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Abstract: Let G be a finite group. The order of the group G, denoted |G| is the number of elements in G. For any element g ∈ G, the

order of g denoted o(g) is the smallest positive integer n ∈ N such that gn = e. A graph of a finite group is said to be a prime graph

Γ (G) if two vertices p,q are primes that divide |G|, with the vertices p and q connected by an edge if and only if the product pq divides

o(g), the order of a group element. In this research, we study the prime graph of finite groups by focusing on one of these finite groups,

i.e. the dihedral group with n sides which has order 2n. Next, we define and study the prime graph generated from 2 prime graphs of

dihedral group Γ (Dm)∗Γ (Dn) and obtain the form of the prime graph of dihedral group which is forms the graph of Kn.
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1 Introduction

In this research, the topic of group theory and graph theory will be studied. The group that will be used in this study is
a finite group, i.e. the dihedral group with n sides which has order 2n. Let G be a group, with G as a set and ” ∗ ” as a
binary operation on G that follows the axioms of being closed, associative, identities, and inverses of every element [3].
The number of elements in G is said to be its order [6]. The order of G is denoted by |G|, and the order of an elements
g in G is denoted by o(g). In between groups, graph theory will be studied as well. A graph G is a set of pairs (V,E)
with V being a set and E being a set of unordered pairs of elements of V . The set of elements of V is called a vertex, and
V (G) is called the vertex set of the graph. The set of elements of E is called an edge, and E(G) is called the set of edges
of the graph [5]. In graph theory, we will discuss prime graphs in more detail, specifically prime graphs Γ (G). Prime
graphs were introduced for the first time by Gruenberg and Kegel in 1970 . Williams (1981) introduced the prime graph
component of a finite group [8]. Kondratev (1990) discussed the components of the prime graph of a simple finite group
[7]. Dolfi and friends (2019) studied prime graphs on some classes of finite groups having bipartite complements, and
showed that prime graphs do not contain odd-length cycles, i.e. bipartite graphs [1]. Chris (2021) studied the prime graph
of some classes of finite groups, by giving a complete characterization of some classes of groups [2].
From several previous studies on prime graphs, the author is interested in studying the Prime Graph of a finite group by
taking the prime numbers of the order group as the basis for graph construction.
The paper will be divided into several sections. Section 1 is an introduction. Section 2, we will discuss the definitions used
as guidelines in this research. Section 3, we will discuss the research that we have done, starting from the formation of
prime graphs on the dihedral group with n sides which has 2n then developing the definition of prime graphs consisting
of 2 dihedral groups , then constructing prime graphs of 2 dihedral groups.

2 Main Result

In this section, the author describes the definitions, lemmas and theorems obtained in the research on the Prime Graph of
a Finite Group. The main results in this paper are presented in Theorem 1 and 2.
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2.1 Prime Graph of a Finite Group

In this section, we construct the prime graph of a finite group, i.e., the dihedral group with n sides which has order 2n.
Suppose we are given a Dihedral group (Dn,∗), with group orders |G|= |Dn|= 2n , with n > 3, is a group consisting of 2
elements s,r with G = Dn = {r,s|rn = e,s2 = e,srs−1 = r−1}, then we will find a different form of prime graph between
dihedral groups with n odd and n even. The two types of graphs generated represent the shape of the Prime Graph on the
Dihedral Group.
Based on the research that the author conducted, 2 general forms of the dihedral group prime graph are obtained in the
following theorem:

Theorem 1.Suppose given a dihedral group Dn with n sides which has order 2n, and the prime graph of dihedral group

Dn is Γ (Dn), then the following holds:

1. For n odd, it will form a prime graph Γ (Dn) which contains 2 component graphs ;

2. For n even, it will form a prime graph Γ (Dn) which forms the complete graph Kn.

Proof.The proof will be in 2 cases. Case 1 for n odd and case 2 for n even. Suppose |Dn|= 2, p
k1
1 , p

k2
2 , , pkm

m , with p1, p2, , pm

being odd primes,and k1,k2, . . . ,km ∈ N. Case 1 for n odd. For n odd (n ∈ 2k− 1, k ∈N), we will show the two points:
1. 2 not connected with pi , where pi ∈ {p1, p2, ..., pm} ;
2. pi connected with p j , where pi, p j ∈ {p1, p2, ..., pm} .

Given Dn = {e,r,r2, . . . ,rn−1,s,sr,sr2, . . . ,srn−1}, with |Dn|= 2n, and

o(Dn) = {o(ri),o(ris) : i = 0,1,2, . . .N}, where : o(ri) =
n

gcd(i,n)
and o(ris) = 2 for all i.

since n = p
k1
1 · p

k2
2 · . . . · pkm

m , then

V (Dn) = {2, p1, p2, . . . , pm}.

First, it will be shown that 2 and pi are not connected because 2 · pi does not divide any of the orders elements of group.
Known that o(e) = 1, we will show that 2pi ∤ o(e) and known that there is no integer k such that 2pi × k = 1. Since
2pi is an even number greater than 1, it is clear that 2pi ∤ o(e). Next, it will be shown that 2pi ∤ o(r). It is known that
o(r) = n, where n is odd, and 2pi is even. It is clear that 2pi ∤ o(r). Given o(ri) = n

gcd(i,n) . Since n is odd,gcd(i,n) is

also odd. Therefore,o(ri) will be odd. It is known that 2pi is even, so it cannot divide an odd number. Hence, 2pi ∤ o(ri).
Given o(s) = o(ris) = 2, it will be shown that 2pi ∤ o(s) and 2pi ∤ o(ris). It is known that there is no integer k such that:
2pi × k = 2. Since 2pi is an even number greater than 2, it is clear that 2pi ∤ o(s) or 2pi ∤ o(ris). So that 2 · pi not divide
any of the orders element of group for all pi ∈ {p1, p2, . . . , pm},m = 1,2,3, . . . ,n.
Next, it will be shown that pi and p j are connected because pi · p j divides one of the orders of the elements of the
group. Take any pi, p j ∈ {p1, p2, ..., pm}, where i 6= j. Consider that r ∈ Dn,n is odd, and o(r) = n. It is known that

n = p
k1
1 · p

k2
2 · · · pkm

m , then pi | n and p j | n. Hence, pi · p j | n = p
k1
1 · p

k2
2 · · · pkm

m . Meanwhile, o(r) = n, then pi · p j | o(r).
Thus, for any pair of vertices {pi, p j} ⊆ V (Dn) will be connected. So, the proof shows that the vertex {2, pi} ⊆ V (Dn)
is not connected, and the vertices {pi, p j} ⊆ V (Dn) are connected, so for n odd, we get a graph consisting of 2 graph
components.
Case 2 for n even (n ∈ 2k, k ∈N).
Given Dn = {e,r,r2, ,rn−1, s, sr, sr2, , srn−1}. |Dn|= 2n,r ∈ Dn, o(r) = n,

n= 2k0 · pk1
1 · pk2

2 · ... · pkm
m , k0 ≥ 1 where p1, p2, . . . , pm are odd primes. and V (Dn)={2, p1, p2, , pm}, take any u,v∈V (Dn),

suppose {(u,v)} ⊆ E(Dn), Next, it will be shown that u ·v | o(r), for some r ∈ Dn, then o(r) = n = 2k0 · p
k1
1 · p

k2
2 · · · · · pkm

m ,
where k0 ≥ 1. Then it is clear that u · v | o(r). Because u · v | o(r), any pair of vertices {u,v} ⊆V (Dn) will be connected.
So, since n is even, this shows that u,v are connected, and it forms Kn.
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(a) The prime graph Γ (Dn) which contains 2

component graphs for n odd
(b) The prime graph Γ (Dn) which forms the complete

group Kn for n even

Fig. 1: The prime graph of dihedral group Dn is Γ (Dn) .

2.2 The Combination of the Prime Graph of a finite group

In the previous section, it is known that the pattern of prime graphs from the dihedral group with n vertices is formed into
2, which are for prime graphs for n odd vertices and prime graphs for n even vertices.
In this section, we will show the prime graph of the dihedral group formed from two prime graphs Γ (Dm) and Γ (Dn), i.e.
the prime graph Γ (Dm)∗Γ (Dn).
As a first step, based on the definition of prime graph in the previous section, the definition of prime graph for two prime
graphs Γ (Dm)∗Γ (Dn) will be developed as follows:

Definition 1.Let Γ (Dm) and Γ (Dn) be the prime graphs of dihedral groups Dm and Dn ,respectively. Define the graf

Γ (Dm)∗Γ (Dn), as follows:

(i) Vertex set of the graph Γ (Dm)∗Γ (Dn) are

V [Γ (Dm)∗Γ (Dn)] = {1x | x ∈V [Γ (Dm)]}∪{2x | y ∈V [Γ (Dn)]}
(ii)Edge set of the graph Γ (Dm)∗Γ (Dn) are E[Γ (Dm)∗Γ (Dn)] and defined:

- 1x1y ∈ E(Γ (Dm)∗Γ (Dn)) if and only if xy ∈ E(Dm) ;

- 2x2y ∈ E(Γ (Dm)∗Γ (Dn)) if and only if xy ∈ E(Dn);
- Let x ∈V (Dm) and y ∈V (Dn), then 1x2y ∈ E(Γ (Dm)∗Γ (Dn))
Let u ∈ Dm and v ∈ Dn. Then, (u,v) ∈ E(Γ (Dm)∗Γ (Dn)) if and only if xy | lcm(o(u),o(v)),

To construct a prime graph using definition 1, it is important to know the element order of two finite groups , where the
element order of the direct product of two finite groups is the least common multiple of the element order of the finite
group. The Concept of the least common multiple (lcm) becomes an essential tool in determining the order of elements
group. As Gallian [4] notes,in the context of direct product groups, the order of an element is equal to the least common
multiple of the orders of its components. Specifically, if an element g = (g1,g2, ...,gk) belongs to a direct product of
finite groups G1 ∗G2 ∗ ...∗Gk, then o(g) = lcm(o(g1),(g2), ...,(gk)).
Based on Definition 1, we can find some graph patterns formed by the graph Γ (Dm)∗Γ (Dn) which are presented in the
following lemma:
Let Dn = {e,r,r2, ,rn−1,s,sr,sr2, ,srn−1}, with |Dn|= 2n,
where o(e) = 1,o(ri) = n

gcd(i,n) ,o(s) = o(sri) = 2.

then Dp1
= {e1,r1,r

2
1, ,r

p1−1
1 ,s1,s1r1,s1r2

1,s1r
p1−1
1 }.

Dp2
= {e2,r2,r

2
2 , ,r

p2−1
2 ,s2,s2r2,s2r2

2,s2r
p2−1
2 }.

Based on the definition of prime graph in Definition 1, we know :
V (Γ (Dp1

)) = {2, p1} and V (Γ (Dp2
)) = {2, p2} , therefore based on the definition of

Γ (Dp1
)∗Γ (Dp2

), we know V (Γ (Dp1
)∗Γ (Dp2

)) = {12,1 p1,22,2 p2}
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Lemma 1 and Lemma 2 represents the prime graph formed when given two dihedral groups with n odd, with p odd
and p is equal or p is not equal.

Lemma 1.Given a prime graph of dihedral group Γ (Dp), with p odd primes, then Γ (Dp)∗Γ (Dp) forms the graph 2P2.

Proof.It is known that o(Dp) = {o(e),o(ri),o(s)}= {1, p,2},
By Γ (Dp)∗Γ (Dp), known that V (Γ (Dp)∗Γ (Dp)) = {12,1 p,22,2 p}.
By definition 1, we know that:
2 ·2 ∤ lcm(o(u),o(v)), for all u ∈ Dp and v ∈ Dp,
then vertices 12 and 22 not connected or 1222 /∈ E(Γ (Dp)∗Γ (Dp));
2p | lcm(o(s),o(ri)), then vertices 12 and 2 p connected or 122 p ∈ E(Γ (Dp)∗Γ (Dp)),
and vertices 1 p and 22 connected or 1 p22 ∈ E(Γ (Dp)∗Γ (Dp));

p2 ∤ lcm(o(u),o(v)), for all u ∈ Dp and v ∈ Dp,
then vertices 1 p and 2 p not connected or 1 p2 p /∈ E(Γ (Dp)∗Γ (Dp)) .
So, Γ (Dp) * Γ (Dp) forms the graph 2P2.

Lemma 2.Given 2 prime graphs of dihedral group Γ (D
p

k1
1

) and Γ (D
p

k2
2

), with p1, p2 odd primes and k1,k2 ∈ N, then

Γ (D
p

k1
1

)∗Γ (D
p

k2
2

) forms the graph P4 , if it has one of the following 3 conditions:

1. p1 = p2, (k1 ≥ 2 and k2 = 1) or (k1 = 1 and k2 ≥ 2);
2. p1 6= p2, (k1 ≥ 2 and k2 = 1) or (k1 = 1 and k2 ≥ 2);
3. p1 6= p2, k1 = k2 = 1.

Proof.1.Choose k1 ≥ 2 and k2 = 1, and p1 = p2 = p.
It is known that o(D

p
k1
1

) = {o(e1),o(r
i
1),o(s1)}= {1, p, p2, p3, . . . , pk1 ,2},

and o(Dp2
) = {o(e2),o(r

i
2),o(s2)}= {1, p,2}. By Γ (D

p
k1
1

)∗Γ (Dp2
),

it is known that V (Γ (D
p

k1
1

)∗Γ (Dp2
)) = {12,1 p,22,2 p}.

And by definition 1,we know that :
2 ·2 ∤ lcm(o(u),o(v)), for all u ∈ D

p
k1
1

and v ∈ Dp2
,

then vertices 12 and 22 not connected or 1222 /∈ E(Γ (D
p

k1
1

)∗Γ (Dp2
));

2p | lcm(o(s1),o(r
i
2)), then vertices 12 and 2 p connected or 122 p ∈ E(Γ (D

p
k1
1

)∗Γ (Dp2
)),

and vertices 1 p and 22 connected or 1 p22 ∈ E(Γ (D
p

k1
1

)∗Γ (Dp2
));

p2 | lcm(o(ri
1),o(e2)), then vertices 1 p and 2 p connected or 1 p2 p ∈ E(Γ (D

p
k1
1

)∗Γ (Dp2
)).

So, Γ (D
p

k1
1

)∗Γ (Dp2
) with p1 = p2,k1 ≥ 2 and k2 = 1 forms the graph P4.

The same thing also passed when applied to conditions 2 and 3.

Lemma 3 and Lemma 4 represents the prime graph formed when given two dihedral groups with n even, with p odd and
p is equal or p is not equal.

Lemma 3.Given a prime graph of dihedral group Γ (D2p), with p odd primes,

then Γ (D2p)∗Γ (D2p) forms the graph C4.

Proof.It is known that |D2p|= 2 ·2p and o(D2p) = {o(e),o(ri),o(s)} = {1, p,2p,2}, by Γ (D2p) * Γ (D2p) known that
V (Γ (D2p)∗Γ (D2p)) = {12,1 p,22,2 p}.
And by definition 1,we know that :
2 ·2 ∤ lcm(o(u),o(v)), for all u ∈ D2p and v ∈ D2p,
then vertices 12 and 22 not connected or 1222 /∈ E(Γ (D2p)∗Γ (D2p));

2p | lcm(o(s),o(r)), then vertices 12 and 2 p connected or 122 p ∈ E(Γ (D2p)∗Γ (D2p)),
and vertices 1 p and 22 connected or 1 p22 ∈ E(Γ (D2p)∗Γ (D2p));

p2 ∤ lcm(o(u),o(v)), for all u ∈ D2p and v ∈ D2p,
then vertices 1 p and 2 p not connected or 1 p2 p /∈ E(Γ (D2p)∗Γ (D2p)).

So, Γ (D2p)∗Γ (D2p) forms the graph C4.
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Lemma 4.Given 2 prime graphs of dihedral group Γ (D
2t1 p

k1
1

) and Γ (D
2t2 p

k2
2

) with p odd primes, and t1, t2,k1,k2 ∈ N

then Γ (D
2t1 p

k1
1

)∗Γ (D
2t2 p

k2
2

) forms the graph P2 +P2 , if it has one of the following 4 conditions:

1. p1 = p2, t1 = t2 = 1, (k1 ≥ 2 and k2 = 1) or (k1 = 1 and k2 ≥ 2);
2. p1 6= p2, t1 = t2 = 1, (k1 ≥ 2 and k2 = 1) or (k1 = 1 and k2 ≥ 2);
3. p1 6= p2, t1 = t2 = 1, k1 = k2 = 1;

4. p1 = p2, (t1 ≥ 2 and t2 = 1) or (t1 = 1 and t2 ≥ 2), k1 = k2 = 1.

Proof.1. Choose k1 ≥ 2 and k2 = 1, t1 = t2 = 1, and p1 = p2 = p.

It is known that |D
2p

k1
1

|= 2 ·2p
k1
1 and o(D

2p
k1
1

) = {o(e1), o(ri
1), o(s1)}=

{1, p, p2, . . . , pk1 ,2p,2p2, . . . ,2pk1 ,2}
and |D2p2

|= 2 ·2p2 , o(D2p2
) = {o(e2), o(ri

2), o(s2)}= {1,2p,2}.
By Γ (D

2p
k1
1

)∗Γ (D2p2
), known that V (Γ (D

2p
k1
1

)∗Γ (D2p2
)) = {12,1 p,22,2 p}.

And by Definition 1,we know that :
2 ·2 ∤ lcm(o(u),o(v)), for all u ∈ D

2p
k1
1

and v ∈ D2p2
,

then vertices 12 and 22 not connected or 1222 /∈ E(Γ (D
2p

k1
1

)∗Γ (D2p2
));

2p | lcm(o(s1),o(r
i
2)), then vertices 12 and 2 p connected or 122 p ∈ E(Γ (D

2p
k1
1

)∗Γ (D2p2
)),

then vertices 1 p and 22 connected or 1 p22 ∈ E(Γ (D
2p

k1
1

)∗Γ (D2p2
));

p2 | lcm(o(ri
1),o(e2)), then vertices 1 p and 2 p connected or1 p2 p ∈ E(Γ (D

2p
k1
1

)∗Γ (D2p2
)).

So,Γ (D
2p

k1
1

)∗Γ (D2p2
) with p1 = p2, t1 = t2 = 1,k1 ≥ 2 and k2 = 1 forms the graph

P2 +P2. The same thing also passed when applied to conditions 2,3 and 4.

From the preceding lemmas, it follows that there exists a structural similarity among the graphs derived from the
dihedral groups. Therefore, we define an equivalnece relation ∼ on the set of all dihedral groups Dn as follows :

Definition 2.Let D = {Dn|n ∈ N,n ≥ 3} be the family of all dihedral groups of order 2n. Define a relation ∼ on D by:

Dn ∼ Dm ⇐⇒ π(n) = π(m),
where denotes the set of all primes divisors of n.

This relation partitions the family of dihedral groups into equivalence classes according to the prime factors of their
orders. Consequently the study of the resulting graph structures can be focused on these equivalence classes, each of
which exhibits similar structural properties.
Based on the equivalence relation devined above, we obtain a fundamental result formulated in the following theorem :

Theorem 2.Every dihedral group belonging to the same equivalence class under ∼ generates the same graph.

Proof.Let Dn and Dm be two dihedral groups such that Dn ∼ Dm. By Definition 2, the equivalence relation ∼ is defined as
follows:
Dn ∼ Dm ⇐⇒ π(n) = π(m), where π(n) denotes the set of all prime divisors of n. It is known that the dihedral group Dn

has order 2n. Therefore, the element orders in Dn are entirely determined by the prime factorization of n.
Next, suppose that for each group Dn, a prime graph Γ (Dn) is constructed, where the construction of the graph depends

on the orders of the elements in the group. For instance, the vertex set of the graph consists of all prime divisors of the
group order, and two distinct vertices are connected by an edge if there exists an element in Dn whose order is divisible
by the product of those two primes.

Since π(n) = π(m), it follows that:
The groups Dn and Dm share the same set of prime divisors. Hence, the types of element orders that appear in Dn and

Dm are equivalent, as a result, the rule for constructing the prime graph yields an identical outcome for both Γ (Dn) and
Γ (Dm) .

In other words, the structure of the graph is the same as that derived from Dn and Dm .
→ Γ (Dn) = Γ (Dm)

Thus, every dihedral group that belongs to the same equivalence class under ∼ generates the same prime graph.

Theorem 3 represents the general form of the prime graph formed when given two dihedral groups with even n, with
p odd primes where p is equal, p is not equal.
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Theorem 3.Given 2 prime graphs of the dihedral group Γ
(

D
2m0 ∏

n1
i=1 p

mi
1i

)

and Γ

(

D
2l0 ∏

n2
j=1 p

l j
2 j

)

, where n1,n2 ∈ N, with

p1i, p2 j odd primes, then:

Γ
(

D
2m0 ∏

n1
i=1 p

mi
1i

)

∗Γ

(

D
2l0 ∏

n2
j=1 p

l j
2 j

)

with m0,m1, . . . ,mi, l0, l1, . . . , l j ∈ N and m0,m1, . . . ,mi, l0, l1, . . . , l j ≥ 2 forms the graph Kn .

Proof.Let i = 1,2,3, . . . ,n1, j = 1,2,3, . . . ,n2

and m0,m1,m2,m3, . . . ,mn1
, l0, l1, l2, l3, . . . , ln2

≥ 1,

it is known that |D
2m0 p

m1
11 p

m2
12 ...p

mn1
1n1

|= 2 ·2m0 p
m1
11 p

m2
12 . . . p

mn1
1n1

and |D
2l0 p

l1
21 p

l2
22...p

ln2
2n2

|= 2 ·2l0 p
l1
21 p

l2
22 . . . p

ln2
2n2

then

o

(

D
2m0 p

m1
11 p

m2
12 ...p

mn1
1n1

)

= {o(e1),o(r
i
1),o(s1)}

= {2i0 p
i1
11 p

i2
12 · ... · p

in1
1n1

| i0 = 0,1, . . . ,m0; i1 = 0,1, . . . ,m1; . . . ; in1
= 0,1, . . . ,mn1

}
and

o

(

D
2l0 p

l1
21 p

l2
22...p

ln2
2n2

)

= {o(e2),o(r
i
2),o(s2)}

= {2 j0 p
j1
21 p

j2
22 · ... · p

jn2
2n2

| j0 = 0,1, . . . , l0; j1 = 0,1, . . . , l1; . . . ; jn2
= 0,1, . . . , ln2

}
By

Γ

(

D
2m0 p

m1
11 p

m2
12 ...p

mn1
1n1

)

×Γ

(

D
2l0 p

l1
21 p

l2
22...p

ln2
2n2

)

,

it is known that:

V

(

Γ

(

D
2m0 p

m1
11

...p
mn1
1n1

)

×Γ

(

D
2l0 p

l1
21...p

ln2
2n2

))

= {12,1 p11, . . . ,1 p1n1
,22,2 p21, . . . ,2 p2n2

}.

By Definition 1, we know that:
2 ·2 | lcm(o(e1),o(r

i
2)), then vertices

12 and 22 connected or 1222 ∈ E

(

Γ

(

D
2m0 p

m1
11 ...p

mn1
1n1

)

×Γ

(

D
2l0 p

l1
21...p

ln2
2n2

))

;

Similarly, for all other terms such as 2p21, 2p22, etc., we follow the same logic to show that they are connected in the
graph. Thus, the general form of the prime graph on the dihedral group is obtained as follows:

p1n1
p2n2

| lcm(o(ri
1),o(r

i
2)), then vertices,

1 p1n1
and 2 p2n2

connected or 1 p1n1 2 p2n2
∈ E

(

Γ

(

D
2m0 p

m1
11 ...p

mn1
1n1

)

×Γ

(

D
2l0 p

l1
21...p

ln2
2n2

))

.

So, Γ

(

D
2m0 p

m1
11 p

m2
12 p

m3
13 ...p

mn1
1n1

)

×Γ

(

D
2l0 p

l1
21 p

l2
22 p

l3
23...p

ln2
2n2

)

with i = 1,2,3, . . . ,n1, j = 1,2,3, . . . ,n2,
and m0,m1,m2,m3, . . . ,mn1

, l0, l1, l2, l3, . . . , ln2
≥ 1 forms the graph Kn .
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Fig. 2: Γ

(

D
2m0 p

m1
11 p

m2
12 p

m3
13 ...p

mn1
1n1

)

∗Γ

(

D
2l0 p

l1
21 p

l2
22 p

l3
23...p

ln2
2n2

)

Declarations

Competing interests: The authors declare that there is no conflict of interests.
Authors’ contributions: The author contributed to all stages of manuscript preparation, from study conception and
analysis to drafting, writing, editing, and so on.
Funding: No received funding for conducting this study
Availability of data and materials: The author confirms that the data supporting the findings of this study are available
within the paper.
Acknowledgments: The author is very grateful to the editors and referees for careful reading, pertinent remarks,
suggestions, and proposed corrections to improve the manuscript.

References

[1] Silvio Dolfi and et al.,The prime graph on class sizes of a finite group has a bipartite complement, Journal of Algebra 226 (2020),

35–42.

[2] Chris Florez and et al., The prime graphs of some classes of finite groups, Journal of Pure and Applied Algebra 226 (2022), no. 7,

1–19.

[3] John B. Fraleigh, A first course in abstract algebra, Pearsoon Education Limited (2014).

[4] Joseph A Gallian, Contemporary abstract algebra, Brooks/Cole, Cengage Learning (2010).

[5] Jonathan L. Gross and Jay Yellen, Handbook of graph theory, CRC Press LLC (2003).

[6] I.N. Herstein, Abstract Algebra, Third editioned., John Wiley and Sons, Inc., (1999).

[7] A.S Kondrat’ev, Prime graph components of finite simple groupss, IOP Science 67 (1990), no. 1, 235–247.

[8] J.S. Williams, Prime graph components of finite groups, Journal of Algebra 69 (1981), no. 2, 487–513.

© 2026 YU

Deanship of Research and Graduate Studies, Yarmouk University, Irbid, Jordan.


	 Introduction
	 Main Result

