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Global hardness vs average overlap distance

Substituent effects on o, m, p positions
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LUMOgap MoleculeD carbonQ carbonD C atom charge (e)
Nitrobenzene 0.089 0.178 1.543 -0.025 1.640
Benzaldehyde 0.097 0.187 1.632 -0.038 1.647
Fluorobenzene  0.103 0.239 1.576 -0.033  1.639 Aromatic hydrogens

O, D(r)=2.6 bohr

He, D(r)=3.1 bohr Li, D(r)=6.5 bohr

« Compute atom or molecule’s occupied orbitals (red + green)
using DFT

« Place a test function (blue) at each point r

« Overlap distance D(r ) is the width of the test function that best
overlaps the occupied orbitals

« Compact orbitals have small D(r), diffuse and weakly bound
orbitals have large D(r)

 Plot D(r)on density isosurfaces, or average D(r) over individual
atoms in a molecule
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Computed partial charge Q and average overlap distance D of
central carbon atom. More positive carbons hold the remaining
electrons more tightly, giving smaller D. The different trendlines
highlight the molecules’ different chemistry

Benzene 0.106 0.252 1.712 -0.056 1.660 1.945
Toluene 0.106 0.242 1.716 -0.050 1.650 o
—~ 2-
Phenol 0.105 0.223 1.622 0.042  1.641 £ 9% NH2-o §1P ® CHO-0
Aniline 0.113 0.203 1.666  -0.053  1.645 £1.935 NH2-m— © ote,
Q
. . . . o . = Benzene ° eg_® ®F-o0
Electron withdrawing substituents give soft aromatics with compact aromatic carbons, g 1.93 ®
electron donating substituents give harder aromatics with generally larger overlap distance =5 F-p @ NO2-m
Plotted electrostatic potential and overlap distance 2 1.92
£1.915
Benzene Toluene Nitrobenzene ©
T 1.91 ® NO2-0
1.905

/

Overlap distance, compact (red) to diffuse (blue)
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Partial charge and average overlap distance of aromatic C and H, seven
monosubstituted benzenes

Hydrogen and carbon atoms follow a consistent trend of partial charge vs. average
overlap distance

More positively charged atoms have more compact overlap distance

Ortho positions are often outliers, consistent with direct interactions with substituent

Computational details

B3LYP/6-31G DFT calculations, Gaussian development version

Atomic charges and atom-averaged overlap distance from Hirshfeld population analysis
Surface overlap distance from Multiwfn calculations
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