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Abstract: The enthalpy of formation of a set of 60 hydroarbons is calculated on the basis of
topological descriptors defined from the distance and detour matrices within the realm of the
QSAR/QSPR theory. Linear and non-linear polynomials fittings are made and results show
the need to resort to higher-order regression equations in order to get better concordances
between theoretical results and experimental available data. Besides, topological indices
computed from maximum order distances seems to yield rather satisfactory predictions of
heats of formation for hydrocarbons.
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1. Introduction

Graphs have found considerable employment in several chemistry fields, particularly in modeling
molecular structure [1-10]. The applications of graphs to the study of structure-property relationships
implies the representation of molecules by selected molecular descriptors, often referred to as topo-
logical indices [11,12]. These topological indices, which often have a direct structural interpretation,
are defined in terms of selected structural parts and hopefully should help one in building molecular
models for structure-property relationships. Among hundreds of possible descriptors a few have arisen
again and again as the most useful for characterization of molecules [13-16]
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The graph theoretical characterization of molecular structure is realized by means of various matri-
ces, polynomials, spectra, spectral moments, sequences counting distances, paths and walks. The mo-
lecular matrices represent an important source of structural descriptors. Usually, a small number of
matrices is used to characterize the molecular topology, namely the adjacency, the distance and some-
times, the Laplacian matrix. Novel matrices were developed in recent years, encoding in various ways
the topological information [17]. However, distance matrices remain being the most relevant ones
within the realm of the Quantitative Structure Activity (Property) Relationships (QSAR/QSPR) theory.

Any matrix, the elements of which satisfy the axioms of distance, can be referred to as a distance
matrix D = {D;;} [18]. The axioms of distance require that

a) Distance is a positive quantity, D;; > 0, assigned to a pair of elements (points in an n-
dimensional vector space).

b) D=0Vi=1,2, ... N; N = number of elements

c) Distance does not depend on the direction of measurement, i.e. Dj; = Dj;

d) Distance satisfies the triangular inequality, i.e. Djj < Dji + Dy

Two distance matrices are particularly important, both of them based on the topological distance
for vertices within a graph: the distance matrix and the detour matrix. The detour matrix, together with
the distance matrix, was introduced into the mathematical literature in 1969 by Frank Harary [19].
Both matrices were also briefly discussed in 1990 by Buckley and Harary [20]. The detour matrix was
introduced into the chemical literature in 1994 under the name "the maximum path matrix of a molecu-
lar graph"” [21,22]. The graph-theoretical detour matrix have found some interest in chemistry [23] and
a valuable variation pertaining to the definition of the diagonal elements was proposed by Riicker and
Riicker [24]. They found this matrix in combination with the Wiener index W is more useful than Ho-
soya's Z index for regression of the boiling points of a large sample of compounds containing all
acyclic and cyclic alkanes with known boiling points from methane up to polycyclic octanes.

In three previous papers [25-27] we have analyzed the relative merits of these distances when they
are used to define molecular descriptors in order to calculate physical chemistry properties within the
realm of QSAR/QSPR theory. The aim of this paper is to continue with this sort of discussion resorting
to the calculation of heats of formation for a representative set of 60 hydrocarbons.

The paper is organized as follows: next section deals with some basic mathematical definitions and
the computational procedure; then we present the results and discuss them; and finally we state the
conclusion of the present study as well as some possible extensions.

2. Basic Definitions

The adjacency matrix: The adjacency matrix A = A(QG) of a graph G with N vertices is the square N

x N symmetric matrix whose entry in the i th row and j th column is defined as [19]
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lifi#j and (i) € E(G)
Ajj = o)
0ifi=j or (iy) ¢ E(G)

where E(G) represents the set of edges of G. The sum of entries over row i or column j in A(G) is the

degree of vertex i, deg;.
An example of molecular graph and the adjacency matrix is given below for the 1-ethyl-2-

methylcyclopropane. The vertices and edges are labeled from 1 to 6 and from a to f, respectively.

[011100]
110100 1]
1110000]
A= |100010]
1000100]
lo10000]

The distance matrices

The distance matrix D(G) can be defined for G with elements Dij, the distance, or the number of
least steps from vertex i to vertex j. Similarly, the detour matrix A(G) of a labeled connected graph G
is a real symmetric N x N matrix whose (i,/) entry is the length of the longest path from vertex i to ver-
tex j (i.e., the maximum number of edges in G between vertices i and j [23]).

For example, for the previous graph corresponding to 1-ethyl-2-methyl cyclopropane molecule, ma-

trices A and A are:

01112 2] (0221 23]
110123 1] 120234 1]
111023 2] 12203 4 3]
A=|12201 3] A=113301 4|
123310 4] 244105]

1212340] 1313450]
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Topological molecular descriptors

We present the basic definitions related to the topological descriptors chosen for the present study.

Wiener index [28] W = 0.5 2, Dij Q)
ij
Harary index [29] H=0.5 ), Dy 3)
i
MTI index [30, 311 MTI = 2 ¢; 4)
where e; are elements of the row matrix v[A + D] = [e, €2, €3, ...., ex]. Vv 1s the so-called valence ma-
trix.
Balaban index [32, 3317 = [g/(n + 1)] 2 (di d)™” 5)

i
where d; = Z Dj;, q is the number of edges and p the number of cycles in the graph. The
j
summations in formulas (2), (3) and (5) are over all edges i-j in the hydrogen-depleted graph.

Zero order connectivity index [34 351 ° Z (&) 6)

where 6; = Z Ajjis the degree of the i-th vertex.
i

Randic's connectivity index [32] Z (0i0;) 12 7
i,
Generalized connectivity index [35] hx = z (Ovo Ovi ....8vh)'1/2 8)
paths
where the summation is taken over all possible paths of lengths 0, 1, ...., h.

The Zagreb group indices [36,37] M1 = Z & 9

i
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M2 =255, (10)

ij

The employment of these topological descriptors has proven to be extremely useful in QSAR/QSPR
studies giving simple correlations between the selected properties and the molecular structure [39-40].
Multiple regression analysis is often employed in such studies in the hope that it might point to struc-
tural factors that influence a particular property. Naturally, regression analysis results do no establish
any sort of causal relationships between structural components and molecular properties. However, it
may be helpful in model building and be useful in the design of molecules with prescribed desirable
properties [41].

An interesting alternative to the previous definitions based upon distance matrix D is replace it by
the detour matrix A, defining the associated topological indices W*, H*, etc. on the basis of this last
matrix in a similar fashion as done in Egs. (2-5).

3. Results and Discussion

We have employed two sets of topological descriptors; a) {N, Ox, lx, 2x, M1, M2, W, H, H, ],
MTI} and b) {Ng, %, 'y, %y, M1, M2, W, H, J, MTL, W*, H*, J* MTI*}. N, stands for the number of
C atoms. This particular choice was made since we want to know the relative merits of topological in-
dices defined on the basis of the two distance matrices (i.e. D and A). A way to assess it is via this
choice, although there are other options.

The molecular set comprises 60 hydrocarbons containing from 1 to 18 carbon atoms and they are
presented in Table 1 together with their corresponding topological parameters.

Table 1. Topological parameters for hydrocarbons.

Hydrocarbon 0 ; 5

N, |y X ¥ M1 | M2|W |H J MTI |W* |H* J* MTI*
1. ethane

2 [2.000 | 2.000 | 0.000 | 2 2 1| 1.000 1.000 4 1 1.000 | 1.000 4
2. propane

3 12707 | 2.828 | 1414 | 6 8| 4] 2500 1.633 16 4 2.500 |1.633 16
3. butane

4 13414 | 3.828 | 2.000 |10 16| 10| 4.333 1.975 38 1 10 4333 [1.975 38
4. 2-methylpropane

4 13577 | 3464 | 3.464 |12 18 9] 4.500 2.324 36 9 4.500 |2.324 36
5. pentane

5 14121 | 4.828 | 2.707 |14 24| 20| 6.417 2.191 74 | 20 6.417 |2.191 74

6. 2-methylbutane
5 |4.284 | 4540 | 3.604 |16 | 28| 18| 6.667 2.540 68 | 18 6.667 | 2.540 68

7.2,2-dimethyl-

propane 5 14.500 | 4.000 | 6.000 |20 32| 16| 7.000 3.024 64 | 16 7.000 |3.024 64
8. hexane

6 [4.828 | 5.828 | 3.414 |18 32| 35| 8.700 2339 128 | 35 8.700 |2.339| 128
9. 2-methylpentane

6 14992 | 5540 | 4.365 |20 36| 32| 9.000 2,627 | 118 | 32 9.000 |2.627 | 118
10. 3-methylpentane

6 14992 | 5616 | 3.843 |20 381 31 ] 9.083 2754 114 | 31 9.083 [2.754| 114
11. 2,2-dimethyl-
butane 6 |5207| 5.121 | 5.828 |24 441 28] 9.500 3.168 | 106 | 28 9.500 |3.168 | 106
12. 2,3-dimethyl-
butane 6 |5.155| 5285 | 4.976 |22 421 29| 9.333 2993 108 | 29 9.333 [2.993] 108
13. heptane

7 [5.536| 6.828 | 4.121 |22 40| 56]11.150 24471 204 | 56 | 11.150 |[2.447 | 204
14. 3-methylhexane

7 15699 | 6.616 | 4.604 |24 46| 50]11.617 2.832 | 182 | 50 |11.617 |[2.832| 182
15. 2,2-dimethyl-
pentane 7 15914 | 6.121 | 6.621 |28 52| 46|12.083 3.154 | 170 | 46 |12.083 |3.154| 170
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16. 2,2,3-trime-
thylbutane 7 16.077 | 5.887 | 7.041 |30 60| 42]12.500 3.541 | 156 | 42 |12.500 |3.541 ] 156
17. 3-methylheptane

8 16406 | 7.616 | 5.311 |28 54| 76 |14.267 2862 | 276 | 76 |14.267 |2.862| 276
18. 4-methylheptane

8 [6.406 | 7.616 | 5.365 |28 54| 75114317 2920 272 | 75 | 14317 [2.920| 272
19. 2,2-dimethylhexane

8 16.621 | 7.121 7.328 |23 60| 71|14.767 3112 260 | 71 14.767 [3.112 | 260
20. 2,3-dimethylhexane

8 16.569 | 7.361 | 6.020 |30 60| 70|14.733 3171 254 | 70 |14.733 [3.171 | 254
21. 2,4-dimethylhexane

8 16.569 | 7.328 | 6.286 |30 58| 71]14.650 3.099 | 258 | 71 14.650 [3.099 | 258
22. 2,5-dimethylhexane

8 16.569 | 7.252 | 6.730 |30 56 | 74 |14.467 2928 | 270 | 74 |14.467 [2.928 | 270
23. 3,3-dimethylhexane

8 [6.621 | 7.243 | 6.536 |32 64| 67]15.033 3373 244 | 67 |15.033 |3.373| 244
24. 1,3-dime-
thylbenzene 8 5983 | 7.575 | 6.754 |36 76 | 61 |16.083 2231 | 268 |123 7.833 | 1.071 | 516
25. 1,2-dime-
thylbenzene 8 5983 | 7.609 | 6.478 |36 78 | 60 ]16.167 2279 264 | 124 7.810 | 1.061 | 520
26. 1,4-dime-
thylbenzene 8 5983 | 7.575 | 6.730 |36 76 | 62]16.033 2192 | 272 | 122 7.867 | 1.082 | 512
27.1-methyl-3-
ethylbenzene 9 16.690 | 8.651 | 7.092 |40 86| 88]19.150 2232 373 |164 |10.295 | 1.153| 677
28.1-methyl-4-
ethylbenzene 9 16.690 | 8.651 | 7.068 |40 86| 90 | 19.067 2.180 | 381 |162 |[10.52 |1.171 | 669
29. 1,2,3-trime-
thylbenzene 9 |6.853| 8430 | 7.489 |42 94 | 82]19.667 2413 349 |164 |[10.102 |1.152] 677
30. 1,2,4-trime-
thylbenzene 9 [6.853| 8397 | 7.746 |42 92| 84]19.533 2346 | 357 |162 |10.160 |1.168 | 669
31. 1,3,5-triethyl-
benzene 9 [6.853 | 8363 | 8.045 |42 90 | 8419.500 2341 | 357 |162 |10.150 | 1.167 | 669
32. 1,3-triethyl-
benzene 10 17397 | 9.727 | 7.430 |44 96 | 121 | 22.383 2246 | 500 |213 [12.882 |1.224 | 868
33. 1,4-diethyl-
benzene 10 17397 | 9.727 | 7.406 |44 96 | 125 [22.243 2174 516 |209 |12.981 |1.254| 852
34.1,2,3,4-tetrame-
thylbenzene 10 |7.724 | 9.252 | 8.500 |48 [110]109 |23.367 2516 | 452 |209 |12.595 |1.249 | 852
35. 1,2,3-triethyl-
benzene 12 |8.975 |11.658 | 8.679 |54 [124]190 |30.233 2.524 | 760 |338 |[18.192 |1.343 1352
36. 1,2,4-triethyl-
benzene 12 [ 8975 | 11.625 | 8.848 |54 | 122|198 |29.876 2413 | 792 [330 |18.365 |1.379 | 1320
37. 1,3,5-triethyl-
benzene 12 [ 8975 [ 11.591 | 9.060 |54 |120 | 198 |29.800 2405 | 792 330 |18.339 |1.377 | 1320
38.1,2,3,4-tetrae-
thylbenzene 14 [10.55[13.556 |10.116 |64 | 150 |287 |38.543 2.674 | 1124 | 483 |24.252 |1.504 | 1908
39.1,2,3,5-tetrae-
thylbenzene 14 [10.55[13.522 |10.309 |64 | 148 291 |38.326 2.631 | 1140 | 479 |24.326 |1.517 | 1892
40.1,2.4,5-tetra-
ethylbenzene 14 [10.55 [13.522 |10.289 |64 | 148 [295 |38.186 2.592 | 1156 |475 |24.425 |1.530 | 1876
41. 1-methylna-
phthalene 11 |7.682 |10.754 | 9.233 |56 | 130|140 |27.850 1.993 | 646 |426 8.024 |0.626 | 1898
42. 2-methylna-
phthalene 11 |7.682 |10.720 | 9.446 |56 | 128|144 |27.633 1.932 | 664 |424 8.049 |0.629 | 1890
43. 1-ethylna-
phthaleng 12 |8.389 |11.830 | 9.615 |60 | 140|182 |31.533 1.987 | 816 518 |10.444 |0.662 | 2280
44. 2-ethylna-
phthalene 12 | 8389 [11.796 | 9.748 |60 | 138 | 190 |31.176 1.895 | 852 514 |10.489 |0.667 | 2264
45. 1,2-dimethyl-
naphthalene 12 |8.552 |11.575 |10.244 |62 | 146|178 |31.917 2.027 | 800 |516 |10.166 |0.664 | 2270
46. 1,3-dimethyl-
naphthalene 12 |8.552 | 11.542 |10.525 |62 |144 |179 |31.833 2.015| 804 |515 |10.175 |0.665 |2266
47. 1,4-dimethyl-
naphthalene 12 |8.552 |11.575 |10.288 |62 | 146|176 |32.000 2.055| 790 |516 |10.161 |0.664 |2270
48. 1,5-dimethyl-
naphthalene 12 |8.552 | 11.575 |10.308 |62 | 146|175 |32.050 2.066 | 786 |517 |10.150 |0.663 |2274
49. 1,6-dimethyl-
naphthalene 12 |8.552 | 11.542 |10.501 |62 | 144 |180 |31.783 2.003 | 808 |514 |10.186 |0.667 |2262
50. 1,7-dimethyl-
naphthalene 12 |8.552 |11.542 |10.501 |62 |144 181 |31.750 1.992 | 812 |515 |10.175 |0.665 | 2266
51. 2,3-dimethyl-
naphthalene 12 |8.552 |11.542 |10.461 |62 |144 182 |31.700 1.976 | 818 |514 ]10.191 |0.667 | 2262
52. 2,6-dimethyl-
naphthalene 12 |8.552 |11.508 |10.713 |62 | 142|185 |31.533 1.944 | 830 |511 10.225 ]0.671 | 2250
53. 2,7-dimethyl-
naphthalene 12 |8.552 |11.508 |10.713 |62 |142 186 |31.510 1.936 | 834 512 |10.211 |0.669 | 2254
54. 1-propylna-
phthalene 13 19.096 | 12.830 | 10.376 |64 | 148|236 |35.110 1.940 | 1036 | 622 | 13.111 |0.695 | 2712
55. 2-propylna-
phthalene 13 19.096 | 12.790 |10.545 |64 | 146 | 248 | 34.654 1.837 11090 |616 |13.173 |0.702 | 2688
56. 2-ethyl-3-
methylna};])hthalene 13 19.259 [ 12.618 |10.843 |66 | 154|232 |35.493 1.965 11020 | 616 |12.714 |0.701 | 2682
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57. 2-ethyl-6-me-

thylnaphthalene 13 19.259 [ 12.584 |11.051 |66 |152|238|35.219 1.915 [ 1044 | 610 |12.776 |0.708 | 2658
58. 2-ethyl-7-me-

thylnaphthalene 13 19.259 [12.584 | 11.051 |66 | 152|240 |35.177 1.902 | 1052 | 612 | 12.751 |0.706 | 2666
59. 1-butylna-

phthalene 14 19.803 | 13.830 | 11.083 |68 | 156 |303 |38.646 1.876 | 1310 | 739 | 15.957 |0.726 | 3198
60. 2-butylna-

phthalene 14 19.803 | 13.796 |11.252 |68 | 154|319 |38.117 1.772 | 1382 | 731 16.033 ] 0.734 | 3166

Although at first sight this rather specialized set includes molecules with only C and H atoms, this
option does not necessarily implies a lack of molecular variation within such particular choice. As a
matter of fact, the hydrocarbon set includes examples of planar, non-planar, alternant and non-alternant
aromatic hydrocarbons, alkyl- and alkenyl-substituted benzene derivatives, acyclic and polycyclic al-
kanes, strained and unstrained olefins and disparate structures combined with aromatics like benzene
and naphthalene, which do not require separate parametrizations for different types of C and H atoms.
This molecular set has been used in previous studies on QSPR theory [42-44].

Enthalpy (or heat) of formation is a fundamental thermodynamical key for predicting the com-
pound's thermochemical behavior. Thus, enthalpies of formation are important in the investigation of
bond energies, resonance energies, the nature of the chemical bond, the calculation of equilibrium con-
stants of reaction, etc. [45]. Therefore, it is not surprising that considerable endeavor has been directed
towards the determination of heats of formation in the past [46-51]. Although a wide variety of proce-
dures to calculate heats of formation theoretically have indeed been introduced, based on such different
concepts as isodesmic and homodesmic reactions, atom and group equivalents, transferability and ad-
ditivity of Fock matrix elements, etc. [52-60] the calculation through QSPR theory has not attracted so
much attention.

We have performed a complete analysis to find the best one-, two-, ..., five-variables fittings at first,
second and third polynomial orders. Statistical results are given in Table 2 for both molecular sets,
while in Table 3 we display some theoretical results together with the experimental data. We have in-
serted the best five-variables third-order correlations for both topological indices sets a) and b). Com-
plete results are available and can be obtained upon request to one of us (E.A.C.) at the above address.

Table 2. Statistical results for the best fitting equations.

Descriptors First order Second order Third order

Molecular set 1 R s F |R s F |R s F
J 0.77724 17.5335 89 |0.80464 16.8340 52 10.88161 13.4999 65
Oy, M1 0.97498 6.1944 548 [0.97904 5.8789 317 |0.98079 5.7355 223
Ox, lx, MI 0.98938 4.0506 865 [0.99807 1.8269 2279 [0.99817 1.8316 1511
N, lx, MI1, H 0.99210 3.4968 859 [0.99675 2.4147 975 10.99728 2.3017 716

NC,Ox,Ml,H,MTI 0.99637 2.3729 1479 |0.99849 1.6802 1618 [0.99941 1.1113 2470
Molecular set 2

J* 0.95134 8.5866 553 |0.98210 5.3400 774 10.98346 5.1812 550
'y, H* 0.97910 5.6678 660 |0.98620 4.7786 487 |0.98733 4.6685 341
M1, H*, J* 0.99409 3.0262 1564 |0.99652 2.4500 1263 |0.99710 2.3052 952
W, J, MTI, J* 0.99719 2.0868 2438 |0.99779 1.9920 1436 |0.99891 1.4588 1790

N, "y, M1, J, J* 0.99906 1.2103 5715 ]0.99937 1.0811 3914 |0.99959 0.9292 3534
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Table 3. Experimental and theoretical heats of formation (kcal/mol) for a set of 60
hydrocarbons. The numbering of molecules corresponds to the molecular
listing of Table 1.

Molecule AH:(exp) [45/ | AH’(theor)” | AH’ i (theor)”
1. -20.24 -20.27 -19.89
2. -24.82 -24.90 -25.25
3. -30.15 -29.43 -30.31
4. -32.15 -32.97 -32.28
5. -35.00 -34.48 -34.75
6. -36.92 -37.05 -37.49
7. -39.67 -39.31 -38.72
8. -39.96 -40.11 -38.86
9, -41.66 -41.93 -41.76
10. -41.02 -41.51 -42.63
11. -44.35 -43.44 -43.62
12. -42 .49 -43.76 -44.38
13. -44.88 -45.80 -42.77
14. -45.96 -46.38 -46.75
15. -49.27 -48.23 -48.17
16. -48.95 -49.64 -48.74
17. -50.82 -50.68 -50.48
18. -50.69 -50.45 -50.75
19. -53.71 -52.66 -52.41
20 -51.13 -51.22 -53.31
21. -52.44 -51.46 -53.22
22. -53.21 -52.19 -52.69
23, -52.61 -51.63 -52.30
24, 4.12 5.31 4.15
25. 4.54 5.79 4.64
26. 4.29 4.83 3.61
27. -0.46 -0.78 -0.40
28. -0.78 -1.56 -1.25
29. -2.29 -4.03 -2.30
30. -3.33 -4.83 2.76
31. -3.84 -4.83 2.73
32. -5.22 -6.46 481
33. -5.32 -7.63 -6.14
34, -10.02 -11.66 -11.32
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35. -16.25 -14.98 -16.55
36. -16.99 -16.52 -17.25
37. -17.86 -16.52 -17.17
38. -29.46 -28.32 -29.42
39. -29.36 -29.52 -29.32
40. -29.46 -30.76 -29.34
41. 27.93 30.08 27.71
42. 27.75 29.97 26.88
43. 23.10 22.41 23.74
44. 22.92 22.69 22.41
45. 19.97 20.38 20.34
46. 19.55 20.04 20.18
47. 19.72 19.59 20.62
48. 19.55 19.93 20.76
49. 19.72 19.70 19.99
50. 19.55 19.36 19.92
51. 19.97 20.49 19.68
52. 19.72 19.49 19.17
53. 19.72 19.16 19.12
54. 17.85 16.66 18.89
55. 17.65 17.78 17.22
56. 15.72 15.76 14.99
57. 14.65 14.23 14.15
58. 14.65 13.72 14.02
59. 12.68 11.73 13.53
60. 12.50 13.91 11.65
Average - 0.76 0.62
deviation

() Best five-variables fitting for molecular set a).
@ Best five-variables fitting for molecular set b).

129

Analysis of results from Tables 2 and 3 shows the better predictive power arising from the fitting
equations derived on the basis of set b) of topological descriptors than those corresponding to the set
a). The statistical parameters (Table 2) and the correlations between experimental data and theoretical
predictions (Table 3) makes clear the convenience of resorting to the use of the detour matrix instead
of the standard distance matrix in order to define the pertinent topological parameters. Besides, it

seems recommendable to employ higher-order polynomials to get a better degree of prediction. These

conclusions are in line with other previous ones in some studies on the usefulness of the application of

the detour matrix [25-27].
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In order to properly judge the value of the predictions is interesting to note the low average absolute
deviations (0.76 and 0.62 kcal/mol, respectively). It must be taken into account that usually the theo-
retical predictions give an average absolute deviation around 2 kcal/mol, which is the degree of uncer-
tainty in the experimental determinations. Furthermore, there is not any "pathological" prediction and
the maximum deviation for the results presented in Table 3 is 2.31 kcal/mol.

4. Conclusions

We have employed some usual topological indices to study the heat of formation of a set of hydro-
carbons comprising 60 structurally diverse molecules. In those cases were the definition demands the
employment of the distance matrix we have also defined similar indices on the base of the detour ma-
trix (i.e. maximum distance) in order to assess the relative merits of both distance definitions. Results
show that resorting to the detour matrix for defining the topological indices yields better correlations to
predict enthalpies of formation. These results agree with other similar ones to study other physical
chemistry properties, which seems to support the use of detour indices in structure-property modeling
[25-27, 61-63]. We conclude that the obtained results are good enough for the chosen set to validly in-
fer that the detour matrix A represents a convenient topological device to be employed in the
QSAR/QSPR analysis and it constitutes a valuable molecular descriptor which verily adds to the set of
topological matrices. In order to arrive to more significant and definite conclusions on this issue, we
deem it is necessary to extend the calculations to quite different molecular sets and other physical
chemistry properties and biological activities. Research along this line is being carried in our laborato-
ries and results will be presented elsewhere in the near future.

References

1. Balaban, A. T. Ed., Chemical Applications of Graph Theory, Academic Press, London, 1976.
2. King, R. B. Ed., Chemical Applications of Topology and Graph Theory, Studies
in Physical and Theoretical Chemistry 28, Elsevier, Amsterdam, 1983.
3. Balasubramanian, K. Chem. Rev. 1985, 85, 599.
4. Trinajstic, N. Mathematics and Computational Concepts in Chemistry, Ellis Horwood, Chichester,
1986.
5. King, R. B.; Rouvray, D. H. Eds., Graph Theory and Topology in Chemistry,
Studies in Physical and Theoretical Chemistry, Elsevier, Amsterdam, 1987.
6. Lacher, L. C. Ed., MATH/CHEM/COMP 1987, Studies in Physical and Theoretical Chemistry 54,
Elsevier, Amsterdam, 1988.
7. Rouvray, D. H. Ed., Computational Graph Theory, Nova Sci. Publ., New York, 1990.
8. Klein, D. J.; Randic, M. Eds., Mathematical Chemistry, VCH, Weinheim, 1990.
9. Graovac, A. Ed., MATH/CHEM/COMP 1988, Studies in Physical and Theoretical Chemistry 63,
Elsevier, Amsterdam, 1989.
10. Trinajstic, N. Chemical Graph Theory, CRC Press, Boca Raton, FL, 1992.
11. Balaban, A. T.; Motoc, I.; Bonchev, D.; Mekenyan, O. Top. Curr. Chem. 1983, 114, 21.
12. Randic, M. J. Math. Chem. 1992, 9, 97.



Int. J. Mol. Sci. 2001, 2 131

13

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.

26.
27.
28.

29.
30.
31.

32.
33.
34.
35.

36.
37.
38.

39.
40.
41.
42.
43.
44.
45.

46.

Katritzky, A. R.; Gordeeva, E. V. J. Chem. Inf. Comput. Sci. 1993, 33, 835.

Basak, S. C.; Magnuson, V. R.; Niemi, J. G.; Regal, R. R.; Vetih, G. D. Math. Modell. 1986, &,
300.

Randic, M. Croat. Chem. Acta 1993, 66, 289.

Randic, M.; Trinajstic, N. J. Mol. Struct. THEOCHEM 1993, 284, 209.

Ivanciuc, O.; Ivanciuc, T.; Diudea, M. V. SAR/OSAR Environm. Res. 1997, 7, 63.

Randic, M.; Kleiner, A. F.; DeAlba, L. M. J. Chem. Inf. Comput. Sci. 1994, 34, 277.

Harary, F. Graph Theory, Addison-Wesley, Reading, MA, 1969, p.203.

Buckely, F.; Harary, F. Distance in Graphs, Addison-Wesley, Reding, MA, 1990, pp. 213-214.
Ivanciuc, O.; Balaban, A. T. Commun. Math. Chem. (MATCH) 1994, 30,141.

Amic, D.; Trinajstic, N. Croat. Chem. Acta 1995, 68, 53.

Trinajstic, N.; Nikolic, S.; Lucic, B.; Amic, D.; Mihalic, Z. J. Chem. Inf. Comput. Sci. 1997, 37,
631.

Riicker, G.; Riicker, C. J. Chem. Inf. Comput. Sci. 1998, 38, 710.

Firpo, M.; Gavernet, L.; Castro, E. A.; Toropov, A. A. J. Mol. Struct . THEOCHEM, 2000, 501-
502, 419.

Castro, E. A.; Tueros, M.; Toropov, A. A. Comp. & Chem. 2000, 24, 571.

Tueros, M.; Castro, E. A.; Toropov, A. A. J. Mol. Model. (in press).

Wiener, H. J. Am. Chem. Soc. 1947, 69, 17; 1947, 69, 2336; J. Chem. Phys. 1947, 15, 766; J.
Phys. Chem. 1948, 52, 425; 1948, 52, 1082.

Plavsic, D; Nikolic, S.; Trinajstic, N.; Mihalic, Z. J. Math. Chem. 1993, 12, 235.

Schultz, H. P. J. Chem. Inf. Comput. Sci. 1989, 29, 237.

Mueller, W. R.; Szymanski, K.; Knop, J. V.; Trinajstic, N. J. Chem. Inf. Comput. Sci. 1990, 30,
169.

Randic, M. J. Am. Chem. Soc.1975, 97, 6609.

Balaban, A. T. Chem. Phys. 1982, 89, 399.

Balaban, A. T. J. Chem. Inf. Comput. Sci. 19885, 25, 334.

Kier, L. B.; Hall, H. Molecular Connectivity in Structure-Activity Analysis, Research Studies
Press, Ukm, Letchworth, Hertfordshire, 1986.

Gutman, I.; Trinajstic, N. Chem. Phys. Lett. 1972, 17, 535.

Gutman, I.; Ruscic, B.; Trinajstic, N.; Wilcox, Jr. C. F. J. Chem. Phys. 1975, 62, 3399.

Toropov, A. A.; Toropova, A. P.; Ismailov, T. T.; Bonchev, D. J. Mol. Struct. THEOCHEM 1998,
424, 237.

Dearden, J. C. Chem. Intell.Lab. Syst. 1994, 24, 77.

Basak, S. C.; Niemi, G. J.; Veith, G. D. J. Math. Chem. 1991, 7, 243.

Randic, M.; Trinajstic, N. New J. Chem. 1994, 18, 179.

Castro, E. A. Comput. Chem. 1997, 21, 305.

Mercader, A.; Castro, E. A.; Toropov, A. A. Chem. Phys. Lett. 2000, 330, 612.

Herndon, W. C. Chem. Phys.Lett. 1995, 234, 82.

Stull, D. R. et al, The Chemical Thermodynamics of Organic Compounds, Wiley, New

York, 1969.

Pedley, J. D. et al, Thermochemical Data of Organic Compounds, 2" ed., Chapman and Hall,



Int. J. Mol. Sci. 2001, 2 132

47.

48.

49.
50.
S1.

52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

1986.

Cox, J. D.; Pilcher, G. Thermochemistry of Organic and Organometallic Compounds, Academic
Press, London, 1970.

Pedley, J. D. et al, Computer Analysed Thermochemical Data: Organic and Organometallic
Compounds, University of Sussex, Sussex, 1977.

Wagman, D.D. et al, Chem. Ref. Data Suppl. 1982, No 222, 11.

Benson, S. W. Thermochemical Kinetics, ond, ed., Wiley, New York, 1987.

Lowry, T. H.; Richardson, K., S. Mechanism and Theory in Organic Chemistry, 31, ed., Harper &
Row, New York, 1987.

Habibollahzadeh, D. et al, J. Comput. Chem. 1995, 16, 654.

Ibrahim, M. B.; Schleyer, P. v. R. J. Comput. Chem. 19885, 6, 157.

Yala, Z. J. Molec. Struct. THEOCHEM 1990, 207, 217.

Castro, E. A. J. Molec. Struct. THEOCHEM 1994, 304, 93.

Castro, E. A. J. Molec. Struct. THEOCHEM 1995, 339, 239.

Dewar, J. M. S.; Storch, D. M. J. Am. Chem. Soc. 1985, 107, 3898.

Castro, E. A. J. Chem. Soc. Pak. 1995, 17, 156.

Vericat, C.; Castro, E. A. Commun. Math. Comp. Chem. MATCH 1996, 34, 167.

Vericat, C.; Castro, E. A. Egyp. J. Chem. 1998, 41, 109.

Lukovits, I. Croat. Chem. Acta 1995, 68, 873.

Lukovits, I. J. Chem. Inf- Comput. Sci. 1996, 36, 65.

Zhu, H. -Y.; Klein, D. J.; Lukovits, L. J. Chem. Inf. Comput. Sci. 1996, 36, 420.

© 2001 by MDPI (http://www.mdpi.org), Basel, Switzerland.



