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ABSTRACT

One of the major issues in formalizing the dynamics of chemical reactions is that the graph representation of such
reactions is not immediate. This is due to the case that chemical equations involve more than one reactants and
products can also be more than one. Over the last decade, an increased attention to reaction dynamics, combined
with the intensive application of computers, mathematical modeling of chemical processes, has brought graph
theory to the forefront of research. It offers an advanced and powerful formalism for the description of chemical
reactions and their intrinsic reaction mechanisms. This paper proposes an elegant method of representing a
chemical equation as directed graph.
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INTRODUCTION

Many biology and anatomy and physiology coursesrbedth chemistry. More than just nutrients, medes and
poisons, everything we do is chemical. Many thitiga are our in environment are made of chemiadsiy things
that we observe in the world are made of chemitfaetes. Mathematics is used widely in chemistry as welbks
other branches of sciences. Mathematics is usedderstand the concepts in chemistry. Mathematiglaulations
are necessary to explore important concepts in igmwithout some basic mathematics skills, thealeulations,
and therefore chemistry itself, will be difficufrancesc Rossell described Chemical reactions bg eelabeling
graph transformation rules, imhich a substrate chemical graph is transformea @anproduct chemical graph by
breaking existing bonds and creating new bonds dmtwatoms [1]. Mayur Bapodra derived ordinary défeial
equations for a chemical reaction, using graphsftamation techniques [2]. M. Yamuna proposed ahoetof
converting a chemical equation as a string usinglHTcodes and periodic table [3]. Sumami Abu Bakar
investigated dynamics of the graph using Perrorobénius eigen vector of its adjacency matrix [4].

MATERIALS AND METHODS

2.1 Graph

In the most common sense of the term, a graph tr@ered pair G = ( V, E ) compromising a setfWertices or
nodes together with a set E of edges or links, vhie 2 — elements subset of V ( that is an edgelated with two
vertices, and the relation is represented as ardened pair of the vertices with respect to thdaipalar edge ) [5].

2.2 Directed Graph

A directed graph is graph, i.e., a set of objectdl€d vertices or nodes) that are connected tegetthere all the
edges are directed from one vertex to anotherréctid graph is sometimes called a digraph orexttid network
[6]. Snapshot — 1 [7] provides an example of dedajraph.
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Snapshot - 1

2.3 Weighted Graph

A weighted graph is a graph in which each brancgiven a numerical weight. A weighted graph is éfiere a
special type of labeled graph in which the labeésraumbers (which are usually taken to be posi{®k)Snapshot —
2 [9] provides an example for weighted graph.

Snapshot - 2

2.4 Chemical Reaction
A process in which atoms of the same or differdatnents rearrange themselves to form a new sulest&vhile
they do so, they either absorb heat or give i{10{.

2.5 Chemical Equation

A chemical equation is the symbolic representatbm chemical reaction in the form of symbols anthfulae,

wherein the reactant entities are given on thehaftd side and the product entities on the righdhside [11].
CH.O NaHCO, NaC,H,0 H,0

Snapshot — 3 [12] provides an example for chengigahtion.
- @
242 2 372 co

-+ +
—
acetic acid sodium bicarbonate sodium acetate water carbon dioxide

Snapshot - 3

Proposed Method
Construction of the Graph
Consider a chemical equation say for examplg €80, —* CO, + 2H,0.

We now describe the method of constructing a dicgraph. Vertices — Number of vertices in G = Namabf
chemical elements in the equation. In our exanpdechemical elements are C, H, O. So the numbeerntites is
3. Label each vertex by its position in the periadible. In our example C=6,H =1, O = 8. Gdaisthe reactants
of the chemical equation. We consider each patiefeactant. In our example reactants arg-+CRD,.

Each part is the combination of chemical elemeRtch part of the chemical equation is the combamatf
numbers and chemical elements. Each element mpgefized and suffixed by a number.

In our example, consider the part £Here C is not prefixed or suffixed while H is fixed by 4. If an element is
suffixed assign a suffix value as 1 i.e., J8l consider as ;. For this part we create partial graph as follows.
Label of vertex C = 6 and H = 1. We draw an edgeatiéd from vertex with label 6 to a vertex withdéh 1. This
edge receives weight 1. To represent weight 4 watera dummy vertex receiving a label 0. Draw ajeeatirected
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from a vertex with label 1 to vertex with labelvlhose edge weight is 4. For ¢Hhe resulting graph is as seen in
Fig. 1.

6 1 0
L 1 L 3 @
Fig. 1

Second part of the reactant is28o0r G the resulting graph is as seen in Fig. 2.

h 0
2
Fig. 2

We need a way to represent the prefix value 2. Whisnake it possible by using vertex label. Thdipralue is 2,
so the vertex representing O receives the lab2l&svhere 2 represents the prefix and 8 the posidfooxygen in
the periodic table. To represent + we use an edtelabel 150. So the reactant part is now represkas in Fig. 3.

6 1 0 28 0
oo 55 P

Fig. 3

The same procedure is repeated for products. Teréiftiate the reactant and product we use edgmiil The
reactant part of the reaction is represented wittery colour edge products with maroon colour edges.our
example the reactant and product graph as sedg.id.F

6 1 0 28 0
ST * 5 *;
(&3]

6 3 0 2.1 8
S ¢ 5 ¢
(33
Fig. 4

We now combine both the graphg @nd G into single graph G. Number of vertices in G =alatumber of
elements in chemical equation + a dummy vertexnédessary ).

There is an edge directed between two verticelseifet an edge between them either in G1 and G2leFhband

side reaction is represented by green edges ahtl hand side reaction is represented by maroonsedijee
resulting graph for our chemical equation is assed-ig. 5.

1
>

1 150

ge -
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There may be a chemical equation where on the bidiés of the equation the same element receivagfix p
number. For example in®,o + 6H,O —* 4H,PO,. H in reactant is prefixed by 6 and the produds igrefixed
by 4. In such cases the vertex representing Hvesel labels 6.4.1. 6 receives green colour tcesgmt the and 4
receives maroon colour to represent the produttiethemical equation. The values are orderedeinvty it occur
in the equation. The resulting graph for the chahéguation is as seen in Fig. 6.

Fig. 6

While representing a reaction as a graph from gleimertex there may be more than one outgoing sdger
example for the chemical reaction;Bh + 8HCI—* 3PbC} + Cl, + 4H,0 the resulting graph is as seen in Fig.

7.
1

82 0

100
22

100 2 1 124 0

17
Fig. 7

From vertex 17 there are two outgoing edges withoora colour. To represent the order of the chengcalation.
We assign weights as 1.2, 2.2. This means that £@gwill be traced first and then 2.2 i.e., thstfiset of values in
any edge represent the order in which they appetiei chemical equation.

When we receive a graph to recognize the equatmmeed to know the start vertex. For this purposalenote a
start vertex by red colour other vertices recenagslom colours.

Summarizing in our graph construction,

® - represents start vertex.
- represents reactant of the chemical equation.
- represents product of the chemical equation.
I
L - z represents position of the chemical elemethénperiodic table.
x represents prefix of z in the reactant.
y represe;tsqsuﬁix of z in the product.

L @——*—_p represents the order of traversal.
g represents iguff z.

The following table provides some examples of cliaiequation, ball and stick representation [1B3]][15] and
their graph representation.
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Table -1

S.No | Chemical Ball and Stick Representation Graph Representation
Equation
1. CO, + H,
d
—* o + m +°‘—P "+ )
H.0
Coy H: Co H:o
CH, + O + 0, — COz + H0 1
5 —>co, + Ha 2 2 2 1
é @ 6 v
150
2
150
> Y2
2
321
3. 3H, + N,
—"*2hN
§ - CC¢
I Ha(g) + Nalg) » 2 NHalg)
150 0
4. Fe  + Cb| Fre@s) + Cli(g) — FeCly(s
A9 2 1_()
FeCb p
Q.+ @ el
= _/4
Suppose the graph representing a reaction is asrs&dg. 8.
6.6 1 68
2
2
6 9 1504 2 Y164 2.2
6.1 «
150 0
Fig. 8
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Since® represents start vertex a== the left hand side reaction. The label of thewedex is6.6. The
6 representshe prefix of an element. With a similar represtatathe reactant traversal is seen in Fig. 9.
..5 3. 0 1 3
1 2 ® 150 * 7 ®
Fig. 9
By our procedure
4 *® ® ot o
5 1 ] 0 150 1 2 3
Dumimy Vertex H \
O
C Suffix value of € + Prefix value of |H
v Suffiz value of O v
FPrefiz value of C wulfiz value of H

So the left hand side of the reaction is 633BH,0. For the product part of the reaction, we haveeaoe similarly.
The partial tracing sequence is seen in Fig 10.

6 1 3
* . —o o

Fig.10

There are two outgoing edges now with label 1.8, By our procedure, we have to trace 1.6

150 o 2.2
¥ —8
followed by 0 8 0 | So the product reaction is#d;0Og +60,. For our example
- ] I'
g T s 16 0 3 2-2
Suffix value o|f O
Sufﬂx value of
H Dummy Vertex Dumtny Vertex
C Suffix value of C

Suffix value of O
So the complete chemical reactio60, + 6H,O —* CgH,Og +60..

CONCLUSION

All materials are made of chemicals. Chemical iieast involve interaction between chemicals such #ih
reactants are changed into new materials. Humaaschemical reactions to produce a wide range ofulise
materials including drugs. Chemical equations grabmlic representation of chemical reaction. lis thaper we
have provided a compact graph theoretical methodepfesentation of balanced chemical reactions. mh&
challenge of this representation for further resleds to use this and hence its matrix represemtati chemical
property analysis.
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