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The polarizability, the first and second hyperpolarizability of BN and Carbon nanotubes of the (n,0) 
family have been evaluated by using a quantum-mechanical approach, a Gaussian basis set and the 
CRYSTAL code [1]. The Coupled Perturbed Hartree-Fock or Kohn-Sham Self Consistent 
perturbative schemes [2-3] have been implemented and applied to tubes of increasing radius (from 
(6,0) to (60,0)) [4,5]. The pure electronic and the ionic contributions have been evaluated, the latter 
through the FF-NR (finite field nuclear relaxation) scheme proposed by Bishop and Kirtman [6,7]. 
Longitudinal and transverse components of the three tensors  are considered. Five different 
Hamiltonians (Hartree-Fock, LDA, PBE, PBE0 and B3LYP) are compared. The evolution with the 
tube radius is considered, and the trend towards the limit of infinite radius (that is, the hexagonal 
BN or the graphene monolayer) explored.  
 
 
[1] R. Dovesi, V.R. Saunders, C. Roetti, R. Orlando, C.M. Zicovich-Wilson, F. Pascale, B. 
Civalleri, K. Doll, N.M. Harrison, I. J. Bush, Ph. D'Arco and M. Llunell, CRYSTAL 2009 User's 
Manual, University of Torino, Torino (2009) 
[2] M. Ferrero, M. Rérat, R.Orlando and R. Dovesi, J. Comput. Chem. 29, 1450 (2008); J. Chem. 
Phys. 128, 014110 (2008) 
[3] M. Ferrero, M. Rérat, B. Kirtman and R. Dovesi, J. Chem. Phys. 129, 244110 (2008) 
[4] M. Ferrabone, B. Kirtman, M. Rérat, R. Orlando and R. Dovesi, Phys. Rev. B, in press (2011) 
[5] M. Ferrabone, B. Kirtman, V. Lacivita, M. Rérat, R. Orlando and R. Dovesi, Int. J. Quantum 
Chem., in press (2011) 
[6] D. M. Bishop, M. Hasan and B. Kirtman, J. Chem. Phys. 103, 4157 (1995) 
B. Kirtman, J. M. Luis and D. M. Bishop, J. Chem. Phys. 108, 10008 (1998) 
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We discuss our recent progress in simulating steady-state and time resolved spectroscopy by 
equilibrium and non equilibrium excited state ab-initio dynamics. In particular, we debate the 
capability of excited state Born-Oppenheimer dynamics[1,2] to properly describe the solvent 
reorganization following a sudden change of the local electric field, due to electronic excitation of a 
solute. The focus is on optical spectroscopy and on the potentiality of solvatochromic fluorophores 
to act as molecular probes.[3,4] Study cases are illustrated.   
 
 
 
 
[1] K. Bolton and W. L. Hase and G. H. Peslherbe in Modern Methods for Multidimensional 
Dynamics Computation in Chemistry, 1998, World Scientific, Singapore. 
[2] G. Brancato, N. Rega, V. Barone, J. Chem. Phys., 128, 2008, 144501. 
[3] P. Lustres, F. Rodriguez-Pireto, M. Mosquera, T. Senyushkina, N.P. Ernisting, and S.A. 
Kovalenko, Angew. Chem. Int., 44, 2005, 5635. 
[4] J.P. Lustres, F. Rodriguez-Pireto, M. Mosquera, T. Senyushkina, N.P. Ernisting, and S.A. 
Kovalenko, J. Am. Chem. Soc., 129, 2007, 5409. 
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The performances of Density Functional Theory (DFT) and Time-Dependent DFT (TD-
DFT) for the prediction of photophysical properties of molecule based devices are here reviewed 
taking as an example two classes of compounds used either as Photochemical Molecular Devices 
(PMDs) or as dyes in dye-sensitized solar cells (DSSCs). In the case of PMDs the topology adopted 
for the novel systems proposed derives from that of acceptor dyads devised to produce charge 
separated states constituted by an electron withdrawing moiety (A) covalently linked to a 
photosensitizer (P). Both the properties of existing dyads as well as those of new acceptor units 
eventually functionalized with magnetic substituents, will be analyzed. In this case various 
mechanisms of magnetic coupling, as a function of the topology of the acceptor units, will be 
discussed. The performances of different approaches in reproducing both magnetic coupling and 
spectral properties will be reviewed. [1-5]. In the case of DSSCs, the performances of DFT and TD-
DFT for the study of the photophysical properties of dyes in complex environments (i.e. when 
adsorbed on semiconductor, such ZnO and TiO2) are shown via two examples [6-7]. A general 
protocol for the in-silico optimization of dyes for DSSCs applications is proposed [8]. 
 Finally, some possible methodological developments based on the use of a Spin Flip 
approach will be discussed. 
 
 
 
[1] I. Ciofini, P.P. Lainé, F. Bedioui, and C. Adamo , J. Am. Chem. Soc. 126, 2004, 10763. 
[2] I. Ciofini, C. Adamo, Y. Teki, F. Tuyèras and P.P. Lainé Chem. Eur. J. 14, 2008, 11385. 
[3] D. Jacquemin, E. Perpète, I. Ciofini and C. Adamo Acc. Chem. Res. 42, 2009, 326. 
[4] C. Peltier, C. Adamo, P. P. Lainé, S. Campagna, F. Puntoriero and I. Ciofini J. Phys Chem A 
114, 2010, 8434. 
[5] J. Fortage, C. Peltier, F. Nastasi, F. Puntoriero, F. Tuyèras, S. Griveau, F. Bedioui, C. Adamo, I. 
Ciofini, S. Campagna and P. P. Lainé J. Am. Chem. Soc. 132, 2010, 16700. 
[6] F. Labat, I. Ciofini, H. Hratchian, M. Frisch, K. Raghavachari, and C. Adamo J. Am. Chem. Soc. 
131, 2009, 14290. 
[7] F. Labat, I. Ciofini, H. Hratchian, M. Frisch, K. Raghavachari, and C. Adamo J. Phys. Chem. C 
115, 2011, 4297. 
[8] T. Le Bahers, F. Labat, T. Pauporté, P. P. Lainé, and I. Ciofini J. Am. Chem. Soc. 133, 2011, 
8005. 
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The properties of materials change when the dimensions are reduced at the nanometer level. 
This is true also for oxide materials in the form of ultrathin films on metals or of nanoparticles. 
Here we discuss three cases, all related to the capability to activate oxygen molecules and facilitate 
oxidation processes by nano-oxides. In doing this we combine DFT calculations with sophisticated 
experiments. The first two cases deal with oxide ultrathin films. We report recent results which 
show the spontaneous formation of superoxo radical anions, O2

-, by simple adsorption of molecular 
oxygen on 2-3 layers of MgO grown on Mo(100) [1]. The process involved is the spontaneous 
tunnelling of electrons trough the MgO thin film and the process is of general importance in the 
field of oxidative catalysis. 

The second example is related to monolayer FeO(111) films grown on Pt(111) which 
efficiently promote low temperature CO oxidation [2,3]. The proposed mechanism includes 
adsorption of O2, formation of O2

-, and oxidation of the bilayer FeO film to a trilayer O-Fe-O film. 
Under CO and O2 pressures, this system catalyses CO oxidation to CO2 via a Mars – van Krevelen 
type mechanism. The reaction is possible only thanks to the high flexibility of the FeO thin layer, a 
typical property of ultrahin oxide films not present in bulk surfaces.  

The last example is related to oxygen activation on stoichiometric and reduced CeO2 
nanoparticles. The interaction of O2 with the regular CeO2(111) surface is very weak, while a strong 
bond occurs with O vacancies (reduced ceria). On O vacancies (two-electron centers), however, 
only peroxo, O2

2-, and not superoxo species form. We show that superoxo ions can form on reduced 
ceria nanoparticles where single excess electrons are localized on low-coordinated Ce3+ ions. The 
interaction of O2 with these one-electron centers leads to the formation of paramagnetic O2

- ions 
[4,5].  

These three examples show the importance of dimensionality on the catalytic properties of 
oxide materials. 
 
1) A. Gonchar, T. Risse, H.-J. Freund, L. Giordano, C. Di Valentin, G. Pacchioni, “Activation of 
oxygen on MgO: O2

 formation on thin, metal supported MgO(001) films”, Angewandte Chemie 
Int. Ed., 50, 2635-2638 (2011). 
2) Y. N. Sun, L. Giordano, J. Goniakowski, M. Lewandowski, Z. H. Qin, C. Noguera, S. 
Shaikhutdinov, G. Pacchioni, H. J. Freund, “The interplay between structure and CO oxidation 
catalysis on metal supported ultrathin oxide films”, Angewandte Chemie Int. Ed., 49, 4418-4421 
(2010). 
3) Y. Lei, M. Lewandowski, Y. N. Sun, Y. Fujimori, Y. Martynova, I. M. N. Groot, R. Meyer, L. 
Giordano, G. Pacchioni, J. Goniakowski, C. Noguera, S. Shaikhutdinov, H. J. Freund, “CO+NO 
versus CO+O2 reaction on monolayer FeO(111) films on Pt(111)”, ChemCatChem, 3, 671-674 
(2011). 
4) G. Preda, A. Migani, K. M. Neyman, S. T. Bromley, F. Illas, G. Pacchioni, “Formation of 
superoxide anions on ceria nanoparticles by interaction of molecular oxygen with Ce3+ sites”, J. of 
Physical Chemistry C,  115, 5817-5822 (2011). 
G. Preda, G. Pacchioni, “Formation  of oxygen active species in Ag-modified CeO2 catalyst for soot 
oxidation: a DFT study”,  Catalysis Today, in press (2011). 
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The dynamical properties of the excited states of DNA and of nucleobases have been extensively 
investigated in the last years, triggering a very lively scientific debate, especially concerning the 
decay in single and double DNA strand [1,2]. In the last years we have tried to describe, at a 
Quantum Mechanical level, systems as close as possible to those studied by experimentalists.[3-8] 
For example, we have studied the excited state decay of a meaningful model of polyAde-polyThy 
double strand (the Ade2-Thy2 tetramer) in aqueous solution.[6,7] 
By characterizing the main excited state decay routes of a tetra-nucleotides (dA)4Na3, fully treated 
at the QM level, we have recently obtained an unifying description of the dynamics in A-based 
polynucleotides, giving account of all the main available experimental results, showing that their 
behaviour is ruled by the equilibrium between 'neutral' and 'charge transfer' excimers. 
The study of the most significant decay routes in dinucleotides of Thymine (dT)2 provides instead 
useful insights on the effects ruling the formation of cyclo-butane dimers and of 6-4 adducts, i.e. the 
most significant lesions formed in DNA following the UV absorption. 
 
 
 
[1]C.T. Middleton, K. de La Harpe, C. Su, Y.K. Law, C.E. Crespo-Hernadez, B. Kohler Annu. Rev. 
Phys. Chem., 60, 2009, 13 
[2] T. Gustavsson, R. Improta, D.Markovitsi, J. Phys. Chem. Lett. 1, 2010, 13 
[3] F. Santoro, V. Barone, R. Improta Proc. Natl. Acad. Sci. U. S. A. 104, 2007, 9931 
[4] R. Improta, Phys. Chem. Chem. Phys. 10, 2008, 2656 
[5] F. Santoro, V. Barone, A. Lami, R. Improta Phys. Chem. Chem. Phys. 12, 2010, 4934 
[6] F.Santoro, V.Barone, R. Improta J. Am. Chem. Soc. 131, 2009, 15232 
[7] F.Santoro, V. Barone, R. Improta, ChemPhysChem 9, 2008, 2531 
[8] V. Karunakaran, Kleinermanns, R. Improta, S.A. Kovalenko, J. Am. Chem. Soc. 131, 2009 5839 
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In order to study the dynamic crossover phenomena in nanoconfined water, we performed a series 
of molecular dynamics (MD) computer simulations of water clusters adsorbed in zeolites, which are 
microporous crystalline aluminosilicates, whose channels and cavities are of nanometric 
dimensions.  
We used a sophisticated empirical potential for water, including the full flexibility of the molecule 
and of the aluminosilicate framework was included in the calculations [1,2].  
The results of the simulations of water confined in a variety of zeolites (worm-like clusters in 
silicalite[1], spherical nano-clusters in zeolite A [3], cross-linked nanowires in NaX and ice-like 
nanotubes in AlPO4-5 and SSZ-24 [1]) at different temperatures and coverage (loading) are 
discussed in connection with the experimental data. Preliminary results of Car-Parrinello MD 
simulations of water in vermiculite clay are also shown. 
In particular, dynamic crossover phenomena are found for the adsorbed water in all the considered 
cases, in spite of the different shape and size of the clusters, even when the confinement hinders the 
formation of tetrahedral hydrogen bonds for water molecules. They were evidenced by inspecting 
the trends of rotational relaxation constants and of spectral contributions to vibrational spectra vs. 
temperature.  
Dynamical crossover temperatures were detected around 220 K and 160 K, corresponding to those 
found experimentally in many hydrated systems, such as aqueous solutions, oxide surfaces, clays, 
proteins and cement paste. Based on a detailed analysis of the single-molecule dynamical 
behaviour, hypotheses about the possible dynamic crossover mechanisms are proposed. 
 
 
 
 
References. 
[1] P. Demontis et al. J. Phys. Condens. Matter, 22, 2010, 284106. 
[2] P. Demontis et al. Micropor. and Mesopor. Mater. 125, 2009, 160.  
[3] P. Demontis et al. ACS Nano 2, 2008, 1603.  
 
 
 
 
 
 
 
 
 
 
 
 



1129 
 

CTC-KN-07 Theoretical Modelling of Electron Transfer Reactions in 
Complex Molecular Systems. 
 
Andrea Amadei,a Massimiliano Aschib and Isabella Daidoneb 

 
aDipartimento di Scienze Chimiche Università di Tor Vergata, Via della Ricerca Scientifica, Roma, 
Italia 
bDipartimento di Chimica, Ingegneria Chimica e Materiali, Università di l’Aquila, Via Vetoio, 
67100, l’Aquila, Italia 
E-mail aschi@caspur.it 
 
 
Modeling of electron transfer (ET) reactions in complex atomic-molecular environment have 
always represented a challenge for computational-theoretical physical chemistry. The main reason 
for that probably resides in the fact that many of the experimental observations regarding ET 
thermodynamics and kinetics usually involve purely quantum events, i.e. the electron dynamics, 
somewhat coupled with the classical and semi-classical atomic-molecular degrees of freedom. 
As a consequence a physically coherent modeling of this kind of reactions should take into account 
different events occurring on very different energy and time scales. If one wants to avoid brute-
force dynamical calculations to this problem, which are still far from providing reasonable numbers 
for molecular systems with more than a couple of atoms with few electrons, alternative theoretical 
and computational tools are necessary. The most popular and efficient approach to address ET 
reactions rely on the seminal work of Marcus and much of the kinetics is modeled within the 
framework of the Fermi Golden rule. In this respect a huge amount of computational data have 
been, and are still being produced. However, despite the successes of Marcus theory, probably 
further efforts are still necessary for improving our ability of reproducing the complexity of the 
experimental observable. In particular the coupling with the atomic-molecular fluctuations might be 
not always reducible to simple analytical forms. 
In the last few years we have been working for developing a new computational-theoretical 
methodology, somewhat complementary to Marcus model, essentially based on a joint application 
of Molecular Dynamics simulations and Quantum-Chemical calculations and making use of the 
basic concept of the Diabatic Perturbed Energies to approximate the evolution of the Electron 
Transfer. In this talk the theoretical basis of the method and two applications, one concerning the 
equilibrium properties of ET reaction and the other one focused on the modeling of non-equilibrium 
(kinetics) observables, will illustrated and commented. 
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 Already in 1933 Pauling inferred the existence of a 
peculiar chemistry for the heavier inert gas, [1] namely for 
Kr and Xe and potentially for the radioactive Rn. He also 
suggested to name them argonons (Rgs), to move out their 
claimed nobility and/or inertia. In fact, the first ionization 
energies of the heavier Rgs are in-between those of B and N, 
being that of H smaller than that of Kr but larger than that of 
Rn and Xe. HRgX species, with X non-hydrogenic atoms, 
have been characterized spectroscopically, [2] showing a 
significant although not dominant RgH+ component, further 
investigated deeply. [3] 
 The electronic structure and the spectroscopic roto-vibrational properties of  protonated 
heavier Rg species (RgH+) have been here calculated, employing a fully relativistic coupled-cluster 
approach with single and double excitations and a perturbative treatment for triple excitations 
[CCSD(T)]. Roto-vibrational constants have been obtained by the Dunham analysis performed on 
the calculated potential energy curves, showing a very good agreement with the available KrH+ e 
XeH+ experimental data. This clearly allows for confidence in  the calculated results obtained for 
the experimentally not characterized RnH+ species that, as a consequence, could be used for 
designing spectroscopic experiments, never realized so far. The parameters calculated at relativistic 
level were compared to the corresponding ones, got without considering relativistic effects. In 
addition to the expected behavior – concerning the dissociation paths (Rg + H+ and Rg+ + H) 
characterizing the different RgH+ species ascribable to the argononic potential energy behavior and 
spin-orbit coupling – the comparison among the protonated Rgs also reveals relativistic effects i) on 
the fundamental vibration frequencies, ii) on the dipole moments and finally iii) on various higher 
order spectroscopic properties, referable to the differences present in the potential energy curves. 
 
 
 
References 
[1] L. Pauling, J. Am. Chem. Soc., 55, 1933, 1895. 
[2] M. Räsänen et al., Nature, 406, 2000, 874;  J. Chem. Phys., 116, 2002, 2508. 
[3] M. Larsson, A. E. Orel Dissociative Recombination of Molecular Ions Cambridge U. Press: 
Cambridge, UK, 2008. 
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The vibrational energy exchange occurring in collisions involving small molecules is largely 
responsible for energy relaxation and state population of gas phase, and therefore plays a key role in 
determining the energy balance of planetary atmospheres (see e.g. [1]).  
Carbon dioxide is an important component of planetary atmospheres. Being a triatomic molecule, 
the exchange of internal energy upon collision can be relevant and is a key step in its contribution to 
the energy balance of the atmospheres. Therefore the behaviour of CO2 in inelastic collisions with 
itself or other species such as N2 and CO deserves considerable interest and finds interesting 
applications in plasma chemistry and hypersonic aerodynamics.   
The first step of the study has been concerned with the assemblage of an appropriate Force Field. 
To this end electronic structure calculations have been performed at a CCSD(T) level to integrate 
previous MP2 results [2]. Related information has been used to build a semiempirical potential 
energy surface (PES) that makes use of a recently introduced bond-bond approach [3]. 
Due to the important effects of long range interactions on vibrational relaxation and excitation, 
intermolecular interactions have been formulated using a well tested bond-bond interaction model 
[3], which reproduces with accuracy short and log range parts of the intermolecular interactions. 
The resulting PES has been exported into the VENUS [4] program, and extended ensembles of 
quasi-classical trajectories (QCT) have been run for the CO2 + CO2 collisions in a wide range of 
energies. Results are targeted to calculate state-to-state vibrational exchange cross sections and 
thermal rate coefficients. These quantities are the necessary input of kinetic models of use in gas 
dynamics, aircraft re-entry studies, and many other technological applications. 
 
 
 
[1]  A. O. Semenov, G. M. Shved, Icarus 194, 290 (2008). 
[2] M. J. Frisch, G. W. Trucks, H. B. Schlegel et al., GAUSSIAN 03, Revision C.02, Gaussian, 
Inc., Wallingford CT, 2004. 
[3] D. Cappelletti, F. Pirani, B. Bussery-Honvault, L. Gomez and M. Bartolomei, Phys. Chem. 
Chem. Phys. 10, 4282 (2008). 
[4] VENUS96: http://monte.chem.ttu.edu/group/venus.html 
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The accurate evaluation of electronic transition energies and properties requires the use of 
computationally expensive methods like the equation of motion coupled cluster singles and doubles 
(EOM-CCSD). However, the scaling of such methods often makes the study of molecules larger 
than 10–15 heavy atoms prohibitive, and more approximate approaches must be pursued. The 
ONIOM (Our own N-layer Integrated molecular Orbital molecular Mechanics) hybrid method, 
where the system is partitioned into regions which are treated with different levels of theory, 
represents a promising approach to completely characterize valence excited states of large 
molecules that cannot be entirely studied with a conventional high-accuracy method. In this 
contribution we present a series of results that validate the ability of ONIOM(QM:QM) to compute 
accurate transition energies and oscillator strengths compared to EOM-CCSD [1-3]. We test the 
effect of various choices of partitioning, low level methods and basis sets, as well as how the link 
atom bond length can affect the results.  ONIOM is compared to conventional calculations with the 
CIS, TDHF and TDDFT methods. It is shown that the best accuracy-computational time 
combination is obtained with ONIOM(EOM:TDDFT). 
 
 
 
[1]    M. Caricato, T. Vreven, G. W. Trucks, M. J. Frisch and K. B. Wiberg, J. Chem. Phys., 131, 
2009, 134105. 
[2]    M. Caricato, T. Vreven, G. W. Trucks and M. J. Frisch, J. Chem. Phys., 133, 2010, 054104. 
[3]    M. Caricato, T. Vreven, G. W. Trucks and M. J. Frisch, J. Chem. Theory Comp., 7, 2011, 180. 
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Molecular Dynamics were carried for N-methylacetamide (NMA) in water out using a modified 
DL_POLY 2.20 molecular modeling package1. The system was investigated by running a series of 
simulations on a different XNMA. 
The MD simulations were performed with AMBER2 charges for the NMA system and forthe water 
we have used the intermolecular potential  for non rigid molecules3. 
Initial configurations for each ofthe concentrations were obtained by placing the correct numbers of 
trans-NMA and water molecules randomly on approximately  
30 Angstroms lattice.The total intermolecular interaction was assembled by adding the 
corresponding electrostatic (Vel) and non electrostatic (Vnel) contributions. Vel is expressed in terms 
of Coulomb potential of the punctual charge distribution of different molecules while Vnel is 
expressed in terms of effective potentials formulated as an Improved Lennard Jones (ILJ) function,4: 
 
 
 
 
in which the additional β parameter, with respect to the usual formulation of the Lennard Jones (LJ) 
potential, removes most of inadequacies of the LJ function. 
 
 
 
[1] http://www.cse.scitech.ac.uk/ccg/software/DL_POLY/ (last visited 20/06/2011). 
[2] W. D. Cornell, B. Cieplak, C. I. Bayly, I. R. Gould, Jr. Merz, D. M. Ferguson, D. C. Spellmeyer, 
T. Fox, J. W. Caldwell, P. A. Killman, J. Am. Chem. Soc. 1995, 117, 5179. 
[3] N. Faginas Lago, F. Huarte Larrañaga, M. Albertí; Eur. Phys. J. D. 2009, 55, 75. 
[4] F. Pirani, S. Brizi, L.F. Roncaratti, P. Casavecchia, D. Cappelletti, F. Vecchiocattivi, Phys. 
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Yttrium-doped barium zirconate protonic conductor seems to be a good candidate as electrolyte 
ceramic materials for high technological devices [1]. Ab initio computational models of singly and 
doubly substituted Y:BaZrO3 structure have been built and tested. Only in presence of two nearest 
neighbour yttrium atoms, the relative energy di�erences of stable protonic sites reproduced the 
correct order of magnitude of activation energy values related to the proton hopping.  
Ab initio results on BaZrO3 derivatives were the basis of MD simulations performed on yttrium-
doped barium zirconate. Dynamics simulations 
showed a peculiar oxygen sub-network that changed 
its characteristics up to a temperature value, which 
depended on the yttrium content. Protonated models 
having neighbouring yttrium atoms were able to 
mimic the experimental activation energies 
characterizing protonic conduction, while oxygen 
atoms could be grouped into three clusters with 
peculiar structural features. In particular, two clusters 
behaved like a multilevel trap for the proton, delaying 
the di�usion of the latter across the material bulk. A 
characteristic of these traps was the very large 
number of proton hopping events, occurring per time 
unit among oxygens surrounding yttrium atoms. 
These results, finally, suggest that yttrium clustering, 
inferred for Y:BaCeO3 systems [2], seems to also occur  for the Y:BaZrO3 derivatives; eventually, 
protonic conduction in these materials could be improved avoiding such clustering, that is 
preventing the formation of protonic traps. 
 
 
 
References 
[1] H. Iwahara, Y. Asakura, K. Katahira,  Solid State Ionics, 168, 2004, 299. 
[2] A. Cammarata, A. Emanuele,  A. Martorana and D. Duca, J. Phys. Chem. A, 115 (9), 2011, 
1676. 
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In the last decade, non-precious metal compounds able to catalyze the oxygen reduction reaction 
(ORR) have attracted a great deal of attention as a consequence of their potential technological 
application as cost-effective replacement for Pt-based catalysts in low-temperature fuel cells. 
Actually, it is well known that Iron porphyrins (P) and phthalocyanines (Pc) can promote the 
reduction of O2 to H2O, even though their catalytic activity is lower than that of precious metal 
compounds and they are almost inert when supported on a substrate other than edge-plane graphite 
[1]. 
In this communication, we present a combined experimental and computational study of an ordered 
network of FePc adsorbed on Ag(110), able to react with O2. The system was characterized by 
means of XPS, XAS and STM techniques as well as by Density Functional calculations on slab 
models of the adsorbed phases. The FePc molecules self-organize on the Ag(110) surface at room 
temperature. Two different assemblies were observed: the FePc submonolayer exhibited a 
c(10×4)/p(10×4) arrangement whilst, in the proximity of one monolayer, a more compact (1 4, 4 -3) 
phase emerged [2]. Furthermore, it was found that, at low-coverage, the FePc units react with O2 
inducing a dramatic change of the STM intramolecular features. Interestingly, such a reaction did 
not take place at higher coverages. The theoretical modeling of the FePc/ Ag(110) interface 
ultimately shows that the reactivity of FePc toward oxygen is ruled by the Fe local environment. 
 
 
 
[1] A. A. Gewirth and M. S. Thorum, Inorg. Chem., 49, 2010, 3557 
[2] M. Casarin, M. Di Marino, D. Forrer, M. Sambi, F. Sedona, E. Tondello, A. Vittadini, V. 
Barone, and M. Pavone, J. Phys. Chem. C, 114, 2010, 2144 
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The performances of Proton Exchange Membrane Fuel Cells (PEMFCs) are strongly influenced by 
the proton conductivity of the solid electrolyte. The N-heterocycles based polymers are today the 
most promising materials to improve the effectiveness of these systems. A protocol based on 
Density Functional Theory (DFT) to study azole-based systems is proposed [1]. A detailed 
theoretical investigation performed on Poly(4-vinyl-imidazole) (P4VI) indicates that the commonly 
accepted mechanism (Grotthuss) could be hindered in this system because of the backbone 
constraint. Classical Molecular Dynamic simulations support an alternative mechanism of 
conduction hypothesized. This latter involves a rotation of the protonated imidazole, constituting 
the rate-limiting step, before each proton transfer reaction between adjacent azole-moieties can take 
place (Figure 1). These new insights into the mechanism of conduction are relevant for a rational 
design of modified azole-based systems used in PEMFCs.  
 

 
 

Figure 1 
 
 
[1] Mangiatordi, G. F. Hermet, J. Adamo, C. J. Phys. Chem. A 2011, 115, 2627. 
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We present a computational study on model bio-inspired donor-acceptor (DA) dyads formed by a 
carotenoid (C) covalently linked to a tetraphenylporphyrin (TPP) at the ortho position of one of the 
TPP phenyl rings [1]. The mutual orientation of the components and their distance closely 
resembles the geometry of the dyad chlorophyll-peridinin in PCP [2]. Dyadic systems are 
intensively studied for potential application in the construction of organic solar cells and 
development of efficient photocatalytic systems for the solar energy conversion for the unique 
advantages they offer with regard to synthetic feasibility. The recent progress in computational 
methodologies, especially the development of DFT rooted methods suitable to describe charge 
transfer (CT) processes, allow to perform systematic investigations in silico of those molecular 
features which might be important to design high performance bio-inspired artificial devices. 
 

 
Focussed on CT process, this study aims (i) at better understanding the effect of slight chemical 
modifications on the absorption spectra, in particular on the lowest CT bands, as well as (ii) at 
gaining deeper insight on the role of H2O and hystidine (Hys) in the biological system. The 
coordination of H2O or Hys might occur in two different positions: it can be sandwiched between 
the carotene and the porphyrin ring or can be coordinated to the metal under the porphyrin plane. 
The effect of different metals of biological interest is also investigated to rationalize the fine tuning 
of the CT process. 
 
  
 

 

[1] D. Gust, T.A. Moore, A.L. Moore, C. Devadoss, P.A. Liddell, R. Hermant, R.A. Nieman, L.J. 
Demanche, J.M. DeGraziano and I. Gouni  J. Am. Chem. Soc., 114, 1992, 3593. 
[2] E. Hofmann, P.M. Wrench, F.P. Sharples, R.G. Hiller, W. Welte and K. Diederichs, Science, 
272, 1996, 1788. 
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Development of catalysts able to selectively transform hydrocarbons to value-added products is 
among the most fundamental challenges in chemistry. The understanding of the mechanism of the 
protonolysis of the Pt-C bond of alkyl Pt(II) complexes, as the microscopic reverse of C-H bond 
activation process, can be considered a part of the efforts devoted to shed light on the mechanistic 
aspects of alkane C-H bond activation. To date it is 
still a difficult challenge to obtain experimentally 
direct and accurate insight in the mechanistic 
pathways of chemical reactions due to the very short 
lifetime of key intermediates. Obviously this holds 
also for the reaction we are addressing here. 
Computational studies do not suffer from these 
limitations and provide therefore a valuable 
complementary tool with respect to experimental 
studies. The outcomes of a detailed theoretical 
investigation, aiming to give a contribution to the 
debate on the mechanism of the electrophilic cleavage 
of the Pt-C bond, are presented. Energy profiles have 
been calculated, and compared with experimental observations, for the protonation and subsequent 
methane elimination reactions of a series of dimethylplatinum(II) complexes as a function of the 
nature of the ancillary ligands and solvent. The possibility to rationalize and predict the preference 
for a stepwise oxidative, SE(ox), or a concerted, SE2, route has been examined.  Theoretical 
calculations suggest that HOMO nature, d metal based or -bond localized, is the main factor in 
determining the preferred protonation site, platinum or carbon atom, and then the preferred 
protonolysis mechanism. 
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Glutathione peroxidases (GPx, Fig. 1) belong to a widespread family of proteins that, over the 
years, have been discovered in almost all kingdoms of life.[1] They catalyze the reduction of H2O2 
or organic hydroperoxides to water or corresponding alcohols, thus mitigating their toxicity.[2] The 
global reaction is ROOH+2GSH  GSSG+ROH+H2O, where GSH indicates glutathione. In the 
GPx family the active site SeCys or Cys is surrounded by highly conserved residues (Asn, Gln and 
Trp) forming the catalytic tetrad. One of the main open questions is about the specific role of either 
SeCys or Cys in the catalysis: it is not yet clear why selenium rather than sulphur has been chosen 
by nature selection given that a complex and energetically very expensive co-traslational insertion 
machinery for SeCys is needed.  
 

 
Fig. 1 GPx Fig. 2 Model catalytic site 

 
The basic catalytic scheme involves three main steps, i.e. (i)  O-O bond cleavage and formation of 
selenenic/sulphenic acid Se/S-OH and ROH; (ii) formation of a seleno-sulfide (disulfide) 
intermediate and elimination of H2O; (iii) formation of the disulfide product and regeneration of the 
catalyst. 
We present a detailed investigation of different possible paths of the reduction of H2O2 catalyzed by 
Se-based as well as S-based GPxs with the aim of validating at quantum chemistry (DFT) level the 
experimental findings obtained by recent mass spectrometry and biochemistry methods (enzymatic 
kinetics); a core of seven aminoacids has been identified, which suitably represents the GPx core 
(Fig. 2). From our results a complex energy landscape emerges, where novel mechanistic paths are 
possible and novel perspectives on the intriguing behaviour of GPx can be outlined. 
 
[1] F. Passardi, G. Theiler, M. Zamocky, C. Cosio, N. Rouhier, F. Teixera, M. Margis-Pinheiro, V. 
Ioannidis, C. Penel, L. Falquet, and C. Dunand, Phytochemistry, 68, 2007, 1605. 
[2] (a) F. Ursini, M. Maiorino, R. Brigelius-Flohe, K.D. Aumann, A. Roveri, D. Schomburg, and L. 
Flohe, Methods Enzymol, 252, 1995, 38. (b) S. Toppo, L. Flohe, F. Ursini, S. Vanin and M. 
Maiorino, Biochim Biophys Acta, 1790, 2009, 1486. 
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Fujita1 has been the first to highlight the living behavior of Ti-
bis(phenoxyimine) catalysts in the polymerization of ethylene, 
and proposed the role of an hydrogen-bond between aromatic o-
fluorine and H� of the growing chain in the H�-transfer inhibition. 
Coates2 demonstrated the living behavior of non fluorinated 
catalysts, showing an active role of the chelating ligands in this 
context.  

Recently, Mecking3 showed that the 
simpler catalyst Ti-bis(enolatoimine) 
with o-fluorinated aryl groups is able to achieve a living behavior and 
proposed via NMR studies a key role of the H-bonds between o-F and 
either H� atoms or Ti in the suppression of the H�-termination. 
In our recent works4,5, we analyzed via DFT a number of models for Ti-
bis(phenoxyimine) and Ti-phenoxyarylpyridine catalysts and studied the 
insertion mechanism and the role of F interactions.  
Currently, we are investigating the mechanism of H�-transfer inhibition, 

necessary to achieve the living polymerization behavior. We studied both Fujita’s and Mecking’s 
catalysts with living or non-living behaviors. 
Ab-initio calculations were performed on parallel platform using GAUSSIAN09. 
Minimum energy profiles have been computed, in which one or two selected internal coordinate(s) 
are scanned. In all cases, the stationary points 
(minima and transition states) were localized and 
energy barriers of activation determined. 
A deep investigation of the different termination 
mechanisms has been performed, and insight 
about the reasons for each of them taking place is 
proposed. 
 
 
 
 
[1] Matsui, S. et al. J. Am. Chem. Soc. 2001, 123, 6847-6856. 
[2] Tian, J.; Hustad, P. D.; Coates, G. W. J. Am. Chem. Soc. 2001, 123, 5134-5135. 
[3]  Yu, S.-M.; Mecking. S. J. Am. Chem. Soc. 2008, 130, 13204-13205. 
[4] Villani, V.; Giammarino, G. Macromolecules 2010, 43, 5917-5918. 
[5] Villani, V.; Giammarino, G. Macromol. Theory Simul. 2011, 20, 174-178. 
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Nature has solved the difficult problem of efficient light-driven, four-electron oxidation of 
water to O2, by means of a Mn-based catalyst embedded in the Phostosystem II (PSII), a ~350 kDa 
complex of 20 proteins. The Mn4CaO5 cluster of the oxygen-evolving complex (OEC) of PSII is 
composed of inexpensive earth-abundant metals (Mn and Ca) and features high turnover rates that 
are still unmatched by artificial water splitting systems. Elucidating its detailed molecular structure 
and the catalytic mechanism of photosynthetic water oxidation is crucial for developing new 
biomimetic catalysts for renewable solar-energy conversion.  

Computational modeling studies, including density functional theory (DFT) combined with 
quantum mechanics/molecular mechanics (QM/MM) hybrid methods, have proposed chemically 
satisfactory models of the fully ligated OEC Mn-cluster that are maximally consistent with 
experimental results [1]. Mechanistic investigations of the water-splitting reaction of the OEC have 
been fundamentally informed by structural studies of oxomanganese complexes. In particular, the 
[H2O(terpy)Mn(O)2Mn(terpy)OH2](terpy is 2,2′:6′,2"-terpyridine) complex, is a multi-turnover 
homogeneous water-oxidation catalyst and an excellent functional model of the OEC [2].  

This talk summarizes our recent advances on studies of PSII and biomimetic oxomanganese 
complexes for artificial photosynthesis. Our computational studies [3,4], including DFT, QM/MM 
methods, classical Molecular Dynamics (MD) and Monte Carlo simulations, are based on the recent 
crystal structure of PSII at 1.9 Å resolution [5]. We have introduced a novel model for the OEC 
resting state [3] and elucidated the structural/functional role of chloride cofactor in PSII [4]. The 
implications of these findings on the water-splitting mechanism in both homogenous and enzymatic 
reactions will be discussed. 
 
 
 
[1] Sproviero, E. M.; Gascon, J. A.; McEvoy, J. P.; Brudvig, G. W.; Batista, V. S. Coord. Chem. 

Rev. 2008, 252, 395; Sproviero, E. M.; Gascon, J. A.; Brudvig, G. W.; Batista, V. S. J. Am. 
Chem. Soc. 2008, 130, 6728. 

[2] Limburg, J.; Vrettos, J. S.; Liable-Sands, L. M.; Rheingold, A. L.; Crabtree, R. H.; Brudvig, 
G. W. Science 1999, 283, 1524. 

[3] Luber, S.; Rivalta, I.; Umena, Y.; Kawakami, K.; Shen, J.-R.; Kamiya, N.; Brudvig, G. W.; 
Batista, V. S. Biochemstry 2011, in press. 

[4] Rivalta, I.; Amin, M.; Luber, S.; Vassiliev, S.; Pokhrel, R.; Umena, Y.; Kawakami, K.; Shen, 
J.-R.; Kamiya, N.; Bruce, D.; Brudvig, G. W.; M.R., G.; Batista, V. S. Biochemstry 2011, in 
press. 

[5] Umena, Y.; Kawakami, K.; Shen, J.-R.; Kamiya, N. Nature 2011, 473, 55. 
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Sunlight is essential to life but it is also a potential carcenogenic agent, and evolution has selected 
highly photostable molecules to encode the genomic information. Their photostability is ensured by 
highly efficient decay pathways that are able to transform the electronic excitation into vibrational 
energy and finally into heat. The deactivation mechanisms of the single nucleobases after the * 
excitation has been deeply investigated experimentally and  show multi-exponential features 
ranging from fs to ps timescales [1].  Here we report the results of our recent static [2] and quantum 
dynamics investigation of the role of n* in the decay of Uracil derivatives both in gas-phase [3] 
and in different solvents [4-5].  Potential energy surfaces have been characterized by TD-DFT, 
while solvent effect has been accounted by mixed atomistic/continuum models. 
The understanding of the dynamics of isolated nucleobases is the necessary pre-requisite for a full 
comprehension of the deactivation processes in the real bio-polymers, where nonetheless inter-bases 
interactions modify the efficiency of the single-base decays and open new competitive pathways. In 
fact long-living excited states, up to the nanosecond timescale have been identified in DNA 
oligomers, while they are absent in single nucleobeases [6].  Recently, we performed TD-DFT 
studies in water solution of the excited states of adenine stacked dimers [7], and of tetramers made 
up of adenine-thymine base-pairs [8].  From these data we derived a vibronic Hamiltonian to study, 
at quantum dynamical level, the interplay between excitonic and charge-transfer states in the decay 
mechanism, and we applied it to dimers and oligomers [9]. Quantum dynamical calculation have 
been carried through traditional Lanczos based propagation schemes and/or a self-made 
implementation of MCTDH method [10]   
 
 
 
[1] C. E. Crespo-Hernández, B. Cohen, P. M. Hare and B. Kohler , Chem. Rev. 104, 2004, 1977  
[2] F. Santoro, V. Barone, T. Gustavsson  R. Improta, J. Am. Chem. Soc.  128, 2006, 16312 
[3] D. Picconi, V. Barone, A. Lami, F. Santoro, R. Improta Chem. Phys. Chem. 2011 DOI: 
10.1002/cphc.201001080 
[4] F. Santoro, V. Barone, R. Improta, Theor. Chem. Acc. 123, 2009, 273,  
[5] R. Improta, V. Barone, A. Lami, F. Santoro, J. Phys. Chem B 113, 2009, 14491  
[6] Onidas, D.; Gustavsson, T.; Lazzarotto, E.;  Markovitsi, D.   J.  Phys. Chem. B  111, 2007, 9644. 
[7] F. Santoro, V. Barone, and R. Improta, Proc Natl. Acad. of Science, USA 104, 2007, 9931  
[8] F. Santoro, V. Barone, R. Improta, J. Am. Chem. Soc. 131, 2009, 15232 
[9] R. Improta, F. Santoro, V. Barone, A. Lami, J. Phys. Chem. A, 113, 2009, 15346,  
[10] M. H. Beck, A. Jäckle, G. A. Worth, H.-D. Meyer, Physics Report  324, 2000, 1   
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The tremendous progress of ab-initio quantum chemistry in the last decades has led to an increasing  
number of applications of quantum mechanical (QM) approaches to the calculation of chiroptical 
properties [1-7]. 
The progress has been so large that a ‘‘renaissance’’ in chiroptical methods due to the accuracy and 
computational efficiency achieved by ab initio QM methods in reproducing experimental data and 
predicting new ones has been invoked [8].  
In this contribution, some peculiar aspects of the computation of chiroptical properties and 
spectroscopies are remarked through the analysis of case studies, with special emphasis towards the 
gaining of calculated data directly comparable to experiments, by the inclusion of solvation and 
vibrational effects. 
 
 
 
[1] P. L. Polavarapu Chirality, 14, 2002, 768. 
[2] P. J. Stephens, D. M. McCann, J. R.  Cheesman, M. J. Frisch, Chirality, 17, 2005, S52. 
[3] M. Pecul, K. Ruud Adv. Quantum Chem., 50, 2005, 185. 
[4] T. D. Crawford, M. C. Tam, M. L. Abrams J. Phys. Chem. A, 111, 2007, 12057. 
[5] K. Ruud, A. Thorvaldsen Chirality, 21, 2009, E54. 
[6] J. Autschbach Chirality, 21, 2009, E116. 
[7] L. D. Barron, A. D. Buckingham Chem. Phys. Lett., 492, 2010, 199. 
[8] P. L. Polavarapu Chem. Rec., 7, 2007, 125136. 
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Protein lysine acetylation is a key mechanism in the epigenetic control of gene expression, the 
regulation of cell metabolism[1,2], and protein deacetylases are potential targets for treating cancer 
and a range of autoimmune and neurodegenerative diseases[3]. In this context, the HDAC inhibitors 
have attracted the attention of the researchers as promising anticancer agents [4,5]. Based on 
sequence phylogeny and function, there are four distinct classes of HDAC: class I (HDAC1, 2, 3 
and 8), class IIa (HDAC4, 5, 7 and 9), class IIb (HDAC6 and 10) and class IV (HDAC11) represent 
Zn2+-dependent amidohydrolases, whereas class III comprises the mechanistically diverse NAD+-
dependent sirtuins [6]. In this contribute, we have traced out the structural elements responsible of 
selective binding in the whole landscape of the HDAC isoforms considered interesting therapeutic 
targets. In particular, we have rationalized experimental observations and tried to systematically add 
new insights for a targeted design of selective inhibitors for the different HDAC isoforms. In detail, 
we have focused our attention on all HDACs zinc dependent enzymes, except HDAC5 and 
HDAC9-11, for which few information on expression, function in tumor cells, and ligand inhibitory 
profile are available in literature. The structural analysis was performed by molecular docking 
calculations, using as ligands known pan and class selective HDAC inhibitors [4]. Based on the 
obtained structural guidelines, we designed, synthesized and experimentally tested selective 
inhibitors for HDAC2. 
 
 
 
[1] T.Kouzarides, Cell, 128, 2007, 693. 
[2] C. Choudhary, C. Kumar, F. Gnad, M.L. Nielsen, M. Rehman, T.C. Walther,  JV. Olsen, 

M. Mann, C. Choudhary, Science, 325, 2009, 834. 
[3] S.Karberg, Cell, 139, 2009, 1029. 
[4] O.Witt, H.E.Deubzer, T.Milde, I.Oehme, Cancer Lett., 277, 2009, 8. 
[5] J.E.Bolden, M.J.Peart, R.W.Johnstone, Nat. Rev. Drug Discovery, 5, 2006, 769. 
[6] I.V.Gregoretti, Y.M.Lee, H.V.Goodson, J. Mol. Biol., 338, 2004, 17. 
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Among the most exciting and successful materials developed and studied in the last twenty years, 
ionic liquids [1] are among those that can certainly claim one of the most rich field of applications 
in industry and in applied technological research. A special class of ILs is have recently been 
obtained using geminal imidazolium dications [2] that represent a very interesting variation of the 
cationic partner and that may present various advantages over the traditional mono-cationic ionic 
liquids in applications such as lubricants, catalyst, solvents and as separation media. 
 

 
 
A schematic view of the molecular structures is reported above: we have a linkage chain (whose 
length can be 3, 6, 9 or 12 for the compounds analyzed in the present work) that connects two 
imidazolium rings with a net positive charge on them and that are substituted with a methyl group. 
We have recently [3] analyzed the behavior of such compounds by calculating the structures of the 
gas phase complexes. We will report these and further results obtained by means of MD 
simulations. 
 
 
 
References 
[1] Rogers, R. D., Seddon, K. R., Eds. Ionic Liquids IIIA: Fundamentals, Progress, Challenges, and 
Opportunities: Properties and Structure; ACS Symp. Ser.; American Chemical Society, 
Washington D.C., 2005; Vol. 901; p 356. 
[2] Anderson, J. L.; Ding, R.; Ellern, A.; Armstrong, D. W. J. Am. Chem. Soc. 2005, 127, 593;  
[3] Bodo, E.; Caminiti, R. J. Chem. Phys. A 2010, 114, 12506. 
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Chemoinformatic strategies possess great potentialities in modelling the interactions between 
biopolymers and ligands. Molecular recognition plays in fact a fundamental role in drug-receptor 
interactions. 
Due to the lack of pharmacological targets, in previous studies [1] we adopted a Virtual Receptor 
Site (VRS) approach, where ligands interact with a complex receptor of unknown structure, aimed 
at identifying pieces of the structure which could be valuable for improving the antibacterial 
activity.  
In the design of new drugs it is also very important that they exhibit ADME (Adsorption, 
Distribution, Metabolism, Elimination) properties warranting an acceptable bioavailability. For this 
purpose, a new method, called VOLSURF [2], able to correlate 3D molecular structures with 
physico-chemical properties, and highly efficient in predicting the biological activities, appears to 
be appropriate.   
According to the advances achieved in the past two years due to the availability of the x-ray 
structures for a few drug targets, molecular modelling by docking of new ligands to the receptor 
active sites appears nowadays an appropriate strategy in the design of new antibacterials against 
multidrug resistant strains.  
In this context,  we adopted a recently developed algorithm called  Fingerprints for Ligands and 
Proteins (FLAP) that can be used to describe proteins and ligands based on a common reference 
framework [3]. FLAP is able to explore the 3D-pharmacophoric space of ligands and proteins and 
to provide quantitative information for the complementarity of their interactions to allow ligand-
ligand, ligand-protein, or protein-protein comparison. By means of all these chemoinformatic tools, 
we studied the interactions between synthetically accessible compounds and the crystallographic 
structure of Linezolid binding protein to identify a scaffold that we could modify introducing 
different substituents to improve the in vitro antibacterial activity.  
 
 
 
[1] C. G. Fortuna et al., J. Med. Chem.  49, 2006,  2804. 
[2] G. Cruciani et al., Eur. J. Pharm. Sci. 11, 2000, 29. 
[3] M. Baroni et al., J. Chem. Inf. Model. 47, 2007, 279. 
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Oxidation chemistry has always been one of the most important playgrounds for the interpretation 
and mastering of reactivity.[1] The interest of scientists has been driven not only by the strong 
implications that this reactivity plays in biological systems, but also because it represents an 
essential tool in functional groups transformation. These studies have also deeply contributed to the 
development of the basic principles of reactivity. 
In recent years we have been involved in the study of metal catalysts for oxygen transfer 
reactions.[2] The experimental results have offered us the possibility to investigate in detail the 
mechanism of oxidation reactions, and in particular to study the effect of intermolecular interactions 
in catalysis.[3] 
The evaluation of these experimental results, with the support of theoretical calculations, have led to 
a reinterpretation of the concept of nucleophilic and electrophilic reactivity in oxidation chemistry. 
This analysis can have implications that go beyond oxidation chemistry 
 
 
 
 
[1] “Catalytic Oxidations with Hydrogen Peroxide as Oxidant” G. Strukul 1992 Kluwer 

Academic. 
[2] F. Romano, A. Linden, M. Mba, C. Zonta, G. Licini Adv. Synth. Cat. 2010, 352, 2937 and 

references cited therein. G. Licini, V. Conte, A. Coletti, M. Mba, C. Zonta Coord. Chem. 
Rev. 2011 in press. 

[3] S. Lovat, M. Mba, H.C.L. Abbenhuis, D. Vogt, C. Zonta, G. Licini Inorg. Chem. 2009, 48, 
4724. G. Santoni, M. Mba, M. Bonchio, W.A. Nugent, C. Zonta, G. Licini Chem. Eur. J. 
2010, 16, 645. 
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 Use of bio-mass for energy, chemicals and material supply is one of the key issues of 
sustainable development, because bio-based resources are both CO2-neutral and renewable, at 
variance with fossil fuels. Carbohydrates are the main source of renewables employed for the 
production of bio-based products. Therefore, 
chemistry know-how on industrial processes, 
involving carbohydrates is a subject of basis 
importance.  Adsorption of the monosacharide L-
Arabinose on a ruthenium nanocluster is here 
presented as an example of a catalytic system of 
potential industrial interest [1]. L-Arabinose can be 
found in aqueous solution in 5 tautomeric forms 
(i.e. α or β pyranose, α or β furanose and acyclic 
species) in equilibrium with each other. All these 
tautomers show a very large conformational 
flexibility, which previously has been also 
analyzed. 
 The L-Arabinose/Ru system has been investigated into the frame of the density functional 
theory (DFT). Calculations have been actually performed, using the DFT approach as implemented 
in SIESTA [2]. This employs linear combination of pseudoatomic orbitals as basis set. The atomic 
core is replaced by a non-local norm-conserving relativistic Troullier Martins pseudopotential, 
factorized in the Kleinmann-Bylander form. 
 The adsorption of different conformers, per each tautomers, on a Ru (0001) surface of the 
nanocluster have been modeled and analyzed in order to characterize the adsorption points both on 
the ruthenium surface and in the tautomeric species and to characterize if some of the latter are 
especially stabilized by the adsorption processes. Since adsorption phenomena could be affected by 
the adsorbate orientation, three different ways of binding per each conformers were investigated, 
considering either pyranose or furanose forms, and two for the acyclic forms. 
 
[1] V. A. Sifontes, D. Rivero, J. P. Wärna, J. P. Mikkola, T. O. Salmi, Top. Catal., 53, 2010 , 1278. 
[2] J. Soler, E.Artacho, J. Gale, A. García, J. Junquera, P. Ordejón, D. Sánchez-Portal, J.Phys.: 
Condens. Matter, 14, 2002 , 2745. 
 
 
 
 
 
 
 

Figure 1. L-Arabinose on Ru 
surface 
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Starting from the Marcus´s relationships connecting the inhomogeneous broadening with the 
solvent reorganization energy and exploiting recent developments in Polarizable Continuum Model 
[1] and PCM/TD-DFT calculations namely state-specific (SS) 
treatment [2], we propose a procedure to estimate the polar 
broadening of optical transitions. When applied to a representative 
molecular probe, coumarin C153 in different solvents, our approach 
provides for the polar broadening values fully consistent with the 
experimental ones. For the first time fully ab initio vibrationally 
resolved absorption spectra in solution (Figure 1) are computed 
(including both Duschinsky and Herzberg Teller effects, with a 
method developed in our group [3]) and obtaining spectra for 
coumarin C153 in remarkable agreement with experiments [4]. Such an agreement allows us to 
critically compare the relevance of all the vibrational and medium effects that produce the observed 
lineshapes in gas phase and in different solvents. 
 
 
 
[1] Tomasi, J.; Mennucci, B.; Cammi, R. Chem. Rev. 2005, 105, 2999. 
[2] (a) Improta, R.; Barone, V.; Scalmani, G.; Frisch, M.J. J. Chem. Phys. 2006, 125, 54103. (b) 

Improta, R.; Scalmani, G.; Frisch, M.J.; Barone, V. J. Chem. Phys. 2007, 127, 074504. 
[3] (a) Santoro, F.; Improta, R.; Lami, A.; Bloino, J.; Barone, V. J. Chem. Phys. 2007, 126, 

084509, ibidem 2007, 126, 169903. (b) Santoro, F.; Improta, R.; Lami, A.; Barone, V. J. 
Chem. Phys. 2007, 126, 184102. (c) Santoro, F.; Improta, R.; Lami, A.; Bloino, J.; Barone, 
V. J. Chem. Phys. 2008, 128, 224311. (d) Bloino, J.; Biczysko, M.; Santoro, F.; Barone, V., 
J. Chem. Theory and Comp. 2010, 1256. (e) Santoro, F.; FCclasses, a Fortran 77 code, 
available at http://village.pi.iccom.cnr.it.  

[4] Hong, M.L.; Gardecki, J.A.; Papazyan, A.; Maroncelli, M. J. Phys. Chem. 1995, 99, 17311. 
 
 
 
 
 
 
 
 
 

Figure 1. 
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The property of the azide ion to act as a bridging ligand has been recently exploited in the formation 
of crystals of crown ether complexes, such as those formed by [Cs([18]-crown-6)(N3)2], where two 
azide ions form a linkage between two cesium cations each coordinated by crown ether [1].  
In this work, using a computational approach at DFT level, we report some preliminary results 
obtained in investigating the possibility of forming similar complexes in which, instead of the 
cesium ion, is present the copper(II) ion.  
It is known indeed that the azide ion can bind transition metal atoms to form binuclear complexes, 
such as [Cu2(tetramethylethylenediammine)(N3)(OH)](ClO4)2, which 
show different magnetic properties depending on the kind of 
coordination [2]. In particular, when the azido group acts as bridging 
ligands with end-on coordination the resulting binuclear complexes 
show a ferromagnetic behaviorar and, conversely, when it is coordinated 
in an end-to-end fashion an antiferromagnetic coupling results.  
Therefore, for these complexes the exchange coupling constant J has 
been estimated as the energy difference between the state of high spin 
and a broken symmetry singlet state [3]. 
All results obtained here may be useful for designing new compounds 
with magnetic properties applicable in the field of single molecular 
magnets. 
 
 
 
 
 
 
[1] M. D. Brown, J. M. Dyke, F. Ferrante, W. Levason, J. S. Ogden and M. Webster, Chem. Eur. J., 
12, 2006, 2620. 
[2] E. Ruiz, J. Cano, S. Alvarez, P. Alemany, J. Am. Chem. Soc., 120, 1998, 11122.   
[3] L. Noodleman, D. Case, Adv. Inorg. Chem., 38, 1992, 423. 
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Municipal solid waste (MSW) incineration leads to the production of significant amounts of 
polychlorinated dibenzo-p-dioxins (PCDD) and dibenzofurans (PCDF).1  
PCDD/Fs are formed in the combustion processes through two main pathways: one involving 
reactions in the gas phase of precursors, such as chlorinated phenols and chlorobenzenes, in the 
400-800 °C range; the second one operates in the 200–400 °C range and mainly involves the so 
called de novo synthesis, which proceeds through burn off of a carbonaceous matrix present in the 
fly ash with simultaneous oxidation and chlorination reactions. The de novo synthesis is the 
dominating route in the PCDD/F formation in flue gas cooling sections of industrial scale 
incinerators.2 
Here we present a theoretical investigation of the oxidative pathways of Pyrene (1) and Benzo 
DibenzoFuran (2) that can lead to DibenzoFuran formation. These two systems have been chosen as 
model compounds of the carbonaceous matrix present in the fly ash. 
 
 
 
 
 
 
 
 
 
Optimized geometries and harmonic vibrational frequencies of reactants, intermediates, products 
and transition states have been calculated at the PBE1PBE/6-311G** level. IRC calculations have 
been used to link reactants and products with their transition states. On the basis of previous 
theoretical studies on benzene3 and dibenzofuran4 oxidation, the investigated mechanism involves 
the initial formation of a radical species (R) that, reacting with molecular oxygen, yields a peroxyl 
radical (R-OO). In (1) and (2), this key-intermediate evolves toward the products following similar 
paths but involving different energetic barriers.  
 
[1]  a) B.R. Stanmore, Combustion and Flame, 136, 2004, 398; b) M. Lasagni, E. Collina, E. 

Grandesso, E. Piccinelli, D. Pitea, Chemosphere, 74, 2009, 377. 
[2]  a) H. Huang, A. Buekens, Sci Total Environ 193, 1996, 121; b) D. Pitea, M. Bortolami, F.  

Franzoni,  E. Collina, G. Cortili, M. Lasagni, E. Piccinelli, Environ. Sci. Technol., 42, 2008, 
7476. 

[3]  I.V. Tokmakov, G.S. Kim, V.V. Kislov, A.M. Mebel, M.C. Lin, J. Phys. Chem. A, 109, 2005, 
6114. 

[4]  M. Altarawneh, B.Z. Dlugogorski, E.M. Kennedy, J.C. Mackie, J. Phys. Chem. A, 110, 
2006, 13560. 
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 The Knoevenagel (Knvgl) condensation, employed to produce alkenes,  involves couple of 
molecules singly having carbonyl groups and α acidic hydrogen atoms. It has been recently reported 
that the third member of the Isoreticular Metal Organic Framework family (IRMOF-3) [1] may 
behave as a basic catalyst, active in the Knvgl condensation [2]. The lattice structure of this family 
of solids is based on Zn4O moieties (inorganic vertices) and poly-topic linkers, derived by 
functionalizing 1,4 Benzendicarboxylate (BDC) derivatives.  
 Within the density functional theory (DFT) framework we already studied  structural and 
basic properties of IRMOF-3 derivatives. Moreover, the 
mechanism of the catalytic cycle for the Knvgl condensation 
of benzaldehyde and ethyl cyanoacetate was  analyzed. The 
investigation of local chemical properties and of a plausible 
reaction route for the aniline and dimethyl-2-
aminoterephtalate (DM2AT) Knvgl catalytic condensation 
has been also performed, in order to clarify the effects of the 
inorganic vertices on the amine moieties. Aniline and 
DM2AT, were chosen for modeling the effects of increasing  
complexity around the basic sites, characterizing the 
IRMOF-3 system.  
 The basicity of aniline-like amino moieties grew, 
along with the catalytic activity, when incorporated into MOF structures. However, the basicity of 
this class of catalysts did not depend on the charge density present on the nitrogen atom of the 
aminic group. On the contrary, the basicity was for the most part referable to the IRMOF-3 
conjugate acid stabilization, determined by interactions involving the inorganic vertices. Besides 
this, a direct involvement of the inorganic vertices in the catalytic mechanism could be also pointed 
out. 
 These findings, highlighting the active role of the inorganic vertices in the IRMOF-3 
activity, are here discussed.  
 
 
 
 
 
 
[1] O. Yaghi, M. O'Keeffee, W. Ockwig, K. Chae, M. Eddaouddi and J. Kim, Nature, 423, 2003, 
705.  
[2] J. Gascon, U. Atkay, M. Hernandez-Alonso, G. K. F. van Klink, J. Catal., 261, 2009, 75. 
 
 
 
 
 
 

 
Figure 1. IRMOF-3 cage 
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The Time Dependent Density Functional Theory (TD-DFT) has been employed to calculate the 
core electron excitations in  metal oxides. From a computational point of view the simulation of the 
X-Ray Absorption Spectra (XAS)  in such systems is an open problem both  as concerns the best 
computational approach and the modelling of the system. Here we present the TD-DFT results 
obtained for the series of the alkaline-earth oxides (MgO, CaO, SrO e BaO) and the closed shell 
transition metal oxides TiO2 and V2O5. The XAS spectra have been calculated at the metal K, L and 
Oxygen K edges. Cluster models to mimic the bulk are considered, embedded within an array of 
point charges to simulate the Madelung potential. Comparison with experimental data allows a 
precise assessment of the performances of the method, which appears competitive and suitable to 
reproduce the measurements. The configuration mixing explicitly included in the TDDFT scheme 
appears mandatory for a correct reproduction of the oscillator strength distribution in the metal 2p 
spectra. The origin of the theoretical spectral features is investigated with the help of the partial 
density of the virtual states (PDOS) calculated to each core hole considered, allowing to discuss  the 
spectral features in terms of the nature of the virtual final states. 
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The hERG channel (Kv11.1) encoded by the human ether-à-go-go-related gene KCNH2 [1] is an 
inward rectifier voltage-gated potassium channel which displays a remarkable low conductance at 
physiological voltage and K+ concentrations [2]. In this study, the ion conduction mechanism of 
hERG was investigated at a fully atomistic detail on a state of the art homology model of the 
channel [3] by means of the Umbrella Sampling method [4] combined with Path Collective 
Variables [5]. In apparent disagreement with previous findings based on studies performed on high 
and moderate conductance channels, no knock-on mechanism was observed in our simulations, and 
a relatively high energetic barrier (of about 6 kcal mol-1) was found instead (Fig. 1). This barrier is 
indeed in accordance with a low conductance 
behavior, and it can be explained in terms of a 
series of distinctive structural features displayed 
by the hERG channel.  
The achieved results might be useful to provide a 
predictive framework to assess the impact of 
point mutations on the conduction functionality 
of the channel.  
To investigate such a possibility, the wild-type 
ion conduction energetics was compared with that 
of the G628S mutant, which is known to cause a 
congenital form of arrhythmia by impairing the 
ion permeation of the channel.   
 
 
 
 
[1] M.C.Trudeau, J.W.Warmke, B.Ganetzky, and G.A.Robertson, Science, 269, 1995, 92.  
[2] J.Kiehn, A.E.Lacerda, and A.M.Brown, Am.J.Physiol., 277, 1999, H199. 
[3] G.-N.Tseng, K.D.Sonawane, Y.V.Korolkova, M.Zhang, J.Liu, E.V.Grishin, and H.R.Guy, 

Biophys.J., 92, 2007, 3524. 
[4] G.M.Torrie, and J.P.Valleau, J.Comput.Phys., 23, 1977, 187. 
[5] D.Branduardi, F.L.Gervasio, and M.Parrinello, J.Chem.Phys., 126, 2007, 054103. 
 
 
 
 
 
 
 
 
 
 

Figure 1. 
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Serotonin (5-hydroxyptamine or 5-HT) through its various class of receptors regulates body 
temperature, sleep, mood, appetite, pain, anxiety, sex, cognition, smooth muscle growth, 
gastrointestinal and cardiovascular activities and peripheral secretions [1]. 
Thus these receptors are target for a variety of drug therapies, including antipsychotic principles.  
Among this class, there is the 5-HT2 family (5-HT2a, 5-HT2b, 5-HT2c). In particular, 5-HT2C 
receptor, which is mainly expressed in brain, is target of drugs for schizophrenia, depression and 
glaucoma and it plays an active role in regulating the sleep-wake cycle [2]. 
5-HT2C receptor variants, due to genetic polymorphisms causing aminoacidic changes, affect 
treatment efficacy and are involved in treatment-induced side effects as metabolic syndrome and 
bodyweight gain. 
By using a combined automated docking/molecular dynamics protocol [5], we want to assess if 
polymorphic receptor variants could have altered ligand binding affinity. These changes could 
explain at molecular level the results obtained in association studies and even help to resolve 
contradictory associations. 
In particular, we docked the natural ligand and several agonists and antagonists to the wild type 
homology modeled 5-HT2C receptor [3-4]. Then, we repeated the docking using the mutated 
receptor and comparing the relative agonists’ and antagonists’ binding energy, pointing out the 
differences in the corresponding non-covalent interactions at the active site. 
This study will be also extended inserting the complexes 5-HT2C receptor-drug into the lipid bilayer 
of the cellular membrane. 
 
 
 
 
[1] Berger M, Gray JA, Roth BL. 2009. The expanded biology of serotonin. Annu Rev Med 60: 
355-366. 
[2] J.E.Leysen. Current drug targets –CNS and neurological disorders, 2004, 3, 11-26. 
[3] F.M.McRobb, B.Capuano, I.T. Crosby , D.K. Chalmers, E.Yuriev, J.Chem. Inf. Model. 2010, 
50, 626-637. 
[4] J.K.Bray, W.A. Goddard III, J.Mol.Model., 2008, 27, 66-81. 
[5] Galeazzi R., Current Computer Aided Drug Design (CCADD), 2009, 5,  225-240. 
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 The development of ultrafast laser techniques promoted the study of inherently dynamical 
phenomena. Nowadays we are able to freeze a far-from-equilibrium system, to observe several 
snapshots of a chemical reaction and to study the solvent reorganization on both the nuclear and the 
electronic time scales. Femtochemistry is now a reality.[1] Moreover, advances in the molecular 
design and bio-sensoristic applications encouraged the development of ad hoc modeled molecules 
to probe peculiar properties of the environment.[2] 

In this new scientific area the computational and theoretical chemistry is essential to analyse and 
guide the experiment. Relating the spectroscopic behavior to the atomistic re-organisation of a far-
from-equilibrium system becomes one of the principal aims of the modern theoretical chemistry. 
Here we present an integrated theoretical approach to study the time evolution of solute-solvent 
interactions, or, more in general, of a molecular probe environment. Our approach is based on 
excited states ab-initio molecular dynamics performed by time-dependent density functional 
theory.[3-5] In our opinion, this model can provide an invaluable support to the description of ultra-
fast phenomena (sub-ps time scale), when the Born-Oppenheimer approximation is still suitable. 
 As study case, we focussed on the solvation dynamics of the N-methyl-6-oxyquinolinium 
betaine, in particular on the simulation of its time-resolved Stoke-shift.[6] In spite of a complex 
solvent dynamics, we observe that the first solvation shell molecules dynamics is ruled by high 
frequency collective bulk motions. Our results are in good agreement with the experimental 
counterparts. 
 
 
 
 
 Zewail, J. Phys. Chem. A, 104, 2000, 5660. 
 J.P. Lustres, F. Rodriguez-Pireto, M. Mosquera, T. Senyushkina, N.P. Ernisting, and S.A.  
Kovalenko, Angew. Chem. Int., 44, 2005, 5635. 
 K. Bolton and W. L. Hase and G. H. Peslherbe in Modern Methods for Multidimensional 
Dynamics Computation in Chemistry, 1998, World Scientific, Singapore. 
 G. Brancato, N. Rega, V. Barone, J. Chem. Phys., 128, 2008, 144501. 
 R. E. Stratmann, G. E. Scuseria, M. J. Frisch, J. Chem. Phys., 109, 1998, 8214. 
 J.P. Lustres, F. Rodriguez-Pireto, M. Mosquera, T. Senyushkina, N.P. Ernisting, and S.A. 
Kovalenko, J. Am. Chem. Soc., 129, 2007, 5409. 
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The natural product 7-hydroxymatairesinol (HMR) is a member of lignans. The latter form a class 
of phenolic compounds possessing 2,3-dibenzylbutane skeleton. HMR is abundant in the knots of 
Norway spruce (Picea Abies), both as (7R,8R,8’R)-(-)-7-allo-hydroxymatairesinol (RRR-HMR) 
and (7S,8R,8’R)-(-)-7-allo-hydroxymatairesinol (SRR-HMR) 
diastereoisomers, undergoing isomeric equilibria [1]. HMR can be 
selectively oxidized to another lignan, oxomatairesinol (oxoMAT) that, due 
to its antioxidative activity and UV-protection properties, is valuable in 
cosmetic, pharmaceutical and textile industry. Either RRR-HMR or SRR-
HMR can be transformed by oxidative dehydrogenation to oxoMAT. SRR-
HMR is the most reactive species [2]. Clearly, the reaction of HMR to 
oxoMAT is a selective oxidation of a secondary alcohol to the 
corresponding ketone. Nano-sized gold clusters exhibited excellent activity 
and selectivity in this kind of reaction [3]. In this work, with the aim of 
understanding the elementary steps governing the aerobic dehydrogenation 
of HMR to oxoMAT on gold, adsorption of molecular species – such as O2, 
RRR-HMR, SRR-HMR and oxoMAT – on a Au28 gold cluster, has been studied by using a DFT 
approach. The computed kinetic and structural results, related to the binding process, show that 
molecular oxygen adsorb on the Au28 cluster, acting as an electron acceptor able to activate the 
HMR dehydrogenation. In this context, a reaction mechanism is proposed, especially considering 
structural and steric properties of the HMR diastereoisomers adsorbed over the gold cluster, which 
are able to point out and explain their, experimentally found, different reactivity. 
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Adsorption of organic molecules on semiconductor surfaces has been attracting a growing attention 
for its importance in emerging technologies. Since the properties of the resulting materials are 
largely dependent on the organic/semiconductor interface, fundamental research on the covalent 
bonding of molecules with the surface can provide useful information. Problems that have been 
addressed include the structure of the resulting systems and the spectroscopic measurements, often 
in concert with theoretical calculations, can assess the orientation and geometry of the molecular 
adsorbate.  NEXAFS spectroscopy is widely used to characterize adsorbate structures on surfaces 
since it allows to investigate the adsorption mode as well as the extent of the adsorbate-substrate 
interaction, through  the comparison between the spectra of the free and adsorbed molecules. Here 
we present  a DFT simulation of the NEXAFS  spectra of ethylene adsorbed on a regular Si (100) 
surface, considering several adsorption models. Cluster models have been employed to mimic the 
molecule-surface system for the spectra simulation.  Surface models with and without the adsorbed 
molecule have been optimized by means of periodic slab DFT calculations. Angle dependent  
spectra  have been also calculated and compared with available polarization dependent NEXAFS  
experiments, revealing the suitability of this  technique to derive the adsorption configuration of the 
molecule on the surface. 
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Due to the advance of techniques based on fluorescence encoding, a renewed interest in synthesis 
strategies [1] and spectroscopic characterization of common fluorophores [2,3] has been recently 
shown in literature. 

Although the most important features of the optical behaviour, including fluorescence 
quantum yield and lifetime, are usually well known for commercially available chromophores, a 
deep understanding of the photophysical behaviour is not fully assessed. On the other hand, an high 
degree of comprehension is nowadays required for a full control/design of modern optical devices. 
In this combined experimental and theoretical work we analyze the fluorescence signatures 
(lifetime, quantum yield and band peak) of several commonly used rhodamine and pyronin dyes.  

In particular we combine Fluorescence Lifetime Imaging Microscopy [4] data with 
calculations based on the Time-Dependent Density Functional Theory [5] to analyze and interpret 
the fluorescence signatures (lifetime, quantum yield and band peak) of the chromophores under 
study. 
Our procedure is validated by calculated quantum yields values in good agreement with the 
experimental counterparts. [6]  
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 Copper phtalocyanine (CuPc), nickel phtalocyanine (NiPc) and metal-free phtalocyanine 
(H2Pc) have been considered in this work. Density Functional calculations have been performed in 
order to assess the relationships between the electronic structure and the most salient NEXAFS 
spectral features. We have first addressed the description of the electronic structure of the systems 
under study at the ground state level, in order to establish the nature of the virtual valence molecular 
orbitals involved in the core excitations, in particular as concerns the relative contributions of ligand 
and metal atomic sites. Second, we have calculated the NEXAFS spectra, including the relaxation 
effects upon formation of the core hole by means of the Transition State (TS) scheme, with the aim 
to compare the results with respect to the experiment as well as to discuss the effect of the presence 
and the nature of the metal on the spectra. 
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Our work is included among the studies of  biological macromolecules with specific chemical-
physical properties in order to use them in biological, biotechnological or medical applications.[1] 
In this field GFPs are non-invasive biosensors ideal to be used in biological systems thanks to their 
main features. 
Our contribution regards the theoretical study of  wt-GFP absorption in both its neutral and anionic 
form and the analysis of the protein environmental influence on the isolated chromophore.  
In order to gain these results we used the time-dependent density functional theory (TD-DFT) to 
describe the electronic excited states of GFP and a quantum mechanical-molecular mechanics 
approach to study the relationship between the protein structure and the optical properties. For the 
isolated chromophores we have conducted TD-DFT calculations both in vacuum and in solvents 
using the conductor-like polarizable continuum model (CPCM).     
First of all, as ambiguous conclusions emerge from previous works,[2] we have verified that TD-
DFT can accurately describe the S0-S1 transition in wt-GFP giving results comparable with the more 
well-established  multi-determinantal methods. 
Our results support the idea that the protein environment has a fundamental role in GFP absorption, 
determining a not negligible red shift with respect to the isolated chromophore. The reliability of 
our analysis is proven by results in good agreement with the experimental counterparts.[3]  
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NMR spectroscopy is a powerful experimental tool used for the determination of protein structure 
[1]. NMR chemical shifts accurately reflect the local chemical environment at atomic resolution and 
are sensitive to many different factors including contacts between residues, hydrogen bonding and 
proximity to aromatic rings. Several papers have appeared which suggest that reasonably accurate 
protein structures can be determined directly from chemical shifts [2-4]. 

In the present work we aim at developing a protocol that employs ab initio computation of 
chemical shifts as a tool for the structural validation of metal binding site(s) in metalloproteins. EF-
hand calcium-binding proteins represent a suitable test application, since accurate databases of 
structural and NMR properties are available. We have adopted a hybrid quantum mechanical (QM) 
/ molecular mechanical (MM) approach, namely the ONIOM method as implemented in the 
Gaussian package. In essence, the system is partitioned into two “layers”: the molecular region 
which is immediately adjacent to NMR-active nucleus under investigation is treated at the QM 
(DFT) level of theory, whereas the rest of the biomacromolecular system is modeled by partial 
charges from the Amber force field. The frontier between the two layers is based on a hydrogen 
link-atom scheme and electrostatic interactions between the two layers are accounted for by means 
of an electronic-embedding implementation. A prototypical EF-hand calcium-binding protein, 
Calbindin D9k, was employed to perform a systematic exploration of the convergence of computed 
NMR chemical shifts with respect to the number and nature of residues included in the QM 
partition. This allows to determine an optimal balance between the high accuracy issuing from the 
choice of a sufficiently large QM region and the computational costs. 

Once a satisfactory partition scheme has been devised, more realistic computations were 
sought by including motional averaging effects. The procedure requires to perform a classical MD 
simulation of the biomacromolecule (in explicit solvent); snapshots are extracted at regular time 
intervals and the results of QM/MM calculations performed on each frame are averaged. 
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