Accepted Manuscript

The Axiomatic Approach to Chemical Concepts

Paul W. Ayers, Stijn Fias, Farnaz Heidar-Zadeh

PII:
DOI:
Reference:

To appear in:

Received Date:

Revised Date:

Accepted Date:

S$2210-271X(18)30423-7
https://doi.org/10.1016/j.comptc.2018.09.006
COMPTC 12344

Computational & Theoretical Chemistry

15 August 2018
15 September 2018
15 September 2018

COMPUTATIONAL
& THEORETICAL
CHEMISTRY

AUIT . THAKKAR, ANGELA K. WILSON and MA

Please cite this article as: P.W. Ayers, S. Fias, F. Heidar-Zadeh, The Axiomatic Approach to Chemical Concepts,
Computational & Theoretical Chemistry (2018), doi: https://doi.org/10.1016/j.comptc.2018.09.006

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.comptc.2018.09.006
https://doi.org/10.1016/j.comptc.2018.09.006

The Axiomatic Approach to Chemical Concepts

Paul W. Ayers", Stijn Fias', and Farnaz Heidar-Zadeh*??

1) Department of Chemistry & Chemical Biology, McMaster University, Hamilton, Ontario, L8S 4M1, Canada
2) Center for Molecular Modeling, Ghent University, Technologiepark 903, 9052 Zwijnaarde, Belgium

3) Physics and Materials Science Research Unit, University of Luxembourg, L-1511 Luxembourg, Luxembourg

Many concepts that are central to chemical language and thought-emerge from the wealth of
chemists’ historical experience and cannot be precisely defined mathematically from the
underlying physics. In such cases, it is useful to take an axiomatic approach: list the chemical,
mathematical and computational properties that one desires for a concept to possess, and then find
the rigorous (and, if possible, elegant) mathematical formulation of the concept that satisfies those
desiderata. This mathematical formulation is most useful if it relies on fundamental quantities—
guantum-mechanical observables, reduced density matrices, or the N-electron wavefunction—
rather than method-dependent ~quantities (e.g., orbitals) that are not defined for some
computational approaches to the molecular electronic structure problem. This ensures that the
pursuit of chemical intuition does not lead one too far from the underlying physics. It also ensures
that one can interpret the results of any computational method, even methods (e.g., quantum

Monte Carlo) that make no reference to any molecular-orbital or valence-bond model.
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