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Introduction

Among structural features that characterize molecular complexity, one can distinguish:
number of atoms; diversity of bonds and of hybridization types; branching leading to
constitutional isomerism; cyclicity classified according to the cyclomatic number, and to the type
of polveyelic systems fe.g. spirocyclic, isolated, condensed, bridged bicyclics, etc.); simple
stereochemical features leading to enantiomers or diastercomers. All these features apply equally
to hydrocarbons and to molecules possessing heteroatoms. The following additional features
apply to molecules consisting of more than two kinds of atoms (which are usually carbon and
hydrogen, as in hydrocarbons): diversity of atoms; distribution of heteroatoms in the molecule;
complex stereochemical features (e.g. secondary and tertiary structure of polypeptides);
supramolecular features (e.g. catenanes, rotaxanes, knots, non-covalent interactions).

The topology of molecules, which includes all features italicized in the preceding
paragraph, allows chemists to count all constitutional isomers, and can be correlated with
physical-chemical properties. Moreover, in many instances the molecular topology can also be
correlated with biological activities, although for the latter activities steric, hydrogen-bonding
ability, hydrophobic, and electrical features can also play an important role. Molecular topology
can be expressed numerically by topological indices for QSPR/QSAR (quantitative structure-
property/activity relationships).

Topological indices'® have become a focus of attention for several applications owing to
their fast and easy computation for any covalently-bonded chemical structure. The recent
advances in combinatorial chemistry and high-throughput screening have led to exploring huge
virtual combinatorial libraries, and the molecular descriptors that can serve in such QSAR studies
must satisfy two requirements: (i) they should be independent of experimentally determined
parameters and (ii) they must be able to be computed with minimal cpu duration. Most often,
topological indices (TIs) are used along with other molecular descriptors in mutiparametric
correlations between physical-chemical properties (for QSPRs) or biological activities (for
QSARs) and the chemical structure of the corresponding compounds. Examples of applications
for Tls in the optimization of biologically active lead compounds abound.” Interestin gly, even for

systems that include non-covalent interactions such as hydrogen bonds in transfer RNA,



inclusion of information on these hydrogen bonds allowed topological indices to be useful in
a]:up]ications,8

The large number of extant TIs is sometimes a discouraging factor for scientists who
would like to explore their use in QSAR or QSPR studies. It is, however, necessary to have at
one’s disposal a pool of Tls from which to select those TlIs that are most closely correlated with
the property or biological activity of compounds in the database. Sometimes, the calculation of
TIs includes information from the database so that the TIs are specially adapted to that particular
database, as advocated by Randic.’ The problem of characterizing branching in alkanes was
reviewed by Rouvray, '° who pointed out decisive contributions by Randic with his molecular

1.'>'* Other authors who enriched

connectivity index '' that was later extended by Kier and Hal
this field are Bonchev and Trinajstic who were the first to apply information theory to chemical
graphs.'™'® Bonchev er al. also developed overall connectivities,'” the overall Wicner index,'®
and (with a few other authors) indices obtained on the basis of hierarchically ordered
connectivities.'

Throughout the present paper, the word “isomer” will be used for brevity to indicate
“constitutional isomer”. It should be noted that among the nine such isomeric heptanes, two of
them (isomers denoted by letters C and F in Table 1) are chiral having an asymmetric carbon
atom, and therefore each of these two gives rise to a pair of enantiomers raising the total to 11
when counting also stereoisomers. Among the higher alkanes, the numbers of stereoisomers -
both diastereomeric and enantiomeric ones - increases faster than the number of constitutional
isomers so that already for undecanes the constitutional isomers are overtaken: there are 9
(constitutional) isomers of heptane and 11 steric isomers, as shown above; 18 isomers and 24
steric isomers of octane; 35 isomers and 55 steric isomers of nonane; 75 isomers and 136 steric
isomers of decane; 159 isomers and 345 steric isomers of undecane, etc.?""

In order to avoid using Tls that include the same type of dependence on the molecular
structure, and to test only TIs that have a chance to be orthogonal to each other, several attempts
have been made for grouping together Tls that are similar. A first method was to explore
intercorrelations between various Tls that were known at that time.” Later, variable clustering on
hydrocarbons and on sets with diverse functionalities allowed numerous TIs to be examined,”!

and this study has been recently extended to a database containing about 3000 diverse structures



and to all indices included in the MOLCONN-Z program.” Another approach was to investigate
what was the partial ordering of isomeric heptanes and octanes induced by various TIs based on a
variety of symmetrical matrices.”®

The present paper is a continuation of the latter method, but it includes the ordering of
alkanes with six through nine carbon atoms, and it explores a large set of Tls. We start with
stating that saturated acyclic hydrocarbons (alkanes) constitute an excellent testing ground for
Tls: intramolecular comparison of local vertex invariants (LOVIs) allows to test whether these
LOVIs vary in a consistent manner with the vertex degree and the centricity of branching;
whereas intermolecular comparison for a series of isomeric alkanes reveals whether the TIs have
a logical trend of variation from the linear alkane as the least branched isomer, and the alkane
most closely approximating a star graph as the most branched one. Star graphs have all their
vertices except the central one with degree one (endpoints): the hydrogen-depleted graphs of
isobutane and neopentane are the star graphs with 4 and 5 vertices, respectively. However,
alkanes are 4-trees (quartic trees), with an upper limit of 4 for the vertex degree, and therefore the
way in which branched alkanes with more than five carbon atoms come closest to star graphs is
debatable.

Cayley was the first mathematician to become interested in the enumeration of alkane
constitutional isomers. Later, chemists enumerated alkane isomers: Losanitsch, Hermann, Senior,
Blair and Henze, >’ but their approach was based on cumbersome empirical methods. Polya
suceeeded, however, to develop a general and rigorous method for solving this problem.” His
main theorem was adopted, refined, and used by Robinson er al.,” Read, ** and many other

authors.

Ordering of alkanes by various topological indices

Previously, it was noted that various topological indices led to different orderings of
alkanes, and several such orderings were noted and listed.” Thus it was noted that centric
indices, which (like other early first-generation TIs) had high degeneracy, led to an ordering that
was different from that of other TIs known at that time.”?

In an early paper,’ Bertz used successive line graph derivatives for alkanes as a measure

of branching. He proceeded in a rigorous manner, and postulated the linear alkane as the least



branched in an isomeric series, and the star graph as the most branched graph. Then he assumed
that the numbers of edges in iterated line graphs are an operational criterion for characterizing
branching, and he presented the ordering of all alkanes with one through eight carbon atoms
based on this idea (it is sufficient to list graph derivatives through the fifth derivative, N¥ for
complete isomer discrimination). He observed that among the then known TIs only one other

index (Balaban’s average distance-based connectivity index J Sz

) led to the same ordering of
alkanes with 1 through 7 carbon atoms. He also remarked that in the induced ordering of the
octane isomers, index J also had the smallest deviations from N¥ among all other indices.

It should be made clear that we do not claim that the ordering based on index J is the
best, since one cannot know which properties or biological activities will be appropriately
reflected by any particular TI. As an example for QSPR, in most instances, thermodynamic
properties (such as the normal boiling point) increase with increasing number of carbon atoms
but decrease with increasing branching. However, some chemical properties (such as the octane
number) decrease with increasing number of carbon atoms and with increasing branching ****
Our only aim is to use the alkane ordering as a criterion for examining similarities between the
numerous TIs. In other words, to paraphrase Orwell, all Tls are different, but some TIs are more
different than others.

Based on the common ordering between J and N for alkanes with up to 7 carbon atoms,
Table 1 lists a few Tls so that deviations from this ordering become prominent. In all tables, M
denotes methyl, E denotes ethyl, and Cn denotes an alkane with n carbon atoms. One can observe
for instance that the earliest TI, due to Wiener and denoted by W,** orders heptanes exactly in the
same manner as J and NV, but it has a high degeneracy with two pairs of heptane isomers sharing
the same value for W. However, it will become apparent that, since both W and J are distance-
based TIs, they vary in the same order, i.e. whenever two alkanes with different J values have
degenerate W values, they occur together, one after the other, without any gap, up to nonane
isomers (such gaps start to appear with decane isomers). Therefore we claim that index J is a
“sharpened Wiener index”, allowing a better discrimination, but conserving the main features of
the Wiener index. In other words, J imparts a sharper vision to W (Fig. 1).

We have examined over 300 TIs, namely all those contained in the POLLY and
MOLCONN-Z programs, as well as triplet TIs. Topological indices have values that may



increase or decrease with increasing branching. By examining the values of these Tls for all
alkanes up to and including octane isomers, we retained for further characterization only those
indices that had extreme values for: (i) linear alkanes, and (ii) the most branched alkane which in
these simple cases (hydrogen-depleted graphs with up to eight vertices) is the unique structure
with the maximal number of vertices of degree 4. Also, we eliminated all indices that had zero
values for any isomer (keeping, however, NV) or that had degenerate values for any pair of
hexane isomers. A few definitions and the corresponding notation for the Tls that will appear in
the following discussion have to be presented. Table 2 contains the Tls that were selected with

their notation.

Table 1. Hexane and heptane isomers, and some of their topological indices

Alkane Structure w NY J ow % D
A Cé 35 0 2.3391 126 29142 2.6458
B 2M-C5 32 103 2.6270 154 2.7701 2.3664
C 3IM-C5 31 239 2.7540 161  2.8081 2.2657
D 2,3MM-C4 29 906  2.9935 188  2.6427 2.0817
E 2,2MM-C4 28 3261 3.1685 197  2.5607 2.0000
A c7 56 1 244747 252 34142 3.0551
B 2M-C6 52 112 2.67826 311 3.2701 2.7946
C 3IM-C6 50 297  2.83182 333 3.3081 2.6547
D 2,4MM-C5 48 364  2.95322 384  3.1259 2.5261
E 3E-C5 48 561  2.99230 354 3.3461 2.5071
F 2,3MM-C5 46 1402 3.14421 411 3.1807 2.3905
G 2,2MM-C5 46 3546 3.15449 414 3.0607 2.4103
H 3,3MM-C5 44 5472 3.36044 440  3.1213 22678
1 2,2,3MMM-C4 42 8508 3.54120 510  2.9434 2.0354
* Boldface underlined bers indicate degeneracy, and boldface numbers indicate an ordering

that differs from that induced by J and NV,



Table 2. Symbols (POLLY abbreviations and corresponding standard abbreviations), definitions

and classification of topostructural and topochemical parameters.

POLLY  Standard Parameter Classification
notation  notation

Topostructural
idw I Information index for the magnitudes of distances between all
possible pairs of vertices of a graph

midw D Mean information index for the magnitude of distance
lg Information index for the edges in the graph

W w Wiener index = half-sum of the off-diagonal elements of the
distance matrix of a graph

hv HY Graph vertex complexity

hd HP Graph distance complexity

m2 M; A Zagreb group parameter = sum of cross-product of degrees over
all neighboring (connected) vertices

sl,s2 by Path connectivity index of order h = 1, 2 (for h = 1,  is Randic’s
index)

] J Balaban’s J index based on topological distance

dn2s, DNS, Triplet index from distance matrix, square of graph order (# of non-
H atoms), and distance sum; operation y = 1-5

dn2l, DNZIy Triplet index from distance matrix, square of graph order, and
number 1; operation y = 1-5

asly ASly Triplet index from adjacency matrix, distance sum, and number 1;
operation y = 1-5

dsly DSl Triplet index from distance matrix, distance sum, and number 1;
operation y = 1-5

asn, ASN, Triplet index from adjacency matrix, distance sum, and graph order;
operation y = 1-5

dsny DSNy Triplet index from distance matrix, distance sum, and graph order;

operation y = 1-5
dn2n, DN’N, Triplet index from distance matrix, square of graph order, and graph
order; operation y = 1-5

ans, ANS, Triplet index from adjacency matrix, graph order, and distance sum;
operationy = 1,2

anl, ANl, Triplet index from adjacency matrix, graph order, and number 1;
operation y = 1-5

anny ANNy Triplet index from adjacency matrix, graph order, and graph order
again; operation y = [-4

asvy ASVy Triplet index from adjacency matrix, distance sum, and vertex

degree; operation y = 1-5

(Continued)



Table 2. Continued

dsvy DSV, Triplet index from distance matrix, distance sum, and vertex degree;
operationy = 1-5

anvy ANV, Triplet index from adjacency matrix, graph order, and vertex degree;
operation y = 1-5

Topochemical

bl,b2  Myb Bond path connectivity index of orderh =1, 2

vl,v2 “x" Valence path connectivity index of orderh =1, 2

azvy AZV, Triplet index from adjacency matrix, atomic number, and vertex
degree; operationy=1,3,5

azsy AZS, Triplet index from adjacency matrix, atomic number, and distance
sum; operationy = 1, 2

aszy ASZ, Triplet index from adjacency matrix, distance sum, and atomic
number; operation y = 1-5

azny AZN, Triplet index from adjacency matrix, atomic number, and graph
order; operation y = 1-4

anz, ANZ, Triplet index from adjacency matrix, graph order, and atomic
number; operation y = 1-4

dsz, DSZ, Triplet index from distance matrix, distance sum, and atomic
number; operation y = 1-5

dn2z, DNZZ, Triplet index from distance matrix, square of graph order, and

atomic number, operation y = 1-5

Note: In this table, operations y = 1-5 for the triplet indices are indicated by a subscript; in the

text, however, these operations are indicated by a normal font, possibly in brackets when

designating several related triplet indices that differ only in the operation.



Calculation of Molecular Descriptors
The majority of the topological descriptors were calculated using software developed by
Basak et al., including POLLY 2.3.® The topological descriptors include Wiener number, *’

" and Kier and Hall," frequency of path

molecular connectivity indices developed by Randic
lengths of varying size,” information theoretic indices defined on distance matrices of graphs
using the methods of Bonchev and Trinajstic,'* Roy et al.,*® Basak et al.,”* as well as those of

Raychaudhury et al.,*' parameters defined on the neighborhood complexity of vertices in

38,39 31,32,42.43

hydrogen-filled molecular graphs, and Balaban's J indices as well as the triplet
indices.”** Of course, for alkanes all J indices modified for the presence of heteroatoms are
equal because there are no heteroatoms. The information-theoretic index X(D) was defined
earlier.”” The triplets result from a matrix, main diagonal column vector, and free term column
vector which are converted into a system of linear equations. The notation used to represent the
vectors and matrices is as follows:

A = Adjacency matrix

D = Distance matrix

V = Vertex degree, as well as a vector with N elements equal to the corresponding
vertex degree.

S = Distance sum, as well as a vector with N elements equal to the distance sum
for the corresponding vertex.

N = Total number of vertices in the graph, as well as a vector with N elements equal to N.

Z = Atomic number, as well as a vector with N elements equal to the corresponding Z
value, which for hydrocarbons is 6.

1 = Unity vector

After the system of N linear equations is solved, the local vertex invariants, x;, are assembled into
a triplet descriptor based on one of the following operations:
1. Summation, E;x;;
Summation of squares, Eix:
Summation of square roots, Eixi'?;
Sum of inverse square root of cross-product over edges ij, Eyj(xix;) A

Product, (ITx)'"™.

e



Additional topological descriptors, including an extended set of molecular connectivity indices,
electrotopological state descriptors, general polarity descriptors, and hydrogen bonding
descriptors, were calculated by Molconn-Z 3.50. ** A total number of 363 topological descriptors
was calculated for use in the current study, but a smaller number was selected for discussion

because some of TIs were eliminated as will be seen below.

Results and discussion

The astonishing result was the following: not only was J the only other index yielding the
same ordering of heptane isomers as NY, but none of these over 300 indices paralleled the
ordering of alkanes with 8 or more carbon atoms according to Bertz’s NV values. However,
several indices ordered the 9 heptane isomers (Table 3) and the 18 octane isomers exactly in the
same sequence as the J index. In addition to the triplet index DN?Z2 indicated in Table 4, five
other triplet indices shared the ordering with J through all constitutional isomers of octane:
DN?N1, DN°N2, DN?11, DN*12, DN?13. On the other hand, for the 35 constitutional isomers of
nonane, the ordering differed from that induced by J and displayed in Table 5 (with one pair for
DN?Z2, DN’N1, DN’N2, DN’11 and with two pairs for the other two triplet indices mentioned
above, namely DN’12 and DN?13). Unlike previous tables, nonane isomers are denoted by
numbers and not by letters in Table S, because the number of nonane isomers is larger than the

number of letters in the alphabet.

Table 3. Heptane isomers and some topological indices that lead to the same ordering

Comp. Structure NY J X(D) DN°Z2 AS11  ASNI  DSNI
A C7 1 2.44747 101950 0.060457 4.0730 28511 1.7080
B 2M-C6 112 267826 1.10780 0.062467 4.3330 3.0331 1.8293
C 3M-C6 297  2.83182 1.15881 0.063604 44913 3.1439 19222
D 2.4-MM-C5 364 295322 1.20739 0.064573 4.6253 3.2377 1.9602
E 3E-C5 561 299230 1.20952 0.064718 4.6565 3.2596 2.0111
P 2,3MM-C5 1402 3.14421  1.27065 0.065785 4.8029 3.3620 2.0720
G 2,2MM-C5 3546 3.15449 1.28380 0.065819 4.8054 3.3638 2.0829
H 3,3MM-C5 5472 336044  1.34790 0.067003 4.9897 3.4928 2.1869

2,23MMM-C4 8508 3.54120 1.41474 0.068110 5.1564 3.6095 2.2500




In the Addendum (http://wyle.nrri.umn.edw/wyle/downloads/) that one may download
from the web, one finds for isomeric alkanes with 3 through 8 carbon atoms, all TIs that are
included in Table 2 and many other ones. Two triplet indices (ASV3 and ASV4) do not have all
Tls for alkanes with 3 — 5 carbon atoms because one alkane in each case yields by chance two
identical equations, leading to non-determination. Structures are indicated in the Addendum by
Smiles Notation, and the ordering is according to increasing J values.

In Table 6 one sees, for a few topological indices (the same ones as in Table 1), how they
differ from index J in ordering octane isomers. Similar and more detailed information is provided
by Table 7, with the same notation of the heptane and octane isomers as in the preceding tables.
The absence of gaps in W values for nonane isomers ordered according to increasing J values is

observed in Table 5. Starting with decane isomers, such gaps do appear, however.

Table 4. Octane isomers and some of their topological indices *

Alkane Structure woJ X(D) DN’Z2

A C8 84 2.53006 0.97065 0.040417
B 2M-C7 79 2.71584 1.03795 0.041522
C  3MC7 76 2.86207 1.08551 0.042277
D  4MC7 75 291961 1.10261 0.042545
E  25MM-Cé 74 292782 1.11164 0.042665
F 3E-C6 72 307437 1.15017 0.043280
G 24MM-C6 71 3.09883 1.16594 0.043458
H  22MM-C6 71 311177 1.18983 0.043758
I 2,3MM-C6 70 3.17082 1.18983 0.043754
1 3,4MM-C6 68 3.29248 1.22755 0.044270
K  3E-2M-C5 67  3.35488 1.24448 0.044525
L 3,3MM-C6 67 337338 1.25914 0.044563
M 224MMM-C5 66  3.38892 1.26942 0.044726
N 234MMM-CS 65  3.46423 1.28678 0.045009
0  3E-3M-CS 64  3.58321 132174 0.045354
P 2,2 3MMMC5 63 3.62328 1.34275 0.045579
Q  23,3MMMCS 62 3.70832 136777 0.045859
R 2233-C4 58 4.02039 1.47446 0.046941

&

Boldface underlined numbers indicate degeneracy.



Table 5. Nonane ordering

No. Nonane isomer w J iy Rank of LA,
1 c9 120 2.59508 1.35308 L
2 2-M-C8 114 2.74669 1.34140 2
3 3-M-C8 110 2.87662 1.33562 3
4 2,6-MM-C7 108 2.91466 1.32945 5
s 4-M-C8 108 2.95482 1.33318 4
6 2,5-MM-C7 104 3.06082 1.32335 8
7 2,2-MM-C7 104 3.07299 1.31952 10
8 3-E-C7 104 3.09225 1.32731 6
9 2,4-MM-C7 102 3.15125 1.32039 )
10 2,3-MM-C7 102 3.15528 1.31937 11
Hl 4-E-C7 102 3.17534 1.32483 7
12 3,5-MM-C7 100 3.22305 1.31672 12
13 2,2,5-MMM-C6 98 3.28071 1.30682 17
14 4-Et-2-Me-C6 98 3.30739 1.31418 13
15 3,4-MM-C7 98 3.32476 1.31270 14
16 3,3-MM-C7 3.33007 1.30933 16
17 2,3,5-MMM-C6 3.37660 1.30617 19
18 3-E-2-M-C6 3.41009 1.31015 15
19 4,4-MM-C7 3.43105 1.30633 18
20 2,2 4-MMM-C6 3.46726 1.29963 21
21 3-E-4-M-C6 3.49948 1.30594 20
22 2,3,4-MMM-C6 3.57583 1.20792 23
23 2,4,4-MMM-C6 3.57675 1.29248 26
24 2,2,3-MMM-C6 3.58873 1.29462 25
25 3-E-3-M-C6 3.61739 1.29849 22
26 3-E-2,4-MM-C5 3.67762 1.29483 24
27 2,3,3-MMM-C6 3.70209 1.29051 27
28 2,2,4,4-MMMM-C5 3.74642 1.28186 32
29 3-E-2,2-MM-C5 3.79291 1.28728 29
30 3,3,4-MMM-Cé6 3.80240 1.28626 30
31 3,3-EE-C5 3.82468 1.29007 28
32 2,2,3,4-MMMM-C5 3.87760 1.27916 33
33 3-E-2,3-MM-C5 3.91921 1.28209 31
34 2,3,3,4-MMMM-C5 4.01374 1.27403 34
35 2,2,3,3-MMMM-C5 4.14473 1.26641 35

Boldface characters indicate degenerate W values without gaps in J, and in the last

column an order for index A}, that differs from that induced by index J.




Table 6. Octane isomers and some of their topological indices

Alkane  Structure w N g ow g D

A C8 84 2 2.53006 462 3.9142 3.4641
B  2M-<C7 79 114 271584 5712 3.7701 3.2238
c  3MC7 76 307 286207 622 3.8081 3.0706
D 4M-C7 75 356 291961 636  3.8081 3.0178
E  2,5MM-Cé6 74 242 292782 709  3.6259 2.9761
F 3E-C6 72 638 307437 683 3.8461 2.8536
G 24MM-C6 71 586 3.09883 771 3.6639 2.8221
H  22MM-C6 71 3573 311177 781 3.5607 2.8473
I 2,3MM-C6 70 1488 3.17082 790  3.6807 27775
] 3,4MM-C6 68 1936 3.29248 837 3.7187 2.6726
K 3E-2M-C5 67 2078 335488 848 3.7187 2.6118
L 33MM-C6 67 5795 3.37338 859  3.6213 2.6213
M 224MMM-C5 66 4252 338892 968  3.4165 2.5912
N 234MMM-C5 65 3173 3.46423 981  3.5534 2.5284
0  3E-3M-C5 64 8286 3.58321 921  3.6820 2.4785
P 2,2,3MMMC5 63 9700 3.62328 1049 3.4814 2.4422
Q  23,3MMMCS 62 11664 3.70832 1065 3.5040 2.3905
R 2233-C4 58 27702 4.02039 1312 3.2500 22039

* Boldface underlined numbers indicate degeneracy. ltalicized boldface numbers indicate an

ordering that differs from that induced by J.



Table 7. Ordering of heptane and octane isomers

INY, etc. W Ip* Y Z % D MTI  OW  AZ(RDS)]
Heptane isomers

A a a a a a a a a a
B b b b d d b b b b
(c) c () c c c c ¢ c c
D de d € il f d d € d
E de e d b b e e d e
F fg g f e e £ g f £
G fg f g h h f f g g
H h h h f g h h h h
1 i i i i i i i i i
Octane isomers

A a a a a a a a a a
B b b b ef g b b b b
G (- [} c c cd c /i c c
D d d d d cd d d d d
E e e e kl k e e i f
F £ 4 f b b f iz [ €
G gh h g i i h h g g
H gh f h o m g g h i
I i i i i i i i i h
J i i i ef ef J j j J
K ki 1 k h ef k Im k k
L kl k 1 K 1 n k 1 1
M m m m q q 1 Im n n
N n n n m n m n ] m
0 o [ 0 gh h 0 o m o
3 p p P P p p p P P
Q q q q no {1} q q q q
R r r r r r r r r r

Letters A-I for heptanes indicate the structures displayed in Tables | and 2. Letters A-R for octanes denote
the structures presented in Tables 3 and 4. Entries with two letters denote degeneracy. The place occupied
by structures A-I or A-R ordered according to various indices is denoted by lower case letters, starting
with the letter a. Boldface entries indicate an ordering that differs from that induced by J.



Discussion of the results

Several interesting observations on the data presented in Tables 1, 3-7 can be made. One
is that the Randic () and Hosoya (Z) indices assign a lower priority to branching at the extremes
of a longer chain than to branching closer to the middle of the chain, therefore these indices differ
from most of the other ones which put more emphasis on the vertex degree and/or larger
topological distances. Hexane isomers are the smallest alkanes where ordering differences can be
observed. The Hosoya (Z) and Randic indices (y) as well as indices V1 and V2 lead to ACBDE
ordering, and most other indices to the “normal” order (ABCDE). However, the ordering of
heptanes induced by y (AECBFDHGI) differs from that induced by Z or by the information-
theoretic index I (AECBFHDG).

The information-theoretic indices Ip" and Ip” differ in their ordering of heptane isomers in
that the former has one pair of isomers (ED) and the latter another pair (GF) in a different order
than that indicated in Table 7. Concentrating on this last Table, one can observe that although the
information-theoretic index Ip™ (based like W and J on topological distances) has one pair of
heptane isomers in a different order from that induced by J, it orders octane isomers exactly like
J. In all cases, according to our selection criteria, the normal (linear) alkane and the most
branched alkane appear always at the extremes of the ordering for all Tls included in Table 7.
There is also an interesting agreement for all TIs of Table 7 on the place occupied by 3-
methylhexane among heptane isomers, as well as 3-methylheptane, 4-methylheptane and 2,2,3-

trimethylpentane among octane isomers.

In addition to the analysis of alkanc ordering due to Bertz,”® we need to analyze the
contribution of Milan Randic who, in 1998, published an elaborate discussion on this topic.*” He
investigated a few older TIs, namely the J index, the hyper-Wiener index and the Harary index, as
well as the leading eigenvalues of four matrices: adjacency, distance, Wiener, and path matrices.
Only the last TI, denoted by A&, has no degeneracy up to, and including decanes, and therefore
Randic proposed to define quantitatively molecular branching by AX,. He had noted, however,
that J and Wiener’s index parallel the ordering induced by A}, up to, and including octanes, but

that starting with nonanes there are discrepancies between W and AA;. We illustrate the
























