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ABSTRACT

The QSPR analysis provides a significant structural insight into the physiochemical properties
of butane derivatives. We study some physiochemical properties of fourteen butane derivatives and
develop a QSPR model using four topological indices and butane derivatives. Here we analyze how
closely the topological indices are related to the physiochemical properties of butane derivatives.
For this we compute analytically the topological indices of butane derivatives and plot the graphs
between each of these topological indices to the properties of butane derivatives using Origin. This
QSPR model exhibits a close correlation between Heavy atomic count, Complexity, Hydrogen bond
acceptor count, and Surface tension of butane derivatives with the Redefined first Zagreb index, the
Redefined third Zagreb index, the Sum connectivity index and the Reformulated first Zagreb index,

respectively.

Keywords: QSPR, Topological Index, Molecular Descriptor, Butane, Redefined first Zagreb index,
Redefined third Zagreb index, Reformulated first Zagreb index, Sum connectivity index.

INTRODUCTION

Butane is an organic compound with the
formula C,H,; that is an alkane with four carbon
atoms. Butane derivatives are chemical compounds
formally derived from the parent compound Butane
by the replacement of one or more hydrogen
atoms with other atoms or functional groups. The
study of the quantitative structure activity/property
relationships of compounds is a relevant approach
of modern chemistry because of the details obtained
consists of mathematical equations correlating the
chemical structure of the compounds to a large
variety of their physical, chemical and biological

properties. Hence by modeling and finding structure-
property relationship of physiochemical properties of
butane derivatives with the topological parameters
we can even predict the existence of more products
of Butane which are unknown. In this study, we use
the physiochemical properties of butane derivatives
taken from PubChem.

MATERIALS AND METHODS

The QSPR study was performed on the
data set consisting of fourteen butane derivatives.
Butane derivatives of our concern are all acyclic
compounds except one which contain benzene in
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their molecular structure. A topological portrayal of
a molecule can be brought out through molecular
graph representation. Topological index is a
numerical value estimated from the molecular graph.
In this study, the butane derivatives are represented
as graphs, where each vertex of graph represents
an element and each edge denotes a chemical bond
between two elements. Specifically, we use hydrogen
suppressed molecular graph structures to compute
topological indices of butane derivatives. As it is the
convention, only single bonds between elements are
considered.

The molecular descriptors we studied are
Weiner indices?, Harary indices®, Balaban index?,
Zagreb indices®” and Eccentric indices®!". However,
we present here only four of them.

Let d,(u, v) be the distance between the
vertices of the u and v in the graph G. Let d(u) be
the degree of the vertex u of a graph G. Then we
have the following indices.

The Redefined Zagreb Indices

(1)  ReZG,(G)=X(d(u)+d(v))/(d(u)d(v))™, for all
edges uv of the graph G.

(2)  ReZG,(G)=X(d(u)d(v)).(d(u)+d(v))™, for all
edges uv of the graph G.

In 2013, the redefined versions of Zagreb
indices™ were introduced. Since then, more
focus is on structural computations of these
indices. The indices of numerous chemically
important compounds such as graphene and various
nanostructures were computed.'8 |t is found that
no studies are conducted on the correlation between
the physiochemical properties of compounds with
the molecular descriptors.

The Reformulated Zagreb Index
(3) EM,(G)=2(d(uv))™, for all edges uv of the
graph G.

The Reformulated first Zagreb index
was introduced in 2004 by Milicevic, Nikolic and
Trinajstic'®. Most of the articles on the Reformulated
Zagreb index discuss on the various properties
of Reformulated first Zagreb index such as lower
and upper bounds?°-2*, Many works are on the
computation of the index of various compounds
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and of certain class of graphs®2%3, |t has been
mentioned that, among all the versions of the Zagreb
indices, the reformulated first Zagreb index has a
significant role in QSPR study®. Nevertheless, since
its inception, no QSPR/QSAR study on Reformulated
Zagreb index is found in the literature.

The Sum Connectivity Index
4) 1(G)= Z1A(d(u)+d(v))*, for all edges uv of
the graph G.

The Sum connectivity index®* introduced
in 2009 has a major role in the QSPR studies. It
has been found that the sum connectivity index
has a close correlation with various physiochemical
properties of alkanes such as boiling point, molar
volume, molar refraction, heat of vaporization,
surface tension and melting point®-%-42_ Therefore,
there is a probability of having a correlation between
more physiochemical properties. In our study, we
found that the sum connectivity index has a close
correlation with the hydrogen bond acceptor count
of the butane derivatives.

Hence, this paper on the QSPR study of
butane derivatives with the reformulated, Redefined
Zagreb indices and Sum connectivity index is a
foundation for the future QSPR investigations on
these topological indices.

RESULTS AND DISCUSSIONS

The significance of the QSPR analysis is
that it relates the molecular structure of the compound
to a numerical value which helps in obtaining the
physiochemical properties of compounds**+5. The
various indices of fourteen butane derivatives are
obtained from the molecular graphs of butane
derivatives. In fact we initially studied more than
30 indices. We then focused our attention to the
Redefined first Zagreb index, the Redefined third
Zagreb index, the Sum connectivity index and the
Reformulated first Zagreb index. The graphs are
plotted between the topological parameters and
the physiochemical values of the compounds using
Origin. We find correlations between the molecular
descriptors and physiochemical properties of butane
derivatives. Table 1 is used in generating the plots of
results.
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Table 1: Butane derivatives with the molecular properties and Descriptors

Compound HBAC x(G) Complexity ReZG,(G) HAC ReZG,(G) Surface EM,(G)
tension

1 1,4-butanedithiol 2 2.6547 17.5 60 6 6 31.1 14
2 2-butanone 1 2.02456  38.5 60 5 5 22.9 7

3 1,3-butanediol 2 3.4167 28.7 76 6 6 34.9 22
4 butane dinitrile 2 2.6547 92 76 6 6 40.7 14
5 butanediamide 2 3.809 96.6 124 8 8 53 38
6 butane-1-sulfoamide 3 3.3272 133 146 8 6.4 41.9 45
7 1-butanethiol 1 2.1547 13.1 44 5 5 24.8 10
8 1,4-diaminobuane 2 2.645 17.5 60 6 2.33 35.8 14
9 butane-1,4-disulfonic acid 6 4.9997 266 216 12 12 77.9 84
10 butyraldehyde 1 2.1547 24.8 44 5 3.33 23.1 10
11 2,3-butanedione 2 240825 715 92 6 6.66 27.3 20
12  butanedihydrazide 4 444355 119 154 10 10.5 59 50
13 1-butanesufonylchloride 2 3.3272 133 60 8 2.33 36.4 45
14  butyl-2-benzene 0 5.154 80 152 10 9.66 29 64

Hydrogen bond acceptor count

Fig.

Complexity

We see that there are correlations between
some of the properties of butane derivatives with the
corresponding topological indices. Among all the
properties, we find that Heavy atomic count (HAC),
hydrogen bond acceptor count (HBAC), Complexity
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Fig. 2. Complexity and Redefined third Zagreb index

and Surface tension of butane derivatives have close
correlation with the Redefined first Zagreb index,
Sum connectivity index, Redefined third Zagreb index
and Reformulated first Zagreb index, respectively.
Following are the plots giving these correlations.

15 = Heavy atomic count|
ReZG1

Heavy atomic count

0 T T T
o 7 14

compounds

Fig. 3. Heavy atomic count and Redefined first Zagreb index

Suface tension
——EM1
90 o

60 o

Suface tension

30 4

T T
o 7 14
compounds

Figure 4: Surface tension and Reformulated first Zagreb index



KUREETHARA, ASOK., Orient. J. Chem., Vol 34(4), 1842-1846 (2018)

Scope of the Work

To estimate the physiochemical properties,
scientists conduct experiments which need time,
space and money. Hence, thinking of an alternative
to approximate these properties of compounds,
graph theorists found molecular structures of the
compounds called topological indices.

CONCLUSION

In this paper, finding the topological indices
of fourteen Butane derivatives and hence plotting
the graphs between physiochemical properties and
topological indices made a way to see the correlation
between these properties of butane derivatives and
their topological indices. We have seen that in each of
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the graphs the topological values are either coming
very close to the physiochemical values of butane
derivatives or they are proportionate which further
gives a scope of predicting the physiochemical
values of butane derivatives which is unknown from
its topological index obtained from its chemical
graph. This will be a great contribution to chemical
world of butane compounds. We can extend the
studies to other compounds as well.
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