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STRUCTURE AND PROPERTIES
OF ORGANIC MOLECULES.

2. GRAPH-THEORETICAL STUDY
OF ALKENES AND ALCOHOLS

Yu. A. Malysheva, Yu. G. Papulov, UDC 541.6:547.8:513.83
M. G. Vinogradova, and L. G. Davydova

Topological indices for describing organic compounds with multiple bonds and heteroatoms are treated.
The Schultz indices (including modified ones) and the connectivity indices of various types are calculated
for saturated alkenes and alcohols. The discriminating ability of the indices and their applicability for
structure-property correlations are examined. Various functions approximating the property-index
correlations are tested using regression analysis. The Schultz and connectivity indices possess nearly the
same correlation ability, as shown by reference to formation enthalpy, molar volume, evaporation heat,
and boiling temperature. They may be effectively used for calculating and predicting the physicochemical
properties of the title compounds.

The graph-theoretical approach to structure-property correlation analysis was chiefly tested on alkanes as key
compounds [1-8]. For other classes of chemical structures it was developed to a lesser extent. Of all known topological
indices (TI) only several indices (mainly the connectivity indices [1, 2, 9-13]) were used for calculating the physicochemical
properties of compounds with multiple bonds, heteroatoms, and rings. The possibilities of other TI in respect of these
compounds are poorly defined.

It seems worthwhile to examine the molecular topological index (MTI) recently proposed by Schultz [14] and
elaborated in a series of publications [15-20]. The index is attractive in having a structural sense (it reflects molecular
topology as well as the valence states of atoms). It is easily calculated and may be extended to various classes of organic
compounds. Here we discuss the correlations of MTI, its modifications MTI’, and connectivity indices x (see below)
with physicochemical properties of alkenes and alcohols.

The indices are calculated according to the following formulas:

MTI = V(4 + D), (1)
MTT = VD, (2

W= )" (3)
2= 688071, 4)
W=D (8i6;k 3 R, (3)
61' = Zi - h,‘ 3 (6)

where D is a matrix of distances of a molecular graph (MG), A4 is a connectivity matrix of an MG, V is a valence
matrix consisting of elements J;, Z; is the number of valence electrons of the ith atom, and A; is the number of hydrogen

atoms at the ith atom.
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Fig. 1. Connectivity indices for various structural
fragments of a molecule.

The connectivity indices were calculated for different structural fragments of the molecule:
(Fig. 1).
Tables 1 and 2 kst the indices for alkenes and alcohols. The MTI and MTI’ indices have a moderate
discriminating ability. In this series of compounds, MTI fails to discriminate two pairs of alcohols with the number of
carbon atoms n¢ = 5 and a pair and triplet with ne = 6; MTI' does not discriminate two pairs of alcohols with n¢ =
5, two pairs and a triplet with nc = 6, and 2 pair of alkenes with nc = 6. A pair and a triplet of alcobols with n¢ =
6 are not discriminated by the connectivity indices '*, and a pair of alcohols with ne = 6 is not discriminated

2, 4,
2> s e

by 2.
TABLE 1. Topological Indices of Alkenes
No. Compound MTI MTI' Ly Zy 3x1’; 3
1 Ethylene 12 8 0.500 0.000 0.000 0.000
2 Propylene 32 23 0.985 0.408 0.000 0.000
3 1-Butene 63 50 1.523 0.697 0.289 0.000
4 2-Butene 66 52 1.487 0.666 0.333 0.000
S 2-Methylpropene 60 44 1.854 1.208 0.000 0.354
6 1-Pentene 110 93 2.023 1.076 0.493 0.000
7 2-Pentene 115 97 2.025 0977 0472 0.000
8 2-Methyl-1-butene 101 81 1.915 1312 0.604 0.250
9 3-Methyl-1-butene 102 83 1.895 1.479 0.472 0.333
10 2-Methyl-2-butene 108 87 1.866 1.367 0.578 0.289
11 1-Hexene 177 156 2.523 1.432 0.762 0.000
12 2-Hexene 184 162 2.525 1.358 0.692 0.000
13 3-Hexene 186 164 2.563 1.288 0.639 0.000
14 2-Methyl-1-pentene 162 138 2.415 1915 0.677 0.250
15 3-Methyl-1-pentene 159 136 2433 1.621 1.047 0.236
16 4-Methyl-1-pentene 165 142 2.378 1918 0.639 0.408
17 2-Methyl-2-pentene 175 152 2.404 1.690 0.612 0.289
18 3-Methyl-2-pentene 167 142 2.427 1.490 1.051 0.204
19 4-Methyl-2-pentene 172 148 2.397 1.769 0.577 0.333
20 2,3-Dimethyl-1-butene 150 124 2.297 1.713 0.986 0.493
21 3,3-Dimethyl-1-butene 149 122 2.197 2571 0.612 1.367
22 2,3-Dimethyl-2-butene 164 136 2.250 2.000 1.000 0.500
23 1-Heptene 268 243 3.023 1.786 1.012 0.000
24 1-Octene 381 352 3.523 2.140 1.262 0.000
25 1-Nonene 538 505 4.023 2.494 1.512 0.000
26 1-Decene 725 688 4.523 2.848 1.762 0.438
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TABLE 2. Topological Indices of Alcohols

No. Compound MTI | MTI' | Y Ly 2y 3;5; 3z 4;(;', by 4x;c
1 Methanol 12 6 1.000 | 0.447 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 { 0.000
2 Ethanol 32 22 1414 | 1.023 | 0.316 | 0.000 | 0.000 { 0.000 | 0.000 | 0.000
3 1-Propanol 66 52 1914 | 1.523 | 0.724 | 0.224 | 0.000 | 0.000 | 0.000 | 0.000
4 2-Propanol 60 4 1732 | 1.413 | 1.093 | 0.000 | 0.258 | 0.000 j 0.600 | 0.000
5 1-Butanol 118 100 | 2.414 | 2.023 | 1.077 | 0.511 | 0.000 | 0.158 | 0.000 | 0.000
6 2-Butanol 104 84 2270 { 1951 | 1.256 | 0.590 | 0.182 | 0.000 | 0.000 { 0.182
7 2-Methyl-1-propanol 108 88 2270 | 1.879 | 1.575 | 0.182 | 0.408 | 0.000 { 0.000 | 0.182
8 2-Methyl-2-propanol 96 72 2000 | 1.724 | 1.948 | 0.000 | 1.172 | 0.000 | 0.224 | 0.000
9 1-Pentanol 192 170 | 2914 | 2523 | 1432 | 0.762 | 0.000 | 0.362 | 0.000 | 0.000
10 2-Pentanol 170 146 | 2770 | 2451 | 1.637 | 0.707 | 0.182 | 0.418 | 0.000 | 0.129
11 3-Pentanol 162 138 | 2.808 | 2.489 | 1.469 | 0942 | 0.129 | 0.289 | 0.000 | 0.129
12 2-Methyl-1-butanol 170 146 | 2.808 | 2.417 | 1.695 | 1.008 | 0.289 | 0.129 |} 0.000 | 0.289
13 3-Methyl-1-butanol 178 154 | 27770 { 2379 | 1.906 | 0.707 | 0.408 | 0.258 | 0.000 | 0.289
14 2-Methyl-2-butanol 150 122 | 2561 | 2.284 | 2.168 | 0.866 | 0.894 | 0.000 | 0.158 | 0.512
15 3-Methyl-2-butanol 156 130 | 2.643 | 2324 | 1983 | 0.964 | 0.482 | 0.000 | 0.000 | 0.482
16 2,2-Dimethyl-1-propanol 158 130 | 2.561 § 2170 | 2720 | 0474 | 1.562 | 0.000 | 0.354 | 0.316
17 1-Hexanol 292 266 | 3414 | 3.023 | 1.786 | 1.012 | 0.000 | 0.539 | 0.000 | 0.000
18 2-Hexanol 262 234 13270 | 2951 | 1991 | 0976 | 0.182 | 0.499 | 0.000 | 0.129
19 3-Hexanol 246 218 | 3.308 | 2989 | 1.850 | 1.093 | 0.129 | 0.537 | 0.000 | 0.258
20 2-Methyl-1-pentanol 288 260 | 3.308 | 2917 | 2.076 | 0.911 | 0.289 | 0.622 | 0.000 { 0.333
21 3-Methyl-1-pentanol 260 232 | 3308 | 2917 | 2076 | 1319 | 0.289 | 0.333 | 0.000 | 0.493
22 4-Methyl-1-pentanol 274 246 | 2270 | 2.879 | 1.683 | 0.940 | 0.408 | 0.499 | 0.000 | 0.289
23 2-Methyl-2-pentanol 230 198 | 3.061 | 2784 | 2.564 | 0.862 | 0.512 | 0.612 | 0.158 | 0.362
24 3-Methyl-2-pentanol 232 202 | 3.181 | 2862 | 1.717 | 1.467 | 0.385 | 0.341 | 0.000 | 0.577
25 4-Methyl-2-pentanol 244 214 | 3.126 | 2.807 | 2477 | 0.820 | 0.590 | 0.577 | 0.000 | 0.341
26 2-Methyl-3-pentanol 228 198 | 3.181 | 2.862 | 2.218 | 1.188 | 0.438 | 0.472 | 0.000 | 0.446
27 3-Methyl-3-pentanol 218 186 | 3.121 | 2.845 | 2.206 | 1.544 | 0.678 | 0.250 | 0.112 | 0.362
28 2-Ethyl-1-butanol 246 218 | 3.346 | 2955 | 1.865 | 1414 | 0.204 | 0.547 | 0.000 ; 0499
29 2,2-Dimethyl-1-butanol 230 198 {2121 | 2730 | 2.678 | 1.386 | 1.208 | 0.112 | 0.250 | 0.724
30 2,3-Dimethyl-1-butanol 240 210 | 3.181 | 2.790 | 2.402 | 1.425 | 0.569 | 0.105 | 0.000 | 0.577
31 3,3-Dimethyl-1-butanol 246 214 | 3.061 | 2,670 | 3.036 | 0.862 | 1.562 | 0.336 | 0.354 | 0.500
32 2,3-Dimethyl-2-butanol 212 178 | 2.943 | 2.667 | 2.810 | 0.996 | 1.060 | 0.000 | 0.129 | 0.707
33 3,3-Dimethyl-2-butanol 214 180 | 2.943 | 2.624 | 3.043 | 1.254 | 1.496 | 0.000 | 0.289 | 0.707
34 1-Heptanol 422 392 | 3914 | 3.523 | 2.138 | 1.262 | 0.000 | 0.716 | 0.000 | 0.000
35 1-Octanol 586 552 | 4414 | 4023 | 2.492 | 1.512 | 0.000 | 0.891 | 0.000 | 0.000
36 1-Nonanol 788 750 | 4914 | 4523 | 2.845 | 1.762 | 0.000 | 1.067 | 0.000 | 0.000
37 1-Decanol 1032 | 990 | 5.414 | 5.023 | 3.199 | 2.012 | 0.000 | 1.243 | 0.000 | 0.000

The correlation ability of TI was investigated by reference to the formation enthalpy ArH 9 (g, 298 K), molar
volume V), evaporation heat at normal boiling temperature 4,,, and normal boiling temperature £, of alkenes and
alcohols. For constructing correlation dependences we used the experimental data of [21, 22]. For approximating
functions we tested the following dependences:
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F(x) =ax+ b, (7

Fx)=al +bx+c, (8)
F(x) = a exp (bx), ®
Fxy=aln(x) + b, (10)
Fx) = al, (11)
F(x) =ax; + bxy + x5 + ... + nx, + d. (12)

Tables 3 and 4 give the correlation coefficients » and standard deviations s, indicating the form of the optimal
function (with maximal r) for the given property-index correlations. Regression equations corresponding to the best
correlation are given below.

I. Alkenes:

—AcH (g, 298 K) = ~12.41%" - 30.81%” - 16.37%;, + 5.56% + 41.58 (r = 0.9785),
Var = 212017 + 14.64%” + 6.12% — 4.19%7 + 44.05 (r = 0.9940),

Agpe = 7.615(MTI)*2%6 (7 = 0.9947),
ty = 67.143 In (MTI) — 280.95 (r = 0.9936).
II. Alcohols:

—A:HO (g, 298 K) = —59.51% + 75.80'y" + 43.12%" + 227.04 (r = 0.9996),
Vp = —5.32Y + 32.32Y" + 8.15% + 30.61 (r = 0.9996),
Anpe = —0.0003(MTI')? + 0.181MTI' + 33.133 (r = 0.8959),

ty = —0.0002(MTI")2 + 0.346MTI' + 72.445 (r = 0.9749).

TABLE 3. Correlations between the Physicochemical Properties and the Topological Indices of Alkenes

0
Index ArH™ (g, 298 K), ki/mole Apbe KJ/mole
Function r s Function r s

MTI (10) 0.9698 8.94 (11) 0.9947 0.743
MTI’ (10) 0.9649 9.63 (11) 0.9945 0.757
Ly ®) 0.9578 10.53 (8) 0.9801 1.439
Ly 2 (12) 0.9751 831 (12) 0.9856 1.276
Ly 2y 3X; 12) 0.9784 7.92 (12) 0.9870 1.259
LY, %, SX;, 3xic' (12) 0.9785 8.07 (12) 0.9876 1.298

t,, °C V), ml/mole
MTI (10) 0.9936 6.39 (11) 0.9900 411
MTYI’ ¢y 0.9926 6.86 (11) 0.9894 423
Ly ®) 0.9854 9.64 (8) 0.9871 4.66
Ly 2y (12) 0.9728 13.39 (12) 0.9931 3.47
Ly 2y 3%; (12) 0.9759 1290 (12) 0.9939 3.35
Ly 2 3x;’ 32 (12) 0.9793 12.25 (12) 0.9940 3.39




TABLE 4. Correlations between the Physicochemical Properties and the Topological Indices of Alcohols

tndex ArH? (g, 298 K), kJ/mole Appe, KJ/mole
Function r s Function r s
MTI (11) 0.9441 17.09 8) 0.8745 473
MTT' (11) 0.9393 17.79 8) 0.8959 433
1x1' (11) 0.9381 17.96 8) 0.8294 5.44
L Ly 12) 09753 12.36 (12) 0.8420 5.67
1y, b (12) 0.9328 20.18 (12) 0.8280 5.90
L Ly 2 (12) 0.9996 1.62 (12) 0.8540 5.99
t,, °C V', ml/mole
MTI 8 0.9664 898 (11) 0.9894 429
MTT ® 0.9749 7.79 (11) 0.9892 432
Ly 8 0.9637 9.33 ) 0.9918 3.71
L L (12) 0.9570 10.19 (12) 0.9931 395
1%, Y (12) 0.9640 9.40 (12) 0.9916 3.88
L Ly 2 (12) 0.9661 9.29 (12) 0.9991 1.27

TABLE 5. Correlations between the Molecular Connectivity Indices and the Boiling Temperatures of Alcohols

Index tp, °C
r s

Ly 09571 10.13
Wi 09571 10.19
A 0.9661 9.29

Y WA 0.9666 9.37

o X 0.9671 9.42
o 09677 0.52
lX’ lxv’ ZXV,:”X;’ 3xz, 4X;, 4xac' 0.9677 967
U A A R 0.9677 9.85
o, 0.964 9.40

/4%, %% 0.968 9.03

Figure 2 shows an exponential function approximating the dependence of the molar volume of alcohols on the
MTI index.

It follows from Table 5 that as the number of parameters in the regression increases, the quality of correlation
for the connectivity indices is improved.

The MTI and MTI’ indices give correlations that are comparable in quality to the connectivity indices. In
some cases (Tables 3 and 4), the correlation equations with MTI and MTI’ possess even better statistical characteristics
and are applicable to calculations and predictions of physicochemical properties for alkenes and alcohols.

This work was supported by RFFR grant No. 96-03-32384.
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