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Abstract

Understanding the interactions and the solvent effects on the distribution of several species in

equilibrium and how it can influence the H-NMR properties, spectroscopy (UV-vis absorption), and the

acid–base equilibria can be especially challenging. This is the case of a bis-bidentate bridging ligand

bis(2-pyridyl)-benzo-bis(imidazole), where the two pyridyl and four imidazolyl nitrogen atoms can be

protonated in different ways, depending on the solvent, generating many isomeric/tautomeric species.

Herein, we report a combined theoretical–experimental approach based on a sequential quantum

mechanics/molecular mechanics procedure that was successfully applied to describe in detail the

acid–base characterization and its effects on the electronic properties of such a molecule in solution.

The calculated free-energies allowed the identification of the main species present in solution as a

function of the solvent polarity, and its effects on the magnetic shielding of protons ( H-NMR chemical

shifts), the UV-vis absorption spectra, and the acid–base equilibrium constants (pK s) in aqueous

solution. Three acid–base equilibrium constants were experimentally/theoretically determined (pK  =

1.3/1.2, pK  = 2.1/2.2 and pK  = 10.1/11.3) involving mono-deprotonated and mono-protonated cis

and trans species. Interestingly, other processes with pK  = 3.7 and pK  = 6.0 were also experimentally

Previous 
 Next

ab c c c

a bd a c

 Author affiliations

1

1

a

a1

a2 a5

a3 a4

Log in / register

nced

F

https://pubs.rsc.org/en/journals/journal/cp?issueid=cp024017&type=current&issnprint=1463-9076
https://pubs.rsc.org/en/results?searchtext=Author%3ALeandro%20Rezende%20Franco
https://orcid.org/0000-0002-8692-3396
https://pubs.rsc.org/en/results?searchtext=Author%3AKalil%20Cristhian%20Figueiredo%20Toledo
https://orcid.org/0000-0002-6688-8335
https://pubs.rsc.org/en/results?searchtext=Author%3ATiago%20Araujo%20Matias
https://pubs.rsc.org/en/results?searchtext=Author%3APaola%20Andrea%20Benavides
https://orcid.org/0000-0002-1701-5036
https://pubs.rsc.org/en/results?searchtext=Author%3AHenrique%20Musseli%20Cezar
https://orcid.org/0000-0002-7553-0482
https://pubs.rsc.org/en/results?searchtext=Author%3AC.%20Moyses%20Araujo
https://orcid.org/0000-0001-5192-0016
https://pubs.rsc.org/en/results?searchtext=Author%3AKaline%20Coutinho
https://orcid.org/0000-0002-7586-3324
https://pubs.rsc.org/en/results?searchtext=Author%3AKoiti%20Araki
https://orcid.org/0000-0003-3485-4592
https://pubs.rsc.org/en/Content/ArticleLanding/2022/CP/D2CP00228K
https://pubs.rsc.org/en/Content/ArticleLanding/2022/CP/D2CP01054B
https://pubs.rsc.org/en/account/logon
https://www.rsc.org/basket/shoppingcart/orderitems?returnurl=https://pubs.rsc.org/en/content/articlelanding/2022/CP/D1CP03912A
https://www.rsc.org/
https://pubs.rsc.org/en/account/logon
https://pubs.rsc.org/en/search/advancedsearch


15/08/2022 19:26 Unraveling the acid–base characterization and solvent effects on the structural and electronic properties of a bis-bidentate br…

https://pubs.rsc.org/en/content/articlelanding/2022/CP/D1CP03912A 2/5

determined and assigned to the protonation and deprotonation of dimeric species. The dimerization of

the most stable neutral species was investigated by Monte Carlo simulations and its electronic effects

were considered for the elucidation of the UV-vis absorption bands, revealing transitions mainly with

the charge-transfer characteristic and involving both the monomeric species and the dimeric species.

The good matching of the theoretical and experimental results provides an atomistic insight into the

solvent effects on the electronic properties of this bis-bidentate bridging ligand.

About Cited by Related

* Exclusive of taxes

This article contains 19 page(s)

Other ways to access this content

Supplementary files

Supplementary information
PDF (19996K)

Buy this article
£42.50*

Log in
Using your institution credentials

Sign in
With your membership or subscriber account

F

https://www.rsc.org/suppdata/d1/cp/d1cp03912a/d1cp03912a1.pdf
https://pubs.rsc.org/en/content/buyarticlepdf/d1cp03912a
https://pubs.rsc.org/en/content/federatedaccess?msid=d1cp03912a&doi=10.1039%2Fd1cp03912a&journalcode=cp&printyear=2022&contenttype=article&returnurl=https%3A%2F%2Fpubs.rsc.org%2Fen%2Fcontent%2Farticlelanding%2F2022%2FCP%2FD1CP03912A
https://pubs.rsc.org/en/account/logon?returnurl=https%3A%2F%2Fpubs.rsc.org%2Fen%2Fcontent%2Farticlelanding%2F2022%2FCP%2FD1CP03912A&callback=true


15/08/2022 19:26 Unraveling the acid–base characterization and solvent effects on the structural and electronic properties of a bis-bidentate br…

https://pubs.rsc.org/en/content/articlelanding/2022/CP/D1CP03912A 3/5

Article information

Search articles by author

https://doi.org/10.1039/D1CP03912A

Article type
Paper

Submitted
25 Aug 2021

Accepted
14 Mar 2022

First published
30 Mar 2022

Citation
Phys. Chem. Chem. Phys., 2022, 24, 10222-10240



 Go

Permissions
Request permissions

Social activity


Tweet 
Share

Leandro Rezende Franco

Kalil Cristhian Figueiredo Toledo

Tiago Araujo Matias

Paola Andrea Benavides

Henrique Musseli Cezar

C. Moyses Araujo

Kaline Coutinho

BibTex

F

https://www.rsc.org/suppdata/d1/cp/d1cp03912a/d1cp03912a1.pdf
https://doi.org/10.1039/D1CP03912A
https://www.altmetric.com/details.php?domain=pubs.rsc.org&citation_id=126541300
https://twitter.com/intent/tweet/?text=Unraveling+the+acid%e2%80%93base+characterization+and+solvent+effects+on+the+structural+and+electronic+properties+of+a+bis-bidentate+bridging+ligand+-+now+published+in+Physical+Chemistry+Chemical+Physics&url=https%3a%2f%2fpubs.rsc.org%2fen%2fcontent%2farticlelanding%2f2022%2fcp%2fd1cp03912a
https://pubs.rsc.org/en/Image/GetQrCode?url=https%3A%2F%2Fpubs.rsc.org%2Fen%2Fcontent%2Farticlelanding%2F2022%2Fcp%2Fd1cp03912a


15/08/2022 19:26 Unraveling the acid–base characterization and solvent effects on the structural and electronic properties of a bis-bidentate br…

https://pubs.rsc.org/en/content/articlelanding/2022/CP/D1CP03912A 4/5

Spotlight

Advertisements

Koiti Araki

Go

F

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsso6dxMN72L1Sj8pN6wQYIaoW_4QMUfEq_4O_eoBQbdwdl7wpJ7kjRYH2rHOoTHb_QfgNkLzwKQVP36el8sVAsOtoWCuRj-yuhHu4ZsmYv1-Ebr0Hl7sWk88Vh_1sCEO3Q3yhNL4UzbVoUQuMnA17cA86iYui1305bVul9k3MaZJDO7xuHz5aqGWiT54Aaxe_GVVpOLSvAu28fh6HvRAbmYjOehq80AdTzG_PHf3ReNJGaV1mkAbQpjFIXoUrKErZkqrFDlbHFlhTgHGSwe5Z5_kwU_nFzui2M0PrebPTjyHyjFfACAjNu15MBHR6hjZZbVdmR-gtcDjXA&sai=AMfl-YS8Fn6qMx7atgjnMqlTZ3FJ03q_YI__mYRzz3r4P9e2XfBcjG_Am5BbHKeIRKdnQir07A86kXNz1Vr45BA&sig=Cg0ArKJSzC2HKfe7FT04&fbs_aeid=[gw_fbsaeid]&adurl=https://www.rsc.org/events/detail/73875/new-frontiers-in-synthetic-chemistry-2022
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsulUv1xj10UtdaOgDUWXURNP9RQ2rQyAnupqzMZJU3UbIsifukhLJE8u4xs47CT7SNmF1bhO6BlcJrDgI1diKBJTegnuRyEhV9Ov1euiBeqDfoVOf3G-6sFf019OWghT4yrRO9IxYWHPVze7linKgYqS7fRIBuw8lITRS4QuDAh578trbWlrd139AMNxoXw3KCeosYDYsbsgQEdibM7Iti7jJGxAySWre1YNYafihtXZRjmUwN_Z3a5xIVph0vXXu1DfNU1EJ0-GcUhHBSmtXceFlvp_dhvZRaltYUXjJUNCMk0SawU_spuehDS6BoWf_bkIHQhiwEtcuA&sai=AMfl-YSJwsIWAkIggkGY9pc60Ey8oXR5jUkmERM6K3JCPKjTx0v1SgNHlEjVThjdrqLwEK9mJjYXlE4WXYah_mg&sig=Cg0ArKJSzDVtRxJwuL1k&fbs_aeid=[gw_fbsaeid]&adurl=https://broadpharm.com/web/
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvulvfTank4G73YUSFZGNsbkcNzu-Km0nUzX7_M5QXU5JQQdgBtqi5cBThldMSvaW0KqGcVLAdb5wnLf1kLUmqZtHStv8926w8TfRYWU8QhTjS9X8hyxmFW1DZkXasDw9WBo3eLcFf_r3kbWBvpXZXPicHPCgUy0DlMPm3OiHRBFBZI1Z3ak6XIKza-gSOYdKMJmO-yFXlAYEek81FMzq9S8kryJ6tmzjBy5ubbHY9IhjbyvNbXsxHTsn1Izzda3v1YcZbDIBmclx460ariRVe1u9tc_bwRVlXsqwZTrAtV2DHTCkRrdfQynjaDmdEzDDmjzlfCfFSzDzg&sai=AMfl-YRnfGcePJfuZBu_nWuLNRw2fF_KLsAXFJORerci0J7LShoxxBdexjerqLDLGId-KuQ5H7qVpSGgRprj_OA&sig=Cg0ArKJSzAKzfRDUu1hk&fbs_aeid=[gw_fbsaeid]&adurl=https://www.chemistryworld.com/whitepapers/unlocking-lab-efficiency-through-digital-transformation/4015614.article


15/08/2022 19:26 Unraveling the acid–base characterization and solvent effects on the structural and electronic properties of a bis-bidentate br…

https://pubs.rsc.org/en/content/articlelanding/2022/CP/D1CP03912A 5/5


Journals, books & databases

Home

About us

Membership & professional community

Campaigning & outreach

Journals, books & databases

Teaching & learning

News & events

Locations & contacts

Careers

Awards & funding

Advertise

Help & legal

Privacy policy

Terms & conditions

© Royal Society of Chemistry 2022


Registered charity number: 207890


 
 


F

https://www.rsc.org/journals-books-databases/
https://www.rsc.org/
https://www.rsc.org/about-us/
https://www.rsc.org/membership-and-community/
https://www.rsc.org/campaigning-outreach/
https://www.rsc.org/journals-books-databases/
https://www.rsc.org/teaching-and-learning/
https://www.rsc.org/news-events/
https://www.rsc.org/locations-contacts/
https://www.rsc.org/careers/
https://www.rsc.org/awards-funding/
https://www.rsc.org/advertise/
https://www.rsc.org/help-legal/
https://www.rsc.org/help-legal/legal/privacy/
https://www.rsc.org/help-legal/legal/terms-conditions/
https://www.facebook.com/RoyalSocietyofChemistry
https://twitter.com/RoySocChem
https://www.linkedin.com/company/23105
https://www.youtube.com/user/wwwRSCorg

