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Abstract -- In this paper, we investigate the mechanical
properties of graphene-carbon nitride hybrid using
molecular dynamics simulations. We studied the impact of
vacancies and circular defects of various diameters on these
properties. We analyzed circular defects with diameters of
1.8, 10.6, 16.4, and 2.24 A in both armchair and zigzag
directions using the Tersoff potential. The results indicate
that the mechanical properties of the hybrid structure are
inferior to those of graphene and carbon nitride individually.
Additionally, the removal of nitrogen atoms had a more
significant impact on mechanical properties. Increasing the
diameter of the circular defect reduced the Young’s modulus
from 802.23 GPa to 681.34 GPa in the armchair direction.
Furthermore, fracture stress decreased by 31.19% and
45.15% in the zigzag and armchair directions, respectively.

Keywords: Graphene, Carbon nitride, Molecular dynamics,
Mechanical properties, Nanostructure.

1. Introduction
Nanostructures are essential and integral components of

science and technology, widely utilized across various
industries [1]. Due to its unique properties, graphene has
garnered significant attention from researchers [2].
Similarly, other materials such as boron carbide and
carbon nitride exhibit remarkable characteristics
comparable to those of graphene [3].

Building on existing research on the mechanical
properties of composite structures, this article examines
Young's modulus, failure stress, and strain in two-
dimensional (2D) graphene and carbon nitride structures—
both individually and in hybrid forms—along armchair
and zigzag directions. Additionally, the impact of
removing carbon and nitrogen atoms on the mechanical
properties is explored. Furthermore, the study investigates
how a circular geometric defect influences the mechanical

behavior of graphene-carbon nitride composite structures
in both armchair and zigzag orientations.

2. Computational method

The molecular dynamics simulation method has been
employed to model and analyze the mechanical properties
of 2D nanosheets [4]. The Tersoff potential has been
utilized to calculate the interactions between carbon-
carbon and carbon-nitrogen atoms [5]. The relationship
between energy and displacement is defined by the
following equation:

U :fc(rij)[fR(rij)+biij(rij )] (1)

To establish system equilibrium, the NPT process was
implemented with a time step of 1 fs and a duration of 50
ps. The graphene and carbon nitride structures have
dimensions of 10x10 nm?. The X and Y directions
correspond to the =zigzag and armchair loading
orientations, respectively. To regulate temperature within
the simulation box, equilibrium was maintained for 50 ps
using the Nose-Hoover algorithm under constant
temperature and pressure. Following equilibrium, the
system was subjected to tensile loading at a strain rate of
0.001 ps! to determine stress at each strain and time step.
Fig. 1 illustrates the graphene-carbon nitride hybrid
structure.

* Manuscript received 2025 March 9, Revised 2025April 26, Accepted 2025 June 16.
' PhD student in Mechanical Engineering, Department of Mechanical Engineering, Faculty of Engineering, Hakim Sabzevari

University, Sabzevar, Iran.

2 Corresponding Author: Assistant Professor, Department of Mechanical Engineering, Faculty of Engineering, Hakim Sabzevari

University, Sabzevar, Iran. Email: Ali.Dadrasi@hsu.ac.ir

3 Assistant Professor, Department of Mechanical Engineering, Faculty of Engineering, Hakim Sabzevari University, Sabzevar, Iran.



https://mechanic-ferdowsi.um.ac.ir/article_46902.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://doi.org/10.22067/jacsm.2025.92540.1323
https://orcid.org/0000-0001-9787-8909

Mehdi Beynaghi, Ali Dadrasi’, Mohsen Taghi Zadeh

116

Fig. 1. Scheme of graphene-Carbon nitride hybrid structure.
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Fig. 2. Variation of Young’s modulus in hybrid structure of
graphene-Carbon nitride.

3. Results and discussion

3.1 Mechanical properties of defective nanosheets

The results obtained from the study on the removal of
carbon and nitrogen atoms in the graphene—carbon nitride
hybrid structure are presented in Fig. 2. Notably, most
atoms were removed from the interface between the two
structures. As shown, the removal of nitrogen atoms had a
more significant impact on the Young’s modulus than the
removal of carbon atoms. Furthermore, the values were
consistently higher in the armchair direction than in the
zigzag direction. The removal of one carbon atom reduced
the Young’s modulus to 21.802 GPa and 95.822 GPa in
the zigzag and armchair directions, respectively. In
contrast, removing one nitrogen atom resulted in values of

66.795 GPa and 81.811 GPa, respectively. A similar
decreasing trend was observed when two or three carbon
or nitrogen atoms were removed individually. For
instance, the Young’s modulus in the armchair direction
decreased by 1.76% upon the removal of two carbon
atoms, compared to the pristine structure. In contrast, the
combined removal of carbon and nitrogen atoms produced
different results. According to Fig. 2, the simultaneous
removal of two carbon atoms and one nitrogen atom had
the most pronounced effect on the mechanical properties
studied. The Young’s modulus in the zigzag direction
dropped from 817.66 GPa (pristine structure) to 750.03
GPa. Meanwhile, the corresponding value in the armchair
direction was reported to be 789.23 GPa.
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Fig. 3. Variation of fracture stress in hybrid structure of graphene-
Carbon nitride.

3.2 Mechanical properties of nanosheets, with circular
notches

This section examines the effect of circular defects with
varying diameters on the fracture stress of the graphene—
carbon nitride structure. To this end, four circular defects
with diameters of 1.8, 2.24, 10.6, and 16.4 A were
introduced at the interface between the two materials. As
shown in Fig. 3, increasing the diameter of the circular
defect results in a reduction of fracture stress. Specifically,
the defect with the largest diameter corresponds to the
lowest fracture stress observed. It is also notable that, in
this analysis, the mechanical property values in the
armchair direction are higher than those in the zigzag
direction. According to the data in Fig. 3, the fracture stress
for the structure with a 2.24 A defect in the zigzag
direction is 26.96 GPa—a decrease of 19.31% compared
to the pristine structure. In the armchair direction, the same
defect results in a reported fracture stress of 64.109 GPa.
This reduction in strength can be attributed to two main
factors. First, the removal of a significant number of atoms
weakens the interatomic bonding within the structure.
Second, stress concentration around the defect region
contributes to a further decline in the mechanical integrity
of the nanosheet.

4. Conclusion

This paper investigates the mechanical properties—
namely Young’s modulus, fracture stress, and strain—of
two-dimensional structures composed of graphene, carbon
nitride, and their hybrid configuration using molecular
dynamics simulations under various conditions. The study
explores the effects of carbon and nitrogen atom removal,
as well as the introduction of circular defects of different

diameters. The results indicate that mechanical properties
in the armchair loading direction are higher than those in
the zigzag direction. Additionally, in the hybrid structure,
the deletion of nitrogen atoms had a greater impact on
mechanical performance compared to carbon atom
removal. Furthermore, increasing the diameter of the
circular defect from 1.8 A to 2.24 A led to a reduction in
mechanical strength. Overall, the findings suggest that
graphene—carbon nitride composite nanosheets hold
and electrical

significant potential for mechanical

applications.
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