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During the search for new structural descriptors we have defined the information-theory opei®igrs

V(M), X(M), andY (M), that are computed from atomic invariants and measure the information content of
the elements of molecular matrices. Structural descriptors computed with these four information-theory
operators are used to develop structypeoperty models for the boiling temperature, molar heat capacity,
standard Gibbs energy of formation, vaporization enthalpy, refractive index, and density of alkanes. The
information-theory operators were applied to six molecular matrices, namely, the diBtatiheereciprocal
distanceRD, the distance-path,, the reciprocal distance-paRD,, the path Szegefz, and the reciprocal

path SzegedRSz, matrices. In combination with other topological indices, the information-theory indices
offer good structure property models for all six alkane properties investigated in this study.

INTRODUCTION found new applications in database mining, similarity, and

The properties of a substance (such as the physicochemicafliVersity assessment.
behavior, reactivity, or biological activity) are ultimately Graph theory is widely used in theoretical chemistry, and
determined by its molecular structure. Quantitative strueture numerous review8 2° were published on its applications in
property relationship (QSPR) and quantitative structure characterizing the molecular structure with graph descriptors
activity relationship (QSAR) models represent well-estab- and topological indices. In a first approximation the chemical
lished tools for the molecular design of new compounds with structure of a molecule can be represented as a molecular
desired properties. All QSPR and QSAR models are statisti- graph. Molecular graphs are nondirected chemical graphs
cally based and aimed at extracting the maximum information that represent molecules, using different conventions. Usu-
from experimental data on compounds of known structure. ally, only non-hydrogen atoms are taken into account in
These structureproperty studies require atomic and mo- molecular graphs. In the graph representation of molecules,
lecular descriptors to encode in a numerical form the local their geometrical features such as bond lengths or bond
(atomic) or global (molecular) structure. The most efficient angles, are not taken into account and the chemical bonding
software used in QSPR or QSAR studies integrates theof atoms is regarded as being their most important charac-
computation of structural descriptors with the generation of teristic. In molecular graphs, vertexes correspond to atoms
structure-property models. Several programs from this and edges represent covalent bonds between atoms. A
category, such as ADAPT? OASISS? SciQSAR? topological index (TI) is a numerical descriptor of the
CODESSA!-16 gand Ceriug;'” were used with success in  molecular structure based on certain topological features of
developing a large number of QSPR and QSAR models. the molecular graph, offering an effective way of measuring
These programs compute more than 1000 structural descripmolecular branching, shape, size, and molecular similarity.
tors from five classes: constitutional, graph theoretic, and Topological indices have several obvious advantages when
topological indices and geometrical, electrostatic, and quantum-compared with geometrical, electrostatic, and quantum
chemical descriptors. Using statistical methods, such asdescriptors: they are computed only from the information
multilinear regression (MLR), principal component analysis contained in the molecular graph, they have a unique value
(PCA), partial least square (PLS), or artificial neural for a particular chemical compound, and their calculation
networks, the best descriptors are selected in the finalrequires small computational resources. Considering the
structure-property model. A survey of the QSPR and QSAR advantages of graph descriptors, TIs represent valuable
models developed with the above programs shows thatdescriptors that complement (and do not substitute) the
molecular graph descriptors and topological indices are usedstructural information encoded by other classes of descriptors.
with success to model various properties and demonstratesBecause Tls are global descriptors of the molecular graph,
that they are valuable descriptors of chemical structure. Thethey do not contain explicit information regarding the number
interest of developing new graph descriptors for organic of functional groups, pharmacophores, volume, surface area,
compounds revived in recent years, when topological indicesinteratomic distances, charge distribution, orbital energy, or
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t University “Politehnica” of Bucharest. models such information must be provided by other structural
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indices U, V, X, and Y were introduced®3! These four whereM is a molecular graph matrin/S(M); represents
information indices were used with good results in QSPR the vertex sum of the vertex, and the summations in eqs
models to estimate the critical volumes, temperatures, and1 and 4 are done for the nonzero elements of the molecular
pressures of 49 alkanes, as well as for the coefficients of matrixM, [M]; = 0. In a molecular grap@ with N vertexes,

the Antoine equation that give the saturation pressure versughe vertex sum operator for the vertex VS(M,G), is

the absolute temperatur&sAlthough by design the “infor- defined as the sum of the elements in coluimor rowi, of
mation-on-distances” indice&), V, X, and Y are very the molecular matribM :

selective, it was found that certain acyéfiand cyclié¢*

graphs that have nonequivalent vertexes with identical N N

distance degree sequences can generate pairs of graphs with VS(M, G);, = Z[M]ij = Z[M]ij 5)
degeneratd), V, X, andY indices. Recently, these informa- = =

tion indices were extended for any symmetric molecular
matrix derived from vertex- and edge-weighted molecular

?r::f grsé gl\%n(gaghuereog?;ﬁ?ﬁ?r)r;gt%ﬂg’o);(m;tﬁgi\l(e(rw%)f’nts terms for certain vertex structural descriptors computed with
" _the graph vertex operatorg¥Uinf(M,G), VVinf(M,G),

These four operators were also applied to molecular matricesvxinf (M,G), and VVYinf (M,G). The Randidike formula
derived from three-dimensional molecular geometry, giving used in t’he 'case of the inaicés V. X andY is therefore
topological-geometrical indices that were used with success replaced by the following equatio;T '

in a quantitative structureretention relationship model for
50 alkylphenols in gasliquid chromatography?®

e
In the present study we will investigate the correlational f(x, y) = (_y)
ability of a large collection of Tls computed from the (xy1)

information-theory operatotd(M), V(M), X(M), andY (M). .
Structural descriptors computed with these four information- The ope.ratorsJ(M), V(M)’ X(M), andY(M), representing
theory operators are used to develop structyr@perty information on matrix elements, are computed with the
models for the boiling temperature, molar heat capacity, equations
standard Gibbs energy of formation, vaporization enthalpy, M
refractive index, and density of alkanes. The information- UM, G) = _z f (VUinf (M), VUInf (M),) (7)

For a general dense molecular graph matixthe matrix
elementsi]; may have values lower than 1, giving negative

12 if xy>0

6
if xy<0 ©

—1/2

theory operators are computed from six molecular matrices, u+ €5
namely, the distanc®, the reciprocal distanc®D, the M
distance-patl,, the reciprocal distance-paRD,, the path V(M, G) = _z f (VVinf (M), VVinf (M)) (8)
SzegedSz, and the reciprocal path SzegB&z, matrices. ’ u+ 145 ; !
M
INFORMATION-THEORY OPERATORS X(M, G) = _z f (VXinf (M);, VXinf (M),) (9)

. . . . u+ 1£5)
The indicesU, V, X, andY for information on distances

are computed from the elements of the distance matrix of

M . .
the molecular graph, and these Tls provided good results YM. Q)= Z F(VYinf (M);, VYint (M)i) (10)

A A + 1
both for structure discrimination and in structuigroperty H =e)
models30-32 Because new graph matrices were defined in METHOD
recent yeargl it is possible to extend the definition of these
four indices for all dense molecular matrichk (a dense (1) Data. The QSPR models were developed for a data

matrix is a matrix without zero nondiagonal elements). We Set consisting of 134 alkanes betweenadd G, for the
have recently introduced four information-theory operators following six physical propertied: t,, boiling temperature
that can be applied to a matrix with integer value elements, at normal pressur€’C); C,, molar heat capacity at 300 K
such as the distance matiix or to a matrix with real value (3 K™ mol™); AiG°s0 (@), standard Gibbs energy of
elements, such as the reciprocal distance ma&iix The  formation in the gas phase at 300 K (kJ M AvapHaoo
graph vertex operatorsVUinf(M,G), VVinf(M,G), vaporization enthalpy at 300 K (kJ md); np?, refractive
VXinf (M,G), andVYinf (M,G) apply the information-theory ~ index at 25°C; p, density at 25C (kg ). The value of
equations to the nonzero elements of the molecular matrix the refractive index of 2,2,3,3-tetramethylbutane is missing,

M that correspond to a vertex while the reported density of this compound, 821.70 kg
m~3,%"is too high when compared with the density of similar
N [M]; [M]; alkanes and it was not considered in the computation of the

VUinf(M)i:_Z log, (1) densi'ty QSPR models. As it is known, there are 142
AIVS(M), VS(M), constitutional isomers for these alkanes, but data for all six

properties are missing for the following eight of them:

Winf (M); = VS(M); log, VS(M); — VUinf(M);  (2) n-hexane,n-nonane n-decane, 2-methylnonane, 3-methyl-
. . . nonane, 4-methylnonane, 5-methylnonane, and 3-ethyl-2,4-
VXinf (M); = VS(M); log, VS(M); = VYinf (M), (3) dimethylhexane. This database of 134 alkanes together with
N their six physical properties forms the Alkanel database
VYinf (M), = Z[M]ij log,[M]; 4) proposed as a standard QSPR test for structural descriptors.

= The utility of structural descriptors may be judged by
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comparing their performances in computing the alkane computing the hyper-Wiener from the distance-path matrix
physical properties from the Alkanel database. Dp.445 Equation 12, related to the formula proposed in ref

(2) Molecular Matrices. The structural descriptors defined 58, extends the computation of the hyper-Wiener indices to
on molecular matrices were computed from the following molecular graph matrices or matrices derived from the three-

six graph matrices: distané® reciprocal distancRD,3% 43 dimensional molecular structure. The definitions and ex-
distance-patl,,***reciprocal distance-patRDy,**°path amples for the computation of all these descriptors were
SzegedSz,*¢~4° and reciprocal path Szegét5z,.46-49 recently reviewed?

(3) Structural Descriptors. The scope of this paper is to (5) The spectral operators MinSp(M) and Max-
investigate the correlational ability of the information-theory - gp(\M)25-2750Structural descriptors computed with these two
operatorsU(M), V(M), X(M), andY (M), computed from  spectral operators were used with good results to develop
six molecular matrices. Owing to the complexity of the QSPR models for the boiling temperature, vaporization
molecular structure, it seems to be impossible to expect thatenthalpy, molar refraction, molar volume, critical pressure,
a single set of descriptors would contain all the relevant critical temperature, and surface tension of alkafé%to
information. This is the main reason QSPR and QSAR estimate the boiling temperature of acyclic compounds
models are developed by selecting descriptors from a largecontaining oxygen or sulfur atonisand to model the amine
pool of structural descriptors. In the present study the QSPRpojling temperaturé The matrix spectrum operatdSp(M ,G)
models were generated with the information-theory indices = {x i =1, 2, ... N} represents the eigenvalues of the matrix
and a selection of the most used molecular graph descriptors)| or the roots of the polynomig@h(M,G,x), Ch(M,G,x) =
The list of the 60 structural descriptors used in the QSPR 0. The spectral operatoidinSp(M,G) and MaxSp(M,G)

study is presented below: . o are equal to the minimum and maximum valueSpfM,G),
(1) The molecular weight MW : This constitutional respectivelyts

descriptor is a measure of molecular size, and experience

_shows that in many structurg@roperty studies this is an MinSp(M,G) = min{Sp(M,G)} (13)
important parameter.

(2) The Kier and Hall connectivity indic&s %, 1y, 2, MaxSp(M,G) = max{ Sp(M,G)} (14)
3y %¢c: These topological indices are, by far, the most used
descriptors in QSPR and QSAR models. Tpendex was (6) The Ivanciue-Balaban operatdB (M):?%5*By design,
first described by Randiand named molecular connectiv-  this operator reflects mainly the molecular shape and reduces
ity.1° the contribution of the size term in the numerical value of

(3) Wiener indices computed with the Wiener operator the descriptor. Molecular graph descriptors computed with
Wi(M):25-2850 These descriptors represent an extension of the Ivanciue-Balaban operator were used with success to
the Wiener index that is defined for any molecular matrix. generate structurgproperty models for the boiling temper-
Molecular graph descriptors computed with the Wiener ature of acyclic compounds containing oxygen or sulfur
operator were used with success to compute the boilingatoms! and to estimate the boiling temperature, molar heat
temperatures of acyclic compounds containing oxygen or capacity, standard Gibbs energy of formation, vaporization
sulfur atoms! The Wiener operatdwi(M) = Wi(M,G) of enthalpy, refractive index, and density of alkafedhe
a molecular grapi with N vertexes is computed from the  Ivanciuc-Balaban operator of a graigh IB(M) = IB(M,G)

symmetricN x N molecular matrixM = M (G): is computed from the vertex sum local invariant defined by
eq 5 computed from the symmethtx N molecular matrix
. i M = M(G):
Wi(M,G) = ZZ[M (©)F (11)
==

|B(M,G)=l > (VS(v), x VS(M)) ™ (15)

The Wiener operatdVi(M) is an extension of the topologi-
P M) polog #+ 1eéHg)

cal index W introduced by Wiené?>3 for alkanes, and

extended to cycloalkanes by Hosd¥aVhile Wis computed
from the distance matrix, the Wiener operawi(M) can ~ WhereVS(M)i andVS(M); denote the vertex sums of the

be applied to any molecular matrix, derived either from the WO adjacent vertexes andy; that are incident with an edge

molecular graph or from the three-dimensional structure of & In the molecular grapi@, M is the number of edges in
a chemical compound. A detailed comparison of these the molecular graphy is the cyclomatic number (the number

structural descriptors was made by Ivandilc. of cycles in the graphy = M — N + 1, whereN is the
(4) Hyper-Wiener indices computed with the hyper-Wiener number of atoms the molecular graph), and the summation
operator HyWi(M):275951 The hyper-Wiener operator ~90€S Over all edges from the edge EBé€B).

HyWi (M) = HyWi (M,G) of a molecular graplG with N (7) The information-theory operatotfM), V(M), X(M),
vertexes is computed from the symmetNc< N molecular ~ andY(M).*
matrix M = M(G): (4) QSPR Model.All studies that develop QSPR models

IN N fr;)n: a Iarr]ge sfet of T:omputed dfescriptdors use a wide range
. _ = 2 of algorithms for selecting significant descriptors. Because
HYWi(M.,G) = 2;;(“\/']” + M) 12) an exhaustive test of all multilinear regression (MLR)
equations require too large computational resources, we have
The hyper-Wiener indeWWwas defined for alkanes by  used a heuristic method for descriptor selection. This heuristic
Randi®> 5" and extended to cycloalkanes by Klein, Lukovits, algorithm starts from the set of 60 structural descriptors and
and Gutmar¥® Diudea proposed an alternative method for develops QSPR models by applying the following steps:
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(1) All one-parameter correlation equations are computed.
All descriptors with a correlation coefficient greater than a
threshold|rmin| > 0.15 are selected for further use.

(2) Biparametric regression equations are computed with
all possible pairs of descriptors selected in step 1 that are
not significantly correlated. Two descriptors are considered
to be not significantly correlated if their intercorrelation
coefficientr; is lower than a thresholft;| < 0.8. The most
significant 60 pairs of molecular descriptors were used in
the next (third) step.

(3) To an MLR model containingn descriptors, a new
descriptor is added to generate a model with+ 1
descriptors if the new descriptor is not significantly correlated
with the previoush descriptors.

(4) The most significant 60 MLR models containingt
1 descriptors are selected.

Steps 3 and 4 are repeated until MLR models with a certain
maximum number of descriptors are obtained.

RESULTS AND DISCUSSION

(1) Normal Boiling Temperature. In Tables 1 and 2 we
present the coefficients, confidence interval, structural de-
scriptors, and statistical indices for the best ten MLR
equations with three and four, respectively, independent
variables that model the alkane boiling temperature. The best
MLR equation with three independent variables contains a
connectivity index3y,, the spectral descriptdlaxSp(RD),
and the inde¥/ (RD). The index®y, represents the weighted
contribution of butane-like subgraphs and is a measure of
molecular branching, ansllaxSp(RD) is a global measure
of branching derived from the reciprocal distance matrix,
while V(RD) represents the weighted total information
content in the elements of the reciprocal distance matrix.
All ten MLR equations from Table 1 contain the connectivity
index3y,, and an information index, namely(RD), V(D),
X(RD), X(Dy), or X(RDp). The third index included by the
descriptor selection algorithm either is the molecular weight
MW or is derived from the Wiener, hyper-Wiener,MaxSp
operators. The majority of the indices are derived from
reciprocal matrices, such as the reciprocal distdRideand
the reciprocal distance-pafRD, matrices.

The addition of the fourth independent variable improves
the MLR models for the alkane boiling temperature, as can
be seen from Table 2. The best MLR equation with four
independent variables contains, apart from the indices from
eq 1, the information indeX/(Sz) computed from the
elements of the path Szeged mat8x,; eq 11, withr =
0.9951,s= 2.67, andr = 3256, is only slightly better than
the remaining nine equations (X2R0); this situation
appears when a QSPR model is derived from a large set of
descriptors and indicates that several MLR models with close
statistical indices can be generated with different sets of
topological indices. We have to mention that almost all
indices are computed frolRD and RD, matrices, but one
finds also five information indices derived froBg,, indicat-
ing the importance of the path Szeged matrix in generating
Tls with good correlational ability. The connectivity index
3ypis present in all eqs +120; seven equations contain two
information indices, while the remaining three have one
information index. Equally important is the spectral descrip-
tor MaxSp(RD) that appears in five equations.

Table 1. Coefficients, Confidence Interval, Structural DescriptBB3 (i = 1—3), and Statistical Indices for the Best 10 MLR Equations with Three Independent Variables That Model the Alkane
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aThe MLR equations have the general fotyn= ap + a1SD; + a,SD, + asSDs.
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[a1]
@ COIEHERRRLS (2) Molar Heat Capacity. The best ten QSPR models
g LS8 3AAIIINS with three or four independent variables that model the alkane
j molar heat capacity are presented in Tables 3 and 4,
s E3RB2IFFSR respectively. The first three-parametric model, eq 21, with
3 PN = 0.9883,s = 3.93, andF = 1812, contains two spectral
s descriptors,MinSp(RD) and MaxSp(RD), and an index
= RRn § § § § I¥53 computed from the IvanciueBalaban operatonB (RDy).
= = RANRNRNN0 R Only egs 23, 27, and 28 contain an information index,
é indicating that for the alkane molar heat capacity the
© P Ivanciuc-Balaban indices are more suitable than the infor-
S 55@@@@@,555 mation indices. As previously noted, almost all indices are
E S>X>S>SX>S>>> derived from the reciprocal distan&D and the reciprocal
° distance-patfkRD, matrices. Although eq 21 does not contain
2 § RrnI0d9 § § 3 a connectivity index, there are five MLR models that contain
S N A LA N two such indices, showing their importance in modeling the
- Hdidococyodd alkane molar heat capacity.
NH—doo Hod{ H pacity
3 < BILHISHBNS As can be seen from Table 4, the best MLR model with
£ Suonexsdddr four independent variables, eq 31, is not derived from any
i I 1T Q6w T | 1| of the models with three parameters reported in Table 3. This
S equation, withr = 0.9891,s= 3.79, andF = 1461, contains
'§ a2 as de_scriptorMW,_ 3 Wi(RSz), andIB(D).. While the '
g |5 g ~ Ivanciuc-Balaban index computed from the distance matrix,
x |00 ~0Ha2a0n00 IB (D), appears only in eq 31, the Wiener index derived from
s EEoEs 5%555 the reciprocal path Szeged matikj (RSz), appears in the
>S>>=Z=2x28>>> . . . I
= first six equations from Table 4. All models from Tabe 4
3 o = contain at least one connectivity index, wijh being present
@ 82032833 in nine equations; equally important is the spectral descriptor
2 oo 3 e 3 Sy MaxSp(RD) that appears in seven equations &dRSz,)
5 L T SHAHBHAY that is found in six QSPR models. Although the first three
2 SR2RBhonIY QSPR models from Table 4 do not contain information
2 NS SRy et indices, they appear in the next six equations, suggesting
£ that they are important descriptors in modeling the alkane
8 58 ~6 & = molar heat capacity. As observed in the previous cases, the
ke ) oy . )
2z EE & -8~ < majority of the indices are computed froRD and RD,
g Uﬁ, ‘%‘%ag‘%a‘%@ =2 2 matrices, but one finds also two descriptors computed from
T §§EE§§EE§ g%g f the reciprocal path Szeged matrix, namali(RSz,) and
© - - V(RS3z).
?‘l? < o0 © 9; (3) Standard Gibbs Energy of Formation. In Tables 5
“ eINSIIIBY f and 6 we give the best ten QSPR models with three and
i NENEN : maMoSooS g four, respectively, independent variables that model the
a |S|dddgiHEEEd 2 alkane standard Gibbs energy of formation. The best MLR
@ REHB2eHES I eq 41 with three independent variables, witk 0.9528,s
2 BsowRsagon~o T ; ; ;
5 OOOADMOONG & = 452, F = 427, contains the IvanciueBalaban index
& ‘g IB(D) and the information descriptoi$(RD) and Y (RD).
3 U;j) seesaasaaa + It appears thalB(I_D) is quite important_in modeling the
2 cooeeeeeen g alkane standard Gibbs energy of formation, because only eq
2 - £ 48 does not contain this index. Equally important are the
n 33NIBRe38d & information indices derived from thRD, RD,, and RSz,
g |scccccccco ® matrices; they are present in all QSPR mo_dels from Table
S| C|BYHAGE ALY 2 5; moreover four equations, namely, equations-43 and
f 3 § 28T § 2 ag § § 5 45 contain two such descriptors. A spectral descriptor appears
% & R R R R R R R R~ only in egs 45 and 50, two models contain a Wiener index,
%) . .. .
T9 ¢ and only one model contains a connectivity index.
5a o R 2 The QSPR equations that model the alkane standard Gibbs
O = ~NNO OIS AN, . . .
g QISonRansR s energy of formation are significantly improved by the
€5 i 1 : S 3 3 # i 33 2 addition of a fourth independent variable, as one can note
S < & 3 §nr L HOR RS AS q% from the inspection of the results reported in Table 6. By
k5 ﬁ LILUNNDSBNS adding to the three descriptors from eq 41 a fourth one,
S % @ % NG % ? - ? % s namely, the Wiener indeXVi(RSz,), one obtains the best
o g 2 MLR eq 51, the best MLR equation with four independent
% 1S g : ('Fxl| g < 0 <£| : o‘_o| 3 o m'_ Variables, withr = 09635,32 400, and- =417. All QSPR
e - o models from Table 6 contain the IvancitBalaban index



Table 3. Coefficients, Confidence Interval, Structural Descript8i3 (i = 1—3), and Statistical Indices for the Best 10 MLR Equations with Three Independent Variables That Model the Alkane

Heat Capacity at 300 KC, (J K= mol=%)2

eq ao a SD; a SD, as SD; r s F

21 139.743+ 10.867 120.90G: 9.402 MinSp(RD) 46.098+ 3.585 MaxSp(RD) 2.8452+ 0.2213 IB(RDy) 0.9883 3.93 1812
22 8.0233+ 0.6255 —2.9300+ 0.2284 %o 33.710+ 2.628 MaxSp(RD) 3.5992-+ 0.2806 IB(RD,) 0.9882 3.93 1803
23 102.038+ 7.984 121.595: 9.515 MinSp(RD) 56.403+ 4.413 MaxSp(RD) 6.6785:+ 0.5226 X(RDp) 0.9881 3.95 1789
24 109.097+ 8.554 94.738t 7.428 MinSp(RD) 41.359+ 3.243 MaxSp(RD) 45600+ 0.3575 IB(RD) 0.9881 3.96 1782
25 3.4666+ 0.2718 43.223 3.389 L 10.061+ 0.789 0.15329+ 0.01202 MinSp(Dy) 0.9881 3.96 1782
26 ~1.4223+0.1117 40.225- 3.158 1y 8.2934:+ 0.6511 5.3908:+ 0.4232 IB(D) 0.9880 3.96 1777
27 —40.489+ 3.180 —2.8825+ 0.2264 %o 46.573+ 3.658 MaxSp(RD) 8.4685:+ 0.6651 X(RDy) 0.9880 3.96 1776
28 12.091+ 0.950 46.729 3.671 1y 8.05884+ 0.6332 —1.7939+ 0.1409 V(RD) 0.9880 3.96 1775
29 4.9847+ 0.3918 43.213- 3.397 Ly 10.272+ 0.807 2 0.71420+ 0.05614 MinSp(D) 0.9880 3.97 1773
30 —1.2280+ 0.0965 44,298 3.482 1y 9.8663+ 0.7756 2, —0.003367+ 0.000265  HyWi (D,) 0.9880 3.97 1773

aThe MLR equations have the general fo@p= ay + aiSD; + a,SD, + a;SDs.

0002 ‘€ "ON ‘O "[oA “19S ‘Indwo) " 'UJED T 9€9

ar

Table 4. Coefficients, Confidence Interval, Structural Descript8i3 (i = 1—4), and Statistical Indices for the Best 10 MLR Equations with Four Independent Variables That Model the Alkane Molar
Heat Capacity at 300 K, (J K™t mol~%)2

eq =N a SDy a SD, as SDs au SDy r S F

31 —22.653+2.151  1.6836+ 0.1599 MW  —6.0995+ 0.5792 3y, —2.5875+ 0.2457  Wi(RSz) 13.307+ 1.264 IB(D) 0.9891 3.79 1461
32 —29.391+2.791 —5.9861+0.5685 3, —2.3728+ 0.2254  Wi(RSz) 49.751+ 4.725 MaxSp(RD)  4.0817+ 0.3877 IB(RD) 0.9891 3.79 1461
33  —23.122+2.212 —6.2087+0.5939 3y, —2.0313+£ 0.1943 Wi(RSz) 49.360+ 4.722 MaxSp(RD)  2.8099+ 0.2688 IB(RD,) 0.9890 3.82 1440
34  —69.421+6.673 —5.9530+0.5722 3y, —2.3861+ 0.2294  Wi(RSz) 57.883+ 5.564 MaxSp(RD)  12.721+ 1.223 X(RD) 0.9889 3.83 1426
35 —39.812+3.838  1.9627 0.1892 MW  —5.2051+ 0.5018 3, —2.2735£ 0.2192 Wi(RSz) 33.2404 3.205 X(Dp) 0.9888 3.85 1418
36 —60.776+5.871 —6.1373+£0.5928 3y, —2.0070+ 0.1939  Wi(RSz) 59.2724+ 5.725 MaxSp(RD)  6.6261+ 0.6401 X(RDyp) 0.9888 3.85 1412
37  6.4565+ 0.6238  —3.7440+ 0.3617 3y, 34.5724+ 3.340 MaxSp(RD)  3.5490+ 0.3429 IB(RDy) 0.033931+ 0.003278 V(RSz) 0.9888 3.85 1412
38  —41.426+4.018 —3.7534+£0.3640 3y 47.291+ 4.587 MaxSp(RD)  8.3465+ 0.8095 X(RDp) 0.036404+ 0.003531 V(RSz) 0.9887 3.87 1401
39  4.7918+ 0.4667 42 546+ 4.144 Y 10.179+ 0.991 % 0.1439+ 0.0140 MinSp(Dy) 0.031346+ 0.003053 V(RSz) 0.9886 3.88 1381
40 —17.665+1.721 —5.0643+£0.4934 3y, —3.0416+ 0.2963 3y 41.699+ 4.063 MaxSp(RD)  4.7585+ 0.4636 IB(RD) 0.9886 3.88 1388

aThe MLR equations have the general fo@p= ay + a1SD;, + aSD, + a3SD; + aiSDa.
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Table 5. Coefficients, Confidence Interval, Structural Descript8i3 (i = 1—3), and Statistical Indices for the Best 10 MLR Equations with Three Independent Variables That Model the Alkane
Standard Gibbs Energy of Formation in the Gas Phase at 300®30(g) (kJ moi?)?2

eq ao a SDy a Sh, a Shs r s F

41 —139.505+ 22.340 42.313-6.776 IB(D) 4.83314 0.7740 V(RD) —1.47904 0.2368 Y (RD) 0.9528 4.52 427
42 —102.669+ 16.779 38.510: 6.294 IB(D) 13.3278+ 2.1781 X(RD) —3.20524+ 0.5238 Y (RD) 0.9510 4.60 410
43 —145.129+ 23.778 38.904- 6.374 IB(D) 5.01944+ 0.8224 V(RD) —0.70056+ 0.11478 Y (RDy) 0.9508 4.61 408
44 —176.186+ 28.929 43,568 7.154 IB(D) —1.1827+ 0.1942 IB(RDp) 6.7550+ 1.1091 V(RD) 0.9506 4.62 406
45 —66.2244 10.919 2.3868: 0.3935 MaxSp(D) 39.880+ 6.575 IB(D) —4.2195+ 0.6957 Y (RD) 0.9502 4.64 403
46 —94.9004 15.740 39.034- 6.474 IB (D) —2.8102+ 0.4661 Y (RD) 6.7168+ 1.1140 X(RDp) 0.9497 4.66 398
47 —165.935+ 27.523 41.85% 6.943 IB(D) —1.32784 0.2202 IB(RD) 6.0855+ 1.0094 V(RD) 0.9497 4.66 398
48 —43.666%+ 7.249 —6.4796%+ 1.0757 3ye 6.1000+ 1.0127 Wi (RD) —1.1827+ 0.1963 X(RSz) 0.9496 4.67 398
49 —159.920+ 26.551 —0.010882+ 0.001807 Wi(Sz) 39.119+ 6.495 IB(D) 5.0975+ 0.8463 V(RD) 0.9496 4.67 397
50 —157.781+ 26.220 —0.060519+ 0.010057 MaxSp(Sz) 38.818+ 6.451 IB(D) 5.0894+ 0.8458 V(RD) 0.9495 4.67 397

2The MLR equations have the general foryG°3p0 = ap + a1SD; + aSD, + asSDs.

Table 6. Coefficients, Confidence Interval, Structural Descript8i3 (i = 1—4), and Statistical Indices for the Best 10 MLR Equations with Four Independent Variables That Model the Alkane
Standard Gibbs Energy of Formation in the Gas Phase at 300®;30(g) (kJ mol?)

eq =N a SDy a Sh, as SDs a SDy r S F

51  —136.232+24.204  4.0032:0.7113 Wi(RSz) 43.759+ 7.775 IB(D) 7.3067+ 1.2982 V(RD) —4.0401+ 0.7178 Y(RD) 0.9635 4.00 417
52 —139.593+ 24.943 3.4693t 0.6199 HyWi (RSz) 46.786+ 8.360 IB(D) 7.3170+ 1.3074 V(RD) —3.9993+ 0.7146 Y(RD) 0.9631 4.02 413
53  —156.089+ 27.899 5.2072 0.9307 Wi(RSz) 35.607+ 6.364 IB(D) 9.4961+ 1.6973 V(RD) —2.8790+ 0.5146 Y (RDyp) 0.9631 4.03 413
54  —159.749+ 28.906  4.3844t 0.7933 HyWi (RSz) 39.566+ 7.159 IB(D) 9.3492+ 1.6917 V(RD) —2.7739+ 0.5019 Y (RDy) 0.9622 4.07 402
55  —142.485+ 27.800 6.9594t 1.3579 % 38.278+ 7.468 IB(D) 7.3116+ 1.4266 V(RD) —2.7016+ 0.5271 Y (RDyp) 0.9564 436 346
56  —76.407+ 15.035 2.8408t 0.5590 Wi(RSz) 38.795+ 7.634 IB(D) —5.0892+ 1.0014  Y(RD) 9.12944 1.7964 X(RDyp) 0.9557 440 340
57  —79.048+ 15.633 2.4128t 0.4772 HyWi (RSz,) 40.896+ 8.088 1B(D) —5.0164+ 0.9921  Y(RD) 9.0902+ 1.7977 X(RDp) 0.9553 4.42 337
58  —101.947+20.290  0.6386& 0.12710 Wi(RD) 44.252+ 8.807 IB(Dp)  4.7959+ 0.9545 V(RD) —183.389+ 36.499  V(Sgz) 0.9548 444 333
59  —136.337+ 27.158 2.9446t 0.5866 e 44,7444+ 8.913 1B(D) 5.7705+ 1.1495 V(RD) —2.6045+ 0.5188 Y(RD) 0.9547 445 332
60  —6.7332+ 1.3415 0.00878% 0.001751  HyWi(Dy) 66.808+ 13.311  IB(D) —84.635+ 16.862  X(D) —4.5332+ 0.9032 Y(RD) 0.9547 445 332

2The MLR equations have the general forG°s00 = ao + a1SD; + aSD, + asSD; + aSDa.
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IB (D), with the exception of eq 58 that contains the index
IB (Dp). The importance of information indices in modeling
the alkane standard Gibbs energy of formation is emphasized
by the presence of two such indices in eqs-60, derived
from theRD or RD, matrices, with the exception &(Sz,)
andX(D). The fourth descriptor is a Wiener, hyper-Wiener,
or connectivity index, withWi(RSz) and HyWi(RSz,)
having the greatest importance. Although the spectral
descriptorsVlinSp andMaxSp were identified as significant
parameters for modeling other physicochemical properties,
these indices were not selected in the QSPR models from
Table 6.

(4) Vaporization Enthalpy. The best ten QSPR models
with three or four independent variables that model the alkane
vaporization enthalpy are presented in Tables 7 and 8,
respectively. The first three-parametric model, eq 61, with
= 0.9891,s= 0.64, and= = 1959, contains the connectivity
index 3y, the spectral descriptoMaxSp(RD), and the
information indexV(RD). All MLR models contain the
information indexV (RD); egs 63-65 and 68 contain also a
Y index, eithery (RDp) or Y (RSz). Another important index
is MaxSp computed from th&D, RD,, andRSz, matrices.

A connectivity index appears in three QSPR models, an
Ivanciuc-Balaban descriptor is found in three equations, and
the molecular weight appears in eqs 66 and 67.

As one can see from Table 8, the best QSPR model with
four independent variables, eq 71, is obtained from eq 61
by adding the IvanciueBalaban index computed from the
distance-path matriXB (D). The statistical indices of this
equation,r = 0.9898,s = 0.62, andF = 1564, are only
marginally better than those of eq 61, indicating that the
addition of the fourth parameter does not significantly
improve the modeling of alkane vaporization enthalpy. The
trends regarding the most frequent descriptors observed for
the QSPR models in Table 7 are noticed also in Table 8.
The information indexXV(RD) is present in all equations;
three models contain a second information index derived
from the Sz, matrix, namely,U(Sz), V(Sz), and Y (Sz),
respectively. A connectivity index appears in seven QSPR
models, the spectral indeMaxSp computed from thdrD
or RSz, matrices was selected in six MLR equations, and a
IB index is found in eqs 7475, 78, and 80.

(5) Refractive Index. In Tables 9 and 10 we present the
best ten MLR equations with three and four, respectively,
independent variables that model the alkane refractive index.
The first MLR eq 71 with three independent variables has
good statistical indices, i.er,= 0.9840,s = 0.0025, and~
= 1309, and contains a connectivity indéx, the lvanciue-
Balaban index computed from the distance matiB(D),
and the information indeX (D). All QSPR equations from
this table contain the connectivity indéy,, indicating the
importance of the weighted count of butane-like subgraphs
in modeling the alkane refractive index. Although not present
in the best two model$/axSp(RD) appears in six equations,
indicating its significance in this QSAR. ThE index
appears in five equations, and an information index is
selected in the first QSPR models from Table 9. Unlike
previous results in which information indices were mainly
computed from reciprocal matrices, in this case they are
derived from theD and Sz, matrices, with one exception,
V(RD); the indicesX(D) andX(Sz,) are the most important
descriptors from this class.

Table 7. Coefficients, Confidence Interval, Structural DescriptBB3 (i = 1—3), and Statistical Indices for the Best 10 MLR Equations with Three Independent Variables That Model the Alkane

Vaporization Enthalpy at 300 KAvagHsoo (kJ molt)2

SDs

SD,

MaxSp(RD)

SDy

ap
—0.35708+ 0.02670

eq

5553+ 0.1163
6333+ 0.1222
077031+ 0.005786
076361+ 0.005748
14373+ 0.01084
3658+ 0.1032
4219+ 0.1075
031672+ 0.002398
5807+ 0.1198
7097+ 0.1299

1
1
0
0
0
1
1
0
1
1

MaxSp(RSz)

V(RD)
V(RD)
V(RD)
IB (Dy)
IB(D)
V(RD)
MaxSp(RD)
IB(D)

1128
1285
1560
1789
1140
4929
2130

6.5012+ 0
2.8035+ 0

MW
MW

MaxSp(RD)
X
X

MaxSp(RDy)
MaxSp(RD)
MaxSp(RDy)
MaxSp(RD)

3
xp

2,

0

6116t 0.4948
8377 0.6638
3898t 0.4810
0155+ 0.6798
16509 0.01248
12786 0.00967
4274+ 0.4866
17523 0.01328
8169t 0.1380

6
8
6
9
0
0
6
0
1

7256
6961
957

6226
150

2556
2673
5585
6312
4090

—9.7040+ 0
—9.3009+ 0
—12.740+ 0

61
62
63
64
65
66
67
68
69
70
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2The MLR equations have the general forupHz00 = @ + ai:SD;y + aSD, + a;SDs.




Table 8. Coefficients, Confidence Interval, Structural Descript8i3 (i = 1—4), and Statistical Indices for the Best 10 MLR Equations with Four Independent Variables That Model the Alkane

Vaporization Enthalpy at 300 KAvapHsoo (kJ mol?)

eq a a SD, a SD, as SDs o SDy r s F
71 —13.304+1.221  —0.75902+ 0.06966 3y, 6.8004-+ 0.6241 MaxSp(RD)  1.7033+0.1563  IB(D,) 1.8267+0.1676  V(RD) 0.9898 0.62 1564
72 —7.3423+0.6750  0.10693 0.00983 MW —0.68510+ 0.06298 3, 3.9093+0.3594  IB(D) 1.6526+ 0.1519  V(RD) 0.9898 0.62 1559
73 —7.0419+0.6474  0.16851@ 0.015493 MW —0.67885+ 0.06241 3, 3.3933+0.3120  IB(Dy) 1.5568+ 0.1431  V(RD) 0.9898 0.62 1559
74 —6.8288+0.6300  0.09261% 0.008544 MW 0.65493 0.06042  MaxSp(RSz) 3.2334+0.2983  IB(D) 1.7571+0.1621  V(RD) 0.9897 0.62 1548
75 —6.4304+0.5947  0.14475%0.01339 MW 0.62565 0.05786  MaxSp(RSz) 2.7691+ 0.2561  IB(D,) 1.6623+0.1537  V(RD) 0.9897 0.63 1541
76 —15.006+1.389  —0.59122+ 0.05474 3, 7.9750+ 0.7383 MaxSp(RD)  1.6871+0.1562  V(RD) 12.101+ 1.120 V(Sz) 0.9897 063 1537
77 —9.2045+0.8526  6.6490k 0.6159 MaxSp(RD) 0.75438+ 0.06988  MinSp(RSz) 0.64725+ 0.05996 MaxSp(RSz) 1.6337+0.1513  V(RD) 0.9897 0.63 1536
78 —8.846640.8198  1.5143 0.1403 o ~0.67028+ 0.06211 3, 4.2655+0.3953  IB(D) 1.8931+0.1754  V(RD) 0.9897 0.63 1535
79 —14.5608+ 1.3499 —0.58524+ 0.05426 3, 7.9416:+ 0.7362 MaxSp(RD)  1.6739+0.1552  V(RD) 5.9902+0.5553  Y(Sz) 0.9896 0.63 1533
80 —3.4262+0.3177 —0.74041+ 0.06866 3, 4.16834+ 0.3865 IB(D) 1.7890+0.1659  V(RD) 0.32635+ 0.03026 U(Sz) 0.9896 0.63 1532

aThe MLR equations have the general forapHz00 = @ + a1SD:1 + a,SD, + a3SD; + asSDs.

Table 9. Coefficients, Confidence Interval, Structural Descript8i3 (i = 1—3), and Statistical Indices for the Best 10 MLR Equations with Three Independent Variables That Model the Alkane

Refractive Index at 28C, np?>2

eq =N a SDy a SD, as SDs r s F

81 1.3768+ 0.1259 0.008563 0.000783 3o 0.035447+ 0.003243 IB(D) —0.090690+ 0.008296 X(D) 0.9840 0.0025 1309
82 1.3599+ 0.1352 0.01047& 0.001041 o 0.013957+ 0.001387 IB(D) —0.094928+ 0.009435 X(Sz) 0.9812 0.0027 1109
83 1.3162+ 0.1319 0.010368 0.001039 3o 0.018681+ 0.001872 MaxSp(RD) —0.034151+ 0.003422 X(Sz) 0.9809 0.0027 1091
84 1.3159+ 0.1323 0.01045&- 0.001051 o 0.018481+ 0.001858 MaxSp(RD) —0.069961+ 0.007033 V(Sz) 0.9807 0.0027 1084
85 1.3155+ 0.1329 0.01049% 0.001060 3o 0.018446+ 0.001863 MaxSp(RD) —0.037071+ 0.003744 Y(Sz) 0.9806 0.0027 1074
86 1.2849+ 0.1319 0.009145- 0.000939 o 0.022541+ 0.002314 MaxSp(RD) 0.000833+ 0.000086 V(RD) 0.9799 0.0027 1040
87 1.3064+ 0.1341 0.01000% 0.001027 3o 0.023680+ 0.002431 MaxSp(RD) —0.015213+ 0.001562 X(D) 0.9799 0.0028 1039
88 1.3587+ 0.1404 0.010938 0.001130 o 0.013139+ 0.001358 IB(D) —0.18926+ 0.01956 V(Sz) 0.9797 0.0028 1026
89 1.3867+ 0.1443 0.011018 0.001146 3o 0.017379+ 0.001808 1B (Dp) —0.14559+ 0.01515 X(Sz) 0.9794 0.0028 1012
90 1.3123+ 0.1372 0.01044% 0.001092 o 0.020036+ 0.002095 MaxSp(RD) —0.015078+ 0.001577 IB(Sz) 0.9792 0.0028 1002

aThe MLR equations have the general forg?® = ap + a;SD; + a,SD, + a3SDs.
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Table 10. Coefficients, Confidence Interval, Structural Descript8& (i = 1—4), and Statistical Indices for the Best 10 MLR Equations with Four Independent Variables That Model the Alkane

Refractive Index at 28C, np?°2

SDy

SDs
IB(RDy)
IB(D)

SD,
IB(D)
*o

SDy

ay
0.008944- 0.001003

eq

Comput.

1049
1048
1043
1035
1028
1028
1024
1019
1018
1017

0.0024
0.0024
0.0024
0.0024
0.0024
0.0024
0.0024
0.0024
0.0024
0.0024

0.9851
0.9851
0.9850
0.9849
0.9848
0.9848
0.9847
0.9847
0.9846
0.9846

X(D)
X(D)
X(D)
X(D)
X(D)

—0.000242+ 0.000027 X(RSz)

—0.003912+ 0.000443 X (RD)
—0.001704+ 0.000193  X(RDj)

—0.11308+ 0.01286
—0.000459+ 0.000052 U(RDy)
—0.000548&+ 0.000062 U(RD)

—0.12974+ 0.01454
—0.13410+ 0.01504
—0.13245+ 0.01489
—0.13922+ 0.01571

IB(RD)
IB(D)
X(D)
X(D)
X(D)
IB(RSz,)
X(D)
X(D)

—0.000682+ 0.000076
0.045975+ 0.005155
—0.001060+ 0.000119
0.051042+ 0.005758
—0.11887+ 0.01346
—0.13281+ 0.01504
—0.12458+ 0.01414
—0.000062+ 0.000007
—0.12227+ 0.01391
—0.12201+ 0.01389

IB(D)
*o

0.045182+ 0.005065
0.009901+ 0.001110
0.046167+ 0.005190
0.00831% 0.000938
0.041032+ 0.004646
0.044615+ 0.005052
0.042099+ 0.004777
0.039800+ 0.004527
0.044401+ 0.005052
0.045034+ 0.005126

Mw
p
p
p

>
Z
xp
zX P
3% P
3%
3%
3%
xp

—0.006829+ 0.000766
0.008761 0.000985
—0.000260+ 0.000029
0.008622 0.000976
0.00887# 0.001005
0.009065- 0.001029
0.00874&: 0.000994
0.00849% 0.000966
0.008436&: 0.000960

1.4034+ 0.1573
1.4183+ 0.1590
1.4061+ 0.1581
1.4159+ 0.1597
1.3982+ 0.1583
1.4166+ 0.1604
1.4073£ 0.1597
1.3932+ 0.1585
1.3962+ 0.1589
1.394A 0.1588

ci., Vol. 40, No. 3, 2000

aThe MLR equations have the general fong?®> = ap + a1SD; + a,SD, + asSD; + a;SDa.
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The results from Table 10 show that the addition of a
fourth parameter does not significantly improve the modeling
of alkane refractive index. A close inspection of these data
reveals that egs 91100 are obtained from eq 81 by adding
a topological index that is not highly intercorrelated with
the three descriptors from eq 81. The statistical indices of
these equations do not show a significant improvement over
the best models from Table 9, indicating that using our
collection of structural descriptors it is not possible to
improve the QSPR model represented by eq 81.

(6) Density. The best ten MLR equations with three and
four, respectively, independent variables that model the
alkane density are presented in Tables 11 and 12. The first
QSPR model, eq 101, with=0.9902,s = 3.73, F= 21586,
contains the same descriptors from eq 81, naniglyIB (D),
and X(D). The similarity with the descriptors selected for
modeling the alkane density is even greater: all QSPR
equations from this table contain the connectivity inégx
IB (D) appears in four models, the information indices are
derived from theD and Sz, matrices, anK appears as the
most important information descriptor. AlsblaxSp(RD)
appears in four equations, but not in the first four.

The QSPR models for the alkane density are slightly
improved by the addition of a fourth independent variable,
as one can note from the inspection of the results reported
in Table 12. With the exception of eq 115, all other models
from Table 12 are obtained from eq 101 by adding a
topological index. The statistical indices of eq 11~
0.9927,s= 3.22, and= = 2182, show a small but significant
improvement over those of eq 101, and the incorporation of
the molecular weight increases the valueFgfindicating
that the contribution of this descriptor is important for
modeling the alkane density.

(7) Frequency of the Structural Descriptors in the
QSPR Models.The results obtained in this study indicate
that all six alkane properties can be modeled with the set of
60 structural descriptors, but each property requires a
particular combination of molecular descriptors. An inspec-
tion of the QSPR models reported in Tables1P reveals
that some descriptors appear with a greater frequency, while
others are rarely present in these equations. To obtain an
indication of the importance of each descriptor in modeling
the six alkane properties, for each set of QSPR models we
have computed the counts of théW, y, and molecular
operatorsVi, HyWi, MinSp, MaxSp, IB, U, V, X, andY.

We have to mention that each operator is computed for six
molecular matrices, and that we have used fivadices.
The frequencies of the structural descriptors in the QSPR
models from Tables 112 are reported in Table 13; the
structural descriptors are arranged in the decreasing order
of their frequencies. Overall, the size descrigitV appears
with a low frequency, indicating that the molecular size is
incorporated into other structural descriptors. Other descrip-
tors that appear, in general, with a low frequency \afie
HyWi, MinSp, U, andY; however, in specific QSPR models
they exhibit a higher importance, such ®¢ in four-
descriptor QSPR models for the molar heat capacity(Table
4) orY in three- and four-descriptor QSPR models for the
standard Gibbs energy of formation (Tables 5 and 6). All
five connectivity indices were selected in the QSPR models,
with 3y, appearing more frequently, indicating that subgraph-
counting descriptors cannot be substituted with global



Table 11. Coefficients, Confidence Interval, Structural Descript8i3 (i = 1—3), and Statistical Indices for the Best 10 MLR Equations with Three Independent Variables That Model the Alkane

Density at 25°C, p (kg m3)2

eq ao a SDy a SD, ag SDs r s F

101 655.305k 46.714 19.217% 1.370 3p 62.894+ 4.483 IB(D) —156.304+ 11.142 X(D) 0.9902 3.73 2156
102 597.33H- 43.988 20.786k 1.531 3 52.881+ 3.894 IB(D) —115.283+ 8.490 V(D) 0.9895 3.85 2020
103 625.994+ 51.092 22.580 1.843 3p 25.7904+ 2.105 IB(D) —162.602+ 13.271 X(Sz) 0.9872 4.26 1645
104 675.367 56.196 23.304 1.939 3 32.762+ 2.726 IB(Dp) —258.712+ 21.527 X(Sz) 0.9867 4.34 1582
105 461.883k 39.202 —8.32564+ 0.7066 2y 12.568+ 1.067 ¥ 64.2374+ 5.452 MaxSp(RD) 0.9862 4.42 1521
106 482.755k 41.118 16.134t 1.374 3p —5.1919+ 0.4422 3ye 51.281+ 4.368 MaxSp(RD) 0.9861 4.44 1510
107 623.93% 53.587 23.382- 2.008 3 24.3744+ 2.093 IB(D) —323.685+ 27.800 V(Sz) 0.9858 4.47 1485
108 548.72°7 47.873 22.778k 1.987 3yp 33.576+ 2.929 MaxSp(RD) —52.5354+ 4.583 X(Sz) 0.9854 4.54 1439
109 696.297 60.827 23.442- 2.048 3 20.391+ 1.781 Y (D) —329.030+ 28.744 X(Sz) 0.9854 4.55 1436
110 548.222+ 48.004 22.894k 2.005 3p 33.300+ 2.916 MaxSp(RD) —107.241+ 9.390 V(Sz) 0.9853 4.56 1429

aThe MLR equations have the general fopm= a + a,SDy + @SD, + asSDs.

Table 12. Coefficients, Confidence Interval, Structural Descript8i3 (i = 1—4), and Statistical Indices for the Best 10 MLR Equations with Three Independent Variables That Model the Alkane

Density at 25°C, p (kg m=)

eq N a SDy a SD, as SDs =V SDy r 5 F
111  781.8974 60.762 —0.84327+0.06553 MW  18.420t 1.431 3o 113.4464+ 8.816 IB(D) —313.625+ 24.372  X(D) 0.9927 3.22 2182
112 694.435: 54,523  18.666t 1.466 3o —0.15015+ 0.01179 MaxSp(Sz)  81.529+ 6.401 IB(D) —227.787+ 17.885 X(D) 0.9926 3.25 2138
113  734.718:57.921 —11.416+ 0.900 O 16.821+ 1.326 3o 104.547+ 8.242 IB(D) —266.2714+20.991 X(D) 0.9925 3.27 2120
114  685.173t 54.074  18.985 1.498 o —0.023699+ 0.001870 Wi (Sz) 79.373+ 6.264 IB(D) —217.958+ 17.201  X(D) 0.9925 3.27 2116
115 567.279t 44.806  16.186t 1.278 %o 54.617+ 4.314 IB(Dp) 5.4818+4+ 0.4330 V(RD) —412.355t+32.570 V(Sz) 0.9925 3.27 2112
116  706.057 55.797  18.336t 1.449 o 99.233+ 7.842 IB(D) —261.115+ 20.635 X(D) —2.0521+ 0.1622 U(Sz) 0.9925 3.27 21108
117  718.312£ 57.021  18.556t 1.473 %o 97.6344+ 7.750 IB(D) —2.0173+ 0.1601 U(D) —268.0224+ 21.276  X(D) 0.9924 329 2091
118  719.418t 57.153  18.40Q@t 1.462 o 94.321+ 7.493 IB(D) —262.644+ 20.865 X(D) —1.70864+ 0.1357 U(Dyp) 0.9924 3.29 2088
119 675.302£53.871  18.816t 1.501 %o —0.001481+ 0.000118 HyWi(Sz) 74.716+ 5.960 IB(D) —200.459+ 15.991 X(D) 0.9924 330 2071
120  719.810t 57.440  17.89H 1.428 o —6.16164+ 0.4917 HyWi(RD,)  108.974+ 8.696 IB(D) —279.340+ 22.291  X(D) 0.9924 3.30 2069

2The MLR equations have the general fopm= ao + a1SD; + a,SD, + aSD; + aSDa.
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Table 13. Frequency of the Structural Descriptors in the QSPR
Models Reported in Tables-112
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descriptors. Other important descriptors for modeling the six
alkane properties are the spectral operdaxSp and the
Ivanciuc—Balaban operatdB . From the four information-
theory operators, our computations revealed a greater im-
portance of th&/ andX descriptors; nevertheless, tbeand

Y operators can exhibit an important contribution for
modeling certain properties, such as tiedescriptors for
the standard Gibbs energy of formation. Among the four
information-theory operators) was found from the outset

to be the least promising orie.

CONCLUDING REMARKS

Molecular graph descriptors represent valuable structural

IVANCIUC ET AL.
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