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Abstract.: In this paper, we have worked on fuzzy vertex coloring and
fuzzy edge coloring for neighbourly irregular chemical grapk;- and

its complement grapﬁfmc. Also derived line graph& (G n1¢) of neigh-
bourly irregular chemical graph and line graph of complement neigh-
bourly irregular chemical grapbL(G'n1c)). Using fuzzy edge coloring,

we have find chromatic index f&(Gnrrc), irregular chromatic index

¢ (Gnrre) also foré,. L(Gnrre) andgi,.L(G*NIFC). We have given

the required propositions with the required examples for each. And we
fund strength of th€ L(Gn1rc) = (N, W), and the colors.
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1. INTRODUCTION

InagraphG = (V, X), whereV represents the vertex set akidrepresents the edge set.
Then the chemical graph&- = (A, B) whereA represents atoms arigirepresents bond
set, in the molecular structure of molecules named as chemical graph. Among the mole-
cules in the periodic table the molecular structuresdflock andp block elements forms
neighbourly irregular chemical grapligf ;). Nenad Trinajstic [6] introduced the concept
of chemical graph theory, S.K Ayyasamy et al [5] introduced the concept of neighbourly
irregular graphs. J. Arokia Aruldoss et all [4] introduced Negibourly irregular chemical
graph and irregular chromatic number for line graph of the same S.Anajalmose et all [1]
introduced the idea of Neighbourly irregular fuzzy chemical graphs. Arindam Dey [2] et
all introduced the concept of edge coloring of complement fuzzy graph. In this paper,
we discuss the chromatic index and the strengt&’'Qf »¢, Gni1rc and their line graphs
L(Gnrrc) and its complement graph(GNIFc).
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2. PRELIMINARIES

Definition 2.1. [3] The molecular structure of a chemical graph corresponding elements
of atoms having different valency in its adjacent atoms is said to be a neighborly irregular
chemical graph$Gn¢). Such thatG y ¢ = (A, B), whereA-atoms,B-bonds

Example 2.2.

O

O

FIGURE 1. Dinitrogen PentaxideN>0Os)

FIGURE 2. G n;¢ Of Dinitrogen Pentaxide

Definition 2.3. [1] LetG = (V, o, u) be a connected fuzzy chemical graph. Theis said
to be Neighborly irregular fuzzy chemical graph if any two adjacent vertices bhve
distinct degrees with corresponding membership vald&s; r¢).

Example 2.4.

From the below figurel(u,) = 0.6, d(uz) = 0.4, d(us) = 1.1, d(uyg) =
1.0, d(us) = 1.2, d(ug) = 0, d(u7) = 0.3
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FIGURE 3. Gn1rc of N3Os

Note: Color codes are assigned using number of colors and number of times used in the
path between two vertices

Definition 2.5. [4] Let G be a neighborly irregular chemical graply, the vertex set off

and let{1,2,...,k} be the colors assigned to each vertex. A coloring is proper in a NIC
graph is the functiorC : V' — {1,2,...,k} such thate(x) # c(y), for any two adjacent
verticesz,y € V.

Definition 2.6. [4] An irregular coloring of a graph is no two like colored vertices have
the same color code. Such that every pair of verticesd w, color codes of) not equal

to color codes ofv [c(v) # c(w)]. Whenevekr(v) = c¢(w). Thus, an irregular coloring
varies each vertex from each other vertex either by its color or color codes.

Definition 2.7. [4] The irregular chromatic numbey;,.(Gn1¢) is the smallest positive
integerk for whichG y ;¢ has an irregulark-coloring. Denoted by, (Gnic) = k.

Note:x:-(Gnrc) > x(Gnro).

Example 2.8.
R
\
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FIGURE 4. Y (Gnrc) = 3

Definition 2.9. [4] A neighborly irregular coloring of~ ;¢ is every two adjacent vertices
having distinct colors¢y; (Gnrc) = k.
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Note: For any graphZ, G or Gy ¢ coloring defines the same,

Example 2.10.
R R
G I? Y
G
Y

FIGURE5. xn7(Gnrc) =4

3. Fuzzy COLORING

Combination of two distinct colors gives an another color, but mixing white color with
different colors reduce the solitity (stability) of the color. Here solubility is a fuzzy term.
i.e.,w units of a colorC,. is mixed with1 — w of white color, wherav < 1. The resultant
is called a fuzzy colo€;, andC:,. is called the basic color.

Definition 3.1. In a fuzzy coloring, basic colors are the minimum number of color used to
respective grapld:. HereC' = {c1,ca, - - -, ¢k }

Definition 3.2. [7] LetC = {¢1,¢a,...,cn}, n > 1 be the set of basic colors. Thén f)

is called the set of fuzzy colors, hefe C — [0, 1] with f(¢;), wheref(¢;) =1 — w, w

is the unit of colore;. The coloré; = (¢;, f(¢;)) is called the fuzzy color, corresponding to
the basic colork;. The membership value is taken as 1.

While coloring neighborly irregular fuzzy chemical grap&'y;r¢), the fuzzy color
depends upon its adjacent vertices with strong edges and weak edges.

Definition 3.3. let¢ = (V,0,~) be a connected fuzzy graph ad= {cy, cq, - - -, cx } Set
of basic colors. The two edges are given two different basic colors, if they are adjacent.
Otherwise their fuzzy colors may be given with same basic colors. The membership value
for each edge is assigned #s (c;) = % fe;(C;) is the membership value

whereo (v) ando (w) are the membership values of vertieesndw respectivelyg (v) A
o(w) is minimum value of (v) ando (w). Alsoy (v, w) is the membership value of the edge
€;j.
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Example 3.4.
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FIGURE 6. Basic Colors ard G = 0.0, R =0.6, Y = 0.9}
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FIGURE 7. Gn1rc Of Dinitrogen PentaxideN>Os)

4. CHROMATIC INDEX OF NEIGHBORLY IRREGULARFUzzY CHEMICAL GRAPHS

Definition 4.1. The chromatic index of the given neighbourly irregular fuzzy chemical
graph isGnrrc = (N, W). WhereN the number of base colors used to color a graph

N
andW = > {max; f,(c;)}, where the base colar; is used to color the edge.
=1
Note: The weight of the chromatic index of neighbourly irregular fuzzy chemical graph
is depending upon the decision makers of a particular graph. Here the decision makers
mean the membership value assigned by the concern.

Definition 4.2. Let Gnre = (V, X) be a graph. Ther e i§ the complement graph
which has the se¥ as its points and two points are adjacentGhy ¢ if and only if they
are notinGyrc.

Example 4.3.
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FIGURE 8. Aluminum Hydroxide(Al(OH )s)

V

1

V, v,

FIGURE 9. Complement of Aluminum HydroxideéAl(OH)s)

Definition 4.4. Let Gy rc = (V,0,7) be a neighborly irregular fuzzy chemical graph.
The complement grapfi v ¢ is the graph which has the sét as its vertices and two
vertices are adjacent iGN e ifand only if they are not adjacent i y;¢. Itis denoted
by Gnrrc = (V,0,7) with samer(u;) and~y(z,y) depends.

Definition 4.5. L(Gx;c¢) is the line graph of any neighborly irregular chemical graph
(Gn1c) is such that every vertex @Gy ;¢ ) represents an edge 6f y;c. Two vertices
of L(Gn1c) are adjacent if and only if their corresponding edges are inciderdt iy .

Example 4.6.

Definition 4.7. A neighborly irregular chemical graphiG y;¢) is called a bi graph ift’
can be partitioned into two distinct subséfsand V5 such that every edge 6fy ;¢ joints
a vertex ofl; to a vertex ofi;, (V1, V) is called a bi-partition ofG y;c. Also if Gnrc
contains every edge joining the verticeslgfto the vertices of%, thenGy ;¢ is called a
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€

FIGURE 10. L(Gnyc) of (N2O5)

(G,0.4)

R,0.
ab

FIGURE 11. Fuzzy Coloring ofL(G n1¢) of (N2Os)

neighborly irregular complete bipartite chemical graphy ;¢ (m, n). Here|V;| = m and
Va| = .

Example 4.8.

HereV, = {v1}. Vo = {va,v3,v4}, wherem > 1.
Note: Any neighborly irregular chemical graph is not complete, but a bi-partite neigh-
borly irregular chemical grap&'z v ¢ is always complete witli; ,,,, wherem > 1.
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FIGURE 12. Gyc of (AI(OH)3)
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v,
FIGURE 13. Bi-partite of Gy ¢ of (AI(OH)3)

Proposition 4.9. For some line graphZ (G ¢ )], The irregular chromatic numbe,. (L(Gnrc))
is either 3 or 4 forn > 4. And the chromatic index for the corresponding Neighborly Ir-
regular Fuzzy Chemical Graph(Gyrc) is

EL(GNnrirpc) = (N, W), whereN =3 or4andW < 3or < 4.

Proof: Let{vy,vs, ..., vy} be the number of atoms in the molecular structure of order
m’.

And {ej,es,...,e,} be the edges dff v ¢

Since the given graph is Neighborly Irregular, the degree of any two adjacent vertices
are distinct.

i.e.,d(v;) # d(vi41) ord(vi—1); i = 1,2,...,m. The number of colors used for edges
of any two adjacent vertices are not equal.
SinceGy ¢ is not complete graph,
¢&(Gnic) < 0(Gnic)
§(Gnic) < 0(Gnic)
i.e.,f(GNjc) <m — (1)
Now considering its line graph(G n1¢) will surely have cycles.
And anyG ¢ will not have isolated vertices.
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Any cycle can be colored with almost 3 or 4 colors if it is not complete.

So, the entire cycles of the graph can be colored with either 3 or 4 colors.

i.e.,f((GNjc) =3o0r4

for any Neighborly Irregular Chemical Gragt' nr¢),

&(Gnic) = &ir(Gnic)

thusyi, (G zc) =3 (o) 4.

Now to the other part of the proof,

simultaneously, we find the membership values of vertices using fuzzy coloring and for
edges using fuzzy edge coloring.

i.e.,é = (¢, f(c:)); wheref(¢;) = 1 —w, w is the unit of colore;, w < 1

andc; is the basic colofg; is the fuzzy color corresponding to the basic calor

And the edge color

¢ = (ci, fe; (ci)); ci is the basic color,

e; = (v,w) and

fei @) = Fiator-

claim: Chromatic index ol (Gn;c) IS,
EL(Gnirc) = (N, W)

where,N = x;, L(Gn;¢) and

N
W = l;{maxj Je;(ci).

Sincetfor the line graph of any Neighborly irregular Fuzzy Chemical Graph,

the chromatic index is either 3 or 4.

We at most have 3 or 4 basic colors and for each basic color we get the membership
valuen < 1. And the summation is taken, which results,

EL(Gnrrpc) = (N,W),whereN =3 or4 andiW < 3or < 4.



584 S. Anjalmosé and J. Arockia Aruldoss

Example 4.10.
F.C F
H C o) c H
Fi€ H

FIGURE 14. Restricted Molecular Structure of Sero Flurdiag Hs F;O)

3 ’ 7

we e:

FIGURE 15. Gy /¢ Of (C4H3F70)
We now find the chromatic index from the below fuzzy graph.

w

N
; mjax fe,; (ci)

0.82 +0.97 + 0.77 4 0.83
= 3.39
where the membership values respectively of Blue, Red, Orange, Green is
B = 0.8,0.63,0.38,0.82
0.75,0.97,0.75,0.38
0.77,0.71,0.72,0.67
= 0.83

QO =
I
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(675  (Ro42) 1?56)

~YY,0.36)

G,0.3)

(Y0.36)

e O

(G.0.75) (B.0.62) (R,0.90)

FIGURE 17. Fuzzy Coloring ofL(Gn;¢)

Thus the chromatic index of thSy7rc IS
(N, W) = (4,3.39) inwhichIV < 4 whenN = 4.

Proposition 4.11. The chromatic index dt (G rrc] iISEL(Gnie) = (N, N) if LIGnrrc)
is complete.
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Proof: Let us consider & ;¢ graph such thak[Gy;¢] is complete. Now, we con-
struct a Neighborly Irregular Fuzzy Chemical Graph, by assigning fuzzy coloring and fuzzy
edge coloring td.[Gy¢]. The resultant graph i5(Gnrc).

LetGenrre = (V,0,7) be a complete fuzzy graph wheyév, w) = o(v) A o(w) and
% = 1, the membership value of each basic color is 1. sin@&y ¢ ) is complete

with n atomsiW = N. Thus, we get Chromatic ind&{.(Gn;rc) = (N, N).

5. CHROMATIC INDEX FuzzY LINE GRAPH OF COMPLETE BI1-PARTITE NEIGHBORLY
IRREGULAR CHEMICAL GRAPH (Gepnic)

Proposition 5.1. Let Lr (G n1¢) be a fuzzy line graph of complete bi-partite Neighborly
Irregular chemical grapH Gcpnic) of ordern, thené(L(K1 .,,)) < m, for everym > 3.

Proof: Let {vi,vs,...,v,} be the atoms of complete bi-partite NIC graphgs,,,
with the edge sefes, e, ..., e, }. This covalent bonds are considered as vertices of line
graph of complete bi-partit&’; ,,.

If m =3, thenXiT(L(Kl)g,)) =3.

If m =4, thenXiT(L(KlA)) =4.

If m =25, thenX”(L(Klﬁ)) = 5.

Since complete bi-partit&' ;¢ is K1 ., there is no way to obtain cycle in the graph
and thosen vertices are of degree 1.

The number of colors needed to color the grapt; ,,,) = m = xr (L(K1,m))

thereforey;, (L(K1 ) = m.

Further, we find fuzzy coloring and fuzzy edge coloring.

Now, L(K} ,,) becomed (K ., ), since the membership value lies between [0,1].

E(L(K1m)) < m, foreverym > 3.

This completes the proof.

Example 5.1. Consider the line graph(Gy;c) of complete bi-partite grapk’; 5 of
Aluminum Hydroxide[Al(OH )]

(G,0.56)

(R,0.9) (G.,0.6) (B,0.75)

FIGURE18. L(K; 3) = 3 for (Al(OH)s)

For above proposition, we can also consider the molecular structuk¥ Bf-); and
C(Cl)4.
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N

Br Br Br

FIGURE 19. Phosphorous Pentabrom{t®(Brs)) K1 5
CI\ / I
/ C\
d Cl

FIGURE 20. Carbon tetra ChloridéC'(Cl1)4) K1 4

Remark 5.2. 1. Line graph of every; ,, is always a complete graph.
2. Chromatic index of a fuzzy graph or fuzzy chemical graph is always less then the chro-
matic number of the same graph.

Proposition 5.3. For any neighborly irregular chemical grapfin ;¢ bothL(GNIp) and
L(Gnic) &rLGnic)| = &rL|Gnic] and also for the line graph df v e andGnrre
the chromatic index iISL[Gnrrc] < EL(Gnrrc)-

Proof: Let G ¢ be a Neighborly Irregular Chemical Graph and the Irregular Chro-
matic number ofGy;c be &, (Gnic) = r. Now, the Irregular Chromatic number for
L(GNIQ) is fiT-(GNjc) =m.

I:et Gnic bethe Co[nplement graph 6fy ;¢ such that Irregular Chormatic number for
L(Gnrirc) =n. & L(GNirc) = n.



588 S. Anjalmosé and J. Arockia Aruldoss

Claim: m = n, (if m,n are positive integerso Prove: (i) m < n
(i) m > n.
(i) Since; L[G'n1c] = m, the number of vertices df[{Gy1¢] <the number of vertices
of L(GN]C) _
the number of Colors needed fb{G'n1c] <the number of Colors of(Gn;c)
§ir LIGN1C] < & L(GNIC)
m<n— (1)

(i) deg[>>, Gnic] > deg[>_; Gnic])

However as number of vertices increaseﬂ(ﬁ?mc), so the number of edges.

Thus, the number of Colors needed Tb(émc) < number of Colors needed for
LlGnic]

i.e., & L(Gnic) < & LIGnic).

n<m— (2)

From (1) & (2), we getn = n.

For the second part of the proof, we need to give the membership values for the vertices
and edges using fuzzy coloring and fuzzy edge coloring respectively.

From (1), itis clear that o(Gnirc) > o(GNirc)

o[L(Gnrrc) = o[L(Gnic)]

Since for aG nyirc,

both L[Gnrrc] & L(Gn1re) will not get an isolated vertex.

Number of edges of (G y7rc) > Number of edges ok [G n1rc]

o EL[GNrrc) £ EL(GNrrc)-

The proof is completed.

Note: For aG yr¢, there is no isolated vertex in ifs (G y;¢] and L(Gy ¢ ).
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Example 5.4. We consider thé y ;¢ of Arsenic Trioxidg As,Og)

v 0.3
0.4 e; : ) LR
v v
2y
ez €3
o4 Vs
0.4
03 wy : vy 0.3
€ L €7
£5 £ip €12
04 vs & b s g
s ve 0.3 et

FIGURE 21. G ¢ of (As406)

FIGURE 22. L[Gn;c] of (As40¢)



590 S. Anjalmosé and J. Arockia Aruldoss

R

8.06) (5075

01 €

FIGURE 23. L[Gnirc] Of (As40s)

HereC : E — {1,2,3,4} andx;, L[Gn1c] = 4.
Now to find the Chromatic index df[G' 1 rc],

N
W = Zma‘x fej (C’L)
i1 7

= 06+064+0.6+04
= 2.2
Thus the chromatic index @fAs,Og) is
o EL[GN1pc] = (N, W) = (4,2.2). ClearlyW < 4.
Similarly, we can also find the chromatic indek(G n1rc) of (As4Og). . EL[Gn1rc] <
EL(GNIFC).
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FIGURE 24. LG y1c] of AS,06

Observation: The color codes foL [Gn¢| of (As40s).

Edges | Color Codes
C(ey) 10210

Clez) | 22010
Cles) | 22010
Cles) | 32100
Cles) 10201
Cles) | 31200
Cler) 21011
Cles) 10210
Cleo) 22010
0(610) 10120
0(611 ) 31101
Clen) | 41110
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Number of atoms ofi nr¢ | xir(Gnic) | ELIGNIFC] Molecules Name
4 3 <3 Arsenic chloridg( AsCl3)
5 3 <3 Bentaboran¢B; Hy)
6 4 <4 Di sulfur Tetrafluride( F4.52)
7 3 <3 Dinitrogen pentaxid¢ N2O5)
8 4 <4 Diborane(Bz Hg)
9 4 <4 Seroflurané Cy H3 F7O)
10 4 <4 Arsenic Trioxide(As,O0g)
11 3 <3 Berillium borohydride(Be(BHy)s2)

6. CONCLUSION

In this paper, we find the chromatic index for the neighborly irregular fuzzy chemical
graphs{ (G rc) and also for its line graphaL (G v r¢) by using fuzzy coloring and
fuzzy edge coloring. Then we find the strength of those graphs. Further we can find the
chromatic index for the complete bi-partite Neighborly irregular fuzzy chemical graphs.
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