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Abstract

The paper b devoted to the study of some physicechemical properties of chernical
substances, by meao,s of rrathematical approaches, i.e. by usint molecular traphs
a.nd topological i[dices.
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Introduction

The classical mathematical model of molecular complexity based on concepts ftom graph theory
is cosidered in order to automatically gererateand study various properties of alkanes by means
of topological hdices. The enumeratiotr of ciemicai isomers, in particular the constiLutioral
immers of alkanes C4E2n+2 was a chalenging mathematical problem to which, since 1824-
1875, Cayley applied the graphical concept of a tree.

If only carbon atons of alkanes a.re depicted, there is a one-teone coirespondence belweetr
lhese isomers and lreet, that is graphs of at most agree 4. The application ofgraph thmry to the
equi\.?lence or non-equivalence of such two different structur:es becomes the iask of frnding an
inva.riani (a quantiiy characterjstic of grapl that does not chanSe when the graphis embedded
difierently), whictr i.s calted a topological iodex.

A topological index expresses in uumerical form the topolory of chemical species it repre-
sents. It is obtained in the followin8 way: starting the hydlogen-suppressed graph ol the species
r.urder study, a matrix is set up lo reflect the topological structure ol the graph. This matrix is
then converted into a r1urDber by various formulas, that is into a topological index.

At their origiDs, topologica.l indices were developed for the purpose of obtainirg couelaiions
with a wide v-ariety of rhe physicGchemical substanc$. In the same manner, the aim of this
paper is lo describe a procedure for studyijlg the correlation of some topological indices with
vadous physico-chemical prope{ies. This procedure b integra.ted in a comprter programme for
autofiratically generating of all Gomels of alkanes for fl : 2,3,.. - , 12.

These in.estigations arc very important in the design ofdrugs and pharmaceutical indutry

t4l, tsl.

2 Graph representations of chemical structures

Among the various kinds of grapbs used in chenistry (chernical graplB), much a.ftertion js
paid lo the molecular (constitutional) graphs since constitutioll;il formulas are depicted by
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pohts r€pr€dsntilg atoEB, ard by lilcs reprBe ing covaled bondr. The basic rDtthematical
structure which maps a certain molecule (molecular graph G) iB the a4jacency mairix of the
molecular groph ]{(G). For a molecule baving N etorDs (of caibo!, whetr the hydroten atoEs
are supressed), A(G) is square .lV x.lv matrix. Its entri€ ori ha\a ody tEo ditrerent valu8: I atrd
0, due ta the fact tbat two atoms in a nolecule are in binary r€letion, being either comected
o! trotcon-nected:

oij = l, for a,j - aAjaaent
&ii = 0' othereise'

For followitrg ctreloical compoutrd having the structure

"cE,
and cslled 2,2-dimethtl, 3-eth.ilpentane, the corre3ponding chemical graph C is

and the adjacency matrix A(G) is given by
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REMARX 1 A(Gl is a sumetqa"- matrir, so we cafl we onl! the rc&rcd odjace'lc! rnatriz,as in.ltl.[z] Bs sum-i,ts the 
-mtries 

ot.the mu (*r" ;;;;ih;';;;:;:"s )nat* u. obto;n,#jy'* 
"t "" 

uer.ter ui, ilenoted by di. The nvmber di giuec the chemical chot cter ol the

Atr othe! roatrix associated to G is the so ca.lled distance_hatrix, denoted by D(G) or simply
!^D- ,{-4U). !te,. l;i stands ror the topolosi*r a*,""*it"i# iiJ ,IiL I *a i. ro, cg]veo abo\re, dB --  4 _ dts,  drc = 2, .  - .  -

3 Topological indices

lT^i-OjTi.t. 
-:,:*.expr€sses ir a cedain way the complexity of the molecule (i.somer). Wehave to coDvert rhe informarion siven by this oatrix (or oih* ;;.i*);;;;;,"ber iD such away that the Bame value wilt be obtainea for j"o-o.p*;";;*;; ,i1r1","ro'#n"."", ;"o_"o',pe have to obtain diferert valu$.

There exists a pletora of topological indices [3]. Such topological hdices are, for instance
N

A,= | ai1 (toral adjacency index)
t i=1

and

s(r) = t di,
If r; is the degree of vertcx i (the number of bonds) the! we can write some of the so-ca.lledZagreb Group indices

,r:2"?
Mr: D ,,rt

xR = t (r, iu;)-l, aod so on.
o ed,se!

I: was observed. that sucl a topological index generally correlaLes, well or not, with variousphysico-cheEical properiies. So we car obLain very imporrant ilformation about such propertiesfor various chemical cornpounds.

4 A method for generating the
The nuinber of the i.somers of alkanes incre:se:s

isomers of alkanes

geometrically as lV bcreases

ir' | Nu-Ebers of izomers



l1
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8.3U 8.747 8.747 9.074 9.177 8.747

9_014 9.272 9.029 9,051 9.484 9.081

In otder to simplily the study of rious topological indic€s, a special algorithm (and a cor-
responditrg prograrnme h PASCAL) was obtahed (see [t], [Zl). We uBed this prorranme ro
generate the isomers of a.lkanes for ,V : 10, .V = ll atrd tV : 12 and we obiained ?8, 155 and
355 isomers, respectively (for N: 20, ihele exkt 366 319 isomers).

Then soDe topological indices has beeD tested in what concern correlation with certain
physicochemical properties so boiling poht, heats of porizatioq etc.

The rBults of the slatistical study itrdicate good correlatioDs for Xp and heat of vaporiza-
tion. For .V:8 (18 isomer8) these results gir€n here Bhow a good conelation (94%):

Isomers

observ€d
8.410 8.826 8.402 8.915 9.209 E.897

AEuop
computed

Isomers
6Huop

observed
AHdp

coEputed

Isomers l l 3  14

8.853 9.17? 9.1?7 g.rn 9.493 9.074

The regression line is y : 15, 618000 - 0,298547r ard the staadard deviation l5
s : 0,137352.

References

llj Berinde 2., Berinde V.: Motris rzprese at;on ad posibitities ol study ond geflerltion
of all stnlct'Jres ol a chernical substance (in llo@anian), Analele Univ. Oradea. 1(1991),
Fasc. Fizica-Chimie, 108- 123.

[2] Berinde Z:On a method ol rcpresentation aAd couftting oJ the stn]ctu,es oJ otkanes
in laomonia.n, Bul. Sti i .  Univ. Baia Mare, Fac. Fizica-Chiraie, 8(1991), 231-238.

[3] Dindea M., Ivanciuc O.: Molecular topolosy lh Romanian), Edirura COMpltEX,
Cluj-Napoca, I995.

[4] Kier L.B., Hal\L.H.: Molecular Connectivit! in Structure,Actiuitg Analy$s,
John Wil ley & Sons, New York, 1986.

[5] Kicr L,S., Hall L.H: Molecrlar Conne.t;t]it! in Chemictry and Drug Reseurch, AluJemic
Press, New York, 1S76.

8.973 9 .316 9 .52r  9 .483 9 .9r5

9.074 9.t77 9.493 9.493 9.801


