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TOPOLOGY AND PHYSICAL PROPERTIES OF nALKAMNES

R.S. LALL
Chemistry Departinent, St. Andrew’s College, Gorakhpur 273001, India

ABSTRACT

A relationship between the mean value of the Wiener Number and the physical proper-
ties of n-alkanes is presented. The rogt mean square value of the Wiener Number je defined,
A gocd correlation between the topological index and physical propertics has been obtained.

INTRODUCTION

h OLECULAR tovology is a toplc of current

interest. This discipline of modern mathematics
finds its various applications In chemjstry. The term
topolegy’, in chemical Uterature, is generally uced
to represent the molecular graph?, though both the
terms are nrot Synonymous, The molecular graph
is a set of edges and vertices. The vertices are usually
sp?-C  atoms and edges ate C-C bonds, the bond
lepgihs of which are topologically invariant. The
molecular graph s therefore a topolegy with defined
metric?,

Considering the m-networks of conjugated hydro-
carbonstt and their C-sheéleton molectlar graphs,
topological studies have been made both on simple®
and heterocyclic systerns®$, The problems of afomati-
city and resonance encrgies’ based onr the Huckel
Molecular Orbital Theory, aré row €asy to solve with
the help of topology.

Topological indices®® have beent introduced by vari-
oUs Workers {e.g., Rouvray’s indext, Randic connecti-

vity index??, Platt indexs, and Mosoya index™}. The
Wiener nurnber'® is an imporiant topological index,
which is applied by Trinajstit and Bonchevi®® ang
Sondheimer!? o monocyclic siructures and the changes
in the values are related to the structural features and
the physical and chemical Properuest?,

In this Pagper, it is showyn that the tcpology Can be
equally applied to o-bonded systerms of sp?~C skeleton
gragh, and that the mean value of the Wiener
Number is directly related to the physical properties
of n-alkanes,

THEOoRY

The molecular graph {¢) 1s defined in terms of edges,

the C-C bonds and vertices, the C atoms. A
labelled graph ©f r-butane may be represented by

1 2 3 4

O—0—0—0

The topological distancest¢ are defined as the elements
of a real N x N matrix D {(G), which 15 kaOown as the
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distance mairix,3v"* where N is the pumber of vervces
in graph G. The clemenis of the distance matrix,
D;, (G), are integers, for i,j veighbours, the element

1 for i j
— . 1
DIE(G) {0 for f-—:j} {1)

The distance matrix 13 symmetric in relation o the
principal diagonal: 1he completle matrix ¢an be
divided into two triangular off-diagonal sub-matrices.
The Wiener number is defired as half the sum of the
off-diagonal elements of the distance mafrix®

w(G) =1 ¥ D,(G). (2)
1P

This is e¢qual to the sum of the elements of the
triargular off-diagonal sub-matrix. For example, »-
butane W {G) = 10. The total number of elements
in a tangular off-diagoral sub-matrix is egual to
3 N (N —1). The mean value of the Wieper numbes

W is defined as,

W(G) = —t

VOV SOy (3)

The root mean squaie value of the Wiener number
is defined as the squarc reot of the mean of the squoare

Comparing the values of W for n-alkaves and their
physical properties, the following empirical equations
were obtained for the heats of formation AH,, density
2 and the boiling points BP.,

A H, = ~50 ~15-0 Wk.cal mole (8)
p =0-48 + 0-075 W gm.ml? (9)

BP. = —150 4 93-0 W *C. {10}

The values of the heats of formation are taken for
gastous states, while the density and boiling points
for liquid states.

The iorization potentials (LP)8 of r-alkanes were

ey

cotrelated with the corresponding W values and the

following approximate relationship was found, to
hold good:

IP. =130 —1-5 W +-0-0725 W2 eV

TaBie 1

The values of the Wiener number PE mean W, and
r.m.s. valies. W,

(11)

of the ¢lements D,; of the off-diagonal sub-matrix, n-Alkanes 1/a 7ls W
o 1 N D 3 . T —
py P?{NT- i")' 7 {. ) Ethane | 1-00 ‘-
R Propane 4 1-33 1-414
For n-alkanes® graphs, it can be shown that the Wierer Butane 10 1- €6 1-8%¢
number W, its mean value W, and the r.ms. values Dentane 24 2.00 _ ,}; 6
W me ar€ given by the following cquations, CRaR ' 22
W 16 (NP — N 53 Hexane 35 2+33 7645
- b Heptane 56 2-66 3-055
W= 1/3{N+ 1), (6)  Octane $4 3-00 3-461
N- Nonane 120 3-33 3:-872
d W - N (N — j}j? d (7) DeG:a na 165 366 4. 232
- -— n ' + 282
al ity N (N — 1) h/___J f }
i~ e - -
TABLE 1]

Culenlated and obsreved Heats of formation 2 H,, densities p, and boiling points B.P. of H-ufkmws;

.

AH, K. cal mole—t p gm mi-? B.P. °C
Cﬂﬂ‘t;}d. ~ ' et ity B e e -
Caicd, Obsd. {6} Calcd, Obsd. Y Calcd. Oosd. (W)

LEthane —20-0 ~20-20 . - ‘e .
Propane ~25-0 —24' 80 0- 584 0507 260 —42.p
Butane ~300 ~30- A0 0605 Q- 600 59 05
Pentane —33'0 -—3510 0630 0-626 360 15}
Hexane —A83-9 U-055 O 659 670 oY 7
Heptane ~-45:0 . 0- 630 0- 634 030 934
Octane —50-0 ~ 49- 82 0703 0-708 129-0 1257
Nonare ~35-0 ~ 5470 D720 0718 160-¢0 151

R —

R S ——

Pt — g e T =T r

{«) Refs. 20 ard 2]’, {E;) Ref, 10

o

and Ref, 22.

Py’

s T )
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TABLE 11l
Jonization Potentials I.P. of n-aikanes

i i
——

Comypound Calcd. eV Cbsd.
(Ref, 18 p.198)
Ethane 11-573 11630
Proganre 1(-084 11080
Butane 10-710 10 630
Pentane 19-20Q 10-330
Henane g-9{(Q 10-178
Heptane 9- 860 10-(60

e —

A

n—e

RESULTS AND DISCUSSION

The mean and r.ons. values of the Wierer pumber
for n-alkanes upto N =10, arc r¢roried I Table L.
The values of A H,, £ and B.P.s calculated op the
basis of equations 8, 9 and 10 are reported in Table 11
along with the experimental values. “The 1.Ps.
calculated and obsenved are ghen ip Toble 111, The
calculatsd values are in good agreement with the
observed values,

The physical properues ¢f s-alkanes de, erd directly
upon the size of the molecules and their relationship
with the pumber of C atoms has already been dis-
cussed’®, The molecular toyoology degends also on
the number of vertices, ie, C afogms. Therefore a
relationship  between the molecular topology ard the
physical propertics can be thought, This presents a
mappivg of topology onto 1re physical Properties,
The structural or physical progerties are refiected by
the topological indices. The approach can further
be extended to other o-bonded systems.
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