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GRAPH MODELLING OF CHEMICAL STRUCTURES

Zoifn RERINDE, Madilina BERINDE

Abstract. In this paper we descrine a mathematical madel for representing ehemien] struclures
crmtauming mvultiple bareds, heteroatarms and benzennid hidracarbons, wsing recently developed rcihods
fiat caleulating the weighted electironme distance, w.ed. We also illusiele the power al w.ed. in
differsntisting the chemical bords aecording e the context in which shey are Faued in the molecate, For
the chermczl srruchares showed hers we caleulace the ZEF and B2 topategical indices wsing e wizighted
electronic commestivity matrix, CFP, iradused by the first methor in 1],

s e
Kev words: molecular praph, weighted electrenic disonce, topelepscal index, weiglited
clectronic comnectivity matrix, comelation

1. Introvloctlicn

L 1874 Swlvester [2] infroduced the tenm of graph azaociated 10 melecular stnecture, based on
constitutian formuls wsed by chermists at that time.

The figst representation of 8 praph with o mafrix is awed (o Svlvestes [LEVS] and he is alse the
eme who shawed For the first time the conncction hetween chemistry and algehea.. i

A single nuerber that is used 1o charactersee & molecule is called its tepolagical index [2]. The
first inpabegical index was introduced in 1947 by H. Wienner.

Adter this dare the malecular topalogy has developed progressively. Todny, there are many
topatogical indices deseribed i the literature [4-7].

Recently, the first author [1], [9] propesed a graph theareiizal makriz to repressal cdme-
eopnectivity relationships which is called weighted electronic somnectivity rratrin, denoted by CEP, whils
fwo of the derived tapelogical indices ane denoted by ZEF and RE, respectively [E]. The matriz of
weighted electromie connectivity, CEF, cn be regurcled as a mamix of special adjscency thal reproduces
the connectivity between atoms much more accurately. The topological distanse of the adjaccncy marmix
batwesn [wo atoms linked covalently was replaced by the weighted clectromic distance (wee.d). By meais
of mrarrix CEP ane can represent sanply, without using ather consideratois, 210 chemicnl siructures, bath
thoss containug muthiple bomdg, benzennid hydrocarbons s well @ these contaiming heleraaioms,

1. The weighted clectromic distance and the weighted electronic connectivity matris
For a molecule having & atoms, whose graph s G = (F{G), £((7]), the weighted electronic

connectivity matrix CEP (03] is a square W = A matrix given by
CER(G) = [|CEPL, 14, eV (G}, (n
where its eritries [CEF], |, are defined as follows
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CER =depdi, N, iti= § oand (4 Oy E(G) and CREF, =0 otherwise i)
aitd
- dle,pdd 71 denates fhe weighted slectranic distancs between the atoms (vertices) { and J;
- FICr) s the set of all vertices Catora) af the melecular graph
- E{) is the setof all edies (bands) of the graph (7
Thie weiphted clectrenie disfance, woed was recently Jdefinedin [ 19] 5y the formula
L

weed.(f, f}=— i £}
=7 1

] ¥R,

where
-1 b i the bond weight Yor bond order) with values: | for single boid; 2 for double band, 3
fior rriple hond ke mm Barese us zl. [217;
- v denotes the degree of werbex ¢ (thar s, the aumber el bonds of the alem © in oiher
i ];
- 2! denotes the Tarmnal degree ol verles d, and it given by
=8 (4]
& being the order pembser of the atoin ¢ (that s, the number of 2lectinons mthe atem &), Inthe graph G
represening 24 4-rimethylheptane we illustrated the notien of farmal deres, 2% and weighned

clectraonic distance, w.e.d, We have chosen thes siructuse because ol contams a2l four kinds of corfions:
prirrary, secandary, eertiary and quatemary

B1id) Gl e

Similar fermulag which wse the atarmic number drd the mulliplicity order of honds have been
cansigared m another context by Barysz and collaberators [16], where o is denoted only the presence af
aaltiple bonds and heteroatgmns, but therr model i3 net sble 't reproduce the mfanmation relaced o the
nef ihbaurhacd of bands, ag in'the gaee of weighted clectnotic connectivity.

The farmal d-:gr-:-: Z'oof the vertex ¢ 08 o Tael a local irvariant an vsrbex (LW, which
replaces the clussicul degree of the vertex, while the weigheed electronic distanec, w.e.d (4§ fepresenls a
Sl inviasmanl an edge ¢ LOED.

Further oo we pregent, the weighted clectrome distances and the caresponding CEFP matrices
fiar graphs (2.2 2007, ;
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2. The ZEP and B¥ topological ndices

The electrame conteetivity marrix can function as a basie for the consruction of
several new tepolagical indices. The simplest index s given by e sum of SEP;

i
ZEP =3 (5EP)," ]

The ides was apelisd in correlation studies to physical properties, the cormpaciness of the
maleculor brenching. Mow. we define 8 new topolagical (graph-theorcticall "index RZE, using the
Ramdic-tvpe [17] graph-thearztion] mvasjunt:

il

1
RZ=2 {5, 5)" (M

where &, v are adjacent edges in the praphand &, =d.e.p i, j) . & = (7, 7]
The calculation techowpee of ZEP snd RF imdices s olluswated az follows for the
hwdragen-suppressed graphs G2 - 6.7,

FEP(¢:2) =281 + 215 4143 497 - 16,08
= i L
RZ = (58] “+2{8-5) T +(5-9)17=0298

G.2



] ! ! L
ZEP(Er M= 28 2 21+ 115+ 155 409 = 20,429

: 5‘ I:I 1 1 I
RZ = (8-81% + HE-55 + (5. 6)7 = 32 404
ik
T.L L E TR - 1
e ZEPIGA) =225° + 75" =97 £ 1357 £ 14.25 = 14687
1 L !
REZ=(2.25-7.5)% + {225 45 « (7.5 4517 « (4.5 97 = 52918
G.d
I E 1 1
8 ZEP(G.5) =285 +117 + V6667 + 21665 = 17.709
Bl nan 1 i
o RE=2-{B-5.66)" + (8.8} + (5.66 1017 = 29,148
G.5
2 ; : i

ZEP[G.6) = 2357 + 2.BE # 2K.57 + 217 = 20,425

gl g ms Br

- 1
REa2 f0-307 +(8 B} +[F 2350 = 3 448

i i 1 1 1
‘I,-'a._;rg ZEP(G.6)=1.75" + 752 + 12287 + 7327 4,2 4337 £ 3- 4,447 = 4] 157

] 1 - 3 1
S RZ=(.T 75 (315 (3 LTS £ 203210 6 (2 L1211y

rs

1 L
+2(2.22-211)7 + 3222 2.23)7 = 28,788

Y Concloding remarks

Beside the capacity of differentiating the multiple bonds and thaose contaning heteroatarrs, tha
weighted electronic distange, w.ed, hus the merit of distnguishing even the boids of the sme type
betwesn two identical atoms, depending om Fheir coineclivity, Thus, the simple bond hetwesn tap
gecondary carhan atoms has a wee.d. different frarn that of B semple covalent bond betassn 3 primmary amd
i secondary atom, as shown in the graphs G.1 - G.7. Mo ather system ol representing the chermical bonds
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fas, a3 far 0 we know, Lhis pooer of ditferentiating the chemical honds according to the context they can
b fund within the molecule,

The presonce of double bonds - and of 'heteraatoms i griphs LG, Gd, G5 and G s
bughlighted by (e tapological indices, ZFF RZ, which have different values for each of the four
Lraghs

In onder ro pest the mwde! suggested by us, there have heen carred out eorrelatan studies for fha
class of alkanes [10), ethers [ 1] alkyl halides [12), amines [12] and other chemic:| compaunds [14,] 5],

As 3 result of the studies carped QUL we can store that fhe replacement of the comman
topologicn] distmes by the weighied lapelogical distznce within the precess of representing the chemdcnl
ruchire lends to @ viable madel, with real comelar ian qualities,
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