Journal of Mathematical Control Science and Applications (JIMCSA)
Vol. 4, No. 2, July-December 2018, ISSN: 0974-0570

HYPER ZAGREB AS A MOLECULAR DESCRIPTOR FOR
QSPR STUDIES OF LOWER ALKANES

M. J. JYOTHI AND S. R. RAMACHANDRA*

ABSTRACT. In this article, a Quantitative StructureProperty Relationship
(QSPR) study was performed to show that the hyper-Zagreb index, HM(G),
is a useful molecular descriptor for predicting the physical properties of lower
alkanes. Simple regression models were employed to relate HM (G) to prop-
erties such as boiling point (bp), molar volume (mv), molar refractivity (mr),
heat of vaporization (hv), critical temperature (ct), critical pressure (cp),
and surface tension (st). The correlation coefficients () ranged from 0.587
to 0.637, indicating moderate positive correlations.

1. Introduction

For standard terminology and notions in graph theory, we follow the text-book of
Harary [5]. The non-standard notions will be given as and when required.

Topological indices are numerical parameters derived from molecular graphs that
encode structural information and remain invariant under graph automorphisms.
Among the earliest of these indices is the Wiener index, introduced by Harold
Wiener in 1947. It quantifies the overall connectivity of a molecule by summing
the distances between all pairs of vertices in the graph:

W@ =5 Y Y dwo),

veV(G)ueV(G)

where d(u,v) denotes the shortest path between vertices u and v.

Subsequently, Gutman and Trinajsti introduced the First Zagreb index M;(G),
defined as the sum of the squares of the vertex degrees, and later, the Second
Zagreb index Ms(G), given by the sum of the products of degrees of adjacent
vertices:

veV(G) weEB(G) weE(G)

The hyper-Zagreb index was first introduced in [7]. This index is defined as
follows:
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HM(G)= Y [d(u)+d())’ (1.1)
uveE(G)
where E(G) is the edge set of the graph G and d(u), d(v) are the degrees of the
vertices u and v, respectively.
The readers interested in more information on the Zagreb indices can be re-
ferred to [1, 2, 3, 4, 6, 8] for more comprehensive discussions.

Lower alkanes, or light alkanes, are the simplest hydrocarbons with the formula
CpHay 12, including methane, ethane, propane, butane, and pentane. They are
saturated, chemically stable, and show increasing boiling points, density, and vis-
cosity with chain length. Methane to butane are gases at room temperature, while
pentane and higher alkanes are liquids. Lower alkanes are major components of
natural gas and LPG, serve as fuels and industrial feedstocks, and are widely used
in computational studies like QSPR due to their simple structures and well-known
properties.

The experimental values for the physical properties - boiling points (bp) °C', molar
volumes (mwv) em?3, molar refractions (mr) cm?, heats of vaporization (hv) k.J,
critical temperatures (ct) °C, critical pressures (¢p) atm, and surface tensions of
considered lower alkanes are presented in the following Table-1. For QSPR analysis
for T(G) of molecular graphs with the physical properties of lower alkanes we use
this data. For the experimental data of numerical values in columns 2 to 8 of the
Table-1 one can refer [6] or [8].

TABLE 1. The experimental numerical values of the physical
properties of low alkanesThe experimental numerical values of the
physical properties of low alkanes

Alkane N
Pentane 36.1 1152 2527 26.4 196.6 33.3 16
2-Methylbutane 279 1164 2529 246 187.8 32.9 15
Hexane 68.7 130.7 2991 31.6 234.7 29.9 18.42
2-Methylpentane 60.3 131.9 29.95 29.9 2249 30 17.38
3-Methylpentane 63.3 129.7 29.8 30.3 231.2 30.8 18.12
2,2-Dimethylbutane 49.7 1327 29.93 27.7 216.2 30.7 16.3
2,3-Dimethylbutane 58 130.2 29.81 29.1 227.1 31 17.37
Heptane 98.4 146.5 34.55 36.6 267 27 20.26
2-Methylhexane 90.1 1477 3459 34.8 257.9 27.2 19.29
3-Methylhexane 91.9 145.8 3446 35.1 2624 28.1 19.79
3-Ethylhexane 93.5 143.5 34.28 35.2 267.6 28.6 20.44
2,2-Dimethylpentane 79.2  148.7 34.62 324 2477 28.4 18.02
2,3-Dimethylpentane 89.8 144.2 34.32 34.2 264.6 29.2 19.96
2,4-Dimethylpentane 80.5 1489 34.62 329 247.1 274 18.15
3,3-Dimethylpentane 86.1 144.5 34.33 33 263 30 19.59
2,3,3-Trimethylbutane 80.9 145.2  34.37 32 258.3 29.8 18.76
Octane 125.7 162.6 39.19 41.5 296.2 24.64 21.76
2-Methylheptane 117.6  163.7 39.23 39.7 288 24.8 20.6
3-Methylheptane 118.9 161.8 39.1 398 292 25.6 21.17
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4-Methylheptane 117.7 162.1 39.12 39.7 290 25.6 21
3-Ethylhexane 1185 160.1 38.94 39.4 292 25.74 21.51
2,2-Dimethylhexane 106.8 164.3 39.25 37.3 279 25.6 19.6
2,3-Dimethylhexane 1156 160.4 38.98 38.8 293 26.6 20.99
2,4-Dimethylhexane 109.4 163.1 39.13 37.8 282 25.8 20.05
2,5-Dimethylhexane 109.1  164.7 39.26 37.9 279 25 19.73
3,3-Dimethylhexane 112 160.9 39.01 37.9 290.8 27.2 20.63
3,4-Dimethylhexane 117.7 158.8 38.85 39 298 27.4 21.62
3-Ethyl-2-methylpentane 115.7 158.8 38.84 38.5 295 274 21.52
3-Ethyl-3-methylpentane 118.3 157 38.72 38 305 28.9 21.99
2,2,3-Trimethylpentane 109.8 159.5 38.92 36.9 294 28.2 20.67
2,2,4-Trimethylpentane 99.2 165.1 39.26 36.1 271.2 25.5 18.77
2,3,3-Trimethylpentane 114.8 157.3 38.76 37.2 303 29 21.56
2,3,4-Trimethylpentane 113.5 158.9 38.87 37.6 295 27.6 21.14
Nonane 150.8 178.7 43.84 46.4 322 22.74 22.92
2-Methyloctane 143.3  179.8 43.88 44.7 315 23.6 21.88
3-Methyloctane 144.2 178 43.73 44.8 318 23.7 22.34
4-Methyloctane 142.5 178.2 43.77 44.8 3183 23.06 22.34
3-Ethylheptane 143 176.4 43.64 44.8 318  23.98 22.81
4-Ethylheptane 141.2  175.7 43.49 448 318.3 23.98 22.81
2,2-Dimethylheptane 132.7 180.5 43.91 423 302 22.8 20.8
2,3-Dimethylheptane 140.5 176.7 43.63 43.8 315  23.79 22.34
2,4-Dimethylheptane 133.5 179.1 43.74 429 306 22.7 21.3
2,5-Dimethylheptane 136 179.4 43.85 429 307.8 22.7 21.3
2,6-Dimethylheptane 135.2 180.9 43.93 42.8 306 23.7 20.83
3,3-Dimethylheptane 137.3 176.9 43.69 42.7 314 24.19 22.01
3,4-Dimethylheptane 140.6 175.3 43.55 43.8 322.7 24.77 22.8
3,5-Dimethylheptane 136 1774 43.64 43 312.3 23.59 21.77
4,4-Dimethylheptane 135.2 176.9 43.6 42.7 317.8 24.18 22.01
3-Ethyl-2-methylhexane 138 1754 43.66 43.8 322.7 24.77 22.8
4-Ethyl-2-methylhexane 133.8 177.4 43.65 43  330.3 25.56 21.77
3-Ethyl-3-methylhexane 140.6  173.1  43.27 43 3272 25.66 23.22
3-Ethyl-4-methylhexane 140.46  172.8 43.37 44 312.3  23.59 23.27
2,2,3-Trimethylhexane 133.6 1759 43.62 419 3181 25.07 21.86
2,2,4-Trimethylhexane 126.5 179.2 43.76  40.6 301  23.39 20.51
2,2,5-Trimethylhexane 124.1 181.3 43.94 40.2 296.6 2241 20.04
2,3,3-Trimethylhexane 137.7 173.8 43.43 422 326.1 25.56 22.41
2,3,4-Trimethylhexane 139 173.5 43.39 429 324.2 25.46 22.8
2,3,5-Trimethylpentane 131.3 1777 43.65 41.4 3094 23.49 21.27
2,4,4-Trimethylhexane 130.6 177.2 43.66 40.8 309.1 23.79 21.17
3,3,4-Trimethylhexane 140.5 172.1 43.34 42.3 330.6 26.45 23.27
3,3-Diethylpentane 146.2 170.2 43.11 434 342.8 26.94 23.75
2,2-Dimethyl-3-ethylpentane 133.8 174.5 43.46 42 338.6 25.96 22.38
2,3-Dimethyl-3-ethylpentane 142 170.1 4295 42.6 3226 26.94 23.87
2,4-Dimethyl-3-ethylpentane 136.7 173.8 43.4 429 3242 2546 22.8
2,2,3,3-Tetramethylpentane 140.3 169.5 43.21 41  334.5 27.04 23.38
2,2,3,4-Tetramethylpentane 133 173.6 43.44 41 319.6  25.66 21.98
2,2,4,4-Tetramethylpentane 122.3 178.3 43.87 38.1 301.6 24.58 20.37
2,3,3,4-Tetramethylpentane 141.6  169.9 43.2 41.8 334.5 26.85 23.31

2. Hyper-Zagreb index as a molecular descriptor

In QSPR studies, the correlation coefficient (r) measures the strength and di-
rection of the linear relationship between a molecular descriptor and a physical
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TABLE 2. HM(G) of Lower Alkanes

Alkane HM(G) Alkane HM(G)
Pentane 40 2-Methyloctane 164
2-Methylbutane 58 3-Methyloctane 180
Hexane 56 4-Methyloctane 155
2-Methylpentane 74 3-Ethylheptane 140
3-Methylpentane 89 4-Ethylheptane 200
2,3-Dimethylbutane 116 2,2-Dimethylheptane 195
2,2-Dimethylbutane 117 2,3-Dimethylheptane 170
Heptane 72 2,4-Dimethylheptane 200
2-Methylhexane 90 2,5-Dimethylheptane 195
3-Methylhexane 105 2,6-Dimethylheptane 170
3-Ethylpentane 120 3,3-Dimethylheptane 210
2,3-Dimethylpentane 132 3,4-Dimethylheptane 257
2,4-Dimethylpentane 148 3,5-Dimethylheptane 197
2,2-Dimethylpentane 108 4,4-Dimethylheptane 182
3,3-Dimethylpentane 160 3-Ethyl-2-methylhexane 197
2,3,3-Trimethylbutane 210 4-Ethyl-2-methylhexane 176
Octane 88 3-Ethyl-3-methylhexane 200
2-Methylheptane 106 3-Ethyl-4-methylhexane 296
3-Methylheptane 121 2,3,3-Trimethylhexane 248
4-Methylheptane 121 2,3,4-Trimethylhexane 255
4-Ethylhexane 136 2,3,5-Trimethylpentane 278
2,2-Dimethylhexane 148 2,4,4-Trimethylhexane 238
2,3-Dimethylhexane 164 3,3,4-Trimethylhexane 198
2,4-Dimethylhexane 139 2,2,3-Trimethylhexane 218
2,5-Dimethylhexane 166 2,2 4-Trimethylhexane 293
3,3-Dimethylhexane 262 2,2 5-Trimethylhexane 272
3,4-Dimethylhexane 207 3,3-Diethylpentane 314
3-Ethyl-3-methylpentane 352 2,2-Diethyl-3-ethylpentane 272
3-Ethyl-2-methylpentane 104 2,3-Diethyl-3-ethylpentane 238
2,3,3-Trimethylpentane 122 2,4-Diethyl-3-ethylpentane 404
2,3,4-Trimethylpentane 137 2,2,3,3-Tetramethylpentane 300
2,2,3-Trimethylpentane 137 2,2,3,4-Tetramethylpentane 224
2,2.4-Trimethylpentane 137 2,2,4,4-Tetramethylpentane 356
Nonane 152 2,3,3,4-Tetramethylpentane 168

property. In this work, the hyper-Zagreb index, HM (G), was used as the molecu-
lar descriptor for lower alkanes. The correlation coefficients (r) between HM (G)
and the physical propertiesboiling points (bp), molar volumes (mv), molar refrac-
tions (mr), heats of vaporization (hv), critical temperatures (ct), critical pressures
(cp), and surface tensions (st)ranged from 0.587 to 0.637, indicating moderate
positive correlations.
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TABLE 3. Correlation Coefficients (r) of HM(G) with Physical

Properties

Physical Property r Interpretation

Boiling point (bp) 0.637 Moderate positive correlation
Molar volume (mv) 0.632 Moderate positive correlation
Molar refractivity (mr) 0.633 Moderate positive correlation

Heat of vaporization (hv) 0.501 Moderate positive correlation
Critical temperature (ct) 0.646 Moderate positive correlation

critical pressure (cp) 0.597 Moderate positive correlation
Surface tension (st) 0.587 Moderate positive correlation
Explanation:

The correlation coefficient, r, measures the strength and direction of a linear rela-
tionship between the molecular descriptor HM (G) and the physical properties:

e r = 1: perfect positive correlation
e r = —1: perfect negative correlation
e 7 = (: no linear correlation
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