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Chemical compounds: Graphs:
- physicochemical, - vertex degrees,
- pharmacological, - vertex neighbourhoods,
- toxicological properties ... - number of vertices fedges ...
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Molecular descriptors

The molecular descriptor is the final result of a logic and mathematical
procedure which transforms chemical information encoded within a symbolic
representation of a molecule into a useful number or the result of some
standardized experiment.

A topological index also known as a connectivity index is a type of a
molecular descriptor that is calculated based on the molecular graph of a
chemical compound. [Todeschini and Consonni, 2000]


http://www.moleculardescriptors.eu/
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Molecular descriptors

The molecular descriptor is the final result of a logic and mathematical
procedure which transforms chemical information encoded within a symbolic
representation of a molecule into a useful number or the result of some
standardized experiment.

A topological index also known as a connectivity index is a type of a

molecular descriptor that is calculated based on the molecular graph of a
chemical compound. [Todeschini and Consonni, 2000]

Molecular descriptors in practice

http://www.moleculardescriptors.eu/
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Reffmees ® usage: a predictor of the boiling points of paraffins, a tool used for
preliminary screening of potentially suitable drugs and for QSAR/QSPR
modelling [Knor et al., 2016];
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usage: a predictor of the boiling points of paraffins, a tool used for

preliminary screening of potentially suitable drugs and for QSAR/QSPR
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® a distance-based graph invariant
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® usage: modelling thermodynamic properties of organic chemical
compounds (a strong predictor of the heat of formation of alkanes and the
stability of linear and branched alkanes) [Estrada et al., 1998];
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® usage: modelling thermodynamic properties of organic chemical

compounds (a strong predictor of the heat of formation of alkanes and the
stability of linear and branched alkanes) [Estrada et al., 1998];

® 3 degree-based graph invariant
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The ABC index
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Extremal (connected n-vertex) ...

® ... graphs: max: K, [Chen and Guo, 2011] / min: a tree

® . trees: max: Sy [Furtula et al., 2009] / min: [Dimitrov, 2013],
[Gutman et al., 2012]
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® usage: modelling thermodynamic properties of organic chemical

compounds (a strong predictor of the entropy and the acentric factor of
alkanes) [Furtula, 2016];
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Proposition

Let G be a bipartite graph on n vertices. Then
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Let G be a connected graph on n vertices with edge-connectivity k > 2. Then
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Kn(k) =K,V (Kl + Kn—k—l)




On Several
Extremal Problems
in Chemical Graph

Theory

Barbara lkica

Molecular
descriptors

Topological indices in
general

The Wiener index
The ABC index
The GG index

An overview of
results

GG index of bipartite graphs

Maximum ABC index
subject to given graph
parameters

Maximum Wiener index
subject to a given diameter

References

... given edge-connectivity

Theorem [Zhang et al., 2016]

Let G be a connected graph on n vertices with edge-connectivity k > 2. Then

|ABC(G) < ABC(K, (k) |with equality if and only if | G = K, (k) |

Kn(k) =K,V (Kl + Kn—k—l)




On Several
Extremal Problems
in Chemical Graph

Theory

Barbara lkica

Molecular
descriptors

Topological indices in
general

The Wiener index
The ABC index
The GG index

An overview of
results
GG index of bipartite graphs

Maximum ABC index
subject to given graph
parameters

Maximum Wiener index
subject to a given diameter

References

... given edge-connectivity

Theorem [Zhang et al., 2016]

Let G be a connected graph on n vertices with edge-connectivity k > 2. Then

|ABC(G) < ABC(K, (k) |with equality if and only if | G = K, (k) |




On Several
Extremal Problems
in Chemical Graph

Theory

Barbara lkica

Molecular
descriptors

Topological indices in
general

The Wiener index
The ABC index
The GG index

An overview of
results

GG index of bipartite graphs
Maximum ABC index
subject to given graph
parameters

Maximum Wiener index
subject to a given diameter

References

... given edge-connectivity

Theorem [Zhang et al., 2016]

Let G be a connected graph on n vertices with edge-connectivity k > 2. Then

‘ ABC(G) < ABC(K,(k)) ‘ with equality if and only if | G 2 K, (k) |

Theorem

Let G be a connected graph on n vertices with edge-connectivity £ = 1. Then

\ ABC(G) < ABC(Kn (1)) \ with equality if and only if | G 2 K, (1) |
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... given chromatic number y

Theorem [Zhang et al., 2016]

Let G be an n-vertex connected graph with chromatic number x = 2. Then

| ABC(G) < ABC(Th,y) |with equality if and only if.

2T,,. denotes a complete I-partite graph of order n with |t; —t;] < 1,
where t; is the number of vertices in the i-th partition set of T, ;.
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Theorem [Zhang et al., 2016]

Let G be an n-vertex connected graph with chromatic number x = 2. Then

‘ ABC(G) < ABC(Th,y) ‘with equality if and only if 2.

Theorem

Let G be an n-vertex connected graph with chromatic number x > 2 and
suppose that x divides n. Then ‘ ABC(G) < ABC(Th,x) ‘with equality if and

2Tn7l denotes a complete I-partite graph of order n with |¢; —t;| < 1,
where t; is the number of vertices in the i-th partition set of T, ;.
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Large-diameter graphs

Double broom

The double broom D(n,a,b) consists of a pathonn —a —b
vertices together with a independent vertices adjacent to one

of its endpoints and b independent vertices adjacent to the
other endpoint.
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Large-diameter graphs

Double broom

The double broom D(n,a,b) consists of a pathonn —a —b
vertices together with a independent vertices adjacent to one

of its endpoints and b independent vertices adjacent to the
other endpoint.
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Large-diameter graphs

Theorem

Let G be a graph of order n and let be its diameter. Here, ¢ > 3

is a constant such that n > %(703 — 18¢? 4 23c — 6). Then

W(G) < W(D(n, [(c+1)/2],[(c+1)/2])) |With equality if and only if

G = D(n, [(c+1)/2], [(c+1)/2]) ]
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Large-diameter graphs

Theorem

Let G be a graph of order n and let be its diameter. Here, ¢ > 3

is a constant such that n > %(703 — 18¢? 4 23c — 6). Then
W(G) < W(D(n, [(c+ 1)/2], [(c+ 1)/2])) \ with equality if and only if
G = D(n, [(c+1)/2], [(c+1)/2]) ]

Proposition

Let G be a graph of order n. If the diameter of G is m, then

| W(G) <W(D(n,1,1)) | with equality if and only if | G 2 D(n,1,1)(= Py) |
If the diameter of G is|d =n — 2|, then ‘ W(G) < W(D(n,1,2)) ‘with

equality if and only if | G = D(n,1,2) |
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e ® If n > 8, then W(G) < W(D(n,2,2)) with equality if and only if
The Wiener index G = D(’I’L, 2, 2)
B ® If n=7, then W(G) < W(D(7,2,2)) = W(T}) with equality if and only
) if G = D(7,2,2) or G=T7.
An overview of
results ® |f n =6, then W(G) < W(D(6,2,2)) with equality if and only if
GG index of bipartite graphs G o D(G, 2’ 2)
Maximum ABC index
pricires ety ® |f n =5, then W(G) < W(S5) with equality if and only if G 2 Ss.

<
ey ® |f n =4, then W(G) < W(K4) with equality if and only if G & Kj.

— <

(a) D(7,2,2) (b) T7 (©) D(6,2,2)
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