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Abstract

Eight electronic properties; HUMO, LUMO, HOMO-LUMO energy gap, dipole
moment point-charge, dipole moment hybrid, molecular weight, heat of formation and
zero-point energy of 60 normal and branched alkanes were examined using topology
molecular indices. All the electronic properties were calculated using semi-empirical
self-consistent molecular orbital theory. The relationship of electronic calculation
properties with seven models of topology indices based on degree and/or distance
were obtained in terms of their correlation, regression and principal component
analysis. Most of the properties were well-modelled (r? > 0.82) by topology molecular
indices except the dipole moment point-charge and hybrid. The PCA resulted in 7
properties and 60 structures of alkanes that produced two principal components with
eigenvalues of greater than 1. The first principal component explained 60.388%, while
the second principal component explained 26.457%, bringing a cumulative value of
86.845% to the data variation.

Keywords: topology indices, molecular electronic properties, QSPR, semi-empirical
calculation.

1. Introduction

A topology index is a mathematical number representing or describing some aspects of
molecular structure. Topology indices using the graph theory approach are especially used to
explain the isomerism rationalised by the chemical structure theory. The constitutional isomers
of the members of certain homologous series, such as alkanes can be represented using
analytical forms called trees[1]. The number of alkane constitutional isomers (trees) for the
number of carbon atoms 1, 2 and 3 is 1. The numbers of a constitutional isomer of alkanes for
the number of atoms 4, 5 and 6 are 2, 3 and 5, respectively. However, the number of isomers
increases abruptly with the number of carbons of more than 7[2]. Therefore, there is a need for
a numerical quantity to represent the indices based on various invariants or characteristics of
molecular isomers. Topology indices are also widely used in establishing the correlations
between the structure of a molecular compound and its physicochemical properties or biological
activities[3].

A graph is a discrete mathematical concept to visualise a structure that has a collection of
points (vertexes) or lines connected to points (edges)[4]. The vertex degree is the number of
connected edges in a particular vertex. In chemical graph theory, the vertex represents atoms,
and the edge represents bonds. Weiner carried out a pioneer topolog,y indices which can be
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easily visualised based on the distance path from hydrogen-suppressed graph[5]. Topological
indices are divided into three types: degree-based indices, distance-based indices and spectrum-
based indices[6]. The well-known distance-based indices and degree-based indices that have
been widely used are Weiner, Randic, Zagreb, Balaban, Schultz and Xu. Since 2000, over 400
topological indices have been used in structure versus property or biological activity [7].
However, topology indices have a major drawback of degeneration, such as two or three
chemical constitutions giving rise to the same topology values [8]. To date, several researches
have been carried out to establish the novel indices that meet these criteria [9, 10]: novel indices
should have a direct structural interpretation (so that it can meaningfully contribute to building
molecular models); novel indices should involve structural features that existing indices have
failed to accommodate adequately, and novel indices should dominate a correlation with some
molecular properties. Many indices provided have always been used to calculate the prediction
of physicochemical properties or biological activities for n-alkanes and branched alkanes [11].

The electronic structure of n-alkanes and branched alkanes have been the subject of
extensive attention because they comprise one of the foundations of chemistry and
petrochemistry. In petrochemistry, n-alkanes and branched alkanes are the major constituents
of natural gas, crude oil and raw material for processing or manufacturing chemical
industry[12]. Since the applicability of n-alkanes and branched alkanes in process or
manufacturing, many groups have developed and investigated the electronic properties using
experimental or computational quantum chemistry. In experimental approach, the electronic
properties of alkanes or branched alkanes have been investigated using vacuum ultraviolet
spectroscopy or gas chromatography [13]. Whilst, many researchers have investigated the
electronic properties of n-alkanes and branched alkanes using computational quantum
chemistry such as time-dependent density functional theory (TD-DFT), symmetry-adapted
cluster configuration interaction (SAC-CI), Mgller-Plesset and semi-empirical calculation [14-
16]. The main problem in quantum computational chemistry is to find the wavefunction solution
within a reasonable time and using available computational resources [17]. The drawback of
this method can be overcome using a quantitative structure-property relationship approach.
However, choosing a suitable descriptor is still being investigated [18, 19]. Therefore, this study
aimed to investigate the impact of molecular descriptors on the electronic calculation properties
such as HUMO, LUMO, HOMO-LUMO energy gap, dipole moment point-charge, dipole
moment hybrid, molecular weight, heat of formation and zero-point energy of the alkanes. We
also evaluated the performance of molecular descriptor based on the topology indices, which
are suitable for electronic properties purpose. For the To aid this effort, it was utilised the
correlation analysis, principal component, and regression analysis for molecular descriptors
(topology indices).

2. Methods
2.1 Calculation of Topology Indices

Topology indices are one of the molecular descriptors that apply graph theory. The atoms in
the molecular structure are represented by vertexes. The chemical bonding is described by the
edge [20, 21]. To describe the method of calculation of topology indices, it is illustrated with a
specific example, molecules of 2,2-dimethyl butane. This molecule can be represented by graph
G(V, E) with vertex (V) and edge set (E). Figure 1(a) shows there are 6 vertexes (V) and 5
numbers of E. Therefore, set V can be represented by {1, 2, 3, 4, 5, and 6}[22]. While set E can
be represented by {(1, 2), (2, 3), (3, 4), (2,5), (2, 6)}. Figure 1(b) shows the degree of the vertex
for 2,2-dimethyl butane. This paper described the vertex degree between edge i and j as uj and
uj, respectively. The topology indices are defined in equations (1-7). The example of calculation
for 2, 2-dimethylbutane using all topology indices can be found in the supplementary.
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G(V|E)

() (b)

Figure 1 (a): The hydrogen-supressed molecular graph of 2,2-dimethyl butane (b)- vertex
degree for 2,2-dimethylbutane

Topology I: Randic Indices (The connectivity indices). The Randic indices of a graph G by
7" (G) a defined as[23]:

h 1

7' (G)= —_ la
Uiughn \/ui""uh+l ( )

The summation is calculated over all possible paths of the degree of vertex u. Therefore, »°
is the sum of reciprocal square of the degree of vertex u. The sum connectivity is defined as[24]:

1
(G)= 1b
2 (G) Z(; e (1b)

Topology I1: Modified Zagreb Indices. The hyper-Zagreb indices are defined as below[25]:

HMG) = (u, +u,)’ (2a)
In this paper, we define the inverse hyper-Zagretl;veiEdices as
HM *(G) = > 1/(u, +u,)’ (2b)
uveGu | 5
AM (G) = ZG (mj (2¢)

Topology I11: Weiner indices. The Weiner indices are calculated from the distance matrix
[26]. The Weiner indices, w, is given by equation (3a). Randic also improved the Weiner
indices calledhyper-Wiener indices[27]. The hyper-Wiener indices, ww is given by equation

(3b)[28]:
W= EZ d;

2% (3a)

ww(G) =Z(d; +d; ) (3b)

Where dj; is the shortest distance between vertices i and j. Weiner also defines the structural
variable, known as the polarity number, p. The polarity number is half the number of the pairs
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of carbon atoms separated by three carbon-carbon bonds or the number of diagonal elements of
w with a distance of 3. Another parameter in Weiner topology is Aw which is given as:

AW =W—W, (3c)

where W, is the Weiner indices of the straight-chain member of the group of isomers. While
w in equation (3c) is the Weiner indices of the respective isomers.

Topology 1V: Harary indices, h = h [G (V, E)] of a graph G (V, E) is related to reciprocal
distance indices that is given by equation (4a)[29].

h= lzi
255 g (4)

The diagonal element for the Harary distance matrix equals zero the for carbon atom. While

the second-order Harary, indices, hh can be denoted as
=Y
" (4b)
Topology V: Balaban index, J = J [G (V, E)] is calculated using the average-distance sum

connectivity and defined as
1
J=qY —=
ij

7 (DD,)"

i~

(5)

where q is the number g of vertex adjacencies and D; is the distance sum of G (V, E)[30, 31].

Topology VI: Molecular Topological Index (MTI Index). MTI index has been introduced
using adjacency (A), degree (v) and distance matrix (D)[5]. The adjacency matrix A of G (V,
E) element is defined as 1 if ui neighbouring with u; and otherwise is zero. While the matrix v
is the sum of each column element in matrix A. Matrix v also represents the degree of a vertex
in a matrix arrangement. MTI index usealgebraic matrix operation. The index is simplified
using the following mathematical equation:

MTI =) v(D+A) (6)
vi. Topology VII: Xu index is defined as [32]:

Xu=n IOg[ZI:ViSiZ /Zi:ViSi j @)

where s; is the distance sum of G (V, E) and vj is the sum vertex-degree matrix of G (V, E).
All the calculated topology indices are shown in Table 1.

2.2 Calculation of electronic properties

The physical properties examined in this study (the observed value) HUMO, LUMO,
HOMO-LUMO energy gap, dipole moment point-charge, dipole moment hybrid, molecular
weight, heat of formation and zero-point energy were calculated using semi-empirical self-
consistent molecular orbital theory. These properties were computed using MOPAC2016,
Version: 21.002 W, James J. P. Stewart software. The calculation was done using PM6
parameters. The input of the structure and geometry optimization were generated using 3-
dimension Avogadro version 1.2.0. The observation of the physical properties of the molecular
structure is shown in Table 2.
2.3 Statistical Analysis
2.3.1 Correlation
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Correlation is primarily to determine a relationship or a connection between the variables.
Correlation uses covariance which measures the linear association between the variables. The
degree of correlation is quantitively measured by correlation coefficient rxy. This coefficient is
also known as product-moment correlation or Pearson correlation. The value of ryy can range
between -1 and +1. If the slope has a negative value, the linear interrelationship also has a
negative value. The relationship has a strong value with the condition that reaches one.

2.3.2 Linear Regression

Linear Regression is the predictive model to determine the best fit linear line between the
dependent and independent variable. The linear mathematic equation will be established based
on the independent variable via the least square method. The simple Linear Regression equation
is stated as in equation 8:

y=Db, +bx +b,X, +...+b X, (8)

where b, is the intercept; b1, b2 ... bn are coefficient of n independent variable; x1 , x2, ...
are the n independent variable, and y is the predictive (calculated) values. We utilized the
standard entry method in this calculation, in which the independent variables were entered into
the equation at the same time. Regression equations and other statistical measures were obtained
using options in the SPSS software package. The final equations were selected based on their
standard errors (SE) and F-value. SE is the expected distribution of an estimated regression
coefficient based on the coefficient across multiple data. While the F-value was calculated by
dividing the mean regression sum of squares by the mean error sum of squares.

It was used a single-cross validation procedure for the validation of regression [33, 34]. The
effectiveness of the regression model was estimated from one data sample that would be
applied to other selected data samples. The number of samples must be larger than the number
of predictors. The data were split into two subsamples of unequal size using random splitting.
The correlation coefficient (r2) sample size of approximately 75% of all cases was computed.
Another subgroup correlation coefficient (r1) was also computed. The square differences (ds? =
r? — 1) between these two values were estimated[34]. The estimated ds? explains how well
the regression model would predict a future sample and can be very useful.

3.2.3 Principal Component Analysis

Principal component analysis (PCA) was used to determine the inherent dimensionality of
the groups of properties. This is a data compression method based on the correlation among
variables. It aims to group those correlated variables, replacing the original descriptors with a
new set called principal components, PCs, onto which the data are projected. These PCs are
completely uncorrelated and are built as a simple linear combination of original variables. It is
important to point out here that the PCs contain most of the variability in the data set, albeit in
a much lower-dimensional space. The first principal component, PC1, is defined in the direction
of maximum variance of the whole data set. PC2 is the direction that describes the maximum
variance in the orthogonal subspace to PC1. The subsequent components are taken orthogonal
to those previously chosen and describe the maximum of the remaining variance. Once the
redundancy is removed, only the first few principal components are required to describe most
of the information contained in the original data set. The orthogonal PROMAX rotation was
used during the calculation.

3. Results
Table 1: Calculated topology indices for 60 n-alkanes and branched alkanes
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Structure (1% 1y 2% 3y 4y ** HM *HM AM w ww Aw p h hh J
n-Butane 3414 1914 1.000 1.000 0.000 1.655 34 0.285 24000 10 30 O 1 4333 3611 1975 38
Methylpropane 3.577 1.732 1732 0.000 0.000 1500 48 0.188 24.000 9 22 1 0 4500 3750 2324 36
n-Pentane 4121 5414 1354 0.707 0354 2157 50 0347 32000 20 70 O 2 6417 5035 2191 74
-Methylbutane  4.284 2270 1.802 0.816 0.000 2.115 66 0276 22750 18 54 18 2 6917 5597 2661 67
2,2- 4500 2.000 3.000 0.000 0.000 1.789 100 0.160 9.481 16 44 19 0 7.000 5500 3.024 64
methylpropane

n-Hexane 4828 2914 1707 0.957 0500 2.655 66 0410 40.000 35 140 0 3 8700 6.498 2339 128
Methylpentane 4.992 2.770 2.183 0.866 0.577 2525 82 0339 30675 32 116 3 3 9.000 6.708 2.627 118
Methylpentane 4.992 2.808 1.922 1.394 0.255 2549 84 0365 35375 31 108 4 4 9.083 6.757 2737 114
. e 5207 2561 2914 1.061 0.000 2.327 120 0.259 23111 28 8 7 3 9500 7.083 3.168 106
imethylbutane
23 5155 2.643 1.911 1333 0.000 2408 100 0.278 24891 29 94 6 4 9333 6.944 2878 108
imethylbutane

n-Heptane 5536 3.414 2.061 1.207 0.677 3.155 82 0.472 48.000 56 252 0 4 11.150 7.990 2.447 204
Methylhexane 5.699 3.750 2.536 1.135 0.612 3.025 98 0.401 34.125 52 216 4 4 11483 8.212 2678 190
Methylhexane 5.699 3.308 2.302 1.478 0.697 3.049 100 0.427 43375 50 198 2 5 11617 8.283 2.832 316
-Ethylpentane  5.699 3.346 2.091 1.732 0574 2.091 102 0.453 48.000 48 180 0 6 11.750 8.354 2992 174
a2 5914 3.061 3.311 1.000 0.750 2.827 136 0.321 34.125 46 168 2 4 12.083 8.632 3.154 170
methylpentane
23 5862 3.181 2.630 1782 0.471 2933 118 0.366 37516 46 166 2 6 12000 8542 3.144 168
methylpentane
‘ e 5.862 3.126 3.023 0.943 0.943 2.894 114 0.330 29500 47 178 1 3 12333 9.194 2983 176
methylpentane
| 3,3- 5914 3121 2871 1664 0250 2.866 140 0.378 36.741 44 152 4 6 12250 8.729 336 162
methylpentane

. A 6.077 2943 3521 1732 0.000 2.720 156 0.265 27.685 42 138 6 6 12500 8.917 3.541 156
‘imethylbutane

n-Octane 6.243 3914 2414 1457 0854 3655 98 0.535 56.000 84 420 9 5 13.743 9502 253 306
Methylheptane 6.406 3.770 2.890 1.385 0.803 3.525 114 0.464 46.750 79 370 4 5 14100 9.731 2716 288
Methylheptane 6.406 3.808 2.656 1.747 0.757 3549 116 0490 51375 75 336 0 6 14767 10564 2.895 276
Methylheptane 6.406 3.808 2.683 1359 1.130 3.549 116 0490 51375 75 330 0 6 14317 9.837 292 272
-Ethylhexane  6.406 3.846 2.471 1852 1105 3574 118 0.516 56.000 72 300 3 6 14483 9.920 3.074 242
o aZ 6.621 3.561 3.664 1280 0.707 3.327 152 0.384 39.111 71 298 4 6 14767 10.176 3.112 249
imethylhexane
23 6.569 3.681 2.677 2.677 0.789 3433 134 0429 45516 70 286 5 7 14733 10.108 3.171 254
imethylhexane
A 6.569 3.664 3.263 1571 0971 3419 132 0419 42125 71 294 4 6 14650 10.059 3.099 258
imethylhexane
: 2,5 6.569 3.626 2.788 1.322 0.667 3.626 130 0.393 37500 74 322 1 5 14467 9.966 2928 270
imethylhexane
: o 6.621 3.621 3.268 1.634 0.854 3.366 156 0.420 44.740 67 262 8 7 15.033 10.318 3.424 229
imethylhexane
34 6.569 3.719 2771 2259 0.805 3.457 136 0455 50.141 68 268 7 8 14867 10.179 3.292 246
imethylhexane

AN 6.569 3.719 2532 1992 3474 1.231 136 0455 53516 67 258 8 7 14917 10.201 3.355 242
viethylhexane

3-Ethyl-3- 6.621 3.682 2.621 2561 0.750 3.404 160 0.457 50370 64 236 11 9 15250 10.438 3.583 232
Viethylhexane
28 6.784 3.481 3.675 2.091 0.612 3.244 174 0.354 40.301 63 230 12 8 15417 10576 3.623 230
imethylpentane

2,2,4- 6.784 3547 3.666 1.021 1225 3.274 168 0.313 29861 66 254 9 5 15167 10431 3.389 243

imethylpentane
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: 2,3,3- 6.784 3504 3.497 2520 0.408 3.258 176 0.364 41315 62 222 13 9 15500 10.625 3.708 226
imethylpentane
234 6.732 3.553 3.347 2103 0.770 3.316 152 0.368 39.656 65 244 10 8 15.167 10.389 3.464 220
imethylpentane
2,2,3,3- 7000 3.325 4500 2250 0000 3037 214 0256 33185 68 194 7 9 16000 11.000 4.02 214
trametylbutane
n-Nonane 6.950 4.414 2768 1.707 1.030 4.155 114 0597 64.000 120 660 12 6 16.461 11.029 2595 438
-Methyloctane  7.113 4.270 3.243 1.635 0.979 4.025 130 0.526 54.750 114 594 6 6 16.836 11.263 2.747 421
-Methyloctane  7.113 4.385 3.009 1.709 0.947 4.049 132 0552 59375 110 550 2 7 17.026 11.354 2.877 400
-Methyloctane  7.113 4.308 3.036 1.832 1.255 4.049 132 0.552 59.375 108 528 0 7 17.110 11.389 2.955 392
-Ethylheptane ~ 7.113 4.346 2.825 2121 1.070 4.074 134 0578 56.000 104 484 4 8 17.300 11.479 3.092 376
-Ethylheptane ~ 7.113 4.346 2.852 1.971 1513 4.074 134 0578 64.000 102 462 6 8 17.383 11514 3.175 368
ez 7.328 4.347 4.018 1530 0.905 4.025 168 0.446 47.111 104 494 4 6 17550 11.723 2.305 688
methylheptane
‘ 2 7276 4181 2.622 2151 0.859 3.933 150 0.491 53516 102 470 6 8 17550 11.667 3.155 370
methylheptane
2,4-
imetylheptane 7.276 4.164 3.523 1.655 1.415 4.164 141 0530 54.750 102 468 6 7 17517 11.641 2757 370
e 7276 4164 3.485 1.934 0822 4.164 148 0.481 50.125 104 488 4 7 17.417 11596 2.678 378
methylheptane
26 7276 4126 3.719 1563 0934 3.894 146 0.455 45500 108 530 O 6 17.217 11.500 2.186 394
methylheptane
s 7.328 4121 3.828 2164 0832 3866 172 0483 52741 98 434 10 8 17.883 11.889 3.33 356
methylheptane
84 7.276 4219 3.151 2359 1.142 3.957 152 0.406 58.141 98 430 10 8 17.767 11.773 3.325 354
methylheptane
| a 7.276 4202 3.263 2.199 1.020 3.944 150 0.507 54.750 100 448 8 8 17.633 11.702 3.223 362
methylheptane
RO 7.328 4121 3664 1.854 1479 3.866 172 0.483 52741 96 414 12 8 17.983 11.934 3.431 348
methylheptane
£ 2 7276 4219 3201 2127 1.380 3.957 141 0530 54750 96 408 12 9 17.850 11.808 3.836 346
viethylhexane
4-Ethyl 2- 7276 4202 3312 1.959 1.289 3.944 150 0507 54750 98 426 10 8 17.717 11.736 3.307 354
Viethylhexane
SEthyl3- 7298 4182 3268 2561 1207 3904 176 0519 58370 92 376 16 10 18233 12.066 4522 332
Viethylhexane
3-Ethyl-4- 7.276 4.257 2962 2497 1427 3.982 154 0544 62766 94 390 14 10 17.983 11.879 4.374 338
Viethylhexane
A 7492 3981 4056 2200 0.866 3744 190 0417 48310 92 380 16 9O 18350 12.183 4.037 315
imethylhexane
. 2,2,4- 7.492 3.955 4278 1.658 1.190 3.722 186 0.401 42486 94 396 14 7 18.183 12.085 3.034 342
imethylhexane
. 2,2,5- 7.492 3.917 4.493 1472 0722 3697 184 0375 37861 98 434 10 6 17.950 11.969 2.461 358
imethylhexane
. 2,3,3- 7.492 4.004 3.893 2457 00933 3.758 192 0.427 48315 90 362 18 10 18.483 12.254 4.628 309
imethylhexane |
Table 2: Observation of electronic properties of 60 n-alkanes and branched alkanes
Structure HOMO LUMO AE HQ Hhyb MW HF ZPE
Butane -11.130  4.218 15.348  0.000 0.000 58.120 -26.039  75.449
2-Methylpropane -11.215  4.412 15.627 0.083 0.186 58.120 -27.506  75.044
n-Pentane -11.044  4.150 15.194  0.030 0.106 72.150 -31.017  91.973
2-Methylbutane -11.048  4.214 15.262 0.064 0.134 86.180 -36.376  107.541
2,2-Dimethylpropane -11.339  4.427 15.766  0.000 0.000 72.150 -35.021  90.641
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n-Hexane -11.004  4.082 15.086 0.001 0.000 86.180 -36.034  108.650
2-Methylpentane -11.000 4.168 15.168 0.080 0.184 86.180 -36.666  108.186
3-Methylpentane -11.024  4.162 15.186 0.063 0.124 86.180 -35.678  108.136
2,2-Dimethylbutane -10.923  4.213 15.136 0.034 0.063 86.180 -38.003  107.540
2,3-Dimethylbutane -10.778  4.100 14.878 0.001 0.000 86.180 -36.376  107.541
n-Heptane -10.841  4.096 14.937 0.048 0.111 100.200 -39.984  125.174
2-Methylhexane -10.946  4.098 15.044 0.060 0.136 100.200 -41.662  124.733
3-Methylhexane -10.901  4.086 14.987 0.070 0.123 100.200 -40.714  124.625
3-Ethylpentane -10.789  4.115 14.904 0.053 0.083 100.200 -39.081  124.680
2,2-Dimethylpentane -10.921  4.183 15.104 0.023 0.056 100.200 -43.122  123.827
2,3-Dimethylpentane -10.677  4.166 14.843 0.078 0.147 100.200 -39.626  124.257
2,4-Dimethylpentane -10.922  4.199 15.121 0.147 0.282 100.200 -41.681  124.086
3,3-Dimethylpentane -10.817  4.176 14.993 0.043 0.115 100.200 -40.766 ~ 123.485
2,2,3-Trimethylbutane e {ONcZ YA RN L) 14.766 0.060 0.128 100.200 -41.921 123421
n-Octane -10.981  4.011 14.992 0.000 0.000 114.230  -46.040  141.749
2-Methylheptane -10.907  4.066 14.973 0.072 0.186 114230 -46.649  141.289
3-Methylheptane -10.735  4.084 14.819 0.059 0.103 114.230  -44.652  140.928
4-Methylheptane -10.735  4.081 14.816 0.109 0.226 114.230 -44577  140.896
3-Ethylhexane -10.744 4071 14.815 0.065 0.079 114.230 -44.179  141.216
2,2-Dimethylhexane -10.707  4.116 14.823 0.011 0.049 114.230 -47.057  140.485
2,3-Dimethylhexane -10.699  4.099 14.798 0.108 0.215 114.230 -45.388  140.670
2,4-Dimethylhexane -10.765  4.108 14.873 0.139 0.245 114.230 -45.653  140.785
2,5-Dimethylhexane -10.776  4.193 14.969 0.148 0.272 114.230  -46.557  140.735
3,3-Dimethylhexane -10.756  4.081 14.837 0.040 0.105 114.230 -46.083  140.067
3,4-Dimethylhexane -10.674  4.082 14.756 0.106 0.184 114.230  -44.517  140.666

3-Ethyl-2- -10.655  4.073 14.728 0.073 0.171 114.230 -43.633  140.743
Methylhexane
3-Ethyl-3- -10.487  4.066 14.553 0.065 0.112 114.230 -42.720  140.355
Methylhexane
S N g G ol -10.628  4.099 14.727 0.044 0.077 114.230 -46.048  139.767

2,2,4-Trimethylpentane  EE (VR WEcK 14.645 0.154 0.175 114.230 -44.918  139.956
2,3,3-Trimethylpentane [ {0Ncy4s R N 0]e] 14.727 0.042 0.078 114.230 -46.047  139.484
2,3,4-Trimethylpentane  EE{NV ST NI10 14.655 0.085 0.174 114.230  -42.777  140.512

2,2,3,3- -10.511 4.141 14.652 0.001 0.001 114.230 -46.589  138.508
Tetrametylbutane
n-Nonane -10.934  3.989 14.923 0.035 0.104 128.260 -51.044  158.310

2-Methyloctane -10.867  4.031 14.898 0.059 0.137 128.260 -51.662  157.844
3-Methyloctane -10.803  4.023 14.826 0.067 0.121 128.260 -50.745  157.730
4-Methyloctane -10.694  4.032 14.726 0.065 0.126 128.260 -49.721  157.736
3-Ethylheptane -10.727  4.096 14.823 0.024 0.069 128.260 -48.654  157.809
4-Ethylheptane -10.736  4.037 14.773 0.081 0.123 128.260 -49.360  157.847
2,2-Dimethylheptane -10.788  4.087 14.875 0.025 0.06 128.260 -53.116  157.119
2,3-Dimethylheptane -10.617  4.177 14.794 0.119 0.205 128.260 -49.564  157.210
2,4-Dimetylheptane -10.759  4.171 14.93 0.141 0.244 128.260 -50.170  157.330
2,5-Dimethylheptane -10.750  4.077 14.827 0.029 0.084 128.260 -51.437  157.238
2,6-Dimethylheptane -10.715  4.118 14.833 0.114 0.189 128.260 -51.631  157.328
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3,3-Dimethylheptane -10.735  4.059 14.794 0.022 0.081 128.260 -51.088  156.618
3,4-Dimethylheptane -10.669  4.081 14.75 0.092 0.155 128.260 -49.958  157.232
3,5-Dimethylheptane -10.743  4.071 14.814 0.077 0.111 128.260 -50.787  157.162
4,4-Dimethylheptane -10.738  4.068 14.806 0.036 0.063 128.260 -51.184  156.561

3-Ethyl,2- -10.533  4.111 14.644 0.115 0.183 128.260 -50.020  157.173
Methylhexane
4-Ethyl,2- -10.662  4.062 14.724 0.088 0.152 128.260 -49.152  157.350
Methylhexane

3-Ethyl,3- -10.516  4.084 14.6 0.075 0.094 128.260 -47.020  157.195
Methylhexane
3-Ethyl-4- -10.589  4.051 14.64 0.054 0.106 128.260 -48.050  157.179
Methylhexane
PR NI NGl -10.555  4.047 14.602 0.059 0.133 128.260 -51.193  156.104

2,2,4-Trimethylhexane  EENIOR:IY S XIIcY) 14.556 0.116 0.122 128.260 -49.100  156.362
YA NN IEYCT Il -10.724 4115 14.839 0.067 0.147 128.260 -53.742  156.229
2,3,3-Trimethylhexane NI RN XOKE 14.448 0.044 0.095 128.260 -48.612  156.354

Table 3: Correlations among the Ehzsical Erogerties examined.

HOMO LUMO AE MW HF ZPE

1
-0.55147 1

-0.9673 0.745016 1

0.256304 0.015267 -0.20031 1

0.134337 0.018456 -0.10181  0.92574 1

0.757216 -0.69924  -0.81809  0.236943 0.169372 1

-0.63308 0.611621 0.692191 -0.1734 -0.12269  -0.96469 1
0.744851 -0.70752  -0.81072  0.24154 0.175042  0.999517 -0.96355 1

3.1 Correlation analysis

The correlation analyses examined the electronic properties of HUMO, LUMO, HOMO-
LUMO energy gap, dipole moment point-charge, dipole moment hybrid, molecular weight, heat
of formation and zero-point energy of the alkanes, as shown in Table 3. The results showed
that most of the properties were moderately correlated. HOMO and LUMO had a moderate
correlation with each other (0.55147). HOMO-LUMO energy gap (AE) had a strong correlation
with HOMO. AE also had a correlation of more than 0.8 for MW and ZPE. As seen in Table 3,
the thermodynamic property of molecular weight (MW) had a strong correlation with the heat
of formation (HF) and zero-point energy (ZPE). The correlation for hybrid and point-charge
dipole moment was high at 0.9257. These indicate that both are correlated to each other.
However, hybrid and point-charge dipole moments have low correlation with different
properties.

3.2 Regression analysis

In regression analysis, electronic information such as HUMO, LUMO, AE, dipole moment
point- charge, dipole moment hybrid, MW, HF and ZPE contain the information on the shape
of a molecule, represented by molecular topology. The formulation of the multiple linear
regression (MLR) model for the property of a molecule is given by:

property =a-+ » _[b; index; | (9)

where a and b; are constant contributions to molecular topology. Linear regression was
formulated for Xu and MTI indices. Regression was analysed by value or determination (R?),
and SE and F-values are shown in Tables 4 — 11.
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3.2.1 Frontier molecular orbital energies

The relations of molecular topology indices with the energies of the highest occupied and
lowest unoccupied molecular orbitals (HOMO and LUMO) were calculated by quantum
chemistry methods via PM6, as given in Tables 4 and 5. In contrast, the relation of topology
indices with AE is given in Table 7. Harary indices showed the highest value of R? of HOMO,
LUMO and AE, which was 0.991. It was followed by Randic and Zegrab indices which showed
similar patterns for all values for frontier molecular orbital energies. The R? values of HOMO
energy for Balaban, Xu and Weiner indices were 0.965, 0.950 and 0.914, respectively. For
Balaban, Xu, and Weiner indices, the R? values of LUMO energy were 0.968, 0.948, and 0.916,
respectively. According to Table 7, for Balaban, Xu, and Weiner indices, the R? values of AE
were 0.966 (for Balaban index), 0.949 (for Xu index), and 0.914 for Weiner index. All the
topology indices resulted in R? values for frontier molecular orbital energies of more than 0.9
except for the MTI index. MTI showed that the values of R? were 0.826, 0.824 and 0.826 for
HOMO, LUMO and AE, respectively. Harary indices had the highest regression R? value of
0.991.

Alkane is a saturated aliphatic hydrocarbon thatentirely composed of sigma(c) bonds.
HOMO and LUMO energy depend on the molecular structure of the molecular orbital band[35].
The electronic transition occurred at the range of less than 200 nm. Harary indices had a high
value of R?. The high value of R? for Harary indices might be because these indices use inverse
distance matrix in the calculation, which plays a role in frontier molecular orbital energies.
Nasiri reported that the AE was inversely proportional to the length of the n-alkane chain[36].
The decrease in HOMO and LUMO energy gap happens as the number of atoms increases, as
proposed by Morisawa and co-workers [15]. They proposed that adding atoms in the molecular
structure will cause the number of electrons that occupy the orbitals to increase. The increase
of electrons in the orbital will induce a high HOMO energy level known as orbital
“destabilization”. These changes will cause the LUMO energy to either decrease or remain the
same to observe the decrease in the HOMO-LUMO gap. An increase in the 'branch’ in the
alkane structure will cause a change to the Rydberg state, which changes with the distance of
the nuclei[37]. The inverse distance matrix (Harary indices) has the highest regression constant.
The indices can be represented by the structure of the molecule and the number of carbon atoms
in the molecules, which are comparable to PM6 molecular calculation. Randic connectivity
indices also showed good regression values. The calculation of these indices was based on the
inverse degree of a vertex of carbon atom in the structure, showing that these indices can
represent the branch of molecules and the number of carbon atoms. The high order of Randic
indices indicates the path tree, in which the analogy is the contribution of the C—C bond that
influences the next C—C neighbour by its second neighbour, third neighbour and so on. The
lowest value of R? for MTI indices is plausibly inexhaustive to represent the molecular branch
and the reduction of HOMO and LUMO energies as the carbon atom increases.

Table 4: MultiEIe regression eguations for the HOMO

Pni)ep;ert Indices Equation

HUMO =-4.510(x0.436) y°-

Randic °, x4, 12 %, 0.683(0.368)y+2.141(+0.384)y%+2.239(+0.371)3
o +2.652(+0.343)y*+2.541(+0.413)y*
N =60, S.E = 1.116710, F = 921.343, R? = 0.990
Zegrab — HM, HUMO = -0.035(+0.006) HM-46.436(7.020) HM*+0.310(+0.310)AM
HM*,AM N = 60, S.E = 1.956596, F = 587.110, R? = 0.969
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HUMO = -

WelIner - w, ww, AW, ) 270(£0.135)w-+0.124(£0.023)ww-+0.151(20.087)Aw-+1.009(£0.456)p

P N = 60, S.E = 3.274366, F = 148.316, R? = 0.914
Harary —h, hih HUMO = 4.100(x0.240)h-7.053(+0.352)hh
’ N = 60, S.E = 1.030365, F = 3249.405, R? = 0.991
el HUMO = -3.373(x0.083)J

N =60, S.E = 2.021941, F = 1643.699, R? = 0.965

MTI HUMO = -0.034(+0.002)MTI
N = 60, S.E = 4.526690, F = 280.714, R? = 0.826

u HUMO = -3.063(0.092)Xu

N =60, S.E = 2.435627, F = 1114.420, R? = 0.950

Table 5: Multiple regression equations for the LUMO

BUIVORN Randic —x°, 1% %2 o, LUMO =1.747(+0.166)3°+0.224(+0.140)!-0.776(+0.146 )*-

vt 0.842(%0.141)y3-
1.024(0.131)x*-1.018(+0.157)y"
N =60, S.E = 0.425569, F = 925.396, R? = 0.990
Zegrab — HM, LUMO =0.014(x0.002)HM+17.494(+2.716)HM*-0.119(x0.027)AM
HM*,AM N =60, S.E = 0.757165, F = 571.365, R? = 0.968
Weiner - w, ww, Aw, LUMO = 0.300(x0.051)w - 0.049(%0.009)ww -0.053(0.033)Aw —
p 0.400(x£0.172)p
N =60, S.E = 1.232618, F = 153.073, R? = 0.916
Harary —h, hh LUMO =2.695(x0.132)h — 1.567(+0.090)hh
N =60, S.E = 0.385876, F = 3380.552, R? = 0.991
Balaban LUMO =1.290(+0.031)J
N =60, S.E =0.745087, F = 1769.977, R? = 0.968
MTI LUMO =0.013(x0.001)MTI
N =60, S.E = 1.742206, F = 275.521, R? = 0.824
Xu LUMO = 1.169(+0.035)Xu

N =60, S.E = 0.941520, F = 1086.417, R? = 0.948

Table 6: Multiple regression equations for the HOMO-LUMO Energ
Properties Indices Equation

HOMO- Randic — o°, ¢ %2 3, AE =  6.257(x0.601)3°+0.907(+0.508)y -2.907(+0.508)y-
LUMO ot 3.081(0.511)3

Energy Gap -3.676(+0.473)y*-3.559(+0.569)*
(AE) N =60, S.E = 1.53911 , F = 926.242 , R? = 0.990
Zegrab  —  HM, AE =0.049(x0.009)HM + 63.930(9.731)HM"- 0.429(:0.095)AM
HM*AM N =60, S.E = 2.712371, F = 583.277 , R? = 0.968
Weiner - w, ww, Aw,p AE = 1.070(x0.186)w — 0.173(0.032)ww -0.205(0.120)Aw —
1.410(0.627)p
N =60, S.E = 4.50621 , F = 149.656 , R? = 0.914
Harary — h, hh AE = -5.667(0.329)h —+9.747(+0.482)hh
N = 60, S.E = 1.411423, F = 3307.347, R? = 0.991
Balaban AE =4.663(x0.114)J
N =60, S.E = 2.764905 , F = 1679.777, R? = 0.966
MTI AE = 0.047(x0.003)MTI
N = 60, S.E = 6.26786, F = 279.358, R? = 0.826
Xu AE =4.233(20.127)Xu

N =60, S.E = 3.37519, F = 1107.859, R? = 0.949

3.2.2 Point charge dipole moment
In semi-empirical calculation, the total molecular moment is given by[38]

/utotal = /,lQ + :uhyb (10)
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where uq is the dipole moment due to the contribution of net point-charge located at the
nuclear position. While g, is the contribution dipole moment from the effect of atomic

polarization result from hybrid atomic orbital. Table 7 shows the multiple linear regression
equation for uq. All the topology indices showed the values of R? of less than 0.8. The highest
R? was Randic indices at 0.778 followed by Weiner, Harary, Zegrab Balaban and Xu indices,
as shown in Table 7. MT1 indices showed the lowest value of R? = 0.663, which is lower than
0.7. The point charge dipole moment was related to the net charge distribution and the atoms'
position vector. It also considered the electrostatic interaction between the charge interaction
in the molecules[38]. The low value of R? in the contribution of dipole moment due to the
calculation of topology indices was not based on a direct graph[39]. The topology indices did
not imply the charge distribution and atomic hybrid orbital. Even though Weiner indices had
introduced the polarity index p graph for trees, the value of R? was still lower. The graph tree
approach for the number of unordered pairs of carbon atoms separated by three carbon-carbon
bonds contributed to the molecule dipole moments.

3.2.3 Hybrid dipole moment

The contribution of hybrid dipole moment also showed that the R? value was much higher
than the point charge of dipole moment. Randic indices showed the highest value of R?, which
was 0.804. It was followed by Harary, Xu, Zegrab, Weiner and Balaban indices, as shown in
Table 8. The high value of R? in hybrid dipole moment compared to the point charge of dipole
moment was plausibly due to the effect of o-character of alkanes molecules due to the orbital
hybridization in the molecular structure. The lowest value of R? was the MTI index, with the
value of R? as 0.684. We believe that the low value of MTI in both hybrid and point charges
might be due to non-isomorphic trees of the same size that may have the same value of MTI
index[40].

Table 7: MultiEIe regression eguations for the Eoint charge diEoIe moment

Properties Indices Equation

4o = 0.025(+0.015),°-0.017(+0.012)41-0.015(x0.013) -
Randic —y°, ¥ %% %, 0.021(+0.012)y3
o +0.020(+0.012)4+0.010(+0.014)y*
N =60, S.E =0.037610 , F = 31.486 , R?=0.778
o = 0.000210 (+ 0.000126)HM+ 0.196590 (+ 0.14414) HM*- -

Zeg';\a/ﬁ RV 0.00106(+ 0.00141)AM

! N = 60, S.E = 0.040178, F = 51.955, R? = 0.732
1 = 0.006(:0.002)w — 0.001(=0.000)ww — 0.001(:0.001)Aw —
SONRERES Weiner - w, ww, Aw, p 0.012(+0.005)p
CHARGE, N =60, S.E = 0.03812, F = 42.734 , R? = 0.753
1o =-0.008 (£0.009)h + 0.018(+0.013)hh
Harary —h, hh N = 60, S.E = 0.038671, F = 85.886 , R? = 0.748
1 = 0.020(+0.002)J
Erlelian N = 60, S.E = 0.040868, F = 146.738, R2 = 0.713
MTI o = 0.000214(+0.000020)MT]

N = 60, S.E = 0.044303, F = 116.069, R? = 0.663

u 4 = 0.019(+0.001)Xu

N = 60, S.E = 0.039020, F = 166.684 , R? = 0.739

Table 8: Multiple regression equations for the hybrid dipole moment
Properties  Indices Equation

EYERIDIIE = 0.050(0.025)3°-0.014(0.021)3--0.032(+0.022) %
0.042(0.022)y3
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+0.023(+0.020)y*-0.001(+0.024)y*
N = 60, S.E = 0.065000, F = 36.883, R? = 0.804

Zegrab -  HM, unp =0.00001(+0.00001)HM+0.471(+0.247)HM*-0.003(+£0.002)AM
HM* AM N =60, S.E = 0.068785, F = 62.945, R? = 0.768
Weiner - w, ww, Aw, unp = 0.011(x0.003)w — 0.002(x£0.000)ww — 0.003(0.002)Aw —
p 0.019(+0.010)p
N =60, S.E =0.069892 , F = 45.526 , R? = 0.765
Harary — h, hh tnys = -0.028(x0.015)h + 0.054(+0.023)hh
N =60, S.E =0.065971, F = 104.624, R? = 0.783
Balaban tnys = 0.038(x0.003)J
N =60, S.E = 0.070875, F = 172.549 , R> = 0.745
MTI Lnyo = 0.0004(+0.000035)MTI
N =60, S.E =0.078929, F = 127.702 , R? = 0.684
Xu unys = 0.036(x0.003)Xu

N =60, S.E = 0.067231, F = 198.327 , R2=0.771

3.2.4 Molecular Weight

According to the results of regression analyses, all the topology indices showed a good
relationship with the molecular weight. All the molecular topology indices had the values of R?
of more than 0.91 for molecular weight, as shown in Table 9. This indicates that the topology
indices are versatile to represent the molecular structure. Gumus and Turker also reported that
their TG index correlated with the molecular weight of alkanes and alkenes[41]. The main
objective of topology indices is to represent the molecular structure with a numerical value for
isomer molecules. Most organic chemical structures have the same atomic composition or
molecular weight but a different line or stereochemical formula which have other physical or
chemical properties. The representation of molecular weight is not enough for further
application in quantitative structure-activity or properties relationship (QSAR/QSPR) due to
isomerization in molecular structure. The high value of R? shows that all the topology indices
are capable of representing the molecular structure as a molecular descriptor for QSAR/QSPR
application.

Table 9: Multiple regression equations for the molecular weight
Properties Indices Equation

MW =15.190(1.164);°+1.116(0.983)y-1.461(+1.026) -
Randic %°, ¢, %% 1, 0.496(%0.989)y°
o +1.806(+0.916)+4.308(+1.102)y"
N =60, S.E = 2.98023 , F = 14352.389, R? = 0.999
MW = 0.389(+0.018)HM+209.006(:20.640) HM"-

Zeﬂ:&? RV 0.647(+0.202)AM
’ N = 60, S.E = 5.75313, F = 7688.565, R = 0.998
Weiner - w. wa. Aw. MW = 5.320(+0.742)w -0.788(+0.128)ww -0.800(0.478) Aw —
MOLECULAR s WW, AW, 4.409(2.504)p
WEIGHT, MW P N = 60, S.E = 17.98795 , F = 577.321 , R? = 0.976
Harary — h, hh MW = -10.027(1.069)h + 25.923(+1.568)hh
! N = 60, S.E = 4.58836, F = 18147.172, R? = 0.998
MW = 35.405(+0.844)]
Erlelian N = 60, S.E = 20.52483 F = 1757.718, R2 = 0.968
M| MW = 0.376(x0.014)MT]
N = 60, S.E = 32.35563, F = 672.050 , R? =0.918
U MW = 32.882(0.295)Xu

N = 60, S.E = 7.82947, F = 12425.810, R? = 0.995

3.2.5 Heat of formation

The heat of formation is the energy required to form one mole of an alkane compound in the
gas phase from its elements in their natural state at standard temperature and pressure. The heat
of formation of alkanes was calculated using the semi-empirical (PM6) method, showing a
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strong correlation with molecular structure. The result (Table 10) showed that the molecular
topology indices strongly correlated with the value of R? of more than 0.98. Bond energy plays
an important role in predicting the heat of formation and thermochemistry properties.
Furthermore, the bond order also contributes to the value of heat of formation. Randic index is
based on the connectivity of carbon atoms in the molecular structure. Zagreb indices are based
on the degree of edges. While Weiner, Harary and Balaban indices are based on the distance of
vertex and the position of atoms. Meanwhile, MTI and Xu calculation indices are based on the
distance of the vertex and the degree of edges. Randic indices showed a high value of R? =
0.999. The atom-bond connectivity index also agreed with the heat of formation calculated from
ab initio and DFT (MP2, B3LYP) quantum chemical calculation[42].

3.2.6 Zero-Point Energy
All the molecular topology indices had the values of R? of more than 0.91 for zero-point
energy, as shown in Table 11. These topology indices reflect the effects of molecular structure
branches that have a high quality structure-property relationship. The zero-point energies (ZPE)
of molecules can be related to the frequencies of the normal vibration modes in the molecular
structure. Schulman and Disch reported that the zero-point energy of the hydrocarbons with
molecular stoichiometry CrnHm could be related to the empirical relation[43]:
ZPE =3.8n +7.12m — 6.19 (11)

where n and m are the number of carbon and hydrogen in the molecules. While Rahal et al.
reported that ZPE empirical relationship must have adjusted due to the number of atoms and
branching[22]. The high values of R? in this calculation show that this approach may provide
another alternative for empirical relation based on the branches’ locations in the molecular
structure. Thus, ZPE exhibits the structural characteristics of the bonding, shapes, and the
number of atom increments related to molecular weight.

Table 10: Multiple regression equations for the heat of formation
Properties Indices Equation

HF =-7.661(0.688)y°-
Randic %°, ¢, %% %, 0.881(+0.581)y1+0.543(+0.606)y>+2.987(+0.584) >
o +1.582(+0.542)3*-0.110(0.651)y*
N = 60, S.E =1.761018647, F =6539.024, R? = 0.999
Zegrab—HM,  HF =-0.167(£0.011)HM-110.155(+12.484)HM*+0.548(+0.122)AM
HM*,AM N = 60, S.E = 3.479740849, F = 3335.087, R? = 0.994
) HF = -2.471(£0.343)w +0.371(x0.059)ww +0.353(:0.221)Aw
GGG = 05, TS +2.969(x1.160)p

HEAT OF Aw, p

= = = 2 —
FORMATION N =60, S.E = 8.330070642, F =424.967, R= = 0.968

HF = 6.381(x0.573)h —13.820(+0.841)hh

Harary -, hh N = 60, S.E = 2.450899924 , F = 10038.567, R? = 0.997
Salaban HF = -14.127(20.337)]
N = 60, S.E = 8.184607974, F =1759.836, R? = 0.968
- HF = -0.149(+0.006)MTI
N = 60, S.E = 13.66258291, F =503.715, R2 = 0.910
» HF = -13.083(0.174)Xu

N = 60, S.E = 4.618178425, F =5653.786 , R? = 0.990

Table 11: Multiple regression equation for zero-point energy
Properties Indices Equation
ZERO- Randic °, 3 %2, . ZPE =20.695(+1.524)y°+1.843(+1.287)x}-3.831(1.342)*-
POINT o 2.284(+1.294)y3
ENERGY +0.781(1.200)y*+3.991(+1.442)y*
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N =60, S.E = 3.900613, F =12701.546, R? = 0.999

Zegrab — HM, ZPE = 0.465(+0.024)HM+276.284(+27.182)HM*-0.935(+0.266)AM
HM* AM N =60, S.E = 7.576597, F =6718.699, R? = 0.997
Weiner - w, ww, Aw, ZPE = 6.676(£0.958)w — 0.993(+0.165)ww -1.069(+0.618)Aw —
p 5.705(+3.236)p
N =60, S.E = 23.242735, F = 522.966, R? = 0.974
Harary — h, hh ZPE = -14.237(+1.467)h +34.682(+2.151)hh
N =60, S.E = 6.295510, F =14609.258, R? = 0.998
Balaban ZPE = 43.606(+1.031)J
N =60, S.E = 25.062599, F = 1788.264, R? = 0.968
MTI ZPE = 0.462(+0.018)MTI
N =60, S.E = 40.487126, F = 648.860, R?2 = 0.917
Xu ZPE = 40.477(+0.383)Xu

N =60, S.E = 10.169703, F = 11160.274, R? = 0.9953

3.3 Validation

Cross-validation is a statistical method to investigate the predictive validity of a linear
regression equation. Table 12 shows the value of ds? for all electronic properties. In this
calculation method, the stable value ds? must be closer to the value of zero and positive[34, 44].
All the topology descriptors showed a positive value and were closer to zero for HOMO energy
and molecular weight. The energy of LUMO, Randic, Balaban, and Xu indices showed a
negative value of ds?. For the HOMO-LUMO energy gap (AE), MTI and Xu showed a negative
value. All the molecular topology descriptors showed a positive value for point-charge of dipole
moment except for MTI. Randic, Zagreb, and Harary showed a relatively large value of ds?.
Meanwhile, the hybrid dipole moment exhibited a positive value of all descriptors. Two
descriptors had a rather significant value of ds?, which were Randic and MTI. Three descriptors;
Zagreb, MTI, and Xu showed the negative value of ds?. Finally, all descriptors showed positive
values of zero-point energy except for Harary indices.

Table 12: The value of ds? validation

FENLIS 0.00261  -0.00020 0.00933  0.07481  0.06801  0.01806  0.00097  0.00090
74:| (=108 0.02822  0.00299 0.02333  0.09765  0.03269  0.00109 -0.00712 0.00240
\WWIEHEES 0.04721  0.01569 0.02587  0.01415 0.00085  0.01027  0.00207  0.01094
el 0.00151  0.00296 0.00519  0.04820 0.01546  0.00926  0.00060  -0.00053
EEIEERE 0.01233  -0.00015  0.00788  0.02604  0.01655  0.00895  0.00203  0.00856

MTI 0.02531  0.00168 -0.03744  -0.03035 0.14541  0.02527  -0.04554 0.03113
Xu 0.00440  -0.00956  -0.01838 0.07176  0.01819  0.00220  -0.00232 0.00203

3.4 Principal Component Analysis

Correlation analyses were performed between the electronic properties of HOMO, LUMO,
HOMO-LUMO energy gap (AE), the molecular dipole moment of point-charge and hybrid,
molecular weight, the heat of formation and zero-point energy of the alkanes. The correlations
of the examined electronic properties are shown in Table 3. The PCA results are tabulated in
Figure 2. In the analysis for 7 properties and 60 stuctures of alkanes, as indicated in Table 13,
two principal components with eigenvalues of greater than 1 were produced. The first principal
component explained 60.388%, while the second principal component explained 26.457%,
bringing a cumulative of 86.845% to the data variation. From Table 13, the classification of
the properties was divided into three main areas. The first one was thermodynamic properties,
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as Molecular Weight (MW) had a positive correlation with Heat of Formation (HF) but had a
negative correlation with Zero-Point Energy (ZPE). The other classification areas were
indicated to the molecular electronic properties, which indicate the correlations with HOMO
and LUMO. From Table 14, it is shown that HOMO also has a negative correlation with
LUMO. This could be due to HOMO and LUMO being known as frontier orbitals. HOMO can
be found by locating the outermost orbital containing an electron and LUMO, which is the first
orbital that does not have electron. The last classification of the properties is related to the
atomic electronic properties — by which this study focused on point-charge dipole moment and
hybrid dipole moment. These two properties showed strong correlations with each other.
HOMO-LUMO energy gap (AE) showed a negative correlation with HOMO and a strong
correlation with LUMO. However, PCA analysis could not be conducted for the HOMO-
LUMO energy gap (AE) as it would give no positive definite (NPD) to the matrix. The Matrices
can be NPD because AE has a linear dependency with HOMO and LUMO variables. Table 13
shows the component matrix of the correlations between the seven properties and the
components. The results indicate that all the properties except dipole moment point-charge and
dipole moment hybrid strongly affected PCAL. However, only dipole moment point-charge and
hybrid dipole are significant on PCA2.

05

Lumo
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HOMO
-] P

LE

oo

PCA2
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-1.0 -05 oo 05 10
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Figure 2: Principal components PC1 and PC2 for seven physical properties
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Table 13: Results of principal component analysis for the physical properties: eigenvalues %
variance and cumulative %

Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance Cumulative %  Total % of Variance  Cumulative %
1 4.227 60.388 60.388 4.227 60.388 60.388
2 1.852 26.457 86.845 1.852 26.457 86.845
3 0.453 6.472 93.316
4 0.389 5.563 98.879
5 0.062 0.880 99.760
6 0.017 0.239 99.999
7 9.004E-05 0.001 100.000

Table 14: PCA factor Ioadings for the Ehxsical Erogerties

Component

PCA1l PCA2
0.800 -0.020
-0.730 0.415
0.397 0.898
0.325 0.912
0.980 -0.108
-0.935 0.131
0.979 -0.107

4. Conclusions

The relationships of electronic calculation properties with seven degree-based indices and
distance-based indices were obtained in correlation, regression, and principal component
analysis. The results indicated that Harary indices obtained the highest regression R? value of
0.991, with the energies of the highest occupied and lowest unoccupied molecular orbitals
(HOMO and LUMO). The inverse distance matrix (Harary indices) had the highest regression
constant. The indices can be represented by the structure of the molecule and the number of
carbon atoms in the molecules — comparable to PM6 molecular calculation. All the topology
indices showed the value of R? of less than 0.8 for a molecular moment. The highest R? was
Randic indices (0.778), and the lowest indices were MTI (R? = 0.663). The topology indices do
not imply the charge distribution and atomic hybrid orbital. All the molecular topology indices
had the values of R? of more than 0.91 for molecular weight, heat formation, and zero-point
energy. These topology indices reflect the effects of branches of the molecular structures with
high-quality structure-property relationships. The PCA results for seven properties and 60
stuctures of alkanes produced two principal components with eigenvalues of greater than 1. The
first principal component explains 60.388%, while the second principal component explains
26.457%, bringing a cumulative of 86.845% to the data variation.
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