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Project description:

The proposed project belongs to chemical graph theory, an interplay between theoretical chemistry
and graph theory, whose main goals are to correlate physicochemical properties of the molecules
with numerical topological indices of their associated molecular graphs and to characterize
molecular graphs that have desirable properties of these topological indices. The obtained
correlations form quantitative structure-activity relationship (QSAR) and quantitative structure-
property relationship (QSPR) models in which biological, pharmacological, medical, ecological and
other properties of molecules are predicted from their molecular structure. QSAR and QSPR models



make possible to save time and money by narrowing the search for the proper medicine to
compounds with desirable properties of their molecular graphs by using solely computational
resources prior to the actual synthetization of a few candidate compounds. Harry Wiener did the
seminal work in this direction in 1947 when he showed that the boiling point of a paraffin is
strongly correlated to the sum of distances between all pairs of vertices in its molecular graph (now
called the Wiener index), and many important topological indices have been proposed since then. 

One of the more recent topological indices is the atom-bond connectivity (ABC) index, proposed by
Ernesto Estrada in 1998, that represents a sum over all edges in a molecular graph of particular
terms that depend on degrees of edge vertices. Estrada showed in 2008 that the ABC index
correlates well with the heat of formation of alkanes, and provided a quantum-chemical explanation
for this correlation based on the ratio of 1,3-interactions with respect to the total number of 1,2-,
1,3- and 1,4- interactions in alkanes, concluding that their heat of formation can be obtained as a
combination of stabilizing effects coming from atoms, bonds and protobranches. In a subsequent
critical evaluation, Ivan Gutman et al. [Indian J. Chem. Sect. A: Inorg. Phys. Theor. Anal. 51, 690–
694 (2012)] confirmed that the ABC index “reproduces the heat of formation with an accuracy
comparable to that of high level ab initio and DFT (MP2, B3LYP) quantum chemical calculations”,
claiming that “a theoretical, quantum-theory-based foundation and justification has been found” for
this descriptive capacity of the ABC index. 

Within the framework of this project we aim to study graph theoretical properties of topological
indices such as the Wiener index and the ABC index. The ABC index triggered a series of
mathematical papers arising from difficulties in characterizing graphs and trees with the minimum
ABC index, making it one of the most difficult recent open problems in mathematical chemistry.
Another problem that does not allow easy derivation of extremal graphs is to characterize graphs
and trees with maximum Wiener index among those with given diameter and radius. Such problems
were first studied by Plesnik in 1984 and to this day only a few further results were obtained, with
the most important one being the result of Mukwembi and Vetrik [Bull. Aust. Math. Soc. 89, 379-
396 (2014)] in which upper bounds on Wiener index of trees with diameter at most six have been
obtained and extremal trees characterized. In addition to our goals to make further progress on these
two research problems, we will work on other properties of these and similar topological indices as
well, which may also include establishing relations between distance and degree based topological
indices of molecular graphs and spectral properties of their associated matrices that team leaders
started jointly in [MATCH Commun. Math. Comput. Chem. 72, 741-751 (2014)].


