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Abstract

Hydrogen is seen as a highly promising sustainable energy source for the future, especially in
applications like transportation. However, the challenge lies in finding efficient materials for its
storage, particularly for vehicle fuel. Nanocones have emerged as a potential storage material for
hydrogen. In this research, Using Density Functional Theory (DFT), hydrogen adsorption on Ni-
doped carbon nanocones (Ni-CNCs) and carbon nanocone sheets (Ni-CNCSs) with inclination
angle 120° was examined. The functionalized Ni atom is found to be adsorbed on CNC and
CNCS with an adsorption energy of —4.04 and -6.365 eV, respectively. The Ni- functionalized
CNC and CNCS bind up to five and three molecules of hydrogen respectively. Where the
adsorption energy of the complexes nH,-Ni-CNC (n=3:5) is -0.573, -0.428 and -0.343 eV,
respectively and nH,-Ni—-CNCS (n =2,3) is -0.478 and -0.210 eV, respectively. All of them are
inside the Department of Energy domain (-0.2 to —-0.6 eV). Gravimetric capabilities are estimated

to be 5.05 wt% for CNC and 3.97 wt% for CNCS.
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1. Introduction: Multiple economies

worldwide heavily rely on fossil fuels like coal,
oil, and natural gas for industrial growth,
urban  development, and  managing
population growth, leading to increased
global warming and environmental pollution.
There is a necessity for strategies to reduce
high carbon emissions and greenhouse gas
levels. Renewable energy sources have
emerged as a sustainable alternative to

traditional fossil fuels, as they produce

minimal  carbon  emissions  (Mobhsin,
2021,111999).
Renewable energy systems (RESs) have

become crucial for meeting the increasing
energy demands sustainably and in an eco-
friendly manner. However, the intermittent
nature of RESs creates challenges for
deployment. To address this issue, battery
energy storage systems are commonly used in
microgrids. However, Dbatteries have
restrictions in terms of size, lifespan, and cost,
leading to the exploration of hydrogen-based
storage systems as an alternative. Hydrogen, a
colorless, odorless, flammable gas, is the
lightest and most abundant element in the
universe, produced from sources like water,
natural gas, and biomass. When used as a fuel,
hydrogen can be converted into electricity in
a hydrogen fuel cell, known for its high

efficiency and producing only water and heat
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as by-products. Despite its numerous

advantages, the widespread adoption of
hydrogen fuel cells is hindered by high
production costs and infrastructure needs.
Nevertheless, hydrogen 1is considered an
environmentally friendly fuel that does not

release harmful substances when burned at

low temperatures( Modu, 2023, 38354).

Various methods are being explored for
hydrogen storage and transport, including
gaseous or liquid storage, chemical forms of
storage, and hydrogen adsorption on carbon
nanomaterials (Ziittel , 2004, 72).

In recent years, researchers have conducted
substantial research into carbon nanotube
hydrogen sorption properties. However, there
has been much debate about the storage
capabilities of several of these materials since
the initial study on the potential for room
temperature hydrogen storage by carbon
nanotubes (Dillon,1997,377).

Carbon

allotropes, such as graphene,

fullerene, and carbon nanotubes, are
considered promising materials for hydrogen
storage due to their properties like high
surface area, chemical stability, low cost, and
strong carbon-hydrogen reactivity. Curved
carbon structures like carbon nanocones are
also highlighted for their potential as
hydrogen adsorbents given that hydrogen can
adsorb more readily in the curved areas of

carbon nanotubes, carbon nanocones (CNCs).

Volume 1, July 2024



Additionally, because of its unique structure,
CNCs have unique electrical and mechanical
qualities that offer hydrogen storage an extra
benefit (Kose,2022,108921,0925-9635)
Decoration of carbon-based materials with
transition metal atoms like Ti, Ni, Sc, and V is
expected to enhance hydrogen storage
capabilities and binding energies, offering
potential gravimetric density improvements

( Abdel Aal 2015, 4).

Advanced density functional theory (DFT)
calculations were used to study the impact of
a carbon vacancy on hydrogen adsorption
onto a Ti-functionalized Cg, fullerene when
H2 is aligned along different axes (Shalabi,
2023,1211).

The study intends to differentiate between
interactions

reversible and irreversible

between hydrogen and Ni-doped C60

fullerene. Specific complexes represent
reversible and irreversible interactions within
or outside the Department of Energy’s (DOE)
domain for practical applications (- 0.20 to -
0.60 eV (Shalabi,2014,928754).

Using the (DFT) calculations research
examines the ability of Ti-functionalized
store

both

carbon nanocones and sheets to

hydrogen. Results indicate that
nanocones and sheets could be potential
hydrogen storage materials where the average
adsorption energies per H, molecule (- 0.54 &

—0.39 eV), falling within the DOE target range
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for adsorption energies. These materials have
the potential to achieve significant hydrogen
storage capacities (Shalabi,2014,19333).

Our research will focus on examining how
hydrogen is stored on carbon nanocones
(CNCs) that are functionalized with Nickel, as
well as carbon nanocone sheets (CNCSs) that
have an inclination angle of 120° and a height
of 5 A. We tend to focus our interest on
structural parameters, binding energies,
hydrogen storage capacity, and electronic
properties in configurations. The study is
ordered as follows: In Section II, we present
the computational model, the results in

Section III, the interpretation in Section IV,

and the conclusion in Section V.

2. The Computational Methods

Nanotube modular is used to build 36 carbon
atoms in a finite-length nanocone and
nanocone sheet cluster with a disclination
angle of 120°, height of 5 A, and a C-C bond
length of 1.421 A, with 12 and 10 hexagonal
rings, respectively. To avoid dangling bonds,
the edge atoms in each cluster have reached
saturation with hydrogen (Xu H, 201737,
Tomson, 2019, 478, Soleymanabadi,2013,54).
Within density functional theory (DFT),
simulations based on the first principle have
been conducted to investigate the interactions
between Ni and CNC as well as Ni and CNCS.
B3LYP (Becke’s three-parameter exchange

functional(B3)) with Lee, Yang, and part
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(LYP) correlation function (Becke,1993,5648 —
Lee,1988,785). It is used theoretically to
perform the computations in this study.
Because it offers a reasonably accurate
description of metal interactions and, for
magnetic systems, a picture that falls
somewhere between the HF (Hartree-Fock)
and pure gradient corrected approximation
descriptions, the B3LYP hybrid functional has
been selected (Martin,1997,1539-De
Moreira, 2002, 235109). The benefits of using
DFT calculations for hydrogen storage
materials research can be summarised as the
thermodynamic

precision of computed

3. Results of Research

values, efficiency relative to experiment, and
thermodynamic  predictions of new
functionalized nanostructures (Wolverton,
2008,064228)

Single-point energy (SPE) computations for
NiC;3;6 NC and NiC;, NCS at the B3LYP/6-31G
were then performed using the optimized
geometries that were discovered. All
computations were performed using the
Gaussian 0.9 system. The corresponding
Gauss View 5.0 software is used to visualize

the optimal geometries (Frisch,2010)

We have first considered the structure of CNC and CNCS with a disclination angle of 120° and

height of 5 A |containing 36 carbon atoms, the relaxed structures, using DFT are illustrated in

Figure 1(a, b, c). To reduce boundary effects, the CNC and CNCS were hydrogen—saturated at

the ends.
Table 1.

Structural and energetic parameters of the optimized nH, -Ni- C;34— Hj3(n=1-5) (cone) systems.

All distances (d) are given in A , energy AE

in eV, calculated at the B3LYP/6-31G level of

ads.
theory.

System AE ;45 d(Ni-C) d(C-C) d(Ni-H) d(H-H) W%
Ce-Hp, | -—-—  — 1463 @
Ni- Cy— Hy, —4.13 200 1492 e

1H,- Cs- H,, ~0.008 4229 3532 o
1H,- Ni- C;- Hy ~0.813 1.8757 1.857, 1.604 0.840
1.9024 1.595,1.633
2H,- Ni- Cye- Hy, ~0.847 0.814, 0.814
1.9046 1.594,1.631
3H,- Ni- Cy- Hy, ~0.573 1.9048 15252 1.6329,1.5983  0.744, 0.815
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1.9069 1.6339, 1.5973 0.813
2.8300, 3.5310
4.321,4.824
. 1.9036 1.5965, 1.63299 0.814,0.744
4H2— Nl— C36_ le —0428 15266
1.9037 1.6334, 1.59723 0.813,0.743
3.9595, 3.4724
4.224,4.7422
1.5944,1.636 0.743,0.743
1.9026
5H,- Ni- C;,— Hy, -0.343 19024 1.527 1.6325, 1.5959 0.813,0.813 5.05
’ 4.131,3.788 0.744
4.429, 4.7822
Table 2.

Natural bond orbital charges (Q) in au, HOMO, LUMO, and Eg energies in (eV), ionization potential
I/ eV), electron affinity (A/ eV) and dipole moment (i) in Debye, for nH, —-Ni- C;,— H;;(n=1-5) (cone)

systems.
System Qui Q¢ QH LUMO HOMO Eg I A u
-0.134,
Cy-H, | — 7 -3.28 -4.17 08 —r 5.71
-0.229
-0.1437,
Ni- Cs;- Hy, 0570 -2.88 -4.04 B - S 0.71
-0.1308
-0.120,
1H,- Ni- C;- H;, | 0.418 0.027, 0.016 -2.78 -4.24 145 - 2.20
-0.121
-0.288, 0.033, 0.073
2H,- Ni- C;- Hy, | 0.246 -2.53 -4.24 1.71 4.24 253 134
-0.286 0.073, 0.032
0289 0.0358, 0.0702
3H,- Ni- C;s- H;, | 0.244 0’ 286’ 0.072, 0.0032 -2.54 -4.25 1.71 425 254 137
' 0.0002, 0.003
0.033, 0.071
-0.292,
4H,- Ni- C;s- Hy, | 0.249 029 0.071, 0.033 -2.540 -4.25 1.71 _— ——— 153
' 0.021, -0.012
0.019, -0.02
0.0313, 0.073
0.033, 0.023
-0.293
5H,- Ni- C;—- H;, | 0.249 0289 -0.02, 0.072 -2.545 -4253 1708 ——— —— 148
' 0.019, -0.022
-0.001, 0.006
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Table 3.

Structural and energetic parameters of the optimized nH, -Ni- C;,— H;5(n=1-4) (sheet) systems. All

distances (d) are givenin A , energy AE 4, in eV, calculated at the BALYP/6-31G level of theory.

System AE 445 d(Ni-C) d(C-C) d(Ni-H) dH-H) Wt%
C36_ H15 _____ 1.40 ____________
Ni- C3- Hys -6.365 1.824 1412
1H,- C;6— Hys -0.02 —_— —_— 2.867,3611 = ——————
1H,- Ni- C3- H; -0.655 1.8754 4.16 1.658, 1.659 0.811
1.6420, 2.442
2H,- Ni- C;6- H;s -0.478 1.87474 1.417 0.799, 0.764
3.177,1.637
1.690, 1.654
0.796, 0.811
3H,- Ni- C3- H;5 -0.210 1.93597 1.42 1.713,1.789 0791 3.97
1.729, 1.695 '
2.464,3.201
1.645, 1.647 0.745, 0.796
4H,- Ni- C36— H; -0.174 1.874 1.418
3.988, 4.696 0.743,0.743
4.065, 4.803

Table 4.

Natural bond orbital charges (Q) in au, HOMO, LUMO, and Eg energies in (eV), ionization potential (I/
eV), electron affinity (A/ eV) and dipole moment (pn) in Debye, for nH, -Ni- C;s— H;5(n=1-4) (sheet)

systems.
System Qi Q. QH LUMO HOMO Eg I A u
Ci- Hys — -01532 = ———— -2.91 -5.01 2.11 —_ 8.32
Ni- Cy- Hys 0.277 0127 = - -2.85 -4.95 2.12 —_ 10.32
1H,- Ni- C3- Hy5 | 0.272 ~0.072 0.069,0.045  -2.775 -4.88 2.11 —_— 11.42
0.049, 0.051
2H,- Ni- C;— Hi5 | 0.256 -0.105 -2.597 -4 .49 1.89 —_— e 10.15
-0.034, 0.023
0.048, 0.031
3H,- Ni- C;—- Hi5 | 0.110 -0.072 0.063, 0.022 -2.68 -4.45 1.77 4.45 2.68 12.23
0.039, 0.0357
0.049, 0.049
-0.033, 0.025
4H,- Ni- C;- Hy5s | 0.251 -0.110 -2.74 4.483 175 448 274 12.01
0.0026, 0.002
-0.004, 0.008
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Fig.1: (a, b) Side view top view of carbon nanocones (C;H;,), with disclination angle 120° and
a rhombohedral tip, (c) optimized geometries of 1H,-C;sH;,, (d, e) optimized geometries of Carbon

nanocone sheet (C;¢H;;5) and 1H,-C;¢H;5. Carbon, Hydrogen atom is shown in teal and yellow respectively.

3H,Ni-C,H,, 4H,Ni-C,H,, 5H,Ni-C;H,,

Fig. 2: The optimized geometries of Ni-C;¢H;, and nH,-Ni- C;;H;, (n = 1-5) nanocone

complexes. Carbon, nickel, and hydrogen atom is shown in teal, blue, and yellow respectively.
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Fig. 3: The optimized geometries of Ni-C;sH;;, nH,— Ni-C;¢H;5 (n = 1-4) nanocone sheet complexes.

Carbon, Nickel, and Hydrogen atom is shown in teal, blue, and yellow, respectively.

LUMO

HOMO

LUMO

HOMO

Fig. 4: Frontier orbital isosurface plots of Ni-C;¢H;, and nH,Ni-C;(H,, (n=1-5) complexes

(atisovalue . 02).
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LUMO

HOMO

LUMO

HOMO

Fig. 5: Frontier orbital isosurface plots of Ni-C;¢H;5 and nH,Ni-C;H;5 (n=1-4) complexes
(at isovalue 0.02).
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4. Interpretation of Results

4.1. Interaction of Ni on NC and CNCS :

We have first considered the structure of CNC
and CNCS with a disclination angle of 120°
and height of 5 A containing 36 carbon
atoms, the relaxed structures, using DFT are
illustrated in Figure 1(a, b, d). To reduce
boundary effects, the CNC and CNCS were
hydrogen-saturated at the ends. a single
H, molecule interacts with C;sH;; NC and
NCS was

Cs¢His computed, and the

adsorption energy was determined by
optimizing a single molecule of H, on the

CNC and CNCS surface, and defined as:

AE,4s(Hy) = Eora1(substrate) with (H,) —
Etotal(SUbStrate)_Etotal(Single HZ) (1)

For C;sH;; NC and C;H;; NCS, the
adsorption energy is —0.008 and -0.02 eV, this
is in the very weak physisorption range, which
is out of the range of —0.2to — 0.6 eV as
stated by DoE and possesses long equilibrium
distances of
(~4.234),(~3.61A) Figure 1(cee). The
decorated Ni — CNC and Ni — CNCS effect on

hydroen-surface

adsorption of H, enhancement was verified.

Therefore, we examine the interaction
between Ni and (C36H12 NC and C36H15 NCS)
We have adsorbed a single atom of Ni on the

optimization C36H12 NC and C36H15 NCS at
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about ~1.9 A from the surface and for each,
full optimization of geometry is carried out.

Figures 2, 3 show the obtained configurations.
To determine the configuration stability, the
following expression was used to compute the

adsorption energies:

AE,4s = E(Ni + (CNC or CNCS)) — E(CNC or CNCS)
— E(Ni), (2)

where E(Ni+ (CNC or CNCS), E(Ni) and
E(CNC or CNCS) ar , respectively, the doped
(Ni — C3¢Hq2 and Ni — C36H;5), isolated Ni
atom and C3cH;, and C3qH;5 energies. The
adsorption energies computed at B3LYP/6 —
31G (d, p), the most stable geometries for
(Ni — C36H12 and Ni — C3gH;5) are displayed
in Figures 2, 3. Tables 1-4, summarize the
predicted binding energies and structural
quantities for the best cases. Adsorption
energies were found to be —4.13 and -6.365 eV
for Ni — C36H;; and Ni — C36H;s,
respectively. We point out that the negativity
of adsorption energies illustrates that the
adsorption is energetically promising and is

much larger than AE, 4, of the H,.

ads

Adsorption energies signify that the
adsorption is energetically favored and are
much greater than the average H,
(—0.20,and — 0.60 eV) energies, to ensure
Ni — C36Hi2 and Ni — C3¢H;5 complexes

stability if the H, molecules are released.
These

optimized  Ni — C34H;; and Ni —
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C36H;5 are used to add hydrogen molecules to

the doped Ni. As shown in Table 4,
concerning Ni — C3¢H;5, the resulting dipole
moments of 10.32 Debye, compared to,
8.32 Debye for C3¢H;5 to improve the
interaction of Van der Waals between C35H ;5
and H,. The HOMO and the LUMO frontier
orbitals play a significant role in the chemical
reaction of reactant molecules.; thus, the
analysis of the frontier orbitals of Ni—
C36H12 and Ni — C3¢H 5 is necessary. It can be
seen that in Tables 2, 4, HOMO levels of Ni —
C36H12 and Ni — C3gHy;5 are nearly
unchanged compared with those of pure
pristine C36H;, and C3gHy5. LUMO levels for
C36Hys

The HOMO-LUMO

Ni — C34H;, is decreased but for
remain unchanged.
energy gap of Ni — C3¢H;; and Ni — C36Hqs
found to be (1.15and2.12 eV).
Figures 4, 5 illustrate the HOMO and LUMO
Ni — C36Hy; and Ni —

were

distributions for
C3¢Hqs, the frontier orbital analysis for Ni —
C3¢H12 and Ni — C3¢H5 indicates the
transfer of electrons to C35H;; and C36H;5.
NBO,
0.570(C36H12), 0.277(C36H45) , while on the
nearest neighbor C is —0.1437,—-0.1308

(C36H12) and — 0.127 (C36H15) These results

From analysis the Ni charge is

indicate the transfer of electrons from the Ni
atom to the neighbors C, where the overlap of

Ni-d orbitals with (sp C) orbitals for bonds of

Basic Sciences Sector, The Department of Physics 141

(Ni- C). This transfer of charge increases the

H, molecule uptake.

4.2. Interaction of nH, with

[Ni + CNC] and [Ni + CNCS] :

In this section, we study the AE,4

of adsorbed hydrogen molecules on

Ni — C36H12 and Ni — C36H15. The Hz

average adsorption energy over

Ni — C36H12 and Ni — C36H15 is defined as:

AE,4s(H;) = [E(nH; + (Ni 4+ CNC or CNCS) — E(nH,)
— E(Ni+ CNCor CNCS)]/n  (3)

E(nH; + (Ni + CNCor CNCS))  is  fully
relaxed nH, + (Ni + CNC or CNCS total
energy, E(nH,)is hydrogen molecules
energy, E(Ni+ CNCor CNCS)is the Ni+

CNC or CNCS total energy, and (n) is the
hydrogen molecules number. Exothermic
adsorption is related to the negative value of
AE,4s(Hz) -

The optimal geometries of nH,-Ni-CNC
(n=1-5), and nH,-Ni-CNCS (n=1-4) are
illustrated in Figures 2, 3. These results present
a detailed analysis of the structural and
energetic parameters of various nH,Ni —
C36H;2 and nH;Ni — C34H 5 complexes. The
complexes are optimized using density
functional theory at the BALYP/6-31G level of
theory. The study investigates the effects of
adding up to 5 hydrogen molecules on the
structural and energetic properties of these

complexes. The results show that the addition
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of H, molecules leads to significant changes in

the geometries, energies, and electronic

properties of the complexes.

4.2.1 Adsorption Energies:

The Ni-CNC was found to adsorb up to five
hydrogen molecules AE,;s are (-0.813,
-0.847,-0.573,-0.42, and -0.343 eV) for nH,-
Ni-CNC (n=1-5),

Table 1, whereas the Ni-CNCS was found to

respectively as shown in

adsorb four hydrogen molecules AE are

ads
(-0.655,-0.478 ,-0.210, and -0.174 ) for nH,-
Ni-CNCS (n=1-4), respectively as illustrated
ads of
nH,-Ni-CNC (n=3-5), are within the DOE-
(~—0.2to—0.6eV) and

AE,qs of nH,-Ni-CNCS (n=2,3), are also in

in Table 3. These results indicate that AE

defined range

window, seem to be optimal for use in fuel cell

based on the storage capacity investigation.

4.2.2 HOMO-LUMO band gap

The Ni-CNC structures were found to adsorb
up to five hydrogen molecules, and have band
gap (Eg) values that are (1.45,1.71, 1.71, 1.71,
and 1.71 eV), respectively, as shown in
Table 2. Asindicated in Table 4, the Ni-CNCS
structures were found to adsorb four
hydrogen molecules, and have Eg values that
are (2.107 ,1.89 ,1.77 ;and 1.7 eV) respectively.
The lowered HOMO-LUMO gap. according
to these findings, materials' ability to store

hydrogen can be affected in some ways by
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narrowing the band gap between their lowest
unoccupied molecular orbital (LUMO) and
highest occupied molecular orbital HOMO).
This indicates the electronic stability and
reactivity of the complexes. Figures 4, 5
illustrate the HOMO and LUMO distributions
for Ni — C36Hy; and Ni — C36Hys, the frontier
orbital analysis for Ni— C3¢H;, and Ni —
C36H; s indicates the transfer of electrons to
C3¢H1z and C36Hys.

The potential of ionization (IP) and electron
affinity (EA) were computed from HOMO,
and LUMO energies by wusing the
approximation of Koopmans, where IP = -
HOMO and EA= -LUMO. (IP) and (EA) for

revirsable and irreversible interactions are

given in Tables 2 4

423 The effects of hydrogen

adsorption on some properties:

4.2.3.1 Electronic Properties:

according to the mnatural bond orbital
(NBO) population (A. E. Read, 1983,4066-A.
E. Read, 1988, 899). The natural bond order
charges provide insights into the electronic
distribution within the complexes. The

charge distribution changes with the
introduction of H2 molecules, reflecting the
altered bonding interactions and charge
transfer between the metal center and the
ligands.

The charge on Ni in (nH,C3;¢H;;)(n=1-5) in

Table 2 ranges from(0.244 to 0.418 a.u) and on
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the nearest neighbor carbons are (-0.121 and -
0.292 a.u)

In sheet (nH,C3;¢H;5)(n=1-4) indicated from
Table 4, the charge on Ni ranges from (0.11 to
0.272 a.u), and on the nearest neighbor carbon
are (—0.11 and —0.072 a.u). This indicates that
Ni donates electrons to the neighboring C
atoms on CNC where the d- orbitals of Ni
atom overlap with the sp orbitals of the Ni-C
bonds to form the mixed spd hybridization.
This transfer of charge increases the H,
molecules' uptake.
Researchers can  obtain a  greater
understanding of the structure—property links
in these complexes by analyzing the results

and investigating their possible applications in

a variety of disciplines.

4.2 4 The Hydrogen Storage Capacity
(wt %):

The relation was used to compute the
gravimetric hydrogen storage capacity, which
is the amount of hydrogen stored per unit

mass of material.

nlMHz

Wt% =
/0 nlMy2+1IMp; + mM¢

X100 (4)

where n: number of H, molecules adsorbed on
each Ni atom, ]: number of Ni atoms, m:
number of carbon atoms, and M: the atomic

or molecular weight. For the complexes nH,

+ Ni,—Cs36 (n = 10, 6), the hydrogen storage
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capacities are expected to be 5.05 and 3.97%
CNC, CNCS, respectively. To maximize the
storage capacity of H,, metal clustering must

be avoided.

5. Conclusion
The study investigates the hydrogen storage
capabilities of Ni Functionalized CNCs and
CNCSs using Density Functional Theory
calculations. Results show the physisor’tion of
hydrogen storage reactions meet DOE targets
for practical applications. The studied systems
may provide guidelines for the development
of solid-state hydrogen storage materials. The
goal is to optimize current hydrogen storage
technologies, and search for new hydrogen
storage materials with specific properties.
Two types of reactions, namely reversible and
irreversible are found. While the desorption
activation Barriers of the complexes nH2-Ni-
CNC (n=3-5) are -0.573, -0.427 and -0.343
respectively, and nH2-Ni-CNCS (n =2,3) -
0.478 and -0.24 are inside the Department of
Energy domain (-0.2 to -0.6 eV). The
complexes nH2-Ni-CNC (n=1,2) -0.813, -
0.847 and nH2-Ni-CNCS (n =1,4) -
0.655 and -0.17 are outside. The results imply
that these materials’ advantageous structural
and energetic qualities make them promise
for use in

hydrogen storage

applications. Consequently, discovering

materials that exhibit all of the unique
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attributes required for hydrogen storage
remains a challenge for materials research. We
hope that present calculations suggest an
approach to characterize and engineer new
nanostructured materials as potential power

sources.
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	Abstract:
	Unclean energy has become undesirable, as it pollutes the environment such as coal and petroleum so the whole world turned to using clean, renewable and sustainable energy. Therefore, this project was done to design a solar cell through thermal evapor...
	Through smelting, copper indium diselenide duo were prepared from their basic elements with a high degree of purity.
	Then CuInSe2 thin film was deposited using thermal evaporation procedure. Indexing the CuInSe2/n-Si heterojunction’s dark and illumination I-V characteristics curve was done at room temperature. The photovoltaic (PV) properties and several parameters ...
	The future belongs to the CuInSe2 solar cell.
	أصبحت الطاقة غير النظيفة ،تلوث البيئة، وغير مرغوب فيها مثل الفحم والبترول لذلك أتجه العالم كله إلى استخدام طاقة نظيفة متجددة مستدامة  لذلك تم عمل هذا المشروع لتصميم خلية شمسية عن طريق التبخير الحراري تعمل كمصدر للطاقة.
	تم تحضير السيلينيوم والانديوم والنحاس من خلال عملية الصهر من عناصرها الأولية بدرجة عالية من النقاء .
	ثم ترسيب اغشيه رقيقه من ثنائي السيلينيوم والانديوم والنحاس على حامله من السيلكون الإحادى من النوع السالب بطريقه التبخير الحرارى . تم قياس منحنيات الجهد والتيار في الظلام والاضاءة ومن خلال هذا الجهد
	والتيار لهذه الخلية (                                         (Au / CuInSe2/ n–Si / Al
	تم تعيين كفاءة الخلية ،وجد إنها تساوي ٥,٧٪ .
	Key Words: CuInSe2, Solar cell, thin films, photovoltaic.
	1. Introduction:
	A p-n junction that made of silicon (Si), gallium arsenide, or another material is the solar cell. Electrons in the valence band of a solar cell gain sufficient energy to move to the conduction band upon exposure to solar radiation, resulting in the f...
	After circling the external circuit and returning to the p-side of the junction,    the electrons from the n-side of the junction merge with the holes to close the current path [1].
	The increase in voltage causes electrons to move from the junction's n-side to the p-side. The movement of holes from the junction's p-side to n-side also occurs alongside with an increase in voltage. The concentration gradient between the two sides o...
	3.1 Preparation of Copper indium selenium as a bulk:
	The first ingot of the CuInSe2 material was made using stoichiometric proportions of 99.999 present pure copper (Cu), indium (In), and selenium (Se). Under vacuum, the mixture was enclosed inside a quartz tube.
	The quartz tube was gradually heated to 20  C every hour. It takes 48 h to achieve full homogeneity when the melt is kept at 750  C.
	After that, the tube cooled at a rate of 7 C/h to prevent cracking from the melt's thermal expansion during solidification.
	3.2 Preparation of Copper indium selenium as a thin film:
	Using a heat resistant filament coil around a quartz crucible or a metal boat, thermal evaporation can create thin films from pure elements, alloys, and compounds based on their melting or sublimation points. The material qualities and substrate condi...
	Under a high vacuum(2×10⁴ pa ) coating unit model was used to coat CuInSe2 thin films on the substrate surface. (Edwards E306 A) [10].
	Nippon Mining Co provides the n-type Si (100) single crystal wafers with a carrier concentration of 10²²m-³ . Area is 2cm ² , thickness is 450 micro meters and The degree of vaporization is 2 Angstroms per second were etched and cleaned using the CP4 ...
	Silicon wafers were etched, then they were washed with distilled water and ethyl alcohol. After being cleaned and etched, CuInSe2 thin films were coated on silicon wafers from the front side using the traditional thermal evaporation method.
	Gold mesh coated the over layer of CuInSe2 to serve as an ohmic electrode and Aluminium layer coated in front of layer of cell.
	4.Results and Discussion of Research:
	4.1Dark current-voltage characteristics:
	To investigate the junction qualities were constructed current–voltage characteristics I–V. Measurements of electric characteristics I–V usually become the valuable source of information about Junction properties, rectification ratio RR, diode quality...
	The analysis of I–V characteristics is also valuable for identifying the transport mechanisms, which is conduction control. The current–voltage properties of the deposited onto n-Si at the temperature of 300K in CuInSe2 Films with thickness 55 nm are ...
	The curves demonstrate a diode-like behaviour in a forward  and reverse direction with positive potential on cell .
	Fig.4.a Study I-V characteristics of Solar cell in dark with forward and reverse direction.
	4.2 Illumination current–voltage characteristics:
	The behavior of diode under illumination with forward and reverse direction is shown in Fig.4.b
	Fig.4.b I–V characteristics of solar cell under illumination with forward and reverse.
	Fig.5 Illustrates ln(I) against the voltage of solar cell, at 1.5V and RR =9.29
	Fig.5 study I–V characteristics for the junction at low voltage with forward and reverse direction.
	Fig.6 shows the I–V curves with higher current through the voltage range because direction. of the light generated carriers.
	The open-Circuit Voltage (Voc ) is higher under illumination because of the presence of light generated current.
	Short-Circuit Current (Isc) is the maximum current  at zero voltage.it’s only achievable under illumination.
	From Fig.6 we calculate the solar cell parameters such as:
	Fig.6 study I–V characteristics for the junction under illumination.
	5. Conclusion:
	I-V characteristics of solar cell
	(Au /CuInSe2/n–Si/Al) in dark have diode like behaviour.
	Gold , Copper Indium diselenide,
	n-Silicon and Aluminium photovoltaic device was prepared and determine the parameters of photovoltaic. The goal of the cell is producing clean, renewable and sustainable energy from sunlight.
	The values of Voltage open circuit (Voc) , Short circuit current density (Isc) , fill factor (ff) and efficiency (η) were calculated:  Voc = 0.567 v,    Isc=2.349×10^(-7)A,   ff= 0.85 and
	η=5.7 %
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	Abstract
	The study aims to investigate the impact of the use of and employing of technology in teaching in schools on the quality of the educational process. Which achieves many benefits, including helping students enjoy learning, encouraging the learner to in...
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	1.
	Introduction:
	.
	4. Results of Research
	We applied modern technology tools, artificial intelligence, and teaching in traditional ways.
	After applying these tools and conducting tests for the students before and after, these results were monitored and shown as follows: these results were collected in Tables (1,2 and 3)  for the fourth, fifth, and sixth grades of primary school, and  ...
	Table No. (1) shows the grades obtained by fourth-grade primary school students in three different tests after teaching in the usual way and using artificial intelligence technology.
	Figure 8(a ,b& c) Shows a comparison between the grades  obtained by fourth year students before and after the  explanation using modern technological methods .
	Table No. (2) shows the grades obtained by fifth-grade primary school students in three different tests after teaching in the usual way and using artificial intelligence technology.
	Figure 8(a, b& c) Shows a comparison between the grades  obtained by fifth year students before and after the  explanation using modern technological methods.
	Table No. (3) shows the grades obtained by sixth grade students in three different tests after teaching in the usual way and using artificial intelligence technology.
	5.Interpretation of Results
	According to the results that we obtained in the tables and illustrations, it is clear that students obtained higher grades if they used teaching methods based on artificial intelligence technology. These results were determined more than once in diff...
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	1. Introduction:
	Figure 3 Dark J V characteristics of the fresh DBM/n Si cell at different temperatures in both forward and reverse bias
	At a certain applied voltage (Vcon), the rectification ratio, or RR, is the ratio of the forward current (IF) to the reverse current (IR). RR is shown as (IF/IR) Vcon in Figure 4. At +1 V, the RR value was found to be 4043.5. After measuring the cell,...
	Rs "The series resistance" is the combination of the material's resistance and contact in the junction. Using Fig.4, the shunt resistance 𝑅𝑠ℎ, represents the resistance from the leaking current through the junction. Where 𝑅𝐽 = Δ𝑉/Δ𝐼, this can be...
	Figure 4 Plots of the forward and reverse bias at room temperature.
	Figure 5 shows two different regions indicating the presence of two different conduction mechanisms. In the first region at low voltage (V< 1 volt), the dark forward J-V characteristics are presented in Figure 5.  For a given temperature, the forward ...
	5 Variation of Jf with V of DBM/n Si cell.
	Figure 6 Variation of ln Jf with V of DBM/n Si cell at low voltage
	Where β is a constant independent of the applied voltage, Figure 7 shows the plot as a function of temperature, and a straight line is obtained, indicating the existence of a multi-level tunnelling mechanism. The value of β is determined by the slope ...
	The ratio α/β can be used to determine the change in the built-in voltage (Vbi) with respect to absolute temperature (T) as:Figure 8 Variation of log (J) with log (V) at higher forward voltage bias for DBM/n Si cell.
	,𝒅,𝑽-𝒃𝒊.-𝒅𝑻.=−,𝜷-𝜶.
	Figure (7): Variation of Jf with V of DBM/n Si cell.
	Figure 9 C-2-V characteristic for DBM/n-Si cell.
	Figure10Load J-V characteristics under 20 mW/cm2 illumination for DBM/n-Si cell.
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	Abstract
	We faced a problem while teaching activities and experiments in physics due to a lack of imagination and a good understanding of physical phenomena. Therefore, we used artificial intelligence (AI), especially simulation experiments, to solve this prob...
	Key Words:
	4. Density
	4. Results of Research
	In our project, where we integrate artificial intelligence (AI) with simulation to enhance student experiments, the response from the students has been overwhelmingly positive. Through surveys conducted, we found that 72% of the students strongly agre...
	Following are the results of questionnaires for different stages and experiments.
	5. Interpretation of Results
	When explaining circular motion using traditional methods, students often face difficulties in visualizing the changes in direction and speed of the object as it moves from one place to another. This contrasts with using simulation systems, where thes...
	When explaining light interference using traditional methods, especially with the use of a wave generator, we encounter significant difficulties in visualizing the interference of waves, leading to a high level of confusion among students. Additionall...
	On the other hand, using simulation systems made it much easier to demonstrate how waves interfere with each other and display the results clearly without overwhelming the students with complex interferences, as often happens with traditional methods....
	Afterwards we conducted a survey among students to gauge their acceptance and appreciation of this method and the new technology. This is reflected in Tables (10-12), where the percentage of strongly agree and agree responses was very high compared to...
	In the traditional way of explaining density, we were having difficulty getting students to imagine how the density of materials differs in which materials float and which sink in water. It was also difficult for students to understand the concept of ...
	We have faced great difficulty with students imagining, i.e., how one substance becomes another substance or the difference in the distribution of molecules for each of the special cases and how they want the temperature, but when using visual techniq...
	Moving forward, it is recommended to further explore and refine AI-driven approaches in physics education. Institutions and educators should consider incorporating AI-based platforms and resources into their teaching methodologies to optimize learning...
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