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Graphdiyne nanostructures have been considered due to the
predictions of quantum calculations regarding the occurrence of
special electronic and structural features before the synthesis of these
structures. Among these predicted nanostructures, graphdiyne
nanotubes show special properties. There are limited studies on these
new structures. In this research, an attempt was made to simulate the
stable structure and behavior of graphdiyne nanotubes with different
chirality in an aqueous environment. Bonding between graphdiyne
nanotubes and water molecules is an endothermic process. In this
investigation, NVT and NPT simulations were performed in order to
study the accumulation of water molecules and their behavior in the
walls and inside of different graphdiyne nanotubes. In addition, the
effect of pressure on the water-nanotube system was investigated.
The results showed that water molecules do not enter into small-
diameter nanotubes and aggregate in the walls, and this is due to the
hydrophobic property of smaller carbon nanotubes in contrast to the
larger nanotubes. In addition, the positive effect of pressure at the
constant temperature on the aggregation of water molecules inside
graphdiyne nanotubes (2,0) was observed.
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EXTENDED ABSTRACT

Introduction

The networks of the diacetylene-containing sp- and sp 2- carbon materials can be
considered as the hexagons in graphene interconnected by acetylene linkages. These (sp 2
- and sp-hybridized) carbon networks have high degrees of m conjugation, uniformly
distributed pores, and tunable electronic properties, and they should have tunable or even
enhanced performance compared with graphene. They have several potential applications
such as energy storage materials, batteries, membranes and biological applications.
Graphdiyne nanostructures have been considered due to the predictions of quantum
calculations regarding the occurrence of special electronic and structural features before
the synthesis of these structures. Two dimensional structures of this family have
synthesized in the last decade. Graphdiyne nanostructures have been used in many
electronic devices such as solar cells and sensors because of their unique
electronic/photophysical properties and aggregation behavior. In 2010, GDY was
synthesized on a large scale through homocoupling of hexaethynylbenzene on the surface
of copper foil in the presence of pyridine.

Methodology

Numerical simulations have been performed within density functional theory and time
dependent density functional theory, mostly using the PBE generalized gradient
approximation for the exchange-correlation functional. The isolated ion has been simulated
using codes from the Quantum ESPRESSO package. The bulk of the simulations were
performed with the cp.x, pw.x, and the TDDFT components of Quantum ESPRESSO, all based
on the plane-wave pseudopotential method using periodic boundary conditions
implemented with a (30, 30, 15) A supercell. In vacuum, GDNTs is treated by neutralizing
an otherwise charged supercell by a compensating uniform background. The solvated
system is simulated by having the GDNT surrounded by 95 water molecules, mimicking the
first solvation shell in the simulation cell. The resulting system consists of 430 atoms and
1000 electrons. The time evolution of the system is simulated using ab initio molecular
dynamics within the Car-Parrinello scheme. The system is first thermalized at T = 300 K for
3.5 ps using a Nose-Hoover thermostat starting from a molecular geometry obtained by
hydrating the minimum-energy structure of GDNT. The equilibration phase is then followed
by 20 ps of production run under constant-energy conditions.

Results and discussion

Among recently predicted carbon- nanostructures, graphdiyne nanotubes show special
properties. There are limited studies on these new structures. Two-dimensional structure
of single layer graphdiyne (pGD) is defined by two lattice vectorsai = ax and az = a/2(—x +
31/2y), with a = 9.45 A. According to this definition for the chiral vector, zigzag nanotubes
are represented by (n, n) and armchair ones by (n, 0), which is opposite to carbon
nanotubes. Numbers of carbon atoms in the unit cells of different chirality of GDNT are listed
in Table1. Each two sequential structures with equal n has the same carbon atom in the unit
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cell but with different edge shape and diameter. Each armchair nanotubes have 'n’ complete
hexagonal ring in its unit cell and each zigzag one has ‘n’ hexagonal ring at the edge of its
unit cell. The diameter of nanotubes and number of unit cells are different to those of
conventional carbon nanotubes.

Figure 1. Super Cell GDNT (2,0) in simulation box.

Using time dependent DFT and DFT the stability and behavior of different chirality of
GDNT in water solution have been simulated by cp.x code in quantum espresso package.
Results show that the stability of graphdiyne nanotubes dramatically depends on the
chirality of GDNTs. As the results of presence of water molecules in simulation supercell
include GDNT, no static model can properly describe the effect of number of atoms and
structure of GDNT. The thermal fluctuations via molecular dynamics indicates the stability
of GDNT-water systems. Calculated mermin free energy and bonding energy of studied
systems indicate that the minimum- energy structure of GDNTSs is not dramatically different
from vacuum supercells.

Table 1. The structural functions and strain energy, cohesive energy of studied GDNTs.

No.atom E; d,(A) 7‘51‘::5 AE¢  Esyain  type /ag,c:,:l)( -4
G(ZDE)T 72 42188 /92 -3/17 1 0/208 p /13
G(ZDI;')T 72 2/9083 /%5 -8/15 0/7  0/287 9/08
?3D.IE)T 108 3/03g0 8/24 -6/44 <1 0/297 n 7/94
(st’;)T 108 ge7p  9/32 8/70 /SZ(; 07301 ® 8/01
?Z?))T 4 gppeg 10/69 1S/ =0/5 0/320 p e
‘a):)T 4 o 1231 12/5 0/6  0/330 n 7/08
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Conclusion

In this research, NVT and NPT simulations were performed in order to study the
accumulation of water molecules and their behavior in the walls and inside of different
GDNTs. In addition, the effect of pressure on the water-nanotube system was investigated.
The results showed that water molecules do not enter into the nanotubes with a small
diameter and accumulate in the walls, and this is due to the hydrophobic property of the
smaller GDNTs, while the larger diameter of nanotube do not show this feature.
Furthermore, the positive effect of constant pressure on the accumulation of water
molecules inside smaller GDNT such as GDNT (2,0) was observed.
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