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Abstract. In mathematical chemistry topological index is petyof molecular descriptor

that is computed based on chemical graph of chém@mapound. In chemical graph
atoms and bond corresponds to vertices and eduehkis| paper we compute harmonic
index and harmonic polynomial for silicon carbideghsfor the list of silicon carbide

graphs.
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1. Introduction

Chemical graph theory is a branch of mathematicahistry which deals with the non-
trivial applications of graph theory to solve malies problems. In general, a graph is
used to represent a molecule by considering thesass the vertices of the graph and the
molecular bonds as the edges. €V, E) be a simple connected graph, with vertex set
V(G) and edge séi(G). The number of vertices in vertex set is called tinder and
number of edges in edge set is called the sizeayghd: (V, E). Degree of a vertex is

the number of vertices adjacent with that verteis denoted ag,,.

Topological descriptors are derived from hydrogepgessed molecular graphs,
in which the atoms are represented by verticestlamdonds by edges. The connections
between the atoms can be described by various tgpdspological matrices (e.g.,
distance or adjacency matrices), which can be madtieally manipulated so as to derive
a single number, usually known as graph invarigratph-theoretical index or topological
index. As a result, the topological index can béngel as two-dimensional descriptors
that can be easily calculated from the moleculaplys, and do not depend on the way
the graph is depicted or labeled and no need ofggnminimization of the chemical
structure. These topological indices are numerimbmers that are used to co-relate
physco-chemical properties of graph, readers can[8e 12, 13]. They are playing
significant role in QSAR/QSPR studies [4], [11]. I®75 [15], first degree based
topological index was proposed by Raadliwhich is defined as
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1
RGO = ) (dydy) 2
UVEE(G)
Later on, Amic [2] and Bollobas [3] introduced gesdeRandt’ index seperately, he

substituted any real numberin the place of exponent%, which is defined as

R@ = D ()
UveE(G)
Harmonic index is one of the important degree baspdlogical indices in the field of
mathematical chemistry. It was introduced by Fajiba in 1980 [5]. Consider a graggh
with vertex set/(G) and edge sdi(G), the harmonic inde¥ (G) for a graphG is

defined as:
2
HG) = Z d, +d,

UveEE(G)

Harmonic index is a variant of well-known Randitmdéx. As compared to Randi'c

index, harmonic index gives somewhat better caiicela with chemical and physical

properties of graphs. Recently, Hosmani et al.ej§jlored the chemical applications of
the harmonic index. They discovered that harmonidex is also a useful tool in

predicting the heats of vaporization and criticainperatures of alkanes. They also
represented explicit formulas of harmonic polyndrfoa different families of graphs and

gave lower and upper bounds of harmonic polynoni@l<aterpillar graph of diameter

four. For the first time the harmonic polynomialssatroduced by Iranmanesh et al. [7]
as follows:

H(G,x) =2 z xutdy=1
UVEE(G)

The relation between harmonic index and harmonlignponial is established as
1

H(G) = f H(G,x)dx.
0

2. Results and discussions

Silicon is a low cost, non-toxic, easily producilifgure form, device manufacturing
semi-conductor material which is being utilizedalmost all the latest electronic based
devices. The R silicon carborSi - C single layers can be seen as tunable materials
between the pure@carbon single layer-graphene and the pubesiticon single layer-
silicene.

In this paper we compute exact formulas for harmgalynomial and harmonic
index for the silicon carbide grapl&C; — I[n,m] andSiC; — II[n, m], wherem andn
are any natural numbers, for more details readmnssee [1, 8]. First of all we compute
harmonic polynomial and index of the silicon cagbigraphSiC; — I[n,m]. The 2D
structure of silicon carbide grap$iC; —I[n,m],n,m =1 is shown in following
figure.The left picture is of one unit cell and higpicture is the sheet ¢fiC; —
I[n,m]for n = 4,m = 3. Carbon atomg& are colored red and silicon atorfisare
colored blue, red lines show how two cells are eoted in a row and green lines show
how two rows are connected. This structure consiéta cells (in a row) andn

84



Harmonic Polynomial and Harmonic Index of Silicarlside GraphS$iC; — I
and SiC; — 11

connected rows. The order of the grapBrisn where its size i$2mn — 2n — 3m. For
further studies and results see [1, 9, 10, 14, 16].
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Figure 1.

Theorem 2.1. Let G = SiC5 — I[n,m] be the silicon carbide graph, whengn € N.
Then harmonic polynomial and harmonic index areaétju
1. Forn=1m=>1

H(G,x) = 4x%? + 6mx3 + 2(6m — 4)x*+ 2(12mn — 2n — 12m + 2)x°.
H(G) =4mn—§n—%m+§.

2. Forn>1m=>1

H(G,x) = 4x?+2(2n+ 2m — 2)x3 + 2(4n + 8m — 8)x*
+ 2(12mn — 8n — 13m + 8)x°.

H(G) = 4mn —%n —%m —ﬁ.
Proof: From the graph ofiC; — I[n,m] we can see that edge seSéf; — I[n, m] has
following five partitions withm,n > 1, based on the degrees of their end vertices
namely:

Egp = {uv € E(SiC; — I[n,m]|d, = 1,d, = 2},

Eg13y = {uv € E(SiC3 — I[n,m])|d, = 1,d, = 3},

Epo = {uv € E(SiC; — I[n,m)Dl|d, = 2,d, = 2},

Ez3y = {uv € E(SiC3 — I[n,m])|d, = 2,d, = 3},

E33y = {uv € E(SiC3 — I[n,m])|d, = 3,d, = 3},
The cardinalities of edge sets are

)

| Eqq,2(SiC3 —I[n,m]) | = 2
|E{1,3}(5i63 —I[nm]| =1

3m—1 forn=1m=>=>1

| Eqz2)(SiC3 — I[n,m])| = {Zn +2m—-3 forn>1m>1

6m —4 forn=1m=>=1

| E{2'3}(5163 —Inm)| = {471 +8m—-—8 forn>1m=>1
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. _(1Zmn—-2n—-12m+ 2 forn=1m=>=1
| By (SiCs = Iln,mD) | = { 12mn—8n—13n+8 forn>1,m=>1
Now we are able to compute harmonic polynomial

1. Forn=1m=>1
H(G,x) = 2 Yypepgy xtto?

— dy+dy,—1 dy+dy,—1 dy+d,—1
=2 ZquE{l_z}x wrw + 2 ZquE{1_3}x wrw +2 ZquE{z_z}x e

49 z xdutdy=1 4 o Z dutdy-1
UVEE(; 33 UVEE(3 3}
=22)x2 1 4 2(D)x1 31+ 2Bm — 1)x?*271 + 2(6m — 4)x2+371
+2(12mn —2n — 12m + 2)x3*3-1
=4x% + 6mx3 + 2(6m — 4)x*+ 2(12mn — 2n — 12m + 2)x°
As a particular result harmonic index is

1
H(G) = [, H(G,x)dx
1
=f [4x% + 6mx3 + 2(6m — 4)x* + 2(12mn — 2n — 12m + 2)x°]dx
0

3 4 5
= |(4)x%+2(3m)x%+2(6m—4)x%+ 2(12mn — 2n — 12m + 2) x
%61

6

0
2 1 2
—4mn—§n—Em+E
2. Forn>1mz=>1

H(G,x) = 2T ypep() x vt

— > Z R ) Z R ) Z S dutdy—1

quE{LZ} quE{ls} quE{z'z}

42 z xdutdy=1 4 o Z utdy-1

UVEE(, 3} UVEE(3 3}
=2(2)x127 1+ 2()xr 371 + 2(2n + 2m — 3)x2+271
+2(4n+8m — 8)x2*371 4+ 2(12mn — 8n — 13m + 8)x3*+31
=4x2+ 22n+2m—3)x3 + 2(4n+8m —8)x* + 2(12mn —
8n — 13m + 8)x°.
As a particular result harmonic index is

H(G) = [, H(G,x)dx

1
= f [4x%? + 2(2n + 2m —3)x3 + 2(4n + 8m — 8)x*
0

+ 2(12mn — 8n — 13m + 8)x°]dx
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3 4 5
= (4)x%+2(2n+2m—3)x%+2(4n+8m—8)xx?+ 2(12mn —

1
8n—13m+ 8) x 2l amn—ta—tm-1
6lg 15 15 5

Next we compute harmonic polynomial and index dic@in carbide grapliSiC; —
II[n,m]), form,n = 1. The graphical structure ¢§iC; — II[n,m]) is shown in the
following figure.The left picture is of one unitlt@nd right picture is the sheet of
SiC3; — II[n,m] for n = 4,m =3. Carbon atomé§ are colored red and silicon atois
are colored blue, red lines show how two cells amenected in a row and green lines
show how two rows are connected. This structuresists ofn cells (in a row) aneh
connected rows. The order of the grap8rign where its size i$2mn — 2n — 2m.

080505959,

Figure2:

Theorem 2.1. Let G = SiC; — II[n,m] be the silicon carbide graph, whenen € N.
Then harmonic polynomial and harmonic index areaétju
H(G,x) =22n+3)x® + 2(4n+8m — 10)x* + 2(12mn — 8n — 10m + 7)x°

1 2 1
H(G) = 4mn—En—Em—g.
Proof: From the graph ofiC; — II[n, m] we can see that edge setSof; — I1[n, m]
has following four partitions witin,n > 1, based on the degrees of their end vertices

namely:

Eqnsy = {uv € E(SiC; — l[n,m])|d, = 1,d, = 3},
Egz2y = {uv € E(SiC; — l[n,m])|d,, = 2,d, = 2},
Ez3y = {uv € E(SiC3 — I[n,m])|d, = 2,d, = 3},
Eg33y = {uv € E(SiC; — Il[n,m])|d,, = 3,d, = 3},

The cardinalities of edge sets are

| Eq1,3(SiC3 — II[n,m])| = 2
|E2,2;(SiCs — II[n,m])| = 2n + 1

| Ep3y(SiC3 — I[n,m]) | = 4n + 8m — 10
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| EG3y(SiC3 —II[n,m]) | = 12mn — 8n — 10m + 7
Now we are able to compute harmonic polynomial
H(G,x) = 2 Zyperp(q) X+

_ > Z xutdy=1 4 7 z xdutdy=1 4 7 z dutdy—1

UVEE (4 3} UVEE(; UVEE(; 33

+2 z xdu+dv_1
UVEE(3 3)
=2(2)x1 371+ 2(2n+ Dx2t271 4+ 2(4n + 8m — 10)x2+371
+2(12mn — 8n — 10m + 7)x3*+3-1
=202n+3)x3+ 2(4n+8m — 10)x* + 2(12mn — 8n — 10m + 7)x°
As a particular result harmonic index is

1
H(G) = f H(G,x)dx
0

1
=f [2(2n + 3)x3 + 2(4n + 8m — 10)x*
0

+ 2(12mn — 8n — 10m + 7)x°]dx
4 5
= |2(2n+ 3)x3 x =+ 2(4n + 8m — 10)x* x =+ 2(12mn — 8n —
611
10m+ 7) x x—| —dmn——n—2m-21
6l 15 15 6

3. Conclusion

In this paper, we computed harmonic polynomial &admonic index for the silicon
carbide graphSiC; — I[n,m] andSiC; — II[n,m] wherem,n > 1. These computations
would help to investigate physical, chemical anatibgical properties of silicon carbide
graphs.
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