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ABSTRACT 

 

A new model is proposed that connects the carcinogenic activity of polycyclic aromatic hydrocarbons with their molecular structure. The model does 
not use the representation of the molecule local regions existence responsible for carcinogenic activity. Molecular descriptors determine the electronic 

and information properties of molecules in general. Representations of the physics of condensed states and methods of information theory are used to 

determine molecular descriptors. To assess the carcinogenicity of a chemical compound, it is sufficient to know its gross formula. A statistically 
significant relationship between molecular descriptors and carcinogenic activity of polycyclic aromatic hydrocarbons has been established. The 

properties of molecules that limit the carcinogenic activity of molecules are considered. The model makes it possible to perform an express 

assessment of the carcinogenic activity of polycyclic aromatic hydrocarbons. To assess the carcinogenicity of a chemical compound, it is sufficient to 

know its gross formula. It is analyzed the interrelation between molecular descriptors and the physical properties (the first ionization potential of the 

molecule, the magnitude of the affinity energy, the energy of the most intensive electronic transition, the value of the pair intermolecular interaction, 

the electron-donor properties) of chemical compounds. Electronic and information descriptors are derived from various initial principles. However, it 
is established that the descriptors are closely related.  We are demonstrating a comparison of the proposed model and the Pullman’s model. 

 

Keywords: Polycyclic hydrocarbons, Carcinogenicity, Electronic descriptor, Information function, Intermolecular interactions, Donor, Acceptor, 
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INTRODUCTION 

 

An important and prevalent class of potent carcinogenic 

compounds present in the environment is polycyclic aromatic 

hydrocarbons (PAHs), which are found in various petroleum and 

combustion products derived from heat and power generation 

and motor vehicle exhausts. Further more, PAHs are generally 

formed by pyrolysis of organic matters such as tobacco smoking 

and certain procedure of food preparation, the polycyclic 

aromatic hydrocarbons exposure to humans is extensive1. It is 

highly likely that this class of chemical compounds is important 

in human carcinogenesis2. PAHs have several features which 

distinguish them from many of the more discovered 

carcinogens. They act the site of application. The effective dose 

is minute, of the order of micrograms, and they have been found 

to induce tumours in almost every tissue and animal species in 

which they have been tested3. It was realized that PAHs as a 

group of potential carcinogens have many structural features in 

common but widely varying cancerogenic activities.  

 

PAHs are involved in intermolecular interactions in the body. 

This is confirmed by the discovery of hydrocarbon - cancer 

tissue complexes. Like so many other substances, the 

carcinogens become firmly bound to proteins, but the 

importance of this binding for the specific carcinogenic action is 

not clear4.  Detailed studies using chemical compounds labeled 

with radioactive carbon showed that the formation of such 

complexes plays a major role in the development of tumors. 

There is a parallelism between the frequency of occurrence of 

tumors and the size of the complex1. It has been established with 

high accuracy5 that PAHs are attached to DNA, and  

 

carcinogenic activity is proportional to the number of molecules 

of hydrocarbons involved in complex formation. For example, it 

is known that polycyclic hydrocarbons are capable to install into 

DNA. The use of radioactive indicators made it possible to 

observe the addition of polycyclic hydrocarbons to proteins and 

DNA.  Moreover, the carcinogenic effect is proportional to the 

amount of bound hydrocarbon.  

 

The attempts have been made on numerous occasions to 

correlate carcinogenic potency with the electronic properties of 

PAHs.  For example, Chalvet and Daudel6, calculated the 

localization energy of hydrocarbons, interesting from the 

viewpoint of carcinogenic effect, with regard to 

hyperconjugation, using the parameters of Muller7. The most 

successful simulation was performed by Pullman A. and 

Pullman B.8,9. Subsequently, this model was developed in the 

works of other researchers, for example, in work10. In the 

majority of these models the carcinogenic action is related to the 

reactivity of the K- and L - regions of these molecules.  The 

finding that osmium tetraoxide adds to the 9,10-phenanathrenoid 

bond, which become known as the K – region was taken as a 

model for the attachment of  cell constituent to the 

hydrocarbons. In a series of polycyclic hydrocarbons good 

correlation has been found between the calculated values for the 

bond order of the K – region and the rate of addition of osmium 

tetraoxide. However, the correlation with the carcinogens 

activities of the polycyclic hydrocarbons was not good. The 

situation was not improved by more elaborate calculations3.  
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METHOD AND ANALYSIS OF PAHs CARCINOGENIC 

ACTIVITY 

 

In this article, we propose an alternative model for interpreting 

the carcinogenic activity of PAHs. We use the electronic 

descriptor Z and the information function H for a quantitative 

description of the molecular structure of polycyclic 

hydrocarbons. These molecular descriptors characterize the 

molecule in general11-14, but not separate local regions of the 

molecule. The descriptor Z is often found in condensed matter 

physics. This descriptor is a multiplier in the effective potential 

(pseudopotential). The pseudopotential defines a field that acts 

on electrons. The descriptor Z determines the average number of 

valence electrons per atom in the molecule:  /NZnZ ii , 

where in  is the number of atoms of the i-th type in the 

molecule with the number of electrons iZ  of the outer shell, and 

N is the number of atoms in the molecule. The pseudopotential 

method assumes that only electrons of outer shell are taken into 

account on the scattering center. It is well known that the 

chemical properties of molecules are determined by a relatively 

small group of outer shell electrons. The properties of the 

remaining electrons of the atom, which are called the electrons 

of the core, hardly change during the chemical processes the 

molecule involving. This approximation is called the "frozen-

skeleton approximation". External electrons move do not in the 

real Hartree-Fock field of the molecule, but they move in a 

much weaker field of the pseudopotential. 

 

The quantification of the descriptor H is carried out using 

through the Shannon information function15: 

 i2i plogpH . The relation ip = /Nn i satisfies the 

following conditions: 1ip0  ,  1ip ,   Nin . The 

ratio /Nin  determines the equity participation of the i-th type 

atom in the molecule.  

 

Actually, to calculate the specific number ip , we use 

Kolmogorov’s combinatorial approach16. The information 

function makes it possible provides insight into the diversity of a 

multicomponent system. Information function H is used for a 

quantitative determination of the measure of organization or 

diversity of multi-component subsystems. Information function 

defines the diversity of a set of n elements. The smaller the 

information function value, the more diverse (in the relative 

content of atoms in molecules) a multicomponent system. The 

choice of the base of logarithm in equation was not a matter of 

principle importance. 

 

Descriptors Z and H are set of indexes for the study of 

cancerogenic activity which have previously11 been adopted for 

study of the relation between molecular structure of chemical 

compounds and their bioactivity. We can get some additional 

knowledge about the physical interpretation of the molecular 

descriptor Z. For this purpose, we will analyze the additive 

components of the total energy of the pair intermolecular 

interaction of polycyclic hydrocarbons with model molecular 

systems. 

 

The fact that osmium tetroxide is attached at position 9,10 of the 

phenanthrene molecule (K-bond8) served as the basis for 

allowing the possibility of binding cyclic hydrocarbons to the 

active center of the organism precisely by this region of the 

molecule. Caillet and Pullman17 carried out model studies of the 

additive components of the intermolecular interactions of 

polycyclic aromatic hydrocarbons with tetramethyl-uric acid. 

The table 1 demonstrates the following additive contributions to 

the pair interaction energy: Eelect is the electrostatic energy, Epol 

is the polarization interaction energy, Edisp is the dispersion 

energy, and Erep is the energy of the short-range exchange 

repulsion.  

Table 1. Additive components of the pair interaction energy of tetramethyl-uric acid with polycyclic hydrocarbons. 

 

 

N 

 

Chemical compound 

Brutto 

formula 

Contributions to the energy of pair interaction, kcal/mol 

[17] 

 

Z*) 

 

H*), 
bits Eelect Epol Edisp Erep Etotal 

1 Dibenzo-1,2,3,4-pyrene C24H14 -1.93 -1.11 -10.37 4.95 -8.46 2.90 0.95 

2 Anthanthren C22H12 -1.34 -0.93 -8.72 4.79 -6.20 2.94 0.94 

3 Perylene C20H12 -1.35 -0.86 -7.80 4.25 -5.76 2.88 0.96 

4 Benzo-1,2-pyrene C20H12 -1.77 -0.96 -9.23 4.51 -7.45 2.88 0.96 

5 Benzo-3,4-pyrene C20H12 -1.38 -0.86 -8.64 4.48 -6.40 2.88 0.96 

6 Pyrene C16H10 -1.46 -0.78 -7.76 4.12 -5.88 2.85 0.96 

7 Dibenzo-1,2,5,6-anthracene C22H14 -1.09 -0.79 -8.23 3.88 -6.23 2.83 0.96 

8 Chrysene C18H12 -1.18 -0.80 -7.92 4.15 -5.75 2.80 0.97 

9 Benzo-1,2- anthracene C18H12 -1.18 -0.80 -7.92 4.15 -5.75 2.80 0.97 

10 Phenantrene C14H10 -1.57 -0.65 -7.13 3.77 -5.58 2.75 0.98 

11 Anthracene C14H10 -1.27 -0.79 -6.84 3.67 -5.22 2.75 0.98 

*) The elements of the sets Z and H satisfy the normal distribution. Statistics of Wilk-Shapiro is: WZ = 0.94 >WH =  0.92 >  )11(fW(cr)
0.95

 = 0.85. 

 

Statistical analysis has shown that there is a reliable relationship 

between the descriptor Z with the contribution to the energy of  

short-range repulsion, the polarization contribution, and the 

dispersion interaction.  

We obtained the following correlation equation for the 

relationship of the descriptor Z with the energy Erep: 

 

 

Erep(Z) = a0  + a1Z,       N = 11,      R = 0.88,      a0 = - 12.28 ± 3.00,    a1 = 5.82 ± 1.06, 

1.5)92f1;1f(
)cr(
05.0

F3.30F  ;     WErep =  0.96 >  11)(f
(cr)
0.95

W   =  0.85.                            (1) 
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Here f is the number of freedom degrees. The statistical reliability of the correlation coefficient is confirmed by the inequality: t =  

0.5ln[(1+|R|)/(1–|R|)](N– 3)1/2 = 3.89 > 2)N(f
(cr)
0.95
t   =  2.26.  The relationship between the contributions Epol and Edisp with the 

molecular descriptor Z  has the following statistics: 

 

Epol(Z) = a0  + a1Z,     N = 11,     R = - 0.77,    a0 = 3.48 ± 1.21,    a1 = -1.52 ± 0.43, 

5.19)2f1;1(f
(cr)
0.05
F12.7F  ;       WEpol = 0.93    >    11)(f

(cr)
0.95

W  = 0.85; 

statistical reliability of the correlation coefficient: t =  2.85  >  9)(ft
(cr)
0.95   =   2.26.                    (2)                                                                                                                                                          

 

Edisp(Z) = a0  + a1Z,    N = 11,     R = - 0.74,     a0 = 25.3 ± 10,3,    a1 =- 11.8 ±3.62,  

5.19)2f1;1(f
(cr)
0.05
F10.7F  ;      WEdisp = 0.95 > 11)(f

(cr)
0.95

W   =    0.85;                                          

statistical reliability of the correlation coefficient: t = 2.66 > 9)(f
(cr)
0.95
t   = 2.26.                         (3)    

                 

Apparently, the molecular descriptor Z is allowed 

intermolecular interaction to be identified and described in 

accordance with the specification short-range components of 

intermolecular interactions that determine the formation of 

complexes of organic substances with molecular systems that 

are simulating biosystems. It is important to emphasize that the 

relationship exists for the dispersion interaction, which gives the 

dominant contribution to the total interaction energy. As the 

analysis showed, there is not a linear relationship for long-range 

electrostatic interactions. However, it is necessary to note the 

following important fact. The relationships (1) - (3) are not 

unexpected. Similar relationships were found for other classes of 

chemical compounds. For example, there is a close interrelation 

between Z descriptor (and also H descriptor) and the absolute 

value of the dispersion interaction energy for halogenated 

compounds11:  

 

 

Edisp(Z) = a0  + a1Z,        N = 12,      R = 0.96,    a0 = - 1.10 ± 0,95,     a1 =  2.52 ± 0.24, 

00.5)102f1;1(f
(cr)
0.05
F50.108 F ; WEdisp= 0.95 > )12(f

(cr)
0.95

W  = 0.86; statistical reliability of the correlation 

coefficient:  t =  5.83 > 10)(f
(cr)
0.95
t   = 2.23.                                     (4) 

 

Statistical analysis showed a close relationship between the molecular descriptors Z and H. However, polycyclic hydrocarbons have 

peculiarity in comparison with other chemical compounds of different classes: R is positive11. For PAHs, the relationship has a 

statistically significant opposite direction (R is negative):  

 

 

H(Z) =  a0 + a1Z,         N = 11,         R = - 0.96,        a0 = 1.49 ± 0.05,           a1 = - 0.186 ± 0.02,     

RMSE = 0.0035,          t(a0) = 29.6   >   |t(a1)|   = 10.48    >      )9(f
(cr)
0.05
t   =  2.26,  

1.5)9f1,1(f
(cr)
0.05
F98.109 F ; statistical reliability of the correlation coefficient:  t =  5.83 > )10(f

(cr)
0.95
t   = 2.23.                                                                                                                  

(5) 

 

 

Statistical analysis confirms the opposite trend in the 

interrelationship between the descriptors, even if we use a wider 

range of PAHs (N = 418,  R = - 0.996, RMSE = 0.0012). The set 

of elements Z and H satisfy the normal distribution. An increase 

the sample size leads to the appearance of a weak nonlinearity 

(Fig. 1A). In this case, the RMSE decreases to 0.0005. That is, 

the interrelationship is approaching to a functional dependence. 

We emphasize that the descriptors had to be retrieved through 

different principles. The nonlinearity of the interrelationship 

occurs for most classes of chemical compounds11. Apparently, 

the low value of RMSE (5) is due to the homogeneity of the 

electron distribution for classical polycyclic hydrocarbons. 
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Fig.1. (A) The relationship between the descriptors H and Z. (B) The relationship between the descriptors γ = N(C)/N(H)  and H. 
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It follows from the statistics (1) - (5) that the molecular 

descriptors Z and H are statistically significantly informative in 

order to characterize the pair intermolecular interaction. We will 

use these molecular descriptors to evaluate the carcinogenicity 

of polycyclic hydrocarbons. 

 

The most active carcinogens are molecules that have the greatest 

value of the molecular descriptor Z. For example, molecules of 

dibenzo-3,4,9,10-pyrene and dibenzo-3,4,8,9-pyrene, for which 

descriptor Z is equal to 2.895. Taking into account the table 1 

and the relationships (1) - (3), it can be assumed that molecules 

with a high value of Z are preferred in paired dispersion 

interactions that determine the attraction. Pair intermolecular 

interactions can only be a prerequisite for the formation of 

complexes. Strong covalent chemical interactions or interaction 

with transfer of charge might arise at the final stage of complex 

formation. This situation was indeed observed8 in the 

complexation of dibenzo-1,2,5,6-anthracene with the cellular 

receptor.  

 

Here we will analyze the experimental data that were used by 

Pullman A. and Pullman B.8,9 for interpretation of carcinogenic 

activity of PAHs. Using the data of the Pullmans8,9, we make the 

following sequence of polycyclic hydrocarbons containing from 

3 to 5 condensed rings:  

                                                                                                                

Three rings: anthracene (–  ; Z = 2.750), phenantrene (– ; Z = 2.750); four rings: tetraphene (+/– ; Z = 2.800), benzo(c)phenabthrene 

(+/– ; Z = 2.800), pyrene (+/– ; Z = 2.846); five rings:   dibenz-1,2,7,8-anthracene (+ ; Z = 2.833),  dibenz-1,2,3,4-phenanthrene (+ ; 

Z = 2.833), dibenz-1,2,5,6-anthracene (++ ; Z = 2.833), benz-3,4-pyrene (++++ ; Z = 2.875).                                              (6) 

 

We note that an increase in the descriptor Z is accompanied by 

an increase in the carcinogenic activity of polycyclic 

hydrocarbons for a number of compounds used in the model of 

the Pullmans.  Pullmans proposed8,9 to distinguish three groups 

of carcinogenic substances according to their relative activity 

from over 50 polycyclic hydrocarbons. The first group (inactive 

or weakly active) is benz-3,4-phenanthrene (Z = 2.80, H = 

0.97bits), dibenz-1,2,5,6-phenanthrene (Z = 2.83, H = 0.96bits), 

dibenz-1,2,3,4-phenanthrene (Z = 2.83, H = 0.96bits); the 

second group (active) is dibenz-1,2,5,6-anthracene (Z = 2.83, H 

= 0.96bits), dibenz-1,2,7,8-anthracene (Z = 2.83, H = 0.96bits); 

the third group (the most active carcinogens) is benz-3,4-pyrene 

(Z = 2.875, H = 0.955bits), dibenz-1,2,3,4-pyrene (Z = 2.895, H 

= 0.95bits), dibenz-3,4,8,9-pyrene Z = 2.895, H = 0.95bits), 

dibenz-3,4,9,10-pyrene (Z = 2.895, H = 0.95bits). Thus, in this 

case we can also make a comparative assessment of the 

carcinogenicity for each group of polycyclic hydrocarbons using 

the molecular descriptor of Z (as well as the descriptor H; see 

Fig. 1A). According to the level of carcinogenicity, three groups 

of compounds maintain their consistency. The greater the value 

of the descriptor Z, the more likely the intermolecular 

interaction is stronger. 

 

Thus, the use of molecular descriptors Z and H does not 

contradict the criteria of carcinogenicity suggested by the 

Pullmans, which were called the K and L regions of the 

molecules9. Quantum chemical calculation on a variety of 

compounds led to the formulation of the K and L regions model 

by the Pullmans. The K region of polycyclic hydrocarbons 

carcinogenesis states that a potent carcinogen must posses a K 

region with high electron density.  For example, dibenz-1,2,3,4-

pyrene, dibenz-3,4,8,9-pyrene  and dibenz-3,4,9,10-pyrene  do 

not have the L region, but they have a suitable index of K region 

and therefore they are carcinogens. The molecular descriptors Z 

= 2.895 and H = 0.950bits also indicate the carcinogenicity of 

these compounds. Descriptors not just indicate, but the 

descriptors correctly determine the sequence in the relative 

activity of this series of compounds. At the same time, 

compounds of small dimensions composed of less than four 

condensed benzene rings: benzene (Z = 2.50, H = 1.00bits), 

naphthalene (Z = 2.67, H = 0.99bits), anthracene (Z = 2.75, H = 

0.98bits), and phenanthrene (Z = 2.75, H = 0.98bits) are 

inactive.  

 

Pullmans also pointed out9 that their criteria have exceptions for 

some polycyclic hydrocarbons. First, benz-3,4-phenanthrene, 

dibenz-1,2,5,6-phenanthrene and dibenz-1,2,3,4-phenanthren do 

not subject to the criteria of the Pullmans9. Perhaps this is due to 

the inaccuracy of the established threshold values for the criteria 

of the L and K regions. As shown above, the use as a 

quantitative indicator of the molecular descriptor Z = 2.80-2.83 

does not deny the weak carcinogenicity of these compounds. 

This is also confirmed by the test for the promotive activity of 

mice for benz-3,4-phenanthrene. The test was positive18. 

Secondly, according to the Pullmans9, anthanthrene should have 

carcinogenic activity. The value of descriptor Z  = 2.94 to point 

to this. According to modern data18, anthanthrene is indeed of 

carcinogenic activity. At the same time, the strong carcinogen 

the dibenz-3,4,6,7-pyrene does not have K region. Therefore, 

this compound should not have carcinogenic activity. At the 

same time, the molecular descriptor for this polycyclic 

hydrocarbon is very high (Z = 2.895) and hence this substance 

must be a carcinogen. This result does not contradict 

observations18. 

 

We note further that the most studied addition reactions 

(according to the Pullmans9) occurring in the L region of the 

molecule are: a) fixation of maleic anhydride and b) 

photochemical oxidation.  The descriptor Z (or the descriptor H) 

enable tracking the facility of fixing maleic anhydride. 

Pullmans9 indicated that the facility of fixation is consistently 

decreasing in the following series of compounds:  

 

 

Anthracene (Z = 2.75) > benz-1,2-anthracene (Z = 2.80) > dibenz-1,2,5,6-anthracene (Z = 2.83)>  benz-3,4-pyrene (Z = 2.875).                                                                                               

(7) 

 

 

Obviously, this sequence of fixations correlates with the value 

of descriptor Z. This gradation of the easiness of fixation is 

confirmed by experience. Photochemical oxidation very easily 

occurs in non-carcinogenic anthracene molecules (Z = 2.75) and 

naphthacene (Z = 2.80).  Photooxidation becomes the more 

difficult with an increase of the number of side rings. Dibenz-

1,2,5,6-anthracene molecule (Z = 2.83) weakly react, and benz-

3,4-pyrene molecule (Z = 2.875) is completely inactive in the 

photooxidation reaction. Methyl substitution of the hydrocarbon 

increases the reactivity of the chemical compound. Thus, for 

example, 9,10-dimethylbenzanthracene (Z = 2.67, H = 0.99bits) 

is much more active than the initial hydrocarbon benzanthracene 

(Z = 2.80, H = 0.97bits), in reactions with maleic anhydride and 

reaction of photooxidation. 
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These experimental facts also correlate with the variation of the 

molecular descriptor Z (as well as descriptor H). Indeed, the 

molecule of benz-1,2-pyrene (Z = 2.875) possesses a high 

carcinogenic activity19, as well as the following polycyclic 

hydrocarbons (in order of increasing activity): dibenz-1,2,3,4-

pyrene (Z = 2.895), dibenz-3,4,8,9-pyrene (Z = 2.895), dibenz-

3,4,9,10-pyrene (Z = 2.895), and also ovalene (Z = 3.087). The 

ovalene has pronounced carcinogenic, mutagenic and 

teratogenic properties. As demonstrated in article20, the dibenz-

3,4,6,7-pyrene is very active (no less active than the benz-3,4-

pyrene or the dibenz-3,4,8,9-pyrene). The dibenz-3,4,6,7-pyrene 

has the descriptor Z = 2.895 (activity: ++/++++). At the same 

time, it is important to note that dibenz-3,4,6,7-pyrene does not 

have a sufficiently active K region. Consequently, this 

polycyclic compound is not active from the position of the 

Pullmans model. 

 

The addition reaction of osmium tetraoxide was investigated in 

detail to study the reactivity of the K region. The following 

sequence of polycyclic compounds has been drawn up8 in order 

of increasing their reactivity with respect to this agent: 

 

 

Phenanthrene (Z = 2.75; I =7.75 eV; –)   <   benz-1,2-anthracene (Z = 2.80;  I =7.50 eV; +/–)   <  dibenz-1,2,5,6-anthracene (Z = 

2.83; I = 7.09-7.80 eV; ++)  <  benz-3,4-pyren (Z = 2.875; I = 7.19 eV; ++++).         (8) 

                                                                                                                          

It is not difficult to see that in this case there is also a parallelism 

of the reactivity with the magnitude of the descriptor Z. The 

relative carcinogenic potencies of molecules increase in the 

same sequence. Here we give the values of the first ionization 

potentials (I) of the molecules21. The increase in descriptor Z has 

been accompanied by a decrease in the ionization potential of 

the molecule for a given series (8) of polycyclic hydrocarbons. 

There is the proportionality (8) between the magnitude of 

descriptor Z and the magnitude of the first ionization potential 

of PAHs. It can be assumed that the lower the ionization energy 

of the molecule, the better the donor properties of the molecule. 

The increase in the descriptor Z often coincides with the 

dynamics of the increase in the donor ability of molecules. 

Obviously, for the sequence of observations (63), the descriptor 

Z and the associated descriptors H and I are reliably informative. 

The variation of a number of chemical compounds (8) indicates 

the existence of a relationship between the reactivity of 

molecules and the magnitude of molecular descriptors.  

We can be taken the descriptor value Z ≈ 2.83 as the boundary 

value in accordance with the sequence (8). This value 

approximately separates carcinogens from inactive polycyclic 

hydrocarbons. In this connection, we note that two 

dibenzophenanthrenes XIII and XIV (the numbering of the 

Pullmans9) does not contain the reaction K region. 

Consequently, they cannot be attributed to the carcinogens.  

However, the molecular descriptor (Z = 2.83) indicates that 

these chemical compounds may have a weak carcinogenic 

activity. This is confirmed by observations.  

 

Molecular descriptors are also useful for quantitatively assessing 

the reactivity of the L region of molecules. Observation have 

shown22 that the most potently active carcinogenic hydrocarbons 

are remarkably susceptible to oxidation by lead tetraacetate, that 

is there is a parallelism between carcinogenic activity and this 

form of chemical reactivity. The sequence order9 of decreasing 

reactivity towards Pb(OAc)4  is:  

 

 

Anthracene (Z = 2.75, H = 0.98bits; –) > benz-1,2-anthracene (Z = 2.80, H = 0.97bits (–/+)) > dibenz-1,2,5,6-anthracene (Z = 2.83, H 

= 0.96bits (+)) = 0.                                                        (9) 

 

 

Molecular descriptors Z and H indicate their parallelism with the 

reactivity of the L region. 

 

Another molecular descriptor can be proposed for the purpose of 

rapid assessment of the carcinogenic activity of PAHs. This 

descriptor is determined by the ratio of the number of carbon 

atoms N(C) to the number of hydrogen atoms N(H): γ = 

N(C)/N(H). As shown by statistical analysis, the descriptor γ is 

closely related to the molecular descriptors Z and H (Fig. 1B). 

There is a statistically significant close relationship between the 

descriptors for the 41 polycyclic hydrocarbons represented by 

the Pullmans9. For example, the relationship between the 

information function H and the descriptor γ can be approximated 

by a linear form: 

 

 

γ(H) = a0 + a1H,     R = - 0.997,      N = 41,      RMSE = 0.0079,     a0  = 11.86 ± 0.13,       

a1 = - 10.67 ± 0.14,          |t(a1)|  =    78.6   >>   34)(f
(cr)
0.05
t  = 2.03.                                        (10) 

 

 

The increase in the sample size leads to the appearance of a 

statistically significant weak nonlinearity for the relationship 

between the descriptors of γ and H (Fig. 1B). A similar close 

relationship exists between the descriptors Z and γ. It is 

important to note that the molecular descriptors that were 

obtained on the basis of different baseline principles are closely 

interrelated. The application of these molecular descriptors leads 

to identical results.  

 

The above experimental facts can also be interpreted using the 

molecular descriptor γ, which is in no way connected with the K 

and L regions of the polycyclic molecule. For example, the 

carcinogenicity of chemical compounds increases in the 

following sequence: phenanthrene (γ = 1.40) < benz-1,2-

anthracene (γ = 1.50) < dibenz-1,2,5,6-anthracene (γ = 1.57) < 

benz-3,4-pyrene (γ = 1.67) < dibenz-3,4,6,7-pyrene (γ = 1.71) < 

valen (γ = 2.29). At the same time, the molecular descriptor γ is 

obviously related to the amount of carcinogenic activity: an 

increase in the carcinogenicity of the substance is accompanied 

by an increase in the value of γ (as well as the descriptor Z). 

 

It is of fundamental importance that we do not use the idea of 

special local regions of molecules (that is, the K and L regions). 

On the contrary, we use molecular descriptors that characterize 

the properties of molecules in general. These descriptors make it 

possible to successfully interpret the observations that underlie 
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the model of the Pullmans. Obviously, within the framework of 

our model, it is possible to remove the following important 

remark made by Ladik: "... why only the hydrocarbons that have 

joined the K region are carcinogenic, while the hydrocarbons 

that have joined in position L are inactive"23.  

 

From point of view of the Pullmans model it is extremely 

puzzling9 to observe that, whereas benzo-3,4-pyrene is 

cancerogen, the 2’ and 3’ methyl derivatives are total inactive.  

However, the descriptors γ and Z for benz-3,4-pyrene are 1.67 

and 2.88, and for methyl derivatives are 1.50 and 2.80, 

respectively. That is, the magnitude of the descriptors decreases. 

A similar decrease in descriptors occurs for inactive 6,7-

dimethyl-3,4-benzphenanthrene (γ = 1.25, Z = 2.67) and 4,5-

dimethylchrysene (γ = 1.13, Z = 2.59). This does not contradict 

the condition established above, which separates carcinogens 

from non-carcinogenic compounds. However, defining the link 

between molecular descriptors and the activity of substituted 

polycyclic hydrocarbons with various substituents requires 

additional studies. 

 

DISCUSSION 

 

Some polycyclic hydrocarbons may have a high Z descriptor 

value, but they do not have carcinogenic activity.  This may be 

due to the limiting factors of the manifestation of biological 

activity11. For example, the molecular descriptors Z, H and γ do 

not impossible to distinguish isomer molecules. The benz-3,4-

pyrene (Z = 2.875) is very active, and benzo(e)pyrene (Z = 

2.875) is weakly active. Both molecules are alternant 

hydrocarbons. However, the affinity energy A for these 

molecules is markedly different. For benzo(e)pyrene, the 

electron affinity energy fall within a range of A = 0.07-0.4 eV. 

At the same time, the energy of electron affinity is equal to A = 

0.77 eV for the benz-3,4-pyrene21. The electron affinity is a 

measure of the oxidative ability of a molecule. In the first case, 

the molecule presumably has acceptor properties, and in the 

second case the molecule is presumably an electron donor. The 

energy of the higher molecular orbital of benz-3,4-pyrene (the 

ionization potential is 7.19 eV21 is significantly higher, 

according to the energy scale, than the energy level of 

benzo(e)pyrene (ionization potential is 8.18 eV. Consequently, 

donor-to-acceptor transition for benz-3,4-pyrene are carried out 

with less energy. This is confirmed experimentally. The 

wavelength of the first absorption band is equal to λ = 820nm (≈ 

1.51 eV). This absorption due to the charge transfer for the 

complex of polycyclic hydrocarbon (benz-3,4-pyrene) with 

tetracyanethylene. At the same time the wavelength is equal to 

667nm (≈ 1.86 eV) for benzo(e)pyrene24. A similar situation 

exists for the coronene molecule that has a low activity level 

(activity: +/–). For this compound the descriptor is quite high: Z 

= 3.00. However, the magnitude of the affinity energy of a 

molecule is not high: 0.3 eV21. The wavelength is also not large 

and is λ = 725nm24. However, perylene is a potentially active 

compound: Z = 2.875, λ = 0.920nm, A = 0.85 eV. The reference 

book18 also indicates the carcinogenic activity of perylene.  

The limiting effect of donor-to-acceptor transition of molecules 

we can observe using the following series of hydrocarbons. 

Pullman singled out8, the following six polycyclic hydrocarbons, 

the carcinogenic whose activity significantly changes at little 

structural changes: 

 

 

Benz-3,4-pyrene (Z = 2.875; A = 0.77 eV; ++++); dibenz-1,2,5,6-anthracene (Z = 2.833; A = 0.68 eV; ++); dibenz-1,2,5,6-

phenanthrene (Z = 2.833; A = 0.31 eV; +); dibenz-1,2,3,4-phenanthrene (Z = 2.833; A = 0.40-0.43 eV; +); dibenz-1,2,7,8-anthracene 

(Z = 2.833; A = 0.23-0.69 eV; –/+); benz-1,2-pyrene (Z = 2.875; A = 0.49-0.61eV; –); dibenz-1,2,3,4-anthracene (Z = 2.833; A = 

0.22-0.54 eV; –).                                                                                                                                   (11) 

 

The experimental values of the affinity energy have been taken 

from the reference book21. To this series of compounds, the 

following polycyclic hydrocarbon can be added: dibenz-3,4,6,7-

pyrene (Z = 2.895, A = 0.82 eV; ++++). The lower bounds of 

the affinity energy (11) indicate their parallelism with the 

carcinogenic activity of the molecules. It is possible that activity 

pyrene (Z = 2.846; +/–) is limited by the value of the affinity 

energy of the molecule (A ≥ 0.09 eV).  

 

Pullman pointed out a number of very active polycyclic 

hydrocarbons, which contain six condensed rings: dibenz-

3,4,8,9-pyrene (++++), dibenz-3,4,9,10-pyrene (++++) and 

dibenz-1,2,3,4-benzpyrene (+++). For these compounds, the 

descriptor Z is equal to 2.895, and the energies of the affinity are 

1.1 eV, 0.80-0.84 eV, and 0.80-0.87 eV, respectively21. That is, 

these molecular descriptors do not contradict our model. 

According to limited data18 anthanthrene is also the carcinogen: 

Z = 2.941, A = 1.0 eV. In this respect, dibenz-3,4,8,9-pyrene is 

very indicative, which has a very high carcinogenic activity. 

According to the classification given by the Dyachkov25, the 

activity of this compound is defined as (++++). This molecule 

has a high molecular descriptor Z = 2.895 and a high affinity 

energy A = 1.1 eV21. At the same time, coronene, whose 

molecule has a very high descriptor Z = 3.00, does not have 

carcinogenic activity. For this chemical compound, the affinity 

energy is comparatively low: A = 0.30 eV21. This may reduce 

the carcinogenic activity of the chemical compound. Apparently, 

the requirement Z ≥ 2.83 is a necessary, but not sufficient 

condition for the carcinogenicity of classical PAHs. The 

molecule must also have the high affinity energy.  

 

At the same time, only high affinity energy does not guarantee 

the presence of carcinogenic properties in the molecule, if the 

descriptor Z is near the boundary value. For example, 

benz(a)tetracene (Z = 2.83, A = 1.1 eV), pentaphene (Z = 2.83, 

A = 1.2 eV) and naphthacene (Z = 2.80, A = 0.88 eV) have high 

affinity energy but do not have a carcinogenic activity. A similar 

situation is observed for inactive dibenz-1,2,7,8-naphthacene, 

which has six condensed rings. However, in this case the 

descriptor Z has a very low value of 2.814, although the affinity 

energy is quite high 0.9 eV21. Unfortunately, there is a very 

limited number of classical polycyclic hydrocarbons for which 

experimental the affinity energy data are known.   

 

We can more clearly identify the role of the molecule in the 

transfer of an electron if the object with which the molecule 

interacts is accurately known. The transfer of an electron is 

usually accompanied by endoenergetic or exoenergetic 

processes that can affect the state of the objects with which the 

polycyclic hydrocarbon interacts.  

 

Since the carcinogen molecule interacts with molecular 

structures, in particular RNA and DNA26, the locally released 

energy during electron transfer can be directed to the destruction 

of these structured molecular systems. The concentration of 

hydrocarbons5 in the interaction region significantly enhances 

the effect of the released energy. 
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The addition of an alkyl group to a polycyclic hydrocarbon may 

limit the carcinogenicity of the substance22. First, it reduces the 

molecular descriptors of Z and γ. Secondly, an increase in the 

length of the alkyl group is accompanied by a change in the 

hydrophobic properties of the substance. This may impede the 

development of the biological to be activity of the chemical 

compound11. According to the Pullmans, steric hindrances can 

also be limiting factors. Shape, size, steric and solubility factors 

of the compounds are of importance for cancerogenic activity, 

but in the last resort this depends on the recipient tissue. It 

depends on the species, the particular strain of the test animal, 

its age, sex, its nutritional and hormonal state, and the phase of 

mitotic activity of a particular cell3. 

 

In accordance with the model of the Pullmans, the chemical 

compounds LVIII and LIX (the numbering of the Pullmans9) are 

large spatial size and should be carcinogens. The same 

conclusion follows from calculations of molecular descriptors, 

which are Z = 2.96 and 3.00, γ = 1.88 and 2.00, respectively. 

However, it was not possible to find the results of the pilot 

testing of these substances. 

 

CONCLUSION 

 

Thus, two different models based on the different principles 

produced close results (considered comparable), or that any 

differences found could be explained. At the same time, it is not 

necessary to perform complex and labor-intensive quantum 

chemical calculations. It is enough to know only the gross 

formula of hydrocarbon. At the same time, to determine the 

quantitative characteristics of the K and L regions, knowledge of 

the various quantum chemical parameters of the molecules is 

required. The molecular descriptors proposed here may give 

new information for the model of Pullmans, but they can also be 

used as independent indicators of the carcinogenicity of classical 

polycyclic hydrocarbons. Molecular descriptors, on the one 

hand, can be used for rapid assessment of the carcinogenicity of 

polycyclic aromatic hydrocarbons, and on the other hand, the 

physical meaning contained in these descriptors allows us to 

point out the physicochemical processes in which bioactive 

molecules may participate. It may be useful to stress the simple 

way in which the model explains the activity and inactivity of a 

closely related compounds.  

 

It is also useful to emphasize the high information content of the 

Z descriptor. For example, table 2 shows the experimental 

values of the energy ΔE of the most intense electronic 

transition27 for several aromatic hydrocarbons. 
Table 2. The energy of the most intense electronic transition ΔE and 

the molecular descriptors of polyacenes 

 

Chemical 

compound 

ΔE, eV 

[27] 

Z H, bits γ 

Benzene 4.70 2.50 1.00 1.00 

Naphthalene 3.94 2.67 0.99 1.25 

Anthracene 3.27 2.75 0.98 1.40 

Naphthacene 2.63 2.80 0.97 1.50 

Pentacene 2.16 2.83 0.96 1.57 

 

Figure 2 shows, that energy ΔE correlates with the molecular 

descriptor γ. Since the descriptor γ is closely related to the 

descriptor Z (Fig. 2A), the energy of the electronic transition 

also obviously correlates with the value of the molecular 

descriptor Z. The smallness of the RMSE value indicates that 

this relationship is approaching a functional relationship. 
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Fig. 2. (A) The relationship between descriptors Z and γ. Statistics of the interrelation: Z(γ) = B + Aexp(- Cγ), B = 3.23 ± 0.03, A = - 2.09 ± 

0.04, C = 1.05 ± 0.06, R2 = 0.99, RMSE = 0.0012. (B) The relationship between descriptors ΔE and γ. Statistics of the interrelation: ΔE(γ) = 

Aγ2 + Bγ + C,  B = 7.85 ± 0.99,  A = - 4.78 ± 0.39,  C = 1.63 ± 0.63,  R2 = 0.99,  RMSE = 0.028. Here we use the following notation: dE ≡ ΔE. 

 

Qualitative observation have shown that the most potently active 

carcinogenic hydrocarbons are remarkably susceptible to 

oxidation by lead tetraacetate is a rough correlation between 

carcinogenic activity and this form of chemical reactivity.  It is 

important to emphasize that all the molecular descriptors used in 

this work (Z, H, γ, A, I, ΔE, λ) characterize the molecule as a 

whole. These descriptors have been useful for interpretation of 

the cancerogenic activity of polycyclic molecules, so that their 

application to the study of the relationship between electronic 

structure and activity was quite justified. The principles of this 

model may be easily understood, and model will necessary in  

 

 

understanding the mechanism of carcinogenic action of 

polycyclic aromatic hydrocarbons.  

 

We can also note the high information content of the Z 

descriptor. This descriptor correlates with electron donor 

activity not only for classical polycyclic hydrocarbons, but also 

for other classes of compounds. The quadrupole splitting of the 

gamma-resonance line of tin in the Mössbauer spectrum of tin 

dibutyl chloride was studied28. For seven solvents had been 

obtained the following order of a decrease in the donor 

properties of solvents towards to the organometallic compound 

(C4H9)2SnCl:  

 

CH3SOCH3 (Z = 2.60) > HCON(CH3)2 (Z = 2.50) > [(CH3)2N]3PO (Z = 2.35) > CH3OCH2CH2OCH3 (Z = 2.57) > tetrahydrofuran (Z 

= 2.30) > H5C2OCH2CH2OC2H5 (Z = 2.27) > (C2H5)2O (Z = 2.14).  

 

The donor ability reaches a minimum when the descriptor value 

Z for (C2H5)2O practically coincides with the value Z = 2.17 for 

the organometallic compound (C4H9)2SnCl. 

 

The change in the carcinogenic properties of molecules with a 

change in the molecular potential does not contradict the known 

notions of the mechanism of chemical carcinogenesis. The 

known data29, as well as quantum-chemical calculations30, allow 
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us to conclude that, at least in a series of close congener 

chemical compounds, their carcinogenicity is directly dependent 

on the ability to electrophylic attack.  

 

It is suggested29 that carcinogens induce DNA single-strand 

breaks. In this case, purine bases (especially guanine) are the 

target for them. In this regard, it should be noted that the 

molecular descriptor Z for all purine bases is larger than the 

threshold values. The descriptors maximum values are achieved 

for guanine (Z = 3.50, H = 1.82bits). For other purine bases the 

values of the molecular descriptors Z and H are also higher than 

the threshold values: adenine (Z = 3.33; H = 1.59bits), guanine 

(Z = 3.50; H = 1.82bits), thymine (Z = 3.20; H = 1.83bits), 

cytosine (Z = 3.23; H = 1.83bits), uracil (Z = 3.50; H = 

1.92bits)14. 
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