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Interactions between electrons determine the structure and properties of matter from 
molecules to solids. In chemistry, global molecular properties are as important as the 
properties of a given atom or region in the molecular space. The partition of molecular 
space into different regions helps us to unravel how the electrons are localized in a 
specific region or which is the number of electrons delocalized among two or more regions 
in the molecule. In the last years, the concept of electron delocalization has been widely 
used to rationalize the structure or reactivity of a large list of systems.1 
 
In this contribution, the analysis of chemical bonding and aromaticity will be performed by 
means of the electron sharing indices (ESI)1 based on the Quantum Theory of Atoms-in-
Molecules (QTAIM)2. We will see how multicenter bond indices,3,4 which measure the 
electron sharing between three or more regions in the molecule, can be used to study the 
chemical bonding and aromaticity of a plethora of different systems that present intricate 
bonding patterns. In particular, we will focus our attention on the ability of multicenter bond 
indices to describe the effects of conjugation and hyperconjugation,5 to identify agostic 
bonds,6 or to study the aromatic character of both organic compounds7 and all-metal 
clusters,8 giving special attention to the concept of multifold aromaticity.9  
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ABSTRACT 

Red wine contains a complex mixture of bioactive compounds, including flavonols, 
monomeric and polymeric flavan-3-ols, highly colored anthocyanins, as well as phenolic 
acids and the stilbene polyphenol, trans-resveratrol. Some of these compounds, 
particularly resveratrol, appear to have health benefits. In particular, resveratrol exhibits 
also therapeutic potential for cancer chemoprevention as well as cardioprotection. 

In this work, we have carried out a systematic study of the antioxidant activity of trans-
resveratrol towards hydroxyl and hydroperoxyl radicals in aqueous simulated media, using 
density functional quantum chemistry and computational kinetics methods. All possible 
mechanisms have been considered: hydrogen atom transfer (HAT), proton coupled 
electron transfer (PCET), sequential electron proton transfer (SEPT), and radical adduct 
formation (RAF). Rate constants have been calculated using Conventional Transition State 
Theory in conjunction with the Collins-Kimball theory. Branching ratios for the different 
paths contributing to the overall reaction, at 298 K, are reported. 

For the global reactivity of trans-resveratrol towards •OH radicals in water at physiological 
pH, several mechanisms contribute to the overall rate constant. Our results indicate that 
almost all channels are diffusion-controlled, and thus, a mixture of all the possible products 
will be expected. The calculated branching ratios show that the OH scavenging activity of 
trans-resveratrol takes place predominantly by a RAF mechanism (~ 85.0 %). However, it 
is interesting to point out that, because single electron transfer (SET) can occur when the 
reactants are at much larger distances than either in direct H-abstraction or •OH-addition 
mechanisms. Thus, in the RV + •OH reaction, in water at physiological pH, the main 
mechanism is proposed to be the sequential electron proton transfer (SEPT). 

Regarding the efficiency of trans-resveratrol as an •OOH radicals scavenger, we find that 
HAT H-abstractions from the phenolic groups are the only thermodynamically feasible 
reaction channels, in water. The total rate coefficient is predicted to be 1.42 x 105 M-1 s-1, 
smaller than the ones for reactions of trans-resveratrol with •OH radicals, but still very fast. 
Since the •OOH half-life time is several orders larger than the one of the •OH radical, these 
reactions should contribute significantly to trans-resveratrol oxidation in aqueous biological 
media. Thus, we can conclude that trans-resveratrol acts as a very efficient •OOH, and 
presumably •OOR radical scavenger. 
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We investigate the interaction of the H2 molecule with a graphene (G) layer and with a single wall 
carbon nanotube (SCNT) by Density Functional Theory. H2 can interact with a CNT [1,2] both 
through physisorption and chemisorption, although chemisorption is typically assumed to be 
irreversible, and thus it is probably technologically less relevant. The physisorption mechanism 
involves the condensation of the hydrogen molecule inside or between the nanotubes as a result of 
weak van der Waals forces, while the chemisorption mechanism involves the preliminary 
dissociation of the hydrogen molecule and the subsequent reaction of hydrogen atoms with the 
unsatured C-C bonds to form C-H bonds.   

We take in to account vdW interactions in DFT using the  new method (DFT/vdW-WF) [3] recently 
developed in our group based on the concept of maximally localized Wannier functions. This new 
technique aims at combining the simplicity of the semiempirical formalism with the accuracy of the 
first principles approaches. We explore several adsorption sites and orientation of hydrogen 
molecule relative to the graphene plane: hollow, bridge and top site. The most stable physisorbed 
state is the hollow site with a binding energy of 54 meV. This value, in agreement with 
experimental results is also compared to that obtained by other vdW correction methods.  

The analysis of diffusion paths among  physisorbed states show that molecular hydrogen can 
diffuse at  room temperature from one configuration to another with typical  energy barriers of  ~10 
meV.  

The situation is different  when the hydrogen molecules approach the carbon  surface and   
dissociate allowing the chemisorption on the carbon surface (G or SCNT), provided that they are 
able to overcome the activation energy barriers. In particular, we calculate the potential energy 
surfaces for the dissociative  adsorption of H2  on highly symmetric sites of graphene (orto, meta 
and para position). The lowest activation barrier of  2.67 eV is that one that describes the process 
going from the hollow physisorbed state to the  para chemisorbed state. Other energy paths are 
characterized by higher activation barriers (> 3.eV). 

References:	   

 [1] Scipioni Roberto; Ohno Takahisa, Chem. Phys. Lett.,  492,  263 (2010) 

[2] Scipioni Roberto; Boero Mauro; Ohno Takahisa, Chem. Phys. Lett.,  480,	  	  	  215,	  	  (2009)	  

[3] Pier Luigi Silvestrelli,  Physical Review Letters, 100, 053002  (2008) 

 



   

 
 

COMPUTATIONAL PREDICTION OF MOLECULAR ROTOR 
FUNCTION IN A PROTEIN 

B. Durbeej1, A. Strambi2, N. Ferré3, M. Olivucci4 
1Department of Physics, Chemistry and Biology (IFM), Linköping University, 

Linköping, 58183, SWEDEN  
2Istituto Toscano Tumori, Siena, 53100, ITALY 

3Laboratoire Chimie Provence, Université de Provence, Marseille Cedex 20, 
13397, FRANCE 

4Department of Chemistry, University of Siena, Siena, 53100, ITALY 
e-mail: bodur@ifm.liu.se 

 

 

Anabaena sensory rhodopsin (ASR) is a recently discovered member of the rhodopsin 
family of photoreceptors believed to control the chromatic adaptation of a cyanobacterium. 
It is the only known photochromic rhodopsin protein and provides color sensing through 
photochemical interconversion between two thermostable forms, with the retinal 
chromophore adopting either an all-trans,15-anti or a 13-cis,15-syn configuration. 
Accordingly, these two forms are denoted all-trans ASR (AT-ASR) and 13-cis ASR (13C-
ASR), respectively.  

This contribution will present hybrid quantum-mechanics/molecular-mechanics calculations 
[1] showing that the photochromic cycle of ASR, which is driven by photoisomerizations of 
retinal around a C=C bond, is mechanistically analogous to the photochromic cycle 
exhibited by a class of synthetic light-driven biarylidene molecular rotors [2]. Indeed, it will 
be shown that the photoisomerizations of the AT and 13C chromophores of ASR occur 
with unidirectional motion around the C=C bond, with each isomerization corresponding to 
a counterclockwise 180º rotation and two consecutive isomerizations thus completing a full 
360º rotation. This finding suggests that ASR is a biological realization of a light-driven 
molecular rotor. 

As to the origin of this behavior, it will also be shown that the structural element enabling 
the molecular rotor function of ASR is the stereochemistry of the retinal moiety containing 
the C=C bond. Interestingly enough, this element is analogous to the structural 
requirement for the aforementioned biarylidene system to accomplish light-driven rotary 
motion. This parallel indicates that gaining a detailed understanding of the photochromic 
cycle of ASR can facilitate the future construction of synthetic molecular rotors.   

 

[1] A Strambi, B Durbeej, N Ferré and M Olivucci (2010) Proc Natl Acad Sci USA 
107:21322-21326 
[2] WR Browne and BL Feringa (2006) Nat Nanotechnol 1:25-35 
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The activation and functionalization of methane at ambient conditions remain a 
challenge in contemporary chemistry. Recent experimental studies have shown 
that the nickel hydride hydroxy cation activates methane yielding a hydrido/methyl 
exchange reaction at room temperature. The study of the reaction mechanism of 
the methane activation reaction by the nickel hydride hydroxy cation, [Ni(H)(OH)]+, 
a redox non-innocent ligand, has unveiled a complex story that it is worth to be 
told in order to illustrate the intricacies of an otherwise apparently simple reaction 
mechanism. 
 
We have completed the mechanistic study, both in the low (doublet) and in the 
high (quartet) spin states. In the doublet state, the nickel hydride hydroxy cation 
rearranges rapidly to the non-reactive[Ni(OH2)]+ nickel cation-water complex. 
However, in the quartet state, the energy barrier associated to this isomerisation 
process is larger, thus enabling this species long enough lifetime as to react with 
methane. The experimentally observed reaction features, such as the scrambling 
process between one methane's hydrogen and the hydride hydrogen of the nickel 
complex, the spectator-like behavior of the OH ligand and the low reaction 
efficiency, can be explained by considering three competing mechanisms which 
will be described in this talk.  
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El concepto de álgebras de Lie se ha aplicado recientemente a la 

solución de la ecuación de Schrödinger con hamiltonianos que dependen 

del tiempo.  El caso del potencial lineal(1), el hamiltoniano cuadrático(2) y el 
oscilador armónico perturbado por un término periódico en el tiempo(3) 
han sido resueltos exitosamente por este método.  El método se basa en el 

teorema de Wei-Norman y el concepto de álgebras de Lie solubles.  En este 
trabajo daremos una exposición de los problemas ya resueltos así como los 

que abordaremos en un futuro cercano. 
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In recent years, the quantum chemical topology of the Electron Localization 
Function (ELF) from Kohn-Sham orbitals (DFT) was successfully designed for 
the analysis of chemical bonding.1 When a molecule involves a heavy-element, 
the inner-core electrons are replaced by a scalar relativistic effective core 
potential (RECP) and the remaining space (outer-core and valence) is explicitly 
treated by the ELF analysis. However, the spin-orbit (SO) coupling (spin-
dependent effect) may be of similar size as scalar relativistic effects for heavy-
elements. For example, astatine (At) is a promising candidate as a therapeutic 
agent in nuclear medicine.2 Some astatine species are subject to tremendous 
relativistic effects such as for the diatomic molecule At2 (X3Σ−). Interestingly, the 
SO coupling can be handled by the spin-orbit DFT approach (SODFT). This 
method takes advantage of RECPs, which replace inner-core electrons, and 
introduce scalar relativistic and, optionally, spin-orbit terms into the variational 
treatment. The ELF analysis from SODFT functions (so-called SO-ELF) is 
carried out on outer-core regions as well as on the valence regions.  

In this contribution, we propose some pioneer developments, 
implemented in the TopMod package1b,1c of the ELF approach from SODFT 
functions. Examples will be given for astatine compounds for which the 
chemistry behavior is largely unknown (all At isotopes are unstable). The new 
facts brought by the SO coupling in the ELF analysis of the chemical bonding 
will be exposed. 
 
1 a) Silvi, B. , Savin A. Nature 1994, 371, pp. 683. b) Noury, S.; Krokidis, X.; Fuster, F; 
Silvi, B. Comp & Chem.1999, 23, pp. 597. c) J. Pilmé and J‐P. Piquemal. J. Comput. 
Chem. 2008, 29(9), pp. 1440‐1449. 
2 Champion J., Seydou M., Sabatié‐Gogova A., Renault E., Montavon G. and Galland 
N., PCCP, 2011 (DOI:10.1039/c1cp20512a). 
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The chemistry of hypervalent iodine(III) and (V) organic compounds, also referred to as λ3- 
and λ5-iodanes, respectively, has experienced an impressive development starting from 
the early 1990s[1-3]. Nowadays, the main competitive research topics in this domain 
concern asymmetric catalytic applications of iodanes, synthetic applications of 2-
iodoxybenzoic acid (IBX) and chiral λ5-iodane analogues, as well as exploitation in 
oxidative dearomatization reactions for total synthesis of natural products. 
 
In this context, we shall focus on the asymmetric hydroxylative phenol dearomatization 
(HPD) reaction[4]. Using DFT, we shall calculate structural and electronic properties of both 
chiral λ3-iodane and λ5-iodane intermediates in the hydroxylative dearomatization of 2-
methylnaphthol[5]. Indeed, these intermediates could not be detected by classical analytical 
techniques and DFT will allow us to have an enlightening depiction of the different steps of 
the reaction[6]. We shall describe the different reaction pathways and bring some elements 
to launch the discussion. 
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