Molecular descriptors based on automorphism data
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Basic definitions / Overview

Chemical structures are represented by mathematical graphs [1,2].
Graph vertices: atoms; graph edges: bonds; hydrogen-depleted;
connected coloured graphs; no atomic charge info; no 3D info.

Topologically (constitutionally) equivalent atoms (bonds)
have identical neighborhoods in terms of connectivity as described
by the graph - considering the whole graph (molecular structure).

The automorphism group of a graph describes all mappings of the
graph onto itself - preserving the connectivity (not cutting bonds).
It contains data about topologically equivalent atoms (bonds).
Asymmetric structures: only a single (trivial) mapping exists;
highly symmetric structures: several (many) mappings.

Size of the automorphism group: number of possible mappings of
a graph onto itself; it is a symmetry measure for the graph.
Orbits (in graph theory)
Atom (vertex) orbit: set of topologically equivalent atoms
Bond (edge) orbit: set of topologically equivalent bonds

Molecular descriptors [3] can be are derived from the size of the
automorphism group and from the frequencies of the different orbit
sizes [4]. They are evaluated here together with other descriptors [5]
for multivariate QSPR models: quantitative structure property
relationships for the prediction of melting points.

Continues a similar study with exhaustive sets of alkanes [6].

Automorphism with a demo structure
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Examples of molecular descriptors
based on automorphism data

* Number of orbits; separately for atom types (C, N, O) and
bond types (single, double, triple, aromatic).

* Size of automorphism group (number of mappings); absolute,
logarithm, normalized by number of atoms, bonds.

* Number of asymmetric C-atoms.

* Based on frequencies of orbits with sizes 1, 2,3, ...; e. g.,
entropy, symmetry index [3,9], root of orbit polynomial [4];
separately for atom and bond types.
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