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1. Introduction

Abstract: Graph theory is one of the best-known research head subjects
having many applications. Graph theory serves as a mathematical model
to represent any system which has a binary relation. Chemical graph
theory is branch of graph theory that is concerned with analysis of all
consequences of connectivity in a chemical graph. An organic molecule
can be represented by a graph, which can be converted to several
matrices by using various graph characteristic, connecting of atoms
through bonds lead to adjacency, incidence, cut-set, circuit and distance
matrices. The object of this paper is to adopt graph theory matrix
approach in hydrocarbons.

Key Word: Matrix (Adjacency, cycle, cut-set, edge, incidence and path)
and Undirected graph.

The graph theory is the study of graph, which is a collection of vertices or nodes and edges that connect pair of vertices
and is a branch of graph theory that applies geometry to derive two-dimensional representation of graphs. Graph theory matrix
approach is used in modeling and solving decision making problem with multiple and interrelated attributes.

1.1 Graph theoretical terms and chemical terms

Chemical system may be depicted by chemical graphs using a simple conversion rule,

Site <> Vertex
Connection < Edge

1.2 Mapping of graph theoretical and chemical terms

Graph theoretical terms
Chemical/ Molecular graph
Vertex

Weighted vertex

Edge

Weighted Edge

Chain

Cycle

Chemical terms

Structural formula

Atom

Atoms of a specified element

Chemical bond

Chemical bond between specified element
Linear Alkanes/Alkenes/Alkynes

Cycloalkanes

sl

2. Matrix representation of structural graphs

The purpose of matrix representation of structural graph is the reflecting molecular topology and correlating structure.
Graphs are converted into a mathematical expression which may be matrix and a polynomial. The first representation for
characterizing graph and discussed below.
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Matrix Representation of Graph Theory in Hydrocarbons

2.1 Adjacency Matrix
Adjacency matrix of a graph with n-vertices and no parallel edges, self-loops are allowed is an nxn order matrix
A=(ai)

Where,
__[1.ifthereisanedgebetweeni"andj" vertices
"7\ 0, ifthereisnoedgebetweenit"andj " vertices

is weighted adjacency matrix of Aliphatic Hydrocarbons. The valency of carbon is 4 and valency of Hydrogen is 1.

2.2 Incidence Matrix
Let G=(V, E) be graph with n-vertices (v1,va,........ ,Vn) and m-edges (e1,€2,......,em) and no Self-Loop. The matrix A=(aj;)
of order nxm, where,

a--—{l’ ifi'"edgee;jisincidennceoni"vertexv;
ij= ,
0, otherwise

for a given graph G=(V,E), an incidence matrix depends on the ordering of the vertices of G and that edge of G. For
different ordering of vertices and edges we get different incident matrix of the same graph G.

2.3 Path Matrix
A path matrix is defined for a specific pair of vertices in a graph say (u.v) and is denoted by P(u,v).
Let 'm' be the number of different paths between the vertices “‘u’ and ‘v’, ‘n' be the number of edges path between the vertices
(u,v).
Then path matrix will be,

o (1,ifjTredgeliesinittvertex
P(u,v)=(Pjj —{
(Uv)=(P) 0, otherwise
The path matrix of any two vertices of alkenes is row matrix. At last, one of the path matrixes of any two carbons in
alkenes is two rows. At last, one of the path matrixes of any two carbons alkynes are three rows.

2.4 Cycle Matrix
Let G be graph with 'm' edges and 'n* different circuits then a cycle matrix C=(Cj) of order nxm is defined as

C--:{l’ ifitcircuitincludesj*edge.
v 0, otherwise

The cycle matrix is denoted by C(G). The cycle matrix of aliphatic hydrocarbons as
Cycle matrix of Alkanes does not exist.
Cycle matrix of Alkenes is 1.
Cycle matrix of Alkynes is 2.

2.5 Edge Cut-Set Matrix: -
Let the graph G have 'm' edge and 'n' be the number of different Cut-set in G. The Edge Cut-set matrix E(G) is given

by

ifit*cutsetincludesjedge

1’
E(G)=(Eivm where Eij:{ 0, otherwise

The number of Edge cut-sets of alkanes are 4,7, 10,..,3n+1, alkenes are 5,8,11,.....,3n+2 and alkynes are 3,6,9,......3n.

3. Hydrocarbons

Hydrocarbons in an organic compound made of carbons and hydrogens. It is possible for single (—), double (=) and
triple (=) bonds to form carbine atoms and hydrogen’s. Aliphatic hydrocarbons are compound of hydrogen and carbon that do
not contain benzene ring. There are three types alkanes, alkene and alkynes. The saturated hydrocarbons know as alkanes
consist only carbon and hydrogen connected by single bond. The chemical formula is CnHzns2 Where n represent the number
of carbons and 2n+2 represents number of hydrogens.The unsaturated hydrocarbons are alkenes and alkynes. Alkenes are
hydrocarbons that contain C=C, chemical formula for alkene is CoH2n.Alkynes are hydrocarbons that contains at least one triple
bond between two carbon atoms, the number of hydrogen atoms is still less in alkynes as compared to alkanes or alkenes. The
chemical formula of alkynes is CnHan-2.
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4. Different types of graphs matrix representation in aliphatic hydrocarbons

4.1. Adjacency Matrices

Table-4.1
Hydrocarbons Structure Structure into a graph Adjacency Metrix
H H2 C Hy H, Hz Hy
l l clo 1 1 1 1
Methane(CHa)
H——C—H H3——C——H; P
(Alkane) I I Hyf 1 0 0 0 0
Hif1 o o o0 o
H Hy
Hyf 1 0 0 0 0
Ci C Hy Hy Hy Hy
H H C, _0 2 1 1 0 5
\ _ / Hs Hy Clz o o o 1 1
c=—c \ / 2
Ethene (C2Ha) / \ c,=cC, W,=H; 0 1 0 0 0 0
H H / \ H,J[o 1 o 0 0 O
(Alkene) Hy H, et 0 0o o o o
Hy |1 0 0 0 0 0
C C Hy H
— Cilo 3 0 1
Ethyne (C2Hz2) c=—cC H——C;=—=C,—H;, '
Wy = C, |3 0 1 0
(Alkyne) H [0 0o o0
Hy|1 0 0o ©
4.2. Incidence Matrix
Table-4.2
Hydrocarbon Structure Structure into a graph Adjacency Metrix
s
H H, €1 €2 €3 €4
€y B ]
Methane I e | e cl|1 1 1 1
(CHa) H——C——H Hs C—LH, Hil[1 o 0 0
I €4 W=
(Alkane) \ b Hfo 1 0 0
4 H/ 0 0 1 0
Hd1 o o 1]
Hs H €1 € € & €& &
e 1
H H €3 e — -
\ e \C =5C/ Glo o 1 1 1 1
c=—c e4/ "eg 2\62 )
C |1 1 0 0 1
Ethene (C2Hq) y AN Ha H, 2
H H Wi=Hft o o0 0 0 O
(Alkene) Hp{0 1 0o 0 o0 0
Hs; |10 0 1 0 0 0
Hofo o o 1 o0 o0
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Ethyne (C2H>)

(Alkyne)

C—=C H

&
e

HZWC]'T Cle Hl
5

€ & €3 € €

4.3. Path matrix

Table-4.3
Hydrocarbo Structure Structure into a graph Adjacency Metrix
ns
H H, Path matrix of Methane with vertices C,H1
l e whose order is 1x4 is denoted by
Methane es l e L& & &
- Cc— 3 =1
(CHa) H c H Hs c Hy PCH)=Pi[1 0 0 o0
I €y 1x4
(Alkane) H Hy
Hs e, Hi Path matrix of ethane with vertices C1 and C2
H e whose order is 2x6 is denoted b
N Noes '
84 1 2 e
c=c €6 "\ 2 & € €3 € e &
Ethene y \ H4/ \Hz
(C2Ho) H H 0 0 0 0 0
P(Cy, Hy) = P1 o 0 0
(Alkene) 0 0 ’”
Path matrix of ethane with vertices C1 and C2
€4 e whose order is 3x6 is denoted by
Ethyne e € €3 €4 ey
H C C H H2— Cl— C2 H
(CaHy) = € : 26 1 0 0 0 0
(Alkyne) P(C,H)=P1 |2 0 0 0 O
1 0 0 0 o0
4.4. Edge Cut Set matrix
Table-4.4
Hydrocarbo Structure Structure into a graph Adjacency Metrix
ns
H H, Edge Cut-sets of methane are Ci={e1},
l |ez C2={e2}, Cs={es} and Cs={es}
Methane €3 e .
(CHa) H——C——H Hs C—=LH; So, the Edge Cut Set matrix pf methane
e, . .
I is of order 4x4 is
(Alkane) H H,

€1 € €3 €4
cflo 3 o 1

4x4
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Edge Cut-sets of Ethene are C1={e1},
H H3\93 y Hy Co={e2}, Cs={es}, C4={es} and Cs={es,e6}
H e .
\ / e C1=5C2 So, the Edge Cut Set matrix pf methane
— 4 e 5
c=—cC 6 2 ; <@ i
Ethene e \ H4/ \Hz is of order 5x6 is
(C2H4) H H el ez 63 34 65 [
(Alkene) Cij0 0 1 1 1 1
C, |1 1 0o o0 1 1
C(G)= C3 |1 0 0 0 0 O
c,lo 1 o 0 o0 O
Cs |10 0 1 0 0 0
- “15%6
Edge Cut-sets of Ethyne are C1={e1},
e
Eth W e Ca={e2}, Cs={es, €4, €5,66}
yne .
(C2H2) H c—=cC H H262 Q7g02€1h So, the Edge Cut Set matrix of methane
(Alkyne) is of order3x5 is
e, e e3 e eg
Cijt o0 o0
cG)= C1 0o o0
Csl1 o0 0 0 O
3x5
4.5. Cycle matrix
Table-4.5
Hydrocarbo Structure Structure into a graph Adjacency Metrix
ns
H H,
Methane I l . .
(CHa) H—(I:—H |-|3—(I:—|-|l Alkanes does not exit cycle matrix.
(Alkane) H Hy
e, Hi Ethene has one cycle Ci={es,es}. In
H H \83 es / general alkenes has at least one cycle
\ / g, O Co e matrix. The cycle matrix of ethene is of
c=—cC / €6 2 order 1x4 as
Ethene / \ Hy H,
(CaHa) H H e € €3 € e e
(Alkene) B(G)=Ci (1 o0 0 0 0 O
1x6
Cycle of Ethyne are C1={e1,e2}, C2={es,es}
€4 and Cs={cs,cs}.The cycle matrix of the
Ethyne Ny €3 Ethyne is of order 3x5 as
(C2H2) H c—C¢C H 2 e ClTS CZ_F]_ H
(Alkyne)
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[} €o €3 €4 g

Ci|1 0
B(G)=Cz[1 o0
C3l1 o 0 0 O

3x5

5. Conclusion

Group theory is used in the field of organic chemistry to model chemical compound in the form of graph where

vertices represent the sequences in hydrocarbons and an edge will be drawn between two vertices. In this paper the major role
of graph theoretic approach to find the matrix representation in hydrocarbons.
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