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DOUBLE TOTAL DOMINATION NUMBER ON SOME CHEMICAL
NANOTUBES

ANA KLOBUČAR BARIŠIĆ1 AND ANTOANETA KLOBUČAR2

Abstract. Suppose G is a graph with the vertex set V (G). A set D ⊆ V (G) is a
total k-dominating set if every vertex v ∈ V (G) has at least k neighbours in D. The
total k-domination number γkt(G) is the size of the smallest total k-dominating set.
When k = 2 the total 2-dominating set is referred to as a double total dominating
set. In this work we compute the exact values for double total domination number
on H-phenylenic nanotubes HPH(m, n), m, n ≥ 2 and H-naphtalenic nanotubes
HN(m, n), n = 2k, m, n ≥ 2. As all vertices have a degree 2 or 3, there is no total
k-domination for k ≥ 3 for H-phenylenic and H-naphtalenic nanotubes, and the
double total domination is the maximum possible.

1. Introduction

Graph dominations hold significance due to their presence in diverse applications
like dominating queens, computer networks, school bus route planning, social network
issues, and chemistry [2, 6, 8, 9, 13–17]. In representing chemical structures as graphs,
atoms correspond to vertices and chemical bonds to edges. Owing to this resemblance,
numerous physical and chemical attributes of molecules are linked to graph-theoretical
constants. The total (double) domination number serves as an example of such an
invariant [2–4,6–8,11,14,15].

We explore double total dominations on H-phenylenic nanotube HPH(m, n),
m, n ≥ 2 and H-naphtalenic nanotube HN(m, n), n = 2k, m, n ≥ 2. Furthermore,
we give exact values for the double total domination number on mentioned graphs.
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H-phenylenic HPH(m, n), m, n ≥ 2 and H-naphtalenic HN(m, n), n = 2k, m, n ≥
2 are carbon nanotubes [16]. Carbon nanotubes are molecular cylinders used for
fabrication of nanoscale devices by providing molecular probes, pipes, wires, bearings
and springs. Because of their substantiality and stiffness, they have many potential
applications in different technologies.

Currently, there are only a limited number of publications on total and double total
domination on chemical graphs [2,6,10,12,14,15]. This work is in a close relationship
with our previous papers [10,12], in which we also study double total domination, but
on a hexagonal grid and pyrene network.

In addition to this introduction, the paper is structured as follows. Section 2 pro-
vides an overview of the total and double domination, dominating sets, and hexagonal
systems. Section 3 provides the double total domination number γ2t on H-phenylenic
nanotube HPH(m, n), m, n ≥ 2. Section 4 provides the double total domination
number on H-naphtalenic nanotube HN(m, n), n = 2k, m, n ≥ 2.

2. Preliminaries

Consider a graph G with vertex set V(G). A set D ⊂ V (G) is a dominating set of
G if every vertex y in V (G) \ D has a neighbour in D. The domination number γ(G)
is the size of the smallest dominating set. Total domination is the stronger version of
domination, where a set D ⊂ V (G) is a total dominating set of G if every vertex y
in V (G) has a neighbour in D. The total domination number γt(G) is the size of the
smallest total dominating set.

A set D ⊆ V (G) is a k-dominating set, if every vertex v ∈ V (G) \ D has at least
k neighbours in D. The k-domination number γk(G) is the size of the smallest k-
dominating set. A set D ⊆ V (G) is a total k-dominating set if every vertex v ∈ V (G)
has at least k neighbours in D. In such case, it must be k ≤ δ(G) where δ(G) is the
minimum degree of vertices in G and |D| ≥ k + 1. The total k-domination number
γkt(G) is the size of the smallest total k-dominating set. A double total dominating
set is also called the total 2-dominating set.

Each vertex in H-phenylenic nanotube and H-naphtalenic nanotube is either of
degree 2 or of degree 3. As a result, there is no total k-domination for k ≥ 3 on
H-phenylenic and H-naphtalenic nanotubes.

3. Double Total Domination Number of H-phenylenic Nanotubes

H-phenylenic nanotubes HPH(m, n) are molecular graphs that are covered by C6,
C4 and C8 [1]. We denote by HPH(m, n) H-phenylenic nanotube with m hexagonal
rows and n hexagonal columns. The number of vertices in H-phenylenic nanotube
HPH(m, n) is 6mn. See Figure 1 and Figure 2.

Lemma 3.1. γ2t(HPH(2, 2)) = 20.

Proof. Since we are considering double total domination, every vertex adjacent to a
vertex with degree 2 must be included in any double total dominating set.
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Figure 1. A double total dominating set in HPH(2, 2)

Figure 2. A double total dominating set in HPH(3, 4)

Let T be double total dominating set on HPH(2, 2). All vertices from HPH(2, 2)
which are not on square must be in T because they are adjacent to at least one vertex
with degree 2. See Figure 1. Mentioned vertices are in black color. There is 16 such
vertices on HPH(2, 2), 4 on each hexagonal ring.

It follows that γ2t(HPH(2, 2)) ≥ 16. If there were only this 16 vertices in the double
total dominating set T , vertices on both squares would be total dominated only once.
To double total dominate vertices on one square we need at least 2 vertices at each
square. See Figure 1. Additional vertices are in gray color. Thus,

γ2t(HPH(2, 2)) ≥ 16 + 4 = 20.

But, it can be easily checked that 20 vertices can double total dominate all vertices
on HPH(2, 2), hence γ2t(HPH(2, 2)) ≤ 20. □
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The following theorem is well known see [5].

Theorem 3.1. Let k ∈ N and G = (V, E) be a graph of order n with minimum degree
δ(G) ≥ k. Then γkt(G) ≥ kn

∆(G) where ∆(G) is maximum degree.

Theorem 3.2. For H-phenylenic nanotube HPH(m, n), m, n ≥ 2 it holds
γ2t(HPH(m, n)) = 4mn + 2m.

Proof. From each hexagonal column of HPH(m, n) we will take 4 vertices form each
hexagon and denote these vertices with T1. See Figure 2. Vertices belonging to T1 are
in black color. |T1| = 4mn as there are n hexagonal columns with m hexagons.

Set T1 double total dominate all vertices on HPH(m, n), except gray vertices on
the last column see Figure 2. Gray vertices are total dominated only once. Also, gray
vertices are adjacent to some vertex of degree 2. It follows that all of them must be
in the double total dominating set. There are m rows, each containg 2 gray vertices,
so we need at least 2m vertices to double total dominate all vertices on HPH(m, n).
It follows γ2t(HPH(m, n)) ≤ 4mn + 2m.

From Theorem 3.1. follows that γ2t(HPH(m, n)) ≥ 2·6mn
3 = 4mn. But |T1| = 4mn

and its vertices double total dominate all vertices except vertices from the last column.
Moreover, the dominated vertices are double total dominated with only 2 vertices from
T1 which is minimal. See Figure 2. It follows that we need at least 2m more vertices
to double total dominate remaining undominated vertices. Hence, γ2t(HPH(m, n)) ≥
4mn + 2m. □

4. Double Total Domination Number of H-naphtalenic Nanotubes

H-naphtalenic nanotubes are molecular graphs that are obtained by the sequence
C6, C6, C4, C6 and C6, . . . , C6, C6, C4, C6, C6 and the repeat unit C6, C6, C4 [18]. See
Figure 3 and Figure 4. We denote by HN(m, n), n = 2k H-naphtalenic nanotube with
m hexagonal rows and n hexagonal columns. The number of vertices in H-naphtalenic
nanotube HPH(m, n) is 5mn.

A zigzag line in HN(m, n) that does not contain vertical edges is referred to as
a horizontal zigzag line The horizontal zigzag line of HN(m, n) are denoted by Li,
1 ≤ i ≤ 2m. For all zigzag lines on HN(m, n) it holds |Li| = 5n/2. See Figure 3.
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Figure 3. Zig-zag lines on HN(2, 4)

Theorem 4.1. For H-naphtalenic nanotubes HN(m, n), n = 2k it holds

γ2t(HN(m, n)) =
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Proof. We will consider three cases.
(a) Case n ≡ 2 mod 3, n = 2k.
Let Ti be the subset of the double total dominating set T on Li of HN(m, n),

1 ≤ i ≤ 2m. For each i, 1 ≤ i ≤ 2m, it holds
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T double total dominates all vertices on HN(m, n). See Figure 4 for the double
total dominating set on HN(3, 8).

Thus for n ≡ 2 mod 3, n = 2k follows

γ2t(HN(m, n)) ≤ |T |.

But also, each vertex on HN(m, n) is double dominated by exactly 2 vertices, which
is minimal. So,

γ2t(HN(m, n)) ≥ |T |.

(b) Case Let n ≡ 1 mod 3, n = 2k.
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Figure 4. A double total dominating set in HN(3, 8)

Again, let Ti be the subset of the double total dominating set T on the Li of
HN(m, n), 1 ≤ i ≤ 2m. For each i, 1 ≤ i ≤ 2m, it holds

Ti =
{

vi,1+3j, vi,2+3j, j = 0, . . . ,
⌊5n
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T double total dominates all vertices on HN(m, n). See Figure 5 for the double
total dominating set on HN(2, 10).

Figure 5. A double total dominating set in HN(2, 10)

Hence, for n ≡ 1 mod 3, n = 2k it follows

γ2t(HN(m, n)) ≤ |T |.

Further, note that

Ti \
{(

i,
5n

2 − 1
)

,
(
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2

)}
, 1 ≤ i ≤ 2m,
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double total dominate all verices on Li except (i, 5n/2 − 1), (i, 5n/2), 1 ≤ i ≤ 2m and
each vertex is double total dominated by two vertices, which is minimal. In order to
double total dominate also (i, 5n/2 − 1), (i, 5n/2), 1 ≤ i ≤ 2m they must be in any
double total dominatig set as they are adjacent to the some vertex of degree 2.

So, γ2t(HN(m, n)) ≥ |T |.
(c) Case n ≡ 0 mod 3, n = 2k
Again, let Ti be the subset of the double total dominating set T on the Li of

HN(m, n), 1 ≤ i ≤ 2m. For each i, 1 ≤ i ≤ 2m, it holds

Ti =
{

vi,1+3j, vi,2+3j, j = 0, . . . ,
⌊5n

6

⌋
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}
∪

(
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)
.

Then

|Ti| = 2
⌊5n

6

⌋
+ 1 and |T | = 2m

(
2
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6

⌋
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)
.

T double total dominates all vertices on HN(m, n). See Figure 6 for the double
total dominating set on HN(2, 6).

Figure 6. A double total dominating set in HN(2, 6)

Therefore, for n ≡ 0 mod 3, n = 2k follows

γ2t(HN(m, n)) ≤ |T |.

Further note that

Ti \

i,
5n

2

, 1 ≤ i ≤ 2m,

double total dominate all vertices on Li except (i, 5n/2), 1 ≤ i ≤ 2m and each vertex
is double total dominated by two vertices, which is minimal. In order to double
total dominate also (i, 5n/2), 1 ≤ i ≤ 2m they must be included in any double total
dominating set as they are adjacent to some vertex of degree 2.

So, γ2t(HN(m, n)) ≥ |T |. □
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5. Conclusions

We have determined the exact values for the double total domination number on
the H-phenylenic nanotube HPH(m, n), m, n ≥ 2 and the H-naphtalenic nanotube
HN(m, n), n = 2k, m, n ≥ 2. In our future work, we plan to study the total and the
double total domination on some other chemical graphs.

References
[1] A. Bahrami and J. Yazdani, PI Index of H-phenylenic nanotubes and nanotori, Dig. J. Nanomater.

Biostruct. 3(4) (2008), 265–276.
[2] S. Bermudo, R. A. Higuiata and J. Rada, k-Domination and total k-domination in catacondensed

hexagonal systems, Math Biosci Eng. 19(7) (2022), 7138–7155. https://doi.org/10.3934/mbe.
2022337

[3] S. Bermudo, J. C. Hernández-Gómez and J. M. Sigarreta, On the total k-domination in graphs,
Discuss. Math. Graph Theory 38 (2018), 301–317. https://doi.org/10.7151/dmgt.2016

[4] E. J. Cockayne, R. M Dawes and S. T. Hedetniemi, Total domination in graphs, Networks 10
(1980), 211–219. https://doi.org/10.1002/net.3230100304

[5] H. Fernau, J. A. Rodríguez-Velázquez and J. M. Sigarreta, Global powerful r-alliances and total
k-domination in graphs, Util. Math. 98 (2015), 127–147.

[6] Y. Gao Y, E. Zhu, Z. Shao, I. Gutman and A. Klobučar, Total domination and open packing
in some chemical graphs, J. Math. Chem. 56 (2018), 1481–1493. https://doi.org/10.1007/
s10910-018-0877-6

[7] M. A. Henning and A. P. Kazemi, k-Tuple total domination in graphs, Discrete Appl. Math. 158
(2010), 1006–1011. https://doi.org/10.1016/j.dam.2010.01.009

[8] M. A. Henning, D. Rautenbach and P. M. Schäfer, Open packing, total domination and P3-Radon
number, Discrete Math. 313 (2009), 992–998, https://doi.org/10.1016/j.disc.2013.01.022

[9] L. Hutchinson, V. Kamat, C. E. Larson, S. Metha, D. Muncy D and N. Van Cleemput, Automated
conjecturing VI : domination number of benzenoids, Match-Commun. Math. Comput. Chem. 80
(2018), 821–834.

[10] A. Klobučar and A. Klobučar, Total and double total domination on hexagonal grid, Mathematics
MDPI 11(7) (2019), 1110–1121. https://doi.org/10.3390/math7111110

[11] A. Klobučar, Total domination numbers of Cartesian products, Math. Commun. 9 (2004), 35–44.
[12] A. Klobučar and A. Klobučar, Double total domination number in certain chemical graphs,

AIMS Mathematics 7(11) (2022), 19629–19640. https://doi.org/10.3934/math.20221076
[13] S. Majstorović, T. Došlić and A. Klobučar, k-Domination on hexagonal cactus chains, Kragujev.

J. Math. 36 (2012), 335–347.
[14] S. Majstorović and A. Klobučar, Upper bound for total domination number on linear and double

hexagonal chains, Int. J. Chem. Model. 3(1–2) (2009), 139–145.
[15] D. A. Mojdeh, M. Habibi and L. Badakhshian, Total and connected domination in chemical

graphs, Ital. J. Pure Appl. Math. 39 (2018), 393–401.
[16] J. Quadras, A. S. M. Mahizl, I. Rajasingh and R. S. Rajan, Domination in certain chemical

graphs, J. Math. Chem. 53 (2015), 207–219. https://doi.org/10.1007/s10910-014-0422-1
[17] D. Vukičević and A. Klobučar, k-Dominating sets on linear benzenoids and on the infinite

hexagonal grid, Croat. Chem. Acta. 80 (2007), 187–191.
[18] J. Yazdani and A. Bahrami, Topological descriptors of H-naphtalenic nanotubes, Dig. J. Nano-

mater. Biostruct. 4(1) (2009), 209–212.

https://doi.org/10.3934/mbe.2022337
https://doi.org/10.3934/mbe.2022337
https://doi.org/10.7151/dmgt.2016
https://doi.org/10.1002/net.3230100304
https://doi.org/10.1007/s10910-018-0877-6
https://doi.org/10.1007/s10910-018-0877-6
https://doi.org/10.1016/j.dam.2010.01.009
https://doi.org/10.1016/j.disc.2013.01.022
https://doi.org/10.3390/math7111110
https://doi.org/10.3934/math.20221076
https://doi.org/10.1007/s10910-014-0422-1


DOUBLE TOTAL DOMINATION NUMBER ON SOME CHEMICAL NANOTUBES 423

1Faculty of Mechanical Engineering and Naval Architecture,
University of Zagreb,
Ivana Lučića 5, 10000 Zagreb, Croatia
Email address: aklobucar@fsb.hr

2Faculty of Economics,
Josip Juraj Strossmayer University of Osijek,
Trg Ljudevita Gaja 7, 31000 Osijek, Croatia
Email address: aneta@efos.hr


	1. Introduction
	2. Preliminaries
	3. Double Total Domination Number of H-phenylenic Nanotubes
	4. Double Total Domination Number of H-naphtalenic Nanotubes 
	5. Conclusions
	References

