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Abstract

The chemical bonding of (Formula presented.) C (Formula presented.) O and
(Formula presented.) N (Formula presented.) C is analyzed in this work through the
topological quantum approach using the electronic localization function (ELF) at the
CASSCEF level and by energetic calculations at the CCSD(T) level using four different
basis sets. The results show that the dissociation of the molecules occurs via
cleavage of the C-C bond in the case of (Formula presented.) C (Formula presented.)
O, while in the case of (Formula presented.) N (Formula presented.) C, it occurs via
cleavage of the N-C bond. Furthermore, the results obtained with ELF show
monosynaptic basins containing excess electrons and disynaptic basins with a low
electron population. This leads wus to indicate the existence of
three-center-two-electron bonds according to previous results. From the valence
bond model, a series of resonance structures have been proposed that support our
calculations. In addition, the proposed structures have an ionic nature, indicating a

charge shift character. © 2023 Wiley Periodicals LLC.

Authors

Pino-Rios R.; Denis-Alpizar O.

Author full names

Pino-Rios, Ricardo (56951201800); Denis-Alpizar, Otoniel (55546096800)

Two three-electron bonds in two triatomic molecules? The cases of C20 and N2C in their ground states

Pdgina 1



Author(s) ID

56951201800; 55546096800

Year

2024

Source title

International Journal of Quantum Chemistry

Volume
124.0
Issue
1
Art. No.
e27257
DOI

10.1002/qua.27257

Two three-electron bonds in two triatomic molecules? The cases of C20 and N2C in their ground states

Pagina 2



Link
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85174807431&d0i=10.1002
%2fqua.27257&partnerlD=40&md5=1f2f6494453a5300ff2b7872cca23555

Affiliations

Quimica y Farmacia, Facultad de Ciencias de la Salud, Universidad Arturo Prat,
Iquique, Chile; Instituto de Estudios de la Salud, Universidad Arturo Prat, Iquique,
Chile; Grupo de Investigaciéon en Fisica Aplicada, Instituto de Ciencias Aplicadas,

Facultad de Ingenieria, Universidad Autonoma de Chile, Santiago, Chile

Authors with affiliations

Pino-Rios R., Quimica y Farmacia, Facultad de Ciencias de la Salud, Universidad
Arturo Prat, Iquique, Chile, Instituto de Estudios de la Salud, Universidad Arturo Prat,
Iquique, Chile; Denis-Alpizar O., Grupo de Investigacién en Fisica Aplicada, Instituto
de Ciencias Aplicadas, Facultad de Ingenieria, Universidad Auténoma de Chile,

Santiago, Chile

Author Keywords

Chemical bond; Non-classical bonds; Topological Analysis; Two-center-three-electron

bonds; Valence bond theory

Index Keywords

Chemical bonds; Electrons; Molecules; Topology; CCSD; Chemical bondings; Electron

Two three-electron bonds in two triatomic molecules? The cases of C20 and N2C in their ground states

Péagina 3



bond; Electronic localization function; Non-classical bond; Quantum approach;
Topological analysis; Triatomic molecules; Two-center-three-electron bond; Valence

bond theory; Ground state

Funding Details

Air Force Office of Scientific Research, AFOSR, (FA9550-19-1-0266); Agentia
Nationala pentru Cercetare si Dezvoltare, ANCD; Fondo Nacional de Desarrollo
Cientifico y Tecnolégico, FONDECYT, (1230571); Agencia Nacional de Investigacién y

Desarrollo, ANID

Funding Texts

This material is based upon work supported by the Air Force Office of Scientific
Research under award number FA9550-19-1-0266. R.P.-R. acknowledges the
financial support of the National Agency for Research and Development (ANID)

through FONDECYT Regular Project 1230571.

References

Lewis G.N., J. Amer. Chem. Soc., 38, (1916); Pauling L., The George Fisher Baker
Nonresistent Lectureship in Chemistry at Cornell University, (1958); Pauling L., |J.
Amer. Chem. Soc., 53, (1931); Shaik S.S., Hiberty P.C., A Chemist's Guide to Valence
Bond Theory, (2007); Pimentel G.C., J. Chem. Phys., 19, (1951); Pauling L., J. Amer.
Chem. Soc., 53, (1931); Danovich D., Foroutan-Nejad C., Hiberty P.C., Shaik S., J.
Phys. Chem. A, 122, (2018); Bader R.F.W., Atoms in Molecules: A Quantum Theory,
(1990); Wiberg K.B., Bader R.F.W., Lau C.D.H., J. Amer. Chem. Soc., 109, (1987);

Bader R.F.W., Gillespie R.J., MacDougall P.J., J]. Amer. Chem. Soc., 110, (1988); Bader

Two three-electron bonds in two triatomic molecules? The cases of C20 and N2C in their ground states

Péagina 4



R.F.W., Popelier P.L.A., Keith T.A., Angew. Chem. Int., 33, (1994); Savin A., Nesper
R., Wengert S., Fassler T.F., Angew. Chem. Int., 36, (1997); Guevara-Vela .M.,
Francisco E., Rocha-Rinza T., Martin Pendas A., Molecules, 25, (2020); Scemama A.,
Chaquin P., Caffarel M., J. Chem. Phys., 121, (2004); Cortes-Guzman F., Bader
R.F.W., Coordinat. Chem. Rev., 249, (2005); Schmider H.L., Becke A.D., J. Mol.
Struct., 527, (2000); Fuentealba P., Cardenas C., Pino-Rios R., Tiznado W.,
Topological Analysis of the Fukui Function, (2016); Pino-Rios R., Yanez O., Inostroza
D., Ruiz L., Cardenas C., Fuentealba P., Et al., J. Comput. Chem., 38, (2017);
Pino-Rios R., Inostroza D., Cardenas-Jiron G., Tiznado W., J. Phys. Chem. A, 123,
(2019); Poater )., Duran M., Sola M., Silvi B., Chem. Rev., 105, (2005); Becke A.D.,
Edgecombe K.E., J. Chem. Phys., 92, (1990); Silvi B., Savin A., Nature, 371, (1994);
Fourre 1., Silvi B., Heteroatom Chem., 18, (2007); Fourre I., Silvi B., Sevin A.,
Chevreau H., J. Phys. Chem. A, 106, (2002); des Pineau Forets G., Roueff E., Flower
D., Month. Notices R. Astron. Soc., 244, (1990); Turner A.M., Koutsogiannis A.S.,
Kleimeier N.F., Bergantini A., Zhu C., Fortenberry R.C., Et al., Astrophys. J., 896,
(2020); Moskaleva L.V., Lin M.C., J. Phys. Chem. A, 105, (2001); Wang D., Wang D.,
Fu L., Huang X., Chem. Phys., 517, (2019); Donovan R.J., Husain D., Chem. Rev., 70,
(1970); Urzua-Leiva R., Denis-Alpizar O., J. Phys. Chem. A, 125, (2021); Bartlett R.J.,
Musial M., Rev. Modern Phys., 79, (2007); Weigend F., Ahlrichs R., Phys. Chem.
Chem. Phys., 7, (2005); Dunning T.H., J. Chem. Phys., 90, (1989); Choi H., Mordaunt
D.H., Bise R.T., Taylor T.R., Neumark D.M., J. Chem. Phys., 108, (1998); Bise R.T.,
Hoops A.A., Choi H., Neumark D.M., J. Chem. Phys., 113, (2000); Olsen J., Int. |J.
Quantum Chem., 111, (2011); Matito E., Silvi B., Duran M., Sola M., J. Chem. Phys.,
125, (2006); Noury S., Krokidis X., Fuster F., Silvi B., Comput. Chem., 23, (1999); Lu
T., Chen F., J. Comput. Chem., 33, (2012); AIMAIIl (Version 19.02.13); Lee T.J., Taylor
P.R., Int. J. Quantum Chem., 36, (1989); Rienstra-Kiracofe J.C., Allen W.D., Schaefer
H.F., J. Phys. Chem. A, 104, (2000); Ohshima Y., Endo Y., Ogata T., J. Chem. Phys.,

102, (1995); Papakondylis A., Mavridis A., ]J. Phys. Chem. A, 123, (2019); Allen F.H.,

Two three-electron bonds in two triatomic molecules? The cases of C20 and N2C in their ground states

Péagina 5



Kennard O., Watson D.G., Brammer L., Orpen A.G., Taylor R., J. Chem. Soc., 2,
(1987); Bauer W., Meuser R., Becker K.H., J. Photochem., 24, (1984); Wurfel B.E.,
Thoma A., Schlachta R., Bondybey V.E., Chem. Phys. Lett., 190, (1992); Pino-Rios R.,

Inostroza D., Tiznado W., Angew. Chem., 133, (2021)

Correspondence Address

R. Pino-Rios; Facultad de Ciencias de la Salud, Universidad Arturo Prat, Iquique,
1100000, Chile; email: rpinorios@unap.cl; O. Denis-Alpizar; Grupo de Investigacién
en Fisica Aplicada, Instituto de Ciencias Aplicadas, Facultad de Ingenieria,

Universidad Auténoma de Chile, Santiago, Chile; email: otoniel.denis@uautonoma.cl

Publisher
John Wiley and Sons Inc
ISSN
00207608
CODEN
JQCB
Language of Original Document
English

Two three-electron bonds in two triatomic molecules? The cases of C20 and N2C in their ground states

Pagina 6



Abbreviated Source Title

Int ] Quantum Chem

Document Type

Article
Publication Stage
Final
Source
Scopus
EID

2-s2.0-85174807431

Two three-electron bonds in two triatomic molecules? The cases of C20 and N2C in their ground states

Pagina 7



