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Abstract 

A 3-Dimension-Quantitative Structure-Activity Relationship (3D-QSAR1) ap-
proach is applied for the prediction of accurate chemical products made from 
biological activity and toxicity. Quantum chemical technique allows the con-
struction of the molecular descriptors. The molecular quantum descriptors 
are classified into five principal component factors. Various linear regression 
equations are obtained using the statistical technique. In this study, the re-
searchers propose the three best regression equations based on quantum mo-
lecular descriptors discussed earlier in this study. The observed EC50 vs cal-
culated EC50 is plotted using the best fitting with the quantum descriptors. 
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1. Introduction 

Industrial advancement has resulted in the use of large amounts of chemicals 
entering the human life cycle. According to the American Chemistry Council 2020, 
the business of chemistry is a large user of natural gas and petroleum products 
[1]. The petroleum products include the saturated hydrocarbons or alkanes. The 
saturated hydrocarbon falls into a large n-linear, branch, and cyclic alkanes. The 
physical phase alkane series consists of gases (methane, ethane, propane, and 
butanes), liquid phase from pentanes to hexadecane, and longer chain solids. 

 

 

1QSAR is a mathematical modelling that using the machine learning as a tool in the modelling de-
velopment. 
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These saturated hydrocarbons have been the subject of extensive attention be-
cause they encompass one of the foundations of petrochemistry. In petrochemi-
stry, alkanes are the major constituents of natural gas and crude oil [2]. For ex-
ample, pentane is mostly used in the formulation of gasoline. On the other hand, 
hexane is well known to be used as a solvent in glues, varnishes, cements, and 
other product. Meanwhile, 2-methylpropane is used in principal feedstock of al-
kylation units of refineries [3]. 2-methylpropane, 2-methylbutane, n-Butane, and 
propane are widely used in the cosmetic industry as aerosol propellants [4]. The 
day-to-day life demand for alkane products may impact the environment, espe-
cially in terms of toxicity to aquatic life and subsequently to biodiversity [5]. 
Furthermore, when inhaled, this hydrocarbon can cause central nervous system 
depression [6]. Liquid hydrocarbon such as pentane, hexane, and octane is also 
solvents for fats. When these liquid hydrocarbons are in contact with the skin, 
they are capable of removing fat, and resulting in dryness, scaling, and skin in-
flammations [7]. Surprisingly, the exposure to n-hexane or solvent containing a 
high concentration of n-hexane shows polyneuropathy syndrome [8]. 

Upon realizing this issue, a method for biological activity and toxicity assess-
ment needs to be investigated on alkane-based compounds on the molecular struc-
ture. According to Phillips and his co-workers, the prediction of the toxicant us-
ing QSAR method must use chemicals with the same group compound; other-
wise, the different toxicant actions involved will limit the prediction of toxicity 
[9]. Getting toxicants with the same group compounds is very challenging in 
QSAR, due to the limitation of retrieving experimental data. The mechanisms 
involved in biological action are also too complex, and it is inadequate to de-
scribe it using a model alone. Therefore, this study investigates the biological ac-
tivity and toxicity of alkane groups. In this study, the relationship of molecular 
structure and biological activity and toxicity are investigated based on the mole-
cular descriptors. The molecular descriptors used in this study include chemical 
hardness, chemical potential, dipole moment, non-linear polarizability, and 
graph energy index. These molecular descriptors are known as non-linear mo-
lecular properties. The molecular has been calculated using semi-empirical cal-
culation due to fast comparison with another ab initio method and low cost in 
terms of computer resource [10]. The major limitations of semi-empirical are 
some parameters that may not be available especially for transition metal [11]. 
However, in this study, we only employ the alkanes which are in the range of the 
calculation. The quantum molecular descriptor relationships are employed to pre-
dict the unmeasured values of the considered properties of compounds. Further-
more, the relationships can be extended to design non-existent structures pos-
sessing some desirable properties. The volatile component of the alkane from the 
biological experiment using chromatography is also investigated. To best our 
knowledge, there are non-articles on 3-D QSARs examining the biological effects 
and toxicology of alkanes using the semi-empirical method as a molecular de-
scriptor, especially on non-linear molecular properties. 
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2. Methods and Calculation 
2.1. Calculation of the Quantum Molecular Descriptor 

Semi-empirical quantum chemical method is the computational method to cal-
culate the electronic and molecular orbital properties using self-consistent field 
molecular orbital theory. The integration method employs parametric method 6 
(PM6). This quantum molecular descriptor was calculated using semi-empirical 
MOPAC2016, Version: 21.002 James J. P. Stewart software [12]. The input of the 
structure and geometry optimization was generated using Avogadro version 
1.2.0. The geometry optimization used force field method MMFF94s with step 
per update 4. The molecular structure was generated using 3-dimension Avoga-
dro interface, and the molecular descriptor involved three coordinates. There-
fore, this method employed the 3D-QSAR approach. The calculation was done 
using PM6 parameters. 

2.2. Definitions of the Quantum Molecular Descriptors Used 

αij: the dynamic linear polarizability constant at ω = 0.25 eV. The value of i 
and j represented tensor vector in x, y or z. 

βi: the average value of the hyperpolarizability at ω = 0.25 eV. The quantity of 
interest is defined as βi = [βiii + βijj + βikk] [13]. 

γijkl: the second order hyperpolarizability at ω = 0.25 eV. The value i, j, k and l 
represented tensor vector in x, y and z.  

εHOMO: the energy of the highest occupied molecular orbital. 
εLUMO: the energy of the lowest unoccupied molecular orbital. 
dp: the molecular dipole moment contributed from the net charge density 

[14]. 
dhyb: the molecular dipole moment contributed from a hybridization of mole-

cular orbital [14]. 
COS: the Conductor like screening model (COSMO) surface area. 
μ: the chemical potential. The chemical potential can defined as, μ = (εHOMO – 

εLUMO)/2. 
η: the molecular chemical hardness. The η can be defined as, η = (εHOMO + 

εLUMO)/2. 
W: the electrophilicity index. The electrophilicity is defined by Parr et al. that 

is W = μ2/2η [15]. 
W–: the electrodonating power. This index explain chemical response to the 

donation of electron which given by (3εHOMO – εLUMO)2/16(εHOMO + εLUMO) [16]. 
GE1: the graph energy index. The graph energy index is the sum of eigen val-

ue. The index is defined as 1
iGE λ= −∑  where λ is the negative eigen value. 

GE2: the graph energy index with positive eigen value 2
iGE λ= +∑  where λ 

is the positive eigen value. 
Est: the Estrada index. The Estrada energy index is defined as ( )exp iEst λ= ∑  

[17]. 
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2.3. Data Preparation and Analysis 

The chemical data was collected using the Reaxys database. Reaxys is a well-known 
curated database for finding and comparing relevant chemical information from 
different sources that attempt to bring together chemical, biological activity and 
toxicogenomic into their center location [18] [19]. In this study, all biological 
activity and toxicology values were extracted from a single reference. This was 
done to ensure a compatible relationship among them. The data used in this 
study are presented in the appendix section [20]-[26]. Inferential statistical ana-
lyses were performed. Multiple linear regression was applied to generate the 
prediction models. The multiple linear regression is a relatively simple approach 
pursuit to model the linear relationship between both independent and explana-
tory variables by fitting the linear equation. Variable selection in a block was en-
tered and calculated using a single step. The researchers performed regression 
using SPSS statistical software. The chosen regression was based on a good fit-
ting with the regression equation’s standard of deviation not less than 0.0001. 
The observed plot vs calculated toxicity with a 95% degree of confidence was 
plotted using Minitab. The descriptors had very small standard deviations, being 
inadequate to represent the changes in electronic structure from molecule to 
molecule [27]. Principal Component Analysis (PCA) was used to determine the 
inherent dimensionality of groups of molecular descriptor properties. The or-
thogonal PROMAX rotation was used during the PCA analysis. 

3. Results and Discussion 
3.1. Quantum Molecular Descriptor 

Alkanes are hydrocarbons derived from petroleum processing streams. These 
alkanes contain only carbon and hydrogen atoms. It contains carbon numbers 
ranging from approximately C5 - C20 with three-type constituents: normal pa-
raffins, isoparaffins, and cycloparaffins. These constituents result in different 
physical and chemical properties [28]. Tables 1-3 show the electronic and mo-
lecular orbital for alkanes generated from the semi-empirical calculation. To 
understand the factor contribution of each descriptor, the researchers plotted the 
component analysis based on ProMax rotation as shown in Figure 1. Five prin-
cipal component factors are classified. The first component is the dynamic linear 
polarizability constant (αxx, αyy and αzz), conductor-like screening model (COSMO), 
Ge1 Ge2 second order hyperpolarizability of γxxxx and γxxyy. The second compo-
nent is the average value of the hyperpolarizability of βz, hybrid and the net 
charge dipole moment. The third component is the second order hyperpolariza-
bility of γyyyy and γzzzz. The fourth component is the average value of hyperpola-
rizability of βx and βy. The last component is the electrophilicity index, second 
order hyperpolarizability of γyyyy and γyyzz. 

Inside each cluster, the molecular properties differed for their dimension, po-
larizability, and isomerization. The occurrence of various descriptor components 
was clustered using a different classification of molecular electronic property  
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Table 1. The value of quantum descriptor of alkanes. 

Chemical Structure COSMO Area A2 η ω μpc μh 

n-Decane 234.87 7.443 0.793 0.047 0.120 

2-Methylnonane 232.49 7.418 0.783 0.082 0.183 

3-Methylnonane 229.96 7.385 0.773 0.062 0.126 

2,6-Dimethyloctane 226.65 7.383 0.757 0.129 0.253 

3,3-Dimethyloctane 220.98 5.354 2.638 0.006 0.006 

4-n-Propylheptane 225.51 7.313 0.723 0.126 0.228 

2,3,6-Trimethylheptane 212.64 7.296 0.718 0.098 0.184 

3,4,5-Trimethylheptane 206.55 7.282 0.692 0.139 0.224 

n-Undecane 257.24 7.399 0.801 0.034 0.107 

4-Methyldecane 250.07 7.346 0.768 0.059 0.130 

2,3-Dimethylnonane 244.82 7.309 0.758 0.051 0.085 

n-Dodecane 277.63 7.374 0.798 0.002 0.001 

n-Tridecane 297.49 7.356 0.796 0.035 0.108 

2,5-Dimethylundecane 286.32 7.302 0.753 0.042 0.074 

4,7-Dimethylundecane 283.64 7.281 0.746 0.036 0.102 

3,7-Dimethylundecane 283.49 7.287 0.746 0.027 0.013 

4,6-Dimethylundecane 281.24 7.272 0.741 0.142 0.281 

3,5-Dimethylundecane 282.4 7.275 0.744 0.108 0.212 

5,7-Dimethylundecane 281.14 7.271 0.740 0.102 0.217 

n-Tetradecane 317.71 7.341 0.794 0.002 0.001 

6-Methyltridecane 310.69 7.295 0.767 0.067 0.195 

Cyclopentane 120.54 7.488 0.825 0.004 0.006 

1,2-Dimethylcyclopentane 154.9 7.331 0.813 0.080 0.055 

Cyclohexane 133.05 7.507 0.712 0.000 0.000 

Methylcyclohexane 151.34 7.334 0.737 0.065 0.157 

Methylcycloheptane 138.31 7.417 0.839 0.060 0.135 

1,4-Dimethylcyclohexane 169.72 7.185 0.731 0.083 0.208 

 
Table 2. The value of quantum descriptor of alkanes. 

Chemical Structure αxx (0.25 eV) αyy αzz γxxxx γyyyy γzzzz 

n-Decane 137.227 123.988 123.286 10,921.916 370.927 472.400 

2-Methylnonane 138.181 122.200 123.837 13,689.352 382.056 299.579 

3-Methylnonane 138.146 123.903 122.015 13,384.662 566.525 435.113 

2,6-Dimethyloctane 136.550 124.163 122.271 10,934.942 1517.305 367.384 

3,3-Dimethyloctane 136.465 122.664 123.542 11,264.970 849.936 490.718 

4-n-Propylheptane 131.754 129.602 121.610 5420.640 4747.696 652.743 
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Continued 

2,3,6-Trimethylheptane 133.270 126.719 121.217 5779.869 2742.074 676.217 

3,4,5-Trimethylheptane 132.223 125.111 123.388 4582.494 1868.465 1008.981 

n-Undecane 153.880 135.314 133.121 18,831.790 185.117 104.268 

4-Methyldecane 152.032 135.764 133.303 15,795.449 836.608 469.570 

2,3-Dimethylnonane 150.861 137.008 132.783 13,918.112 1954.583 706.052 

n-Dodecane 167.867 146.983 144.531 21,494.591 243.207 119.222 

n-Tridecane 182.013 158.564 155.896 24,390.277 200.777 91.155 

2,5-Dimethylundecane 178.548 159.852 155.880 18,772.366 1755.394 836.012 

4,7-Dimethylundecane 179.218 159.458 155.725 18,924.502 1684.924 820.365 

3,7-Dimethylundecane 178.704 158.700 156.803 18,638.242 540.801 621.957 

4,6-Dimethylundecane 177.501 160.140 156.321 15,596.389 1965.595 669.194 

3,5-Dimethylundecane 178.233 158.961 156.764 17,062.351 1683.910 1006.581 

5,7-Dimethylundecane 177.690 159.673 156.595 15,720.519 1827.475 849.678 

n-Tetradecane 196.108 170.201 167.284 27,241.110 222.666 100.396 

6-Methyltridecane 194.377 170.589 167.568 23,891.478 900.386 481.141 

Cyclopentane 63.057 63.067 60.330 793.376 793.704 127.117 

1,2-Dimethylcyclopentane 88.172 88.324 82.775 2076.560 2255.927 297.892 

Cyclohexane 76.319 76.378 72.404 2043.471 2059.324 519.776 

Methylcyclohexane 89.488 88.489 83.451 3062.855 2310.723 517.874 

Methylcycloheptane 76.408 74.982 71.604 1902.674 1039.159 224.067 

1,4-Dimethylcyclohexane 103.724 98.981 94.418 4451.934 1393.516 401.794 

 
Table 3. The value of quantum descriptor of alkanes. 

Chemical Structure γxxyy γxxzz γyyzz Ge− Ge+ Ei 

n-Decane 1237.583 565.863 661.277 511.293 180.572 14,598.726 

2-Methylnonane −223.237 1069.741 715.335 511.122 181.083 14,968.295 

3-Methylnonane 1089.874 −131.352 504.704 510.940 181.194 15,016.888 

2,6-Dimethyloctane 465.877 714.942 351.140 510.416 182.034 15,574.127 

3,3-Dimethyloctane −103.587 1076.307 655.080 509.976 182.612 15,995.395 

4-n-Propylheptane 1372.817 341.779 42.212 510.276 181.603 15,271.279 

2,3,6-Trimethylheptane 1009.459 486.336 176.131 509.049 183.481 16,402.403 

3,4,5-Trimethylheptane 1131.160 808.387 392.264 508.514 183.541 16,448.644 

n-Undecane 1103.336 −387.544 664.719 561.245 197.427 15,742.815 

4-Methyldecane 1258.864 −114.797 455.156 560.517 198.382 16,321.782 

2,3-Dimethylnonane 1288.221 −132.765 167.095 559.885 199.135 16,864.032 

n-Dodecane 1245.634 −424.550 713.448 610.819 214.603 17,047.743 

n-Tridecane 1340.749 −471.636 797.054 660.391 231.772 18,341.952 

2,5-Dimethylundecane 1622.389 −68.747 262.380 659.055 233.620 19,490.018 
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Continued 

4,7-Dimethylundecane 1617.831 −70.734 247.355 658.835 233.684 19,523.875 

3,7-Dimethylundecane 1565.988 15.874 891.825 658.698 233.680 19,464.326 

4,6-Dimethylundecane 1867.661 709.949 243.295 658.640 233.825 19,594.046 

3,5-Dimethylundecane 1360.275 685.151 114.204 658.659 233.769 19,573.046 

5,7-Dimethylundecane 1699.145 868.613 156.785 658.593 233.833 19,600.918 

n-Tetradecane 1448.013 −509.036 849.137 709.959 248.929 19,637.477 

6-Methyltridecane 1685.807 −114.738 620.085 709.176 249.915 20,230.303 

Cyclopentane 309.504 69.021 70.600 247.719 86.083 6575.445 

1,2-Dimethylcyclopentane 580.484 142.377 66.542 346.347 121.590 9887.844 

Cyclohexane 680.196 −29.347 −41.162 296.21047 104.207 8154.244 

Methylcyclohexane 974.572 −47.446 29.353 345.64672 121.866 9792.494 

Methylcycloheptane 491.749 103.323 62.678 297.11836 103.776 8215.064 

1,4-Dimethylcyclohexane 1167.114 −33.403 250.275 394.91231 139.494 11,454.047 

 

 
Figure 1. Component plot for quantum molecular descriptor of alkanes. 

 
descriptors, based on the calculation of the molecular spherical coordinate sys-
tem, the localization of electron, oscillating electrical field, and electron-electron 
interaction. The cumulative total variance of all five components is 85.136%, by 
which most of the contributions came from component 1 (40.434%). This con-
tribution might be classified according to the position of carbon atoms to the 
molecule in the spherical coordinate system based on self-consistency molecular 
orbital [29]. The second principal contribution is 19.363% which is plausibly re-
lated to the orientation of dipole moment in the molecule [30]. The third con-
tribution for the cumulative total variance is 13.115%. The fourth and fifth con-
tributions are 6.242% and 5.982% respectively. 

3.2. Quantitative Structure Retention Relationship (QSRR)  
Analysis 

The biological activity is normally related with the molecular interaction that 
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goes through the compound during the transport through biological membranes, 
or in the reaction with the active site. This interaction is strongly related to the 
molecular chemical structure [20]. A change in the structure can result in a 
change in biological response. One of the techniques to measure the biological 
response is by manifesting a change in the chromatographic retention data. The 
prediction of chromatography retention indexes can also be explained using 
quantum chemical descriptors or parameters. The volatile component of Scor-
zonera hispanica L has been demonstrated by a wide variety of molecules [21]. 
The statistical analysis yields the following results in which n is the number of 
samples, r and r2 are the correlation coefficients, and s is the standard deviation. 
In this study, the researchers only discussed three best regression Equations 
(with the highest value of r and r2) that are given in Equations (1a)-(1c). The 
chromatography retention indexes for alkanes in this series were computed. The 
three best statistical analyses yield the following results:  

( ) ( )
( )
2

log 1 0.006333 0.000455 0.630636 4.127

0.477 2.15171

25, 0.9742, 0.948, 0.311

p

h

Rt COS d

d

n r r s

= ± + ±

− ±

= = = =

      (1a) 

( ) ( )
( )

2

log 1 0.000307 0.017201 0.001759 0.041598

0.014028 0.052832

25, 0.970, 0.942, 0.329

xx yy

zz

Rt

n r r s

α α

α

= ± − ±

+ ±

= = = =

    (1b) 

( ) ( )
( ) ( )

2

log 1 0.000044 0.000014 0.000856 0.00034

0.000515 0.000210 0.000083 0.000392

25, 0.9996, 0.99916, 0.047

xxxx zzzz

xxyy xxzz

Rt

n r r s

γ γ

γ γ

= ± + ±

+ ± − ±

= = = =

   (1c) 

Linear alkanes were also used as a reference to calculate the retention index 
for the volatile components from marjoram oil sample [22]. The computed iso-
therm retention time for alkanes in this series used statistical analysis, yielding 
the following results: 

( ) ( )
( )

2

log 2 0.00375 0.00002 189.6037 3.33786

58.47219 1.01753

5, 0.9999, 0.9999, 0.0047

p

h

Rt COS d

d

n r r s

= ± + ±

− ±

= = = =

     (2a) 

( ) ( )
2

log 2 0.072612 0.00806 0.075058 0.009266

5, 0.9998, 0.9996, 0.027780
xx zzRt

n r r s

α α= ± − ±

= = = =
    (2b) 

( ) ( )
( )

2

log 2 0.000041 0.00001 0.000137 0.0001

0.000356 0.000064

5, 0.9996, 0.99916, 0.047

xxxx zzzz

xxyy

Rt

n r r s

γ γ

γ

= ± + ±

+ ±

= = = =

     (2c) 

The researchers computed the series of correlation with chromatography reten-
tion index to produce branched alkanes by Cynobaterium Microcoleus vigantus. 
[20] The correlation with quantum molecular descriptor was found, yielding the 
following results: 
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( ) ( )
2

log 3 0.173 0.051 0.168 0.006

24, 0.997, 0.994, 0.106

Rt W

n r r s

η= ± + ±

= = = =
          (3a) 

( ) ( )
( )

2

log 3 0.03275 0.00517 0.00518 0.01265

0.04186 0.01503

24, 0.997, 0.994, 0.108

xx yy

zz

Rt

n r r s

α α

α

= − ± + ±

+ ±

= = = =

     (3b) 

( )
2

log 3 0.000082 0.000002

24, 0.994, 0.989, 0.149

Rt Est

n r r s

= + ±

= = = =
             (3c) 

The obtained results show that the best regression r2 descriptors are different 
between experiments. This might be due to the number of samples being differ-
ent from each other. To determine the experiment modeling with the quantum 
chemical descriptor, the molecular structure plays an important role. Equations 
(1a) and (2a), and the retention index can fit with COSMO and dipole moment 
descriptor. They also showed the best r and r2 values in both results. In chroma-
tography, the retention data are proportional to the free-energy change of so-
lute-stationary phase interactions changed by the mobile phase. This shows that 
the molecular interaction with the molecules affect the regression model. The 
molecules such as butane, 3,4-Dimethylhexane and hexane (the total dipole 
moment is zero) tend to induce London dispersion forces. While the molecules 
with the total dipole moment is not zero, influenced by van der Waals forces. 
The linear polarizability constant (α) and second hyperpolarizability (γ) are the 
physical quantities derived from dipole moment interaction with static and 
fluctuation of electrical field. Both quantities show a good correlation with the 
retention index. Therefore, the effects of charge screening in molecule and di-
pole moment are correlated with the retention index.  

The analysis of electrophilicity index and the molecular chemical hardness (in 
Equation (3a)) is related to molecular electron density distribution on HOMO 
and LUMO that are localized in the atoms. Chemical hardness is a property that 
measures the stability and reactivity of a molecule [15]. Therefore, the change of 
molecular structure, sightly changes the electron cloud deformation which af-
fects the retention constant. The Estrada index also gives a good regression rela-
tion in the quantitative retention structure analysis. The Estrada index is based 
on the topological molecular descriptor based on eigenvalues of an adjacency 
matrix. The Estrada index is also suitable for molecular descriptor which is 
comparable with the molecular topology index using the graph theory approach 
[31]. This index is able to represent a mathematical numeric to character the 
molecules, especially the isomers structures which fit the retention constant. 

3.3. Toxicology Analysis 

Hydrocarbons include a vast number of existing chemicals in the environment 
and consumerism, and there is a need to study the toxicology impact on both 
environment and human. Hence, an alternative approach is needed to seek the 
generalities of “structure-activity relationships” from the presence of toxicologi-
cal data. This can be used to predict another chemical isomer with similar ef-
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fects. The in vitro oxidation by reconstituted enzyme system using alkane as 
substrate is demonstrated [24]. This report can provide additional information 
on the toxicity of substrate to the whole cells. The best three statistical analyses 
yield the following results: 

( ) ( )
2

log 7.537 3.670 0.578 0.381

24, 0.997, 0.994, 0.106

Ea W

n r r s

η= ± − ±

= = = =
            (4a) 

( ) ( )
2

log 0.063886 0.030311 0.086243 0.033889

26, 0.951, 0.905, 0.897
xx zzEa

n r r s

α α= − ± + ±

= = = =
     (4b) 

( ) ( )
( )

2

log 0.00716 0.00089 1.9520 10.1960

2.0527 4.9964

26, 0.948, 0.899, 0.542203

p

h

Ea COS d

d

n r r s

= ± − ±

+ ±

= = = =

       (4c) 

The acute toxicology of aqueous solutions of hydrocarbon to Daphnia magna 
is reported [23]. The researchers found the correlation with quantum molecular 
descriptors, yielding the following results. Figure 2 shows the correlation be-
tween the experimental and predicted LC50 values obtained from the dynamic 
linear polarizability descriptor with our Equation (5a): 

( ) ( )
( ) ( )

2

log 50 0.037333 0.028125 0.002384 0.025083

0.088385 0.054480 5.380546 0.186554

7, 0.9989, 0.9977, 0.0694

xx yy

zz

LC

n r r s

α α

α

= ± − ±

− ± + ±

= = = =

    (5a) 

( ) ( )
( )

2

2

log 50 0.006069 1 0.00286 0.01367 0.00825

4.926273 0.13140

7, 0.9978, 0.9955, 0.083796

LC Ge Ge

n r r s

= − ± − ±

+ ±

= = = =

    (5b) 

( ) ( )
( ) ( )

2

log 50 0.023260 0.002623 39.969094 24.824302

14.012292 9.573416 5.053425 0.419972

7, 0.9852, 0.9706, 0.2485

p

h

LC COS d

d

n r r s

= − ± − ±

+ ± + ±

= = = =

  (5c) 

 

 

Figure 2. Plot of observed LC50 vs calculated LC50 using dynamic linear polarizability 
descriptor. 
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A number of aliphatic hydrocarbons after intravenous injections of emulsion 
formulations into Mice were examined [25]. The correlation with quantum mo-
lecular descriptor was found, yielding the following results. Figure 3 shows the 
correlation between the experimental and predicted LD100 values obtained from 
the second order hyperpolarizability descriptor with our Equation (6a).  

( ) ( )
( ) ( )
( ) ( )

2

log 100 0.000079 0.000047 0.00457 0.007558

0.001743 0.004965 0.004269 0.003920

0.002150 0.001030 0.008519 0.006301

10, 0.9822, 0.9647, 0.3100

xxxx yyyy

zzzz xxyy

xxzz yyzz

LD

n r r s

γ γ

γ γ

γ γ

= − ± + ±

+ ± − ±

− ± + ±

= = = =

  (6a) 

( ) ( )1 2

2

log 100 0.012545 0.009357 0.041093 0.026479

10, 0.9664, 0.9340, 0.3000

LD Ge Ge

n r r s

= − ± + ±

= = = =
  (6b) 

( ) ( )
( )

2

log 100 0.00427 0.00065 18.51654 23.85805

6.64021 8.22676

10, 0.9659, 0.9329, 0.32297

p

h

LD COS d

d

n r r s

= ± − ±

+ ±

= = = =

    (6c) 

The aquatic toxicity of hydrocarbon to aquatic organism was reported [26]. The 
correlation with quantum molecular descriptor was found, yielding the follow-
ing results. Figure 4 shows the correlation between the experimental and pre-
dicted EC50 values obtained from the dynamic linear polarizability descriptor 
with our Equation (5a). 

( ) ( )
( ) ( )
( ) ( )

( )
 

2

log 50 0.000191 0.000037 0.000503 0.000373
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0.000278 0.000903 0.000955 0.001035

2.0700 0.310773

12, 0.98034, 0.961065, 0.23309

xxxx yyyy

zzzz xxyy

xxzz yyzz
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n r r s

γ γ

γ γ

γ γ

= − ± − ±

+ ± − ±

− ± − ±

+ ±

= = = = 8

  (7a) 

 

 

Figure 3. Plot of observed LD100 vs calculated LD100 using second order hyperpolariza-
bility. 
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Figure 4. Plot of observed EC50 vs calculated EC50 using second order hyperpolarizabil-
ity. 
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( ) ( )
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1 2

2
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= − ± + ±
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  (7c) 

The process of toxicology analysis was done through computational techniques, 
and the relation of the molecular structure with the interaction subject can be 
represented by this relation: 

( )Activity physiochemistry propertiesf=                (8) 

The physiochemistry includes chemical properties, electronic properties, mo-
lecular topology, thermodynamic and optical properties [32]. The modification 
in molecular structure will change the biological activity. In linear form, the ac-
tivity can be described by:  

0 1 1 2 2 3 3Activity n na a x a x a x a x= + + + + +               (9) 

where xn is the molecular descriptor and an is the constant. The investigation of 
quantitative relationships between chemical structures characterized by electronic 
properties is one of the most important tools in biological activity such as toxicol-
ogy analysis. The regression Equations (4)-(7) show that the electronic proper-
ties such as the electrophilicity index, chemical hardness, dynamic linear polari-
zability, second order hyperpolarizability, graph energy, dipole moment and con-
ductor like screening model show a good relationship with the biological activi-
ty.  

The electrophilicity index and chemical hardness show the best regression for 
in vitro oxidation by the reconstituted enzyme system. The electrophilicity index 
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shows the stabilization energy when the molecules receive the charges from the 
environment. The electrophilicity is also related to the chemical potential, which 
can be related to the binding of environment in the biological system. The chemi-
cal hardness describes the transfer of charge in the system with high charge den-
sity. These two descriptors are useful indicators to estimate enzyme activities on 
alkane substrates. The regression result shows that both descriptors are best fit-
ting to relate with enzyme activity system. This is also agreeable with the result 
by Grillo and his coworkers [33]. 

The GE index is a new molecular descriptor related to the characteristic value 
of eigen function. The eigen function is assigned to Linear Combination Atomic 
Orbital Self-Consistent Filed (LCOASCF) molecular orbital. This index corres-
ponds to orbital energy of the molecular structure. GE index is capable of de-
scribing the binding of energy interaction, the total electron exchange energy, elec-
trostatic that exists in the molecule and the resonance energy [34] [35]. There-
fore, GE index can explain the chemical interpretation based on the electronic 
properties of molecular structure involved in the biochemical interaction. Con-
cerning the GE index as molecular quantum description in the biological activity 
and toxicity, it is a good fitting with the regression equation. 

The non-linear polarizability of the molecule is an important physical proper-
ty that draws our attention in chemical-biological interaction. The non-linear 
polarizability is a measurement of distortion of molecules in an electric field. 
This property measures the strength of molecular interactions such as long-range 
intermolecular induction, dispersion forces, scattering and electrons interaction 
[30]. The linear polarizability (α) shows a good regression fitting for most bio-
logical activities and toxicities. Hansch and Kurup also reported that the linear 
polarizability shows a good regression result with their toxicity study [36]. The 
hyperpolarizability descriptor is related with non-linear polarizability constant. 
This descriptor shows a moderate regression fitting (with the value of r between 
0.901 - 0.788). The second order hyperpolarizability shows the best regression 
fitting in most biological activities and toxicities. This might be due to the in-
duced non-linear dipole moment interaction with the applied field, giving a fine 
electronic property in the molecular structure. The electron-correlation effect in 
the microscopic polarizability calculation produced a good correlation in pre-
dicting the qualitative trends for structure-property relationships [37].  

The conductor like screening model (COSMO) area with molecular dipole 
moment is surprisingly a good fitting for enzyme activity and toxicity. COSMO 
area is related with the surface charge densities on the neighboring segments. 
The COSMO area is an effective area of the screening surface. The screening 
surface is related to the perturbation Coulomb interaction in the molecule. The 
screening depends on the localization of charge, and the molecular polarizabili-
ty. The molecular polarization is contributed by electronic, vibration and rota-
tion. This molecular polarization contribution is also related with molecular di-
pole moment. In the researchers’ work, the COSMO area and molecular dipole 
moment are important molecular properties in relating the biological and toxi-
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cology activities. 

4. Conclusions 

The researchers have demonstrated that the molecular quantum descriptors cal-
culated from semi-empirical calculation are applicable for the development of 
quantitative structure activity/retention relationship. These molecular quantum 
descriptors include the electrophilicity index, chemical hardness, dynamic linear 
polarizability, conductor-like screening model, graph energy index, second-order 
hyperpolarizability, Estrada index, and molecular dipole moment. The molecular 
quantum descriptors are classified into five principal component factors. The 
molecular quantum descriptors generated from semi-empirical calculations give 
a good correlation with the retention index, biological activity, and toxicity. This 
shows that the molecular quantum descriptors have good reliability to become a 
new approach in QSAR and QSRR.  

In future studies, a comparison calculation of molecular descriptor can be cal-
culated using density functional theory (DFT). DFT includes electron correlation 
in the ab initio calculation. The non-linear molecular properties also can be cal-
culated using B3LYP, Moller-Plesset perturbation, configuration interaction and 
coupled-cluster theory [38]. This method can be used to compare QSAR accu-
racy with semi-empirical method. 
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Appendix 

Table A1. Table of the retention index (Log Rt1, Log Rt2 and Log Rt3), biological activity (Log (Ea)) and toxicity (Log LC50, Log 
LD50, Log LD100 and Log EC50) used in this study. 

 
Log Rt1 Log Rt2 Log Rt3 Log (Ea) Log LC50 Log LD50 Log LD100 Log EC50 

n-Butane 
 

   
 

0.7924 
 

1.1858 

2-Methylpropane 
 

   
   

1.2622 

n-Pentane 
 

0.6803  1.6902 2.1303 
 

1.2867 1.1153 

2-methylbutane 
 

  0.3010 
   

1.1970 

2,2-Dimethylpropane 
 

   
    

n-Hexane 
 

0.8762  1.9138 1.6532 
 

0.9841 1.1086 

2-Methylpentane 
 

  1.2041 
   

1.0966 

3-Methylpentane 
 

  1.4624 
    

2,2-Dimethylbutane 
 

0.7356   
    

2,3-Dimethylbutane 
 

0.7945   
    

n-Heptane 
 

1.1206  1.9494 
 

0.3464 0.6599 0.2577 

2-Methylhexane 
 

  1.3617 
   

0.5922 

3-Methylhexane 
 

1.0592  1.3222 
    

3-Ethylpentane 1.1271    
    

2,2-Dimethylpentane 
 

0.9274   
    

n-Octane 1.2496 1.3448 0.67797 1.9685 0.5185 
 

0.5740 −0.1427 

2-Methylheptane 1.2045   1.9445 
    

3-Methylheptane 
 

1.2916  1.6435 
    

4-Methylheptane 1.1987 1.2778  1.7782 
    

2,5-Dimethylhexane 
 

1.2739  0.9542 
    

3,4-Dimethylhexane 
 

1.2828   
    

2,2,4-Trimethylpentane 
 

   
   

0.1732 

n-nonane 
 

1.5004 0.80236 2.0000 
 

0.2330 0.6721 
 

2-Methyloctane 
 

  1.9345 
   

−0.7447 

3-Methyloctane 
 

  1.8129 
    

4-Methyloctane 
 

  1.7709 
    

3-ethylheptane 1.3237    
    

2,3-dimethylheptane 1.3130 1.4382   
    

2,6-dimethylheptane 
 

1.3943   
    

2,2,4-trimethylhexane 1.3520    
    

2,2-dimethyl-3-ethylpentane 1.3429    
    

2,2,3,3-tetramethylpentane 1.3734    
    

2,2,3,4-tetramethylpentane 1.3485    
    

n-decane 
 

1.6084 0.96205 2.0000 −0.6990 
 

0.8069 
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Continued 

2-methylnonane 
 

  1.8513 
   

−1.3979 

3-methylnonane 1.3680    
    

2,6-dimethyloctane 
 

  1.6128 
    

3,3-dimethyloctane 1.3559    
    

4-n-propylheptane 1.3734    
    

2,3,6-trimethylheptane 
 

0.1761   
    

3,4,5-Trimethylheptane 1.3782    
    

n-Undecane 
 

1.6974 1.15152 1.9777 
 

0.5198 1.0199 
 

4-Methyldecane 1.3837    
    

2,3-Dimethylnonane 1.3889    
    

n-Dodecane 
 

1.7637 1.36306 2.0170 
  

1.1953 
 

n-Tridecane 
 

1.8176   
 

0.8000 1.3322 
 

2,5-Dimethylundecane 1.4059    
    

4,7-Dimethylundecane 1.4210    
    

3,7-Dimethylundecane 1.4252    
    

4,6-Dimethylundecane 1.4408    
    

3,5-Dimethylundecane 1.4476    
    

5,7-Dimethylundecane 1.4747    
    

n-Tetradecane 1.4960 1.8631  0.8451 
  

1.4658 
 

6-Methyltridecane 1.4978    
    

cyclopentane 
 

  1.2041 2.1761 
   

cyclohexane 
 

1.0330  1.1139 1.6532 
   

methylcyclohexane 
 

1.1824  1.7404 1.1761 
   

Methylcycloheptane 
 

1.3981   
    

1,4-dimethylcyclohexane 
 

  0.3010 
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