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Modelling normal boiling points of alkanes by linear regression using the SD
index

ZOIŢA BERINDE

ABSTRACT.
Multiple linear regression methods based on the SD index, introduced previously by the author are used to develop quantitative structure-property
models for estimating the normal boiling points of alkanes. The performance of the SD index, in this application, is comparable to the performance
of the Wiener number and Harary index.

1. INTRODUCTION

In general, there are causal relationships between the molecular structures of organic compounds and their chemi-
cal, physical and biological properties [11], [1], [17], [12], [14], [10]. Many of these relationships have been investigated
using graph-theoretical descriptors of molecular structures, known as topological indices [13], [15]. The alkanes rep-
resent a special attractive class of compounds as a starting point for the application of molecular mass and extent of
branching, and because the alkanes are nonpolar, a number of complexities that arise with more polar compounds
are avoided [9].

2. THE WEIGHTED ELECTRONIC CONNECTIVITY MATRIX AND THE TOPOLOGICAL INDEX SD

For a molecule having N atoms, whose graphs is G = (V (G)), E(G)), the weighted electronic connectivity matrix
CEP (G) is a symmetric and quadratic N ×N matrix given by:

CEP (G) = {[CEP ]ij ; i, j ∈ V (G)}, (2.1)

where V (G) is the set of vertices of the molecular graph G, E(G) is the set of edges, and

CEPij = w.e.d.(i,j), if i 6= j and (i, j) ∈ E(G) and CEP ij = 0, otherwise, (2.2)

where w.e.d.(i,j) denotes the weighted electronic distance between the atoms (vertices) i and j. The concept of
weighted electronic distance, w.e.d., was defined in [7] by the following formula:

w.e.d.(i, j) =
1

br
·
Z

′

i + Z
′

j

vi · vj
, (2.3)

where:
−br is the bond weight with values: 1, for single bond, 2 for double bond, 3 for triple bond and 1.5 for aromatic bond,
like in Barysz and al. [2];
−vi, vj denote the degree of vertices i, and j, respectively;
−Z ′i denotes the formal degree of vertex i, and it is defined by

Z ′i = Zi · vi, (2.4)

where Zi is the order number of atom i in Mendeleev’s periodic system, that is, the number of all electrons in the
atom i.

In the graph G.1, representing 2,4,4-trimethylheptane, we illustrated the notion of formal degree, Z ′, and the
weighted electronic distance, d.e.p. We have chosen this structure because it contains all four kinds of carbons:
primary, secondary, tertiary and quaternary.
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Figure 1. The graphs G.1{Z’}, G.2{w.e.d.}

Similar formulas which use the atomic number and the multiplicity order of bonds have been considered in an
other context by Barysz and collaborators [2], where it is detected only the presence of multiple bonds and het-
eroatoms, but their model is not able to reproduce the information related to the neighborhood of bonds, as in the
case of weighted electronic connectivity.

The formal degree Zi’ of the vertex i is in fact a local invariant on vertex (LOVI), which replaces the classical degree
of the vertex, while the weighted electronic distance, d.e.p.(i, j) represents a local invariant on edge (LOEI).

In Figure 1 the corresponding CEP matrix for the hydrogen-deleted graph (G.2) of 2-methyl-butane is given , while,
in Figure 2 the corresponding CEP matrix for the hydrogen-deleted graph G.3 of 2-methyl-butane, is illustrated.

SEPi

CEP (G.3) =


0 8 0 0 0
8 0 5 0 8
0 5 0 9 0
0 0 9 0 0
0 8 0 0 0


8
21
14
9
8

Figure 1. The CEP matrix for 2-methyl-butane

The sum of all entries on the i-th row in CEP (G2) is denoted by SEPi (and is written at the matrix right hand side):

SEPi =

n∑
j=1

[CEP ]ij , i = 1, 2, . . . , n (2.5)

The electronic connectivity matrix can function as a basis for the construction of several new topological indices.
The SD index is given by:

SD =

n∑
i=1

SEPi

zi
. (2.6)

The calculation technique of SD index is illustrated in Figure 2 for the hydrogen-suppressed graph G.2 of 2-methylbutane.

SD (G.2) =
9

1
+

14

2
+

21

3
+ 2 · 8

1
= 39.

Figure 2. The calculation of the SD index for 2-methylbutane.

3. A NEW PARAMETER: DC

We now propose a new parameter, denoted by DC , which is calculated using by the formula:

DC = NC −NP , (3.7)

where NC represents the number of carbon atoms in the molecular graph and NP represents the number of carbon
atoms primary in the molecular graph.

The calculation technique of parameter DC is illustrated in Figure 3 for the hydrogen-suppressed graph G.2 of
2-methylbutane.

DC = 5− 3 = 2.

Figure 3. The calculation technique of parameter DC for the hydrogen-suppressed graph of 2-methylbutane, G.2.

SD and DC could be used together in order to improve the QSPR models for several representative physical proper-
ties on several data sets of alkanes by using two-variable linear regression analysis.
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4. RESULTS AND DISCUSSIONS

Values of SD index were calculated for a set of 44 alkanes, including hexanes, heptanes, octanes and nonanes and
are presented in Table 1. Values for the boiling points (bp) were taken from [9].

Regression equation and statistical parameters for a monovariable correlation of boiling points, by using the SD
index, are shown below:

bp = −106.388 + 3.742SD; N = 44; r = 0.982; s = 4.52;F = 1128 (4.8)

were r represents the correlation coefficient, s the standard deviation and F is the Fisher ratio.
For the same set of 44 alkanes as in [16], the simple linear regression with the SD index leads to a correlation

(r = 0.982 and s = 4.52 ◦C) which is better than the simple model obtained by Harary [16] (r = 0.948 and s = 7.58
◦C) and much better than the one obtained by using the Wienner number [16], when r = 0.942 and s = 7.99 ◦C.

Obviously, a single DC index cannot give a simple accurate correlation. It is important to stress that the statistical
parameters of the QSPR equations could be improved by using multidimensional correlations involving also other
topological descriptors. In this work we propose a combined use of the SD index and parameter DC.

The regression equation and its statistical parameters for bivariable correlation of boiling points, the SD index and
DC of the 44 alkanes considered in the study are depicted below:

bp=−104.886+3.442SD+4.158DC ; N=44; r=0.991; s=3.2;F =1143. (4.9)

The values of bp predicted by this equation are shown in Table 1.
Statistics indicate that equation (4.9) represents indeed a very good model for calculating boiling points.

Table 1. Observed and calculated boiling points bp of alkanes correlated with the SD index

N Alkanes DC SD bp
Observed

bp
Calculated

Residuals

1 6 4 45.00 68.74 66.63 2.11
2 2M5 3 45.00 60.27 62.48 -2.21
3 3M5 3 46.00 63.28 65.92 -2.64
4 23MM4 2 45.33 57.98 59.46 -1.48
5 2M6 4 51.00 90.05 87.29 2.76
6 3M6 4 52.00 91.85 90.73 1.12
7 3E5 4 53.00 93.47 94.17 -0.7
8 24MM5 3 51.00 80.50 83.13 -2.63
9 22MM5 3 51.00 79.19 83.13 -3.94
10 23MM5 3 52.33 89.78 87.71 2.07
11 33MM5 3 52.50 86.06 88.29 -2.23
12 223MMM4 2 51.50 80.88 80.69 0.19
13 2M7 5 57.00 117.64 112.10 5.54
14 3M7 5 58.00 118.92 115.54 3.38
15 4M7 5 58.00 117.71 115.54 2.17
16 25MM6 4 57.00 109.10 107.94 1.16
17 3E6 5 58.00 118.53 115.54 2.99
18 24MM6 4 57.00 109.42 107.94 1.48
19 22MM6 4 58.33 106.84 112.52 -5.68
20 23MM6 4 59.00 115.60 114.83 0.77
21 34MM6 4 59.33 117.72 115.96 1.76
22 33MM6 4 58.50 111.97 113.11 -1.14
23 2M3E5 4 59.33 115.65 115.96 -0.31
24 224MMM5 3 57.00 99.24 103.78 -4.54
25 234MMM5 3 58.67 113.47 109.53 3.94
26 223MMM5 3 58.50 109.84 108.94 0.9
27 233MMM5 3 59.00 114.76 110.67 4.09
28 2233MMMM4 2 57.75 106.47 102.21 4.26
29 22MM7 5 63.00 132.69 132.75 -0.06
30 24MM7 5 64.00 133.50 136.19 -2.69
31 25MM7 5 64.00 136.00 136.19 -0.19
32 26MM7 5 63.00 135.21 132.75 2.46
33 34MM7 9 65.33 140.60 140.77 -0.17
34 23ME6 5 65.33 138.00 140.77 -2.77
35 24ME6 5 65.00 133.80 139.63 -5.83
36 223MMM6 4 64.50 133.60 133.75 -0.15
37 224MMM6 4 64.00 126.54 132.03 -5.49
38 225MMM6 4 63.00 124.08 128.59 -4.51
39 233MMM6 4 65.00 137.68 135.48 2.2
40 244MMM6 4 64.5 130.65 133.75 -3.1
41 233MME5 4 66.50 142.00 140.64 1.36
42 234MEM5 4 65.67 136.73 137.781 -1.051
43 2233MMMM5 3 65.25 140.27 132.18 8.09
44 2244MMMM5 3 63.00 122.28 124.43 -2.15

5. CONCLUSIONS

Mihalić and Trinajstić [15] proposed that the quality of this type of approach can be conveniently measured by
the correlation coefficient and the standard deviation, and therefore, a good QSPR model must have r > 0.9, while s
could depend on the property under study.

According to this statement, equation (4.9) represents a very good model to describe the boiling points of alkanes.
As a result of the studies carried out in [3]-[8], we can state that the replacement of the common topological

distance with the weighted topological distance within the process of representing the chemical structure leads to a
viable QSPR model, with significant correlation qualities.



138 Zoiţa Berinde

REFERENCES

[1] Balaban, A. T., Chemical Applications of Graph Theory, Academic Press, New York, 1976
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[16] Plavsić, D., Nikolić, S. and Trinajstić, N., On the Harary index for the characterization of chemical graphs, J. of Math. Chem. 12 (1993), No. 1, 235-250
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