www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Comparative study of Sombor
index and its various versions using
regression models for top priority
polycyclic aromatic hydrocarbons
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The aromatic compounds having structural configurations with two or more fused benzene rings

are the polycyclic aromatic hydrocarbons (PAHs). Topological indices are valuable tools for studying
the structure property relationships of PAHs and also helps in predicting various properties and
activities. They find applications widely in computational chemistry, drug design and QSPR studies.
This article focuses on analysing the potential predictive index for Sombor index (SO), elliptic Sombor
index (ESO), Euler Sombor index (EU), reverse Sombor index (RSO), reverse elliptic Sombor index
(RESO) and reverse Euler Sombor index (REU) using regression models for top priority 38 PAHs. From
the study it is evident that, SO and RSO have proved to be potential predictive indices among the
considered degree-based and reverse degree-based indices. The variation of best predictive index with
minimal RMSE are plotted for linear, quadratic and cubic regression models for better understanding.

Keywords Vertex degree-based topological indices, PAHs, Physicochemical properties of PAHs, Regression
models

A branch of mathematics, that applies the concept of graph theory to study molecular structures is chemical
graph theory(CGT). Using CGT, PAHs are modelled into graphs where atoms are represented as vertices and
the bond between the atoms are represented as edges. The connectivity of the atoms are analysed with respect
to properties of these graphs where researchers gather information about the structure of PAHs molecules'™.

In general, CGT equips a dynamic framework for understanding the structure property relationships in PAHs
molecule which is necessary for applications in the fields of design of new materials, monitoring environment
and pharmaceuticals. A powerful tool to encode the structural information of PAH molecules in numerical
representation is obtained by molecular descriptors. These molecular descriptors may be distance-based, graph
spectral-based, and degree-based are used in QSPR/QSAR (quantitative structure property/activity relationship)
studies to predict the physicochemical properties of PAH compounds®°.

A topological index (TT) is the numerical value associated with the molecular structure of a chemical com-
pound. These indices provide an understanding into various physicochemical properties and biological activities
of a molecule!'™*8. Polycyclic aromatic hydrocarbons(PAHs) are composed of multiple aromatic ring having
significant applications in the field of pharmacology, materials science and environmental science'®-?!. In the
literature, various TIs are studied to characterize the structural properties of PAHs. They include Wiener index
(W) which was the oldest and first TI based on distances between pairs of vertices in a graph. This index con-
tributes information about the molecular size and branching for PAHs.

Hyper-Wiener index (WW) is an extension of the Wiener index which is used in the study of large PAH
molecules. The molecular connectivity and symmetry in PAHs are provided using Harary Index (H), since this
index is based on average distance between pairs of vertices. The Balaban index (J) gives insights into the degree
of molecular branching and symmetry of PAHs as this index is based on topological distance matrix. The infor-
mation about branching and symmetry of PAHs is obtained by using Randic index (R)**™*.

The main axioms of core chemistry postulates that there is an intricate link between the molecular struc-
ture with that of its physical properties. Topological indices are worthy in extracting appropriate details of the
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construction of molecules, thereby proving its applications across diverse fields such as medicinal chemistry,
pharmacy, materials science and etc.,?™%.

In 2021, Gutman introduced Sombor index using Euclidean geometry which has become very popular within
a short span of time for its contribution in chemistry and pharmacology. The general form of a vertex degree-
based index is a function which is chosen such that, it satisfies symmetry property. The edge uv representation
in 2-dimensional coordinate system is called the degree-point of the edge uv. The Euclidean distance between
the degree-point (dy, d,) and the origin O is \/d2 + d2 which is the definition of Sombor index™.

In 2023, Gutman et al., introduced another version of Sombor index called elliptic Sombor index referring
to the orbits of planets in the solar system which takes elliptic orbits with the Sun as focus point. In astronomy,
the perimeter of an ellipse is of great importance from which elliptic Sombor index was derived®”.

In 2024, Gutman et al., showed that, in ellipse, the lengths of semi major and the semi minor axes are equal.

The area of the ellipse was found to be & \/ \/(d2 + d2)(d, + d,). Leonard Euler found the approximate perim-
eter of the ellipse as n\/Z(dﬁ + d2)(d, + d,)?. Using these relations, Euler Sombor index was proposed as

\dZ + d2 + d,.d,. Algebraically, there is a geometric analogy of Sombor and Euler Sombor indices*.

Numerous research work have been carried out on the above indices world wide. The information about graph
degree could be relied on the new topological index introduced by Gutman in the year 2021, known as Sombor
index. It has been proved that, it holds promise for decoding the thermodynamic behaviour of compounds.
Hayat et al.,”” proposed the minimum Sombor index of graphs while Sakandar et al.*® employed valency-based
indices in QSPR studies for monocarboxylic acids for physicochemical properties.

In a very short time of its existence, the Sombor index has attracted appreciable attention from both chemists
as well as mathematicians. Redzepovic® studied about the alkane’s entropy and enthalpy of vaporization by sta-
tistical techniques. The mathematical aspects of Sombor index is studied by Gutman et al.** giving more insights
into the topic. The researchers are continuously studying about the Sombor index in which numerous articles
are being published for which the extremal values of the index within graphs are considered as the foundation®'.

Using domination numbers for trees, Sun and Du*** studied for the maximal Sombor index. Zhou et al.**
used unicyclic graphs and classified the Sombor index with matching number. Li et al.** derived the extreme
value of Sombor index for trees with fixed diameter. Réti et al.,*® studied about the maximizing graphs for Sombor
index using K-cyclic graphs where K takes the values from 1 to 5.

Narahari et al.*’ introduced a new vertex degree-based index known as reverse Sombor index for which
mathematical properties are defined recently. Kulli*® established some mathematical properties of reverse elliptic
Sombor index for two families of dendrimer nanostars.

Carlos et al.*’ recently solved the extremal value problem of elliptic Sombor index with equal number of
vertices over the set of chemical graphs and chemical trees. Shanmukha et al.* focussed on the chemical appli-
cability of elliptic Sombor index using various benzenoid hydrocarbons through curvilinear regression models.

There has been a momentous progress in the study of the correlation capabilities of several families of graph
theoretic descriptors. Gutman and Tosovic® initiated this study to assess the quality of degree-based indices
which was measured by correlation with the physicochemical properties of octane isomers. It was followed by
Malik et al.** to continue this study for benzenoid hydrocarbons for the characteristics that included total 7
-electronic energy.

Motivated by the above studies on Sombor index and its various versions, an attempt is made to study degree-
based indices: Sombor index, elliptic Sombor index, Euler Sombor index and its reverse degree-based indices. To
establish the potential index with respect to various physicochemical properties of top priority 38 PAHs using
regression models is carried out.

This article mainly concentrates on

e Identifying the potential vertex degree-based topological index in the considered indices with respect to
physicochemical properties of top priority 38 PAH’s: Sombor index, elliptic Sombor index, Euler Sombor
index and its Reverse degree-based indices.

e To check the potential index, statistical analysis is carried out using regression models.

®  We employ RMSE measure to find the minimal error between the set of actual values and the predicted values.

® Based on the obtained RMSE values in this work, we opt for minimal RMSE value which signifies minimal
error between the actual and predicted values.

® For better understanding of statistical analysis, a scatter diagram is depicted for linear regression model and
is extended for quadratic and cubic regression models with minimal RMSE to notice the variation.

Methodology
G=(V, E) is a simple graph with V as vertex set and E as edge set. For a vertex u belonging to V, d,, indicates the
degree of the vertex u°>*%. In this work, the top priority 38 PAHs (Fig. 1) are modeled as molecular graphs for
which 6 vertex degree-based topological indices are computed.

The considered degree-based indices such as Sombor index, elliptic Sombor index and Euler Sombor
index**-¢ are defined as follows
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Figure 1. Molecular structures of the top priority PAHs.
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Figure 1. (continued)
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Figure 1. (continued)
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Figure 1. (continued)

SO(G) = Z \/d2 + d2 ,ESO(G) = Z (dy + dy)(\/d2 + d2)

uveE(G) uveE(G)

EUG) = Y \/dZ+d2+d.d,.
uveE(G)

47,48

Reverse degree-based indices such as reverse Sombor index, reverse elliptic Sombor index are defined as

follows
RSO(G) = Z e+ e,

uveE(G)

RESOG) = Y (cut+c)(y/ed+ed).
uveE(G)

An attempt is made to define reverse Euler Sombor index and is defined as
REU(G) = Y /2 42+ cucy.
uveE(G)
where ¢, = A — d, + 1for any vertex u € E(G) and A is the maximum vertex degree of the graph G.

Results and discussions
The evaluation of regression models is conducted as follows,

y=a+bx; n,r, F(Linear) (1)
y=a+bix;+ bzxg; n, r, F (Quadratic) (2)
y=a+bxs+ b2x§ + b3x§; n, r, F (Cubic) (3)

Here, y is the dependent variable. a being the regression constant and b; where(i = 1, 2, 3) are the regression
coefficients and x;(i = 1, 2, 3) are the independent variables. Samples are used for regression equation, r being
the correlation coefficient, SE is the standard error of the estimates and F is the Fisher’s statistic.

RMSE plays a vital role to understand the behaviour of statistical models to evaluate the accuracy of regression
models and is used to measure the difference between the actual values and the predicted values. It is defined as

Here, 1 denotes the number of data points. y; is the actual value for the i data point, 7; is the predicted value
for the i data point.

Regression models
In this study, 8 physicochemical properties (Table 1) of PAHs are considered such as molecular
weighttMW g /mol), melting point(MP °C), boiling point(BP °C), molar refractivity(MR cm?), polarizability
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Name MW MP BP MR PO |MV | FP C
Benzene 78.11 5 78.8 26.3 104 | 894 —11.1 | 155
Naphthalene 128.17 |81 2215 |44.1 17.5 | 1235 | 789 80.6
Phenanthrene 178.23 | 100 3374 | 619 24.6 |157.7 | 146.6 | 174
Anthracene 178.23 | 217 337.4 | 619 24.6 |157.7 | 146.6 |154
Pyrene 202.25 | 150 404 72.5 28.7 | 162 168.8 | 217
Benzo|a]anthracene 228.3 161 436.7 |79.8 31.6 |191.8 |209.1 |294
Chrysene 228.3 255 448 79.8 31.6 |191.8 |209.1 |264
Benzo[a]pyrene 252.3 176 495 90.3 35.8 | 196.1 |228.6 |372
Dibenz[a,h]anthracene 278.3 266 524.7 |97.6 38.7 [2259 |2645 |361
Benzo[g,h,i]perylene 276.3 273 501 100.8 |40 200.4 |247.2 |411
Pentalene 102 - 308.9 |34.2 13.6 |96.1 97.2 174
Indene 116.16 | —2 181.6 |38 151 |111.8 | 58.9 124
s-indacene 152.19 | - 525.3 |50 19.8 | 1299 |2144 |341
Biphenylene 152.19 | 115 469.9 |50 19.8 | 1299 |187.2 |339
Fluorene 166.22 | 115 293.6 |53.8 21.3 | 1483 |133.1 |165
Fluoranthene 202.25 | 110 375 72.5 28.7 | 162 168.4 | 243
Aceanthrylene 154.21 | 94 279 51.7 20.5 | 1349 |1353 |155
Acephenanthrylene 202.25 | 140 405.7 | 69.1 274 |162.3 |188.6 |303
Naphthacene 2283 |350 436.7 |79.8 |31.6 |535 [209.1 |236
Corannulene 250.3 269 438 93.5 37.1 |170.6 |210.1 |303
Pentacene 278.3 257 524.7 |97.6 38.7 2259 |264.5 |325
Ovalene 398.5 257 524.7 |97.6 38.7 2259 |264.5 |696
Benzo[b]fluoranthene 252.3 166 467.5 |90.3 358 |196.1 [228.6 |372
Benzo[k]fluoranthene 252.3 217 480 90.3 358 |196.1 |228.6 |338
Indeno[1,2,3-cd]pyrene 276.3 163.6 |497.1 |100.8 |40 200.4 |247.2 |453
Benzo[e]pyrene 252.3 177.5 |467.5 |90.3 |35.8 |196.1 |228.6 |336
Perylene 252.3 276 467.5 |90.3 358 |196.1 |228.6 |304
Anthanthrene 276.3 261 497.1 |100.8 |40 200.4 |247.2 |411
Dibenz[a,c]anthracene 278.3 206 518 97.6 38.7 2259 |[264.5 |361
Dibenz[a,j]anthracene 278.3 196 524.7 |97.6 38.7 |2259 (2645 |363
Picene 278.3 367 519 97.6 38.7 2259 (2645 |361
Coronene 300.4 440 525.6 |111.4 |44.1 |204.7 |2652 |376
Dibenzo[a,h]pyrene 3024|308 552.3 |108.1 |42.9 |230.2 |282 436
Dibenzola,i]pyrene 302.4 281.5 |552.3 |108.1 [42.9 |230.2 |282 436
Dibenzola,l]pyrene 3024 162.4 |552.3 |108.1 |429 |[230.2 |282 480
Rubicene 326.4 306 579 118.7 |47 2345 |298.8 |514
isochrysene 2283 199 425 79.8 31.6 |191.8 |209.1 |217
5-Methylchrysene 242.3 118 4494 |84.6 335 |208.1 |217.8 |320

Table 1. Physicochemical properties of top priority 38 PAHs.

(PO 10~2*¢m?3), molar volume(MV cmi®), flash point(FP °C), complexity (C) for which coefficient of correlation

are calculated using the computed values of TIs (Table 2).

From Table 3, it is obvious that of all the 3 degree-based indices considered in the study SO has high cor-
relation with 7 (MW, BP, MR, PO, MV, FP, C) properties out of 8 properties considered while ESO has
high correlation with the property MP. From Table 4, it is obvious that of all the 3 reverse degree-based indices
considered in the study RSO has high correlation with 7 (MW, MP, BP, MR, PO, FP, C) properties out of
8 properties considered while RESO has high correlation with the property MV.

Linear regression model: Degree-based TIs are studied using linear regression models for Eq. (1), are as

follows
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Drug name/topological index | SO ESO EU RSO RESO REU

Benzene 16.970 20.785 67.882 16.940 | 67.881 20.784
Naphthalene 35.635 43.416 165.447 | 27.328 | 97.542 33.099
Phenanthrene 54.159 65.99 263.727 | 37.457 | 127.928 | 45.318
Anthracene 54.299 66.047 263.013 | 37.686 |127.202 |45.414
Pyrene 67.027 81.635 339.379 41929 |135.687 |50.61

Benzo|a]anthracene 72.684 88.621 361.293 | 47.815 | 157.588 |57.633
Chrysene 72.684 88.564 362.007 |47.586 |158.314 |57.538
Benzola]pyrene 85.552 88.678 360.578 |52.058 |166.074 |62.829
Dibenz[a,h]anthracene 76.927 93.76 387.462 | 57.944 | 187.975 |69.853
Benzo[g,h,i]perylene 98.279 119.798 | 514.026 | 56.3 174.559 | 68.025
Pentalene 29.978 36.488 142.82 21.672 | 74914 26.171
Indene 32.807 39.952 154.134 | 24.500 | 86.228 29.635
s-indacene 48.643 59.12 240.386 | 32.03 104.575 | 38.486
Biphenylene 48.363 59.004 241.814 |31.571 |106.027 | 38.295
Fluorene 51.331 62.526 252.413 | 34.629 |116.614 |41.854
Fluoranthene 66.887 81.578 340.094 | 41.7 136.413 | 50.514
Aceanthrylene 67.027 81.635 339.379 | 41.929 |135.687 |50.61

Acephenanthrylene 67.027 81.635 339.379 |41.929 |135.687 |50.61

Naphthacene 72.964 88.678 394.519 |48.045 |156.862 |57.729
Corannulene 88.380 107.673 | 465.943 |49.229 | 149.103 |59.365
Pentacene 95.234 115.668 |476.171 |60.639 |193.231 |72.689
Ovalene 155.268 |189.251 |839.978 |79.616 |228.949 |96.023
Benzo|[b]fluoranthene 85.412 104.152 |438.373 |51.828 |166.8 62.734
Benzo[k]fluoranthene 85.412 104.152 | 438.374 |52.058 |166.074 |62.829
Indeno[1,2,3-cd]pyrene 98.279 119.798 |514.026 |56.3 174.559 | 68.025
Benzo[e]pyrene 85.412 104.152 |438.373 |51.828 |166.8 62.734
Perylene 85.412 104.152 | 438.373 |51.828 |166.8 62.734
Anthanthrene 98.419 119.855 |513.312 |56.530 |173.833 |68.121
Dibenz[a,c]anthracene 91.209 111.137 |460.286 |57.715 |188.701 |69.757
Dibenz[a,j]anthracene 76.927 93.759 387.462 |57.944 |187.975 |69.853
Picene 91.209 111.137 |460.286 |57.715 |188.701 |69.757
Coronene 111.147 |135.443 |589.679 |60.773 |182.318 |73.317
Dibenzol[a,h]pyrene 104.077 |126.783 |535.939 |62.187 |196.46 |75.049
Dibenzola,i]pyrene 99.834 121.587 |510.484 |60.772 |193.632 |73.317
Dibenzola,l]pyrene 103.937 |126.726 |536.653 |61.957 |197.186 |74.953
Rubicene 116.53 142.256 |613.748 |65.971 |206.397 |80.054
isochrysene 72.546 88.506 362.73 47.356 |206.397 |80.054
5-Methylchrysene 77.264 93.901 388.807 |49.335 |162.481 |59.412

Table 2. Computed PAHs values of Sombor index, elliptic Sombor index, Euler Sombor index and its reverse
degree-based indices.

Index MW MP BP MR PO MV FP C

SO 0.9713 0.7009 0.7978 0.903 0.9029 0.7786 0.8595 0.8994
ESO 0.9606 0.7041 0.7801 0.886 0.886 0.7441 0.8425 0.894
EU 0.9684 0.7039 0.7916 0.8988 0.8987 0.775 0.775 0.8944

Table 3. The correlation coefficient r between degree-based TTs and physicochemical properties of PAHs.
Significant values are in bold.
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Index MW MP BP MR PO MV FP C

RSO 0.9915 0.7298 0.8402 0.9446 0.9446 0.8418 09114 0.8727
RESO 0.956 0.7078 0.8176 0.9267 0.9266 0.8506 0.8974 0.7938
REU 0.9664 0.7106 0.8157 0.924 0.9212 0.8332 0.8909 0.8261

Table 4. The correlation coefficient r between reverse degree-based TIs and Physicochemical properties of
PAHs. Significant values are in bold.

r? F SE RMSE | Significant
0.943 |599.376 |16.437 |15.999 |0.000
0.496 | 33435 |69.709 |67.745 |0.000
0.636 |63.022 |68.764 |66.930 |0.000
0.815 | 158.945 |10.358 |10.081 |0.000
0.815 | 158921 [4.107 |3.997 |0.000
0.606 | 35.405 |28.973 |28.2 0.000
0.739 | 101.832 |35.678 |34.727 |0.000
0.809 | 152.383 |57.756 |56.215 |0.000

Table 5. Various Statistical parameters of linear regression models.

MW = 41.778 + 2.463(SO),
MP = 8.472 + 0.476(ESO),
BP = 178.784 + 3.342(S0),
MR = 19.11 + 0.799(SO),
PO = 7.67 + 0.317(S0),
MV = 7.824 + 1.32(S0),
FP = 36.234 + 2.204(SO),
C = —26.6 + 4.364(SO).
Linear regression model
Reverse degree-based TIs are studied using linear regression models for equation (1), are as follows
MW = 5.061(RSO) — 11.62,
MP = 5.597(RSO) — 75.626,
BP = 7.082(RSO) + 95.856,
MR = 1.683(RSO) — 0.184,
PO = 0.667(RSO) — 0.074,
MV = 0.999(RESO) + 23.564,
FP = 4.703(RSO) — 19.988,
C = 8.522(RSO) — 99.813.

Conclusion

This work concentrates on analysing the potential predictive index for SO, ESO, EU, RSO, RESO and REU using
regression models for top priority 38 PAHs. From the results, it is evident that Sombor index shows high cor-
relation with considered physical properties compared to that of newly introduced elliptic Sombor and Euler
Sombor indices. For best predictive index the minimal RMSE value is considered. From the analysis, it is clear
that SO is the best predictive index with minimal RMSE from the considered degree-based indices (Tables 5, 6).
RSO is the best predictive index with minimal RMSE from the considered reverse degree-based indices (Tables 7,
8). The variation of best predictive indices with minimal RMSE are plotted for linear, quadratic and cubic regres-
sion models for better understanding (Figs. 2, 3). This study may be useful for the researchers who wish to study
further about PAHs and also about the applications of the considered indices.
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Name MW MP BP MR PO MV FpP C
Benzene 83.581 40.786 235.49 32.675 12.954 |100.226 |73.633 47.461
Naphthalene 129.559 | 87.231 297.861 | 47.595 18.869 | 124.866 | 114.768 | 128.919
Phenanthrene 175.193 | 134.016 | 359.764 | 62.403 24.74 149.322 | 155.595 | 209.767
Anthracene 175.537 | 133.676 | 360.231 | 62.515 24.784 | 149.506 |155.903 |210.378
Pyrene 206.888 | 170.03 402.76 72.688 28.818 | 166.307 | 183.952 | 265.921
Benzo|a]anthracene 220.824 | 180.461 |421.663 |77.21 30.611 |173.775 |196.419 |290.61
Chrysene 220.824 |180.801 |421.663 |77.21 30.611 |173.775 |196.419 |290.61
Benzo[a]pyrene 252,522 | 180.121 | 464.662 | 87.496 34.689 | 190.763 | 224.778 | 346.769
Dibenz[a,h]anthracene 231.276 | 192.918 |435.841 |80.601 31.955 |179.377 |205.77 309.127
Benzo[g,h,i]perylene 283.875 |253.168 |507.194 |97.67 38.722 | 207.565 |252.829 |402.316
Pentalene 115.624 | - 278.958 |43.073 17.076 | 117.398 | 102.301 | 104.231
Indene 122.593 | 81.845 288.411 |45.334 17.973 |121.133 | 108.536 |116.577
s-indacene 161.602 | - 341.328 |57.993 22991 |142.038 |143.436 | 185.689
Biphenylene 160.913 | 123.584 | 340.392 |57.769 22903 | 141.669 |142.819 | 184.467
Fluorene 168.224 | 128.63 350.31 60.141 23.843 | 145.587 | 149.36 197.42
Fluoranthene 206.544 | 170.369 |402.292 |72.576 28.773 | 166.123 | 183.643 |265.31
Aceanthrylene 206.888 |170.03 402.76 72.688 28.818 |166.307 |183.952 |265.921
Acephenanthrylene 206.888 | 170.03 402.76 72.688 28.818 |166.307 |183.952 |265.921
Naphthacene 221.513 | 196.278 | 422.599 |77.434 30.699 |174.145 |197.036 |291.832
Corannulene 259.488 |230.279 |474.112 |89.756 35.585 | 194.496 |231.011 |359.111
Pentacene 276.372 | 235.148 |497.015 |95.235 37.757 |203.544 |246.116 |389.023
Ovalene 424.257 |408.334 | 697.624 |143.223 |56.783 |282.796 |378.423 |651.025

Benzo[b]fluoranthene 252.177 |217.155 |464.194 |87.384 34.644 |190.578 |224.47 346.158
Benzo[k]fluoranthene 252.177 |217.155 |464.194 |87.384 34.644 |190.578 |224.47 346.158
Indeno[1,2,3-cd]pyrene 283.875 |253.168 |507.194 |97.67 38.722 |207.565 |252.829 |402.316

Benzo[e]pyrene 252.177 |217.155 |464.194 |87.384 34.644 |190.578 |224.47 346.158
Perylene 252.177 |217.155 |464.194 |87.384 34.644 |190.578 |224.47 346.158
Anthanthrene 284.22 252.828 | 507.662 |97.782 38.767 | 207.75 253.138 | 402.927

Dibenz[a,c]anthracene 266.457 |227.586 |483.566 |92.018 36.482 |198.231 |237.246 |371.457
Dibenz[a,j]anthracene 231.276 |192.918 |435.841 |80.601 31.955 |[179.377 |205.77 309.127

Picene 266.457 |227.586 |483.566 |92.018 36.482 | 198.23 237.246 | 371.457
Coronene 315.574 |289.182 |550.193 |107.956 |42.801 |224.552 |281.189 |458.475
Dibenzol[a,h]pyrene 298.156 |263.599 |526.565 |102.303 |40.56 215218 |265.605 |427.616
Dibenzola,i]pyrene 287.704 |251.482 |512.387 |98.912 39.215 [209.617 |256.254 |409.098
Dibenzola,l]pyrene 297.811 |263.939 |526.097 |102.192 |40.515 |215.033 |265.297 |427.005
Rubicene 328.832 | 300.64 568.178 |112.258 |44.506 |231.657 |293.05 481.964
isochrysene 220.484 |181.145 |421.202 |77.099 30.567 [173.593 |196.115 |290.007
5-Methylchrysene 232.106 |193.559 |436.967 |80.871 32.062 [179.822 |206.513 |310.598

Table 6. Predicted values of physicochemical properties of PAHs from linear regression model with minimal
RMSE:PO = 7.67 4 0.317(SO).

r? F SE RMSE | Significant
0.983 2083.791 | 8.999 8.759 0.000
0.533 38.74 67.119 | 65.228 0.000

0.706 86.415 61.846 | 60.196 0.000
0.892 298.432 7.908 7.697 0.000
0.892 298.44 3.135 3.051 0.000
0.723 94.182 24.278 | 23.630 0.000
0.831 176.53 28.732 | 27.965 0.000
0.762 114.998 64.511 | 62.7902 | 0.000

Table 7. Various statistical parameters of linear regression model.
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Name MW MP BP MR PO MV FP C
Benzene 74.106 19.185 215.831 |28.325 11.228 | 91.381 59.676 44.552
Naphthalene 126.676 | 77.326 289.403 | 45.807 18.16 121.014 | 108.528 | 133.08
Phenanthrene 177.935 | 134.018 | 361.14 62.853 24918 |151.371 | 156.161 | 219.402
Anthracene 179.094 |135.3 362.762 | 63.239 25.071 | 150.646 | 157.238 |221.353
Pyrene 200.566 | 159.047 |392.813 |70.379 27902 |159.123 | 177.192 | 257.513
Benzo[a]anthracene 230.353 | 191.991 | 434.499 |80.285 31.83 181.004 | 204.872 | 307.675
Chrysene 229.194 | 190.709 | 432.878 |79.9 31.677 | 181.729 |203.795 | 305.723
Benzo[a]pyrene 251.825 | 215.739 | 464.55 87.426 34.661 | 189.482 |224.826 |343.834
Dibenz[a,h]anthracene 281.612 | 248.682 |506.237 |97.331 38.588 | 211.362 |252.506 |393.996
Benzo[g,h,i]perylene 273292 | 239.481 |494.593 |94.565 37.491 | 197.959 |244.775 | 379.985
Pentalene 98.053 - 249.345 | 36.288 14.386 | 98.407 81.929 84.879
Indene 112.364 | 61.498 269.374 | 41.048 16.273 | 109.71 95.228 108.98
s-indacene 150.471 | - 322,704 |53.72 21.297 |128.04 130.64 173.152
Biphenylene 148.148 | 101.074 | 319.453 |52.94 20.991 |129.491 |128.481 |169.24
Fluorene 163.623 | 118.19 341.111 | 58.094 23.031 | 140.068 |142.862 |195.301
Fluoranthene 199.407 | 157.766 |391.191 |69.994 27.75 159.848 | 176.115 |255.561
Aceanthrylene 200.566 | 159.047 |392.813 |70.379 27.902 | 159.123 |177.192 |257.513
Acephenanthrylene 200.566 | 159.047 |392.813 |70.379 27.902 | 159.123 |177.192 |257.513
Naphthacene 231.517 |193.278 |436.128 |80.672 31.983 |180.278 |205.954 |309.635
Corannulene 237.508 | 199.905 |444.514 |82.665 32.773 | 172.52 211.522 | 319.725
Pentacene 295.25 263.766 |525.324 |101.867 |40.387 |216.613 |265.18 416.963
Ovalene 391.285 |369.979 |659.726 |133.804 |53.049 |252.298 |354.423 |578.689

Benzo[b]fluoranthene 250.661 |214.451 |462.921 |87.039 34508 |190.207 |223.744 |341.874
Benzo[k]fluoranthene 251.825 |215.739 |464.55 87.426 34.661 |189.482 |224.826 |343.834
Indeno[1,2,3-cd]pyrene 273.292 |239.481 |494.593 |94.565 37.491 |[197.959 |244.775 |379.985

Benzo[e]pyrene 250.661 |214.451 |462.921 |87.039 34508 |190.207 |223.744 |341.874
Perylene 250.661 |214.451 |462.921 |87.039 34.508 |190.207 |223.744 |341.874
Anthanthrene 274.456 | 240.768 |496.222 |94.952 37.645 |197.233 |245.856 |381.945

Dibenz[a,c]anthracene 280.453 |247.401 |504.615 |96.946 38.436 |212.087 |251.429 |392.044
Dibenz[a,j]anthracene 281.612 |248.682 |506.237 |97.331 38.588 |211.362 |252.506 |393.996

Picene 280.453 |247.401 |504.615 |96.946 38436 |212.087 |251.429 |392.044
Coronene 295928 |264.516 |526.273 |102.092 |40.476 |205.71 265.81 418.105
Dibenzol[a,h]pyrene 303.084 |272.43 |536.287 |104.472 |41.42 |219.839 |272.46 |430.155
Dibenzola,i]pyrene 295923 | 264.51 526.266 |102.091 |40.475 |217.014 |265.805 |418.097
Dibenzola,l]pyrene 301.92 271.143 |534.658 |104.085 |41.266 |220.564 |271.378 |428.195
Rubicene 322.233 293.609 |563.087 |110.84 43.944 |229.767 |290.255 |462.403
isochrysene 228.03 189.422 |431.249 |79.513 31.524 [229.767 |202.714 |303.763
5-Methylchrysene 238.045 |200.498 |445.265 |82.843 32.844 |185.892 |212.02 320.628

Table 8. Predicted values of physicochemical properties of PAHs from linear regression model with minimal
RMSE:PO = 0.667(RSO) — 0.074.
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Figure 2. Scatter diagrams of property PO with Sombor index: linear, quadratic, cubic.
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