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Abstract
In this study, we introduce the delta atom bond connectivity index and the delta atom bond sum
connectivity index of a graph. Furthermore, we compute these delta atom bond connectivity indices
for some networks such as silicate networks, hexagonal networks, honeycomb networks and oxide

networks.
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1. Introduction

Let G = (V, E) be a finite, simple connected graph. Let d¢ (1) denote the degree of a vertex u [1]. In the
modeling of Mathematics, a molecular or a chemical graph is a simple graph related to the structure
of a chemical compound. Each vertex of this graph represents an atom of the molecule and its edges
to the bonds between atoms. Topological indices [2] are useful for finding correlations between the
structure of a chemical compound and its physicochemical properties [3,4]. The § vertex degree was

introduced in [5] and it is defined as
Oy =dg(u)—90(G)+1
The first and second J-Banhatti indices [6] of a graph are defined as

0B1 (G) = Z (6u+6y) and 6B, (G) = Z 0u0y
uveE(G) uveE(G)

Recently, some delta Banhatti indices were studied in [7, 8, 9, 10, 11]. We introduce the delta atom

bond connectivity index of a graph G, defined as

SABC(C)= ) |2 t%=?
uv€E(G) uto
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We also introduce the delta atom bond sum connectivity index of a graph G, defined as

5u+(5v_2

SABS(G) = ) 5o,

uveE(G)
The atom bond connectivity index has been found to be a useful predictive indicator in the research
on heat generation in octanes, and heptanes [12]. The atom bond connectivity indices have been
researched in the past [13-21]. In this paper, we compute the delta atom bond connectivity index and

delta atom bond sum connectivity index of certain networks.

2. Results for Silicate Networks

Silicate networks are obtained by fusing metal oxide or metal carbonates with sand. A silicate network

is denoted by SL,. A 2-D silicate network is shown in Figure 1.

Figure 1: A 2-D silicate network

Let G be the graph of a silicate network SL,. By calculation, we obtain that G has 1512 4 3n vertices

and 3612 edges. In G, there are two types of vertices as follows:

Vi ={uecV(G)|ds(u) =3}, |Vi| =6n*+6n
Vo ={ucV(G)|dg(u) =6},  |Va| =9n*—3n

Therefore, we have 6(G) = 3 and hence 6, = dg(u) —0(G) +1 = dg(u) — 2. Thus there are two types

of J-vertices as given in Table 1.

AVER4(©) i i
Number of vertices | 6n% +6n | 9InZ —3n

Table 1: J-vertex partition of SL,

By calculation, in G, there are three types of edges based on degrees of end vertices of each edge as

follows:

Ei = {uv € E(G)|dc(u) = dc(v) = 3}, |Eq| = 60

E, = {uv € E(G)|dg(u) = 3,dg(v) = 6}, |Ez| = 18n® + 6n
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Es = {uv € E(G)|dg(u) = dg(v) = 6}, |E3| = 18n% — 12n

Hence there are 3 types of J-edges as given in Table 2.

514/ 52)\1’”) € E(G) (11 1) (1/ 4) (4/ 4)
Number of edges | 6n | 18n% +6n | 18n% — 12

Table 2: J-edge partition of SL,

Theorem 2.1. The delta atom bond connectivity index of SL,, is given by

SABC (G) = (1 + \2) 9v3n® + (1 v2) 3v3n

Proof. Applying definition and J-edge partition of SL,, we conclude

i
JABC(G)= Y %
uveE(G) uto

B 1+1-2 ) 1+4-2 ) [4+4-—2
—6n< 1X1)+(18n+6n)< T >+(18n 12n)< ™Y

- (1+1> 9v3n? + (1— ﬁ) 3v/3n

V2
O
Theorem 2.2. The delta atom bond sum connectivity index of SL, is given by
SABS (G) = (2 - 1) 9v/3n” + <1 - 1) 6V/3n
V5 V5
Proof. Applying definition and é-edge partition of SL,, we conclude
-2
SABS (G) = Z M
51,[ + 50
uveE(G)
= —_ 1 _ 1 —-12 _—
6n< =1 >+(8n+6n)<\/ I3 >+(8n n) [/ I
By solving the above equation, we get the desired result. O

3. Results for Hexagonal Networks

It is known that there exist three regular plane tilings with composition of some kind of regular
polygons such as triangular, hexagonal and square. Triangular tiling is used in the construction of
hexagonal networks. This network is denoted by HX,,. A hexagonal network of dimension six is

shown in Figure 2.
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Figure 2: Hexagonal network of dimension six

Let G be the graph of a hexagonal network HX,,. By calculation, we obtain that G has 3n% — 3n + 1

vertices and 9n% — 151 + 6 edges. In G, there are three types of vertices as follows:

Vi ={u e V(G)|ds(u)

3}, Vil =6

Vo= {ucV(G)|dg(u) =4}, |Vo|=6n—12

Vs ={ucV(G)|ds(u) =6}, |V =3n>—9n+7

Thus 6(G) = 3 and hence 6, = dg(u) —6(G) +1 = dg(u) — 2. Therefore there are three types of

Jd-vertices as given in Table 3.

du\u € V(G) 1 2 4
Number of vertices | 6 | 6n —12 | 3n2 —9n +7

Table 3: J-vertex partition of HX,

By calculation, in G, there are five types of edges based on degrees of end vertices of each edge as

follows:

E1 = {uv € E(G)|dg(u) = 3,dc(v) =4}, |E1| =12
(G)ldg(u) =3,dg(v) =6},  [E2[=6
Es = {uv € E(G)|dc(u) = dg(v) = 4}, |E3| = 61— 18
Ey = {uv € E(G)|dc(u) = 4,dc(v) =6},  |E4| =12n—24
Es = {uv € E(G)|dg(u) = dg(v) = 6}, |E5| = 91 — 331 + 30

Thus there are five types of J-edges as given in Table 4.

du, 0 \uv € E(G) | (1,2) | (1,4 | (2,2 (2,4) 4, 4)
Number of edges | 12 6 6n —18 | 12n — 24 | 9n® — 33n + 30

Table 4: /-edge partition of HX,,

Theorem 3.1. The delta atom bond connectivity index of SL,, is given by

5ABCKﬂ=fM@n?+<n%—$?6>1n+3¢3—30 30v3

23 V2 V2 a2
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Proof. Applying definition and J-edge partition of SL,, we conclude

-2
SABC(G)= Y, éﬂ%%%—f
uveE(G) utv

1+2-2 1+4-2 242—2
—12( w2 >+6< Axd )+(6Tl—18)( w7 )
142 ) [i+4-2

By solving the above equation, we get the desired result. O

Theorem 3.2. The delta atom bond sum connectivity index of SL, is given by

SABS (G)

"BV V2 3

5 o eve MV

_9V3 ., ( 6 122 33Vﬁa> 12 6V/3 18 242
"2\t v 2 )T Vi

Proof. Applying definition and é-edge partition of SL,, we conclude

SJABS(G)= Y &3+i::2
uveE(G) u v

1+2-2 114-2 27522
=12 (\/1+2> +6<\/1+4> +(6n—18) (\/2+2>
+QM—M%wﬁﬁ;ﬂ+@%—%wwm(Mﬁi;ﬁ

By solving the above equation, we get the desired result. O

4. Results for Honeycomb Networks

If we recursively use hexagonal tiling in particular pattern, honeycomb networks are formed. These
networks are very useful in Chemistry and also in Computer Graphics. A honeycomb network of

dimension 7 is denoted by HC,,. A honeycomb network of dimension four is shown in Figure 3.

Figure 3: Honeycomb network of dimension four

Let G be the graph of a honeycomb network HC,. By calculation, we obtain that G has 6n? vertices
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and 9n% — 3n edges. In G, there are two types of vertices as follows:

Vi = {u e V(G)|dg(u) = 2},|Vi| = 6én

Vo = {u € V(G)|dg(u) = 3},|Va| = 6n* — 6m

Therefore, we have 6(G) = 3 and hence 6, = dg(u) —0(G) +1 = dg(u) — 2. Thus there are two types

of J-vertices as given in Table 5.

du\u € V(G) 1 2
Number of vertices | 6n | 6n%> — 6

Table 5: J-vertex partition of HC,

By calculation, in G, there are three types of edges based on degrees of end vertices of each edge as

follows:

Er = {uv € E(G)|dg(u) = dg(v) =2}, [Eaf =6
E; = {uv € E(G)|dg(u) =2,dc(v) = 3}, |Ex| = 12n — 12
Es = {uv € E(G)|dg(u) = dg(v) = 3}, |Es| =9n* — 151+ 6
Hence there are 3 types of 6-edges as given in Table 6.
du,00\uv € E(G) | (1,1) | (1,2) 2,2)

Number of edges | 6 12n—12 | 9n* — 151+ 6

Table 6: é-edge partition of HC,

Theorem 4.1. The delta atom bond connectivity index of HC, is given by

9 3 6
SABC (G) = ﬁnZ 5"

Proof. Applying definition and J-edge partition of HC,,, we conclude

5u + 50 - 2
AB = —_
JABC (G) ) 5.5,
uveE(G)
_ 1+1-2 1+2-2 ’ 2+2-2
—6< %1 >+(12n 12)< T >+(9n 15n+6)<,/ o E) )
By solving the above equation, we get the desired result. ]

Theorem 4.2. The delta atom bond sum connectivity index of HC, is given by

9 12 15 12 6
o483(©) = oo+ (2= 2 ) s
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Proof. Applying definition and J-edge partition of HC,,, we conclude

SABS (G) = Z outoy—2
51/[ +5v
uveE(G)
B 1+1-2 1+2-2 2 24+2-2
—6< 11 ) + (12n — 12) (,/ 13 ) + (9n* — 1514 6) (,/ ) )
By solving the above equation, we get the desired result. O

5. Results for Oxide Networks

The oxide networks are of vital importance in the study of silicate networks. An oxide network of

dimension 7 is denoted by of OX,,. An oxide network of dimension five is shown in Figure 4.

Figure 4: Oxide network of dimension 5

Let G be the graph of an oxide network OX,,. By calculation, we obtain that G has 912 + 3n vertices

and 18n? edges. In G, there are two types of vertices as follows:

Vi ={ueV(G)|dg(u) =2}, |Vi|=6n
Vo ={u e V(G)|ds(u) =4}, |Va| =91 —3n

Therefore, we have §(G) = 2 and hence 6, = dg(u) — (G) + 1 = dg(u) — 1. Thus there are two types

of J-vertices as given in Table 7.

Sy \u € V(G) 1 3
Number of vertices | 6n | 9n% — 3n

Table 7: J-vertex partition of OXj,

By calculation, in G, there are two types of edges based on degrees of end vertices of each edge as

follows:

E1 = {uv € E(G)|dg(u) =2,dg(v) =4}, |E1| = 12n

Ey = {uv € E(G)|dg(u) = dg(v) = 4}, |Ez| = 18n% — 12n

Therefore, we have 6(G) = 2 and hence 6, = dg(u) —(G) +1 = dg(u) — 1. Thus there are two types
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of J-edges as given in Table 8.

du,00\uv € E(G) | (1,3) | (3,3)
Number of edges | 6n | 9n> —3n

Table 8: J-vertex partition of OXj,

Theorem 5.1. The delta atom bond connectivity index of OX,, is given by

SABC (G) = 6n° + (Tg - 2) n

Proof. Applying definition and é-edge partition of OX,, we conclude

B Oy + 0, —2
uveE(G)
B 1+3-2 ) 3+3-2
_6"<\/ 1x3 )+(9” 3”)<\/ 3x3 )
By solving the above equation, we get the desired result. O

Theorem 5.2. The delta atom bond sum connectivity index of OX,, is given by

SABS (G) = an—k ( 6 3\@> n

V3 Va V3

Proof. Applying definition and é-edge partition of OX,;, we conclude

SABS(G) = Y. outdy—2

uv€E(G) Ou + 0
1+3-2 2 3+43-2
-6 i 912 _ 2o 4
”(\/ 113 >+(” 3n)<\/ 3+3 >
By solving the above equation, we get the desired result. O

6. Conclusion

In this study, we have introduced the delta atom bond connectivity index and delta atom bond sum
connectivity index of a graph. Also these delta atom bond connectivity indices of certain networks are

determined.
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