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FOREWORD

Revealing the chemical bonding (structure) and rdwrganization of the chemical
bonds (reactivity) of any molecular system forme thndisputed foundation of

chemistry. Chemical interactions between a proteid a drug, or a catalyst and its
substrate, self-assembly of nanomaterials, and alaoy chemical reactions are
dominated by noncovalent interactions. This cldsimteractions spans a wide range
of binding energies and encompasses hydrogen bgndipole—dipole interactions,

steric repulsion, and London dispersion. Molecstaucture is governed by covalent,
noncovalent, and electrostatic interactions, thtedawo of which are the driving

force in most biochemical processes.

The three-dimensional molecular structure definesvakent bonds; however,

noncovalent interactions are hidden within voidgshie bonding network. Although

there are several ways to view and analyze covaladt electrostatic interactions,
analogously simple methods for noncovalent intéwastare rare. The development of
such methods aids understanding of the complexaictiens between biomolecules
and the design of self-assembled materials andsdargong others.

One such proposal is the noncovalent interactic@lMdex. It enables visualization

and quantification of noncovalent theoretical resuNCI enables identification of

interactions in 3D space from the electron denditgreover, this approach has the
advantage of being transferable to large systenislewemaining very fast to

compute. Consequently, a qualitative NCI analysispplicable to extremely large
systems, including, e.g. proteins and DNA, whergcdbing the interplay of attractive

and repulsive interactions is crucial for underdiag functionality. This new index,

requiring only molecular geometry information, cdmpents existing methods for

covalent and electrostatic interactions, providingerfect bridge between theoretical
chemistry and (in)organic chemistry by means ohubal bonds and their change.

Non covalent interactions in the adenine-thymine
complex. HBs in blue (2 intermolecular HBs), steric
clashes in red and dispersion in green.
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PLACES OF THE WORKSHOP

The training: Salle 119, Atrium, 1st floor, Université PierreMarie
Curie

Metro Line 7Jussieuwr Metro Line 1QJussieu

The workshop: Amphithéatre Jean Perrin, LCPMR, Campus Curie,
11 rue Pierre et Marie Curie, 75005 Paris

Metro Line 10Cardinal Lemoineor RER BLuxembourgBus 89 or
84 Panthéon

Organized Lunches A.U.R.A. 1 rue Descartes 75005 Paris

Walking distance from the workshop

Conference Dinner Le Pilote - Cercle de la Mer Port de Suffren
75007 Paris

RER Cstation Champ de Mars — Tour Eifigl Metro Line 6Bir
Hakeim - Tour Eiffel

from the metro or RER station, go down to the Sewer, right-hand-
side direction Eiffel tower.

For more detailed informations, check out our wiki:

https://wiki.lct.jussieu.fr/workshop/index.php/Péac for_the_ NCI_workshop



WEDNESDAY 26™ JUNE 2013

9:30-10:30Frank de Proft (Chairperson : Jean Philip Piquemal)
Combined use of DFT based Reactivity Indices aad\ibn-covalent Index in
the Study of Intermolecular Interactionp.-10

10:30-11:00 BREAK

11:00-11:30 Piotr de Silva
Probing Aromaticity and Non-Covalent InteractionighaSingle Exponential
Decay Detector (SEDD) p.17

11:30-12:00 Gabriele Saleh
Exploring non-covalent interactions in moleculaystals through the analysis
of their experimental electron density distributiom 18

12:00-12:30 Eduard Matito
Multicenter Bond Index: a versatile tool to charadte electron delocalization
and aromaticity- p. 19

12:30-14:30 LUNCH

14:30-15:30Angel Martin Pendas(Chairperson: Eduard Matito)
Decay rate of delocalization indices: towards alrggace image of the
insulating or metallic character of a materiap-11

15:30-16:00 BREAK

16:00-16:30 Silvia Simon
Delocalization Indices for Non-Covalent Interactiop. 20
16:30-17:00 Ferran Feixas
The role of cis-prenyl diphosphate synthases indvad cell-wall biosynthesis:
non-covalent interactions and its implications &sug discovery p. 21
17:00-17:30 Piotr Kasprzycki
The correlation between the proton transfer timd atectron density in the
inner cavity of porphycenesp. 22
17:30-18:00 Kati Finzel
Indicators based on electron density inhomogenaity23
18:00-18:30 Dylan Jayatilaka
Some thoughts about efficient implementation ofi@te intermolecular
interaction energies p. 24

18:30-19:00 DISCUSSIONIeader : Andreas Savin
19:00-20:30 POSTER SESSION p. 32



THURSDAY 27" JUNE 2013

9:30-10:30Manuel Yafiez(chairperson : Peter Reinhardt
Playing around with Beryllium Bonds. 12
10:30-11:00 BREAK

11:00-11:30 Marc Garcia-Borras
Intermolecular Dispersion Interaction Effects or thiels-Alder Endohedral
Metallofullerene Monoadduct stabilities. The Cp/ad@E@ G,-Cg, example-
p. 25

11:30-12:00 Mercedes Alonso
Fine-tuning of the conformation of expanded porpis/using conceptual DFT
descriptors and non-covalent indep. 27

12:00-12:30 M6bnica Calatayud
Reactivity indices and bonding in V205 based malerip. 28

12:30-14:30 LUNCH

14:30-16:00 VISITS

16:00-17:00Paul Popelier(Chairperson: Odile Eisenstein)
Quantum Chemical Topology: on Bonds and Force Biefd 13

17:00-17:30 Hélene Gerard
Interactions within heterobimetallic complexgs 29

17:30-18:00 Robin Chaudret
Non covalent interaction within reactive and dynasystems : a presentation of
ELF/NCI and aNC} p. 30

18:00-18:30 Arturo Espinosa
Intra- and intermolecular NCls balance in biscarb&ztrisurea (BC3U)
receptors and their pyrophosphate complexes31

20:00 DINNER

FRiDAY 28™ JUNE 2013

9:30-10:30Weitao Yang(Chairperson: Robin Chaudret)
Non-Covalent Interaction Analysis in Fluctuatingviionments and Exchange-
Correlation Energies from Response Propertipst4

10:30-11:00 BREAK

11:00-11:30 Vincent Tognetti
QTAIM/DFT descriptors for the description of “weakiteractions- p. 32



11:30-12:00 Verodnica Postils

Characterization and ldentification of Electridep. 33
12:00-12:30 Alberto Otero-de-la-Roza

Exchange and correlation effects on non-covaletgractions- p. 34
12:30-14:30 LUNCH

14:30-15:30Slawomir J. Grabowski (Chairperson: Henry Chermette)
Non-covalent interactions: characteristics and matblms of formation - the
topological approach p. 15

15:30-16:00 BREAK

16:00-16:30 Benoit de Courcy
Unravelling Non Covalent Interactions within FlelalBiomolecules: from
electron density topology to gas phase spectrosepp$5

16:30-17:00 Kasper Mackeprang
Weak intramolecular OHz hydrogen bonding in methallyl and allyl carbinol
-p. 36

17:00-17:30 Christine Lepetit
Theoretical studies of the metal-phenylene intéoadn a P(CH)P pincer
rhodium(l) complex p. 37

17:30-18:00 Odile Eisenstein
Analysis of weak interactions for asymmetric sysithdhe case of the selective
hydrogenation of artemisinic acid by diazerne 16

18:00-18:30 DISCUSSIONeader: Erin Johnson
18:30-19:00 CLOSING
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NCI (basics): first steps into NCIPLOT and VMD

Robin Chaudret and Julia Contrekaascie

NCI (Non-Covalent Interactions) ia visualization index based on the density anc
derivatives. It enables identification of noavalent interactions. It is based on the pe
that appear in the reduced density gradient (RR@vadensities.

There is a crucial change in the RDG at ¢hiéical points in between molecules due to
annihilation of the density gradient at these millYhen we plot the RDG as a functior
the density across a molecule, we see that the diffénence between the monomer (Fig
1a) and dimer (Figure llzases is the appearance of steep peaks at Icsityd

"0.00 005 010 0.15 020 "0.00 0.05 010 015 020

When we search for the points in 3D space givieg to these peaks, non covalent reg
clearly appear in the (supra)molecular complexefimén Figure 1a and Figure 1b). Dur
this trainirg, we will review how to carry out NCI calculatigrisoth from promolecular ar
SCF calculations. We will also go into the VMD gtriso that everybody knows how
visualize their output!



ELF (basics) :first steps into TOPMOD and topological
analysis

Coupling ELF and NCI

Robin Chaudret

In this final training of the morning session welv@mphase on the complementarity
ELF and NCI approaches and particularly to stuégtien mechanisms. Indeesince ELF
focuses on strong density area and nci on weakitgemses, these approaches allon
follow the modification of the system at any stéphe reaction. During the training we w
specifically learn how to understand an ELF/NCltyie and to se different scripts t
generate automatically ELF/NCI short movie.

Averaged NCI: using NCI for dynamic syst

Robin Chaudret

To apply the NCI analysis to fluctuating environrseras in the solution phase,
developed a new averaged noncovalent interactian, (BNCI) index along with
fluctuation index to characterize the magnitude imteractions and fluctuations. V
implemented them into the NClplot programm and tested tbharseveral solute/solvant k
also substrate/enzyme systems. During the traisigsion we will rapidly review tt
theory of aNCI and how and why we decided to ganfidCI to aNCI. Then we will d
practcal exercices to learn the usage of the specifitpf€keywords going along with &
aNCI calculation. We will also review several stsithat allow to create aNCl inp
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NCI for solids

Alberto Otero-de-la-Roza

Chemistry and Chemical Biologgchool of Natural Sciences, University of Califar
Merced, 5200 North Lake Road, Merced, California4®, US,

In this training session | will give a brief intraction to critic2, a program for the analy
of the electron density (and related scdlalds) in real space. Critic2 can be used
atoms-inmolecules (QTAIM) analyses, graphical representatmithmetic manipulation «
scalar fields, crystal format conversion, and mamehis session, the primary focus will
the calculation of the nooevalent interactions (NCI) index in periodic sslidrhe basit
procedure involves computing the electron denditye solid using any of the codes in
literature (at this moment, critic2 supports dikeavien2k, elk, Quantum ESPRESS
VASP, abint, gaussian, and aiPl but any code that generagesléctron density on a gi
can be used) and then writing a simple input fibattis run through critic2. Tt
promolecular density can be used as well when theep selfeonsistent density is n
available. Critic2 is fullydocumented and distributed under a free (GPL) fie



NCI from experimental densities

Gabriele Saleh

Department of Chemistry, Universita degli StudMiliano, via C.Golgi 19, 20159 Milan
Italy

NCImilano: a code to apply noneovalent interactions descriptor to experimental ad
theoretical electron density distribution

The code “NClmilano” [1] is designed to apply thB®&-based NCI descriptor introduc
by Johnson et al. [2] to Electron Density (ED) digttion obtained either from theoretic
calculation (on both isolated molecules and crg$tat from Xray diffraction experiment
[3,4]. More specifically, it can read the outpu¢$ of GAUSSIAN 03/09, TOPOND (whic
is interfaced to CRYSTAL 98/06/09) and XD2 When files in XD2006 format are giv
in input to “NClmilano”, output files in the samerfnat are produced, so that they car
read from the graphical routine of XD. Besides ghlting Reduced Density Gradie
(RDG) and ED*sigif2) (where)2 is thesecond greatest eigenvalue of the ED Hes
matrix), i.e. the quantities needed to apply thel N€scriptor in its original formulatiol
this program can also produce grid files of totatrgy density along with its potential a
kinetic contribution. Tk latter quantities can be evaluated either exafityn the
wavefunction or, in the case of experimentalgrived ED (i.e. when the wavefunction
not available), by exploiting the approximate fuocal introduced by Abramov [5]. |
addition, NClmilanocompute the volume of RDG isosurfaces and the iategf severa
guantities over the space enclosed into such ifaxss. In this talk the main features of
code NClmilano will be presented, with special eagé on the calculation of propert
from experimentally-derived ED.

1] G. Saleh, C. Gatti, L. Lo Presti, D. CeresSlibmitted to J. Appl. Cryst. on 15th March 2013§2
R. Johnson, et al. (2010) J. Am. Chem. Soc. 13235606 [3] G. Saleh, C. Gatti, L. Lo Presti
Contreras-Garcia (2012) Chem. Eur. J. 18, 15B®6 [4] G. Saleh, C. Gatti, L. Lo Presti, L. (2)
Comput. Theor. Chem. 998,143 [5] Y. A. Abramov (1997) Acta Cryst. A53, 2-272
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Maximum Probability Domains (MPDs)

Benoit Braida

In the last few years it has been proposed to aaaybitrary wave functions by search

the regions of space for which the probability itedfa given number of electronv, is

maximal.[14] These regions of space, and by extension theciased intrpretative
method, are thus called «maximum probability domi(MPDs). Whetv = 2, it relates to
the Lewis’ concept of electron pairs, and thus f@es a natural connection betwe
quantum mechanics and the traditional way of timgkbf chemists (Lew structures). In
addition to the simplicity and clarity of the copt@nd related quantites, another signific

advantage of this method is that the search for MRDocal, so the computational ¢

scales moderately with systems size, which opems for applications on large syster

Two domains maximizing the probability to find 2efrons, corresponding to one of the two lone |
(yellow domain) and one of the two B-+onds (blue domain) of the water mole:

The MPD method and relatebncepts will be introduced, differences and aduged
towards other related interpretative methods higitéd. The MPD program will k
presented, and the tutorial participants will hdlie opportunity to use it on simg
illustrative systems.

[1] SavinA (2002) In: Sen KD (ed) Reviews of modern quanttimamistry: a celebration of the 2

contributions of Robert G. Parr. World ScientifBingapore, p43

[2] Cances E, Keriven R, Lodier F, Savin A (2004e®r Chem Acc 111, 373

[3] Scemama A, Caffarel M, Savin A (2007) J Come@28, 442

[4] Mafra Lopez Jr. O, Braida B, Causa M, Savin A iagPess in Theoretical Chemistry and Phy
vol 22, p173 ed Hoggan, Springer UK, London (2011)

[5] (a) Causa M, Savin A Z. Anorg. Allg. Chem. 20887 ;(b) Causa M, Savin A J. PhyChem. A
2011, 115, 13139



Combined use of DFT based Reactivity Indices and &
Non-covalent Index in the Study of Intermolecular
Interactions

Frank De Proft

Eenheid Algemene Chemie (ALGC), Vrije UniversBeitssel (VUB)Pleinlaan 2, -1050
Brussels, Belgium

Conceptual Density Functional Theory (sometimes aldled DFT based reactivity thec
or Chemical DFT) has proven to be an ideal fram&wor the introduction of chemici
reactivity descriptors [1]. These indicae defined as response functions of the el E of
the system with respect to either the number oftedasN, the external potentiv(r) or
both. These definitions have afforded their mompirical calculation and applications
many fields of chemisy have been performed, often combined with pgles such as tt
electronegativity equalization principle of Sandersnd Pearson’s hard and soft acids
bases (HSAB) and maximum hardness principles.ift#tk, we focus on recent studies
which a combined use of these reactivity indiced #re NonCovalent Interaction (NCI
Index [2] was carried out in order to scrutinizeeimolecular interactions. In a first part,
focus on halogen bonding. Halogen bonds betweentrifi@oromethyl halidesCF3Cl,
CF3Br and CF3I, and dimethyl ether, dimethyl sdfidrimethylamine and trimeth
phosphine were investigated using the HSAB coneetht conceptual DFT reactivit
indices, the ZiegleRauk type energy decomposition analysis [3], théulNé Orbitd for
Chemical Valence framework (NOCV) [4], and the N@dex. It is found that the relati
importance of electrostatic and orbital (chargedfar) interactions in these halogen bon
complexes varies as a function of both the dondraateptor moledes [5]. Hard and so
interactions were distinguished and characterizgcitomic charges, electrophilicity a
local softness indices. Dual descriptor plots iatBcan orbitas-hole on the halogen simil
to the electrostatico-hole manifested in themolecular electrostatic potential. T
characteristic signal found in the reduced dengiidient versus electron density diag
corresponds to the narovalent interaction between contact atoms in tfa pots, which
is the manifestation of halogen kng within the NCI theory. The unexpecte—X bond
strengthening observed in several cases was ritiedavithin the MO framewor

In a second part of the talk, we present recentlteesn the use of the above mentio
quantities in the study of metal-metal interacti{8is

[1] (@) R. G. Parr and W. Yang, Density Functioflaéory of Atoms and Molecules, Oxford Univers
Press, New York, 1989. (b) R. G. Parr and W. Yammy. Rev. Phys. Chem. 46, 701 (1995). (c
Chermette, J. Comput. Chem. 209%2999). (d) P. Geerlings, F. De Proft and W. learagker, Chen
Rev. 103, 1793 (2003). (e) P. W. Ayers, J. S. Mdénson and L. J. Bartolotti, Int. J. Quant. Ch
101, 520 (2005).

[2] (@) E. R. Johnson, S. Keinan, P. Mori-Sancliegontreras-Garcid. J. Cohen and W. T. Yan
Journal of the American Chemical Society 132, 6448.0). (b) J. ContreraSarcia, E. R. Johnson,
Keinan, R. Chaudret, J. P. Piquemal, D. N. BeratahW. T. Yang, J. Chem. Theor. Comput. 7,
(2011).

[3] (&) F. M. Bickehaupt and E. J. Baerends, Reviews in Computati©hainistry, 15, 1 (2000); (b)
Ziegler and A. Rauk, Theoretica Chimica Acta 461977).

[4] M. P. Mitoraj, A. Michalak and T. Ziegler, Jh&m. Theor. Comput. 5, 962 (20(

[5] B. Pinter, N. Nagels, WA. Herrebout and F. De Proft, Chem. Eur. J. 19, @D43)

[6] B. Pinter, L. Broeckaert, J. Turek, AiEcka and F. De Proft, in preparatic
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Decay rate of delocalization indices: towards a réapace
image of the insulating or metallic character of anaterial

Angel Martin Pendas

Universidad de Oviedo. Spain

Real space theories of the chemical bond have afrage, and are now grouped togel
under the umbrella name of Quantum Chemical Topo{@FT) [1], as originally propose
by Paul Popelier. Most of what is known in chemitainding has been successf
reformulated using QCT techniques, that provideealth of quantities which are invarie
under general orbital transformations. Howeveryehis still no clear indication of wh
type of real space quantities, if any, might bedute discriminate beteen metals and
insulators, in spite of several initial proposdilse those of Gatti and Silvi, or Contreras
al. Recently, Baranov and Kohout have proposedItitadization or delocalization indic:
might hold the clue [4]. However, their unrestritiéohn-Sham approach is not devoid
possible criticisms. Here we address the problem fa molecular point of view, examinil
the analytic behavior of localization and delocatian indices in analytically solvab
models and pointing towards the ratiedecay of these quantities as a possible meaxi
long-range (metallic-like) or short-range (insulgtlike) electron delocalization i
materials [5].

[1] Paul L. A. Popelier, Struct. Bond. 2008,5 1.

[2] B. Silvi, C. Gatti, J. Phys. Chem. A, 2000, 104

[3] J. Contreras-Garcia, A. Martin Pendas, J. Mi®eB. Silvi , J. ChenmTheory Compu, 2009,5,
164.

[4] A. Baranov, M. Kohout, Acta Cryst. A 20167, C115.

[5] A. Martin Pendas, in preparation.
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Playing around with Beryllium Bonds
Manuel Yafez

Departamento de Quimica. Facultad de Ciencdldédulo 13. Universidad Autbnoma
Madrid. Campus de Excelencia UAM-CSIC. Cantobla28®49Madrid. Spain

Beryllium bonds share many characteristics withvemtional hydrogen bonds (HBs) [
and as in HBs the proton donor may become sigmifid&storter, the formation of Be bon
are also accompanied by a dramatic distortion efaeryllium derivative. Tls deformation
plays a crucial role as far as the relative stgbiliends are concerned since it amount
about a 30% of the total interaction energy, buterimportantly significantly enhances 1
electron acceptor capacity of Be containing Lewd&l §2]. When these two clos-shell
kinds of interactions are present in the same Byslike in the complexes between Be
derivatives and imidazole dimer, clear cooperatieiffects are observed, which result i
mutual reinforcement of both non-covalénteractions. This permits to use the Be bonc
modulate or tune the strength of inter- and imb@ecular HBs [3]. Indeed, for mo
complex clusters, as those involving water triméisth cooperative and a-cooperative
effects are found [4]. Morienportantly Be bonds lead to a significant charmgthe intrinsic
properties of the Lewis base participating in tloady in particular on its intrinsic acidi
which is dramatically enhanced [5]. The possibitifybuilding up ditopic systems, in whi
the acid site is a BeX group opens interesting pdiis to design new polymer
materials.

[1] M. Yafez., P. Sanz, O. M6, |. Alkorta and Jgligro, J. Chem Theor. Comput. 2009, 5, :-2771.
[2] A. Martin-Sémer, A. M. Lamsabhi, O. M6 and Maifez,Comput. Theor. Chem. 2012, 998-79.
[3] O. M6, M. Yafiez, I. Alkorta and J. ElgueroChem. Theory Comput. 2012, 8, 2:-2300.

[4] L. Albrecht, R. J. Boyd, O. Mo and M. Yanez,yBhChem. Chem. Phys. 2012, 14, 1£-14547.
[5] O. M6, M. Yafiez, I. Alkorta, J. Elguero, J. Mdllod. 2013.
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Quantum Chemical Topology: on Bonds and Force Fiek

Paul Popelier

Manchester Institute of Biotechnology (MIB) and &xtof Chemistr University of
Manchester, Great Britain

Quantum Chemical Topology (QCT)[1,2] is an umbrefiathod that includes QTAIM[3,¢
as a special case. The central idea of QCT isrtitipa through a gradient vector field, a
apply the language and insights of dynamical systérhis talk has two dinct parts (that
could be unified in future work).

The first part[5] discusses how to draw a moleduten a molecular wave function. Tl
spatial distribution of atoms in a molecule in foem of chemical graphs is obtained fo
set of molecules, using their corresponding domaaieraged exchangmrrelation energie
(V). Conveniently, such energies are transferable {fointeractions in saturated line
hydrocarbons) and can provide an accurate estimaifothe covaler-like contribution
between pairs of given interacting topological asofand B.

The second part focuses on the electrostatic ictierain a novel topological force field fi
biomolecular modeling. Topological atoms are bowéth a particular shape and a fin
volume. If the coorhates change then the shapes of the atoms chaogast well as the
multipole moments. This complex relationship istoggd by a machine learning technic
called kriging. Here | will explore how these idéasan be used to enhance the realist
the electrostatic energy, [7,8] and put polarisatiod aharge transfer on the same footi
without having a polarisation catastrophe.

[1] Popelier, P. L. A.; Brémond, E. A. G. Int.J.Quihem. 2009, 109, 2542.

[2] Popelier, P. L. A. In Structure and Bang. Intermolecular Forces and Clusters, Ed, D.Je%/
Springer: Heidelberg, Germany, 2005; Vol. 115, p 1.

[3] Bader, R. F. W. Atoms in Molecules. A Quantulme®ry.; Oxford Univ. Press, Great Britain, 1¢
[4] Popelier, P. L. A. Atoms in Molecules. Anttoduction.; Pearson Education: London, Great Brji
2000.

[5] Garcia-Revilla, M.; Francisco, E.; PopelierLRA. ; Martin-Pendas, A. M. ChemPhysChem 2C
14, 1211.

[6] Popelier, P. L. A. AIP Conf.Proc. 2012, 145612

[7] Mills, M. J. L.; Popelier, P. L. A. Theor.CheAtc. 2012, 131, 1137.

[8] Kandathil, S. M.; Fletcher, T. L.; Yuan, Y.; Kwles, J.; Popelier, P. L. A. J.Comput.Chem. 2(
in press, DOI: 10.1002/jcc.23333.
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Non-Covalent Interaction Analysis in Fluctuating
Environments and Exchange€orrelation Energies from
Response Properties

Weitao Yang

Department of Chemistry, Duke University, DurhanG.N7708, U.S.,

To apply the NCI analysis to fluctuating environngeas in solution phase, we develope
new Averaged NonCovalenttBraction (i.e., aNCI) index along with a fluctwatiindex tc
characterize magnitude of interactions and fluobmat We applied aNCI for variol
systems including solute-solvent and liggrdtein noncovalent interactions. For water
benzene molecudein aqueous solution, solvation structures andpleeific hydrogen bon
patterns were visualized clearly. For the #0QIH3Cl SN2 reaction in aqueous soluti
charge reorganization influences over solvationcstire along SN2 reaction were revea
For ligandprotein systems, aNCIl can recover several key fhtotg hydrogen bon
patterns that have potential applications for drdgsign. Therefore, aNCl, as
complementary approach to the original NCI metteaah, extract and visualize noncoval
interactions from thermal noise in fluctuating eoviments.

In the second part of the talk, we will presentaahabatic connection to formulate 1
exchangecorrelation energy in terms of response propertiss formulation of the
exchange-correlation energypens new channels for density functional approtiona
based on the martyedy perturbation theory. We illustrate the potintif such approachu
with an approximation based on the Random PhaseaXjppation. This resulting methc
has many highly desibde properties. It has minimal delocalization erwdth a nearly
linear energy behavior for systems with fractioméilarges, describes van der We
interactions similarly and thermodynamic propertiegnificantly better than tr
conventional RPA, and ietinates static correlation error for single borygtems. Mos
significantly, it is the first known functional viitan explicit and clos+-form dependence
on the occupied and unoccupied orbitals that caepttite energy derivative discontinuity
strongly correlated systems.

Collaborators: Pan Wu, Robin Chaudret, Xianggian Hu, Helen van edgy and Yan
Yang
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Non-covalent interactions: characteristics and mechanms
of formation - the topological approact

Slawomir J. Graboski

Faculty of ChemistrylJniversity of the Basque Country UPV/E} and Donostia
International Physics Center (DIPC),P.K. 1072, 20@onostia, Spa IKERBASQUE,
Basque Foundation for Science, 48011 Bilbao, ¢

Numerous non-covalent interactions are characttizetheelectron charge transfer frc
the Lewis base unit to the Lewis acid [1]. Thiscisnnected with the other proces
reflected by the change of geometrical, energetéttapological parameters. For exam|
different characteristics of the hydrogen bond &arious criteria of the existence of t
interaction were discussed in the literature [2he@an mention the topological criteria
Koch and Popelier [3,4]. On the other hand, thedgen bond mechanism was discusse
terms of NBO method [5]. Vergecently it was found that the hydrogen bond, thieden
bond and other nooevalent interactions are steered by the same ggese[6]. This i
reflected by the same changes of parameters. Fanmg, the AH...B hydrogen bon
formation is connected with the increase of thdtpascharge of Hatom and the decrea
of its volume. The same changes are observed foal¥gen atom in the -X...B halogen
bond. Various similarities and differences betwaamerous nomovalent interactions me
be discussed.

[1] Lipkowski, P.; Grabowski, S. J.; LeszczynskiJJPhys. Chem. A 2006, 110, 10-10302.

[2] Grabowski, S.J. Chem.Rev. 2011, 11, 2597-2625.

[3] Koch, U.; Popelier, P.L.A. J.Phys.Chem. 1998, 9747-9754.

[4] Popelier, P. Atoms in Molecules. An tatluction, Prentice Hall, Pearson Education LimR2860
[5] Alabugin, I.V.; Mancharan, M.; Peabody, S.; Wedld, F. J.Am.Chem.Soc. 2003, 125, £-5987.
[6] Grabowski, S.J. Phys.Chem.Chem.Phys. accepted
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Analysis of weak interactions for asymmetricsynthesis: the
case of the selective hydrogenation of artemisinacid by
diazene

Odile Eisenstein
Institut Charles Gerhardt, UMR 5253 CNRS Universit@ntpellier 2, Franc

Artemesinate has been found very effective agaimatiria. Unfortunately its eaction

from a Chinese medical herb Artemisia annua leagdor and highly variable yield
Consequently, an efficient synthetic route to aisémn is needed. While several to
syntheses of artemisinin were known, none of therm suitable for the reired large scale,
low cost preparation. Sanofi in collaboration wiftmyris Biotechnologies Inc ha\
developed a very efficient synthesis of artemi$ijeThis reaction involves a selecti
hydrogenation reaction of artemesinic acid follon@d/genation § singlet (.. A very

efficient and low cost large scale synthesis ofydetn artemesinic acid was obtained

using diazene (HN=NH), since the diastereosiomeiio of the hydrogenation was o\
99%.[2,3]

The selectivity of the hydrogenation step is veuyprising since no steric effects betw:
the two reactants are present. In addition, hydratien by diazene occurs usually w
very low energy barrier. This lead to another paradince reactions with low ener
barriers are not supposed to be very selective.

A computational study of this reaction was carriedt with DFT calculations. Th
calculations reproduce almost quantitatively thepeshnental diastereoisomeric rat
Several transition states leading to either theomaj the minor produci associated to
various conformations of the substrate, were ifiedtiand a single transition state
responsible for the production of most of the maaduct. Remarkably, the conformati
of the substrate at this preferred transition swtiat peferred for the isolated substre
NCI and NCIELF are used to determine the network of attradiiteractions that favc
this unique conformation, which cannot be undedtmo the basis of steric effects. The |
interaction exists in the reactant amat in the product, which rationalizes why thisatézn,
which has a reactant-like transition state, isedecive. 2DNMR studies are underway
SANOFI to analyze the conformational preferencthefreactant.

[1] &) http://www.youtube.com/watch?v=7xh8IFHEQDW) D. K. Ro, E. M. Paradise, M. Ouellet,
J. Fisher, K. L. Newman, J. M. Ndungu, K. A. Ho,AR Eachus, TS. Ham, J. Kirby, M. C. Chang,

T. Withers, Y. Shiba, R. Sarpong, J. D. Keaslingfuse 2006, 440, 940. c) V. Hale, J. D. Keasling
Renninger, T. T. Diagana, Am. J. Trop. Med. Hygd2077, 198. d) H. Tsuruta, C. J. Paddon, D. |
J. R. LenihanT. Horning, L. C. Anthony, R. Regentin, J. D. Kéag) N. S. Renninger, J. D. Newm:
PloS ONE 2009, 4, e4489. J. Dhainaut, A. DlubalaGRevel, A. Medard, G. Oddon, N. Raymonc

Turconi, PTC W0 2011/026365 Al, International Pedition Date 10.03.2011.

[2] M. P. Feth, K. Rossen, A. Burgard, Org. ProesR& Development 2013, 17, -—293.

[3] K. Kraft, G. Kretzschmar, K. Rossen, patent PIMO 2011/030223 A2.
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Probing Aromaticity and Non-Covalent Interactions with
Single Exponential Decay Detecto(SEDD)

Piotr de Silv&® Jacek Korchowiet Tomasz A. Wesolows®

K. Gumiiski Department of Theoretical Chemistry, FacultCoemistry, Krakov
Jagiellonian University, R. Ingardena 3, 880 Krakéw, Polan

Université de Genéve, Département de Chiptigsique 30, quai ErneAnsermet, CH-
1211 Geneéve 4, Switzerland

Single Exponential Decay Detector (SEDD) [1] is @bitalfree descriptor of bondin
patterns in molecular systems. Calculation of SEBfuires only the density ans its fi
and second derivatives

9 2
SEDD(r) =In lz V(E) . (1)
p p

SEDD is able to distinguish such localized elemefitslectronic structure like bonds, lo
pairs and core electrons. In this contribution rtheent applications of SEDD are outlin
This includes investigating electron delocalizatinraromatic system [2] as well as r-
covalent interactions.

Figure 1: SEDD=5.0 contour for the benzene molecule

[1] P. de Silva, J. Korchowiec, T. A. Wesolowskhé&nPhysChem 2012, 13, 3-3465.
[2] P. de Silva, J. Korchowiec, N. Ram J.S., T. &3ablowski, Chimia (in press
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Exploring non-covalent interactions in molecular crystals
through the analysis of their experimental electrordensity
distribution

GabrieleSaleh, Carlo Gatti, Leonardo Lo Pr:

Department of Chemistry, Universita de§tudi di Milano, via C.Golgi 19, 20159 Milai
Italy

The so-called ‘NCI descriptorhtroduced by Johnson et al. [1], besides allovangeas-
to-catch pictorial visualization of No@evalent Interactions (NCI), presents the
advantage of being based etectron density (ED) distribution, allowing thewsd to
investigate NCI theoretically and experimentally tie same ground. Indeed, ED is
observable and measurable quantity (fronra)(-diffraction experiments) which, at t
same time, can be stratffrwardly obtained from the wavefunction. Quiteeatly, we
have applied the 'NCI descriptor' for the first éino experimentally derived ED [2]. V
have also compared the experimental results withoties obtained from fully periodic
DFT calculatios, to assess the reliability of experimentally dedi NCI picture. Moreove
we have contrasted the picture obtained from 'N&cdptor' with the one obtained frc
Quantum Theory of Atoms in Molecules [3] to showhibie two approaches may fruitful
complement each other. In a separated work [4] weiethiout a systematic comparis
between the NCI picture obtained from promolecued (i.e. the ED obtained
superposing the atomic densities) and the one &wrperimentally derived ED, to explc
to what extent the promolecular ED can be used to tigage NCI, as proposed |
Contreras et al. [5] . The results relative to thgplication of NCI descriptor 1
experimental, theoretical and promolecular ED ofesal systems will be presented.
addition, preliminary results obtained by mapping the gpedensity on the Reduc
Density Gradient isosurfaces will be shown.

[1] E. R. Johnson, S. Keinan, P. Mori-Sanchezohtf@érasGarcia, A. J.Cohen, W. Yang, J. A
Chem. Soc. 2010, 132, 6498 — 6506

[2] G. Saleh, C. Gatti, L. Lo Presti, J. Contre@arcia, Chem. Eur. J. 2012, 18, 15-15536

[3] R. F. W. Bader, Atoms In Molecules: A Quantuimedry, Clarendon Press, Oxford, 1

[4] G. Saleh, C. Gaitti, L. Lo Presti, Comput. Thedhem. 2012,998,148-163

[5] J. Contreras-Garcia, E.R. Johnson,S. Keina@h&udret , J-APiqguemal, D.N. Beratan, W. Yang,
Chemical Theory and Computation, 2011, 7, 625-632
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Multicenter Bond Index: a versatile tool to characteize
electron delocalization and aromaticity

Eduard Matito, Ferran Feixas, Juan M. Barroso, Mi@@ola anc
Jesus M. Ugalde

Institut de Quimica Computacional i Catalisi anddaetament de Quimica, Universitat
Girona, Campus de Montilivi s/n, 17071 Girona, Gatda, Spail

Multicenter indices (MCI) [1%0] are used in a number of situations such asiadysis of
conjugation and hyperconjugation effects [7], tentify agostic bonds, to account
electron distributions in molecules $}-or to study aromaticity in both organic [9] aak-
metal compounds [101]. The formula of MCI involves the intuitive-order central
moment of the electron population [13], which depends on the-order RDM. The
calculation of the rRDM is overwhelmingly expensive for correlated wiavetions and
therefore there are so few studies of MCI available in therditure. In this talk we revie
the applications of MCI and suggest a new approtianafor the 3RDM that provide:
more accurate MCI values than the approximatioggested thus far in the literatures-
16].

DIBORANE ALLYL-ANION iy - ; .
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[1] Giambiagi, M. et al. A. P. Phys. Chem. Chemy$I2 (2000) 3381.
[2] Bultinck, P et al. J. Phys. Org. Chem. 18 (200836.

[3] Cioslowski, J. et al. J. Phys. Chem. A 111 (208521.

[4] Pendas, A. M. et al. Phys. Chem. Chem. Phy2007) 1087.
[5] Pendas, A. M. et al. J. Chem. Phys. 127 (20@4)03.

[6] Ponec, R. et al. J. Phys. Chem. A 101 (1993817

[7] Feixas, F. et al. J. Phys. Chem. A 115 (20B10)04.

[8] Bultinck, P. Faraday Discuss. 135 (2007) 347.

[9] Feixas, F. et al. J. Comput. Chem. 29 (200&)3L5

[10] Feixas, F. et al. Theor. Chem. Acc. 128 (20419.

[11] Feixas, F. et al. J. Chem. Theory Comput.(.(9 1118.
[12] Giambiagi, M. et al. Struct. Chem. 1 (1990842

[13] Francisco, E. et al. J. Chem. Phys 126 (2094).02.

[14] Feixas, F. et al. in preparation.

[15] Colmenero, F. et al. Int. J. Quantum Chem(120B4) 369.
[16] Mazziotti, D. A. Phys. Rev. A 57 (1998) 4219.
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Delocalization Indices for Non€Covalent Interaction
Silvia Simon, Laia Guillaumes

Institut de Quimica Computacional i Catalisis (IQC&hd Departament de Quimic
Universitat de Girona, Campus de Montilivi,J#071 Girona, Catalonia (Spai

Delocalization indices (DI) have been demonstraiedhelp of electronic structurof
molecules, and more concretely in the analysis Bfrtdture.[1,2] Previous results poin
out that an electropair analysis in the framework of the AIM theoryut be used t
characterize hydrogen bonding in terms of the nundfeelectrons shared tween the
atoms involved in the HB. As these indices areteeldo the polarity of the bond, they ¢
be used to classify hydrogen bonds from weak tmngtiones. Not only HB but also r-
conventional hydrogen bond, eg. Dihydrogen bonaedptexes, has len characterized by
using DL.[3] Furthermore, these indices were alseduin the study of Resonance Assis
Intramolecular Hydrogen Bond (RAHB). In that cafee,a series of dvydroxyaryl ketones
an intramolecular HB was formed giving an extragriformation, finding out a goo
relation between DlIs (between proton and protoregios atoms), and the stabilizati
energy when forming the HB.[4-6]

Different partition schemes can be defined to ifigrthe atomic contributions to or
property like DI. Oneof the partitions that has been gained more intése® decompos
the 3D space into atomic domains. Two main grougs loe distinguished within th
scheme, those with sharp boundaries between atdom@ins (e.g. AIM, Voronio Cell:
ELF) and those which assign a noegative atomic weight functions to define the ato
basin in all the 3D space. The comparison of ti83eschemes will be also one of |
points to discuss in the present work.

[1] X. Fradera, J. Poater, S. Simon, M. Duran, ElaSTheoretical Chemistry Accounts 108 (20!
214.

[2] J. Poater, X. Fradera, M. Sola, M. Duran, $1&i, Chemical Physics Letters 369 (2003)
[3] D. Hugas, L. Guillaumes, M. Duran, S. Simonn@utational and Theoretical Chemistry ¢
(2012) 113.

[4] M Palusiak, S. Simon, M. Sola, Journal of Organic Cisem71 (2006) 524

[5] M. Palusiak, S. Simon, M. Sola, Journal of Qriga&Chemistry 74 (2009) 20¢

[6] M. Palusiak, S. Simon, M. Sola, Chemical Phy3d2 (2007) 43.
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The role of cis-prenyldiphosphate synthases in bacterie
cell-wall biosynthesis: noneovalent interactions and its
implications for drug discovery

Ferran Feixas, Steffan Lindert, Meekyum Kim, William & J.
Andrew McCammon

Department of Pharmacology, University of Califen$an Diego, 9500 Gilman Drive, |
Jolla, 92039, California, USA'

The rise in resistance to antibiotics is becomingagor problem. Thus, there is a need
new drugs, with new chemical structures, that taaffernative enzymes. In this work, °
focus on the cis-farnesyl-diphosphate synthaseHERS) and cigslecapreny-diphosphate
synthase (ci®PPS), two enzymes found in Mycobacterium Tubewsisldhat work ir
series to synthesize decaprediphosphate, which is essential for the bactergd-wall

biosynthesis. Interestingly, both enzymes presentilas 3D-structures and catalyt
mechanism. However, the length of the products h@gired by the two enzymes

remarkably different, cis-FPPS produces a shortcdrbon product called farne-

diphosphate, while cis-DPPS generates a largea8ibn decaprenydiphosphatt

The first aim of this work is to perform MD simuilatts and docking studies to analyze
influence of protein flexibility on the design of gisenyl-diphosphate synthasdnhibitors.
To this end, we make use of the Relaxed Complexi@eh(RCS), a type of enseml
docking, which relies on previously determined confations from MD simulations t
perform docking studies to select the most promgistompounds that will be tted
experimentally [1]. This strategy has been succdigsfapplied to design promisir
inhibitors in related systems such as undecapreipylosphate synthases (UPPS)[2].
second aim is to study in deep detail the intevactietween the receptor arome of the
experimentally active inhibitors obtained in thesfistep. In particular, we focus c
attention on the analysis of the noowalent interactions on the hydrophobic cavitythaf
active site of cis-FPPS and DPPS enzymes. We edl lsow a deeer understanding ¢
intermolecular drug-receptor naovalent interactions can help us on the drug esigc
process.

Cis-FPPS

ARG 411

[1] W. Sinko, S. Lindert, J. A. McCammon, Chem. Biyug. Des. 2013, 41.

[2] W. Zhu, Y. Zhang, W. Sinko, M. E. Hensler, Js@n, K.J. Molohon, S. Lindert, R. Cao, K. Li, |
Wang, Y. Wang, Y. Liu, A. Sankovsky, C.A.F. OlivajiD. A. Mitchell, V. Nizet, J.A. McCammon,
Oldfield, PNAS, 2013, 123
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The correlation between the proton transfer time ad
electron density in the inner caviy of porphycene:

Piotr Kasprzycki, Piotr Gitka, Piotr Fita, Czeslaw Radezew

Institute of Experimental Physics, Faculty of PhgsiJniversity of Warsa' ul. Hoza 69,
00-681 Warsaw, Poland

Numerical solutions of the Schrédinger equation kawadays be obtained for reasone
large organic and organometallic molecules withfulsaccuracy using approximate

initio or DFT methods. These approximate soluti@ms also available for porphyce
which is an important chromophore [1]. Porphycemsl dts derivatives show usei
properties for material sciences and are also dersil excellent photosensitive media
applications in photodynamical therapy of cancdr Several papers have dissed the
energy structure and dynamic aspects of hydrogarsfier in this systems [4, 5]. We reg
on the results of NCI analysigheoretical tool based on Bader approact- performed for
symmetrically and asymmetrically substituted poqene deriviives. We have carried o
DFT calculations at the level B3LYPAt1(d,p) of theory. These calculations w
followed by NCI analysis. Calculations showed arelation between the value of electi
density gradient localized between nitrogen andrdyein atoms in the inner cavity of
molecule and the time of the proton transfer indk@mined systems. Proton transfer tir
were obtained in a femtosecond transient absormitisotropy experiment, which is
polarisation-sensitive variant of an ultrafast pupnpbe technique. Double hydrog
transfer leads to the change of transition dipotenent directions transition moment ¢
chemically identical tautomerization product forams angle ofa = (72+2- with that of
initially excited form. This change imanifested as variation in transmitted light intgn
measured in two orthogonal polarizations. Underappate conditions, rise/decay times
anisotropy reflect the kinetics of double hydrogemsfer. We show that quantum theory
atoms in molecuke (QTAIM) based on Bader approach is useful noy éoif detection o
covalent bond but also for hydrogen bonds and weak der Waals interaction. N
analysis provides the possibility to compare stiengf hydrogen bonds in porphyce
derivatives, whichallows one to predict the proton transfer time faw molecules
Additionally, these approach have helped us togmestructure of a derivative with tl
proton transfer time of the order of tens of pioos&ls. Furthermore, substitution in 2,7
in 10,19 position of porphycene can induce differertiatdf hydrogen bonds. The effect
especially evident in the case of 10,19%withylporphycene (2MPc) and -di-t-

buthylporphycene (DTBP). This behavior may be thgult of asymmetric distribution

electron density in the center of the molecule. Tait can be significant for understand
the mechanism of double hydrogen transfer betwaeer initrogen aton

[1] D. Sanchez-Garcia, J. L. Sessler, Chem. Soe., B&, 215, (2008).

[2] 3. C. StockertM. Canete, A. Juarranz, A. Villanueva, R. W. Ham J. |. Borrell, J. Teixido, ¢
Nonell, Curr. Med. Chem., 14, 997, (2007) .

[4] £. Walewski, J. Waluk, B. Lesyng, J. Phys. Cheém 114, 23132318, (2010

[5] M. Gil, J. Waluk J. Am. Chem. Soc. 5, 129, (ZD0

[6] E. R. Johnson, S. Keinan, , J. Contreras-GaRi&haudret, # Piquemal, D. Beratant, W. Yar
J. Chem. Theo. and Comp., 25, (2011).
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Indicators based on electron density inhomogenei

Kati Finzel

Max Planck Institute for ChemicBhysics of Solids, Néthnitzer StraRe 48, 01187 daes
Germany

The approach of theo-restricted space partitioning [1] (originally dempéd for the

derivation of the electron localizability indicatdeLI [2]) was used to generate the che

sampling functionals Cp [3]. Whereas the spacatjmaning is controlled b the number of
pairs in case of ELD, the control function is the electron densityantogeneity in case (

Cp. The electron density inhomogeneity was defifrederms of a distance measi

between the electron density and its average waitlén a micracell. The distance depen

on the inhomogeneity parameter p, which allows ltoose the best parameter p u

certain criteria.

Assuming that one can approximate the volume oeclby a pair (a tw-particle property)
by the volume enclosing a certain ambof electron density inhomogeneity (a -particle
property), a least square fit searching for theombgeneity parameter popt for which
resembles best ELD-was done for the atoms Li to Xe. The values @ tiptimal paramete
popt where found to cmentrate around p=0.6 [4]. As the optimal valuengsarly
independent of the atom type, the resulting fumetioC0.6 was applied to molecu
systems and solids. Whereas the topologies of @GELID are quite similar for atom
both indicators showifferent behavior in the bonding region of molecutystems an
solids.

[1] A. M. Pendas, M. Kohout, M. A. Blanco and E.aRcisco. Beyond Standard Charge Der
Topological Analysis. In C. Gatti and P. Macchijtes, Modern Charge Density Analys Springer,
London, 2010.

[2] M. Kohout. A Measure of Electron Localizabilitint. J. Quantum Chem. 97:€-658,2002.

[3] K. Wagner and M. Kohout. Atomic shell structurased on inhomogeneity measures of the ele
density. Theor. Chem. Acc., 128:39-46,2011.

[4] K. Finzel, Yu. Grin, M. Kohout.Chemical bonding descriptors based on electron itye
inhomogeneity measure: a comparison with BLITheor. Chem. Acc. 131, 2-8, Seq. No.:1106,
2012.
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Some thoughts about efficient implementation of accate
intermolecular interaction energies

Dylan Jayatilaka

University of Western Australia, 35 Stirling Highdw, Nedlands, Perth, WA 6009 Austr:

Accurate intermolecular interaction energies reguidistributed multipoles ar
polarizabilities. However themonopole polarizabilities are difficult to deal it In
addition, monopole charges are by themselves fanged; a neutral molecule at long ra
has no monopole term. It is proposed to use a ehdegsity partition for neutral spec
into neutral atom. Thus only dipole and higher terms are requifagtthermore, fielc
dependent partitioning allows monopole polarizéiesi to be eliminated. Equations for t
are derived and presented. Finally, it is pointetl that the saalled exchan¢repulsion
term arises largely from the electrostatic penetnaterm, which may be calculated exac
from an electrostatic model, as pointed out long by Spackman. Are we then ready
accurate ab-initio derived force fields?
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Intermolecular Dispersion Interaction Effects on the Diels-
Alder Endohedral Metallofullerene Monoadduct stabilities.
The Cp/Cp*-La@C,,-Cg, example

Marc Garcia-Borrad Silvia Osund Marcel Swai®®
Josep M. Luig, Miguel Sol&

& Institut deQuimica Computacional i Catalisi and DepartamenQigimica, Universitat d
Girona, Campus Montilivi, 17071 Girona, Spai

® |nstituci6 Catalana de Recerca i Estudis Avand&REA), Pg.Lluis Companys 2%
08010 Barcelona, Spain

The functionalization oéndohedral metallofullerenes (EMFs) is an actine bf researc
important for obtaining new nanomaterials with wscproperties that might be used i
variety of fields ranging from molecular electramito biomedical applications [1]. Su
functionalization is commonly achieved by means of cycloadditieactions. In previot
studies, we have showed that regioselectivity alaaddition reactions on EMFs depel
on the strain of the fullerene cage caused by ticamsulated metallic cluster [2] andtal
cluster electronic effects [3].

In the present work, we have studied the regioteigcof the DielsAlder (DA) addition
of cyclopentadiene (Cp) and 1,2,3,4&atamethylcyclopentadiene (Cp*) on La@-C82
EMF at the B3LYP-(D)/TZP//BLYP-D/DZP levelfdheory [4]. Experimentally, the maji
product of the Cp* addition was characterized bye)-crystallography [5]. By contrast, t
product of the Cp DA reaction was still not knows].[Moreover, both products pres:
very different experimental stabibs being the Cp* adduct thermally much more st
than the Cp one, which rapidly decomposes intotagés at room conditions [5]. Tt
different behavior suggests that the two produifferdrom each othet

Our results show that, surprisingly, theiosglectivity of both reactions mentioned abov
equivalent, the same C-bond of the EMF being the most favored attackathd the DA
reaction. And, moreover, their thermal stabilitypisctically the same with similar re-
reaction barriers. The d#frent product stability is caused by the formatafnthe initial
reactant complex due to the intermolecular disparsnteractions. In the Cp* case,
contrast to the Cp case, the formation of the addsiclargely favored,, being tt
intermolecular dispersion energy term much largettie Cp*EMF adduct than for the (-
EMF system. This implies a rapid dissociation @ thtter, and on the contrary a dynal
equilibrium between the initial complex and theafiproduct for the Cp* diene. Thus,
hawe found that the key role played by the initialateat complex finally determines t
thermal stability of the final adducts in this peutar cycloaddition reactio
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[1] S. Osuna, M. Swart, M. Sola, Phys. Chem. CHehnys. 2011, 13, 3561.

[2] M. GarciaBorras, S. Osuna, J. M. Luis, M. Swart, M. Solag@hEur. J. 2012, 18, 71.

[3] M. Garcia-Borras, A. RomerRivera, S. Osuna, J. M. Luis, M. Swart, M. Sola).SChem. Theor
Comput. 2012, 8, 1671.

[4] M. Garcia-Borras, M. Swart, M. Luis, M. Sola, Chem. Eur. J. 2013, 19, 4

[5] Y. Maeda, S. Sato, K. Inada, H. Nikawa, M. YataaN. Mizorogi, T. Hasegawa, T. Tsuchiya
Akasaka, T. Kato, Z. Slanina, S. Nagase, Chem.E®010, 16, 2193-2197.

[6] Y. Maeda, J. Miyashita, T. lHagawa, T. Wakahara, T. Tsuchiya, T. Nakahodo Kaséka, N
Mizorogi, K. Kobayashi, S. Nagase, T. Kato, N. BAnNakajima, Y. Watanabe, J. AChem. Soc.
2005, 127, 12190-12191.
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Fine-tuning of the conformation of expanded porphyrins
using conceptual DFT descriptors and norcovalent inde»

Mercedes Alonso, Paul Geerlings, Frank de |

Department of General Chemistry (ALGC), Free Ursitgrof Brussels (VUB), Pleinlaan
Brussels, 1050, Belgium

Density functional theory (DFT) is a powerful tdolexamine a broad variety of structu
and reactions involving increasingly larger molesulMoreover, it is a wesuited theory
for the introduction of chemical concepts, alsownas reactivity indices [1]. Recently, \
have shown that DFT calculatioims combination with NCI analysis [2] are very udeifu
aiding the design of viable Mobius aromatic systemd molecular switches of expanc
porphyrins [35]. These macrocycles can adopt a variety of ininig structures, witl
Huckel, Mobius and twistettickel topologies, which can be interconverted urwbetain
conditions. The vast structural diversity exhibitgdexpanded porphyrins has led to dive
applications such as ndimear optical materials and molecular sensorbpalgh the contrc
of molecular topology is crucial for most of appliions.

Conformational preferences and interconversionvypayk in penta-hexe and heptaphyrins
have been investigated using different hybrid fiomals. The stability of Hickel ar

Mobius conformers depends intramolecular hydrogen bonding, ring strairgnaaticity

and steric effects of the mesabstituents. We proposed a set of descriptorsusmtify

independently the contribution of the differenttéas [3]. Two torsional parameters ¢

used to quarfly ring strain. Aromaticity has been quantified ngsienergetic, structure

magnetic and reactivity criteria. Importantly, thelative hardness (a conceptual C

descriptor) is found to be a good descriptor of ritecrocyclic aromaticity in Hickel ar

Mobius porphyrinoids, whereas the dual descriptdiigbly useful in predicting reactivit

Steric effects of the substituents are analysedrims of the nomovalent interaction inde

(NCI). NCI is capable of distinguishing intramolémuhydrogen bond =- m interactions,
CH-:z and repulsive steric clashes, based on the peakspipear in the reduced den:

gradient at low densities. While the relative dtdes of [4n + 2] expanded porphyrins a

mainly governed by ring strain, intramolecular logEnbonding and steric effects contr

the stability of [4] congeners. Appealingly, conformational controlpehtaphyrins can t

achieved by changing the type and numbenes$esubstituents [5].

5 (Unstable) R= CiF,
) (stable)

e
\\q c
»

o o 00z
sign(i)p / a.u

Reduced gradient (s)

[1] P. Geerlings and F. De Proft, and W. Langengékieem. Rev. 103, 1793 (20C

[2] E. R. Johnson, S. Keinan, P. Mori-Sanchezohtf@rassarcia, A. J. Cohen and W. Yang J. #
Chem. Soc. 132 6498-6506 (2010).

[3] M. Alonso, P. Geerlings, and F. De Proft, Ché&mar. J. 18 109160928 (2012

[4] M. Alonso, P. Geerlings, and F. De Proft, Chémar. J. 19 1617628 (2013’

[5] M. Alonso, P. Geerlings, and F. De Proft, JgOthem. accepte®Ol: 10.1021/jo400382
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Reactivity indices and bonding in V205 based mateais

Monica Calatayud

UPMC Univ Paris 06JUMR 7616, Laboratoire de Chimie Théorique75005,
Paris, France

CNRS, UMR 7616, Laboratoire de Chimie Théoriqu&sBe5, Paris, France Institt
Universitaire de France

Vanadium oxide is stable as gas-phase clusterdgesingstal or as supportecatalyst. In this
talk the similarities and differences in chemicazdetivity and bonding in these compou
will be described by means of conceptual DFT meth@dolecular electrostatic potenti
Fukui function) and bonding theories (QTAIM, ELF).

[1] A systematic density functional theory studyWwodOy + and VxOy (x=14, y=1-10). M. Calatayud,
J. Andrés, A. Beltran; J. Phys. Chem. A 105 (2@¥YH0

[2] An AIM and ELF study on the interaction betwdg®8@ and VxOy + / VxOy (x=-2, y=1-5) systems.
M. Calaayud, S. Berski, A. Beltran and J. Andrés; Th&rem. Acc. 108 (2002)

[3] A theoretical study on the structure, energetind bonding of VOx + and VOX (x-4) systems. M.
Calatayud, B. Silvi, A. Beltran, J. Andres; Cherhy® Lett. 333 (2001) 493

[4] The hierarchy of localization basins: a tool fiee understanding of chemical bonding exempli
by the analysis of the VOx and VOx+ (x#4)-systems. M. Calatayud, J. Andrés, A. BeltrarSiBi;
Theor. Chem. Acc. 105 (2001) 299

[5] Understanding the reactivity and catalytic pedjes of gaghase, crystal and supported V2
systems using Density Functional Theory based Rétgdndices.M. Calatayud, F. Tielens, F. [
Proft Chem. Phys. Lett. 456 (2008) 59
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Interactions within heterobimetallic complexes

Héléne Gérard

UPMC Univ Paris 06, UMR 7616, Laboratoire de Chimigéorique, 75005,
Paris, France

Main group metal cations (we will report about ilittm, aluminium and zinc), whe
associated to anions (including carbanions) in agueous solver form a variety of
structures going from separated ion pairs to fydlflymerized ladders. Among the
arrangement, a founembered ring alternating cations and anions haan lshown ¢
major interest in developping enantioselective lgtitaprocesses wén lithium is used as
sole cation.[1]

The report in litterature of JRay structures exhibiting a similar core but with @ Al for
one of the cation partner [2] has open the wayh&ttansposition of this process to ot
organometallic species, antius of a large variety of alternative selectivitiés this
connection, it would be tempting to decribe, orotieéical ground, the electronic propert
of these heterdimetallic species in order to help design of newegimental processt

Various methods for the theoretical analysis of the electratiocture of these species h:
been used. In good accordance with the experimpndglerties of these species, they y
a very contrasted picture depending not only of ¢glgstem examined, but also the
modeling tool at stake. Bridging the gap betweess¢hdifferent models of molecu
interactions brings essential information to untéerd the complexity of the solutic
behaviors.

[1] “Catalytic enantioselective nucleophilic additiof organtthium derivatives: pitfalls an
opportunities”, A. HarrisotMarchand, H. Gérard, J. Maddaluno, New J. Cheni2286, 244-2446
and references therein.

[2] a. “Structure and Reaction Pathway of TMiRcate: Amido Base or Alkyl Base?”, M. Uchiyan
Y. Matsumoto, D. Nobuto, T. Furuyama, K. YamaguchiM@rokuma*, J. Am. Chem. Soc., 20(
128, 87488750. b. “An Aluminum Ate Base: Its Design, StruetuFunction, and Reactic
Mechanism” H. Naka, M. Uchiyama, Y. Matsumoto, A.HE Wheatley, M. McPartlirJ. V. Morey, Y.
Kondo, J. Am. Chem. Sc. 2007, 129, 1921-1930.
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Non covalent interaction within reactive and dyname
systems a presentation of ELF/NCI and aNCI

Robin Chaudret, Natacha Gillet, Pan Wu, Julia Goat-Garcia,
Jean-Philip Piguemal, Weitao Yan

IFP Energies nouvelles 1 et 4 Av de Bois-Préau 985eilMalmaison CEDE;

Weak interactions play a predominant role in vasiguoblems such as ligand docki
catalytic stereoselectivity or formation of suprdeeolar structures but also in iniing
chemical reactions. These interactions can be difigrent in nature or energy but they
share a same characteristic: the difficulty for teerist to localize them. Indeed th
energies are really small and therefore their géoeseor any otheexperimental propertie
are subject to strong variations. It is then patéidy difficult to characterize thel
energetically or spatially. For the theoretical oist, the only way to identify them is to L
very precise (and computationally expensinrethods which can be incompatible with
size of a realistic systems, the exploration of diféeerent possible conformations or t
research of a reaction profile. The recently dgwetbNonCovalent Interaction (NCI) ind
[1-3] allows a characterizatioand an estimation of these weak interactionss @pproacl
is based on the study of the reduced density gnadiea function of the density and allc
a visualization of the nooevalent interactions. The latter are colored incfion of their
strengh. The first part of the talk will briefly descekthe NCI analysis. This new methc
appear therefore perfectly adapted to visualize eéhdy steps of a reaction (when
interaction is still quite weak) but when the imtetion gets stronger, the N validity
decreases. In such a range, however, other apm®atich as the Electron Localizat
Function [46] (ELF) have shown great success. The couplintheftwo methods shou
allow an understanding of every steps of the reactirom the weak ileraction up to the
bond formation. The second part of the talk wilscléhe the ELANCI [7] approach an
demonstrate its interest on several reaction mésimasn

Finally, the importance of the environment effent @ reaction is now largely recogniz
and is mainly studied through QM/MM calculations. If N@an localize the wea
interactions, it is, however, strongly dependenttba input structure, which makes
unsuitable for analyzing fluctuating systems such solute/solvent interactions
proteinligand binding. In the last part of the talk we Iwgkesent the new average N
Covalent Interaction (aNCI) approach [8] especidisigned to treat such problems. -
theory and several examples including benzene tsofyasolvent effect along a rezon
mechanism and ligand docking will be presented.

[1] Johnson, E. R.; Keinan, S.; Journal of the Amear Chemical Society 2010, 132, 6-6506.
[2] Contrerassarcia, J.; Johnson, E. R.; Journal of Chemicabfhand Computation 201

[3] Contrerassarcia, J.; Yang, W.; Johnson, E. R. The JournBhgsical Chemistry A 2011, 11
12983-12990.

[4] Becke, A. D.; Edgecombe, K. E. Journal of CheshPhysics 1990, 92, 535403

[5] Silvi, B.; Savin, A. Nature 1994, 371, 683-686.

[6] Chaudret, R.; Cisneros, G. A.; Chemistry-A Eaean journal 2011, 17, 28:2837.

[7] Gillet, N., Chaudret, R.; J. Chem. Theory Comp2012, 8 3993—-3997.

[8] Wu, P., Chaudret, R.; J. Cheitheory Comput., Article ASAP; DOI: 10.1021/ct400Z(
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Intra- and inter molecular NClIs balance in biscarbazol-
trisurea (BC3U) receptors and their pyrophosphate
complexes

Arturo Espinosa

Departamento de Quimica Orgénica, Facultad de Qe&nCampus de Espinard
Universidad de Murcia, 30100 Murcia, SPAIN

As a part of recent studies on selective (optittabrescent or electrochemical) sensing
ions or neutral molecules, a number of derivatieésthe novel biscarbazc-trisurea
(BC3U) family of receptors have been prepared Thie prototypical periphycally bis-p-
nitrophenyl substituted term (Figure 1, left) shaavdeeply coiled conformation in DMS
solution, according to the most stable computedg@)metry obtained with the ORC
electronic structure package [3]. Addition of thdolagically highly significant
pyrophosphate anion selectively promotes remarkakperimental changes (optical, NN
shifts) that agree with the proposed computed (skwel) structure (Figure 1, righs
Complex formation requires a favourable energy ridabetween cleage of several
intramolecular NCls in the receptor, involving bdthbonding and aromatic stacking |
either n,n- and Ttypes) and formation of new intermolecular (suprtmalar) NCls of
mainly H-bonding type. All NCls are displayed by ams of colouroced RDG (reduced
density gradient) isosurfaces generated with thdpM€ program [4] and convenient
quantified by several typical bond-strength paramset

Figure 1: Example of computed structures of a BC3U recepidrits pyrophosphate compl

[1] G. Sanchez, A. Espinosa, D. Curiel, A. TarragaM&lina, manuscript in preparatic

[2] COSMO(DMSO)/B3LYP-D3/def2-TZVP level of theory.

[3] ORCA An ab initio, DFT and semiempirical SGFO package. Written by F. Neese, Max Pla
Institute for Bioinorganic Chemistry, D-45470 MuilréRuhr, 2012Version 2.9.1
Websitehttp://www.mpibac.mpg.de/bac/logins/neese/desanpphp F. Neese, "The ORCA progre
system",WIREs Comput Mol S@012 2, 73-78.

[4] 3. Contreras-Garcia, E. R. Johnson, S. KeiRaGhaudret, J-ARRiquemal, D. N. Beratan, V

Yang. J. Chem. Theory Compu011, 7, 625-632.
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QTAIM/DFT descriptors for the description of “weak”
interactions

Vincent Tognetti, Laurent Joubert
Normandy Univ., COBRA UMR 6014 & FR 3038, Mont BAignan, 76821 cedex, Frar

We present here part of our recent work, which aimndesign new molecular and ator
descriptors bybuilding a bridge between Density Functional The@@¥T) and Bader’
Atomsin- molecules (AIM) theory,1 two frameworks that shate same primar
ingredient: the electron density. A local pointvidw will first be presented, dealing wi
the so-called dnd critical points (BCPs). New BCP properties Wi investigated,2,3,4
based on reduced density gradients and on thetigasarates of kinetic, exchange ¢
correlation density energies. Interestingly, thgaantities reveal particularly suited the
description of weak interactions, like hydrogenagostic bonds. Then, we will discus
using Pendas’ Interacting Quantum Atoms scheme,&hat extent the existence or 1
absence of such BCPs can be rationalized in terimistegrated interatomic nergies,
enlightening the fundamental role of exchange chEn® We will consequently presen
fast and accurate protocol for the evaluation & #xchange interaction between 1
atoms,9 making another promising step in the pagHinking DFT and AIM

[1] R. F. W. Bader, Atoms in Molecules: A Quantulme®ry, Oxford University Press (19¢

[2] V. Tognetti, L. Joubert, P. Cortona and C. Adathd?hys. Chem. A 113 12:-12327 (2009).

[3] V. Tognetti, L. Joubert and C. Adamo, J. Chétys. 132 211101 (2010).

[4] V. Tognetti and L. Joubert, J. Phys. Chem. A 5505-5515 (2011).

[5] V. Tognetti, L. Joubert, R. Raucoules, T. DaiBrand C. Adamo, J. Phys. Chem. A 116 £5479
(2012).

[6] V. Tognetti and L. Joubert, J. Chem. Phys. 238102 (2013).

[7] M. A Blanco, A. Martin Pendas and E. FrancistaChem. Theory Comput. 1 1(-1109 (2005).
[8] A. Martin Pendas, E. Francisco, M. A. Blanca & Gatti, Chem. Eur. J. 13 93-9371 (2007).
[9] V. Tognetti and L. Joubert, in preparation.
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Characterization and Identification of Electrides

Veronica Postils, Eduard Matito, Marc Gar@&arras, Miquel Solé
Josep M. Luis

Institut de Quimica Computacional i Catalisi anddagtament de Quimica, Campus
Montilivi s/n, University of Girona, Girona, 17071, Sin

The electrides[2] are intriguing chemical species with an electnohformally assigned 1
any atom. This situation is, however, completeffedent to that given in a metal where 1
electrons are delocalized between positively clargetal ions. The electron in electride
acts as a formal anion, which is bonded to podjticharged species in the molecule. T
particular feature of electrides prompts very gattr chemical and physical properti
they are powerful reducing reagents, exhibit edalttectriclinear and no-linear optical
properties as well as a particular magnetic bemavio

|ei0

In this work, we analyze the electronic structune ¢he identification of several electri
structures by means of the Quantum Theory of AtamMolecules (QTAIM) and te
Electron Localization Function (ELF) [3]. Our resukhow that these tools make poss
the classification of candidate species as elexgriot not. It was already proved that
could distinguish the electride behavior in insmigthigh-pressure fims of alkali metal:
from ELF analysis [4] but now we show that with QWA and ELF is possible t
characterize the electride behavior in all sortsofecules.

ELF:

Figure 1. Characterization of Li@calix[4]pyrrole by mearfS@rAIM, ELF and theLaplacian of the
electron density.

[1] Dye, J. L. Science, 2003, 301, 607-608.

[2] Dye, J. L. Science, 1990, 247, 663

[3] Matito, E.; Sola, M. Coord. Chem. Rev., 200932647-665
[4] Marqués et al., Phys Rev. Lett. 2009, 103, D155
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Exchange and correlation effects on nogovalent
interactions

Alberto Otero-de-le&Roza, Erin R. Johns

Chemistry and Chemical Biology, School of Natu@éBces, University of Californii
Merced, 5200 North Lake Road, Merced, Californiad4s, US;

In the last decadereat progress has been made towards accurate esfaisn of no-
covalent interactions using densftyactional theory (DFT). Different exchar-correlation
energy approximations yield widely disparate pietuof intermolecular interactions, t
can besuccessfully corrected by addition of a dampedet&pn energy term, as obtair
with the exchang&ole dipole moment model (XDM) [1,2,3,4]. Howevthrere are sever:
open questions regarding this procedure: What ésr#tionale behind some excha-
correlation functionals working better than others ewhpaired with the dispersi
correction? What is the source of these discrepanici real space? How does this e
scale with increasing system size? Are mhbagly interactions correctly treated at DFT
level? Is it necessary to include a thbesly dispersion term [3]? In this talk, | will pesd
our recent work addressing these challenges.

[1] A. D. Becke and E. R. Johnson, J. Chem. Ph32, 154104 (2005)
[2] A. D. Becke and E. R. Johnson, J. Chem. Ph8, 154108 (2007)
[3] A. Otero-de-la Roza and E. R. Johnson, J. Chighigs. 138, 054103 (2013)
[4] A. Otero-de-la Roza and E. R. Johnson, J. Cimgs. (submitted)
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Unravelling Non Covalent Interactionswithin Flexible
Biomolecules: from electron density topology to gaghase
spectroscopy

Benoit de Courcy

UPMC Univ Paris 06, UMR 7616, Laboratoire de Chirfileéorique, F75005,
Paris, France

CNRS, UMR 7616, Laboratoire de Chimie Théoriqu&sBe5, Paris, France Institt
Universitaire de France

NCI will be applied to document the presence ofaia@nd intemolecular interactions i
flexible molecules of biological interest.

NCI will be appled to a series of stable conformations of isolatemlecules as a
interpretative technique to decipher the differgmysical interactions at play in systems |
the one illustrated in Figure 1. Examples are chommong neutral molecular syste
exhibiting a large diversity of interactions, inrfieular inter- and intranolecular hydroge
bonds, and for which an unambiguous structuralrdeteition was achieved using s-of-
the-art conformespecific vibrational spectroscopy. The interactialecumered range
from weak intra-molecular H-bonds in simple amaloehols to complex bonding pattel
observed in model peptides as well as in chiralotéeular systems. NCI successft
(Figure 2) allows spectroscopists to provide agaaie visualization othe interactions that

potentially impact their spectroscopic vibratiopabbes, namely the OH and NH stretch
motions.

In this contribution | will illustrate the power dnthe conditions of use of the N
technique, with the aim to provide an easy taml &ll chemists, experimentalists &

theoreticians, for visualizing and characterizinteiactions in systems involving comp!
H-bonding patterns.
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Weak intramolecular OH-- & hydrogen bonding in methallyl
and allyl carbinol

Kasper Mackeprang
Department of Chemistry, University of Copenh:

The weak intramolecular hydrogen bond in methatbibinol and allyl carbinol has be
identified by intracavity laser photoacoustic spestopy as an observed redshift of
third OH-stretching overtantransition of the most abundant conformer of eacfecule.
Furthermore, the vibrational overtone spectrumdatdis that the intramolecular hydrog
bond in methallyl carbinol is stronger than that aflyl carbinol as the redsh
corresponding to the former molecule is larger. hdge used the nocovalent interactiol
index to characterize and determine the strengtthefintramolecular hydrogen bond
both molecules. It was confirmed that the strengttthe hydrogen bond in methall
carbinol was slightly larger than that in allyl barol.

-0.2 -0.15 -0.1 -0.05

0 0.05 0.1 0.15 0z
sign(A)p/an

Figure 1 : The left side of the figure shows the NCI plot bétreduced density gradient versus

electron density multiplied by the sign Xffor the most abundant conformer of methallyl caob
(top) and allyl carbinol (bottom). The right sidetbe figure shows the corresponding NCI isosur
generated for s=0.5 a.u. The color of the isoserfdepends on the value of si\;)p, which ranges
from -0.02 to +0.02 a.u. The isosurface is blusigh@.,)p, green if sigri;)p is close to 0 and red
sign@2)p
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Theoretical studies of the metapphenylene interaction in a
P(CH)P pincer rhodium(l) complex

Christine Lepetif, Jordi Poatet, Miquel Sol&, Julia Contrere-
Garcid’, Yves Canad Davit Zargariaff, Remi Chauvi

@ Laboratoire de Chimie de Coordination du CNRS, BB39, 205 route de Narbonr
31077 Toulouse Cedex 4. France

® Institut de Quimica Computacional and Departamém@Quimica, Universitat de Giron:
Campus de Montilivi, 17071 Girona, Catalonia, Sj

¢ Laboratoire de Chimie Théorique, (UPMC) CC137, lacp Jussieu 75252 Paris cec
05. France

dDépartement de Chimie, Université de Montréal, @edH3C 3J7Canada

Amidiniophosphines are cationic electrpaer ligands in transition metal complexes v
potential original catalytic properties [1]. In thmncer ligand series, based on the I-

phenylene bridge, the first unsymmetrical nickgl@bmplex with a phospnite and an
imidazoliophosphine extremities was recently repdrt[2]. However switching t
rhodium(l) and to two cationic imidazoliophosphiegremities, a P(CH)P pincer compl
2 was obtained instead of the targeted PCP pinmaplex 1 [3]. On the bes of DFT
studies, an alternative pathway to the usually kedoCH oxidative addition, is proposed

explain the formation of 2 and its reluctance telgithe PCP pincer 1-4].

Experimental and calculated spectra of 2 are indgagreement with a \ak rhodium-
phenylene interaction. The signature of a Rh&ilbonding is found from ELF (electr
localization function) topological analysis. Funtheomparative studies using molect
orbital analysis and other theoretical tools suetN&I (non covaleninteractions) analys
and MCI (multicenter delocalization indices) [5]oaV for refining the characterization

this particular meta&ryl bonding. To the best of our knowledge, it baen little discusse
in the literature up to now, although it mg inserted as a missing entry in the -known
series of agostic and anagostic interactions [6].

[1] Y. Canac, C. Maaliki, I. Abdellah, R. ChauvireiN. J. Chem. 2012, 36, 17

[2] B. Vabre, Y. Canac, C. Duhayon, R. ChauvinZBrgarian Chem. Commu2012, 48, 1044

[3] C. Barthes, C. Lepetit, Y. Canac, C. DuhayonZBrgarian, R. Chauvin InorChem. 2013, 52, 48.
[4] B. Vabre, M. L. Lambert, A. Petit, D. H. Ess, Pargarian Organometallics 2012, 31, 6!

[5] @) P. Bultinck, R. Ponec, S. Van Damthéhys. Org. Chem. 2005, 18, 706. b) I. Maye
Salvador Chem. Phys. Lett. 2004, 383, 368.

[6] M. Brookhart, M. L. H. Green, G. Parkin PNAS)@, 104, 6908.
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The role of packing in the platinum-octylamine system: ¢
NCI analysis

Roberto Alvarez Bot8 Ménica Calatayul Julia Contreras Gare
b A. Martin Pendad

@Universidad de Oviedo. Spain

b_aboratoire de Chimie Théorique, Université PieeteMarie Curie and CNRS, Pari
France

The binding of long alkyl molecules to metal sugladas been widely investigated dur
its many technological applications such as fileiectronic junctions, coating or tribolos
[1]. The intermolecular interactions play a keyerabot only in the pksicochemical
properties of these systems, but also in theirlstation. These interactions come from -
vicinity of the neighboring molecules forming a tdamensional layer. Despite the amo
of investigations concernig metal-supported seffeathledmonolayers (SAMs), little i
known about the dispersion forces present in tBBsarrangements. In the present work
platinum (100)- octylamine(N§€gH;7)has been chosen as model system to show thefr
packing. A bonding analysis based on NCI infixwas applied to both, the octylaman
dimer and the 2D arrangement to ilustrate the patfrthe intermolecular interactior
Additionally, a detailed study on the structuratgraeters of the alkydystem is reported 1
gain understanding the facsoaffecting the stability of the system. All thdatdations were
carried out at DFT theory level combined with Grimmid2 approach.

Figure 1: NCl isosurface generated for s=0.5 ath@bctylamine dime

[1] Caroline Salzemann; Christophe Pdtifluence of Hydrogen on the Morphology of Platmiand
Palladium Nanocrystals. Langmuir, 2012, 28, 4835148

[2] E. R. Johnson, S. Keinan, P. Mori-Sanchezohtf@rassarcia, A. J. Cohen and W. Yang J. #
Chem. Soc. 132, 6498-6506 (2010).
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Conformational analysis study of Ac-glyNHMe, CF3-C(O)-
gly-NHMe and Ac-gly-NH(Me), through theoretical
calculations and NMR spectroscop

Rodrigo A. Cormanich®, Luke Crawford, Michael Biih? Claudio
F. Tormend, Roberto Rittner

& EastChem School of Chemistgniversity of St Andrews, L

® Chemistry Institute, University of Campinas, Br:

In any attempt to understand protein foldipgocesses, the characterization of
conformational preferences of short peptides ctute an unavoidable first step. Inde
there is a great interest in recognizing short ideptequilibrium geometries and
extrapolate the results obtained instiniay to polypeptides and proteins [1]. Howeveze
amino acid compounds and short peptide models NHRlIe; R=amino acid
conformational geometry preferences have been corymattributed to intramolecul:
hydrogen bonding (IHB) formation [2]. In particulakc-gly-NHMe has been the target
several studies [3], but despite steric and hypgugative effects, which are ubiquitous ¢
influence the energies and geometries of even simpistems [4], C5 and C7 -gly-
NHMe conformers stabilities have doe explained solely by the possibility of a - and a
seven-membered N-..O IHB formation, respectively. In this way, theesent study airr
to investigate the interactions that rule the confttional isomerism of /-gly-NHMe,
CF5-C(0)-gly-NHMe and Ac-gly-N(Meycompounds through experimental (obtainr
of 33y and .y spinspin coupling constants values) and theoreticatutafions, using
DFT funcionals with dispersion corrections (DFT-BdaDFT-D3) and in the framework ¢
the quantum theory aftoms in molecules (QTAIM) and natural bond orlsittliIBO). The
results obtained by these methods indicate thaghpdNHMe C5 conformer should n
form an IHB, while conformer C7 forms a strong atable NH...O seve-membered IHB
(Scheme 1). Indeed, Ac-gNHMe conformational preferences are ruled by IHBt the
interplay of hyperconjugative and steric interattiovith IHB show to be important as we
Also, the Ch-C(O)-glyNHMe C7 conformer has a weaker IHB force in comngaariwith
the Ac-gly-NHMe C7conformer, which increases the C5 conformer pomriand indicatt
that C7 stability is strongly sevanembered IHB force dependent. In addition, th-gly-
N(Me), compound cannot form a seven-membered.N© IHB and only the C5 conform
is observed fo this compound. Thus, our analysis indicates tha-gly-NHMe
conformational preferences are ruled by IHB in th&s phase, but that steric ¢
hyperconjugative interactions have also an impoértamtribution and cannot be ignort
QM/MM calculations areurrently being performed in order to understarel iehavior o
these compounds in solution.
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Ac-gh=NHMe CF3-C(O)-gly-NHMe Ac-gh=NiMe);
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55% 100%

%P 12% 88% 44%

Figure 1: C5 and C7 Ac-gly-NHMe, CF3-C(O)-gly-NHMe and AbrgN(Me)2 conformers moleculi
graphs obtained from the QTAIM calculatio@onformational populations (%P) and the eletr
density p) values at the intramolecular hydrogen bonding B@Pindicater

[1] M. F. Masman, R. F. Murphy, R. D., Enriz, A. Rodriguez J. Phy€hem. 126 10682 (200
[2] R. A. Cormanich, L. C. Ducati, R. Rittner J. M8truct. 1014, 12 (2012).
[3] H. Fujitani; A. Matsuura; S. Sakai; H. Sato; Manida J. ChenTheory Comput5 1155-1165

(2009).
[4] R. A. Cormanich, Freitas M. P., J. Org. Chem 384 (2009).
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DFT study of the noncovalent interation effects on the
energetics of 4,4'-bipyridine adsorption in HZSM-5 zeolite

Martine Castella¥entura, Emile Kass:

Laboratoire de Chimie Théorique, CNRBAR7616, Université Pierre et Marie Curi
Paris, France

The effects of the zeolite framework on the adsonpof bidentate 4,4bipyridine (44BPY)
ligand in the straight channel of H-ZSM{Z) has been investigated by DFT calculati
using M062X functional to account for dispersive van der Waateractions [1]. Th
straight channel of H-ZSNB-is simulated by a quantum cluster constitute82ofetrahedre
units (T). This cluster has two Al atoms locategasitions sufficiently distant from ea
other allowing the bidentate 44BPY to interact witie two Bregnsted acid sites che
zeolite. The two pyridyl rings of 44BPY have distirzeolite environment: only one pyric
ring (PY1) is completely surrounded by the chanmall, while the second pyridyl rin
(PY2) is located in a region opened towards theaggchannel. Thus theonfinement
effects exerted from the zeolite framework on the pyridyl rings are differer

The minimum energy pathways of the double protamdfer from -ZSM-5 to 44BPY
ligand were calculated. The potential energy sedaare characterized by tvminima
corresponding to the monodentate 44BPWHand bidentate 44BPY,?"/Z%* ion pair
complexes. No energy minimum is found for neutrgtirogen bonding structure. Tv
monodentate ion pair complexes differing by thetqmated pyridyl ring may be forme
which leads then to the formation of the bidenta#BPYH,2*/32T% complex via two
distinct pathways (Figure). The relative stabibigtween all adsorption complexes invol
in this double proton transfer does not exceed & kwl*. The energetics cthe double
proton transfer reaction is very sensitive to tbefinement effects. Our results clearly sh
that the adsorption energy of 44BPY is mainly dughe effects of the zeolite framewc
executed through dispersive van der Waals intemagti Thee interactions decrease
relative stability of mono and bidentate complexesd stabilize the transition ste
connecting them.
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[1] Y. Akacem, M. Castelldfentura and E. Kassab, J. Phys. Chem. A 2012,12-1271
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Carbon-helium bonding:
Substitution of H by He+in some small organimolecules
(CH4, C2H6, C2H4, C2H2, H2CO, C6HE

Isabelle Fourré, Elsa Alvarezd, Patrick Chaqui?®

%Laboratoire de Chimie Théorique, UMR 7616 CNRS UP3#thonne Université
4 place Jussieu F-75005 Paris, France.

bPresent address: Institut Lavoisier, UMR 8180 CNR$/ersité de Versailles -Quentin-
en-Yvelines, 45 avenue des Efdtss, 78035 Versailles, Franc

The name of “noble gases” is due to their diffiguio undergo chemical bonc
Nevertheless, strong and relatively strong heliuonds were predicted in catior
compounds (see 1,2 for a review). This contributi@als with the possibility of formin
sud bonds in small typical organic molecules, by sititson of one or several H atoms

He+. A structural and energetical study (basedaboutations up to CCSD(T)/a-ccpVTZ

level) of this unusual bonding, as well as a togial characterization of e resulting
cations is undertaken. The most stable speciegearerally obtained by substituting ab:
half of hydrogen atoms. The e bonds exhibit equilibrium distances ranging frbra27
(C2H2He22+) to 1.129 A in He2CO2+. Their dissocdiatenergiesange from ~5 kcal.m-

1 (He2CO2+, Z-C2H2He22+) to 25 kcal.nbl(C2HHe33+), but remain most frequer
around 10 kcal.mol~ However most of He+ substituted hydrocarbonsnegtastable witl
respect to C-C cleavage, except derivatives ofnetha

AIM and ELF topological descriptors classify theHe- bond as a weak cha-shift

interaction rather than a polar covalent one, ire@agent with a recent publication

Rzepa.3 He2CO2+ is the only investigated compounidtwpresents a-He bonding ELF
basin, indicating a nonegligible covalent contribution to the bond. Othexdifications ir
the electronic structure, such as the breakindhefttiple CC bond in ethyne derivativ
(Figure 1) or the loss of aromaticity in C6H3He3& also nicely revealed by thiLF

topology.
y o 2
%
(a) (b)

Figure 1: ELF localization domains of (a) C2H2, (b) HCCHeg), C2He22+

[1] D. Bellert, W. H. Breckenridg€hem. Rey2002 102, 1595-1622.
[2] F. Grandinettint. J. of Mass Spec¢R004 237, 243-267.
[3] S. H. Rzepalature Chem.201Q 2, 390-393.
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Halogen Bonding versus Hydrogen Bonding: Battle athe
Weak Noncovalent Interactions

Yannick Geboes

Department of Chemistry: Research group Cryospsctipy, University of Antwerp (U4
Groenenborgerlaan 171, B-2020 Antwerp, Belgi

During the past decade, a growing attention has lgieen towards the noncovale
interaction in which a covalently bonded halogesnainteracts with an electron rich s
(e.g. a lone pair in a Lewis base), thecatled halogen bond.[1] The name haln bond
has been chosen in order to stress the many stiesathis interaction has with the bet
known hydrogen bonds, [2] such as its directiopaditd strength (between 5 kJ/mol ¢
180 kJ/mol for halogen bonds [3] ), which enablatgen bonds tcompete with wea
hydrogen bonds.

Even though many applications for halogen bond=adly exist, experimental data allowi
the rationalisation of their exact nature still ens scarce. Moreover, almost

experimental information on the structural compaitbetween C-*-Y halogen and -
H--Y hydrogen bonding is available. [4] In our curreesearch, we aim to rectify this

collecting and investigating experimental data alogen and hydrogen bonded comple
formed by a series of combined halotjgdrogen donors with F, O, N, S and P contait
acceptor molecules, using infrared and Raman meamunts of cryogenic solutiol

The experimental study of complexes formed by timeseovalent interactions by means
cryospectroscopy in liquid noble g5 offers valuable insights into the formatiorttafse
complexes, since this measuring technique vyielas dhportunity to measure isolal
complexes at equilibrium conditions, thus enablihg determination of thermodynan
properties of these complexes, such as the contjaxanthalpy. [56] Furthermore, th
experiments are supported &y initioand Conceptual Density Functional The
calculations, Monte Carlo simulations and Molecibgnamics calculation

During this poster session, results bé tcompetition between the halogen and hydr
bonded complex of CHF2I and trimethylamine willgresented.

» ) p - >
7 )
> o & B
-
? r g b
Figure 1: Ab initio calculated geometries of both complexation isorheteseen CHF2I an
trimethylamine.

[1] P. Politzer, J.S. Murray, ChemPhysChem 2013278.

[2] A.C. Legon, Struct. Bond. 2008, 126, 17.

[3] P. Metrangolo, H. Neukirch, T. Pilati and G.dRati, Acc. Chem. Res. 2005, 38, -395.

[4] (&) T. Di Paolo, C. Sandorfly, Can. J. Chem74,9%62, 3612. (b) C.B. Aakerdy, N.C.hultheiss, A.
Rajbanshi, J. Desper, C. Moore, Crystal Growth &ibe 2009, 9, 432.

[5] B.J. van der Veken, J. Phys. Chem. 1996, 12836-17438.

[6] D. Hauchecorne, N. Nagels, B.J. van der Vek®. Herrebout Phys. Chem. Cher

Phys. 2012 14, 681.
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Theoretical study of the interaction between planaand
curved compounds: perfluoro-orthophenylenmercury and
corannulene
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PDepartamento de Quimica Fisica, Universidade deti8gn de Compostela Facultade
Ciencias, Avda. dalfonso X o Sabio s/n, Lugo, 27002, SP

Recently, Filatov et all] have performed an experimental study of therauon of
perfluoro-orthophenylenemercury [Hg3] with corannulene and moneidorannulent
The first compound is planar; however the other awe curved bowls. Therefore, the
systems allow studyinghé mutual structural influences between surfaceplafar anc
nonplanar molecules upon their interaction. Thisdkiof interactions has genera
considerable interest in materials chemistry. Adoay to the experimental stuc
significant geometry adjtiments of both interacting partners were foundhia $olic-state
complexes. So, Hg3 adopts highly bent configuratiomhich are substantially deviati
from planarity, whereas flattening of the bostlaped polyarenes is rather more moc
corannulene Hg3

O F Hg Hg F
.! F Hg F
F F F F

corannulene Hgs

In the present work a theoretical study was peréaf@at the DFT and ab initio levels to t
the experimental fact, finding that corannulenétdiaed slightly while [Hg3] curved mo
sharply. It also checked that the union of thesenatis due ksically to dispersion energ
between molecules. For that reason the DFT funatiomave been corrected by
empirical dispersion term as designed by GrimmeTdDi{2]. Finally it was found that th
substituents on the [Hg3] also affect the intemacterergy between these monomers,
well as the deformation between the molecules.

[1] A. S. Filatov, E. A. Jackson, L. T. Scott, M. Retrukhina, Angew. Chem. Int. Ed. 2009, 48, 8
[2] S. Grimme, S. Ehrlich, L. Goerik, J. Comput.edh, 2011, 32, 1456.
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Chemical interactions and dimensionless scalar fig¢
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GazqueZ , Alberto Veld

2 Departamento de Quimica, Cinvestav, Av. IPN 25@801@a San Pedro Zacaten
07360, México, D.F. 07360 México

b Departamento de Fisica y Quimica Teérica, Facdea@uimica, Universidad Nacior
Auténoma de México, México, D. F. 04510 Méx

¢ Departamento de Quimica, Universidad Autonoma dpetiitanatztapalapa, AvSan
Rafael Atlixco 186, México, D. F. 09340 Méxic

An analysis capable of identifying both strong avehk chemical interactions is presen
It is based on a generalization of the analysisgrted by Zupan et. al [1,2] that consis
evaluating the integral

N, (@)= [[..]dr.d...d% p, G 7. .7) 69— 0(F ) Ol ~p(F ) 6(9— (),

Where Pu(ry- 1) is the diagonal element of thatkreeduced density matrix an@(x) is

the Heaviside function. N (¢) represents the numbers of electrons i-nt
arrangemenipcalized in the region constrained by thecalar field isosurfar ¢ = ¢(r).
For k=1, the derivative with respect to theields the correspondent density of states
at the same time, its bounds allow to localizevéileies that are chemically relevant for
scalar field.

Many examples to ilustrate the behavior of thislysia are presented using the exche
and correlation dimensionless gradients and thenaliwed electron localization functic

3.

[1] A. Zupan, J.P. Perdew, K. Burke and M. Causf.J. Quantum Chem. 61, 835 (1¢

[2] A. Zupan, K. Burke, MErnzerhof y J.P. Perdew, J. Chem. Phys. 106, 1QUI¥BY

[3] Analysis of the generalized gradient approxiorafor the exchange energy. J. L. Gazquez , .
del Campo, S. B. Trickey, R. J. Alvarbtendez, A.Vela. Chapter in "Concepts and Methoc
Modern Theoretical Chemistry, Vol. 1: electronic struetan reactivity”. In honor of Professor B.
Deb; S.K. Ghosh and P.K. Chattaraj eds. Taylor &Ers / CRC Press. (2013
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A DFT-D study of stacking interactions betweel
buckybowls and fullerenes

Daniela Josa

Centro Singular de Investigacion en Quimica Biaté& Materiais Moleculares (CIQUS
Universidade de Santiago de Compostela, Rua Jateita Fuente, s/n, Santiago
Compostela, 15782, Spain

The first strong evidence af-x interactions between corannulene atgo was published in
2007, when Sygula and awerkers synthesized the molecular tweezers madsvapnits
of corannulene that can trap one fullerene (Figlyel]. Since then, the interest
concave-convex- -« interactions has been revived. The modificationhef tweezers by
different functionalization of buckybowls, whichrstitute the main part of tweezers, co
improve their efficiency and selectivity. Therefothe aim of this work is to carry out
detailed study of the effects that can enhancetdeking interactions between buckybo
and fullerenes to achieve our ultimate goal thaprisdict how to modify the molecul
tweezers to improve their efficiency and seledfivill complexes studied ere optimized
at the B97D/TZVP level using resolution of identity approxititm (RI) implemented il
TURBOMOLE 5.10 program suite [2]JCounterpoise corrections were applied to
reported interaction energies [3].

Figure 1 : Molecular tweezers synthesized by Sygula andiakers [1]

[1] A. Sygula, F.R. Fronczek, R. Sygula, P. W. Rliabiu, M. M. Olmstead. J. Am. Chem. Soc. 2(
129, 3842-3843.

[2] R. Ahlrichs, M. Bér, M. Haser, H. Horn, C. Ko&#h Chem. Phys. Lett. 1989, 162, -169.

[3] S.F. Boys, F. Bernardi. Mol Phys. 1970, 19, 1568.
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Behavior of model hydrogen bonded complexes undehe
influence of external pressure

Pawel Lipkowski, Justyna Kozlowska, Agnieszka Rozaska,
Wojciech Bartkowiak

Theoretical Chemistry Group, Instituté Physical and Theoretical Chemistry, Wrocl
University of Technology, WybeseWyspidskiego 27, 5870 Wroctaw, Polan

Despite of the numerous theoretical and experinheimaestigations concerning tt

hydrogen bond phenomenon as well as to the conéineraffect there is still a sm:

number of reports on the behavior of thebbhded systems in the presence of exte

pressure [M4]. In order to render the influence of pressure can apply a model confinir
potentials which allows to describe the pure vaderapulsion contribution. In the pres:
study we have investigated the influence of extgonessure, represeid by the cylindrical
harmonic potential V_conf=1/2(x"2+y"&)2, on the selected linear hydrogen bon
complexes. The model dimeric systems: HF...HF, HCN.NHEICN...HCCH have bee
chosen as a case study. All calculations have pegormed employing B3LYP, N6-2X

and MP2 methods together with the381++G(2df,2pd) basis set. Moreover, the va
external pressure has been controlled by the asmillstrength ¢=0.C-0.8). The studied
complexes have been oriented along thxiz-of the Cartesian coordinate tem and fully
optimized in the presence of the twionensional harmonic oscillator potential. A degd

analysis of changes in topological parameters dfdgen bonds resulting from the orbi
compression has been performed according to theeporof he “Quantum Theory
Atoms in Molecules” (QTAIM) proposed by Bader [5,8furthermore, an energe
analysis has shown a different manner of the intena energy in the studied-bonded
complexes.

[1] W. Wang, D. Wang, Y. Zhang, B. Ji, A. Tion,Ghem. Phys. 134 (2011) 0543

[2] M.C. Gordillo, J. Marti, Chem. Phys. Lett. 322000) 341.

[3] M. Jabtaiski, M. Sola, J. Phys. Chem. A 114 (2010) 10253.

[4] G. Mifio, R. Contreras, Chem. Phys. Lett. 4861(2) 119.

[5] R. F. W. Bader, Atoms In Molecule&,Quantum Theory; Oxford University Press: OxfadK.,
1990.

[6] R.F. Bader, Chem. Rev. 91 (1991) 893.
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Modulating Properties By Beryllium Bonds: The Squarc
Acid Case
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Non-covalent interactions usually involve closdell species, as is the case of hydrc
bonds, beryllium bonds, hajen bonds or Van der Waals complexes. As an efsasitive
atom with available empty orbitals that can acaglpttrons, beryllium atom can beh:
similarly to hydrogen, establishing the so calleztylium bonds when interacting wi
electron donors. Tise weak forces may play a very important role & phoperties of
given molecular system and, sometimes, a cooperaffect between them is possi
when more than one is present. We have recenttiiestitsome cases of this cooperati
between hydrgen and beryllium bonds. Chemical properties aditgctan significantly
change when the system is perturbed by one or meak interactions of this kind. It
also possible to modulate se§sociation in some molecular systems throughdiradtion
of beryllium bonds, as we recently shown for squiadid dimers.

Squaric acid molecule presents a beautiful crystakssembly formed by planar layers
which the acid units interact through very weakrogén bonds. Our group investigated
effect of complexation with beryllium hydride in this moleeuhnd its consequences on
self-assembly capacity. We also studied sulfur and eetederivatives of squaric acid,
well as the acidity of the whole squaric acid seranalyzing how this properchanges on-
going through complexation with beryllium hydride&4 method was used for t
electronic structure calculations. Atoms in Molesul theory (AIM), the electrc
localization function (ELF) and the Ndbevalent Interaction (NCI) index have beeled
in this study.

[1] Montero-Campillo, M. M; Lamsabhi, A. M.; M@, O.; Yafiez, M. Mol. Mod. 2012 DOI
10.1007/s00894-012-1603-0

[2] Montero-Campillo, M. M.; Lamsabhi, A.M.; M@, O.; Yafez, Mquaric Acid Derivatives ar
BeH2 Complexes: The Role of Beryllium Bonds On Sppnaous H2 Lost and Acidity Enhancem
In preparation.
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Maximum Probability Domains and its application on some
systems
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b|_ahoratoire de Chimie Théorique, Université PiegteMarie Curie and CNRS, Par|
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Among the several methods that belong togimeip of interpretative tools which are ba
on the partition of the real space upon the amalg$§ithe wavefunction, the Maximu
Probability Domains (MPD) [1,2] method provides @anlandscape that allows to reco
the classical Lewis picture of moldes and may open new views in terms of chen
bonding. Basically, a MPD domain is a region of theee dimensional space whi
maximizes the probability of finding a given numioéelectrons in a system. In this pres
work, we introduce the basicercepts of the MPD method and its application ime
molecular systems is carried out to investigate dhemical bond. As well, the effect
electronic correlation is examined due to the aaibn of Quantum Monte Car
techniques.

Figure 1: Two 2electron domains representing the two banana barttie ethene molecu

[1] O. Mafra Lopez Jr., B. Braida, M. Causa, A. BaProgress in Theoretical Chemistry and Phy
vol 22, 173. ed Hoggan, Springer UK, London (20175-186.
[2] A. Scemama, M. Caffarel, A. Savin, J. Comp, @h&007, 28, 442-454.
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The complexes formed by the interaction betweerrées of phosphines-PH2 (R=H,
CH3, c-C3H5, C6H5, C6H&H?2) and GaH3 have been investigated by meangb-level
DFT calculations. These complexes behave as moghggr acids in the gas phase than
isolated phosphines. This dramatic acidity enhamecgmwhich can be as high as 163
mol-1, resuls from a much greater stabilization of the anicéprotonated species w
respect to the neutral one, upon GaH3 associafios.effect depends quantitatively on
nature of the substituent R and is smaller for R¥&®ecause of the conjugation he P
lone pair with the aromatic system.

The analysis of the electron rearrangements ofpthesphine and the galane moie
indicates that the Ba bond is significantly stronger in the anion tlimthe correspondin
neutral phosphine-galane complédecause the deprotonated phosphine is a much
electron donor than the neutral phosphine. Thecdéimation of the newly created P lo
pair with the PGa bonding density as well as the dispersion ofetktea electron densi
into the GaH3 group abscontributes to the increased stability of therdemated specie
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A first principle approach to solvation by Imidazolium
based ionic liquids

E. Rezabdl, T. Schafef’
#NanoBioSeparations Group, POLYMAT (UPV/EHU), DoiaeStan Sebastian, Spi
b KERBASQUE, Basque Foundation for Science, BillSqmajr

lonic liquids (ILs) bear highly versatile and poWarsolvation properties, providing ide
media for chemical reactions and catalysis, lidigdid extraction and gas separation. -
easy tuneability of their properties constitutesidenl framework for their task orient
adjustment. In order to fully benefrom this great potential, and design ILs, predieir
physical properties or even choose suitable ones fepecift reaction, it is necessary
provide a link between the fundamental propertieshe system (such as electronic
molecular structure) and its specifmacromolecular) physical and chemical prope

The physical properties of the ILs stem from thetipalarly strong Coulomb (lor-range)
and dispersion (shor&ange) interactions between the ion pairs. Thelibgiuim betweer
these two forces results in rathetfpotential energy surfaces and prov properties that
fundamentally diverge from those of regular safid aolvents. Besides, the capability
form a wide range of strong intermolecular intdm@td boosts the solubility of mai
compounds in ILs.

As a first step towards the comprehensive ensidinding of IL solvation process
systematic ab initio computational studies of singkolated ion pairs was previou:
carried out. A direct relationship between the gémase electronic structure and
experimentally observed behavior was fousnl] the nature of the interactions betweer
methylimidazolium based ILs and a set of differesalutes was described in
comprehensive way. This fundamental knowledge ket drounds for predicting tt
behaviour of different ILs and solvated systenmg] ahed light into the solvation of big¢
systems as DNA, nanostructures, or enzymes inllL s.|

In the present work, we extend our model to severapairs, with the aim of understandi
the microsolvation of the solute and the role af tulk on the alvation process. As
compromise between the real system and the afftedaize for quantum chemic
calculations, we have chosen a small, prototypigaic liquid, [MMIM][CI], and small
solutes, namely ¥0 and CQ, for their intrinsic interest andundamentally distinc
solvation patterns observed previously. Ab initi®Malculations are carried out to stt
the structural characteristics of the systems, tandnteraction between the solute and
surrounding molecules is analized by energy dgmusition analysis (EDA) and topologic
non covalent interactions (NCI). This provides anptete and dynamic picture of t
solvation process in ILs. In fact, we observe thateffect of the surrounding environm:
differ remarkably in both scenarioand the patterns observed provide highly valu
information, applicable to more complex solutes.

[1] J. Phys. Chem. B, 2013, 117 (2), pp 553-562

51



Influence of spatial confinement on the cooperatity in the
hydrogen-bonded clusters
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Cooperativity is a well-knowphenomenon and a steering factor of many chemiua
physical properties of molecular matterdJL-In the present contribution the influence
chemical compression on the hydrogen bond coopéyatias been investigated. For tl
purpose the cooperatiy effects in the isolated and confined (HF)n gRtCN)n clusters
were considered. Two models of spatial confinentetve been applied in our study. 1
first one is the cylindrical model harmonic potehtiwhich certainly reflects the gene
aspects ofthe confinement effect. The second, less simplifreddel based on tt
supermolecular approach: molecular cages withircivtine can distinguish helium a
carbon nanotubes. In order to get an insight ihto riature of the cooperative effects
confinedspaces a detailed analysis of the energetics antbgiological features of electr
density according to the concept of the “Quantunedf of Atoms in Molecules
(QTAIM) proposed by Bader [6,7] have been perforniBige properties in question he
been analyzed using the ONIOM (M06-2X/6-311++G(20dl):M062X/6-31G(d)) method.
Moreover, in the case of the harmonic potentiatuations, the seco-order Mgller-
Plesset perturbation theory (MP2) has been appedvell. As a part of the study, t
compaison of the data obtained within different modelotbital compression have be
performed in order to establish the correspond&etereen the chemical environment :
its approximate representations.

[1] A. Korpfen, J. Phys. Chem. 100, 13474 (1996).

[2] T. Kar, S. Scheiner, J. Phys. Chem. A 108, 9168 (2004).

[3] M. Zibtkowski, S. J. Grabowski, J. Leszéski, J. Phys. Chem. A 110, 65146521 (2C

[4] H.J. Song, H.M. Xiao, H.S. Dong, J. Chem. P25, 074308 (2006).

[5] S. J. Grabowski, Theor. Chem. Acc. 132, 134118).

[6] R. F. W. Bader, Atoms In Molecules, A Quantuimedry; Oxford University Press: Oxford, U.1
1990.

[7] R. F. W. Bader, Chem. Rev. 91, 893 (1991).
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Halogen bonding is a directional interaction ocigr between a halogen and

electronegative atom of a Lewisage. It is namely responsible for ligand bindingl
molecular folding in biological systems and is oifpiortance in crystal engineering [1,
While predominantly electrostatic character of finieraction seems to be established
the influence of cemical environment on its strength is not compjeteiderstood. In th
present study we use topological indexes and a@macting quantum atoms (IQA) enetr
decomposition scheme [4] to explain how primary aedondary interactions affect {
strength ofa halogen bond. For this purpose, we use a sefrimoadel complexes describ
within DFT applying a dispersion correction. IQAeegy decomposition scheme allows
extract pairwise interatomic contributions from alotintermolecular interaction ener
between halogebended complex moieties and to estimate the prigporbetweer
Coulomb and exchange contributions [5]. Besideg 8ource Function [6] analys
complements the description of the impact of chamsurroundings on the formation
halogen bond.

[1] P. Auffinger, F.A. Hays, E. Westhof, S. Ho, BriNat. Acad. Sci, 2004, 101, 167— 16794

[2] P. Metrangolo, F. Meyer, T. Pilati, G. Resn&i, Terraneo, Angew. Chem. Int. Ed., 2008, 47, €
- 6127

[3] P. Politzer, K.E. Riley, F.A. Bulafl.S. Murray, Comp. Theor. Chem., 2012, 9-8
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Molecular docking of ligand to biological macromalde receptors frequently relies on
use of standard force field methods and hgghlity ligand force fields are needed
evaluate protein-ligand interactiognergies. Linear scaling methodology using quar
semiempirical Hamiltonians can now be envisaged toqrarfmore energetically preci
docking and to avoid the problem of defining fofiedd. AlgoGen is a program that grea
benefits from these algdimic advances [1]. It is able to perform rigid emilar docking
in order to ultimately pose the ligand in the rdoepsite by combining the Divide ai
Conquer linear scaling methodology using a geratjorithm (GA). A new version of th
program is presented, interfaced with MOZYME.

Firstly, we tested the AlgoGen-MOZYME/PMBH+ engine by exploring the potent
energy surface of 22 relative small complexes @oirig up to 30 atoms). We selected
S22 set designed by Hobza et al.[4] to test newpatational tools for biologically oriente
applications. These complexes have been chosdrastotbe representative of compone
of biomacromolecules that possess characteristbiliging contributions. It involve
multiple possible non-covalent ingmtions: hydrogen bonding, dispersicn- stacking
(offset parallel, Tshape). Additionally, a biological application onhetdocking of th
zardaverine inhibitor in the active site of PDE4tads to a pose in good agreement
known crystallographic structure. Complementarytqumeking treatments using NCI [2,
and charge decomposition analysis turn out to gisght into chemical weak interactio
at protein-ligand interface.

Last, preliminary results are presented concertiiregNCIl method [2,3] ud to estimate
interaction energies. This could be an interesaitgrnative to the quantum evaluat
function in molecular docking since it is only bdsmn promolecular densities calculatio
which are less expensive than full wave functioftudations and which can fully tak
advantage of grid-based techniques.

[1] E Thiriot et al. THEOCHEM 898:31, 2009 [2] ER Johnson et al., JAGS: 5498, 2010 [3]
Contrerassarcia et al., JCTC 7: 625, 2011 [4] P Jureckd &@CP, 8(17):1985, 20
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