoparticles, except the Ags» core, were full optimized
using the Orca package was made in our previous work [5] to chalcogenate-protected
gold nanoclusters.

In model (i), two approximations were tested. The H> going towards O (step 3)
and the H, going towards Ag (step 4) where the last one is more stable by 2.3 kcal/mol.
The reaction paths from these initial approximations (steps 3 and 4) to products (step 2)
produced two transition states (steps 32_TS and 42_TS) where the first one is about
17.2 kcal/mol more stable than the last one. All ground states (steps from 1 to 4) have
no imaginary frequencies or have only a few of them below 20 cm™'. The transition state
32_TS has one imaginary frequency at 1210.17 cm™' and the 42_TS has one in 605.83
cm’l. As the product is (step 2), we believe there is a reaction path from 42_TS to
32_TS as showed in Figure 2. From our results we concluded that the reaction starts
with the H> going towards Ag (step 4), following by steps 42_TS, 32_TS and reach the
product (step 2).

In order to evaluate how far is model (i) from model (ii) we compare the Agi-
(SPO)> with the Ags>-(SPO)> (Figure 3). The geometries are quite similar, except for the
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bond Ag-P which is longer in Ags-(SPO),, in this way, model (i) seems to be good
enough to model the nanoparticle reaction path.
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Figure 1. Models steps of the Hz approximation of the nanoparticle. Steps (1), (2), (3)
and (4) are ground states and steps (32_TS) and (42_TS) are transition states.
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Figure 2. Reaction path proposed to the first
step.
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Abstract: Polyhedral hydrocarbons of general formula C,H, constitute an important
class of compounds, that can be either platonic hydrocarbons, prismanes, form cages,
etc. Interest in these compounds arise from their distinct physical properties, chemical
reactivities and possible applications in energy storage materials[1,2], in biology, in
pharmacology, etc. A special class of polyhedral hydrocarbons, we call nuggets, is
comprised of those containing only four- and six- membered rings[3]. It can be easily
demonstrated from Euler’s polyhedron formula that all such polyhedra must contain
exactly six four-membered rings, for an arbitrary number of six-membered rings, with
one sole exception: there are no such polyhedra with only one six-membered ring. In
this work, we examined all 17 nuggets starting from cubane, with no six-membered
rings, up to the one with 28 carbon atoms and 10 six-membered rings. Of these 17, only
cubane (CsHg), we call Nugget8, has been synthesized in 1964 [4]. A few others have
been devised theoretically and had some of their properties computed: Nuggetl2,
Nugget20a, and Nugget24a. As far as we know, all others are being introduced for the
first time in this work, and have never been considered in chemistry, not even
theoretically. Of these, 3 of them are space filling polyhedral voxels: the cube
(Nugget8), the hexagonal prism (Nugget12), and the truncated octahedron (Nugget24a).
They are called voxels because they can fill the space completely and can be considered
a value in a regular grid in 3-dimensional space; their 2D counterpart being pixels in a
bitmap. All nuggets can be fused together in several manners, either through their
square faces, or through their hexagonal faces, to generate 3D-scaffolds that can grow
indefinitely and that can serve as templates to lead to an enormous number of
compounds, either regular or amorphous, space-filled, cage-like, etc. Moreover, the
three voxels, in principle, point in the direction of three new allotropes of carbon. In this
work, we generated all 17 nuggets, which are the only ones that exist up to 28 vertexes,
and calculated their thermodynamic properties in order to verify the likelihood of their
existence. Our results indicate that only one of the nuggets seems to be unstable to
dissociation: Nuggetl2, the hexagonal prism, which should easily dissociate into two
benzenes, for which RM 1 indicates the enthalpy of reaction: Ci2Hi2 — 2CsHs to be AH
= -39kcal. This qualitative result has been confirmed by B3LYP/cc-pVDZ which
yielded A/G = -148 kcal. This result indicates that the allotrope of carbon constituted by
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a 2D expansion of six membered rings chemically bound in the third dimension by
single bonds would easily dissociate into layers of graphite. The other carbon allotrope
made by a 3D expansion of cubes of carbon is stable towards dissociation, but would
contain an enormous amount of strained carbon-carbon bonds, so much so that it could
constitute a reservoir of energy if ever made. Besides, it would constitute a super dense
allotrope of carbon, with a higher density than diamond. The final one, based on
Nugget24 would lead to a viable allotrope which has been already found: carbon
sodalite [5]. All nuggets had their thermodynamic properties computed by RM1 and
B3LYP/cc-pVDZ. Results indicate that, with the exception of Nugget12, all others are
found to be stable and likely to exist. Their RM1 average enthalpy of formation per CH
bond, is found to range from 6 kcal.mol! for Nuggetl4 to 2,23 kcal.mol! for
Nugget28c. Furthermore, their structures are found to be nicely rigid, adding to the
interest in their eventual discovery, with their RM1 lowest vibrational frequency for
Nugget28c with 28 carbon atoms being 144 cm™, which compares with the one for
linear CasHss of only 2cm™!. Of the 17 nuggets, 3 are chiral. The nuggets can further fuse
together through their square of hexagon faces to form the 3D-scaffolds. Disconsidering
the cases of cubane and the hexagonal prism, for the other nuggets studied, the enthalpy
of reaction for the fusion of squares with the release of a cyclobutane ranges from 47
kcal.mol™!' to -12 kcal.mol! and for the fusion of two hexagons with the release of a
cyclohexane ranges from 33 kcal.mol™! to -37 kcal.mol'. Examples of symmetric and
asymmetric 3D-scaffolds made out by fusion of 8 Nuggetl6s and 4 Nugget26s are

shown below.
o
NP
@
Nugget 16 /\

i\ﬂ

Nugget 26
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Hidratos, ou clatratos, sdo solidos cristalinos formados por macro arranjos de
moléculas de agua associadas por ligagdes de hidrogénio. Possuem cavidades que
podem enclausurar moléculas de gases de pequena massa molecular, estabilizando a
estrutura dos hidratos [1]. S0 comumente formados em pogos de produgdo de petroleo
ou gas em aguas profundas devido a baixa temperatura e alta pressdao. Causam obstrucao
de dutos e valvulas, danos nos equipamentos e estagnacdo da producdo para
manutengdo e reparos, reduzindo a produtividade [2].

O objetivo desse trabalho ¢ estudar a estabilidade de hidratos formados por
arranjos de 20 moléculas de H.O com as seguintes moléculas encapsuladas: CHg, COs,
H>S, N, CoHg e C3Hs, a partir de parametros termodinamicos.

Otimizagdes de geometria e calculos de energia foram realizados com o método
B97D/6-31+G(d), com o modelo de solvatagdo CPCM para simulagdo do meio aquoso e
ajuste do erro de sobreposi¢do de base. Foram avaliadas as entalpias e energias livres de
Gibbs de encapsulamento dos gases em equagdes andlogas a da Figura 1.

f*":'“l“%. o ait
Lo fo, Ny

I R

M ?J J»f A{KJ

Figura 1- Reagdo genérica de encapsulamento da molécula convidada pelo arranjo com
20 moléculas de agua, resultando na formagao do hidrato.

A Figura 2 mostra as estruturas otimizadas dos hidratos encapsulando as
moléculas dos gases. Nota-se que os arranjos das gaiolas de agua modificam-se pouco
apos o encapsulamento da molécula convidada, com uma leve expansao no tamanho da
gaiola, sendo esta expansdo maior para o propano ¢ menor para CHs, N> ¢ H2S. A
Tabela 1 mostra os resultados dos calculos de varia¢do de entalpia e de energia livre de
Gibbs para a formagao dos hidratos.
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Figura 2- Estruturas dos Hidratos com as moléculas de (a) CHs, (b) CO2, (c) H2S, (d)
N2, (e) CoHs e (f) C3Hsg encapsuladas.

Tabela 1 — Entalpia (AH), energia livre de Gibbs (AG*®) e 5°C (AG*”®) em 78,95 atm de
encapsulamento das moléculas gasosas convidadas, em kcal.mol!.
Gas AH AG™® AG*™®

CHa 2,66 6.86 2,16
N> -0,76 7,64 2,10
HaS 0,35 10,86 5,04
CO, 2,11 11,20 4,40
CoHs 1,17 12,96 6,69
C3Hs 13,34 25,68 17,98

A analise da Tabela 1 nos mostra que embora algumas reagdes sejam
exotérmicas, todas possuem AG?*® positivo. Entretanto, inclusio de efeitos de
temperatura (baixa temperatura) e pressio (alta pressdo) prevalentes nas condi¢des
experimentais de formagdo dos hidratos, reduz os valores de AG, tornando o processo
de formacédo dos hidratos mais favoravel. Observa-se que os gases com estruturas mais
esféricas (CH4, N2 e HaS) possuem variacdes de entalpia e energia livre de Gibbs mais
negativas do que as moléculas com estruturas mais lineares (CO, C2Hs ¢ C3Hg).

Key-words: hidratos, pequenos gases, energia livre de Gibbs de encapsulamento, DFT.
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Abstract: Renewable energies make up the industrial sector with the greatest growth in
the world. The synthesis of biodiesel from renewable biological sources, including
animal fats and vegetable oils, has received considerable attention due to its
environmental advantages and sustainable production in comparison with fossil fuels
[1]. In general, biodiesel is produced by transesterification of vegetable oils or animal
fats or by esterification of fatty acids with short chain alcohols, in homogeneous or
heterogeneous catalytic conditions. Heterogeneous catalysis based on clays such as
Montmorillonite (Mt) have received considerable attention due to their environmental
compatibility, low cost, selectivity, thermal stability and recyclability [2].

Montmorillonite is classified as a 2:1 cationic exchanger phyllosilicate family
and their acid properties can be enhanced by acid activation, these include: the edges of
the crystals are opened and Al** and M** cations of the octahedral sheet are leached from
the structure, causing an increase in both surface area and pore diameter. The acid-
activated Mt proved to be reusable, besides presenting structural improvements and
maintenance of catalytic activity. It show to be a promising catalyst for the production
of fatty acid esters by esterification of different fatty materials [2,3].

Crystallographic planes that contribute predominantly to Mt edge surfaces are
(010) and (110) and they are the catalytically active plans in these applications. In the
present work, a comprehensive DFT study on the stability of Mt edge structures is
introduced. The aim is to carry out a survey over a range of Mt edge geometry
variations for (010) and (110) planes, estimate the Gibbs free energy of the surface
formation in order to distinguish the most probable edge structures. To assess the
reactivity of these sites, we examined the acid-basic properties by adsorbing a probe
molecule CO on the Mt acid-activated surfaces. The changes in the electronic and acid-
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basic properties were also investigated by density of states calculations and projected
density of states. Solid-State Nuclear Magnetic Resonance analyzes of *Si and Al
were performed with the neat and acid-activated Mt. To better understand the reaction
mechanism, the theoretical study of the aspects of the esterification reaction catalyzed
by Mt edge surfaces were also done.

The quantum mechanical calculations were performed using the codes available in
Quantum ESPRESSO (QE) package [4]. Electronic structure calculations were based on
density functional theory (DFT) implemented with periodic boundary conditions using
plane wave functions as basis set. The electronic correlation and exchange terms were
employed using GGA with the PBE functional. The NMR calculations was performed
by means of gauge including projector augmented wave (GIPAW) method.

In the presence of water, the stabilization of the lateral facets is achieved through
chemisorption of H,O molecules. Surface Gibbs free energy, AGquy, as a function of the
water coverage of the (010) and (110) facets are 0.55 and 0.70 kcal mol® A?
respectively. Thus, the (010) surface was found to be the most dominant face for Mt.
The acid-activated Mt surfaces were simulated and the reactivity of the Aly sites was checked
by means of the CO adsorption. CO is a common Lewis basic probe molecule used to
describe the Lewis acidity. The data confirm that the sites of the face (110) are slightly
more acid than the sites of the face (010), the adsorption energies were -5.9 kcal/mol
and -4.9 kcal/mol, respectively. The density of states (DOS) shows that the gap found
for the Mt bulk is greater than the gap of both edge acid-activated surfaces, 4.9
compared to 4.6 and 4.3 regarding to (010) and (110), respectively. The edge (110) is
slightly more acid. The projected density of states (pDOS), shows that the H" sites
present in the hydroxyl groups linked to Si atoms (HO-Si sites) on the surface and the
protons present in the hydroxyl groups (HO-Al" sites), are more acidic than the surface
Aly sites for both acid-activated surfaces. Probably these are the sites responsible for the
catalytic activity of the acid-activated Mt. By means of NMR simulation of Al and *°Si
it was possible to characterize both the Al"™ and Al" sites on the edge surfaces in
accordance with the propositions made in literature. The attribution of affected Si
environments by the site Al was also be discussed. Based on the adsorption energies,
we can infer that the esterification mechanism begins with the adsorption of acetic acid,
better stabilization of the molecule by both surfaces compared to methanol. The
formation of alkoxide has also been verified and does not occur on the surfaces.

Key-words: Montmorillonite, Clay minerals, Edge surfaces, Ab initio calculations,
Biodiesel, Heterogeneous catalysis.
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Abstract: The envelope of Staphylococcus aureus contains cell wall proteins like fibronectin binding
protein A (FnBPA) that bind to host ligands (e.g., fibronectin; Fn) present in the extracellular matrix of
tissue or coatings on implants. Molecular simulations was used to investigate interactions between Fn and
eight, 20-mer peptide variants synthesized to mimic fibronectin-binding repeat 9 (FnBR-9) of FnBPA from
S. aureus, with particularly interested in double “mutations” at residues equivalent to positions 782 and 786
in FnBPA. Simulations reveal that the bond strength depends on whether a peptide dissociates through the
lowest-energy pathway or is forced to unbind along a determined pathway. Additionally, data show
anomalous unbinding behavior for H782Q+K 7861 compared to the wild- and H782Q+K786N-polymorphs,
suggesting structural unfolding of Fn domains distant from the binding site. Together, these data
demonstrate that cooperative amino acid substitutions in FnBR-9 may affect adhesion by altering bond
strength at the site of binding, and may also influence cell invasion reactions by causing the extension of
more distant regions within Fn, particularly under the influence of an external stress [1]. This provides a
mechanistic explanation for clinical, endovascular infections caused by S. aureus that have nonsynonymous
single nucleotide polymorphisms in the region of fnbA that codes for FnBRs in FnBPA.
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In the search for new photocatalytic nanoparticles, the presence of localized
surface plasmon resonance (LSPR) is the major desirable characteristic [1]. In this
sense, the nanostructured bismuth and moistures as Bi/Bi-containing-semiconductor
(Bi/BCS) are promisor candidates for applications in photocatalysis [1]. Recently,
Longo et al have shown the nucleation and growth of silver nanoparticles supported on
semiconductors surfaces by electron beam irradiation [2]. This method of metallic
nanoparticles synthesis has also been applied to BiOX (X = Cl, Br and F) materials in
which an epitaxial Bi growth has been observed. In this work, we aim to describe, at
atomistic level, the mechanisms associated to these phenomena. For this propose,
simulations of these materials by first principles quantum chemistry calculations were
carried out.

The interaction between the electron beam and the bulk of the semiconductors
was modeled by the charge injection in a 2x2x/ P4/nmm supercell with charge per cell
ratio varying from 0.00 to 15¢". DFT calculations were performed with PBE functional
using PAW pseudopotentials. A /7/x/Ix7 Monkhorst-Pack grid was used to sample the
Brillouin zone and a value of 520 eV was imposed as energy cut-off. All the calculations
were performed with the VASP code [3]. These materials show sheets of X-Bi-O-Bi-X
bilayers stacked along the ¢ axis (Figure 1). The preliminary results reveal a stretch in
the [001] direction when the e/cell rates increase. This fact is accomplished of an
enlargement of the interlayer distances. Concomitantly, the X and Bi atoms tend to
migrate through the interlayer region. Bader atomic charges and DOS analysis suggest a
charge density transference between the Bi and the halogen atoms.

Figure 1. The bilayered arrangement present in the structure of the BiOX (X=Br, Cl and F). View along
the [010] direction.
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The efficiency of these materials in photocatalysis is hardly influenced by the
shape, size, defects and exposed facets [4]. BiOX (Br, Cl and F) compounds present
interesting photocatalytic activity in which the exposed facet controlling plays an
important role [5]. Stoichiometric (010), (110), (011), (111) and (001) surfaces were
evaluated considering slabs with 40 BiOX units, in which the thickness is large enough
to reach the convergence at about 1 meV. However, the chemical composition of the
exposed (001) surface remains as a controversial issue due to their different possible
terminations (O, Bi or X). Our computations have shown that the (001) surface rich in
halide ions is the most stable followed by the (010) surface. Nevertheless, the energy of
the (001)-X is much lower than the computed for the (010). Therefore, using the Gibbs-
Wulff theorem [6], DFT calculations predict a flat shape for the crystals for these
compounds which is in good agreement with the experimental observations, where the
crystals occur as plates or sheets with the {001} facets predominantly exposed [6].

Key-words: BiOX, Surfaces, Crystal morphology, DFT
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Abstract:

Bulk ionic liquids (ILs) have been widely studied by experimental and computational
methodologies, due to their enormous variety of potential applications [1, 2, 3]. The
imidazolium (Im) group and its derivates have been of large interest, among the large
spectrum of organic cations that might compose/form ILs, also for the possibility of
tailoring the ILs thermodynamic and physical properties by alkyl substitutions at
different locations [2, 4]. The supermolecular structure of neat ImILs, and consequently
their properties, are directly linked to the three-dimensional arrangement of cations and
anions. The interplay of the three intermolecular forces, electrostatics, dispersive, and
hydrogen bonding, controls the organization of the ImIL in the gas and the liquid phases
[4, 5, 6, 7]. More recently, it became of interest to understand cation-anion contact ion
pairs when the IL is dissolved in other solvents [8, 9] and to characterize the structure
and intermolecular interactions in these intimate ion pairs. The structure of contact ion
pairs containing the imidazolate anion and a variety of six methyl substituted 1,3-
dimethyl-imidazolium cations in chloroform solution were studied by molecular
dynamic simulations in the present work. These ionic liquids were studied under the
condition of infinite dilution, that means, only one ion pair. This study focused on
determining the importance and the effect of different methylations at the cation’s
imidazolium ring. The novelty of the work also consists in the fact of having an organic
molecule, the imidazolate, as counter-ion, instead of the common chloride or
hexafluoroborate. The formation of a stable contact pair in chloroform along the entire
simulation period was demonstrated by radial and spatial distribution functions (Figure
1). The cations are localized preferentially above or below the anion’s plane ring,
reflecting contributions of ntn stacking interaction between the two aromatic planar
ions. The most acidic hydrogen at position C2 of the imidazolium cation exhibits the
strongest structural correlations with the imidazolate anion, at distances within the range
of hydrogen bonding. The structural correlations was in general weakened by

methylations at all the cation’s ring positions., The difference in the free energy of
association for the methylation at the cation’s C2 has been determined in the order of 13

kJ/mol from potential of mean-force calculations, favoring the ion pair containing the
protonated C2 atom.
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Figure 1. SDFs of the six different functionalized cations studied around the imidazolate anion (at
the center, view from the C4 and C5 side). Upper row: cations with hydrogen at C2 of the

imidazolium ring; lower row: the corresponding cations with a methyl group at C2. The SDFs depict
the same isodensity surface for all the pairs.

Key-words: Imidazolium Ionic Liquid, Contact Pair, Methyl group substitution Click
here to enter text.
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Polarization of Methylene Blue in aqueous solutions:
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Abstract: Photodynamic Therapy (PDT) is a well known treatment for neoplastic
diseases that requires a combined action of a photosensitizer (PS), light-sensitive
chemical compound, and a light source. When irradiated, a photosensitizer can be
promoted to excited states and induce the formation of reactive oxygen species (ROS)
such as singlet oxygen ('O;) [1]. ROS has a cytotoxic action over neighboring
biomolecules of PS fostering cell death [2]. It’s well established that the ROS generation
is strongly affected by aggregation of PS, a common phenomena that occurs in
homogeneous media and membranes, decreasing the efficacy of PDT treatment. Dimer
and higher aggregates formation have been widely discussed in literature, but a
molecular picture of this mechanism is still missing. In this work, we studied the dimer
formation of a well-known phenothiazine dye, the Methylene Blue (MB) because of the
its high quantum yield, very low dark toxicity and other desirable properties for PS. We
performed Molecular Dynamics (MD) simulations combined with Density Functional
Theory (DFT) to understand the formation of hydrogen bonds (HB) between solute-
solvent and its impact over the thermodynamic stability of dimer configuration. Since
MB is a cationic dye, solvent effects can induce a charge polarization in this solute,
affecting hydrogen bond formation. We developed a protocol to estimate converged
average solute-solvent potential and to obtain the polarized charge distribution of MB in
solution. Cubic cells were modeled with 4000 SPC water molecules in a NPT ensemble
using GROMOS 53a6 force field. Running-lengths of 20 ns in MD simulations were
adopted to extract representative configurations inputs to study polarization and its
effects over the hydrogen bond formation by means of DFT calculations. Solvent
induced polarization produces a negative charge localization in central ring N atom
which results in stronger hydrogen bonds with solvent molecules. We extended the
geometric criteria of HB formation and analyzed the angular distribution of Donor — H —
Acceptor from 0 to 180° obtained from MD. One hundred selected configurations were
analyzed considering a weight chosen according to the number of times that a specific
configuration is accessed in the sampling. In polarized MB, the set of configurations
sampled presented to a pattern similar to that of the whole simulation, a bimodal angular
distribution with two well defined peaks around 9.5 and 108.5 degrees. Second peak is
not expected in conventional hydrogen bond formation, but it represents a strong
electrostatic character of this type of bond. Molecular dynamics calculations were
performed using GROMACS 4.5 package. All the DFT calculations were done using the
Orca 3.0.3 code. The functional B3LYP and def2-PVTZ basis set were used throughout.
2038
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Abstract: There is much interest in the development of reliable quantum chemical
methods for the prediction of thermochemical data. In the last few years, extensive
research has been conducted to determine the pKa. value of molecules in a solution.
Different theoretical alternatives have been adopted to incorporate the solvation effect
for that property. This work presents some theoretical calculations of pKa for Alcohols
by applying SMD (Solvation Model - Density) [1] at the G3(MP2)/B3-CEP [2], and
BMK [3] levels of theory. The calculations were carried out with BMK functional with
cc-pvtz basis set for the compounds in gas phase and in the presence of the solvent with
three waters. The G3(MP2)/B3-CEP theory was also used to estimate the same property
in identical conditions. Table 1 shows the results with BMK/cc-pvtz, and G3(MP2)/B3-
CEP for calculated and experimental pKa. values. Comparing both theories shows that
BMK/cc-pvtz achieved the worst results when compared with the experimental data.
The G3(MP2)/B3-CEP theory presented the best pKa values for the compounds studied.
The four results present an absolute error lower than 0.55 units of pKa. Only the
(CH3)>—CH—O provided a large deviation of 0.88.

Table 1. Calculated and measured pK, values for some Alcohols with three waters.

Substance BMK G3(MP2)/B3-CEP Exp.

CH;CH,OH 14.42 15.72 15.90
CH;CH>CH>OH 13.38 16.52 16.10
(CH3),—CH—O 15.89 17.98 17.10
(CH3);—C—OH 18.65 15.45 16.00

Key-words: G3(MP2)/B3-CEP, Alcohols and BMK.
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Abstract: Phenylbenzothiazole (PBT) compounds exhibit antitumor properties and are
highly selective in vitro and in vivo. Their antitumor action relies on the docking to
tyrosine kinase (TKs),[1,2] enzymes that are usually over-expressed in several types of
carcinomas.[3] A number of PBT compounds and complexes [4] strongly interact with
the active site of kinases. The original PBT lead compound [2-(4’-
aminophenyl)benzothiazole (ABT)] (Scheme 1) exhibits nanomolar activity against
certain human breast cancer cell lines in vitro. [1] With regard to the goals of this work,
it is particularly interesting that diverse (hydroxyphenyl)benzothiazole (HBT)
compounds also have potent antitumor activity in human breast and colon cancer cell
lines. In the physical chemistry community, the HBT isomer 2-(2’-
hydroxyphenyl)benzothiazole is well known for its strong Stokes shift caused by
excited-state intramolecular proton transfer (ESIPT) [5,6]. HBT undergoes ESIPT in the
gas phase and in aprotic solution (Figure 1). Upon photoexcitation, the first singlet
excited state (S1) of the enol form is populated. Then, a keto tautomer is formed by
ultrafast proton transfer in the S1 state.[19] Because ESIPT is much faster (30-50 fs)
than radiative decay (~106 fs), any observed fluorescence is normally due to the keto
tautomer. However, depending on the environment, ESIPT in HBT can be partially or
completely inhibited, which will increase the fluorescence quantum yield of the enol
species. [6,7] ESIPT can also be followed by other relaxation processes affecting
fluorescence intensities: intersystem crossing (ISC) with formation of the keto tautomer
in the triplet ground state (T1) or isomerization of the cis- to the trans-keto form, which
will proceed through a S1/S0 crossing region and may thus lead to internal conversion
(IC). [6] This scenario opens the possibility of creating two-color fluorescent markers.
Aiming at combining the tumor selectivity of ABT and the ESPT properties of HBT, we
chose to study HABT, which differs from ABT by a hydroxyl group at the R1 position
(Scheme 1). Our hypothesis is that the proportions and intensities of violet and green
emissions from HABT depend on the protein active site conformation, which modulates
the rates of ESIPT, ISC, and IC. Thus, changes in the fluorescence spectrum of HABT
bound to TK could be the basis for a new method to detect mutations in cancer cells,
usually associated to development of drug resistance. We show by quantum
mechanical/molecular mechanical (QM/MM) simulations that phenylbenzothiazoles
undergoing an excited-state proton transfer (ESPT) can be used to probe protein binding
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sites. For 2-(2’-hydroxy-4’aminophenyl)benzothiazole (HABT) bound to a tyrosine
kinase, the absolute and relative intensities of the fluorescence bands arising from the
enol and keto forms are found to be strongly dependent on the active site conformation.
The emission properties are tuned by hydrogen-bonding interactions of HABT with the
neighboring amino acid T766 and with active-site water. The use of ESPT tuners opens
the possibility of creating two-color fluorescent markers for protein binding sites, with
potential applications in the detection of mutations in cancer cell lines.

Key-words: Phenylbenzothiazole; fluorescence; QM/MM
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Figure 1. Schematic photophysics of HBT.
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Abstract: Organophosphophorus compounds (OP) has been widely used as pesticides and as
warfare nerve agents. They act by phosphorylating the hydroxyl group of the Ser 203 residue of
the Acetylcholinesterase (AChE) active site, inhibiting its catalytic activity, causing the
cholinergic Syndrome [1]. Currently, the OP poisoning treatment consists in the use of
reactivators, for example oximes, a class of compounds that is able to reactivate the inhibited
enzyme [2]. Typically, expensive techniques are employed for the detection of OPs, such as GC
and HPLC, but new techniques have been developed for this purpose using sensors, biosensors
and electrolytes [3]. Currently, the use of ionic liquids (IL) as reactional medium for these sensors
is little explored, but very promising [4]. In this sense, modern spectroscopic techniques, such as
NMR Spectroscopy seems to be adequate for the characterization of this system [5]. In line with
that, this work aims to investigate the solvent and thermal effects on NMR parameters of oximes
in two different solvents, water and 1-Butyl-3-methylimidazolium tetrafluoroborate (BMIM-
BF4). By using the OPLS force field in the GROMACS 4.6.510 program, 10 ns of classical
molecular dynamics simulations were performed for the oxime 3-fluoro-4-
[(hydroxyimino)methyl]-1-methyl-pyridinium (3-Fluoro-4-PAM) (Figure 1) in water and ionic

liquid.
VAR

_— N——OH

F
Figurel Structures of 4-PAM and 3-Fluoro-4-PAM, respectively.

Ab Initio MD simulations were also performed at the B3LYP/6-31G level at 310K. For NMR
calculations, the GIAO method was employed for both dynamics and static systems. Molecular
docking calculations between studied oximes and the AChE enzyme, PDB code SHFA, were
performed with the Molegro Virtual Docker software. Finally, theoretical calculations with 4-
PAM (Figure 1) were employed to compare with experimental data and to validate the theoretical
strategy.

From our theoretical findings, it was possible to notice that the '3C chemical shift values are good
agreement with experimental data [6] for the level of approximation §*' [(H,0/B3LYP/H,0),
as shown in Table 1.
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The interaction between organic functional groups and metal cations is largely present
in proteins and play an essential role in several biological activities [1]. Alkaline and
alkaline earth metal cations have fundamental role in the human body. Some metals when
ingested have high toxicity and can cause several diseases. For example, nickel and lead
divalent cations are present in wastewater and are toxic species to human body. Therefore,
the comprehension of the qualitative and quantitative interactions between the several
functional groups and the cations is of fundamental relevance. Our group has been
studying a set of systems dealing with the interactions between alkaline, alkaline earth and
transition metal cations with a set of functional groups, with the goal to rationalize the
intensity and type of forces that control the interactions [2-8].

The B3LYP functional with a variety of basis set has been employed to quantify the
interaction energy of several neutral ligands with aquacomplexes [M(H,O)n]. The several
terms that contribute to the stability of the complexes have been evaluated with the energy
decomposition analysis (EDA) method. Correlation with empirical parameters for the
functional groups has helped rationalize the main electronic features of the functional
groups that modulate the interaction. The following metal cations have been studied: Li",
Mg2+, Ca®*, Ni*", Pb*". The following functional groups were tested: phosphoryl, amide,
carboxylic acid, ammonia, imine, thiocyanic acid, nitrile, amine, ammonia, thiocarbonyl,
thioether, thioalcohol and phosphine. The interaction energy was quantified in terms of
substitution of one water molecule in a water complex for a ligand.

Our results indicate that ligands that bind by oxygen atom have interaction energies
more negative than other compounds. The interaction with alkaline and alkaline earth
cations has a major electrostatic character and are favored by higher charge on the ligand
atom and short distances between the metal and the ligand, typical of ionic bond.
Electronic and steric effects were quantified and the most relevant contributions to the
interaction energy were identified. Additionally, the influence of substituent groups on the
intensity of the metal-ligand binding was also analysed. In general, electron donor groups
stabilize the complexes.

This same methodology was applied for Ca’" cation with dicarbonyl ligands, with each
ligand substituting two water molecules. In addition to the electronic and geometric
parameters previously used to rationalize the metal-ligand interaction, a new parameter
called the chelating angle (the angle between the ligand atoms and the metal center) was

214

Livrondd 214 @ 01/11/2017 12:59:47



used, in which high values represent a gain for the stability of the formed complex. In this
case the number of molecules in the product is greater than the number of molecules in the
reagent so the entropic term (-TAS) becomes relevant and contributes to the spontaneity of
the reaction. The methodology was also employed for other metal cations like Pb*" and
Ni*’. In these cases both electrostatic and covalent components are important to the metal-
ligand interaction. The absolute softness of the free ligands was correlated with the
covalent contribution.

Key-words: Metal-ligand interaction, DFT, Energy Decomposition Analysis
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Os lantanideos compdem uma série de elementos quimicos que vao do lantanio (Z = 57)
ao lutécio (Z = 71). Nestes elementos os orbitais f passam a ser preenchidos no estado
fundamental. Apesar de os orbitais 4f serem os orbitais de valéncia destes elementos,
eles sdo orbitais muito internos e, como consequéncia, sdo blindados do ambiente
quimico, conferindo aos lantanideos propriedades espectroscopicas Unicas [1]. As
trasi¢oes eletronicas dos lantanideos sdo do tipo f — f, embora esse tipo de transi¢ao
seja considerado proibido pela regra de selecao de paridade de Laporte.

O estudo de materiais compostos por ions dos lantanideos ¢ de fundamental
importancia devido a ampla variedade de aplicagdes em diversas areas industriais, onde
os dispositivos dependem de uma certa composigdo estrutural e estabilidade térmica
para a emissdo de luz em regides especificas. Além disso, estes materiais apresentam
propriedades oticas muito Uteis: lasers, fibras oticas, analise de imagens médica, entre
outras. [2-4].

Devido a estas caracteristicas unicas apresentas por compostos de lantanideos, a
investigagdo tedrica de suas propriedades se torna muito interessante, em que diversos
parametros podem ser calculados por simulagdo computacional para auxiliar na
compreensao das transicdes eletronicas.

Neste estudo foram realizados calculos baseados na teoria do funcional da
densidade (DFT) para um complexo monocarboxilato de praseodimio (III). Foi
empregado o funcional B3LYP [5, 6] e as bases SDD para o praseodimio ¢ 6-31G* para
0 C, O e H. Todos os calculos foram realizados utilizando o programa Gaussian 09 [7].
As energias de excitacdo vertical foram calculadas através da teoria do funcional da
densidade dependente do tempo (TD-DFT). Os diagramas dos orbitais moleculares
foram produzidos usando o programa Avogadro (versao 1.2.0) [8].

A partir dos resultados obtidos ¢ possivel analisar a contribuigdo dos orbitais
moleculares na fronteira HOMO/LUMO responsaveis pela transferéncia eletronica. E
observado que as transicdes HOMO-1 — LUMO (53%) e HOMO-2 — LUMO (60%)
caracterizam a transferéncia eletronica do ligante para o metal.

Devido a estas caracteristicas unicas apresentas por compostos de lantanideos, a
investigacdo tedrica de suas propriedades se torna muito interessante, em que diversos
parametros podem ser calculados por simulagdo computacional para auxiliar na
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compreensdo das transi¢des eletronicas.

Neste estudo foram realizados calculos baseados na teoria do funcional da
densidade (DFT) para um complexo monocarboxilato de praseodimio (III). Foi
empregado o funcional B3LYP [5, 6] e as bases SDD para o praseodimio ¢ 6-31G* para
0 C, O e H. Todos os calculos foram realizados utilizando o programa Gaussian 09 [7].
As energias de excitagdo vertical foram calculadas através da teoria do funcional da
densidade dependente do tempo (TD-DFT). Os diagramas dos orbitais moleculares
foram produzidos usando o programa Avogadro (versao 1.2.0) [8].

A partir dos resultados obtidos é possivel analisar a contribuicdo dos orbitais
moleculares na fronteira HOMO/LUMO responsaveis pela transferéncia eletronica. E
observado que as transicdes HOMO-1 — LUMO (53%) e HOMO-2 — LUMO (60%)
caracterizam a transferéncia eletronica do ligante para o metal.

Key-words: praseodimio; ligante monocarboxilato; TD-DFT
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Very interesting compounds, obtained from simple chemical modifications on
the natural canonical nucleobases, have received considerable attention from theoretical
and experimental chemists. Fluorescent nucleosides are among these new compounds,
deserving special attention due to potential applications in biophysical analyses and for
fabricating effective discovery assays [1]. Recently a second generation of a new class
of fluorescent ribonucleoside alphabet was synthesized, employing isothiazole[4,3-
d]pyrimidine as a template [2]. These emissive species are isomorphic nucleoside
surrogates, with strong resemblance to their native counterparts (isomorphicity). Due to
these properties, they can replace their canonical counterparts on the genetic code,
imposing a minimal change in the native structural and functional properties. That is,
they are very good fluorescent probes.

The emission spectra of the emissive nucleobases presented above were
investigated in gas phase and solution, employing the Sequential QM/MM methodology
[3] and multiconfigurational methods. Solvent effects were included by combining the
Sequential QM/MM methodology [3] with an average electrostatic embedding (ASEC)
[4] and the Free Energy Gradient method (FEG) [5], called ASEC-FEG method [6].
This methodology has been applied successfully for describing the electronic (ground
and excited states) properties of several molecules in solution [7]. For the sake of
comparison, the conventional PCM model was employed.

Emission spectra, from the lowest-lying '(mr)* state (bright state) were
investigated in two solvents: 1,4-dioxane and water. In gas phase, the geometry of first
bright state were optimized at the Multi-State CASPT2 level. However, in solution the
geometries were optimized at the CASSCF level to reduce computational costs. The
active space comprises the full set of m, * orbitals. For consistency with previous work
concerning the absorption spectra, emission energies were compute with the single-state
CASPT2 method, enlarging the full set of =, =" orbitals with three n-orbitals
(CAS(18,13)). The n-orbital associated to the sulfur atom as kept inactive because its
occupation number was always close to two. All CASPT2 calculations were done with
no IPEA shift correction and applying an imaginary level shift of 0.2 Hartree.

The main differences between the optimized geometries of the ground and low-
lying '(nn*) states are related to the bond lengths and the pyramidalization of the amino
group. Emission spectra and Stokes shift were better described when the MS-CASPT2
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optimized geometry was adopted, in contrast to the results obtained with the optimized
CASSCEF structures.

Two approaches were used to describe qualitative the '(nrn*) states lifetimes in
solution. First, lifetimes were supposed to be long, which allows the achievement of an
electrostatic equilibrium between solute and solvent (equilibrium approach). In the
second approach (non-equilibrium approach), the lifetimes are considered to be short
and the electrostatic equilibrium is not reached. Our results indicate that “C does not
reach electrostatic equilibrium with the two solvent. The “G in water is also better
described using the non-equilibrium solvation. Following these assumptions, a better
understanding of the photophysics in solution were obtained, with theoretical emission
spectra and Stokes shifts in agreement with experimental results. On the other hand, the
PCM model does not describe well the emission spectra and the Stokes shift.

Deactivation pathways from the FC to the minimum in the low-lying '(mn*)
states were computed with the MEP (minimum energy path) method in gas phase.
Furthermore, conical intersections between the ground and the bright states were
computed, and linear interpolations in internal coordinates were employed to connect
the relevant structures. The computed pathways for the “A, “G and “I molecules are
similar to the 2-aminopurine [8], exhibiting a high barrier between the minimum and the
conical intersection, which explain the fluorescent property. As to the “C molecule, the
conical intersection is inaccessible because it is located in a high energetic region.
Solvent effects were considered solvating each point on the pathways.

Support: Acknowledgements: grants 2017/02612-4 (DV) from FAPESP, 153104/2015-
5 (AVSA) and 303352/2013-3 (ACB) from CNPq.
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Abstract: The valence bond-like picture of the chemical bond is deeply rooted into the
qualitative general chemistry framework and electron-pair covalent bonds are often
considered as the “standard” chemical bond. Conversely, odd-electron and multicenter
bonds are seen as anomalous, unrepresentative, or just different types of bonds. In this
work, the powerful Interference Energy Analysis (IEA) approach provided by the
Generalized Product Function Energy Partitioning method (GPF-EP)[1] was extended
to treat two-center one-electron bonds, by means of the Spin Coupled Valence Bond
wave function for N electrons in M orbitals, SCVB(N,M) [2]. The bond in several sets
of analogous molecules (H,/H,), (Li>/Li2), (Na,"/Nay), (LiNa’/LiNa), (K,/K»),
(LiH" /LiH), (Cu,'/Cu,), (H;C+CH;"/H;CCHs/H;C*BH;), (H.C*CH,"/H,CCH»/H.CBH,/
H.BBH>"), as well as for [(HsP);Cu*BH3], were analyzed by the GPF-EP method. The
components of the energy accounting for the formation of the bond were evaluated and
the results for the analogous cases of the one-electron and the conventional two-electron
bonds were compared.

The result of the GPF-EP analysis clearly shows that one-electron bonds have the same
mechanism of formation as the regular covalent bonds. In other words, the same
phenomenon, quantum interference, rules the stabilization of systems containing such
bonds. In all cases studied, the chemical bond occurs because of the concentration of
density in the bond region, and the drop in interference kinetic energy. By comparing
the cases of one-electron bonds with two-electron bonds in correspondent molecules,
calculations have shown that the largest differences in energy are due to quasi-classical
factors, mostly the reference electron-electron potential. The case of the alkali metal
dimers is different, because of the high polarizability of the atoms involved in bonding.
Normally, one-electron bonds have lower bond dissociation energies (BDEs) than the
correspondent two-electron bonds. This fact, however, has no relation with bond order —
one-electron bonds are not “half-bonds”. Since the interference is the dominant factor
for the formation of the bond and interference depends basically on the orbital overlaps,
if the orbitals involved in bonding are similar in both cases, the difference has to come
from the quasi-classical part. Even the case of the alkali metal dimers, whose cations
have higher BDEs than the neutral molecules, can be explained by quasi-classical
factors. In conclusion, there is no distinction between one- and two-electron bonds from
the conceptual point of view, since they both result from the same phenomenon. This
work opens perspectives for the study of other bonding systems, like three-electron two-
center bonds and, in general, multicenter bonds.
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Abstract: Malaria is a parasitic infection and is considered a serious global public
health problem [1]. Plasmodium falciparum provides easy adaptability by mutation,
causing resistance to antimalarials [2]. This study aimed to search antimalarial potential
showed by some flavonoids to inhibit promising target, enoyl-ACP reductase (PfENR),
present in limiting step in the biosynthesis of fatty acids type II (FAS II) of P.
falciparum [2-3]. A flavonoid library obtained in CHEMBL (n = 4008) was filtered
through physic-chemical similarity using the Euclidean distance. Inhibitors described in
the literature were used as reference molecules. The 3057 selected molecules were
submitted to molecular docking using DOCK 6.5. The analysis of the docking
parameters was performed by analysis of RMSD value and ROC analysis. The results
showed RMSD = 0.54 A and AUC = 0.86, indicating good performance of the docking
method. The top 30 ranked molecules of docking were selected for analysis by self-
organizing maps using AuPosSOM program with the objective of cluster molecules
according to intermolecular interactions. The 5 higher leafs were selected based on the
proximity of the branches of Newick's tree. Thus, a representative molecule of each leaf
was selected, in order to illustrate the interaction pattern within these leafs (Figure 1A).
The intermolecular interactions analyzed corroborate with that described in the
literature. This is because studies show hydrogen interactions, electrostatic and
hydrophobic between the catalytic site inhibitor and the PfENR [4-5]. The detailed
analysis of intermolecular interactions of the five molecules representing each leaf and
PfENR enzyme showed that there are an essential interactions pattern favoring the
ligand - receptor complex stability, and consequently result in better binding energy
values. It was possible to identify the hydrophobic pocket that performs flavonoid
moiety interactions with the core (Figure 1B). This analysis shows the importance of
flavonoid moiety for inhibiting PfENR, confirming the choice of this metabolite class to
study and development of new antimalarial candidates. Furthermore, it is possible to
infer the importance of a candidate molecule inhibitor of the enzyme aromatic PfENR,
that have regions that allow electrostatic interactions with the NADS501and Tyr277 or
Tyr267 or regions that allow the hydrogen interaction with these residues, especially
Tyr277. Thus, it can be proposed that a successful PfENR inhibitor needs to interact
with the Tyr277, and thus occupy the space of interaction with the natural substrate in
order to block its role in catalysis. This approach allowed the selection of flavonoids
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with potential affinity against PfENR. Invaddition, it was possible to recognize which
intermolecular interactions contribute to the molecular recognition process.

Figure 1. A- The 5 leaves selected of the Newick tree and the representative molecule
of each leaf. B- Region of hydrophobic interactions of PfENR with the flavonoid
nucleus of the top five molecules.

Key-words: Malaria » Flavonoids ¢ Virtual screening « PfENR
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Abstract: Data analysis is an inevitable and necessary step for engineering predictive
models for a studied system. The success of the model depends directly on how precise,
and preferably, efficient are the analyses in measuring properties of interest. The
program SuAVE (Surface Assessment Via grid Evaluation) is a Fortran-based program
developed to analyze geometrical properties of surfaces taking into account the
structural morphology of the systems. To do so, this ensemble of numerical routines
relies on a surface fitting process established over the basis of differential and
computational geometry and numerical calculus’ (Figure 1).

a

Figure 1. Representation of the generation and fitting of grid along the surface of a
bilayer of Lipid A. Lateral (a, b) and top (c) views of the membrane surface. Grid
surface is represented in blue, phosphorous and oxygen from phosphate groups are
represented in red and yellow respectively, and acyl chains in gray.

The program has been developed to handle any organic, inorganic, or biological system
containing a surface or an interface, presenting or not curvature and displaying a wide
range of morphologies. It can take as input trajectory files from molecular dynamics
(MD) and Monte Carlos simulations as well as any other numerical methodology once
an input file in PDB format is provided. The program can efficiently calculate the area
and volume per molecule composing an interface, membrane thickness, surface
topology maps, density profiles, curvature order parameters and Gaussian curvatures.
The accuracy of the numerical methodology implemented in SUAVE to assess the
above-mentioned geometrical properties of curved surfaces has been validated via the

analysis of four different Lipid A chemotypes® and compared with conventional
224

Livrondd 224 @ 01/11/2017 12:59:54



methodologies which does not take into account the membrane curvature. The different
Lipid A chemotype bilayers displays distinct morphologies, namely gel, lamellar and
ripple-shaped phases as shown by MD simulations. MD simulations were carried out for
100 ns after equilibration of the bilayers using GROMOS 53A6 force field® at the NpT
ensemble. The average deviation of the SUAVE fitted points in relation to the system
surface was 0,11 nm with a grid refinement of 50X50 points applied to each analysis.
The comparison of the area per lipid head-group can exemplify the two most important
conclusions in the systematic evaluation of SuUAVE efficiency. For bilayers with a
lamellar planar shape, the values calculated with SUAVE are in excellent agreement
with the same analysis performed with conventional methodologies. However, when
comparing the results for bilayers in the ripple phase, conventional analysis
underestimates the area per lipid molecule in about 19% because they neglect
membrane curvature. Likewise, density profiles for the ripple phase bilayers are rather
distinct when the membrane curvature is taken into account or not in the calculations
while they are identical for lamellar phase bilayers. The density profiles calculated with
SuAVE for the former systems show that even if not planar they conserve a lamellar
structure. On the other hands, density profiles obtained via the use of conventional
analysis imply the presence of water within the membrane which clearly leads to the
equivocal interpretation of the data. Further, the SUAVE code calculates the curvature
order parameter which provides a quantitative estimate of how curved is a given surface
on average. By using the surface curvature angles with respect to the normal axis to the
system, it is possible to demonstrate that for gel and lamellar systems about of 90% of
the surface exhibits a surface curvature angle below 30° while for ripple shaped
membranes it can increase up to a value of 60°. Through all these examples SUAVE has
demonstrated capabilities for evaluating structural properties for different systems
taking into account their constitutional geometry, not observed in conventional
numerical analysis, displaying a potential for contributing in the evaluation of a wider
range of organic, inorganic or biological systems.

Key-words: Membrane Curvature, Voronoi Tesselation, Helfrich Equation, Lamellar

Phase, Ripple Phase, Structural Transitions
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Abstract: Solvation Thermodynamics is a theory that properly defines the concept of
solvation fromstatistical thermodynamics and provides insights into how to calculate,
interpret, and obtain experimentally solvation thermodynamic quantities (Gibbs energy,
entropy, enthalpy, etc.) [1]. Although it allows us to study the effects of the population
of different conformers on the Gibbs solvation energy of the flexible molecule and the
equilibrium constants of conversion between the conformers in different fluid phases, so
far this level of information within the solvation thermodynamics domain has not been
obtained by computational methods. The molecule 1,2-dichloroethane (1,2-DCE) is a
prototype for studying conformational equilibrium in gas and in solution by different
computational techniques and theoretical approaches [2]. It is well known that the
relative abundance of the two major conformers of 1,2-DCE, gauche (g) and anti (a),
characterized by the dihedral angle between chlorine atoms of the molecule, changes in
different phases. In pure gas, theanti conformer is more abundant (79 %) compared to
gauche [3], whereas in polar solutions there is a population inversion, and gauche is
more likely to be found in solution (64.6 % in 1,2-DCE pure liquid, for instance [4]). To
test the effectiveness of the solvation thermodynamics in predicting qualitative and
quantitatively such population changes, we calculated the so called Conformational
Probability Density (CPD) of 1,2-DCE in ideal gas and in water. It quantifies, among
other things, the probability of a selected molecule to be within certain dihedral angle
(or, more generally, certain volume in conformational space) in a given phase, and also
the influence of each conformer on the resulting Gibbs solvation energy, with more
abundant conformers have more influence on such energy. We have estimated the CPD
function from the internal partition functions of each conformer, restricting the dihedral
angle to a given value during the geometry optimizationcalculated at the MP2/cc-
pVTZlevel and using solvation energies from SMD implicit solvent model (B3LYP/6-
31g(d)). We have found that the population of theanti conformer changes from 91%
(greater than experimental value) to 52% fromthe ideal gas 1,2-DCE to 1,2-DCE in
water, considering anti conformers those with dihedral angle between 120° and 240°
[5]. The solvation energies of each conformer ranged from -4.0 to -2.5 kcal/mol, and the
total solvation energy was -2.81 kcal/mol, which can be compared with the
experimental value of -1.7 kcal/mol [6]. There are two possible gauche conformers,
with dihedral angles ~70° (g+) and 360°-70° = 290 degrees (g-), and we calculated the
conversion energies from both gauche conformers to anti (g+ and g- —a), which is
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related to the total population of gauche conformers, and the conversion energy of a
specific gauche conformer to anti (g+ or g- —a), both in ideal gas and in implicit
solvent model of solution. Therefore, the conversion energy of g(+ and -) —a process
(the conversion of both gauche conformers is accounted) is 6.10 kcal/mol in gas and
5.44 kcal/mol in solution, and the conversion energy of g(+ or -) —aprocess (referring
to the conversion of one specific gauche conformer to anti) is -1.79 kcal/mol in gas and
-0.47 kcal/mol in solution. The experiments shows that g(+ or -) —a is -1.20 kcal/mol in
ideal gas [7], and -0.57 kcal/mol in aqueous solution [8], whichcomparereasonably well
with the calculatedvalues. The relationship between the equilibrium constants of
conversion amongst the conformers and the CPD of 1,2-DCE in each phase allows us to
estimate equilibrium constants (and conversion energies) even in cases when
conformers have the same structure, and therefore with the same Gibbs solvation
energy, and to determine the relative population and the conformational equilibrium
through probabilistic reasoning.We notice the SMD implicit solvent gives a preference
to theanti conformer and a larger stability than experimentally verified in gas phase,
which increases its population over thegauche conformer, even in aqueous solution,
were it is expected be less abundant. The decrease in population from gas to polar
solvent due to dipole-dipole interactions with water is, however, verified in our
results.The importance of this work resides in the first application of the solvation
thermodynamics formalism to conformational equilibrium by using well known
computational tools, which might be fundamental to deeper understanding of some
reactions in solution, such as antiperiplanar eliminations and electrocyclic reactions,
from both thermodynamicsand kinetics (transition state theory) perspectives. We also
verified the consistency of the mathematical formalism of such theory in the predictions
of some molecular aspects that drives the solvation process, but the reliability of the
computational technique or model used can lead to predictions that need improvement.
Other forms of calculatingthe Gibbs energy of solvation (Monte Carlo simulations,
analytical approximations, numerical integrations) to each conformer can lead to more
satisfactory results and we are pursuing these approaches.
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Abstract: Glycine is the simplest and perhaps the most important amino acid in general
metabolism. Moreover, studies of the behavior of biomolecules in the interstellar
medium (ISM) point out that glycine is found in solid phase, covered by icy mantle. The
presence of water molecules seems to be essential for its survival [1]. In water solutions,
glycine behaves as a zwitterionic specie and can be found in different protonation
degrees: H,Gly" (HO,CCH,NH;"), in low pH values; HGly (‘O,CCH,NH;3"), in
intermediate pH values and Gly (O,CCH,NH;), in high pH values. The transitions
from H,Gly" to HGly and HGly to Gly occur at pH values equal to the corresponding
pKa values: pK,; = 2.35 and pK,, = 9.78 [2]. Although the zwitterion is the most
abundant specie in physiological pH, the tautomerization is also possible and the HGly
specie is better described as an equilibrium between the zwitterion (0,CCH,NH;") and
the neutral (HO,CCH,;NH,) forms [3]. Despite all the evidences and experimental
knowledge about glycine and its related specie in aqueous solutions, a structural model
considering all the possible geometries in condensed phase is still missing. This work
aims to the description of the several stationary points related to the different species of
glycine and to the selection of the lowest energy geometries. Such structural model is
here validated through pK, calculations and these geometries will finally be used to
compose a model for the icy mantle and the possible surface reactions leading to the
destruction of glycine in the ISM. In order to achieve the microscopic description of
glycine’s aqueous solution, theoretical calculations have been performed at the B3LYP
level, adopting the 6-311++G(2d,2p) basis set. The presence of the solvent has been
simulated through CPCM calculations, with Pauling atomic radii for building up the
molecular cavity and explicitly including the solute cavitation energy and solute-solvent
dispersion and repulsion interaction energies in the total energies. The choices for the
CPCM method and Pauling radii have been done from previous test runs. As an isolated
system, eight conformers are located for the neutral glycine. In aqueous solutions, the
same number of the corresponding conformers is found, although the minimum energy
conformer in solution is different from the lowest energy geometry in gas phase. An
additional water molecule has been included as a microsolvation model for the neutral
HGly form (HGly(ne).H,O). For the zwitterion, only one conformer has been found and
similarly, the inclusion of an addition water molecule allowed the microsolvation
description of the zwitterionic specie (HGly(zw).H,0). The standard Gibbs free energy
difference for the tautomerization reaction, HGly(ne).H,O —HGly(zw).H,O, at the
CPCM/B3LYP/6-311++G(2d,2p) level, is -6.84 kcal mol™, in good agreement with the
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experimental value (-7.27 kcal mol™). Only one conformer has also been found for Gly,
whereas three conformers have been located for the H,Gly" specie and a microsolvated
model for both has also been set by inclusion of an additional water molecule, forming
the Gly.H,O and H,Gly".H,O specie. The whole set of stationary points has been used
for the calculation of the pK, values, which have been determined based on two
reference reactions: H,Gly"H,0 + MA — MAH® + HGly(zw).H,O (R1) and
HGly(zw).H,0 + A" — Gly .H,0 + HA (R2), where MA = methylamine, MAH" =
methylamonium cation, A~ = acetate anion and HA = acetic acid. From the standard
Gibbs free energy values for each reference reaction, the pK, values have been
determined: pK,; = 1.31 and pK,, = 9.41. The good agreement with the literature
values suggest that the set of geometries located for each glycine form in aqueous
solution is satisfactory and complete enough to provide a good description of the
structure of this amino acid in the water environment.

Key-words: glycine, aqueous solution, tautomerization
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Molecular Signature of Atmospheric Organic Aerosols
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Aerosols are microscopic solid particles and/or liquid droplets suspended in air or
gas. Aerosols can be natural (fog, forest exudates, for example) or artificial produced
by anthropogenic activities. The study of aerosol particles has become quite relevant in
recent years as they are found to influence, directly or indirectly, the climate, both at
local and global scale. Atmospheric aerosols play a crucial role in the earth-atmosphere
system affecting the natural cycles of rain and drought, precipitation and cloud
formation, intensity of storms among others, which, as a consequence, may alter the
nature of the local ecosystem and human health conditions. Depending on the size, they
may also put influence on the radiative balance of the earth's atmosphere. Aerosol
particles may scatter the solar radiation efficiently altering the atmospheric visibility,
while others can absorb solar radiation readily to warm the atmosphere. In the Amazon
region the aerosol particles play an important role as they act as cloud condensation
nuclei (CCN) controlling the process of formation and lifetime of clouds and, thereby,
influencing the local hydrological cycle. Understanding how these particles are formed
and alter the atmospheric characteristics is of paramount importance for sustainable
development [1,2].

In this work we study the interaction of methanesulfinic acid (CH3SO,H) and
methanesulfonic acid (CH3SOs;H) with atmospheric nucleation precursors such as
H,SO4/NH; to see if they participate in the formation of aerosols. Analysis of the
hydrogen bond for each structure and the structural, thermodynamics and spectroscopic
properties were made. In addition, optical and electrical properties of the clusters were
considered to analyze the atmospheric implications of each system. In order to obtain
these properties we use Density Functional Theory (DFT) in Gaussian 03 [3] program.

Key-words: Aerosol, Methanesulfinic Acid, Methanesulfonic Acid.
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Abstract: Retrieving the potential energy function at the quantum level, based on
experimental data of thermophysical properties, such as the quantum second virial
coefficient and the quantum viscosity coefficients, requires the sensitivity density of the
phase shift with respect to the potential energy function 6n;(k)/8V(r) [1]. The
calculation of this quantity, because the large integration limits, necessary to find the
asymptotic solution of the Schrodinger radial equation with the correct amplitude, has
been performed with the approximate Langer JWKB method [1]. In 2014 [2] we
showed how the quantity &1;(k)/8V(r) could be found by means of a system of
coupled differential equations involving the Calogero’s equation. This theory was
recently used to recover the potential energy function for “He from quantum viscosity
coefficient data from 1 to 5 K [3]. In the present work it is shown how this approach can
be reformulated to a new integral representation. The Calogero’s equation in terms of
the Ricatti-Bessel functions j, and y; for the reduced potential U(p) is
P = T2 (ks p) cosm(pi k)] = i (i p) sinlmy (p; k)1}?. By the derivation of
this equation with respect to the potential at a specific r coordinate, that is

0 _dm(pk) _ d om(pik) _ dSi(pk)
av(r) dp dp 0v(r) dp
up to the asymptotic limit of p — oo, provides the sensitivity
S;(k,7) = (6n(k)/8V(r))Ap. This equation must be solved coupled to
G(p;T) = 0U(p)/dV (r), which has the value of 2u/h? if p =1 or 0 if p # r. Since
G(p; r) has finite value only at r, the sensitivity begins to be accumulated only from
that point, then we suggest to transform the problem into the initial value problem (PVI)
below,

one obtains the differential equation, which solved

as;(p; k, U
I(Zp r) _ E{P) {2j,(kp)y,(kp) cos[2n,(p; k)]

. it (kp) — v (kp)] sin[2n,(p; K)}S, (p; k1) 1)
uo. .

SP(r;k) = — ez Yilkr) cosny (r; k)] =y, (k) sin[n, (r; k)] Jar. ()
Integration can now be performed from r. The above PVI can still be simplified, given

om(k) _ Smi(k)
that av(r)  8V(r) Ap,

the convenient integral representation is obtained,

on, (k)

= SO(rs k)elr fiesddp,
(5V(T‘) l (T )e

3
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in which,
710310 = T2 2 CkpyyCkp) coszm o )
+ [ (kp) — v (kp)] sin[2m, (p; K]}, )

and Ar =1 in SY(r;k). In equation (3) the integrand depends only on n,(p; k),
therefore, solving the Calogero’s equation only once, for a given k and [, can be find the
sensitivity density 6n;(k)/6V (r) for several coordinates, unlike the previous method
[2], in which the Calogero’s equation should be solved several times coupled, and in
ranges where the sensitivity was not accumulated. Figure 1 (a) shows 6n;(k)/6V (r)
calculated by equation (3) and with the Langer JWKB approximation using the potential
of the reference [4] for the helium system. The radial wave function u,;(r; k), calculated
by the relation 61,(k)/8V(r) = — Qu/h*)u?(r; k), is also presented (Figure 1 (b)).
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Figure 1: Numeric results at [ = 0 and k = 0.2 A~': obtained from equation (3)
(dashed line); obtained in the Langer JWKB approximation (stars).

Figure 1 (a) highlights the error when using the Langer JWKB approximation, occurring
a deviation at the position of the minima and at its intensities. The largest deviation
occurs near 5 A, region of interest for the inversion of potential energy function. The
presented method (Equation 3) is precise and simple for computational implementation,
which can be used to recover the potential energy function in sensitivity analysis
approach, from thermophysical properties within the quantum treatment.

Key-words: Calogero’s equation, phase shift, sensitivity analysis approach, sensitivity

density, potential energy function.
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Can molecular hydrogen reduce cytotoxic hydroxyl
radical reactivity in aqueous environment? Combined
ab-initio molecular dynamics and electronic structure

investigation.
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Abstract: The reaction between H> and OH molecules is demonstrating to be of great
importance in medical and biological environments, this surprises researchers because of
the non-complexity of the molecules involved in this reaction. The molecule of Hy is the
smallest gas molecule composed of two protons and two electrons, being very stable and
reacting only with the oxide radical ion (O°) [1]. There are several documentations
regarding H2, especially in its antioxidant performance. There have been studies of
selectivity of H> molecule in which cell cultures were induced to an acute oxidative stress
and H> molecule selectively reduced the more cytotoxic reactive oxygenated species, the
hydroxyl radical [1,2,3]. Through researches we could observe that the amount of water
in the system was of total influence in the reaction, so the larger the quantity of water, the
greater the reactivity [1]. In this project, we performed calculations of Car-Parrinello
Molecular Dynamics (CPMD) [4], with several conditions of quantity of OH and H»
molecules, in vacuum and aqueous solution, in order to map the reaction, however,
through the dynamics it was not possible to observe any reaction. We would use the
results obtained by dynamics to calculate the reaction rate constant using post-HF and d-
TST (Deformed Transition State Theory) calculations, but since we did not obtain results,
we used a different system from that used in the dynamics. We performed calculations
using method MP2-FULL/6-311+G (3df, 2pd) and observed at first something contrary
to that reported in researches: with the presence of a water molecule the rate constant
decreased, however with the presence of two water molecules we observed an increase of
this rate. We observed the rates using the Arrhenius plot. Therefore, we expect that with
the addition of more water molecules, this reactivity will continue to increase
proportionally. We are performing calculations with other methods to evaluate and
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compare the obtained results and to have an average of the system reactional behavior.
We hope that with the knowledge of the reaction rates and the reaction behavior of the
molecules we can optimize the medical and biological application.

Key-words: Car-Parrinello, antioxidant, d-TST.
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NMR spectra interpretation of diastereomeric
MacMillan imidazolidinones by DFT calculation of
indirect spin-spin coupling constants
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The indirect spin-spin coupling constants (SSCC) along with chemical shifts are the most
important parameters given by nuclear magnetic resonance (NMR) spectroscopy [1,2]. The
SSCCs are very sensitive to any variation in molecular geometric structure [3]. DFT based
calculations are an efficient approach in

the description of indirect SSCCs for i i

various molecular structures in organic S /CH3 35 SNt
chemistry [2,4]. N
In this work we report the use of SSCC R

DFT calculations as an auxiliary tool for 1a  HC °H3 HaC CH3
the interpretation of NMR spectra used in
determining the relative configuration of |

diastereomeric imidazolidinones (1 and 2, SN~ CHs S5 N~ CHs
figure 1) (MacMillan imidazolidinones)

[5,6] synthesized by one of us (FGF). w

These diastereomers (cis, 1, and trans, 2) HaC CH3 HaC C 3

. . . 2a
presented different spin coupling patterns Figure 1 - (+)-2-terc_butyl-3-methyl-5- benzyl n

that were difficult to aSSign based 0ﬂ1y ON imidazolidinone. Diastereomers 1a and 1b (cis isomers cis);
the experimental spectra obtained. One of 2a and 2b (trans isomers).

them showed a signal with a doublet of

triplet pattern while the other showed a doublet of triplets of doublets pattern.

With this objective, each one of the pair of configurations constructed for cis (1a,b) and trans
(2a,b) isomers (figure 1) by inversion of the configurations of the N1 atom were submitted
to a systematic conformational search at the B3LYP/6-31G(d,p) level of theory using the
Gaussian '09 package. Each of the resulting potential energy minima found on the resulting
potential energy surface were resubmitted to geometry optimizations, at the same level of
theory, and characterized as energy minima by vibrational analysis. The coupling constants
were then calculated for each of the individual conformers at the B3LYP/6-31G(d,p) level of
theory and the final value of the coupling constant were obtained as weighted averages based
on the Boltzmann distribution of its Gibbs free energies. These final absolute values of the
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coupling constants were then compared with the values obtained experimentally. All the
calculations were performed in the gas phase.

Three conformers were found for each of the diastereomers 1a and 1b and four conformers
for each of the diastereomers 2a and 2b. The contributions of each conformer according to
the Boltzman distribution are shown in table 1. The final values of coupling constants are

Shown in table 2 Table 1. Conmibutions afeacgcccr;:;n;;n[eor quﬁ(g&;;:;:u&;éﬁggt-i-bsnzy1-4-imidazu1idjnans
Our results show that, although it is not Dibedrall  Dibedral?  Relative energy of  Boltzmann
considered a totally reliable and robust level ™™™ cicieser cscocres wentmey m
of theory, the popular and widely used s bl e o o
hybrid functional B3LYP with the rather : o 3 Lo b
small basis set 6-31G(d,p) has led to  ais o 581 Lo s
calculated values of the SSCCs for the 03 EEoE 146 a1
imidazolidinone derivatives in very close & ooy o o
agreement with the values obtained by =2 7 2 1
experiment, showing that its use, coupled » 10 5 178 245
with an adequate conformational analysis, " o - - o
may be very useful for the interpretation of

Table 2. Final value of the coupling constant weighted by the conmibutions of the confomers of

NMR spectra. Being a rather economical the (532 tere-butyL-3-methy!-5-benzyi-4-imidazolicinone
level of theory, its use allows the extension
of this protocol to larger molecular systems.
The use of range-separated functionals,
which is capable of capturing both short-

. . H,c CHs
range and long-range interactions as — m; p—
. e Calculate xperimenta

wB97X-D, as well as greater basis sets, - -

A X N Coupling  Diastereomers 1a/lb  Diastercomers 2a2b ) p. s

phng

mainly, but not exclusively, in the
conformational analysis stage, is being V¢S 147,45 144,09 H2s 40
carried out and its results will be reported as ~ c5Heb =219 L
soon as they are finished. SJCSH2 1.98 -0.70 L

Key-words: DFT, NMR, Indirect spin-spin coupling constant, imidazolidinone.
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Abstract: 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 COz 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 CO> 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 a functional
form based on the many body expansion given in the equation 1. Two-, three-, and four-
body interactions are calculated, respectively, using the MRCI-F12, CCSD(T)-F12 and
MP2-F12 levels of theory.

Zv(l) +ZV(Z) +Z‘/ab? (blc)d (1)

abe

Key-words: Potential energy surface, reduction of carbon dioxide, MRCI, CCSD(T).
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Abstract: Galvanic effects play an important role in the oxidation mechanism of sulfide
minerals. Pyrite is the most common sulfide mineral in the Earth, and in the presence of
arsenopyrite its oxidation is delayed and the oxidation rate of arsenopyrite is increased,
releasing As(III) and As(V) species in the medium.['! These arsenic ions are an
environment hazards and become health problem in the mining. Here we report a
DFT/plane waves study of the pyrite/arsenopyrite galvanic cell (see Figure 1). To build
the interface models we tested the commensurability of the pyrite (100) surface (the
pyrite surface with the highest occurrence in the nature) with the twelve arsenopyrite
most favorable surfaces reported in the literature.””)? Among these surfaces the most
stable interfaces were built, and their structure, stability, and electronic properties were

evaluated. )

e Aemawain 'BG=0.25eV
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- H (a2
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Figure 1- (left) Atomistic model focusing in its interface contact, and (right) the PDOS
obtained for one of the most stable interfaces.

The interface bond distances between the interfaces have values largely in accordance
with those observed for the two separate phases, but with small deviations in the
interface region. As pyrite and arsenopyrite have different bond distances and lattice
parameters, it is not possible to perfectly match the phases, and distorted octahedral
sites are formed in the interfacial region. This structural observation agrees with the
word of adhesion, Wad, and the formation energy, Eform, analysis, Table 1. The
adhesion at the pyrite/arsenopyrite interfaces (~1.6 J.m™) is less favorable than the self-
adhesion for pyrite/pyrite (4.1 J.m?) or arsenopyrite/arsenopyrite (~ 4.0 J.m?).
Consequently, the interfacial areas tends to be minimized,™ and possibly its formation
occurs due to kinetic effects in the formation of the two minerals when they are
associated. We also evaluated the formation energies for the interfaces and isolated
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phases, and it was found that the formation energies for pyrite and arsenopyrite are at
least 0.3 eV/(formula unit) more favored than the pyrite/arsenopyrite interface. The
non-miscibility and adhesion are in agreement with what is observed in natural
samples, where only small nanodomains of about 20 nm? in size is currently found.™!

Table 1- Word of adhesion and the formation energy analysis for the most stable
interfaces. Wpyrite and Warsenopyrite are, respectively, the work of self-adhesion for
pyrite and arsenopyrite pure phases.

Wpyrite, Warsenopyrite, Wad, Eform'

Interface J/m? J/m? J/m? eV/(formula unit)
FeS2(100)/FeAsS(001) 412 3.84 1.63 -2.497
FeS2(100)/FeAsS(100)-As | 4.12 4.16 1.47 -2.533
FeS2(100)/FeAsS(100)-S |  4.12 4.00 1.70 -2.441

The Projected Density of States (PDOS) calculations, see Figure 1, for the interfaces
showed that the band gap (BG) values were around 0.6 eV lower than the values found
for the pure pyrite (0.9 eV) or arsenopyrite (0.82 eV).[?! Since sulfide minerals are
semiconductors materials that can participate in electrochemical reactions, the decrease
in the BG thus facilitates electron transport at the pyrite/arsenopyrite interface
contributing to the process of oxidation of these minerals and explaining the galvanic
effect in the oxidation process of (arseno)pyrite.

The present study underlines the importance of galvanic effects to understand the
oxidation mechanism of arsenopyrite in the presence of pyrite.[*] Next, we will study the
conductivity of the pyrite/arsenopyrite interface comparing to the oxidation of the pyrite
and arsenopyrite isolated phases.

Key-words: Sulfide Minerals, Pyrite, Arsenopyrite, Interfaces, DFT.
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The atmospheric chemistry of biogenic non-methane hydrocarbons has received special
attention, since the emissions of volatile organic compounds (VOCs) from vegetation are
the major source of reactive species in the atmosphere and the estimated worldwide
emissions range from 825 to 1150 Tg carbon per year. In this group of biogenic volatile
compounds, the monoterpenes alpha-phellandrene, beta-phellandrene and terpinolene are
included [1]. The unsaturated terpenes are oxidized in the troposphere by either OH
(daylight), NOs (nighttime) and O3 (daylight and nighttime). Ozonolysis plays important
role in atmospheric chemistry, being a chemical process of strong contribution to the
removal of such compounds from troposphere [2]. Furthermore, the ozonolysis reaction
also contributes to the formation of OH radicals [3]. Thus, it is important to understand
the ozonolysis mechanisms of monoterpenes in the troposphere. The ozonolysis reaction
is described by the reversible formation of a pre-barrier complex followed by the ozone
addition and molozonide formation, as previously suggested [4]. The aim of this work is
to evaluate the ozonolysis reaction of the monoterpenes alpha-phellandrene, beta-
phellandrene and terpinolene, based on the Criegge mechanism, through calculations of
accurate kinetic parameters by theoretical methods. Stationary points (pre-barrier
complexes, saddle points and products) have been located adopting the B3LYP,
BHandHLYP and M06-2X functionals, with the aug-cc-pVDZ and aug-cc-pVTZ basis
sets. Reaction paths have also been calculated at the same theoretical level. All the
theoretical calculations (geometry optimization, vibrational frequencies, reaction path
and scans) have been performed using the Gaussian 09 program [5]. The rate coefficients
have been calculated at the canonical variational transition state theory level, using the
kevt program [6]. Both upward and downward ozone addition paths have been
considered. As each monoterpene shows two unsaturated bonds, four pre-barrier
complexes and four saddle points have been located for each monoterpene at each
theoretical level. The B3LYP functional showed the worst performance, being unable to
locate some saddle points for alpha-phellandrene and terpinolene. At the
BHandHLYP/aug-cc-pVTZ level, pre-barrier complexes are stabilized by 0.83 — 1.32
kcal mol™! and saddle points are located in the range from 1.17 to 4.90 kcal mol !, above
the isolated reactants. At the M06-2X/aug-cc-pVTZ level, pre-barrier complexes are
stabilized by 3.54 — 5.43 kcal mol™! and saddle points are located in the range from 0.23
to 4.22 kcal mol”!, under the isolated reactants. M06-2X/aug-cc-pVTZ level have
predicted that pre-barrier complexes are located at lower energy values and also higher

240

Livro.indd 240 @ 01/11/2017 13:00:02



central barrier heights. As a global result, rate coefficients obtained from the molecular
data obtained at the M06-2X level are higher than those obtained from BHandHLYP
molecular properties. The results show and suggest that pre-barrier complexes are
important to the kinetics of the global reactions. M06-2X room temperature rate
coefficients have been found in reasonable agreement with experimental data (rate
coefficients, at 298 K, for the ozonolysis of alpha-phellandrene, beta-phellandrene and
terpinolene are: 2.04x10'4, 1.21x10°" and 3.75x10"* cm® molecule™ s”!, respectively, and
the corresponding experimental values [7-8] are: 2.97x10°"5, 4.77x10"7 and 1.88x107'°
cm® molecule! s™). Both BHandHLYP/aug-cc-pVDZ and M06-2X/aug-cc-pVDZ levels
could reasonably describe the ozonolysis of these terpenes, but only M06-2X/aug-cc-
pVTZ level could describe the ozonolysis and provide rate coefficients values in good
agreement with the experimental values. The Kpredicted/Kexperimental Tatio at M06-2X/aug-cc-
pVDZ level of alpha-phellandrene, beta-phellandrene and terpinolene are: 10, 148 and
18. At M06-2X/aug-cc-pVTZ level, the Kpredicted/Kexperimental ratio of alpha-phellandrene,
beta-phellandrene and terpinolene are: 7, 25 and 20. The results show that
Kpredicted/Kexperimental 1atio are less sensitive to the relative energy of the pre-barrier
complexes than to the location of the saddle point: by raising the relative energies of the
saddle points in 1 kcal mol™, the Kpredgicted/Kexperimenal Tatio is improved and the rate
coefficients achieve excellent agreement with experimental values. Therefore, based on
the Criegge mechanism, it can be concluded that the ozonolysis of monoterpenes is better
described at M06-2X/aug-cc-pVTZ level and the Kpredicted/Kexperimental Tation is mostly
affected by the location of the saddle point, in comparison to the stabilization energy of
the pre-barrier intermediates.

Key-words: alpha-phellandrene, beta-phellandrene, terpinolene, ozonolysis, rate
coefficients.
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Abstract: Multistability is a phenomenon that describes a condition that a system has two
or more steady states. The study of multistability is crucial to the understanding of the
cell functions. Such a behavior is present in cell cycles, cell differentiation and apoptosis
[1]. Chemical oscillations are rhythmic, temporal or spatial changes in the concentration
of each specie in a reaction. Oscillations occurring in biochemical systems are important
events for the maintenance of life. Some known examples are the glycolytic oscillations
and calcium oscillations [2]. A bistable dynamic is possible during the formation of a
trimer. In a hypothetical situation a B homodimer consists of two subunits called 4. A
second dimer D, a heterodimer, is composed by subunits 4 and C. By recombining the
dimers an E trimer is formed as described in the following equations:

A+4a%B
B*Aa+4
A+c®p
pXatc
B+DSE+cC
E*B+4A

M

Using the Stoichiometric Network Analysis (SNA) method, a systematic approach to this
hypothetical mechanism dynamics was calculated [3] The analysis begins with the
determination of a set of velocity vectors from steady states in the reactions. Such set
forms an array called "extreme currents" and physically has the value of a subsystem. To
study instabilities in the extreme currents is equivalent to observing them in the original
system. For this set, the Clarke extreme currents ensure the existence of a saddle knot
bifurcation, however, the system still does not present multistability. With an adjustment
in the kinetic constants it is possible to generate a sigmoidal curve graph where each point
is a stable or unstable steady state.

Figure 1. Bifurcation analysis by kinetic constant ki and the concentration of 4 in arbitrary
units (a.u.). The dark area shows in which region there are multiple stationary states.
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Here the bistability is caused only by the recombination of dimers with no need for
autocatalysis reaction, positive or negative feedback. The same system can be modified
by adding a cross-regulation component to obtain an oscillatory dynamics.

Figure 2. Oscillations as a function of time by concentration of species A in a.u.
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Abstract: A theoretical investigation using semi-empirical and DFT calculations was
performed in order to obtain structural and electronic properties for native and
derivatives polypyrroles (PPys). The band gap energies for PPys before and after the
formation of B-Cyclodextrin-based molecular wires were estimated at the B3LYP/6-
31G(d,p)//PM3 level of theory. For the isolated PPys, the results showed that after the
replacement of PPy by the OCHj3 and NO, push-pull groups, it presented a significant
decrease in the band gap value, which implies a supposed improvement in the polymer
conductivity. Moreover, considering the B-Cyclodextrin-based molecular wires, after
the introduction of the same OCHj3 and NO; push-pull group, it was observed a small
decrease in band gap value in caparison to the isolated OCH;3-PPy-NO; specie, thus
maintaining the polymer conductivity.

Key-words: Polypyrroles, band gap energy, molecular wires.

The fundamental requirement for processing and application of any conjugated polymer
(PC) as molecular electronic device is its solubility. Polypyrrole (PPy) belongs to the
class of PC, however, one of the main issues concerning the use of PPy as conductive
material is due to its poor water solubility [1]. In this context, an alternative and viable
strategy to improve the water solubility of PCs is the formation of inclusion complexes
with cyclodextrins (CDs), also called CD-based molecular wires (MWs) [2]. In this
context, the main goal of this work was to evaluate the molecular structure and
electronic properties of native and derivatives PPys as well as a possible MW formed by
cross-linked dimeric B-cyclodextrin (B-CD). The central idea was to analyze the
encapsulation effect on the structural and electric properties of the PPys guest
molecules. The PPys derivatives were substituted at the both ends by electron donors
and withdrawers groups (push-pull groups) such as: NH,, OCH3, OH, SOs;H, NO,, CFj.
The calculation methodology used was the sequential via B3LYP/6-31G(d,p)/PM3
level of theory which has been successfully used for CD inclusion compounds in our
group [3]. As known, the ability of PCs to conduct electricity is fundamentally related to
the energy difference between the HOMO / LUMO frontiers orbitals, which is known as
band gap energy (Eg). Thus, initially an Eg analysis of native and derivatives PPys with
four monomeric units (PPys)s was carried out and the results are shown in Table 1. It is
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clear to notice that the (PPy)4 substituted by the OCH3 and NO; push-pull group shows
de lowest Eg value. Afterwards, the OCH;3-(PPy)s-NO, were added to the B-CD dimeric
tube in the TT orientation with 3 cross-linking, which was chosen based on our previous
work [4], in order to evaluate a supposed increase or decrease in conductivity after the
formation of a MW. As can be seen in Table 1, after the inclusion process, the OCHs-
(PPy)4-NO, molecular wire presented a slight decreasing in Eg in comparison to the
OCH3-(PPy)4-NO; isolated polymer, which supposedly implies that the formation of a
MW could maintain the conductive properties of the polymer now trapped inside the -
CD dimeric tube. In Figure 1, the optimized structure of OCH3-(PPy)4-NO, molecular
wire is shown. Therefore, in the present work we have shown in molecular level that the
use of PPys in the form of encapsulating conducting material, which is an interesting
alternative to improve the solubility of organic polymers, can be very useful and should
be considered in further experimental investigations.

Table 1 — Band gap energies (Eg) for isolated PPys and for a B-CD-based molecular
wire calculated at the B3LYP/6-31G(d,p)//PM3.

Specie Eg (eV)
(PPy)4 (native) 3,48
(PPy),4 - push-pull (NH; -SOsH) 3,21
(PPy)4 - push-pull (OCH; -NO,) 2,55
(PPy)4 - push-pull (OH - CF5) 3,30
Molecular Wire - (PPy), - push-pull (OCH3 -NO;) 2,49
LUMO
. {
L )iw Pup

SR R )
Figure 1 — Optimized geometry for OCH;-(PPy)s;-NO, molecular wire along with
HOMO/LUMO orbitals for (PPy)a.
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Abstract: Extraction of organic chemicals is a usual problem in chemistry. However,
identification of the best solvent for extraction is not obvious and is usually based on try
and error approach. With the development of continuum solvation models like SMD,
which is parametrized for a wide set of solvents, it is possible to make a screening of
different solvents for extraction. In this work, this idea was applied for finding the best
solvent for extraction of chemicals derived from biomass decomposition. Biomass is one
of the most promising alternatives for petroleum substitution due to its abundance, low
cost and environmentally harmless. Three potential compounds from biomass were listed
for fuel and chemical production: furfural, 5S-hydroxymethylfurfural and levulinic acid.
The acid catalyzed hydrolysis of xylan and glycan components of the wood form Cs and
Cs sugars, so xylose and glucose (or fructose) are transformed into furfural, 5-
hydroxymethylfurfural (HMF) and levulinic acid via acid-catalyzed dehydration.
Nevertheless, in the acid medium, undesirable products may appear during the process.
Thus, the use of solvent extraction has been advocated as a more effective process. In this
work, we are looking for an adequate solvent, which should have low miscibility with
water and lead to a high partition coefficient for each compound. We used the SMD
method, which has parameters for 179 solvents. We have written the “SNAPY”, a code
in Python programming language to automate the process of building the input files,
running the GAMESS program and reading the solvation free energy values from the
output. In the selection of solvents for simultaneous extraction of furfural, HMF and
levulinic acid, we have done an analysis to suggest solvents with the highest partition
coefficients (aqueous/organic solvent) for all the solutes. In addition, the solvents must
have low miscibility with water, boiling point below 162 °C (furfural boiling point) and,
preferentially, low toxicity. Thus, the manual analysis of the results has led us to suggest
that Cs and C7 ketones are the most adequate solvents.'

Key-words: partition coefficient, green chemistry, solvation model, free energy of
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Abstract: Alzheimer’s disease (AD) is the most common kind of dementia. This
neurodegenerative disease is characterized by the drastic reduction of the neurotransmitters
(NTs) acetylcholine (ACh), serotonin and dopamine in the synapses. The use of the
acetylcholinesterase (AChE) inhibitors (AChEIs) is the main strategy used in the treatment of
Alzheimer’s disease [1]. During the molecular recognition of ACh by AChE, some important
interactions are observed between the ligand and the active site of the enzyme. The quaternary
nitrogen atom of the AChE substrate forms a strong electrostatic interaction with the carboxyl
group of the Asp72 residue (3.67 = 0.13 A) [2]. In addition, strong hydrogen bound
interactions are observed between the oxygen atom of the ester group of ACh and the residues
Gly118, Ala201 and Tyr130 [2,3]. In this way, the intramolecular distance between the
nitrogen and the oxygen atoms in a molecule which will be recognized by AChE should be at
least similar as the ACh molecule (3.5 - 6.5A), Figure 1.

In order to elucidate the correlation between the principal properties of 42 molecules and their
inhibitory activity against AChE, quantum theoretical studies associated with principal
component analysis [4], clusters analysis [5], classification and missing values methods [6]

were carried out.
PCA
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Figure 1. PC1 vs. PC1 and ACh [d(O=N)] and [d(O-N)] distances.
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We investigated exhaustively 26 determinant properties that correlate these 42 molecules and
their performance in the central nervous system. Among these, 25 AChEIs, 10 monoamine
oxidase inhibitors (MAOIs) and the 7 NTs involved in the development of dementias as AD,
Parkinson's disease and depression.

Due the diversity of the molecular structure of some ligands, the properties: distance of nearest
N and O atoms [d(O-N)] atoms, and the distance of nearest N and O atom of the carbonyl
group [d(O=N)] are discarded, i.e., the absence of oxygen and/or nitrogen atom in the
molecule is observed in 32 of the 42 inhibitors studied.

The PCA method is not possible to be performed using as variable a set of values with some
missed data. For this reason, we performed the PCA analysis without consider the properties
d(O-N) and d(O=N) distances. On the other hand, considering the importance of the properties
d(O-N) and d(O=N) distances in the molecular recognition of the AChE, and in attempt to
mark the load of these two properties in this biochemical process we took on board potent
pattern recognition and data mining tools to treating all data set including the missed data.

In order to enrich and validate PCA results, clustering studies were performed with pattern
recognition algorithms. Also, missing values problem was treated to avoid missing data may
to affect the clustering analyses. In this way, missing values were obtained with K-Nearest
Neighbor Imputation and K-Means Imputation methods.

PCA studies revealed that properties as molar mass, number of chiral carbon atom, energy of
the molecular orbital LUMO, molecular volume, molecular size, polarizability and number of
aromatic rings are the most relevant properties in the study of AChE inhibitors. The missing
data values, i.e., the distance of the nitrogen atom and the oxygen atoms in the molecules, are
important variable in the study of recognition pattern and correlation in our data set.
Hierarchical clustering method was the best predictor with cross-validation coefficient equal
to 0.931.

Key-words: Acetylcholinesterase, Inhibitors, PCA, Fuzzy Analysis, Recognition Pattern,

Missing Values Methods.
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Abstract: The first challenge in production of lignocellulosic biofuel is to disrupt the
complex polymeric matrix of lignin that surrounds cellulose and hemicellulose chains in
plant cell walls. Typically, thermo-mechano-chemical pretreatments of biomass are
used to break lignin barrier, but developing alternative strategies is of major interest
today to avoid the release of toxic compounds and valorize lignin as feedstock.
Enzymatic degradation of lignin represents a promising approach to selectively valorize
lignin derivatives to the production of fuel, chemicals and materials. In this work, we
studied two enzymes that act on the early and last stages in the lignin B-aryl ether
cleavage pathway from Sphingobium sp SYK-6 [1,2]. Using docking, molecular
dynamics, QM/MM simulations and QM calculations, we shed light on the key
interactions for substrate binding and came up with strong suggestions for the @
mechanism of action of these enzymes, named LigF and LigG. Further studies can make
use of these results to identify other lignin degrading enzymes in other organisms, as
well as to optimize these biocatalysts for future application in biorefineries.

Key-words: quantum mechanics / molecular mechanics, quantum mechanics, ligninase,
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Abstract: Treatment of diseases in modern civilization using new models of drugs
delivery systems instead of classical interventions has been considered an important
research line for infection and tumors treatment. In this context, a drug delivery system
is capable to increase the delivery effectiveness of hydrophobic drugs into cells and
tissues in several treatments [1]. Among these examples we can mention the liposomes,
which are nanometric vesicles structured in bilayers of phospholipids organized
surrounding aqueous compartments [2]. In this work, liposomes containing
phospholipids and cholesterol were used to deliver a hydrophobic phototoxic drug, zinc
phtalocyanine (ZnPC), to sheep red blood cells experimentally and the phospholipid
bilayer sheet of proposed liposomal systems was simulated in a computational study.
The computational methodology used was Molecular Dynamics simulations using the
GROMACS 5.1.4 computational package with OPLS-AA force field, using NPT
ensemble, at 310K and 1 bar with explicit spc water. The molecules geometry and
charges were parameterized using ORCA 3.0.3 and NWCHEM 5.1. It was performed
computational simulations of lipid membranes containing zinc phthalocyanine and
added or not with cholesterol, to obtain membrane density values, disposition of drug in
systems and density maps of the lipid bilayers. In the experimental tests, the use of an
appropriated delivery system was capable to promote the photoinactivation of red blood
cells. Furthermore, liposomes containing cholesterol in mass to mass ratio of 5:1 was
more effective in drug delivery than liposomes without cholesterol [3]. The molecular
dynamics indicates that interaction between ZnPC and cholesterol may change the
spatial disposition of these species in vesicle affecting directly the drug effectiveness.
Computational simulations of systems, with or without cholesterol, containing
DPPC/ZnPC showed to be effective in predicting the behavior of the drug in the
phospholipid bilayer, indicating its greater mobility in cholesterol-containing systems,
as well as the formation of rafts and the occurrence of a pronounced interaction between
ZnPC and cholesterol molecules in its surroundings, which can potentiate the
photodynamic activity of the drug.

Key-words: Liposome, photoinactivation, cholesterol
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Abstract: Electrochemical capacitors (ECs) are devices that combine both the specific
energy of the batteries and the specific power of the conventional capacitors
characteristics [1]. This feature allows electrochemical capacitors to be present in the
industries of renewable energy, digital cameras, mobile phones and electric vehicles [2].
The mixedtransition-metaloxides are emerging as promisingelectrodematerials for ECs,
due their high electrochemical activities owing to the complex chemical compositions
and their synergetic effects contribute to the exceptionally high specific
capacity/capacitance [3].

The interface materials were obtained by calcination of a polymeric resin
prepared by Pechini method. The X-ray diffraction (XRD) patterns were obtained using
a SHIMATZU XRD-6000 model which provides Cu K, radiation (A=1.544A). To
obtain the microstructural data of the Ni, NiO and Ni/NiO materials, a Rietveld
refinement (see figure 1) [4] was performed using the General Structure Analysis
System (GSAS) program [5] suite with the EXPGUI interface [6].

All theoretical calculations were performed using the Ni and NiO
crystallographic information file (CIF — ICSD 260169 and 9866, respectively).
Calculations were performed using density function theory (DFT) [7,8] with the plane
wave-pseudopotential framework, as implemented in the Quantum-ESPRESSO (QE)
[9] package, with in the generalized gradient approximation (GGA). Electronic
interactions were described by Perdew-Burke-Ernzerhof (PBE) exchange-correlation
functional [10] with ultrasoft pseudopotential. We performed the electronic energy
minimization with a tolerance of 10°Ry estimated scf accuracy, using a plane wave
kinetic energy cutoff of 175 Ry and 700 for the charge densities. The Brillouin-zone
(BZ) sampling is carried out with a 8 x 8 x 8Monkhorst - Pack k-points grid.The strain
effects were calculated applying a strain compressive and tensile, consequently varying
the volume of unit cell. The equilibrium volume parameters and bulk modulus were
obtained by fitting energy vs volume curve to the Murnaghan, Birch-Murnaghan,
Poirier-Tarantola and Vinet equation of state — EOS (see figure 2). The stress tensor
were obtained after full relaxations of allinternal atomic coordinates by means of the

conjugate gradient (CG) technique.
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The Fig.1 show that the results obtained by the Rietveld refinement method were
in good agrément with the observed XRD patterns. The Fig. 2 show relation between
energy versus volume curve with fitting of EOS. The value of the bulk modulus
obtained from of EOS were in good agrément with the eq. Murnaghan for Ni of 253.52
GPa with experimental value of 229 GPa and for NiO of 278.77 GPa with experimental
value of 205 GPa.
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Abstract: Xenon in a supercritical condition is an important solvent to investigate
various chemical systems. Xe is lipophilic and soluble in many substances. With its
highly sensitive NMR chemical shift Xenon serves as a probe used to characterize
solids, proteins and biomembranes, nanosystems, polymers, clathrates, mixtures, and
even to detect radiations of interest in astrophysics [1]. Consequently, gaseous, liquid
and supercritical Xe have been the subject of experimental investigation as well as
theoretical calculations [2-4].

In this work we study how the NMR chemical shift of the *Xe in a supercritical
condition depends on the solvation and on many-body and relativistic effects. Solvation
effects are included using a sequential QM/MM methodology. Relativistic analysis is
made using 4-component Hartree-Fock calculations (4c-HF) and electron correlation
effects are considered using second order Mgller-Plesset perturbation theory (MP2). To
simplify the calculations of the relativistic and electron correlation effects we
decompose the chemical shift in various contributions. Calculations are made at the
non-relativistic Hartree-Fock (HF) level as an average over selected configurations
generated by Monte Carlo simulation and then the contributions due to electron
correlation and relativistic effects are added in a two-body approximation. Our results
are in agreement with the experimental data and show that the chemical shifts for Xe are
very well described at the HF level, with small contributions from relativistic and
electron correlation effects.

Key-words: Supercritical condition, Xenon, QM/MM, NMR magnetic shielding.
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Abstract: Ozonolysis is an important process for the chemical removal of volatile
unsaturated organic specie from troposphere. The reaction proceeds via ozone attack to
the unsaturated bond forming a molozonide, which rapidly decomposes to carbonyl
products. As the first step is highly exothermic, molozonides are formed with excess
internal energy and the consecutive step is generally fast, so that the addition step is the
rate controlling. This first step, in turn, is better described by a submechanism taking
into account the reversible formation of a pre-barrier intermediate, followed by the
addition [1]. The search for a theoretical method to accurately describe the ozonolysis
reaction is a topic of interest worldwide, with main concern about the description of the
kinetics of different unsaturated species towards ozone and the observed trends in their
compared reactivity. In this context, this work aims to the study of the ozonolysis
reaction path of some alkenes of low molecular weight (C4 and C5). Our goals are the
search for the stationary points in the reaction paths and the prediction of the barrier
heights from theoretical methods. Density Functional Theory has been used in all
calculations, adopting the BHandHLYP, ®B97X and M06-2X functionals and the aug-
cc-pVTZ basis set. The selected alkenes were: 1-butene, Z-2-butene, E-2-butene and
isobutene (C4) and 3-methyl-1-butene, 2-methyl-2-butene, E-2-pentene and Z-2-
pentene (C5). 2,3-dimethyl-2-butene (C6) has also been included in our list. Each
optimized geometry has been validated by vibrational frequencies calculations,
observing that stationary points corresponding to reagents and intermediates showed
only real vibrational frequencies, whereas, for the saddle points, a single imaginary
vibrational frequency was expected. BHandHLYP results for the reaction barriers
(electronic energy differences between the saddle point and the reactants, corrected by
zero point energies) were, for 1-butene, Z-2-butene, E-2-butene and isobutene: 4.91,
3.53, 4.10 and 5.55 kcal mol’!, respectively. For 2-methyl-2-butene and 3-methyl-1-
butene, the calculated barriers were 4.30 and 6.17 kcal mol™, respectively. Including the
thermal and entropic contributions, the values for the Gibbs free energy of activation
(298 K) were: 15.99, 14.35, 14.97, 16.74, 15.91 and 17.42 kcal mol™! (1-butene, Z-2-
butene, E-2-butene, isobutene, 2-methyl-2-butene and 3-methyl-1-butene, respectively).
From these data, and adopting the conventional transition state theory, the rate
coefficients at 298 K were calculated, being (in ¢cm® molecule™ s): 9.60x10" (1-
butene), 1.51x107"7 (Z-2-butene), 5.37x107'® (E-2-butene), 2.69x107"° isobutene,
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1.10x10"® (2-methyl-2-butene) and 8.62x102° (3-methyl-1-butene). These results are
smaller than the experimental results by factors ranging from about 10 to 370. The
ratios between the rate coefficients for the ozonolysis of each alkene and the rate
coefficient for the propene ozonolysis (calculated at the same theory level) are in
agreement with the experimental data. It is concluded that although small adjustments in
the theoretical model are still necessary to guarantee the accurate prediction of the rate
coefficients of the C4 and C5 alkenes, the model suggested from the BHandHLYP data
is already enough accurate for the prediction of reactivity trends of the different alkenes
towards ozone .

Key-words: Ozonolyses, alkenes, molozonide, rate coefficients
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Abstract: For the actinides, two segmented all-electron basis sets of valence double zeta
quality plus polarization functions (DZP) are developed. One of them must be used along
with the non-relativistic Hamiltonian, whereas the other with the Douglas-Kroll-Hess
(DKH) [1,2] one. Adding diffuse functions of s, p, d, f, and g symmetries to the non-
relativistic and relativistic sets, augmented basis sets are developed. These functions are
essential to describe correctly electrons far away from the nuclei. For some compounds,
geometric parameters, atomic charges and valence orbital populations of the actinides,
and bond dissociation energies are calculated using the Becke 3-parameter (exchange) [3]
and the Lee, Yang, and Parr (correlation) [4] functional in conjunction with the DZP-
DKH basis set. For Am and No, the static electric mean dipole polarizabilities are also
reported. Comparison with benchmark theoretical [5-10] and experimental [11-14] values
found in the literature is carried out. It is verified that the performances of the relativistic
compact size basis sets generated in this work are regular, efficient, and reliable. They
will be extremely helpful in molecular property calculations that need explicitly to
consider the core electrons.

Key-words: Basis Sets; Actinides; DFT; DKH.
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Abstract: In this work, we present a new scale factor protocol for calculating *C NMR
chemical shifts (GIAO-mPWI1PW91/3-21G//mPW1PW91/3-21G) of flexible organic
molecules. Considering a set of 22 molecules with different behaviors (27 different
chemical shifts), we were able to generate a universal GIAO-HDFT with a basis set
consistent with 3-21G basis set and linear scaling factors using a “chemical shift —
chemical shift” correlation approach. NMR chemical shifts were computed at the
mPW1PW91/3-21G level using the GIAO method and are given relative to that of TMS
calculated at the same level of theory. Thus a scale factor equation was generated dscalc =
1.1 Scate - 3.8, where Jcaic and Oscar are the calculated and the linearly scaled values of the
BC chemical shifts, respectively). The robustness of the new protocol and its
applicability to practical problems were evaluated by the calculation of the chemical
shifts for a natural compound with synthesis, biological and therapeutic interest: (-)-
loliolide  ((7aR)-6-hydroxy-4,4,7a-trimethyl-6,7-dihydro-5H-1-benzofuran-2-one) (a
rigid molecule), figure 1a [1]. For flexible molecules, a conformational analysis
protocol was created. For evaluated the accuracy of this protocol was selected 2°,6’-
dihydroxy-4’,4-dimethoxydihydrochalcone molecule (a very flexible molecule), figure
1b [2]. Thus, in order to select the most stable conformer of flexible molecules, will be
applied Monte Carlo (MC) simulations. So, a randomized conformational search of the
2’,6’-dihydroxy-4’,4-dimethoxydihydrochalcone molecule using the MC method with a
search limit of 200 structures, and employing the Merck molecular force field (MMFF),
by means of 10,000 simulations, as implemented in the Spartan’08 software package
[3], considering an initial energy cutoff of 10 kcal.mol” was performed. In the first
step the 43 more significant conformations of 2’,6’-dihydroxy-4’,4-
dimethoxydihydrochalcone molecule, accounting for more than 99.99% of the total
Boltzmann population in the first 10 kcal.mol”, were saved. This was, followed by
single-point energy calculations at the PM6 and level of theory. The 31 more significant
conformations within the range of 0.0-3.0 kcal.mol”, were selected to energy
minimization calculations carried out at the mPW1PW91/3-21G level of theory. The 13
more significant conformations within the range of 0.0-2.5 kcal.mol™'. Frequency
calculations carried out at the mPWI1PW91/3-21G level of theory confirmed the
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optimized geometries to be local minima and delivered values of free energy at 298 K
and 1 atm. In the last step the 7 more significant conformations within the range of 0.0—
2.0 keal.mol" were selected. Finally the lowest-energetic conformer was used to obtain
the scaled chemical shifts. All HDFT calculations were carried out using Gaussian09
software [4]. In the calculations, no solvents effects were considered.

0

HO/A',,J

Figure 1. (-)-loliolide (1a) and 2’,6’-dihydroxy-4’,4-dimethoxydihydrochalcone (1b)
structures.

In order to achieve widespread application of a scaling factor to GIAO-HDFT '*C
chemical shifts, it is desirable to combine excellent accuracy of MAD (mean absolute
deviation) and RMS (root mean square). The data comparison demonstrated a great
agreement between experimental and calculated NMR chemical shifts. For loliolide
molecule MAD and RMS before (after), in ppm, application of the scale factor are: 5.71
(1.59) and 9.34 (1.81). For 2’,6’-dihydroxy-4’,4-dimethoxydihydrochalcone molecule
MAD and RMS before (after) application of the scale factor are: 9.65 (1.30) and 11.02
(1.67). It means that using the equation 1 it was possible to cancel the systematic errors,
even using modest basis set. In conclusion, GIAO-mPWI1PW91/3-21G/
mPWIPWOI1/3-21G linear regression obtained by using the experimental and the
calculated data with the conformational analysis protocol, is a very attractive tool as an
alternative to more computationally demanding approaches, which are usually applied
in order to achieve *C NMR chemical shift calculations.

Key-words: GTAO-mPW1PW91/3-21G/mPW1PW91/3-21G, flexible molecules, NMR
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Arabinases or arabinofuranosidases are the enzymes capable of liberating L-arabinose from

polysaccharides, arabino-oligosaccharides or from synthetic substrates, with endo or exo modes of action.
An important group of these enzymes corresponds to the a-L-arabinofuranosidases (E.C. 3.2.1.55) that
cleave a-(1- 2), a-(1— 3), or a-(1— 5) linked L-arabinofuranosyl residues from non-reducing ends in
oligo- and polysaccharides that contain arabinose *. In this work, we studied a recently identified a GH62
a-L-arabinofuranosidase (AnAbf62A) that was highly secreted when Aspergillus nidulans was cultivated
on sugarcane bagasse. The crystal structure of the enzyme was solved showing the five-bladed [3-propeller
fold, which is conserved in family GH62 **. Site-direct mutagenesis produced Y312S and Y312F mutants
which showed that Y312 is an important amino acid for binding the substrate as well as for enzymatic
activity, and that both mutations are deleterious to catalytic efficiency of the enzyme.
In this computational study, we used molecular dynamics (MD) simulations and the well-tempered
adaptive biasing molecular dynamics to address the question of how Y312 affects enzymatic substrate
affinity and enzymatic kinetic parameters of the a-L-arabinofuranosidase (AnAbf62, GH62) from A.
nidulans A773. A comparison of the structure of the AnAbf62wt with other crystal structures of the
alpha-L-arabinofuranosidase from Streptomyces thermoviolaceus (PDB codes: 4080 and 408P), showed
that the loop containing Y312 has two different conformations *. The free energy simulations indicated
that the loop containing Y312 can access different conformations separated by moderately low energy
barriers. One of these conformations, comprising on a local minimum, is responsible for placing Y312 in
the vicinity of the arabinose glycosidic bond, and thus, may be important for catalytic efficiency. This is
the first report on the structural investigation of a GH62 from the genus Aspergillus.

Key-words: Molecular Dynamics, adaptive biasing molecular dynamics, loop
conformation, free energy profile.
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Abstract: Estudos ja realizados para a forma axial e equatorial da 2-bromocicloexanona
demonstraram a existéncia de uma constante de acoplamento de longo alcance *Ji 6
para o conformero equatorial, mas ndo “Jip4; como consequéncia, pode-se inferir que
o grupo carbonila desempenha um papel importante no caminho do acoplamento, em
decorréncia das interagdes cconp—n*c-0 € Geene—T*c—0.' No presente estudo, calculos
de NBO, em nivel B3LYP-aug-cc-pVTZ, e de constantes de acoplamento (SSCCs)
foram realizados. Para os calculos SSCCS, o funcional B3LYP e a fungdo de base EPR-
IIT foi empregada para os atomos de H ¢ F e, para C, S, O, Br, Cl, foi usado o conjunto
de bases aug-cc-pVDZ. Os calculos foram realizados para as cicloexanonas e
cicloexanotionas 2-fluor-substituidas (Figura 1) em gas, DMSO e dgua (modelo PCM).
Os resultados indicam interagdes Geomr—T* =y € Ocsns—T* =y (Tabela 1) maiores em
cerca de 1 kcal mol' para a forma equatorial da cicloexanotiona em relagdo a
cicloexanona. Por outro lado, *Ji s é maior por cerca de 1 Hz para a cicloexanona na
forma equatorial (Tabela 2). Isso pode ser explicado pelo FC (contato de Fermi), que
contribui para o valor de *“Jis6 (Tabela 3). E importante mencionar que o termo FC &
influenciado pela hibridizagdo dos carbonos que participam no caminho do acoplamento
(sendo que um menor carater s induz a um decaimento de J), bem como pelo
comprimento das ligacdes C-C e C-H. Apesar dos valores de ocom—n*c-y €
GoeHe— T ¥ =y serem maiores para a cicloexanona, essa aparente contradi¢do tem origem
no contato de Fermi, que ¢ influenciado pelo caréter s e pelo comprimento de ligagio.”
Os valores para os compostos em fase gasosa, comparando-se com os dados em
solvente implicito, permaneceram praticamente constantes, ou seja, ndo houve diferenga

significativa entre 0s meios.
-y

H, H

le 2a 2e
Figura 1 [12-fliorcicloexanonas e cicloexanotionas estudados computacionalmente
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Tabela 1: Interagdes hiperconjugativas (kcal mol™) relevantes para o estudo de “Ji s
em géas, DMSO e agua.

Composto  Geop—TF ey GoeHe— T =y
la - -

le 5,7;5,6;5,6 6,1;6,1;6,1
2a - -

2e 6,7:6,7;6,7 6,96,8;6,9

Tabela 2: Valores de constante de acoplamento “Jip, 1 (Hz) em gas, DMSO e agua.
Composto 4JH2,H6

la 0,5;0,5;0,5
le 1,7;1,7;1,7
2a 0,3;0,3;0,3
2e 0,8;0,8;0,8

Tabela 3: Valores de FC (Hz) para “Ji 16 em gas, DMSO e 4gua.
Composto FC

la 1,0;1,0;1,0
le 1,2;1,2;1,2
2a 0,8;0,9;0,9
2¢ 0,1;0,1;0,1

Key-words: Acoplamento de longo alcance. Carbonila. Tiocarbonila
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Abstract: Many enzymatic reactions use 'O

flavin nucleotide cofactors (FAD) as 7
electron acceptors. In cellular respiration, 0
flavoenzymes mediate coupled proton- (0]
electron transfer reactions between FAD and

succinate/fumarate [1]. Here, we modeled b
hydride transfer reactions mediated by N
flavins (Figure) isolated in the gas phase to Y% NH
understand the intrinsic energetics and N
mechanisms involved and ultimately choose R H/ -2 0
a reliable method to study flavoenzymes _ . . .
reactions. Figure. Flavin hydride transfer reaction
Reaction profiles were determined by density functional theory (DFT) with B3LYP
functional and 6-31+G* basis set using the Gaussian 09 program. Relative energies
were recalculated with functionals including dispersion corrections, with second-order
Mgller-Plesset perturbation theory (MP2) using the 6-311+G** basis set and with
complete active space self-consistent field method (CASSCF), followed by a
perturbative treatment with n-electron valence state perturbation theory (NEVPT?2) all
using the Def2-TZVP basis set in ORCA 3.0.1 package.

Our results show that the distribution of 7 electrons along flavin’s isoalloxazine ring
highly contributes to the complexation and orientation of the reactant complex. During
flavin reduction, 7 electrons are rearranged and the isoalloxazine ring bends, losing
planarity. As the system approaches the transition state, different electronic states
become degenerate and the reaction barriers of hydride transfers are highly affected by
static electronic correlation. Although MP2 can recover dynamical correlation and
describe well flavin 7 stacking and dispersion interactions, the reaction barriers of
hydride transfer are miscalculated, so multiconfigurational energy profiles have to be
used to describe the reactions.

Key-words: multiconfigurational methods, electronic structure, reactivity
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Moving Protons with Pendant Amines in Niobium-
Based Electrocatalysts

Authors: Felipe Fantuzzi,"* Simone Raugei,” Marco A. C. Nascimento'
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Abstract: The controlled mobility of protons is a fundamental step in a series of
chemical and biological reduction-oxidation processes, such as the reduction of
dioxygen to water and the production/oxidation of hydrogen [1,2]. The tailoring of
molecular electrocatalysts that effectively forms or cleaves the H-H bond is, therefore,
extremely useful for the energy storage problem [3]. Such catalysts, responsible for the
electrochemical transformation of abundant substrates into fuels, should be efficient and
based on low-cost and abundant metals. In this perspective, Brazil has the largest
Niobium (NDb) reserves in the world (98.53%) and exportation as ferroniobium, a type of
iron-Nb alloy, is the main commercial destination of the metal [4]. The goal of this
work is to aggregate economic and technological value to Nb by developing
coordination compounds based on the metal that present electrocatalytic activity for
energy-relevant conversions. The intramolecular proton transfer between Nb and
positioned pendant amines for the hydrogen oxidation electrocatalyst
[Nby(PONPLH), 1P (PY,NBY, = 1,5-dibenzyl-3,7-dicyclohexyl-1,5-diaza-3,7-
diphosphocyclooctane, Figure 1) is described herein by Density Functional Theory
(DFT) calculations at the B3P86/{Nb(SDD);P,N,C,H(6-31G**)} level. This ligand was
successfully applied in early studies for the generation of Ni-based electrocatalysts, in
which both experimental and computational results pointed to a metal-mediated
intramolecular proton transfer between the nitrogen atoms, and chair-to-boat
isomerizations as rate-limiting steps [5]. Important details of the geometrical and
energetic properties of Nb-based electrocatalysts are discussed. The authors hope that
this study will provide key aspects for the production of a new generation of molecular
electrocatalysts based on Niobium.

Figure 1. The hydrogen oxidation electrocatalyst [Nby(P<Y,NB"H),]*".
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Determinaciao do comprimento de espalhamento para
colisoes H-H, H-D, H-T, D-D, D-T, T-T nos estados
eletronicos (X'X") e (b*X*) usando um método variacional

Felipe O. Ventura!, Marcilio N. Guimaries!, Frederico V. Prudente!, Anténio F. C.
Arapiraca?, Cristina P. Gongalves?, José R. Mohallem*
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Palavras-chaves: Atomos utrafrios. Célculo eletronico. Espalhamento quéntico.

INTRODUCAO

O estudo de atomos ultrafrios tem
proporcionado um grande avango no
dominio e controle de 4atomos,
particularmente os alcalinos (familia
1A) como Na, K, Rb ¢ Cs, que sdo
facilmente aprisionados e resfriados em
armadilhas magneto-oticas (MOT). Em
anos recentes, varias técnicas
experimentais e  tedricas  foram
desenvolvidas para o seu estudo e novas
descobertas além da condensacdo de
Bose-Einstein (BEC) foram alcangadas
(vortices em BEC, turbuléncia quantica
e topologia em transi¢des de fase).

Com base nisso, abordaremos neste
trabalho a colis@o elastica fria entre os
atomos H-H, H-D, H-T, D-D, D-T e T-
T interagindo via os potenciais
moleculares  (X'T) e  (b’TH.
Determinamos o comprimento de
espalhamento  (onda-s) para essas
colisdoes atdmicas fazendo uso de um
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procedimento variacional para calculos
de espalhamento quantico, baseado na
teoria da Matriz R e no Método do
Elemento Finito (MEF).

METODOLOGIA
Os calculos de estrutura eletronica
foram  realizados no  programa

GAMESS com a inclusdo de uma
corregdo para a massa nuclear [1] e no
nivel full-Cl/aug-cc-pVQZ para os
estados fundamentais singleto (X'Z") e
tripleto (b’Z"). A correcio adiabatica
utilizada se chama Correcdo de Massa
Nuclear Finita (FNMC) [2]. Utilizamos
os dados da literatura de L. Wolniewicz
e colaboradores [3,4] e adicionamos a
FNMC a esses dados, na tentativa de
obter uma CEP com boa precisdo.
Utilizamos a correcdo counterpoise
(CP) para estimar a influéncia do erro
de superposi¢do de bases (BSSE).

As CEP’s foram obtidas numa
configuracdo de 200 pontos e distancias
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interatdmicas de 0.20 a 20.0 u.a para o
(X'Th e 105 pontos e distancias
interatdmicas de 1.0 a 20.0 u.a para o
(b°Zh). Fizemos uma interpolagdo por
spline ctbica para conectar o potencial
de curto alcance (CEP) a um potencial
de longo alcance (van der Waals + troca
+ corregdo adiabatica).

Para o calculo de espalhamento,
utilizamos um procedimento variacional
baseado na teoria da Matriz R e o
Método do Elemento Finito (MEF) para
expandir a fun¢do de onda nuclear em
termos de fungdes de base locais [5].
Calculamos o deslocamento de fase (8o)
e o comprimento de espalhamento para
a onda parcial / = 0, usando o potencial
com a inclusdo da FNMC e também o
potencial sem a FNMC (puramente
Born-Oppenheimer). A energia cinética
relativa adotada nos célculos foi de E =
1.10°° u.a. Fizemos um estudo da
convergéncia do comprimento de
espalhamento em fungdo do rmsx entre
os atomos e também em funcdo da
ordem dos polinomios (ki) para duas
malhas diferentes, uma com N. = 210
elementos e ki = 15 e outra com N. =
420 elementos e ki = 30. Calculamos o
deslocamento de fase (8o) para a faixa
de energia 10°°-10° u.a e obtivemos,
usando a teoria do alcance efetivo,

kcot50=—l+%rk2+0(k4)
a

de forma complementar, o comprimento
de espalhamento (a) e o alcance efetivo
(r) para as colisoes H-H, H-D, H-T, D-
D, D-T e T-T nos estados (X'Z*) e
CBP
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RESULTADOS
Figura 1: Curvas de energia potencial do
H, nos estados (X'Z%) e (b’ZH).

L
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0304 o |
—— FCllaug-co-pVQZ/BO, +FNMC (X's;)

9351 —— FCliaug-cc-pVQZIBO +FNMC (b)) [

020
015

010

- 26(H) (a.u)

005

H(1s) + H(ts)
000 L

E(H,)

005
0,104
0,154

R(a.u)
Tabela 1: Comprimento de espalhamento
(em bohr) dos sistemas H-H, H-D, H-T, D-
D, D-T e T-T nos estados (X'T") e (b’Z")
para a faixa de energia 10°°-10° u.a.

Comprimento de espalhamento
Siste- X'zH (b2
mas BOwi. | BOui+ | BOri | BOwi+
FNMC FNMC
H-H ]0,5549 | 0,2114 | 1,420 | 1,417
H-D | 11,477 11,119 | -0,297 | -0,301
H-T |9,4064 | 9,1903 | -1,379 | -1,400
D-D ]12,693 | 12,367 | -6,350 | -6,360
D-T |10,284 | 10,103 | -14,18 | -14,20
T-T 123,342 22,316 | -64,29 | -64,43
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A theoretical investigation
on the synthesis of aromatic polyimides
Felipe S. S. Schneider, Thiago Ferreira da Conceigdo, Giovanni F. Caramori
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Aromatic polyimides comprise a class of polymers known as “high
performance” due to their high T, (normally above 200 °C) and thermal stability [1,2].
The imide group in this class of polymers is a five- or six-membered ring. The literature
reports very distinct synthetic reaction conditions for these two kinds of aromatic
polyimides [1] and the reason for these different synthetic conditions is commonly
considered to be a higher stability of the six-membered ring anhydride, in comparison to
the five-member ones (Figure 1) [3,4]. Nevertheless, no detailed discussion on the
reactivity of these monomers is reported in the literature.

@) O

° o ¥ o
(a) (b)
Figure 1: Six- (NTDA, a) and five-membered (PMDA, b) cyclic anhydrides studied.

The present work reports the investigation on the first and most critical step of
the synthesis of aromatic polyimides, namely the formation of polyamic acid (Figure 2),
by the use of density functional theory (DFT, BP86-D3(BJ)/def2-TZVP/SMD [5-11],
using the ORCA package, version 3.0.2 [12]). Two reaction pathways, (a) and (b),
between aniline and either naphthalic tetracarboxylic dianhydride (NTDA, Figure la) or
pyromellitic anhydride (PMDA, Figure 1b) were considered (Figures 2a and 2b). While
(a) is a single step process (Figure 2a), (b) passes through an intermediate (Figure 2b).
Energies of the reactants, transition states, intermediates and products were calculated
and the reactions were compared in regard of kinetic parameters.

It was shown that, although (a) was the fastest pathway found, its reverse
reaction is even faster, and (b) might actually occur. In the gas phase, the rate constant
of (a) is around five orders of magnitude higher for PMDA when compared to NTDA.
Pathway (b) has comparable magnitude for both substrates, but is 10* slower than (a).

Solvent plays a major role in this process, as shown by implicit solvation in
THF, DMF, DMSO and propylene carbonate (PC). For pathway (a), for instance,
PMDA reacts 5.1, 71.6, 407.3 and 6.7-10" times faster in THF, PC, DMF, and DMSO,
respectively, than in vacuum. DMSO shows the largest velocity increase for NTDA as
well, but it was found to be only 13 faster than in vacuum in this case. Pathway (b) also

depended on solvation, although to a smaller degree than (a).
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Figure 2: Reaction pathways (a) and (b) employed in this study, here exemplified with
PMDA only, for brevity. (a) is a single step process, (b) passes through an intermediate.
We accessed the differences in reactivity between five-membered (PMDA) and
six-membered (NTDA) ring anhydrides towards condensation by the use of a
homodesmotic reaction (Figure 3), which measured the five-membered ring tension of
PMDA to be 3.4 kcal/mol higher than NTDA, in agreement with the prediction of faster

reactions promoted by PMDA.
H 4)\<

H H H
H
H
o
o
+ o
o
B H
H
H

O @ o ' - o

b

Figure 3: Homodesmotic reaction employed to estimate ring tension, here exemplified
with NTDA only, for brevity.

Key-words: polyimides, density functional theory, reaction mechanism.
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Electronic Circular Dichroism of Gamma-
valerolactone dimers extracted from Monte Carlo
liquid phase simulation.

Felippe Mariano Colombari (PQ), Luiz Carlos Gomide Freitas (PQ)
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Abstract: Gamma-valerolactone (GVL) is a chiral green solvent which gained high
importance in the past decade due to its environmental-friendly properties[1]. The
presence of an asymmetric carbon within its structure gives rise to two enantiomers,
RGVL and SGVL, leading to different interactions between GVL molecules in the
racemic mixture: homochiral interactions (those between equal enantiomers: RR and
SS) and heterochiral interactions (those between different enantiomers: RS). From a
Monte Carlo NpT ensemble simulation (T = 25 °C, p = 1 atm) the most stable RR, SS
and RS dimers from racemic mixture were sampled within a 10k configurations
inteverval and 8000 uncorrelated structures were obtained for each pair. Electronic
Circular Dichroism (ECD) calculations were performed for all structures using the
semiempirical ZINDO/S hamiltonian. Only single excitations were calculated and the @
first 20™ low excited states were analyzed. The average spectra for RR, SS and RS
dimers ensembles and also the total average are shown below:
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- 20 total —
&
S 0 A[\
5 Y 7
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—40 U
—60
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One observes symmetric curves from RR and SS contributions. The results from RS
dimers presents low amplitudes which is consistent with the opposite contributions from
each chiral structure. The total average shows a very low amplitude as expected from a
racemic mixture.

Key-words: Gamma-valerolactone, Monte Carlo, Dimers, Electronic Circular
Dichroism, chirality.
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Molecular dynamics and electronic properties of pyridinium-
iodide charge-transfer complexes in acetonitrile solution
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Abstract: The formation of charge-transfer complexes (CTC) is characterized by the
appearance of a new absorption band on the electronic spectra, in organic polar solvents
like acetonitrile [1,2]. These type of systems have recently received much interest in a
broad variety of fields, for example, organic electronics, nonlinear spectroscopy,
medical biochemistry, pharmaceutical industry, etc [3,6].

In this work, we have studied theoretically CTC formed by a pyridinium
derivative, the C3bis(4CP)>*, with anions iodide [7]. We have used density functional
theory (DFT) and time dependent density functional theory (TDDFT) to calculate
electronic properties and the excitation energies. We have found that functional with
long-range corrections (CAM-B3LYP and wB97X-D) are essential for an accurate
description of the charge-transfer excitations.

A better description of the complex in acetonitrile solution was obtained using
classical molecular dynamics, with a fine-tuned OPLS-AA force field. Using this
approach, the classical molecular dynamics was able to reproduce results of a first
principle Born-Oppenheimer molecular dynamics. No dissociation were observed, i.e.,
the complexes were formed by the association of two I to the Csbis(4CP)*". We also
have found that only one iodide, however, participates in the charge transfer process,
what explain why a stoichiometry of 1:1 was observed in the experiment. The calculated
charge-transfer band are in excellent agreement with experiment.

Key-words: CTC, TDDFT, Molecular Dynamics
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Uso da Expansiao de Redlich-Kister e do Modelo SMD
para Prever Equilibrio de Fases em Misturas Binarias
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Equilibrio de fases é um topico classico em quimica e de grande importancia em
processos de separacao[1,2]. No caso de sistemas liquidos binarios, ¢ bem conhecido que
a energia livre de mistura pode ser expressa pela expansdo de Redlich-Kister:

AGmixt

= x,RTInx; + x,RTInx, + x,x,(A+ B(x; — x3) + ) D

O primeiro e segundo termos do lado direito correspondem a energia livre ideal da
mistura. Os parametros A e B estdo relacionados ao desvio da idealidade, e x; e X2 sdo as
fracdes molares dos respectivos liquidos. Pode-se mostrar que os pardmetros A e B podem
ser expressos pela energia livre de solvatagdo dos componentes, segundo as equagoes:

1
A= 5 (8650 (1:2) + MG (2: 1) = MGy, (1:1) = A6, (2:2)) ()

1 1
B = E (AGs*olu(Z: 1) - AG;OZU(Z: 2)) - E (AG;alv(lz 2) - AG;olv(l: 1))
p1M; )
p2My

+ RTIn ( (3)

sendo que 1 e 2 s@o os dois liquidos, p a densidade e M a massa molar. As expressoes
acima envolvem a solvatagdo de 1 em 2,de 2 em I, de 1 em 1 e de 2 em 2. Portanto, inclui
informagdo de como cada componente interage com o0 outro € consigo mesmo.
Essencialmente, esta abordagem utiliza a expansdo de Redlich-Kister como uma
interpolagdo para conectar os potenciais quimicos de cada componente na fase pura e em
dilui¢do infinita. Desta forma, a energia livre de solvatacdo pode ser obtida por qualquer
método que funcione para dilui¢@o infinita (e também auto-solvatacdo). Neste trabalho,
utilizamos o modelo SMD, que ¢ um modelo universal, no sentido de que uma vez
conhecidas certas propriedades do solvente, este pode ser inserido no modelo. Assim, as
equacdes 1 a 3, juntamente com o modelo de solvatagdo SMD, foi utilizado para o céalculo
da separacdo de fases de nove misturas liquidas bindrias, com um total de 18 pontos de
composi¢ao de fases. Os resultados tedricos de fragdo molar do menor componente em
cada fase estdo apresentados na Figura 1, expresso como -Log da fracdo molar. Como
pode-se observar, hd uma boa correlagio entre teoria e experimento, com R? igual a 0.72,
mostrando que o modelo pode ser utilizado para uma rapida previsdo semi-quantitativa
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de composicdo das fases. Além disso, a presente abordagem expande nossa primeira
investiga¢do sobre o uso do modelo SMD e teoria de solu¢des regulares para prever
separagdo de fases [3].

4
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< °
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0 1 2 3 4
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®

Figura 1. Gréfico do logaritmo na base 10 da fracdo molar do menor componente em cada
fase. Valores tedricos versus experimentais. R?2 = 0.72.

Key-words: solvatacao, energia livre de mistura, equilibrio de fases.
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Thermodynamic stable diatomic dications:
the case of SrO*
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Abstract: The perspective that many diatomic dications XY?" should exist as long-lived
metastable, or even thermodynamically stable molecules in the gas phase, brings to
evidence a class of chemical species with challenging problems to explored both
experimentally and theoretically [1]. In the literature, it has been verified qualitatively
that if the second ionization potential of X is smaller than the first ionization of Y, leading
to the dissociation fragments X>* + Y, then the system is expected to be thermodynamic
stable; if it is greater than the first ionization of Y, it has been usually assumed that the
channel is associated with a metastable system with the dissociation fragments X* + Y~*
species. However, it could also lead instead to a purely thermodynamic stable species due
to a more delicate energetic balance involving the depth of the potential well and the
excitation energies of the two ions.

50

In the present work, we constructed potential
energy curves, dipole moment, and transition
moment functions, and calculated the
associated spectroscopic parameters
corresponding to the first four dissociation
channels of SrO*". Additionally, we also
computed the double ionization potential of
SrO. In our theoretical approach, we first
carried out state-averaged complete active
space self-consistent field (SA-CASSCF)
calculations [2, 3] followed by the
multireference  configuration  interaction
MRCI [4, 5] method, both implemented in
Molpro code [6]; the correlation consistent set
cc-pV5Z-PP for strontium [8] and cc-pV6Z
for oxygen [7] were used as basis functions.
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Fig. 1. PEC of the lowest-lying A + S

states of SrO**
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All singlet, triplet, and quinted states investigated are illustrated in Fig. 1, where the four
dissociation channels limits are indicated. Correlating with the Sr** + O asymptote, the
ground state (X 3X") has an equilibrium distance of 5.134 ao, and a harmonic vibrational
constant of 231.9 cm™; the dissociation energy of 5.91 kcal mol™ indicates a much
weaker bond than the one in SrO (X '£%), 137.93 kcal mol™!, and SrO" (X 2£"), 79.57
kcal mol~'. The repulsive states *°X-, partially shown in the upper right corner, correlate
with the third channel in the asymptotic limit; all of the other states are thermodynamic
stable. The first excited state, A 3T1, also correlating with the first channel lies higher by
3 968 cm™!. Still higher in energy, in the approximate range between 16 000 and 20 000
cm™!, we located the three singlet states correlating with the second dissociation channel,
namely: a'A (Re = 5.104 ap, Te= 15929 cm™', we =231.3 cm™"), 5'TT (R = 5.189 ao, Te =
19 611 cm™, we = 186.6 cm™), and ¢!Z*Re = 5.134 ag, Te = 20 019 cm™, . = 181.0
cm™). The fourth state, d'* (Re = 5.229 ag, Te =36 778 cm™!, m. = 186.3 cm™) is bound
by 6.67 kcal mol~!. As an indirect assessment of the quality of the results presented above,
we note that our estimates of the energy differences at the asymptotic limit between the
atomic fragments is quite concordant with the ones obtained experimentally [9].

This work reports for the first time reliable theoretical data characterizing singlet, triplet
and quintet states of the species SrO*" which are expected to be a useful guide to
experimentalists to properly identify the states and assign the allowed transitions.

Key-words: spectroscopy, SrO*, dications, electronic states, CASSCF/MRCI.
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Polyoxometalates are promising materials for applications in nanoscience and
nanotechnology. Their syntheses are simple requiring just a selection of an appropriate
solvent and adjustments in the pH of the solution. Keggin Polyoxometalates are the
most studied ones with the initial synthesis dating from 1826 by Berzelius [1]. These
materials present the general formula [XM;,040]™, with X being the heteroatom (usually
P, Si, Ge or As) and M the metal (commonly W, Mo or Nb) with Td symmetry [2]
(Figure 1). These structures have a range of applications, spanning metallurgic
industries to electrophotocatalisys methods [3]. Recently, the synthesis of
polyoxoniobates was made possible giving many possibilities by their high negative
charge (-15 or -16). This work aims to compare the electronic spectrum of different
Keggin Polyoxometalates calculated by TD-DFT to have insights about the electronic
structure of these compounds and their possible application in photocatalysis.

M-O.

M-O. >

X-O:
M-O:

Figure 1: Components of Keggin Heteropolianion. Where M-O, it’s external metal bonding, M-O, it’s the bonding
coordinate in the cage, M-Oy it’s metal-oxygen bonding from tetrahedral of secondary element. The purple spheres are
mainly metal Green sphere is the secondary element and the red spheres are oxygen atoms.

The geometry optimizations for all Keggin structures were carried out using the
Gaussian 09 program, with PBE xc functional, LanL2DZ pseudopotential and cc-PVDZ
basis set. To determine the excitation energies in TDDFT we choose 90 states and a xc
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functional Cam-B3LYP. The group 6 Keggin polyoxometalates have excitation
wavelength around 5 nm lower than experimentally observed (Table 1).

Table 1: Excitation Wavelength and Oscillator Strength (OS) for all Keggin polyoxometalates and comparison with
experimental data[4].

Structure Excitation / nm oS Experimental / nm

[AsMo1,040]" 308.78 0.0617 -
[PMo12040]™ 309.79 0.0657 309.56
[SiMo;,040]* 309.42 0.0257 303.95
[GeMo1,049]" 309.50 0.0207 303.03
[AsW12040]” 268.95 0.1413 -

[PW12040]” 256.73 0.1410 265.25
[SiW12040]* 257.11 0.0993 263.85
[GeW1,040]" 258.26 0.1007 265.95
[AsNb;2040]" 387.08 0.0549 -
[GeNb;,04]"" 33491 0.0936 -

The polyoxoniobates present different behavior in their electronic spectra, in which
Ge[Nb12040]l6' present a characteristic noise. For As[Nb12040]15' three excitation peaks
are observed, reinforcing the exotic behavior of this newest class of polyoxometalates.
The NBO analysis show that the most basic oxygen atom is the one bonded in the core
of Keggin polyoxometalate. This behavior diverge that was predicted, in which the
negative charge is expected to be in the external oxygen atoms.

The electronic spectra of group 6 Keggin polyoxometalates shows a good agreement
with the experimental data which the peak and spectrum behavior using Cam-B3LYP
suited well the excitation. For polyoxoniobates are observed a breaking of one bond
metal oxygen core on their structures, the high negative charge, where is concentrated
on this oxygen.

Our results help to provide an insight of the uses of the group 6 Keggin
polyoxometalates for acid catalysis and polyoxoniobates for basic catalysis. The spectra
and electronic density described here gives suggest the sites favorable for the catalysis
and which specie are preferable to be formed.

Keywords: Polyoxometalates, Photoelectrochemistry and Time Dependent Density

Functional Theory.
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Abstract: Reva et al [1] investigated some photoinduced H-transfer isomerization
reactions of thiophenol in a solid argon matrix (Figure 1). In this study,

Figure 1:
thiophenol studied in a solid argon matrix

[1]. The reactions

Photoinduced

in blue were

reactions

25

of

not

confirmed or discarded in this exberiment.

the photogenerated isomers — cyclohexa-2,4-diene-1-thione (24) and cyclohexa-2,5-
diene-1-thione (25) — have never been observed so far. In order to explain the
experimental results, our group has performed high level excited-state calculations
(CASSCF and MR-CI)
thiofenol — 25. This is the first theoretical study concerning the photochemistry
reactions studied by Reva et al [1] . The active space CAS consists of twelve electrons
distributed among eleven orbitals (Figure 2). Vertical excitation energies of thiophenol

to study the reactions

thiophenol - 24, 24-25 and
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i) - ) E» ! hen e . +
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Figure 2: MO diagrams and associated occupation numbers for three lowest excited
states of thiophenol, and thiones 24 and 25 at the CAS(12,11) level.
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calculated at CASSCF and MR-CISD levels have been compared with the CASPT2
results [2]. The reaction paths were generated by linear interpolation, and the obtained
geometries were used to compute the vertical excitation energies at the CASSCF level.
So far all calculations were performed with aug-cc-pVDZ basis. The potential energy
profiles of thiophenol — 24 and 24 — 25 are displayed in Figure 3:

:23322 — CAS(12,11)/aug-cc-pVvVDZ
-oc LR Ny T+

-628,20
628.25

-628.00 & -
-628,05 v IOk n—snx n-/_m
= 628.10 = ﬁ: e —~ ——— SO
‘= -628.15 — —7 e o S ——s1
= = e s2
=]

\___33 (a)

(b)

Enega(ey)

24 25

Figure 3: Potential energy profiles of the reactions (a) thiophenol — 24
and (b) 24 - 25 at CAS(12,11) level using the aug-cc-pVDZ basis.

As it can be seen from Figure 3, several conical intersections (blues circles) are likely to
take place. In (a) their occurrence are consistent with formation of 24 from all three
studied excited states. The same holds for the reaction 24 — 25 (b), although in this case
more vibrational energy may be required. The conical intersections between Sg and S; in
(a) and (b) suggests either formation of the product or regeneration of the reactants,
from the photoreaction starting in Si. Preliminary results suggest that the reaction
thiophenol — 25 actually involves 24 as an intermediate. COLUMBUS program system
has been used for most of the calculations.

Key-words: thiophenol, photoinduced H migration, CASSCF, MR-CISD, conical
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Abstract: The adsorption of crude oil components through carboxylic acid groups may
affect the water wettability of the carbonate reservoirs, usually composed by calcite
CaCOs3 or dolomite CaMg(COs) [1,2]. The Benzoic Acids (BA) binding nature and
selectivity effects toward either calcite or dolomite are still unclear. We investigate the
BA adsorption process on the CaCO3 and CaMg(CQO3) surfaces in the more stable plane
(10-14), in the framework of the density-functional theory (DFT) [3], using the GGA
exchange-correlation functional revised PBE (revPBE) with van der Waals (vdW)
correction [4,5]. The adsorption of the BA molecule on calcium and magnesium sites
were systematically analyzed for different conformations, as well dissociation products.
The results show that BA can have distinct stable conformations on the carbonate
surfaces through the carboxyl group with less influence of the aromatic ring. The
molecule tends to be perpendicular with respect to the calcite surface, displaying strong
interactions, mainly between the carboxyl group and both calcium and carbonate sites.
However, for dolomite, although the perpendicular position is also the more favorable,
the most selective interaction is between BA’s carbonyl and surface magnesium sites.
And it allows the BA’s hydroxyl group to be free to interact. Our results also indicate
that the BA-dolomite adsorption is influenced by interaction with water molecules. It is
shown that the formation of the benzoate on the dolomite is more favored even in the
absence of water molecules, increasing the selectivity of BA toward this surface. The
obtained adsorption and dissociation landscape provide fundamental insights on the
nature of the interaction of oil components and water wettability on carbonates systems
with potential impact on oil recovery processes.

Key-words: DFT, Benzoic Acid, Benzoate, Calcite, Dolomite.
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Resumo: O carbono tem revelado surpreendentes nanoestruturas que provocaram
uma verdadeira busca de novos materiais constituidos por esse
atomo. Diferentes geometrias obtidas da matematica combinatéria tém sido exploradas
na modelagem desses sistemas [1]. Recentemente, projecdes do espagco de sete
dimensdes (R”) forneceram, através de algoritmos sofisticados, geometrias peculiares e
com propriedades bem estabelecidas [2]. O presente  trabalho tem como
objetivo construir estruturas de carbono baseadas nestas proje¢des de R’. Os modelos
construidos foram 8 expansdes unidimensionais, 8 bidimensionais e 7 tridimensionais,
chegando a sistemas com 564 carbonos. A unidade basica dessa projecdo é comparavel
a0 Cx[3].Uma das caracteristicas fundamentais dessa proje¢do é que essa
estrutura preenche todo o espago tridimensional euclidiano, algo peculiar em geometria.
Através de calculos AMI observamos que as estruturas se estabilizam em geometrias
com elevada simetria e com distancias e angulos de ligagdo uniformes. Distancias em
torno de valores tipicos de trés tipos foram observadas: 1,284,
1,42A e 1,54A. Os valores de energia do HOMO nio apresentam variagdo significativa
em comparagdo com o Cgo, entretanto para o LUMO ha uma diferenciagdo. Devem por
isso, apresentar uma menor capacidade elétron-doadora. Um material formado por essas
projecdes devera possuir menor estabilidade  comparado ao Cge uma  maior
maleabilidade, uma vez que a energia de ligacdo por atomo € menor e tende a diminuir
com o aumento da estrutura. Assim, além de um exercicio de matematica e quimica
quantica, o estudo dessas estruturas pode conduzir a materiais promissores para
aplicagdes praticas.
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Abstract: The anomeric effect is well known, but its origin is still controversial, since
electrostatic and electron delocalization interactions are invoked to explain the
stereochemical preferences of o-substituted tetrahydropyrans. In cases where both
endocyclic and exocyclic heteroatoms bearing electron lone pairs take place, the exo-
anomeric effect can appear, in addition to the classical anomeric effect. In order to
further explore these effects as stabilizing interactions of the conformations of six-
membered rings, the present work evaluated a series of heterocyclic compounds
substituted at C2 by various groups [F, NH2, NH(CHs), OH, OCHs, N(CHz3)2].
Calculations were carried out at the ®B97XD-6-311++g(d,p) level, using the Gaussian
09 program. The geometries for the stable conformers were fully optimized in the gas
phase and implicit DMSO (using the polarizable continuum model). Subsequently,
natural bond orbital (NBO) analysis was also performed; finally, NMR and AIM
parameters were calculated in order to assess the interactions responsible for the titled
effects. The theoretical calculations allowed to conclude that molecules containing an
exocyclic nitrogen show the reverse anomeric effect, while the structures with a fluorine
at C-2 and an endocyclic oxygen show the anomeric effect. On the other hand,
structures with the fluorine substituent at C-2 and nitrogen as endocyclic atom show the
reverse anomeric effect. For molecules containing endocyclic nitrogen and exocyclic
oxygen atoms only, the normal anomeric effect takes place. The most important
contribution to the effects studied in this work was the classical one. The calculations
indicated some structures that induce the reverse anomeric effect.
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The electronic properties of polyacenes (PACs, Figure 1) are not only a very attractive
for material science, but they can also serve as a model system for studying the
properties of ground and excited states of extended m systems by means of theoretical

methods'.
n

Figure 1. Structure of studied acenes (n=0-5).

In this work!, MCSCF/CASPT2/6-31G* calculations of the polyacenes from
naphthalene (n=0) to heptacene (n=5) the L, (B, state) and L, (Bs, state) bands were
performed using different schemes to investigate the effect of the active space extension
and the freezing of o orbitals. Considering that acenes has D, molecular symmetry, the
smaller active space consist by the CAS(8,8) which contain one virtual and one
occupied orbital of each m symmetry. Larger active spaces were chosen based on the
MR-AQCC occupation numbers, been the largest one CAS(14,14). Three freezing
scheme were used: DOCC (all ¢ orbitals freeze); 2s (2s o orbitals freeze) and 1s (Is &
orbitals freeze). A multi-configurational character of the wavefunction was found for
the first excited state (Bs,), resulting from a linear combination of HOMO-1 — LUMO
and HOMO — LUMO+I configurations. For the second excited state (Bj,), the
wavefunction corresponds almost exclusively to a HOMO — LUMO excitation. These
investigations show quite different requirements for the two states to be described. In
the valence bond formalism, the L, state is of ionic character; it is sensitive to the
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freezing scheme of the c-orbitals but does not require an extended active space. On the
other hand, the covalent L;, state requires a large active space but is not sensitive to the
freezing scheme within the G-space, i.e to the extent of dynamic correlation. To obtain a
balanced description of both states, an active space containing 14 electrons in 14
orbitals and only the Is orbitals frozen proved to be adequate to provide a balanced
description of the L, and L, states and very good agreement with experimental
absorption energies.

5.0
—— | a calc.
4.5 —&— b calc.
40 —a4= Laexp.
-~ Lb exp.
>, 3.5
2
)
c
W 30
° \ -
20 \\
1.5 T : : : - .
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Figure 2. The CASPT2 excitation energies of L, (1 IBZU) and Lb (1 1B3u) band calculated
for the polyacenes series using CAS(14,14)(1s) active space and experimental®
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Abstract: Lipid A constitutes the hydrophobic region of lipopolysaccharides (LPS)
molecules, which are the main component of external membrane of Gram-negative
bacteria. The Lipid A is the endotoxic factor inducing bacterial toxicity. Chemical
modifications of the Lipid A structure promotes changes on its aggregation form and
biological properties. In order to understanding the microscopic details involving
structure, biological activity and physical properties of these membranes, we have
extended the GROMOS 53A6 force field to different Lipid A phenotypes of P.
aeruginosa [1] and E. coli and carried out atomistic molecular dynamics simulations of
bilayers at different conditions on the NpT ensemble for 200 ns. The structural dynamics
and transition between distinct aggregate forms of Lipid A bilayers were investigated at
different temperature conditions (278K, 300K, 328K and 343K), type of cations (Mg
and Na") and structural phenotypes (hexa-, penta- and tetraacilated and mono and
diphosphorylated). Structural analyses of the simulated systems were performed with
the program SuAVE [2] which takes into account changes in the membrane curvature
during transitions between different aggregate states. Properties such as area per lipid,
bilayer thickness, deuterium order parameters of acyl chains, curvature degree,
coordination number and spatial chemical group density profile were calculated and
compared for the simulated systems. The present simulations show that i. Lipid A
bilayers undergo a lamellar to non-lamellar arrangement in the presence of monovalent
cation independent of the phenotype; ii. Divalent cations stabilize the lamellar
arrangement of Lipid A by means of crosslinking phosphate groups in neighbor lipids,
whereas monovalent cations are not able to interact in this way as previous reported [3];
iii. Lipid A in non-lamellar structures adopt an average conical shape, while in lamellar
one it adopts a conical conformation; iv. Changes in the phase organization shows to be
strongly influenced by number and length of acyl chains in the Lipid A structure. Our
finds reveal the intrinsic relationship between Lipid A chemical structure, conformation
and aggregate arrangement.
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Figure 1: Lamellar (left) and Ripple (right) bilayer arrangement for Lipid A with
different phenotypes (hexa- and tetraacylated, respectivally). Magnesium cations are
represented by purple atoms.
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Abstract: New global optimization tools for atomic and molecular clusters studies are
constantly been produced [1-4]. It is known that clusters have unique properties, which
are difficult to predict using only chemical intuition, so, computational tools can help
these studies. Among the current global optimization techniques, genetic algorithms
stands out in obtaining the most stable geometry of atomic and molecular clusters. In
this work, a study of six specific genetic operators was performed to obtain the most
stable geometry of clusters. From these operators, the spherical crossover [4] and cut-
and-splice crossover [5] are specific for genetic algorithms. The other four: angular
operator, surface angular operator, geometric displacement and twist operator were
initially proposed for Basin Hoping technique [1], and, in this work, were implemented
in our group's genetic algorithm [2]. In addition, we propose a new paradigm that allows
to manage these operators. This paradigm consists in increasing or decreasing the rate of
creation of new individuals on the fly. Operators that are generating unstable structures
have their creation rate reduced in the next genetic algorithm generation. Likewise,
operators who are building structures that approach the global minimum have their
creation rate increased. With these operators, nine genetic algorithm arrangements were
built, one arrangement for each of the operators alone, and three with management
operators’ paradigm. As a test of the methods, fifty global optimizations of a Lennard-
Jones set containing twenty-six atoms were made for each of the methods. The
performance measure was the mean number of optimizations that were required to reach
global minimum. Results pointed out twist operator as the best operator. Also, that
management operators’ paradigm could improve the overall performance of the method.
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Abstract: Tonic Liquids (IL) is a class of substance generally formed by organic cations
and inorganic anions which make them liquid at the room temperature. The wide range
of possible combinations of cations and anions can result in solvents with many
interesting and different properties and applications.[1] Due to its high polarity, low
coordination number and almost zero vapor pressure, the IL are able to solvate both
organic and inorganic compounds besides being more easily recyclable than common
industrial solvents, which highlights its economical and friendly environment
characteristics.[2] All these features have brought a lot of attention to IL from both
experimental and theoretical point of views.[3] From the theoretical perspective, the
majority of the quantum mechanical studies have used Density-Functional Theory
(DFT) without, however, a consensus about which functional, and even basis set
functions, best describes the microscopic features of IL.[4,5] In this work, the most
common ion pair combinations forming IL were investigated with different DFT
functionals and basis set functions. The results were compared with a benchmark high-
level calculation composed of Coupled-Cluster Method extrapolated to a complete basis
set and experiment if possible.[6] The set of selected functionals includes pure and
hybrid ones with and without long range dispersion correction, while the basis sets
comprise double and triple zeta added with polarization and diffuse functions. The
solvent effect was implicitly included in all calculations as well as the counterpoise
correction for the basis set superposition error on ionic pairs. The long range corrected
functionals with triple zeta basis sets including polarization and diffuse functions show
the best agreement with the benchmark high-level calculation indicating they should be
the method of choice as starting point calculations of more complex and/or large IL
systems and molecular mechanics simulations.
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Abstract: The Edema Factor (EF) is one of three major toxins involved in the disruption of cellular
functions resulting from infection of a host organism by anthrax. EF is an adenylyl cyclases and, as such,
catalyzes the production of cyclic-AMP (cAMP) from ATP. In eukaryotes, cCAMP is a key signaling
molecules, and the infection by EF induces its overproduction, leading to cell death. Other pathogens,
such as Bordetella petrussis, responsible for Pertussis, or Yersina pestis, which causes bubonic plague,
also have similar edema factors [1,2]. On the other hand, mammalian adenylyl cyclases (mAC) catalyzes
the same reaction. However, these proteins exhibit little structural homology with the anthrax EF. Several
structures of the EF of anthrax were obtained, which allow a qualitative analysis of possible reaction
pathways. Nevertheless, these same structures are not conclusive about fundamental aspects of the
catalytic mechanism, as the reactive conformation of the ATP, the number and mode of coordination of
the ions of the active site, and the amino-acids which are directly involved in the transfer of protons along
the reaction. We have performed significant advances on the understanding of the reaction mechanism of
EF and mAC.[3] In spite of the advances made at the moment, the causes of the catalytic power of the EF
are not fully understood. A complete description of those causes could be obtained by studying EF and
mAC mutants, specially, H577A in EF and S1028H in mAC. We present analysis of the mechanism of
these two mutant and its free-energy profiles. The results are compared against the previous our previous
results obtained for wild-type enzymes. The description of the mechanism of the reaction through the
determination of the free energy surfaces determined by each plausible reaction coordinate. The study of
the mechanism of the reaction were be performed using quantum mechanics/molecular mechanics
simulations (QM/MM). The free energy profiles were calculated using non-equilibrium Quantum
Mechanics-Molecular Mechanics/Steered Molecular Dynamics (QM-MM/SMD) simulations, by means
of the Jarzynski equality. The QM subsystem is described at the Self-Charge Consistent Density Function
Theory Tight-Binding (SCC-DFTB) level and the database that were parametrized to describe phosphate
transfer reaction [4].

Besides, the deep analysis of the reaction in solution would add key elements to describe in detail the EF
catalytic power. Here, we also present our results of the reaction in solution for identifying the catalytic
factors that the enzyme introduces. The reaction has two step, chemical reaction (first step) and the
separation of the products (second step). We present results for the two steps of the reaction. Different
conditions were tested, e.g. different possible bases that accept the transferring proton. The methodology
used in the first step were the similar to that used for mutants (QM/MM), while for the second step,
classic molecular dynamics and umbrella sampling were used.

Key-words: QM/MM, Steered Molecular Dynamics, Free-energy profile, Jarzynski,
Anthrax Edema Factor.
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