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Chemical structures of organic compounds are characterized numerically by a variety of structural descriptors,
one of the earliest and most widely used being the Wiener ildederived from the interatomic distances

in a molecular graph. Extensive use of such structural descriptors or topological indices has been made in
drug design, screening of chemical databases, and similarity and diversity assessment. A new set of topological
indices is introduced representing a partitioning of the Wiener index based on counts of even and odd
molecular graph distances. These new indices are further generalized by weighting exponents which can be
optimized during the quantitative structuractivity/—property relationship (QSAR/QSPR) modeling process.
These novel topological indices are tested in QSPR models for the boiling temperature, molar heat capacity,
standard Gibbs energy of formation, vaporization enthalpy, refractive index, and density of alkanes. In many
cases, the even/odd distance indices proposed here give notably improved correlations.

INTRODUCTION graphs, representing organic compounds with heteroatoms
and multiple bond$2°-22 this research direction is stimu-
lated by the novel application of molecular graph descriptors

property relationships (QSPR) and quantitative strueture n er_ml?hrlty _a{‘\d Idlversny ass?ssmebr_]t, Itn Qa}t?gas?émlmng,
activity relationships (QSAR) into powerful and widely used andin the virtual screening of combinatorial iorartes.
models for the prediction of physical, chemical, and biologi- ~ The use of modern Tis in chemistry begins with the
cal propertied:5 During the past 20 years QSPR and QSAR Wiener indexW, which was applied for establishing cor-
techniques have gained wide acceptance in physical, organicrelations between molecular structure and physical properties
analytical, pharmacedutical, and medicinal chemistry, bio- Of alkanes>Hosoya extended the original definition to cyclic
chemistry, chemical engineering and technology, toxicology, compounds with the aid of the distance matrix and gave a
and environmental sciences. The success of the QSPR an@raph-theoretical formula for the Wiener index as “the half
QSAR approach can be explained by the possibility of sum of the off-diagonal elements of a distance matrix D
estimating the properties of new chemical compounds Whose element; is a number of bonds for the shortest path
without the need to synthesize and test them. The mainbetween atoms andj”.2® Together with the connectivity
hypothesis in the QSPR and QSAR approach is that all indices}?the Wiener index is the most frequently used graph
properties (physical, chemical, and biological) of a chemical descriptor in QSAR/QSPR models. Its success stimulated
substance are statistically related to its molecular structure.the research in the domain of descriptors based on graph
The chemical structure of organic compounds is representeddistances, novel molecular matricésand Wiener-like
in a numerical form by various theoretical descriptors; these indices? Elements of the distance matrix were used to define
descriptors are used in a statistical model for the computationdegree-distance VTl indices] such vectormatrix invari-
of the desired molecular property. An inspection of the ants can generate Tls with a low degeneracy. The idea to
published QSPR and QSAR models shows that molecularuse reciprocal distances in computing VTI indices was
graph descriptors and topological indices (TIs) are used with adopted in the definition of the reciprocal distance matrix
success in modeling various properties and demonstrates thaRD.2873! Another distance measure was defined as the
they are valuable descriptors of chemical structute. resistance distance matr§®;3? this metric is identical with
Comparative QSPR studies of existing graph descritdfs that induced by the distance matrix only for acyclic
clearly indicate that each property is best modeled by a compounds, while for cyclic compounds the resistance
specific descriptor or group of descriptors and that there is distance matrix offers the possibility of computing an index
enough room for novel descriptors, designed to improve the related but not identical to the Wiener index. Other recently
correlational abilities of present-day topological indices. defined distance-related matrices are the defgéfdetour-
Another direction of intense research is represented by thedistanceA—D,* distance-valencyDval,3* and complemen-
parametrization of vertex- and edge-weighted molecular tary distanceCD3® matrices. Graph distances were used to
define the Wiener polynomidf;3” which is the source of
*To Whpm correspondence should_pe_addr_essed. Phone: 001-409-740-ngyel topological indices used with success in several QSPR
L . Wi tamerr- & Jrall: vanciuc@netscape.net. models® For bipartite molecular graphs, in which vertices
*E-mail: balabana@tamug.tamu.edu. can be separated into starred and unstarred, the Wiener
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number can be separated into three components, representingarbon bonds; such molecular graphs are usually used to
the distance sums for the three types of pairs of vertices: depict alkanes and cycloalkanes. A grdpk= G(V,E) is an
starred-starred, unstarredunstarred, and starredin- ordered pair consisting of two sets, the vertex\set V(G)
starred®® Using this separation, it was demonstrated that the and the edge sé& = E(G). In a connected graph, the graph
degeneracy of the Wiener index is greater for odd values of distanced; between a pair of verticeg and v is equal to

N, the number of vertices from the molecular graph. The the length of the shortest path connecting the two vertices.
original formula of the Wiener indékwas extended to afford ~ The graph distance has the following propertids= 0 for

the computation of the hyper-Wiener inddA\V4%4'Because  all v € V(G); d;j > O for all vi = v, vi, v; €V(G); dij = di;i for
initially WW was defined only for acyclic graphs, an all v, y; € V(G); dik + dy = dj for all v;, v;, v € V(G). For
extension was proposed for cyclic graffhand a related  any molecular grapls, the elementD(G)]; of the distance
molecular matrix was defined. The HyWi graph operator ~ matrix D is equal to the topological distanch between
implements a hyper-Wiener type formula for any molecular verticesy; and .

matrix1>1323 its weighted graph extension was used to  All elements of the distance matr can be partitioned
describe the diversity and descriptor clustering for molecules into two classes, i.e., even and odd. The sum of even graph
selected from the National Cancer Institute AIDS data- distances in the molecular grapgh is defined with the
base!*4> Recent developments in the area of distance equation:
descriptors include Wiener-related sequerféésyector-

matrix multiplication descriptor$ matrix—vector—matrix

multiplication descriptoré? and novel graph metrié8:52 The Sumep.G) = 3 [D(G)]; 1)
mean Wiener index for alkanes was computed as an average =

property of isomeric series;>*this novel concept of mean
structural descrip_tors can be significant _in cha_racterizing upper triangle of the distance matiixandp is a constant
mixtures of organic compounds. The relatively high degen- 5+ atords an increased flexibility to this graph invariant.

eracy ofW due to the global summation of distances can be When used in QSAR/QSPR modejscan be optimized to
reduced by using information theory, as demonstrated by thegive better statistical indices. In a similar manner we define

highly discriminating topological indicet), V, X, and Y the sum of odd : .

: ; graph distances in the molecular giéph
defined on vertex distanc€s.>" Recently, the, V, X, and "o qjjecting together the remaining graph distances:

Y information indices were extended for any symmetric

dij even

where the summation goes over all even elements in the

molecular matrix derived from vertex- and edge-weighted d;odd

molecular graph&?>° giving the graph operator&J(M), Sumog,G) = Z[D(G)]i'q (2)
V(M), X(M), andY (M) that were applied with success in 5 .

QSPR equatiof8 and in modeling the retention indices of

alkylphenols in gasliquid chromatograph§* where the summation goes over all odd elements in the upper

. triangle of the distance matri® and q is a constant that
In this paper we propose and study a group of novel graphWeights the odd distances. |f = q = 1, the following

descriptors computed from the graph distances. While in d ! . ) .
Wiener-like indices all matrix elements are counted together, relationship exists between the Wiener infband the novel

the main idea is to separate the interatomic distances intoInOIICeS SumE and Sumo:

two groups, i.e., even and odd graph distances. The even/ W(G) = SUME(1() + SumO(1G) 3)

odd distances are subsequently summed to give two distinct

graph invariants that are combined into a series of new graph Both SumE and SumO are graph invariants that can be
descriptors that measure the molecular size and shape. Thesesed as structural descriptors in QSAR/QSPR equations.
novel descriptors are tested in a large number of QSPRHowever, these two indices can be used in the definition of
models, and it is demonstrated that such splitting of graph the ever-odd sum Wiener indeXVe:,

distances into even/odd counts is a fruitful one, offering

topological indices with a greater, enhanced correlational We1o(P.0,G) = SUMEP,G) + SumO(,G)  (4)
ower.
P the even-odd ratio Wiener indeX\Vg
EVEN/ODD DISTANCE COUNT STRUCTURAL SUMEp,G)
DESCRIPTORS W, (p,0,G) = ——— 5
Molecular graphs are nondirected chemical graphs that . . .
represent organic compounds, using different conventidhs. the odd-even ratio Wiener indeXoe
Usually, only non-hydrogen atoms are taken into account in Sumog,G)
molecular graphs. In the graph representation of molecules, W,,{(p,0,G) = ' (6)

their geometrical features such as bond lengths or bond SumEep,G)
angles are not taken into account, and the chemical bonding; 1 the everodd product Wiener indeXVso:
of atoms is regarded as being their most important charac-

teristic. In molecular graphs vertices correspond to atoms W,,(p,0,G) = SUmE,G) SumOg,G) (7)

and edges represent covalent bonds between atoms. In this

paper we consider only hydrogen-suppressed, simple (non- Although defined from the graph distances, all structural
weighted) molecular graphs, in which vertices correspond descriptors proposed here are new. To determine if they
to carbon atoms and edges correspond to single carbon represent interesting alternatives to the Wiener-like indices,
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in the next section we will investigate the correlational power Table 1. Structural Descriptors SD, Coefficients, and Statistical

of the SUmE, SUMONe+to, Weio, Wore, aNdWe, indices using
QSPR models developed for six alkane properties.

Indices for Linear Regression Equations with One Independent
Variable To Model the Boiling Temperature at Normal Presstre,
(°C), of 18 G Alkanes

GENERATION OF STRUCTUREPROPERTY MODELS sD d a r_ s F
Oy 2.77738x 107 —2.48825x 10  0.7381 4.27 19.2
Data. The QSPR models were developed for a data set 1, 2.53514 3.04936:10 0.8236 3.59 33.7
consisting of 134 alkanes between, @nd G, for the ix 1.440 98x 10> —9.562 56 0.8838 2.96 57.1
following six physical propertie® t,, boiling temperature 1.06170x 16 4.150 27 02925 6.05 15
. Y 1.205 09x 1> —7.568 55 0.8281 3.55 34.9
at normal pressuréC); C,, molar heat capacity at 300 K (3 wj(p) 7.80582x 10  5.12534x 10! 0.5407 5.32 6.6
K~ mol™1); AfG°30(g), standard Gibbs energy of formation Wi(RD) 2.08153x 102 —6.370 87 0.5747 5.18 7.9
in the gas phase at 300 K (kJ M8k AvaHs00 Vaporization ~ Wi(CD) 9.70011x 10 = 1.78151x 107 0.6236 4.94 10.2
Y U Wi(RCD) 1.297 82x 10> —1.496 55 0.6246 4.94 10.2

enthalpy at 300 K (kJ mol); np?>, refractive index at 25

°C; p, density at 25C (kg m3). The value of the refractive  w,(—1-15) 5.46623<10 3.63756< 10 0.9265 2.38 97.0
index of 2,2,3,3-tetramethylbutane is missing, while the Wo/:((—l,—l)) 5.83971x 10  3.00495¢ 10  0.9240 2.42 93.5
; ; 3mi Woe—1.5-1)  6.56215x 10  1.73309x 10  0.9202 2.48 88.4
reported density of this compound, 821.70 kg™mis (o 175" Saoe 5l 10 3oggoac 10 09179 251 856
seemingly too high when compared with the density of w,(-15-1) 157940x 107 ~1.21023x 1 0.9163 2.53 83.7
similar alkanes and it was not considered in the computation We—1,—1.5)  1.669 61x 102 —8.562 32x 10  0.9153 2.55 82.7
of the density QSPR models. As is known, there are 142 VWVe/o(*ing)O . %-gggig igz *i-%%%g: 18 8-312? gg; gé-;
constitutional isomers for these alkanes, but data for all six szi((_ls'_l: 5; 160953 17 —1.141 71x 10? 0.9123 2.59 79.4
properties are missing for the following eight of them: w,(-1.5-1.5) 6.41117 10 2.026 79% 10 0.9101 2.62 77.2
n-hexane,n-nonanen-decane, 2-methylnonane, 3-methyl- Woe(—1,-0.5) 6.53533< 10 216382« 10  0.9064 2.67 73.7
nonane, 4-methylnonane, 5-methylnonane, and 3-ethyl-2,4-Werd—2-1)  1.54125¢ 107 —1.63560x 10 0.9059 2.68 73.2
) . . Werf—1,—1) 1.61385x 10> —8.67840x 10  0.9034 2.71 71.0
dimethylhexane. This data base of alkane properties wWasw,(—2-0.5) 7.44228<10 7.862 41 0.9032 2.72 708
previously used to test a neural network QSPR model, usingWy{—2,—1) 7.11895x 10  1.03315< 10  0.9028 2.72 70.5

descriptors derived from the adjacency, distance, and recip-
rocal distance matrices. 6

Structural Descriptors. The main group of descriptors
is represented by the even/odd distance indices SpME( 18 octane isomers. A second test involved the whole
SumOg), We+o(p,d), Werdp,d), Wore(p,0), andWeo(p,q). The collection of molecules, and its intention was to determine
weighted sum indices Sumgij(and SumQdg) were computed if certain even/odd distance invariants are able to encode in
for eight distinct values of the parametgrandq, respec- an efficient way both the size and shape (branching)
tively, i.e. =2, —=1.5, =1, —=0.5, 0.5, 1, 1.5, and 2. The information; in this test only monoparametric correlations
combined descriptoi/eo(p,q), WeidP,d), Wore(p,0)), andWe- were computed. Finally, the third test involved biparametric
(p,q) were computed for all possible combinations of the QSPR models of the entire set of 134 alkanes, in which the
parameterp anddg. size descriptor considered whisand the second descriptor

For comparison purposes, we have also used in the QSPRyas one of the topological indices investigated in this paper.
models several widely employed graph descriptors: the To make a comparison with the correlational power of well-
number of carbon atony; five Kier and Hall connectivity  established topological indices, all QSPR tests will also be
indices %, Y, %, 3p 3'? four Wiener-like indices  performed with connectivity indices and Wiener-like descrip-
computed with the Wiener graph operaivii(M), defined tors. For each experiment we will report in the first part of
via the equation: each table the statistical results for the connectivity and
Wiener-like indices, with the descriptors in the same order;
in the second part of each table we will give the best 15
QSPR equations obtained with the even/odd distance de-
scriptors, ordered according to the decreasing value. of

2The QSPR models have the general fdgm= ag + a;SD.

N N

Wi(M,G) = ZZ[M ©lf ©)
i=1)=

whereM = M(G) is a symmetridN x N molecular matrix
of a molecular grapks with N vertices. The Wiener operator
Wi(M) is an extension of the Wiener index; whil% is Normal Boiling Temperature. In Table 1 we present the
computed from the distance matilix the Wiener operator  coefficients and statistical indices for the monoparametric
Wi (M) can be applied to any molecular matrix, derived either QSPR equations that model the boiling temperature of the
from the molecular graph or from the three-dimensional 18 octane isomers. The best QSPR model, with0.9265,
structure of a chemical compound. Four molecular matrices s = 2.38, andF = 97.0, is obtained with odd/even distance
are used in this study for the computation of Wiener-like sum indexW,—1,—1.5). Moreover, the best 15 even/odd
indices, namely, distancB, reciprocal distancdrD,?8 31 distance descriptors from Table 1 are eithEge or Wey,
complementary distang@D,® and reciprocal complementary indices, suggesting that they encode the molecular shape and
distanceRCD®® matrices. branching; these indices are particularly efficient in modeling
QSPR Model. Three types of QSAR equations were the octane boiling temperature, since the “traditional”
computed for each alkane property. First, to test the cor- topological indices (connectivity and Wiener-like indices)
relational ability of the structural descriptors as shape give inferior QSPR models, with the best results offered by
descriptors, when the molecular size remains constant, we?, with r = 0.8838,s = 2.96, andF = 57.1. Another
have computed all monoparametric QSPR models for the interesting observation regarding thé,. and We/, indices

RESULTS AND DISCUSSION
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Table 2. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with One Independent Variable To
Model the Boiling Temperature at Normal Pressuge;C), of 134 G_C,o Alkanes

SD & & r s F

N —7.89057x 10 2.38593x 10 0.9727 6.19 2314.7
O —7.764 51x 10 2.896 89« 10 0.9371 9.30 951.9
Y —6.604 31x 10 4,928 43x 10 0.9639 7.09 1730.0
% 6.771 96x 10 1.938 69x 10 0.5336 22.53 52.5
p 6.640 63x 10 3.303 55« 10 0.7329 18.12 153.2
Sy 1.358 89x 107 3.43571 0.0860 26.54 1.0
Wi(D) 5.618 43x 10 8.047 04x 107t 0.9200 10.44 727.2
Wi(RD) 4.360 55 7.253 82 0.9522 8.14 1281.9
Wi(CD) 7.809 71x 10 4,394 01x 10 0.8053 15.80 243.5
Wi(RCD) 8.710 01x 10 3.953 90 0.5518 22.22 57.8
Wi(RW) 9.196 92x 10 4.667 84x 10t 0.7358 18.04 155.8
SumOE2) —3.724 90x 10 1.905 38x 10 0.9804 5.25 3266.3
SumO¢1.5) —2.51512x 10 1.620 11x 10 0.9803 5.26 3253.0
SumOE1) —9.090 58 1.261 2% 10 0.9786 5.48 2986.0
SumO¢0.5) 9.123 17 8.827 66 0.9743 6.00 2473.1
Weto(—2,—0.5) 8.080 24 7.406 38 0.9679 6.70 1954.9
Weio(—1.5-0.5) 9.088 93 6.779 59 0.9656 6.93 1819.6
Wi o(—1,—0.5) 1.135 87« 10 5.927 36 0.9634 7.14 1707.2
Weio(—0.5-0.5) 1.57211x 10 4.843 67 0.9615 7.32 1614.8
Weto(—2,—1) —4.262 03 9.742 81 0.9614 7.33 1610.6
Weo(—1.5-1) —7.967 01x 107t 8.635 04 0.9563 7.79 1412.8
Weto(—0.5,0.5) 3.714 25 10 2.447 67 0.9560 7.82 1402.0
Weto(—2,—1.5) —1.324 15x 10 1.162 61x 10 0.9538 8.00 1331.4
We10(0.5,0.5) 4.120 9% 10 1.622 16 0.9537 8.01 1327.4
Weio(—1,—1) 4.360 48 7.253 82 0.9522 8.14 1281.9
We+o(—1,0.5) 3.855 7% 10 2.664 67 0.9506 8.27 1238.8

2The QSPR models have the general fagm ag + a1SD.

from Table 1 is the exclusive presence of negapivandq with the weighted sum of even and odd distandés,. The
parameters; therefore, larger graph distances have lowempresence of only negativg parameters in SumO and of
weights and, consequently, a small influence on the value almost only negative andqg parameters iWe, is again an
of the graph descriptors. We have to point that the largestindication that such a distance weighting is more appropriate
contributions to the numerical value of the Wiener indgx  in good structural descriptors; this can also be noticed by
arises from pairs of distant vertices; on the other hand, in comparing the statistical indices &¥i(D) and Wi(RD).
three recently introduced molecular matrices, namely, the However, the separation of even and odd distances in two
reciprocal distanc&®D,?¢-3! distance-valencyDval,?* and terms individually weighted gives a higher flexibility and
complementary distanc€D®® matrices, the value of the better correlational ability.
matrix elements corresponding to pairs of vertices decreases The biparametric QSPR equations for the boiling temper-
when the distance between the vertices increases. Our resultature of the entire set of 134 alkanes are presented in Table
from Table 1 obtained with thé/,e andWe, indices indicate 3. Since the descriptdd accounts for boiling temperature
that a good QSPR performance is obtained by structural variations with the molecular size, the second parameter
descriptors that give more weight to shorter graph distances,evidently reflects in some way the alkane shape and
a property that is consistent with the commonly accepted branching. Basically, we can expect that structural descriptors
theory that interactions are inversely proportional to the with good results for the 18 octane set should perform
distance between interacting bodies. similarly in this instance. Indeed, the best results are obtained
The boiling temperature QSPR models for the entire set by 2y, with r = 0.9841,s = 4.75, andF = 2013.2;%
of 134 alkanes, obtained with monoparametric equations, arerepresents the weighted contribution of propane-like sub-
presented in Table 2. In this large set of alkanes, betweengraphs and is a measure of molecular branching. The 15
Cs and Gy, both the size and shape (branching) effects are molecular shape indices ¥ and W, offer better QSPR
encountered. The connectivity and Wiener-like indices give models than the Wiener-like indices, with top results given
worse results thaN, because the experimental values of the by Wy(—1,—1), with r=0.9835, s= 4.83, and = 1939.3.
boiling temperature are clustered according\towith no Although in this testy gives slightly better results thalye
overlap between clusters; in this way, a simple size descrip-(—1,—1), we have to recall that QSPR equations are statistical
tion of the alkane can perform much better than more models, and a change in the set of molecules can reverse
elaborated structural descriptors. The second part of Tablethe situation. The important thing is the improvement in
2 gives the results for the novel even/odd distance descrip-QSPR quality when passing from Wiener-like indices to
tors; the weighted sum of odd distances Sumg)( with r even/odd distance descriptors. A second deduction that can
= 0.9804,s = 5.25, andF = 3266.3, is the best one, with be made regarding the even/odd distance descriptors is their
much better statistics thad. In fact, the top four positions  different structural content: while Sumi( SumoO(), We+o-
are occupied by the same index SurgD¢omputed with (p,9), and Weo(p,g) have a mixed information content
negative values for the parametgii.e.,q= —2, —1.5,—1, regarding both the molecular size and shape, theewdd
and—0.5, while the remaining QSPR equations are obtained ratio indicesWe/(p,qd), Wo(p,d) are mainly shape indices,
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Table 3. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with Two Independent Variables To

Model the Boiling Temperature at Normal Pressuge;C), of 134 G_C,o Alkanes

IVANCIUC ET AL.

SD & & & R S F
O —7.399 40x 10 3.407 21x 10 —1.31269x 10 0.9762 5.80 1329.4
Y —7.85166x 10 1.448 77x 10 2.047 59« 10 0.9800 5.32 1591.4
2y —8.17987x 10 2.712 05« 10 —7.27 719 0.9841 4.75 2013.2
o —7.07322x 10 2.097 21x 10 8.246 95 0.9827 4.95 1842.7
Sye —7.980 26x 10 2.458 52« 10 —5.369 99 0.9815 5.13 1717.3
Wi(D) —8.947 48x 10 2.58599x 10 —7.47941x 102 0.9730 6.17 1163.6
Wi(RD) —8.804 19x 10 2.665 52« 10 —8.833 26ex 10! 0.9729 6.19 1158.9
Wi(CD) —7.47083x 10 2.307 26x 10 2.14907x 102 0.9729 6.18 1160.5
Wi(RCD) —8.147 36x 10 2.478 44x 10 —4.448 11x 10 0.9739 6.07 1205.9
Wi(RW) —7.524 88x 10 2.32053x 10 2.286 50x 102 0.9730 6.18 1162.0
Wor—1,—1) —1.385 77x 1% 2.578 69x 10 2.402 07x 10 0.9835 4.83 1939.3
Wei—1,—1) —5.548 06x 10 2.538 27x 10 —6.464 49x 10 0.9831 4.90 1886.3
Weio(—0.5-1.5) —6.513 70x 10 2.728 00x 10 —4.297 41x 10 0.9831 4.90 1883.6
Woi(—1,—1.5) —1.489 06x 107 2.67297x 10 2.885 40x 10 0.9829 4.92 1871.6
Wore(—1.5~ 1) —1.260 00x 10? 2.496 56x 10 1.380 43x 10 0.9829 4,92 1867.1
Woi(—1,—0.5) —1.211 34x 10? 2.450 15x 10 1.666 14x 10 0.9829 4.92 1866.2
Wei —1,—1.5) —5.953 15x 10 2.62559« 10 —6.18503x 10 0.9829 4.93 1864.8
Woi(—0.5-1) —1.497 00x 1% 2.680 80x 10 3.925 56x 10 0.9828 4.93 1859.3
Weio(—0.5-1) —6.106 09x 10 2.61597x 10 —4.286 16x 10 0.9828 4.94 1855.7
Wei —0.5-2) —6.870 07x 10 2.800 00x 10 —4.191 65x 10 0.9826 4.96 1836.3
Wei—1.5—-1) —5.31848x 10 2.474 20x 10 —8.945 06x 10 0.9826 4.97 1830.5
Woy(—1.5~0.5) —1.123 65x 1% 2.39362x 10 9.804 06 0.9825 4.99 1818.2
Wore(—0.5-1.5) —1.631 89x 17 2.795 86x 10 4.836 26x 10 0.9824 5.00 1808.7
Wy —0.5-0.5) —1.297 50x 1% 2.53009x 10 2.707 67x 10 0.9823 5.00 1805.1
Wei —1,—0.5) —5.264 96x 10 2.429 82« 10 —6.523 02x 10 0.9822 5.02 1793.4

aThe QSPR models have the general fdpn+ ag + asN + @,SD, whereN is the number of carbon atoms.

as demonstrated by their good results both for octanes and;Table 4. Structural Descriptors SD, Coefficients, and Statistical

in combination withN, for the entire set of alkanes. A certain
preference for the sum of odd distances Sug)Ofas

Indices for Linear Regression Equations with One Independent
Variable To Model the Molar Heat Capacity at 300 @, (J K™%

noticed, but it remains to be demonstrated if this has a larger

mol), of 18 G Alkanes
S

)

a

r S F

significance or is limited only to boiling temperature.
Molar Heat Capacity. As one can see from the results %
reported in Table 4, no single index is able to model well %

1.832 99x 1(?
1.9134 8x 1(?
1.881 00x 107

8.389 27x 10°%
—6.909 35x 107t
2.296 04x 10t

0.0546 2.88 <0.1
0.0409 2.88<0.1
0.0466 2.88<0.1

the alkane molar heat capacity of the 18 octane isomers. Wes,, 1.899 30x 1 —6.059 70x 10-1 0.0937 2.87 0.1
do not claim that such a descriptor does not exist, but it is % 1.886 41x 1822 2.094 68x 1&; 0.0503 2.88 <0.1

i ical indi i thi Wi(D) 1.918 96x 107 —4.409 39x 1072 0.1021 2.87 0.2
not found in the set of topological indices tested in this paper. Wi(RD) 1831 164 102  3.854 14x 10-1 0.0763 287 0.1

The results presented in Table 5 show that for the entire setyy;(cp)

1.914 27x 1%

—2.770 23x 1072

0.2128 2.82 0.8

of 134 alkanes the number of carbon atolhgs the best Wi(RCD) 1.86272x 10> 2.38106x 101 0.2180 2.81 0.8
descriptor (withr = 0.9870,s = 4.10, andF = 4977.7) Wod0.5,1) 1053 12 10 —3.743 61 0.4100 263 32
followed by the sum of odd distances Sum@y) (withr = Wz/e(l,l 5) 19398% 107 —2.925 02 04042 264 3.1
0.9797,s=5.10, andF = 3160.6). Overall, the novel even/  w,(0.5,0.5) 1.959 4% 102 —6.490 41 0.3889 2.66 2.9
odd distance descriptors give better results than the con-Wee0.5,1.5) ~ 1.938 1% 10? —1.696 05 0.3930 265 29
nectivity and Wiener-like indices. We have to point out here WO/e(l'?Z) 11-233 gi 1822 :;-igé gé 8'2222 g-gg g-g
th_e identity of two descriptors that appear in Table 5, namely, WZL(lilﬁ 1.942 79« 1 —5.232 26 0.3819 266 27
Wi(RD) and Wero(—1,—1): both are the sum of the We(—2,05) 2.0220% 107 —5.44131x 101 0.3650 2.68 2.5

reciprocal values of all distances in the molecular graph. It werog—i-gygf) g-ggggi igzz —2-;8; g?x igi 8-22;2 g-gg gg
. - . . ~ Wero(—1,0. . —6. X . . .
is worth pointing out that only size and shape indices SumO Werf(—05.0.5) 2.102 40 1P —7.074 50x 102 0.3689 2.68 2.5
(@) and We+o(p,q) are present in Table 5, generally with  w,(1.515) =~ 1.9289x 1 —3.94061 0.3628 2.69 2.4
negative values for the parameterandg. The results from  SumO(0.5) 1.994 64 1822 —4.787 55x 1071 0.3514 2.70 2.3
Table 6, representing biparametric QSPR models for the 134 W =0.5.0.5) = 1.952 2% 10° —2.291 97 0.3538 2.70 2.3
Tep 9 oip Q Wo/(0.5,2) 1.923 46< 10> —6.661 27x 10! 0.3564 2.69 2.3

alkane molar heat capacity, show that the first places are
occupied byWeo(—2,0.5), withr = 0.9874,s = 4.05, and~

aThe QSPR models have the general faBp= ap + a.SD.

= 2545.2, andy, with r = 0.9873,s= 4.06, andF = 2539.8.
All these biparametric equations that contbimnd a graph

Standard Gibbs Energy of Formation. The alkane

descriptor offer only a marginal improvement over the standard Gibbs energy of formation is also a somewhat
monoparametric QSPR model wilth presented in Table 5.  difficult property to model only with the descriptors involved
Although the alkane molar heat capacity cannot be ade-in this study, as can be seen from the results from Table 7
quately modeled only with the investigated descriptors and obtained for the 18 octane isomers. The top results are
with such simple models, the even/odd distance descriptorsobtained with®, (r = 0.7951,s = 2.39, andF = 27.5) and

are comparable to the other conventional descriptors con-SumO¢2) (r = 0.7855,s= 2.44, and- = 25.8). A total of
sidered. three SumO descriptors are present in Table 7, all three with
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Table 5. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with One Independent Variable To
Model the Molar Heat Capacity at 300 I, (J K™* mol™?), of 134 G-Cyo Alkanes

SD & & r S F
N 3.689 19 2.316 1& 10 0.9870 4.10 4977.7
Oy 2.212 96 2.848 1k 10 0.9631 6.86 1691.9
by 2.202 03x 10 4.644 08x 10 0.9495 8.00 1208.2
% 1.337 92x 1(? 2.21196x 10 0.6364 19.66 89.9
o 1.558 40x 107 2.706 00x 10 0.6276 19.84 85.8
e 2.078 49ex 107 7.396 00 0.1936 25.00 51
Wi(D) 1.341 37x 107 7.877 90x 1071t 0.9415 8.59 1030.1
Wi(RD) 8.43197x 10 7.052 16 0.9677 6.43 1943.9
Wi(CD) 1.567 88x 107 4.21599% 10t 0.8077 15.03 247.7
Wi(RCD) 1.628 21x 1(? 3.990 02 0.5820 20.72 67.6
Wi(RW) 1.702 91x 107 4.459 82x 101! 0.7349 17.28 155.0
SumO2) 4.673 15x 10 1.821 54x 10 0.9797 5.10 3160.6
We+o(—0.5,-0. 5) 9.528 67x 10 4,712 06 0.9778 5.34 2869.6
SumO1.5) 5.921 88x 10 1.539 75x 10 0.9739 5.78 2433.7
We+4(0.5,0.5) 1.197 16¢ 107 1.584 12 0.9736 5.82 2399.5
Wero(—0.5-1) 9.049 72x 10 5.548 33 0.9726 5.93 2307.8
Weio(—1,—0.5) 9.200 72« 10 572171 0.9722 5.97 2275.2
We0(0.5-0.5) 1.132 90x 17 2.310 28 0.9708 6.11 2165.5
Weio(—0.5-1. 5) 8.787 12«x 10 6.102 20 0.9683 6.37 1981.1
Weto(—1.5-0. 5) 9.062 72« 10 6.502 24 0.9681 6.39 1969.4
Weto(—1,—1) 8.43197x 10 7.052 16 0.9677 6.43 1943.9
SumO1) 7.520 95x 10 1.192 57x 10 0.9672 6.47 1916.5
We+o(—2,—0.5) 9.027 57x 10 7.068 69 0.9656 6.63 1821.1
We+o(—0.5-2) 8.647 15x 10 6.441 70 0.9656 6.63 1818.4
We+o(—1.5-1) 8.026 45x 10 8.336 01 0.9651 6.68 1791.0
Weto(—2,—1) 7.77122x 10 9.351 70 0.9646 6.72 1767.8

aThe QSPR models have the general faBm= ay + a,SD.

Table 6. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with Two Independent Variables To
Model the Molar Heat Capacity at 300 I, (J K™ mol™?), of 134 G-Cio Alkanes

SD & Y & r S F
O 4,983 14 2.585 14 10 —3.458 17 0.9873 4.07 2523.1
Iy 3.770 76 2.1196% 10 4.292 18 0.9873 4.06 2539.8
% 3.226 20 2.368 2% 10 —1.164 66 0.9873 4.06 2533.2
o 3.155 38 2.334 9% 10 —5.386 10x 10t 0.9870 4.10 2479.0
e 3.53130 2.328 8& 10 —9.45358x 10t 0.9873 4.07 2528.5
Wi(D) 3.821 98 2.3135& 10 9.396 54x 104 0.9870 411 2470.0
Wi(RD) —-1.91531 2.487 6 10 —5.418 64x 10t 0.9871 4.10 2488.4
Wi(CD) 4.899 45 2.2934% 10 6.196 48x 102 0.9870 411 2474.6
Wi(RCD) 2.585 95 2.355 84 10 —1.91107x 10t 0.9872 4.07 2519.0
Wi(RW) 4.717 55 2.297 7k 10 6.42994x 1073 0.9870 411 2475.0
Weo(—2,0.5) —9.624 01 2.529 9& 10 —6.525 45x 102 0.9874 4.05 2545.2
We.o(—1.5,0. 5) —9.861 83 2.5322% 10 —4.312 74x 1072 0.9873 4.06 2533.7
Weo(—2,1) —7.624 33 2.4932% 10 —3.058 87x 1072 0.9873 4.06 2530.6
Weo(—2,—0. 5) —5.176 04 2.467 8% 10 —1.104 60x 10t 0.9873 4.07 2525.5
Weo(—2,—1) —3.804 35 2.448 26 10 —1.27372x 10t 0.9872 4.07 2518.4
Weo(—1.5,-0.5) —5.711 69 2.4751% 10 —7.550 09x 102 0.9872 4.07 2518.2
We.o(—1,0.5) —9.470 48 2.524 0& 10 —2.644 50x 102 0.9872 4.07 2518.0
Weo(—1.5,1) —6.797 66 2.479 3%k 10 —1.846 05x 102 0.9872 4.07 2517.1
Weo(—2,—1.5) —3.147 59 2.4396% 10 —1.436 65x 107t 0.9872 4.08 2514.8
Weo(—2,—2) —2.858 17 2.436 3% 10 —1.57419x 10! 0.9872 4.08 2513.0
Weo(—1.5-1) —4,172 46 2.452 9% 10 —8.580 59x 1072 0.9872 4.08 2511.1
Weo(—1,—0.5) —6.367 29 2.483 9% 10 —5.055 14x 102 0.9872 4.08 2508.9
Weo(—2,1.5) —-3.51074 2.426 4& 10 —1.012 23x 102 0.9872 4.08 2507.6
Weo(—1.5-1.5) —3.41255 2.442 4& 10 —9.552 46x 102 0.9872 4.08 2507.2
Weo(—1.5-2) —3.055 16 2.437 9& 10 —1.03564x 10t 0.9872 4.08 2505.0

2The QSPR models have the general faBy= ap + aiN + a,SD, whereN is the number of carbon atoms.

negative values for the parametgrsimilarly to the results The standard Gibbs energy of formation QSPR models
obtained for the boiling temperature (Table 2) and molar heat for the entire set of 134 alkanes, obtained with monopara-
capacity (Table 5), it seems that the sum of odd distancesmetric equations, are presented in Table 8. Although the size
has a greater structural relevance than the sum of evenparameteN (r = 0.8008,s = 8.85, andF = 236.0) has a
distances. Another group of even/odd distance descriptorsdominant role in this data set, the best results are obtained
relevant to the modeling of octaeG°3n0is represented by  with an even/odd index that incorporates both size and shape
severaWe.o(p,q), mainly with negativep andq parameters.  information, namelyWeo(—2,—1), withr = 0.8889,s=6.77,
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Table 7. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with One Independent Variable To
Model the Standard Gibbs Energy of Formation in the Gas Phase at 38@3aoi(g) (kJ mol?), of 18 G; Alkanes

SD ) a r s F
Oy —4.112 90x 10 8.878 27 0.4232 3.57 3.5
by 4.039 45x 10 —6.307 64 0.2738 3.79 1.3
% 1.497 79x 10 7.616 09x 107t 0.1131 3.91 0.2
3o 4.648 79 7.019 66 0.7951 2.39 275
3ye 1.621 67x 10 1.314 93 0.2312 3.83 0.9
Wi(D) 4.253 63x 10 —3.614 08x 10! 0.6128 3.11 9.6
Wi(RD) —4.432 24x 10 4.163 40 0.6036 3.14 9.2
Wi(CD) 2.669 85x 10 —9.917 20x 10°? 0.5579 3.27 7.2
WIi(RCD) 8.424 33 8.355 1%k 10! 0.5604 3.26 7.3
SumO¢2) —1.666 47x 10 2.354 08x 10 0.7855 2.44 25.8
SumO¢1.5) —9.931 06x 10 1.381 62« 10 0.7409 2.64 19.5
We+o(—2,—1) —5.236 30x 10 5.843 62 0.7067 2.78 16.0
Weto(—1.5-1) —4.817 05x 10 5.017 15 0.6712 2.92 13.1
Wt o(—1,—0.5) —5.796 48x 10 4.469 35 0.6697 2.92 13.0
Weto(—1.5-0.5) —4.83329x 10 435118 0.6682 2.93 12.9
Woto(—2,~1.5) —5.008 63x 10 6.242 39 0.6565 2.97 12.1
SumO¢1) —5.581 82x 10 7.646 95 0.6554 2.97 12.0
We+o(—2,—0.5) —4.282 34x 10 4.309 06 0.6509 2.99 11.8
We+0(0.5,0.5) 7.668 56< 10 —1.386 87 0.6165 3.10 9.8
Weio(—0.5-0.5) ~7.509 57x 10 4.703 76 0.6114 3.11 9.6
We+o(1,1) 4.253 63x 10 —3.614 08x 107! 0.6128 3.11 9.6
Wero(—1,—1) —4.432 24x 10 4.163 40 0.6036 3.14 9.2
We+0(1.5,1.5) 3.200 7k 10 —1.22167x 10! 0.6047 3.13 9.2
Wore(1.5-1) 8.557 21 5.268 4% 10 0.6002 3.15 9.0

2The QSPR models have the general fol®°300 = a9 + a;SD.

Table 8. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with One Independent Variable To
Model the Standard Gibbs Energy of Formation in the Gas Phase at 38@3Rs0d(g) (kJ mol?), of 134 G-C;o Alkanes

SD & & r S F
N —6.989 57x 10 1.089 60x 10 0.8008 8.85 236.0
O —7.864 97x 10 1.447 37x 10 0.8441 7.92 327.2
by —5.397 07x 10 2.009 79« 10 0.7087 10.43 133.2
%y —1.41051x 10 1.186 76x 10 0.5889 11.94 70.1
3o —1.546 62x 10 2.047 42< 10 0.8189 8.48 268.8
Sye 2.258 19x 10 6.81251 0.3076 14.06 13.8
Wi(D) —1.809 35 3.057 8& 101 0.6303 11.47 87.0
Wi(RD) —3.863 65x 10 3.675 69 0.8699 7.29 410.5
Wi(CD) 1.27493x 10 1.224 27x 107t 0.4045 13.51 25.8
Wi(RCD) —1.227 61x 10 3.176 57 0.7992 8.88 233.3
Wi(RW) 1.896 08x 10 1.070 45< 107t 0.3042 14.08 13.5
Weo(—2,—1) —9.405 48 1.085 67 0.8889 6.77 497.2
Weo(—2,—1.5) —1.074 61x 10 1.304 64 0.8887 6.78 495.7
Weo(—1.5-1) —8.982 79 7.143 8%107* 0.8865 6.84 484.7
Weo(—1.5-1. 5) —1.027 86x 10 8.578 98x 10! 0.8863 6.84 483.4
Weo(—2,—2) —1.151 27x 10 1.458 88 0.8839 6.91 471.3
Weo(—1.5-2) —1.099 25x 10 9.583 28x10°t 0.8813 6.98 459.1
Weo(—1,—1) —8.148 06 45509%10? 0.8788 7.05 447.7
Weo(—2,—0.5) —7.332 88 8.178 6% 10t 0.8785 7.06 446.3
Weo(—1,—1.5) —9.360pb05 5.458 08101 0.8784 7.06 445.7
We+o(—1.5,-1.5) —4.550 32x 10 5.150 22 0.8757 7.14 434.1
Weo(—1.5-0.5) —6.926 15 5.379 7k10? 0.8756 7.14 433.8
We+o(—2,—1.5) —4.786 58x 10 5.914 81 0.8749 7.16 430.6
Weo(—1,—2) —9.986 60 6.086 4%10! 0.8730 7.21 422.7
We+o(—1.5-1) —4.109 05x 10 4,365 80 0.8717 7.24 417.7
Wero(—1.5-2) —4.779 75x 10 5.649 46 0.8716 7.24 417.4

2The QSPR models have the general fol®°300 = a9 + aiSD.

and F = 497.2. In the group of the 15 best even/odd 0.9274,s = 5.55, andF = 402.6. A comparison with the
descriptors there are 1W,.o(p,q) indices and Meo(p,q) first part of Table 9, containing QSPR equations obtained
indices, all computed with negatiyeandq parameters; all  with the reference indices, shows again a superiority for the
15 even/odd descriptors give modestly better results than theeven/odd distance descriptors.

connectivity and Wiener-like indices. When used together  Vaporization Enthalpy. The size-independent QSPR
with N, the distance sum indicé&.(p,q) with positivep models for the vaporization enthalpy of the 18 octane isomers
and g parameters give the best QSPR models, as one carare presented in Table 10. From the best 15 even/odd distance
see from Table 9; the top index We+o(1.5,2), withr = descriptors, the first 11 are distance product indi¢és-
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Table 9. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with Two Independent Variables To
Model the Standard Gibbs Energy of Formation in the Gas Phase at 38@3aoi(g) (kJ mol?), of 134 G_Cy Alkanes

SD & & & r S F
O —7.965 70x 10 —9.400 44 2.608 7% 10 0.8550 7.69 178.1
I —7.022 72x 10 1.888 17x 10 —1.744 78x 10 0.8218 8.45 136.2
%y —6.907 49x 10 9.970 75 2.064 69 0.8045 8.81 120.1
3o —5.705 42x 10 6.359 92 1.295 69 10 0.8937 6.65 260.0
3ye —6.938 49x 10 1.048 27x 10 3.05791 0.8121 8.66 126.8
Wi(D) —1.713 03x 1% 3.009 14x 10 —7.176 24x 10t 0.9159 5.96 340.8
Wi(RD) 3.715 33x 10 —2.186 29x 10 1.034 99« 10 0.9186 5.86 353.9
Wi(CD) —1.13333x 172 1.903 76x 10 —2.22398x 10t 0.9073 6.24 305.0
Wi(RCD) —5.852 42x 10 6.799 58 1.969 79 0.8923 6.70 255.9
Wi(RW) —1.057 07x 1% 1.730 05x 10 —2.23914x 10t 0.9081 6.21 308.0
We+o(1.5,2) —1.287 62x 1% 2.108 71x 10 —1.276 21x 10t 0.9274 5.55 402.6
Weto(1,1.5) —1.458 47x 107 2.468 88x 10 —3.482 74x 101 0.9250 5.64 388.0
We+o(2,2) —1.269 62x 1% 2.066 37x 10 —9.127 61x 1072 0.9235 5.69 379.5
Weto(1,2) —1.241 20x 107 2.030 96x 10 —1.407 45x 10t 0.9223 5.73 373.2
Wet0(1.5,1.5) —1.429 40x 1% 2.39544x 10 —2.483 84x 10t 0.9221 5.74 372.2
Wero(—2,—1. 5) 4,743 68 —1.907 30x 10 1.51997x 10 0.9189 5.85 355.2
Weto(—1,—1) 3.715 39x 10 —2.186 31x 10 1.03499« 10 0.9186 5.86 353.9
We0(0.5,2) —1.198 60x 10? 1.95519x 10 —1.42982x 10t 0.9179 5.89 350.4
We10(0.5,1.5) —1.374 37x 1Q? 2.322 05x 10 —3.705 78x 107t 0.9162 5.94 342.5
Weio(—1.5~1.5) 6.734 34 —1.759 90x 10 1.259 15x 10 0.9160 5.95 341.3
We+o(1,1) —1.713 03x 1Q? 3.009 14x 10 —7.176 24x 107t 0.9159 5.96 340.8
Weio(—1.5-1) 2.287 95x 10 —1.945 69x 10 1.13907x 10 0.9151 5.98 337.2
Weto(—0.5,2) —1.158 54ex 1¢? 1.879 98ex 10 —1.419 35ex 10t 0.9147 6.00 335.4
We+io(—1,2) —1.150 66x 102 1.864 12x 10 —1.41356x 10t 0.9143 6.01 333.7
We+o(—1.5,2) —1.146 22x 107 1.854 75x 10 —1.409 34x 107t 0.9141 6.01 333.1

aThe QSPR models have the general fok® 300 = @ + aiN + a,SD, whereN is the number of carbon atoms.

Table 10. Structural Descriptors SD, Coefficients, and Statistical
Indices for Linear Regression Equations with One Independent
Variable To Model the Vaporization Enthalpy at 300 KapHsz00

Table 11. Structural Descriptors SD, Coefficients, and Statistical
Indices for Linear Regression Equations with One Independent
Variable To Model the Vaporization Enthalpy at 300 KyapH300

(kJ mol?), of 18 G Alkanes

(kJ mol), of 134 G-Cyo Alkanes

SD & & r S F SD =Y a r s F
oy 8.819 61x 10 —8.242 14 0.8977 0.76 66.4 N 4194 65 3.700 44 0.9303 1.58 8495
Ly 3.623 46 8.294 21 0.8225 0.98 335 % 6.229 51 4.247 59 0.8474 2.29 336.3
2y 4,056 21x 10 —2.108 22 0.7154 1.20 16.8 4.234 69 8.11228 0.9785 0.89 2968.0
S 3.700 68x 10 —1.731 35 0.4480 154 40 % 2.88548x 10  2.488 87 0.4225 3.92 28.7
3. 3.54567x 10 —1.774 36 0.7128 1.21 165 % 2.99932x 10  3.650 88 0.4995 3.74  43.9
Wi(D) 1.796 93x 10 2.28492« 10! 0.8851 0.80 57.9 ¢ 3.83953x 10 —2.95912x 107! 0.0457 432 0.3
Wi(RD) 7.303 18x 10 —2.642 20 0.8751 0.83 52.3  Wi(D) 2.39338x 10  1.36507x 107" 0.9625 1.17 1659.8
Wi(CD) 2.79858x 10  6.266 38« 102 0.8054 1.02 29.5  Wi(RD) 1.82633x 10 1.06308  0.8606 2.20 376.9
Wi(RCD) 3.857 19x 10 —4.384 90x 10! 0.6719 1.28 13.2 Wﬁﬁg)o) ggig Sgi ig Zgg% ﬁ igl g-gggg égg 5233
Weo(2,1) 294500¢ 10 1.156 78< 10-° 0.9087 072 75.8  Wi(RW) 2.91761x 10  8.730 40 1072 0.8487 2.28 339.9
WelSD 28134910 271973 I0T 0060 072 TST 11y psessacio 13650 100 09625 117 16593
eohss 2 ' : ' ' ' Weio(0.5,1)  2.3535% 10  1.788 04x 10! 0.9567 1.26 1427.0
w%g'%la S?ggfgi 18 %ggg 853; 184 8'8812;” 8'772 ggé Woro(L05)  2.33166< 10  1.780 26x 10-! 0.9553 1.28 1379.3
eol Ly : : o : : Woio(0.5,0.5) 22121610  2.63167x 10! 0.9542 1.29 1342.6
vaeo(i'cl)'s) 3'21‘; g& 18 éggg ﬁx 18:3 g-gggz 8'32 gg-g Weio(L15,1) 25283810  8.74043« 102 0.9497 1.35 1213.4
eo(1,1) - : x 1072 0. : : Weio(1.5,1.5) 2.59375 10  6.481 41x 1072 0.9489 1.36 1194.3
Weo(15,05) 2.690 04 10 5250 05¢ 102 0.8980 0.76 66.6 ' ((115) 255778 10 8647 76x 102 0.9465 1.39 1136.7
Weo(205) 28780210 2.12178<10°° 0.8954 0.7 64.7 (1 (&) 593020 10 5.108 66¢ 10-3 0.9378 150 963.7
We.o(1.5,2) 3.0278310 548190« 10°% 0.8916 0.78 620 (1505 25331710 101419 10! 09371 1.51 9517
Weo(0.505)  1.626 0410  3.880 20< 10 0.8891 0.79 604w, (-0.51) 24060610 224123« 10! 0.9364 1.52 940.6
We+o(2,2) 2.74720<10  2.96759< 102 0.8881 0.79 59.8 W, (-0.505) 2.18275 10 ~ 3.883 55« 10™% 0.9355 1.53 924.6
Weio(1.5,1.5) 24484210 7.84248< 10 0.8869 0.80 58.9  Ww,,(0.50.5) 2.8809% 10  9.518 25« 1073 0.9344 1.54 909.0
We+o(1,1) 1.79693< 10 2.28492< 107" 0.8851 0.80 57.9  W,,,(0.5,1.5) 2.5831% 10  1.00163x 10! 0.9332 1.55 889.6
We+4(0.5,0.5) —3.306 86 8.694 7k 1071 0.8830 0.81 56.6  W..(0.5,1) 2.94820< 10  5.25939% 1073 0.9322 1.56 875.0
Woio(1,-0.5) 2.34822x 10  2.190 25x 10°! 0.9316 1.57 867.2

aThe QSPR models have the general fakmHzo0 = @ + aSD.

(p,q), followed by 4Weio(p,q) indices, all computed with

aThe QSPR models have the general foagHz00 = a0 + @aSD.

positive p and q parameters. The best even/odd distance
index, Weo(2,1), withr = 0.9087,s = 0.72, andF = 75.8,
surpasses all connectivity and Wiener-like indices; from this
reference set of topological indices, only the first-order
connectivity index’ gives comparable results, with=
0.8977,s= 0.76, andF = 66.4. However, when modeling

the size and shape effects upon alkangHsqo, the second-
order connectivity inde&y gives the best results € 0.9785,
s = 0.89, and F= 2968.0), as one can see from Table 11.
The top even/odd distance index W¥.0(1,1), with r
0.9625,s = 1.17, andF = 1659.8; at a closer look one
discovers that this is the classical Wiener indg¥i(D).
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Table 12. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with Two Independent Variables To
Model the Vaporization Enthalpy at 300 K,aHz00 (kJ mol?), of 134 G_Cy Alkanes

SD & & & r S F

O 7.323 09 1.020 54 10 —8.361 04 0.9866 0.71 2398.8
by 4.354 04 —1.386 29x 10t 8.387 94 0.9785 0.89 1476.7
% 3.377 90 4.621 15 —2.054 51 0.9662 1.12 920.0
3o 2.97234 4,132 21 —1.233 30 0.9393 1.49 490.5
3ye 3.910 07 3.93075 —-1.703 79 0.9651 1.14 889.3
Wi(D) 2.087 19x 10 5.43594x 1071 1.18019x 10t 0.9633 1.16 844.5
WIi(RD) —1.61998x 10 9.941 51 —-1.97181 0.9755 0.95 1285.8
Wi(CD) 1.126 02x 10 2.376 12 3.617 56 102 0.9601 1.21 772.5
WIi(RCD) 2.305 69 4.380 92 —3.27209x 10! 0.9568 1.26 710.0
Wi(RW) 1.002 72x 10 2.657 35 3.646 8% 102 0.9604 1.21 778.8
Weto(—1.5-2) —9.476 50 9.275 80 —2.718 83 0.9796 0.87 1560.1
SumEE2) —2.63254 5.789 27 —4.132 28 0.9791 0.88 1518.4
Weto(—2,—2) —8.786 35 9.627 58 —3.369 05 0.9788 0.89 1494.7
Wero(—1,—1.5) —1.301 68x 10 9.442 03 —2.077 66 0.9777 0.91 1417.0
Weio(—1.5-1.5) —1.092 61x 10 9.32312 —2.484 57 0.9775 0.91 1409.3
Weo(—2,—2) —1.178 55x 10 6.636 02 —3.84213x 10t 0.9772 0.92 1384.9
SumEE1.5) —4.222 94 6.072 73 —2.977 12 0.9767 0.93 1358.7
Weo(—2,—1.5) —1.206 28x 10 6.637 58 —3.416 26x 10t 0.9767 0.93 1354.3
Weto(—1,—2) —1.102 10x 10 9.071 85 —2.105 54 0.9765 0.93 1347.4
Woi(—2,—2) —1.33252x 10 4.296 69 3.789 75 0.9762 0.94 1327.8
We+o(—1,—1) —1.61999x 10 9.941 55 —1.97182 0.9755 0.95 1285.8
Weo(—2,—1) —1.265 26x 10 6.671 86 —2.86363x 10t 0.9751 0.96 1264.7
Weo(—1.5-2) —1.354 94x 10 6.907 25 —2.72472x 107t 0.9748 0.97 1249.6
Weo(—1.5-1.5) —1.388 25x 10 6.917 55 —2.43153x 10t 0.9745 0.97 1236.9
Wor—2,—1.5) —1.151 71x 10 4.137 64 3.366 28 0.9743 0.98 1224.0

aThe QSPR models have the general fafgHso = a + aiN + aSD, whereN is the number of carbon atoms.

Table 13. Structural Descriptors SD, Coefficients, and Statistical
Indices for Linear Regression Equations with One Independent
Variable To Model the Refractive Index at 2&, np?, of 17 G

Table 14. Structural Descriptors SD, Coefficients, and Statistical
Indices for Linear Regression Equations with One Independent
Variable To Model the Refractive Index at 2&, np?5, of 133

Alkanes Cs-Cy0 Alkanes
SD F2) a r s F SD F2) a r S F
Oy 1.34299 8.2755K 1032 0.2507 0.0051 1.0 N 1.30795 1.103 66 102 0.8751 0.0066 428.3
b 1.39639 2.614 4& 10* 0.0070 0.0053 <0.1 O 1.302 02 1.427 4% 102 0.9010 0.0059 564.8
2y 1.406 14 —2.836 73x 103 0.2627 0.0051 1.1 Iy 1.32023 2.126 64 102 0.8028 0.0082 237.4
3o 1.37656 1.160 9% 102 0.9758 0.0012 298.8 2 1.36781 1.116 0% 102 0.5974 0.0110 72.7
Sye 1.398 15—-9.920 08x 10 0.1074 0.0053 0.2 o 1.36384 2.0438% 102 0.8859 0.0064 477.6
Wi(D) 1.431 27 —4.829 42x 1074 0.5619 0.0044 6.9 3ye 1.40311 5.656 9% 10°° 0.2719 0.0132 10.5
Wi(RD) 1.31584 5.5238% 103 0.5205 0.0045 5.6 Wi(D) 1.37508 3.2725% 10* 0.7246 0.0094 144.8
Wi(CD) 1.407 17 -1.021 59x 10 0.3906 0.0049 2.7 Wi(RD) 1.341 97 3.597 5% 103 0.9205 0.0053 727.5
Wi(RCD) 1.39086 6.269 0% 104 0.2470 0.0051 1.0 Wi(CD) 1.387 27 1.5534% 10* 0.5496 0.0114 56.7
Wi(RCD) 1.37462 2.604 7k 103 0.7068 0.0097 130.8
SumO¢2) 1.08297 4.0265% 102 0.9623 0.0014 187.6 Wi(RW) 1.39366 1.5056X 10* 0.4578 0.0122 34.7
SumO¢1.5) 1.19207 2.43499 102 0.9386 0.0018 111.1
SumO¢1) 1.26260 1.4109% 102 0.8767 0.0026 49.8 Weto(—2,—1) 1.33752 4.8442% 102 0.9322 0.0050 869.4
Weio(—2,—0.5) 1.27941 8.48228 1072 0.8339 0.0029 34.2 Wero(—2,—1.5) 1.33263 5.81358 10°° 0.9303 0.0050 842.6
Wero(—1.5-0.5) 1.27027 8.4557% 102 0.8199 0.0030 30.8 Wero(—1.5-1) 1.33911 4.30206 103 0.9291 0.0051 827.1
Weto(—2,—1) 1.27259 1.05056 1072 0.7974 0.0032 26.2 Weo(—1.5-1.5) 1.33544 5.028 6@ 10° 0.9249 0.0052 775.7
Weio(—1,-0.5) 1.26172 8.0808% 10 0.7548 0.0035 19.9 SumO¢1.5) 1.32928 7.842 74 10°° 0.9243 0.0052 768.0
Wore(—1,—1) 1.37126 9.418 36 1072 0.7393 0.0036 18.1 Weto(—2,—2) 1.329 83 6.463 34 10° 0.9228 0.0053 751.3
Woe(0.5-1.5) 1.35998 9.118 7% 1072 0.7377 0.0036 17.9 SumO¢1) 1.337 07 6.104 9% 103 0.9227 0.0053 750.4
Wor(0.5-1) 1.36314 7.364 0% 1072 0.7364 0.0036 17.8 Weto(—1,—1) 1.341 97 3.5975% 102 0.9205 0.0053 727.5
Woi(1,—1.5) 1.37002 1.1186% 101 0.7327 0.0036 17.4 Weo(—1.5-0.5) 1.34525 3.314 2% 103 0.9202 0.0054 724.2
SumO¢0.5) 1.31558 7.062 2% 102 0.7323 0.0036 17.3 Weio(—2,—0.5) 1.34496 3.609 04 10% 0.9195 0.0054 716.3
Wore(1,—0.5) 1.37307 7.2248% 1072 0.7242 0.0037 16.5 Wero(—1.5-2) 1.33352 5.492 8% 103 0.9168 0.0055 690.2
Woi(0.5-2) 1.35800 1.0372& 10! 0.7227 0.0037 16.4 Weio(—1,—0.5) 1.34643 2.8939@ 10% 0.9167 0.0055 689.7
Wor(1,—2) 1.36922 1.244 1% 107! 0.7181 0.0037 16.0 SumO¢2) 1.324 13 9.146 9% 10°% 0.9164 0.0055 686.4
Weio(—1,—1.5) 1.33969 4.074 2% 10°° 0.9139 0.0056 664.3
2The QSPR models have the general famd® = ap + a;SD. Weo(—2,—1) 1.37178 1.0302& 10° 0.9132 0.0056 657.9

L a2The QSPR models have the general famsd® = a; + a;,SD.
Therefore, for the alkane vaporization enthalpy of the whole Q g =20t &

set of 134 moleculesWi(D) is superior to all even/odd

distance descriptors investigated in this paper; this is not of 134 alkanes. The best equation is obtained Witir =
surprising, since we cannot expect that a group of structurally 0.9866,s = 0.71, and- = 2398.8), while the second place
related indices will give the best QSAR in all instances. A is occupied byWeo(—1.5—-2), withr = 0.9796,s = 0.87,
similar situation is detected in Table 12, where we present andF = 1560.1. The next descriptor is SumE); we have
the biparametrid\,aHz00 QSPR equations for the entire set  to mention that from the whole set of 12 QSPR experiments
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Table 15. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with Two Independent Variables To
Model the Refractive Index at 25, np?5, of 133 G_Cyo Alkanes

SD ) & & r S F
O 1.301 77 —3.034 41x 1073 1.801 51x 1072 0.9022 0.0059 284.3
Y 1.308 06 1.558 56« 102 —1.00051x 102 0.8822 0.0065 228.2
% 1.308 01 1.097 94 1072 1.236 32x 104 0.8751 0.0067 212.6
3o 1.320 96 6.551 6« 1073 1.268 88x 102 0.9705 0.0033 1051.8
3ye 1.308 33 1.084 2% 1072 1.31398x 1073 0.8772 0.0066 217.0
Wi(D) 1.230 50 2.575 4% 1072 —5.52542x 104 0.9490 0.0043 588.6
Wi(RD) 1.381 61 —1.138 84x 1072 7.067 58x 1073 0.9352 0.0049 453.0
Wi(CD) 1.282 01 1.593 8% 102 —1.35140x 104 0.9183 0.0054 349.6
WIi(RCD) 1.314 08 8.956 4% 1073 9.770 47x 1074 0.8994 0.0060 275.1
Wi(RW) 1.286 78 1.4858% 102 —1.35163x 104 0.9181 0.0054 348.6
SumOE2) 1.386 86 —3.36957x 1072 3.564 04x 1072 0.9663 0.0035 917.2
SumO¢1.5) 1.376 79 —1.978 96x 1072 2.099 60x 102 0.9559 0.0040 689.1
Weto(—2,—1) 1.379 67 —1.320 02x 102 1.018 00x 1072 0.9541 0.0041 659.8
Weto(1.5,1. 5) 1.253 68 2.078 28 10°2 —1.864 32x 104 0.9497 0.0043 597.7
Weto(1,1) 1.230 50 2.5754% 102 —5.52542x 10 0.9490 0.0043 588.6
Wero(—2,—1.5) 1.365 64 —1.18919x 1072 1.159 00x 1072 0.9488 0.0043 586.3
We+o(2,2) 1.266 23 1.82133% 102 —6.752 21x 1075 0.9487 0.0043 585.0
Weio(—1.5—1) 1.380 36 —1.248 91x 102 8.801 75x 1073 0.9485 0.0044 582.3
We+0(1.5,2) 1.266 78 1.8193Q 102 —9.009 90x 10°° 0.9449 0.0045 541.2
Weo(1.5,1) 1.251 27 2.14528 102 —2.638 80x 104 0.9439 0.0045 530.8
We+0(2,1.5) 1.264 83 1.858 63 1072 —9.540 16x 1075 0.9437 0.0045 529.2
Weo(1,1.5) 1.255 32 2.062 74 102 —2.43160x 104 0.9420 0.0046 512.0
We+0(1,0.5) 1.227 29 2.684 3% 1072 —7.719 35x 104 0.9403 0.0047 496.6
We14(0.5,0. 5) 1.179 87 3.727 36 102 —1.848 78x 103 0.9402 0.0047 495.5
Weo(1,2) 1.267 61 1.69032 102 —1.33810x 10°¢ 0.9398 0.0047 491.9

aThe QSPR models have the general farg®® = a; + aiN + a,SD, whereN is the number of carbon atoms.

Table 16. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with One Independent Variable To
Model the Alkane Density at 25C, p (kg m™2), of 17 G Alkanes

SD @ a r s F
o 5.707 55x 102 2.044 94x 10 0.2820 11.18 1.3
Iy 7.112 88x 10 ~1.694 52 0.0206 11.65 <0.1
% 7.226 05x 10 —5.655 71 0.2384 11.32 0.9
S 6.592 91x 10 2.556 47x 10 0.9780 2.43 329.6
S 7.064 18x 10 ~1.67459 0.0825 11.61 0.1
Wi(D) 7.841 20x 10 ~1.12548 0.5960 9.36 8.3
Wi(RD) 5.153 72x 102 1.285 62x 10 0.5514 9.72 6.6
Wi(CD) 7.288 89x 10 —2.478 00x 101 0.4313 10.51 3.4
Wi(RCD) 6.886 42x 10 1.586 93 0.2845 11.17 1.3
SUmMO(-2) 1.165 53x 10 8.881 43« 10 0.9660 3.01 209.5
SumO(-1.5) 2.539 85« 10 5.350 63x 10 0.9388 4.01 111.3
SumO¢-1) 4.108 88x 10 3.080 58x 10 0.8712 5.72 47.2
Weo(—2,~0.5) 4.449 67x 107 1.870 74x 10 0.8371 6.37 35.1
Wero(—1.5-0.5) 4.223 94x 107 1.880 98x 10 0.8301 6.50 33.2
Wero(—2,—1) 4.247 05x 10 2.360 87x 10 0.8156 6.74 29.8
Weo(—1,—0.5) 3.993 10x 10 1.821 77x 10 0.7745 7.37 225
Woi(1,—1) 6.471 54x 10 2.091 08x 10 0.7471 7.74 18.9
Woi(1,—1.5) 6.442 74< 10 2.488 64x 10 0.7418 7.81 18.4
Woe(0.5~1.5) 6.231 11x 10 2.000 02x 10 0.7364 7.88 17.8
Woi(0.5-1) 6.301 51x 10 1.612 72x 10 0.7340 7.91 17.5
Wi 1,-0.5) 6.513 41x 10 1.598 71x 10 0.7293 7.97 17.0
Woi(1,—2) 6.424 22x 10° 2.77113x 10 0.7280 7.99 16.9
Woid1.5,-1) 6.624 12x 10 2.660 28x 10 0.7254 8.02 16.7
Woie(0.5-2) 6.187 60x 102 2.27556x 107 0.7216 8.07 16.3

aThe QSPR models have the general fgsns ag + a;SD.

made for the 6 alkane properties, this is the single case whert‘classical” indices perform badly, with the notable exception

the sum of even distances Sum)e@ives better results than  of 3y, with r = 0.9758,s = 0.0012, and= = 298.8. The

the sum of even distances SungD(Additional tests are  connectivity indexy, represents the weighted contribution

needed, including more diverse organic compounds, toof butane-like subgraphs and is a measure of molecular

determine if this results has a broader significance. branching combined with some size contribution, due to the
Refractive Index. The first experiment for the alkane summation of the contributions of all linear subgraphs with

refractive index QSPR was made for 17 from the 18 octane four carbon atoms. The second best index is the sum of even

isomers (the experimental value for 2,2,3,3-tetramethylbutanedistances SumG{2), with r = 0.9623,s = 0.0014, and~

is missing); the results from Table 13 indicate that the = 187.6. In fact, all four Sum@j indices with negative
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Table 17. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with One Independent Variable To

Model the Alkane Density at 25C, p (kg m™3), of 133 G-Cjo Alkanes

IVANCIUC ET AL.

SD ) & r S F

N 5.360 27x 1(? 2.08349x 10 0.8545 13.75 354.4
O 5.245 26x 107 2.698 82x 10 0.8810 12.52 454.2

b 5.583 54x 1(? 4.035 40x 10 0.7879 16.30 214.4
%y 6.519 08x 107 2.029 18x 10 0.5618 21.90 60.4

o 6.369 93x 1(? 4.064 16x 10 0.9110 10.91 639.6
Sye 7.164 14x 107 9.974 80 0.2479 25.64 8.6
Wi(D) 6.640 45x 1(? 6.054 36x 10! 0.6933 19.07 121.3

Wi(RD) 5.994 59x 107 6.834 62 0.9045 11.29 589.2
Wi(CD) 6.872 48x 1(? 2.82763x 101 0.5174 22.65 47.9

Wi(RCD) 6.604 84x 107 5.023 25 0.7050 18.77 129.5
Wi(RW) 6.992 83x 1(? 2.70179x 101t 0.4249 23.96 28.9

Weto(—2,—1) 5.905 44x 1% 9.234 22 0.9191 10.43 712.6
Weto(—2,—1.5) 5.814 24x 1(? 1.106 59x 10 0.9158 10.63 681.5
Weio(—1.5-1) 5.937 26x 1% 8.190 49 0.9149 10.69 672.7
SumO(1.5) 5.747 37x 1(? 1.495 89x 10 0.9118 10.87 645.7
SumOE1) 5.893 97x 1(? 1.166 07x 10 0.9115 10.89 643.4
Weio(—1.5-1.5) 5.869 53x 1(? 9.559 54 0.9094 11.01 626.4
Weio(—2,—2) 5.763 75x 1(? 1.227 91x 10 0.9067 11.16 605.4
Weio(—2,—0.5) 6.047 45¢< 107 6.878 20 0.9063 11.19 602.4
Wero(—1.5-0.5) 6.054 06x 107 6.310 40 0.9062 11.19 601.7
Weto(—1,—1) 5.994 59x 1% 6.834 62 0.9045 11.29 589.2
SumOE2) 5.653 04x 1(? 1.740 50x 10 0.9018 11.44 570.7
Weio(—1,—0.5) 6.078 72 107 5.500 39 0.9012 11.47 566.2
Weio(—1.5-,2) 5.83561x 10? 1.042 33x 10 0.8998 11.55 556.9
Weo(—2,—1) 6.560 99x 1% 1.956 69 0.8970 11.70 539.5
Weto(—1,—1.5) 5.953 20x 1¢? 7.728 07 0.8966 11.72 537.0

aThe QSPR models have the general fgsnF ag + a;SD.

Table 18. Structural Descriptors SD, Coefficients, and Statistical Indices for Linear Regression Equations with Two Independent Variables To

Model the Alkane Density at 25C, p (kg m™3), of 133 G-Cyo Alkanes

SD & & S r S F
O 5.239 87x 1(? —6.554 18 3.506 7& 10 0.8825 12.50 228.9
by 5.362 11x 1¢? 2.83585x 10 —1.654 54x 10 0.8598 13.57 184.3
%y 5.354 25x 1(? 2.138 80x 10 —1.207 54 0.8548 13.79 176.4
o 5.641 98x 17 1.112 04x 10 2.748 72x 10 0.9752 5.88 1262.5
e 5.365 27x 1(? 2.058 01x 10 1.73154 0.8555 13.76 177.4
Wi(D) 3.705 13x 1(? 5.228 59x 10 —1.180 69 0.9459 8.62 552.3
Wi(RD) 6.884 74x 107 —2.557 88x 10 1.462 83x 10 0.9245 10.13 382.3
Wi(CD) 4.81089x 17 3.12172x 10 —2.86178x 10t 0.9072 11.18 302.2
Wi(RCD) 5.486 73x 1(? 1.654 15x 10 2.017 13 0.8827 12.48 229.4
Wi(RW) 4912 26x 107 2.892 28x 10 —2.860 08x 10t 0.9069 11.20 301.0
SumO2) 7.079 34x 17 —7.662 01x 10 7.764 81x 10 0.9713 6.32 1084.4
SumO¢1.5) 6.866 76x 107 —4.662 92x 10 4,595 11x 10 0.9590 7.53 744.9
Weio(—2,—1) 6.880 17x 17 —3.052 88x 10 2.157 44x 10 0.9507 8.24 610.2
We+0(1.5,1.5) 4,199 64 1(? 4,167 92x 10 —3.987 02x 107! 0.9469 8.54 563.9
We+o(2,2) 4.466 55« 107 3.620 88x 10 —1.446 33x 10t 0.9459 8.62 552.9
We+o(1,1) 3.705 13« 1¢? 5.228 59x 10 —1.180 69 0.9459 8.62 552.3
Weto(—1.5-1) 6.879 86x 107 —2.85343x 10 1.847 11x 10 0.9422 8.90 513.9
Weto(—2,—1.5) 6.564 62x 107 —2.703 31x 10 2.41971x 10 0.9417 8.94 509.2
We+o(1.5,1) 4,134 3% 1% 4.336 15x 10 —5.706 77x 10t 0.9416 8.95 508.3
Wero(2,1.5) 4,427 60< 107 3.716 43x 10 —2.063 30x 10t 0.9414 8.96 506.5
We+o(1.5,2) 4.486 96< 1% 3.601 46x 10 —1.91099x 10? 0.9396 9.09 490.1
Weo(1,0.5) 3.609 41x 17 5.514 67x 10 —1.67557 0.9378 9.23 474.0
We+o(1,1.5) 4.247 04< 1% 4,111 99x 10 —5.142 65x 10t 0.9357 9.37 457.3
We0(0.5,0.5) 2.614 95 17 7.707 13x 10 —3.962 60 0.9356 9.38 456.7
SumO¢1) 6.716 20x 1¢? —2.661 14x 10 2.536 29« 10 0.9352 9.41 4535

aThe QSPR models have the general fgsns ap + asN + a,SD, whereN is the number of carbon atoms.

values for the parameterare present in Table 13, showing namely, SumOf1.5), SumO{1), and SumOf2). The first
that better correlations are obtained if longer graph distancesposition is occupied bWeo(—2,—1), withr = 0.9322,s=
have a lower weight. The second QSPR experimenhfér 0.0050, andF = 869.4, while from the reference set of
was performed for the whole group of 133 alkanes (Tables indices, onlyWi(RD) has comparable statistical indices (
14 and 15). Overall, the distance sum indiwés(p,q) with = 0.9205,5=0.0053, and~ = 727.5). In the second QSPR
negativep and g parameters give the best QSPR models; experiment for the alkane refractive index, the combination
three SumO indices are present in the top 15 QSPR modelspetweerN and?y, gives the best results, with= 0.9705,s
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= 0.0033, and= = 1051.8, while the weighted sum of odd
distances SumG{2) comes in second place, with =
0.9663,s = 0.0035, and= = 917.2. Although not as good
as the connectivity inde¥,, the even/odd distance descrip-
tors are highly relevant for the modeling of the alkane
refractive index.

Density. In Table 16 we present the density QSPR
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properties: normal boiling temperature, molar heat capacity,
standard Gibbs energy of formation, vaporization enthalpy,
refractive index, and density. To estimate the QSPR value
of the novel indices, we have computed similar structure
property models for 5 connectivity and 4 Wiener-like indices.
This comparative study clearly demonstrates that the
concept of splitting the graph distances into even/odd

monoparametric models obtained for 17 octane isomerscategories is often successful, giving structural descriptors
(2,2,3,3-tetramethylbutane was not considered in correla-with notably improved correlational power. It is important
tions). A comparison between the results reported in Tablesto point out that, in the majority of QSPR models investigated
13 and 16 reveals a significant similarity between the QSPR in this paper, the best results are obtained with even/odd
models for octane refractive index and density. Indeed, from distance indices SUM@), We+(p,0), Wordp,0), andWe(p,q)

the reference set of indices, orily, gives good results, with
r =0.9780,s= 2.43, and~ = 329.6. This connectivity index
is followed by SumO{2) (r = 0.9660,s = 3.01, andF =

209.5), SumO{1.5), and SumG{1). When the whole set

computed with negative values for the paramepeasndq.

The importance of negative power coefficients in the design
of topological indices with an improved correlational power
was also emphasized in the definitions of several molecular

of 133 alkanes is used to develop monoparametric QSPRMatrices and graph descriptors, such as the reciprocal distance
models, even/odd distance descriptors are clearly superiormatrix RD 2"%! the distancevalency matrixDval** the
to the reference set of indices, as can be seen from Tablereciprocal complementary distance matRCD,* the con-

17. The even/odd distance sum indék.,(—2,—1) is the
first, withr = 0.9191,s = 10.43, and~ = 712.6. In the top
15 even/odd distance descriptors one finds 11 indies-
(p,9), 3 indices Sum@), and a singléNeo(p,q) index, all
of them being computed with negatipeandqg parameters.
From the set of “classical” indice$y, is the best, withr =
0.9110,s = 10.91, and= = 639.6. This situation changes

nectivity index y,*” the Ivanciue-Balaban operatoiB,
information—theoretical indices based on vertex distances
U, V, X, andY %757 and the corresponding graph operators
U(M), V(M), X(M), andY (M),%85%and regressive distance
descriptor$8¢°We have also observed that in a large number
of QSPR models the sum of odd distances Sugh@ives
better results than the sum of even distances SpPmMEESPR

when passing to biparametric QSPR equations (Table 18),and QSAR tests with more diverse organic compounds are

when the pair of descriptorll and 3y, provides the best
combination, withr = 0.9752,s = 5.88, andF = 1262.5.
The second place is occupied by the pdand SumO{(-2),
with r = 0.9713,s = 6.32, andF = 1084.4. Good QSPR

needed to determine if these results have a broader signifi-
cance. An interesting research direction would be the

extension of these even/odd distance indices to vertex- and
edge-weighted molecular graphs, representing organic com-

models for the alkane density are also obtained with SumO-pounds with heteroatoms and multiple bonds. This task

(—1.5), followed by a group 0fVe1(p,q) indices. Compared

should be aided by several weighting schemes which are

with the Wiener-like indices, in all density QSPR models already used for structural descriptors based on the distance
the even/odd distance descriptors give superior results. Evermatrix11:20-23

if for octanes and in biparametric QSPR models the con-
nectivity index3y, comes first, the novel even/odd distance
descriptors are very close and can be interesting candidates
in multiparametric models.
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