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Premi o Roetti
Accurate Spedttaaridelodc Meels umRecent Devel
Chall enges

Julien Bloind

%Consiglio Nazionale delle Ricerche, Istituto di Chimica dei Composti OrganoMetallici (IGCORN),
UOS di Pisa, Via G. Moruzzi 1, 56124 Pisa, Italy;
e-mail: julien.bloino@pi.iccom.cnr.it

Computational spectroscopy is nowadays routinely used pegedictive and interpretativeol to
complement and support experimental results, providnsgghts of the underlying aieentary
phenomena responsible for the overall bahdpe. Howesr, its reliablity is stronglycorrelated to
the underlying models, which affect the level ofimecy of the calculated salts. This aspect can be
especially critical in some fieldsf applications like chiropticahalysis or astrochemistry for
instance. Such consiggionsemphasize the need of carefudlgtting up computational protocols, in
particular by selectimthe most appropriate levelthieory available. For mediuto-large molecular
systems withpossible environmental effects,tradeoff is indeed necessatetween accuracy and
feasibility, and several strategies candavised, with suitability varying depending on the cases.
To facilitate the setup of the most efficient and reliable rémutéhe simulation of accuraspectra,
we have been developing arsatile and modular platfm, called virtual spectrometer.(&)primary
objective in its design has been its simpyicof use and its computationa&fficiency. The
spectrometer has currently dwmajor modules. The first one (2,3) airissimulating vibrabnal
spectra beyond the harmoniguapximation, using secornarderperturbation level of theory (VPT2)
to compute both transitio energies and intensities. Teecond modulg4,5) adds vibrational
contributions to electronic spectra.

In this presentation, will describe some key features the virtual spectrometer artiscuss the
theoretical frameworks used for the simulataf anharmonic vibrational andbronic spectra. The
simplicity of use of the tool is strongtonditioned by its capability identify and possibly overcome
the shortcomings in the approximations adoptedbpasic models on which it relies. The potential
impact ofsuch issues, like resonancesMRT2 calculations or molecular deformations and mode
mixing upon electronic transitp and strategies to ensure the reliability and accuracy of the results
will be discussed. Thosaspects, as well as current projects, will be illustrated different case
studies

Referencesl. J. Bloino et al., Int. J. Quantum Chem. 116, 1543 (2@1.6) Bloino et al., J. Chem. Phys. 136, 124108
(2012).3. J. Bloino et al., J. ®ys. Chem. A 119, 11862 (2015). X.Bloino et al., J. ChenT.heory Comput. 6, 1256
(2010). %A, Baiardi et al., J. Chem. The&Comput. 9, 4097 (2013).
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Premi o Roetti
Frof stinci ple Chem@GEKanhs8hisf Caad-StldaDei on s
and NMR Spectraobi @aoampternSystems.

Alfonso Pedorfe

®Department of Chemical and Geological Sciences, University of Modena and Reggio Emilia, via G. Campi
103, 41058, Modena

In the last decades, NMR spectroscopy has arisen as one of the most powerful techniques to probe
the atomic level structure of polycrgdiine or disordered systems for which XRD techniques can
provide only an average vision of the structure.

Although, several highesolution 1D and 2D NMR experiments have been devised for the solid state
such as Magic Angle Spinning (MAS), Variable An@pinning (VAS), Dynamic Angle Spinning

(DAS) and MulttQuantum MAS (MQMAS), their interpretation remains difficult in most cases. This

is often because in disordered systems the continuous distribution of structural parameters and
topological environmentteads to a continuous distribution of NMR parameters and thus broad
spectra with peaks in most cases strongly overlapped are observed. It is thus necessary to have a dee
knowledge of the correlation between the NMR parameters and the local structhee phast this

was pursued empirically by referencing to known crystalline structures but the development of cost
effective quantum mechanical methods like DFT and the implementation of methods and algorithms
to compute NMR parameters for periodic systens ddbowed gain more reliable insights on the
atomic structure theoretically.(1)

In this communication, | will show the recent advances achieved in the computation of ab initio NMR
parameters of spin active nuclei in several complex systems and presemt software tool
(SOSNMR) developed in our group to simulate several 1D and 2D solid state NMR spectra of half
integer and quadrupolar nuclei.(2)

The SoOSNMR modulealso implemented in thggraphical user interface of VMS (VMBraw)(3)can

work under bothperiodic and noiperiodic conditionsTherefore, it carsimulate spectra resulting

from NMR calculations by some popular quantum chemistry codes, namely Gaussian09/16, Castep,
and Quantum Espresso.
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References: ICharpentier, T.; Menziani, M.C.; Pedoe RSC Advances?013,3 (27), 1055010578
2. Presti, D.; Pedone, A.; Licari, Barone, V. J. ChenTheor. Comp. 2017, 13(5), 22P229.
3. Licari et al.J. ComputChem. 2015, 36, 32334
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Premi o Scrocco
Devel opment of Theoretical and Comput a
Spectroscopic Properties of Mol ecul es

Franco Egidi®?:¢

aScuola Normale Superiore, Piazza Gaivalieri 7, 56126 Pisa, Itajj’Gaussian Inc., 340 Quinnipiac St,
Bldg 40, Wallingford, Connecticut 06492, USBgpartment of Chemistry, University of Wengton,
Seattle, WA 98195, USA.
e-mail: franco.egidi@sns.it

The accurate simulation of spectrosaopioperties requires the inclusion of multiple effects into the
theoretical model. Both the electronic and vibrational degrees of freedom need to be treated with
sufficient accuracy to be able to reproduce experimental findings. This means choosingpineep
electronic structure model, whether wave function theoryor DFT based, and going beyond the
harmonic approximation for the vibrational component. In addition, since most experiments are
carried out on solvated samples, an accurate treatment efthe ect of sol vati on
spectroscopic properties is crucial (1). We show that by carefully combining vibrational effects with
either continuous and discrete solvation models, it is possible to simulate a wide variety of spectra
that can be ditly compared with experimental measurements, provided the solvation model also
takes into accounts effects due to solvation dynamics and the screening of the electromagnetic
radiation caused by the solvent&® All such effects can be effectively coméehwith a description

of the molecular vibrations that goes beyond the harmonic approximatinlfds framework can

be applied to all kinds of properties, whether purely vibrational, vibronic, and involving both electric
and magnetic perturbations {2 The developed methods are both accurate and easy to use, allowing
these methods to be used by specialists as well as expert theoreticians, thus bridging the gap
between theory and experiment in a synergistic Wag. research leading to some of thessults

has been performed in the framework of the ER
of a Research Environment for Advanced Modell

References:1. F. Egidi, C. CappeReference Module in Chemistry, MolesmuSciences and Chemical Engineering
(2015) Elsevier 2. F. Lipparini et al, Chem. Theory Comp8@t(2013) 234303.3:. Egidi et alChirality 25 (2013) 701.
4. F. Egidi et alJ. Chem. Theory Comp@&t(2012) 5855. F. Egidi et alMol. Phys.111 (2013) 1345. 6. F. Egidi et al,
Chem.Theory Comput0 (2014) 2456. 7. F. Egidi et &l, Phys. Chem. A19 (2015) 5396. 8. F. Egidi et dl, Chem.
Theory Computl0 (2014) 346
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Premi o del Re
Wavel et AnaREqguwiilsi droirumMomMr ocesses in

Greta Donatf, AlessioPetrorfe Nadia Rega®

3 Department of Chemical Sciences, University of Napoli Federico II, Napoli, 80126" Italign Institute
of Technology, IIT@CRIB Center for Advanced Biomaterials for Healthddapoli, 80126, Italy! Current
address: Department of Chemistry, University of Washington, Seattl€981/96.
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New and sophisticatezbmputational tools represent ttenditio sine qua nomformation provided

by simulation techniques in the field of theoretical modeling of molecules, such as molecular
dynamics, can be extracted in the most efficient way.

Nowadays, excited state -afitio molecular dynamics (AIMD) in BorOppenheimer
approximatioifl) can be also employed for the simulation of molecular systems with huge number
of degrees of freedom (such as biomolecules) iratprilibrium conditions (i.eafter interaction with

light). But neverthelesshis method still represents a noonventional approach because of the huge
computational cost.

This work represents a challenge not only because excited state AIMD simulations were employed
for studying tle photeinduced proton transfer of the Green Fluorescent P{@einut also because

we employed for the first time a multiresolution and tirasolved vibrational analysis, the
continuous Wavelet transforn(B,4), to investigate the proteisonformationalrearrangements
favouring the reaction event and the reaction mechanism itself. The Wavelet analysis allowed to
perform a reciprocaspace domain based analysis of structural properties extracted from the excited
state AIMD simulations. The extractditne-evolving vibrational bands revealed that the protein
active siteundergoes an important rearrangemnemnach the best conformatitmstart the reaction.

We found thathe main molecular motions involved in this step were collective low frequancy
natue, involving not onlythe chromophore but also other regigdsometimes nadirectly involved

in the active site.

The Wavelet based approaghve access to thereal time evolution of the molecule rearrangements
immediately after the excitation and so tan a clear and complete picture of the-eguilibrium
eventsMoreover the capability to disentangle in a more accurate way the different frequency range
contributions (because of the multiresolution nature of the transform) allowed for a moreeaccurat
description of the vibrational bands. Last but not least, we found excellent agreement with time
resolved spectroscopic experiments.

On the basis of this work an innovative, not molecule dependent and efficient protocol is established
for the investigabn of photeinduced chemical processes.

References: 1. T.Helgaker, E.Uggerud, H.J AJensen, Chem.Phys.Lett. 173, 145 (1990).2.P.J.Tonge,
S.R.MeechJ.Photoch.Photobio.A 205, 1 (2009).3.R.Carmona, W.L.Hwang, B.TorrBsaciical timefrequency
analysis(Academic Press, San Diego. 1998).4.A.Petrone, G.Donati, P.Caruso, N.Rega JACS 136, 14866 (2014).
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The knowledge of the equilibrium structures of isolated molecular systems atehand biological
interest is of fundamental relevance to gain detailed information on many cheimysatal
processes, in the framework of thecadled structurgroperty relationships. Moreover, accurate
equilibrium geometries serve as benchmarktherdevelopment of new computational strategies.
Molecular structures obtained through isotopic substitution are subject to vibrational average,
nevertheless vibrational effects are often not explicitly considered during the inversion of the
spectroscopidata. Hence, the resulting structures strongly depend on the isotopic species under
investigation. From this point of view, the determination of the equilibrium structure, i.e. the
geometry associated with the Ba@dppenheimer (BD) potential energy surfacminimum, is the

most appealing alternative (1). While this type of structure is more challenging to be inferred at the
experimental level, its determination allows the inclusion of vibrational effects and, withinGhe B
approximation, it is isotopic sshbtution independent. Furthermore, such structures are directly
comparable with theoretical results. In this contribution we present the new program MSR (Molecular
Structure Refinement) (2), specifically devised for computing equilibrium structures log wicthe
semiexperimental approach (3,4)he program includes a large panel of optimization algorithms
and an extended error analysis (5). Particular attention has been devoted to the definition of the
internal coordinates to be employed in the refinemé&he most widespread set of internal
coordinates used in this context, defined in terms of the so calhedtizx, has proven to be often
problematic when complex molecular topologies are faced, not to speak about their intrinsic user
dependencyln order to overcome these issues, a different procedure is proposed, based on the
identification of all the A coordinates belonging to a set of Amdundant internal symmetry
coordinates, which can be, in turn, derived from the redundant set formed by all the bond lengths,
valence, and dihedral angles. This approach, which is particularly advantageous wheitrisymme
molecules are studied, is implemented as a completely automaticbaaghrocedure. The MSR
program is also equipped with the possibility of including predicate observations in the fit (6). By
means of this method, the set of input data (i.e. theiooal constants of different isotopologues)

can be augmented by estimates of structural parameters obtained, for example, through quantum
chemical calculations. In this contribution, the underlying theory and the organization of our
implementation are psented in some detail. The reliability of the new cogeoigenby applications

of A1 coordinates and predicate observations to the determination of the equilibrium structure of
mediumsize organic and biological molecules.

References: 1. J. Demaison,Bbggs, J. Csaszdgquilibrium Molecular Structures: From Spectroscopy to Quantum
Chemistry edited by J. Demaison (CRC Press, 2021)M. Mendolicchio, E. Penocchio, D. Licari, N. Tasinato, V.
Barone,J. ChemTheory Comp(2017) DOI: 10.1021/acs.jci&h00279. 3. P. Pulay, W. Meyer and J. Boggs, J. Chem.
Phys. 68. (1978). 5077. 4. J. Demaison, Mol. Phys. @7). 3109. 5. E. Penocchio, M. Mendolicchio, N. Tasinato,
V. Barone, Can. J. Chem. 92016). 12. 6. L. Bartell, D. Romenesko, T. Wong, G.Siin SuttonChemical Society
Specialist Periodical Report No. 20: Molecular Structure by Diffraction Mett&d4975). 72.
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