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 Computer chemistry is a field of science appearing at the intersection of 
chemistry, mathematics and informatics. For the solution of any task in this 
field some mathematical representation of chemical structures is need. The 
most widely used approach to description of molecular structure is based on 
its representation as a graph G with vertices and edges corresponding to 
atoms and bonds of molecule. However, there may be other ways of 
describing the molecular structure. In this paper a number of methods to 
present the molecular structures of organic compounds (hydrocarbons) as 
hypergraphs Hk (k=1,2,…) of special type is suggested. Some results of 
comparison of graph and hypergraph molecular models are also given. 
Construction of Hk is defined by neighborhoods of k-th order for all vertices in 
a graph G corresponding to the carbon skeleton of molecule (k=1,2,…). 
Besides, analytical formulae, expressing the adjacency matrices of Hk throw 
adjacency matrix of corresponding graph G are obtained (k=1,2,…). The 
comparison of traditional graph model G and suggested hypergraph models 
Hk (k=1,2,…) is made by definite quantitative parameters, characterizing the 
efficiency of their applications in some tasks of computer chemistry. Some 4 
different sets of structural formulae of hydrocarbons and 30 different 
quantitative parameters are used for these investigations. It is shown, that in 
97% of all considered 120 cases the model H1 is superior to the model G, and 
in other cases these models are equivalent. However, the models Hk for k ≥ 2 
are worse than G and H1. It is also shown on concrete examples, that in some 
cases, H1-models may be useful in constructing the structure-property 
correlations, since their use allows us to obtain more precise correlations than 
for G-models (in 75% of considered cases). 
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Introduction 

Computer chemistry is a field of science 

appearing at the intersection of chemistry, 

mathematics and informatics. The basic problems 

of computer chemistry are, in particular, the 

problems of computer generation of possible 

reactions between given reagents, the 

construction of mathematical models connecting 

the structures and different properties of 

chemical compounds and prediction the 

properties of new compounds using this models, 

computer generation of chemical compounds 

with prescribed properties, etc. [1-6]. 

However, for the solution of any task, considered 

in this field, chemical compounds must be as 

some mathematical objects represented. 

Therefore, in computer chemistry, there is a 

number of special tasks, which deal with 

constructing the mathematical models of 

chemical compounds, investigating the properties 

of these models, elaborating the different 

algorithms (combinatorial, optimization, etc.) 

operating with selected mathematical objects. 

There are many different types of molecular 

models; they describe the molecular structure 

with different level of detailing and reflect certain 

peculiarities of molecule. However, the most 

widespread mathematical models of molecules 

are graphs. These graphs are usually called 

“molecular graphs”. A molecular graph is a 

weighted (or labeled) graph with vertices 

corresponding to atoms of molecule, and with 

edges corresponding to chemical bonds in it. The 

weights (or labels) of vertices and edges code 

atoms and bonds of different chemical nature 

(see, for example, [7]).   This graph can be 

described by matrix A = (aij), where aii is a weight 

of vertex i, and aij for i ≠ j is a weight of edge (i, j). 

It is usually supposed that aij = 0 for non-adjacent 

vertices i and j. For molecules of hydrocarbons, as 

a rule, simple graphs representing only carbon 

skeleton of molecule are used. In this case it is 

assumed that aii = 0, aij = 1 for adjacent vertices i 

and j, aij = 0 for non-adjacent vertices i and j, and 

then matrix A is the adjacency matrix of 

corresponding graph [8, 9]. 

For each molecular structure, different invariants 

of its molecular graph may be calculated, that is, 

the numbers defined by graph, which are 

independent of numbering the graph vertices. 

The examples of simple graph invariants are the 

numbers of vertices, edges, cycles in a graph, 

determinant of its adjacency matrix, etc. The 

graph invariants are widely used as so-called 

molecular descriptors in mathematical models of 

relation between the structure and properties of 

chemical compounds; these models are often 

called Quantitative Structure-Property 

Relationships or QSPR [8, 10, and 11]. However, 

graph invariants are not only used in QSPR-

analysis, they may be also applied in procedures 

of coding, ordering, searching for chemical 

compounds in chemical data bases. Therefore, the 

problem of search for graph invariants with little 

degeneration degree (or with big discrimination 

ability) is of great importance. The investigations 

of degeneration degrees of graph invariants and 

comparison of invariants by this parameter on 

some particular sets of graphs are usually 

fulfilled (see, for example, [12]). 

For the solution of some problems of computer 

chemistry the local vertex invariants (LVI) are 

also used; for example, in the searching the 

canonical numbering the molecular graph 

vertices, or in the searching the symmetry group 

of a graph, or in establishing the graph 

isomorphism (see, for example, [13, 14]). All 

methods of solutions of these problems are based 

on exhaustive search with using some criteria for 

rejection of unsuitable variants. As a rule, these 

criteria are formulating in terms of some LVI. For 

effective solutions of such tasks, it is important to 

find LVI, which can quantitatively distinguish 

non-equivalent vertices of a graph; that is, 

vertices belonging to different orbits of symmetry 

group of a graph. Therefore, the problem of 

searching the LVI having the greatest ability to 

distinguish non-equivalent vertices is actual one. 

Note that there are other possible applications of 

LVI, for example, constructing on their base new 

graph invariants or graph codes, that is, 

sequences of ordered LVI [8]. 
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As it is known, a generalization of a notion 

“graph” is a notion of “hypergraph” [15-20]. A 

hypergraph H = (V, E) is a pair of some sets V = 

{v1,…,vn} and E = {e1,…,ep}, where V is a set of 

vertices, E is a set of hyperedges; any hyperedge 

ei is some non-empty subset of set V, which can 

contain any number of elements. Thus, the graph 

G is a particular case of a hypergraph H, when any 

hyperedge ei consists of two vertices, and called 

by edge. In the picture of hypergraph, their 

hyperedges are indicated with help of closed 

curve, inside of which place the corresponding 

vertices; for hyperedge with two vertices these 

vertices by a segment of strait line are connected. 

A hypergraph H may be given by its incidence 

matrix B = (bij) of dimension nxp, where bij = 1, if 

vertex vi belongs to hyperedge ej, and bij = 0 in 

otherwise. The example of hypergraph Н with 

vertices v1,…, v4 and hyperedges e1 = {v1}, e2 = 

{v2,v3}, e3 = {v1,v2,v4} and its incidence matrix B is 

given in Figure 1. 

For a hypergraph H the adjacency matrix A = (aij) 

can be also defined: An element aij for 
ji 

 is 

equal to a number of hyperedges, containing the 

pair of vertices i and j, and aii = 0. The definitions 

of invariants or LVI for a hypergraph are similar 

to definitions of these notations for a graph. 

Besides, invariants and LVI for hypergraph one 

can calculate using some their matrices and 

known algorithms elaborated for ordinary 

graphs. It should be noted, that, as a rule, 

hypergraphs with simple hyperedges are 

considered; that is, each set ei in this construction 

is taking into account only once. 

 
Figure 1: Example of hypergraph Н and its incidence matrix В

Hypergraphs are also applying in computer 

chemistry. Ordinary graphs do not adequately 

describe chemical compounds of non-classical 

structures; for example, molecules with 

delocalized polycentric bonds, in particular, 

organometallic compounds. In a number of works 

for description of structures of such compounds 

the hypergraphs were suggested (see, for 

example, [19-23]). In a previous study [23], for 

very large set of compounds with non-classical 

structures the graph models and hypergraph 

models were considered; for these molecular 

graphs and hypergraphs some known invariants 

of the same name were calculated and it was 

shown, that invariants of hypergraphs were 

essentially less degenerative than analogous 

invariants of graphs. Some advantages of 

hypergraph representation of such molecules 

were also noted. However, in literature any 

results concerning the using the hypergraph 

invariants in QSPR-analysis are absent. 

To perceive isomorphic hypergraphs, the 

sanctioned types of rate grids are to be found. 

The calculation for development of standard rate 

network of hypergraph is proposed. Some 

substance issues managing the hypergraph 

hypothesis are talked about [26]. 

Diagram hypothetical ideas are valuable for the 

portrayal and investigation of communications 

and connections in organic frameworks [27]. 

The consequences of this investigation showed 

that the affectability of most lists is higher in the 

hypergraph model. The absolute number of no 

correlated files additionally increments in the last 

model [28]. 

It should be noted that amount of works devoted 

to applications of hypergraphs in chemistry is 

very little, compared with amount of works deals 

with applications of graphs in chemistry [29, 30]. 

Besides, the hypergraphs for the description of 

compounds with classical structures were not 

used. The main reason of this is that the 
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structural formula of molecule already is a 

labeled graph, which allows construct on its base 

other different molecular graphs. Another 

possible reason of little using of hypergraphs in 

chemistry is the complexity of visual perception 

of such graphical constructions. 

Material and methods  

Note that in all graph models of molecules, two 

vertices are connected by an edge if and only if 

there is a chemical bond between the 

corresponding atoms, indicated in structural 

formula. However, there is some interaction 

between atoms, which are not connected by such 

bonds; in this case, the force of atom interaction 

depends on distance between atoms. These 

reasons lead us to idea to assume that “are 

connected” not two, but a few atoms, which are 

arranged nearly from each other (by some 

criteria of nearness) and to use the hypergraphs 

for description of classical molecular structures. 

For example, one can assume, that “are 

connected” all atoms arranged in neighborhood 

of the 1-st order of fixed atom or all four atoms 

arranged on a chain of three sequential chemical 

bonds. Thus, new models of structures of classical 

compounds arise; these models are hypergraphs 

and they based on definite interpretation of 

notion “connectedness of atoms”. The obtained 

models one can to compare with traditional 

graph models by some parameters, as this was 

done, for example, in a series of works [19-23] for 

the non-classical structures, and to conclude 

about their appropriateness and usefulness in 

computer chemistry. 

The main goals of the present work were as 

follows:  

1) To elaborate a number of ways of molecular 

structure description for organic compounds 

(hydrocarbons) in terms of hypergraphs using for 

this purpose different interpretations of the 

notion “connectedness of atoms”;  

2) To deduce a general analytical formula, 

expressing the adjacency matrices of obtained 

molecular hypergraphs throw the adjacency 

matrices of corresponding molecular graph; 

3) To compare the efficiencies of using the 

traditional graph model and suggested 

hypergraph models of molecules in some special 

tasks of computer chemistry, mentioned above; 

and, 

4) To investigate the usefulness of hypergraph 

models in constructing the structure-property 

correlations. 

Let us now list briefly the main results of this 

article.  

1) A number of ways of constructing the 

hypergraph models of organic compounds 

(hydrocarbons of some classes) are suggested.  

2) The general analytical formulae connecting the 

adjacency matrices of obtained hypergraphs and 

adjacency matrix of initial molecular graph are 

deduced.  

3) A comparison of traditional graph model of 

hydrocarbons and suggested hypergraph models 

is by definite quantitative parameters, 

characterizing the efficiency of their applications 

in some tasks of computer chemistry. For this 

comparison, some 4 different sets of 

hydrocarbons and 30 different quantitative 

parameters were used. It was found, that one of 

the suggested hypergraph models in 97% 

considered cases is superior to the graph model, 

and in other cases these models are equivalent.   

4) It is shown, that in some cases the hypergraph 

models may be useful in constructing the 

structure-property correlations, since their use in 

this process allows us to obtain more precise 

correlations than for graph models. 

Result and Dissection 

A set of all 80 structural formulae of saturated 

hydrocarbons with 6, 7, 8 carbon atoms from 

[24], and a set of all 22 structural formulae of 

alkyl benzenes with 10 carbon atoms from [25] 

were used in aforementioned investigations. 

Molecular graphs of carbon skeletons of all these 

compounds are given in Figures 2-6. The vertices 

of pictured graphs correspond to atoms in 

molecule, and the edges - to chemical bonds 

between these atoms. We denote these graphs by 

letter G. 
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Figure 2:  Compounds 1-24 used for construction and investigation of hypergraph molecular models 

 
Figure 3: Compounds 25-44 used for construction and investigation of hypergraph molecular models 
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Figure 4: Compounds 45-64 used for construction and investigation of hypergraph molecular models 

 
 

 
Figure 5: Compounds 65-80 used for construction and investigation of hypergraph molecular models 
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Figure 6: Compounds 81-102 used for construction and investigation of hypergraph molecular models 

 
Let us describe a procedure of constructing Hk-

models (k ≥ 1) of aforementioned compounds by 

initial molecular graphs G, derived from the 

structural formulae of molecules. Let G = (V (G), E 

(G)) be a graph with n vertices numbered 

arbitrarily by numbers 1,…, n. We construct a 

hypergraph Hk = (V (Hk), E (Hk)), k ≥ 1, by a graph 

G, using the following rules: 

 

V(Hk )=V(G), E(Hk )={e1,…,ep }, ei={set of vertices j: 

d(i,j)≤k},                                                                        (1) 

Where d (i,j) is the distance between vertices i 

and j. In other words, hyperedge ei is a neighbor 

of k-th order of vertex i (i = 1,…, n). 

The examples of graph G, hypergraph H = H1, 

their adjacency matrices A(G), A(H) and their 

incident matrices B(G), B(H) are given in Figure 7. 

In this case G = (V (G), E (G)) and H = (V (H), E 

(H)), where: 

 

V(G) = {1,2,3,4},E(G)={h1, h2, h3},                           (2) 

h1 = {1,2}, h2 = {2,3}, h3={3,4}; 

V(H) = {1,2,3,4}, E(H)={e1, e2, e3 }, 

e1={1,2}, e2={1,2,3}, e3={2,3,4}, e4={3,4} 

 
Figure 7: Graph G and corresponding hypergraph H = H1 and their matrices A (G), A (H), B (G), B (H)
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It should be noted, that if k ≥ D(G), where D(G) is 

the diameter of a graph G, then all hyperedges of 

constructed hypergraph Hk will be identical and 

will coincide with the set V(G). In this case, all 

elements of matrix B (Hk) will be equal to unit, 

and all elements of matrix A (Hk) will be equal to 

n. Thus, all information about a graph structure 

will be lost and Hk-model will be senseless. 

Since in our investigations we compare graph 

model G and hypergraph models Hk by a number 

of characteristics of the same name, calculated by 

their adjacency matrices A (G) and A (Hk), a 

deduction of analytical relations between A (G) 

and A (Hk) is interesting. 

Let us introduce the following notations: E - 

identity matrix of dimension n; D (m) = (dij
(m)) - 

symmetrical matrix of dimension nxn, where dij
(m) 

= 1, if dij = m and dij
(m) = 0 in otherwise, m = 1,2,…, 

k; V = (vii) - diagonal matrix of dimension nxn, 

where 

 
j

k

ijijiii ddvv )...(1 )()2(

 

(3) 

vi - degree of vertex I in graph G. 

 

Statement   The following formula, connecting 

matrices A (G) and A (Hk), k ≥ 1, is true: 

,)...)(()( 2)()2( VDDGAEHA k

k 
 

(4) 

  

Proof It is known, that for any hypergraph H (in 

particular, for any graph G) the following formula 

takes place: A = BB*-V.  Here A is the adjacency 

matrix of H (or G), B is the incident matrix of H 

(or G), B* is the matrix, transposed to B, V = (vii) is 

the diagonal matrix, vii is the degree of vertex i in 

H (that is, vii is the number of hyperedges, to 

which vertex i belongs). In considered case B = 

B*, hence BB* = B2. Besides, A (G) = D (1) and 

 
j

k

ijijiii ddvv )...(1 )()2(

 

(5) 

Where vi is the degree of vertex i in a graph G. 

Thus, 

 

B =E +D(1)+ D(2)+…+ D(k) = E+A(G)+ D2+ D(k) 

 

  (6) 

  

The required formula follows from this relation. 

In particular, for k = 1: 

A(H) = (E+A(G))2-V = E+2A(G) +A2(G)-V                (7) 

 

Where V is diagonal matrix with diagonal 

elements, which are equal to vi + 1, where vi is the 

degree of vertex i in graph G. 

Let us define a number of simple local vertex 

invariants (LVI) of graph and hypergraph, based 

on their adjacency matrices A.  Let A2 = (aij(2)) be a 

square of adjacency matrix A of graph G (or 

hypergraph H). Let us consider the following five 

LVI: 

 

;  (8) 

 

   (9) 

Note, that for graph G the number wi(1) is equal to 

degree of vertex i, and wi(1) = wi(2) = wi(3). Besides, 

let us consider 4 following sets of compounds (or 

corresponding molecular graphs), formed on the 

base of the set of initial data, consisting of: 

(1) all saturated hydrocarbons with 6 and 7 

carbon atoms (№№ 1-41 in Figure 2(a),(b); the 

number of such compounds is equal to N = 41); 

(2) all saturated hydrocarbons with 8 carbon 

atoms (№№ 42-80 in Figure 2 (b)-(d); the 

number of such compounds is equal to N = 39); 

(3) All saturated hydrocarbons with 6, 7, 8 

carbon atoms (№№ 1-80 in Figure 2(a)-(d); the 

number of such compounds is equal to N = 80). 

(4) All alkyl benzenes with 10 carbon atoms 

(№№ 81-102 in Figure 2(e); the number of such 

compounds is equal to N =22). 

Let us compare LVI of the same name by their 

capacities to distinguish non-equivalent vertices 

in initial molecular graphs. For this purpose, two 

quantitative characteristics of this capacity, N1 

and N2, are introduced. The number N1 is a 

fraction of structures in considered set, in which 

there are indistinguishable non-equivalent 

vertices. It is easily to see, that 0 ≤ N1 ≤ 1, and N1 

= 0 for the best case, when all non-equivalent 

vertices in all considered structures are 

distinguishable, and N1 = 1 for the worst case, 
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when in all structures all non-equivalent vertices 

are indistinguishable. 

Let us now define the second characteristics, N2. 

At first, we find in each graph G all non-

equivalent vertices, which are indistinguishable 

by considered LVI; these vertices will belong to 

different classes of equivalence and will have the 

same values of LVI. Then, we find the minimal 

number of vertices in this set satisfying the 

following condition: If we change, by some way, 

the values of their LVI, then all non-equivalent 

vertices in a given graph will be distinguishable. 

Let N2
’ is a total number of such vertices in all 

graphs of considered set, M is total number of 

vertices in these graphs, N is total number of 

graphs in considered set. It is easily to see, that 0 

≤ N2
’ ≤ M-N. Define N2 by the following way: 

 

 (10) 
   

Evidently, 0 ≤ N2 ≤ 1, and for the best case N2 = 0, 

and for the worst case N2 = 1, when all vertices in 

a graph have the same values of LVI, and it is 

takes place for any graph in considered set). It is 

natural to accept that the best model from several 

ones is that which has the least value of N1 (or 

N2). 

In Tables 1 and 2, the obtained values of N1 and 

N2 are given for all 5 variants of LVI for 4 sets of 

compounds (1)-(4), for G and H = H1. From these 

tables, it follows that in 38 considered cases 

(from 40 ones) H1-model is better than G-model; 

that is, the values of N1 and N2 for H1 are less than 

corresponding values for G; and in 2 cases these 

models are equivalent. However, for considered 

sets of compounds Hk-models for k > 1 are worse 

than H1-model and G-model. 

Table 1:  Values of N1 for LVI wi(1)-wi(5) for G/H for sets (1)-(4) 
 wi(1) wi(2) wi(3) wi(4) wi(5) 

(1) N1 for G/H 0.90/0.32 0.90/0.12 0.90/0.12 0.71/0.02 0.52/0.02 
(2) N1 for G/H 0.97/0.69 0.97/0.46 0.97/0.46 0.85/0.23 0.74/0.08 
(3) N1 for G/H 0.94/0.50 0.94/0.29 0.94/0.29 0.78/0.13 0.55/0.05 
(4) N1 for G/H 0.95/0.95 0.95/0.95 0.95/0.91 1.00/0.36 0.95/0.36 

 
Table 2:  Values of N2 for LVI wi(1)-wi(5) for G/H for sets (1)-(4) 

 wi(1) wi(2) wi(3) wi(4) wi(5) 
(1) N2 for G/H 0.35/0.06 0.35/0.02 0.35/0.02 0.16/0.004 0.07/0.004 
(2) N2 for G/H 0.44/0.17 0.44/0.10 0.44/0.08 0.25/0.04 0.17/0.01 
(3) N2 for G/H 0.39/0.12 0.39/0.06 0.39/0.06 0.21/0.02 0.12/0.01 
(4) N2 for G/H 0.56/0.28 0.56/0.24 0.56/0.24 0.37/0.05 0.28/0.05 

Let us define codes Kj(G) and Kj(H) (j = 1,…,5) for 

graphs and hypergraphs as the sequences of LVI 

wi(j) (j = 1,…,5) arranged in ascending order. For 

example, K1(G) = {1,1,1,2,3,4}, K1(H) = 

{4,5,5,9,10,11} for graph G and hypergraph H, as 

shown in Figure 3. 

Let us compare these codes by their degeneration 

degrees. For this purpose, we introduce the 

quantitative characteristics of degeneration 

degree of a code, N3 = N3’/N, where N3’ is the 

number of different codes for given set of 

structures. Evidently, 1/N ≤ N3 ≤ 1, and in the best 

case N3 = 1, in the worst case N3 = 1/N. In Table 3 

obtained values of N3 for the sets of molecular 

graphs (1)-(4) for H1- and G-models are given. 

 

Table 3: Values of N3 for codes Kj (j = 1,…,5) for G/H for sets (1)-(4) 
 K1 K2 K3 K4 K5 
(1) N3 for G/H 0.66/0.98 0.66/1.00 0.66/1.00 0.95/0.98 0.95/0.98 
(2) N3 for G/H 0.49/0.97 0.49/1.00 0.49/1.00 1.00/1.00 1.00/1.00 
(3) N3 for G/H 0.58/0.98 0.58/1.00 0.58/1.00 0.98/0.99 0.98/1.00 
(4) N3 for G/H 0.23/0.95 0.23/0.95 0.23/0.95 0.95/1.00 0.95/1.00 

It follows from these data that in 18 cases (from 

20 ones) H1-model is better than G-model (that is, 

N3 for H1-model is more than N3 for G-model); in 

2 cases both models are equivalent (values of N3 

for both models are the same). Besides, H1-model 

in 11 cases gives “ideal” result (N3 = 1). However, 
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for considered structures Hk-models for k > 1 are 

worse than H1 -and G-models. 

Let us consider the following 15 simple 

invariants for graphs and hypergraphs, 

constructed on the bases of LVI introduced above 

and on the base of spectral characteristics of 

adjacency matrix A: 

 

 

I1 = min wi(1),   I2 = max wi(1), I3 = min wi(3), I4 = max wi(3),  

I5 = min wi(4),  I6 = max wi(4), I7 = min wi(5), I8 = max wi(5), 

I9 = S1 = Σ wi(1),  I10  = S2 = Σ (wi(1))2,    

I11 = λmax ─ maximal eigenvalue of matrix A,  

I12 = λmin  ─ minimal eigenvalue of matrix A,  

I13 =  λmax - λmin,  I14 = detA ─ determinant of matrix A,  I15 =  λmax + λmin 

 

Let us compare the degeneration degrees of these 

invariants on the sets (1)-(4). For this purpose, 

we will use quantitative characteristic N3 (see 

subsection 3.2). In Tables 4-6 the obtained values 

of N3 for the sets (1)-(4) and all 15 described 

above invariants for G and H = H1 are given. 

Table 4:  Values of N3 for invariants I1 - I5 for G/H for sets (1)-(4) 

 I1 I2 I3 I4 I5 
(1) N3 for G/H 0.05/0.15 0.07/0.20 0.05/0.22 0.07/0.34 0.12/0.66 
(2) N3 for G/H 0.05/0.18 0.05/0.23 0.05/0.21 0.05/0.38 0.13/0.67 
(3) N3 for G/H 0.03/0.09 0.04/0.13 0.03/0.14 0.04/0.24 0.06/0.51 
(4) N3 for G/H 0.05/0.14 0.09/0.14 0.05/0.14 0.09/0.23 0.14/0.45 

Table 5:  Values of N3 for invariants I6 - I10 for G/H for sets (1)-(4) 

 I6 I7 I8 I9 I10 
(1) N3 for G/H 0.17/0.80 0.15/0.68 0.20/0.95 0.15/0.49 0.44/0.98 
(2) N3 for G/H 0.15/0.77 0.15/0.69 0.26/0.79 0.13/0.44 0.38/0.95 
(3) N3 for G/H 0.10/0.68 0.09/0.55 0.14/0.76 0.09/0.30 0.30/0.89 
(4) N3 for G/H 0.14/0.45 0.14/0.45 0.14/0.50 0.05/0.23 0.23/0.86 

Table 6: Values of N3 for invariants I11 - I15   for G/H for sets (1)-(4) 

 I11 I12 I13 I14 I15 
(1) N3 for G/H 0.78/0.93 0.88/0.98 0.95/1.00 0.17/0.98 0.66/1.00 
(2) N3 for G/H 0.85/0.95 0.95/1.00 0.97/1.00 0.13/0.95 0.67/1.00 
(3) N3 for G/H 0.78/0.90 0.85/0.99 0.91/1.00 0.13/0.94 0.65/0.99 
(4) N3 for G/H 0.86/1.00 0.86/1.00 0.86/1.00 0.14/1.00 0.05/1.00 

It follows from these data that in all 60 cases H1-

model is better than G-model (that is, N3 for H1-

model is more than N3 for G-model). Besides, H1-

model in 11 cases gives “ideal” result (N3 = 1).  

However, for considered structures Hk-models for 

k > 1 are worse than H1- and G-models. 

In this section we consider the set of 22 

alkylbenzenes (structures  Compounds 81-102, 

Figure 2(e)) with known values of a number of 

physico-chemical properties (boiling point, bp 

(°C); density, d (gcm-3); refractive index, nD20; 

heat of combustion, Hc (kcalmol-1)), given in 

Table 7 [25]. Using these data, we will analyze the 

usefulness of H-models in constructing the 

structure-property correlations. 

The values of invariants I1-I15 (see subsection 3.3) 

for these structures were earlier calculated for G -

models and H-models. Let us denote by symbols 

{I(G)}and {I(H)}the sets of obtained invariants, 

that is {I(G)}={I1(G),…,I15(G)} and  

{I(H)}={I1(H),…,I15(H)}. We construct for each 

property under consideration the structure-

property correlations with the best 2, 3, 4 

parameters, choosing them independently from 

the one with the following 3 sets: 

a){I(G)};        b) {I(H)};      c) {I(G)}U{I(H)}. 

For each correlation, we found mean square 

deviation s and correlation coefficient R; we will 
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further use these parameters to estimate the 

quality of correlations and to compare one 

correlation with another. In Tables 8-11 the best 

2, 3, 4 parameters for all these cases and 

corresponding s and R are given.  

 

Table 7: Values of a number of physico-chemical properties of Compounds 81-102 [25] 

NO Boiling point, bp (°C) Density, d (gcm-3) Refractive index, nD20 
Heat of combustion, Hc 

(kcalmol-1) 

81 169.5 0.8666 1.4926 1401.82 

82 172.85 0.8535 1.4865 1402.04 

83 173.30 0.8622 1.4902 1402.85 

84 175.20 0.8610 1.4930 1400.05 

85 177.25 0.8573 1.4909 1400.01 

86 178.35 0.8766 1.5006 1400.55 

87 181.25 0.8641 1.4956 1401.30 

88 181.75 0.8610 1.4936 1400.72 

89 183.10 0.8585 1.4918 1400.68 

90 183.30 0.8805 1.5034 1401.80 

91 183.60 0.8619 1.4947 1401.27 

92 183.65 0.8644 1.4981 1397.88 

93 183.85 0.8603 1.4897 1403.46 

94 184.75 0.8744 1.4998 1401.22 

95 186.45 0.8777 1.5043 1398.36 

96 188.45 0.8759 1.5039 1398.36 

97 189.55 0.8741 1.5032 1398.36 

98 189.95 0.8905 1.5107 1398.90 

99 193.80 0.8920 1.5117 1398.90 

100 196.85 0.8380 1.4790 1395.16 

101 198.15 0.8905 1.5130 1395.20 

102 205.10 0.9046 1.5203 1395.70 

 
Table 8: Results for correlations for refractive index, nD20 

Number of 

invariants 

Invariants                     

from {I(G)}; s/R 
Invariants from{I(H)}; s/R 

Invariants                           from 

{I(G)}U{I(H)}; s/R 

2 
I11,I10 ; 

0.007/0.736 

I10,I1  ; 

0.008/0.621 

I11(G),I10(G) ; 

0.007/0.736 

3 
I11,I10,I2 ; 

0.007/0.742 

I10,I1,I6 ; 

0.008/0.700 

I11(G),I10(G),I5(H) ; 

0.007/0.748 

4 
I11,I10,I2,I6 ; 

0.007/0.757 
I10,I1,I6,I8 ; 0.006/0.805 

I11(G),I10(G),I5(H),I7(H); 

0.007/0.771 

 
Table 9: Results for correlations for heat of combustion, Hc  

Number of 

invariants 

Invariants      from {I(G)}; 

s/R 
Invariants     from {I(H)}; s/R 

Invariants                  from  

{I(G)}U{I(H)}; s/R 

2 
I11,I6 ; 

0.953/0.922 

I9,I4 ; 

1.249/0.862 

I11(G),I4(H) ; 

0.829/0.942 

3 
I11,I6,I2 ; 

0.800/0.949 

I9,I4,I1 ; 

1.163/0.888 

I11(G),I4(H),I12(H); 

0.679/0.963 

4 I11,I6,I2,I10 ; 0.563/0.976 
I9,I4,I1,I5 ; 

1.056/0.914 

I11(G),I4(H),I12(H),I14(G); 

0.619/0.971 
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Table 10: Results for correlations for boiling point, bp. 
Number of 
invariants 

Invariants    from {I(G)}; 
s/R 

Invariants    from {I(H)}; s/R 
Invariants                      from  

{I(G)}U{I(H)}; s/R 

2 
I11,I2; 

5.686/0.787 
I13,I15; 

6.744/0.681 
I11(G),I8(H); 
5.349/0.813 

3 
I11,I2,I6 ; 

5.059/0.845 
I13,I15,I11; 6.260/0.749 

I11(G),I8(H),I10(G) ; 
4.540/0.877 

4 
I11,I2,I6,I10; 

4.850/0.867 
I13,I15,I11,I10 ; 5.896/0.796 

I11(G),I8(H),I10(G),I14(H); 
4.093/0.907 

 
Table 11: Results for correlations for density, d. 

Number of 
invariants 

Invariants     from {I(G)}; 
s/R 

Invariants         from {I(H)}; 
s/R 

Invariants                       from  
{I(G)}U{I(H)}; s/R 

2 
I11,I10 ; 

0.007/0.736 
I6,I8  ; 

0.012/0.668 
I11(G),I10(G) ; 
0.011/0.726 

3 
I11,I10,I6 ; 

0.010/0.759 
I6,I8,I1 ; 0.008/0.700 I11(G),I10(G),I6(H) ; 0.010/0.760 

4 
I11,I10,I6,I2 ; 

0.010/0.765 
I6,I8,I1,I9 ; 0.0094/0.832 

I11(G),I10(G),I5(H),I7(H); 
0.0096/0.821 

 

Let us analyze the obtained results for all 12 

correlations, comparing s and R for correlations 

for the sets a), b), c) in analogous cases. As we can 

see, in 9 cases from 12 ones (that is, in 75% of all 

considered cases) the use of invariants of 

hypergraphs allows us to obtained more precise 

correlations than correlations with invariants 

from the set {I(G)} only. 

Thus, in a number of cases the hypergraph 

models may be useful in constructing the 

structure-property correlations. 

Conclusion 

In the present paper, a number of ways of 

constructing the hypergraph models Нk (k ≥ 1) of 

organic compounds (hydrocarbons of some 

classes) are described. The vertices of Нk 

correspond to carbon atoms in molecule, and 

each hyper edge in Нk is defined as a set of 

vertices belonging to the neighborhood of k-th 

order of some fixed vertex for constructing the 

hyper edges all vertices are considered.  

Besides, the analytical formulae connecting the 

adjacency matrices of obtained hypergraphs Нk (k 

≥ 1) and adjacency matrix of initial molecular 

graph G are deduced; these dependences are 

nonlinear ones.  

A comparison of traditional graph model G and 

suggested hypergraph models Нk (k ≥ 1) is made 

by definite quantitative parameters, 

characterizing the efficiency of their applications 

in some tasks of computer chemistry. For this 

comparison, some 4 different sets of 

hydrocarbons, presented by their structural 

formulae, and 30 different quantitative 

parameters are used. It is shown that in 116 cases 

from considered 120 ones the model H1 is 

superior to the model G (that is, in 97% of all 

cases), and in other cases these models are 

equivalent.  However, for considered sets of 

structures, the models Hk for k > 1 are worse than 

the models H1 and G; the reason for this, 

probably, is relatively small sizes of considered 

molecules.  Analyzing the results obtained, we 

can conclude that the hypergraph molecular 

models can be successfully used in computer 

chemistry instead traditional graph models. 

It is also shown on concrete examples, that in 

some cases, the hypergraph models may be useful 

in constructing the structure-property 

correlations; since their use in this process allows 

us to obtain more precise correlations than for G-

models; this takes place in 75% of all considered 

cases. 
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