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Enhancing the electronic properties of graphimine
through transition metal substitution: A DFT study
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This research aims to study the novel graphimine material by highlighting its physical and chemical properties. To enhance these properties
some atoms in the compound were replaced by transition metals. This replacement leads to new interactions between the bonds of the adde
metal atoms and the atoms of the original compound, which contributes to significantly improving the electronic properties of the compound
due to the changed distribution of charges within the structure. Modeling of the graphimine structure as well as the resulting compounds after
adding atoms of transition metals such as Sc, Ti, Fe, Ni, Cu, and Nb were performed. The best optimization of the compounds was achievec
using density functional theory (DFT) and based on the B3LYP and 6-31G basis set. After that, the various properties of the compounds,
such as charge distribution contours, energy gap, hardness, softness, and infrared spectrum, were calculated. The results indicate that t
energy gap has been reduced in all compounds compared to the energy gap of the original compound, reflecting the effect of the modification:
introduced on the electronic properties of the compound. Therefore, the energy gap values fall within the range of semiconductors, which
gives great importance to these compounds, especially in electronic applications such as catalysts and solar cells.
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1. Introduction 2. Methodology

DFT is part of the first principles (ab initio) method fam-
Graphimine compound consists of a central benzene ring sufly of techniques, which gets its name from its ability to
rounded by six other benzene rings, the ends of the periphergledict material properties for unknown systems without re-
benzene rings end with hydrogen atoms. Note that the centrgliring experimental input. DFT is one of these that has
benzene ring in the pure compound is doped with transitiofyained popularity since it requires very little computational
element atoms [1]. An imine is a functional group or or- work [7,8]. To mention a few fields, the DFT method is ex-
ganic molecule with a carbon-nitrogen double b¢fid= N)  tensively used in organic and inorganic chemistry, materials
in organic chemistry. An organic group or a hydrogen atomsciences like metallurgy and ceramics, and electronic materi-
can be joined to a nitrogen atom. There are two more singlgs [9]. The energy of the Lowest Unoccupied Molecular Or-
bonds on the carbon atom [2]. Imines are frequently found irbital (LUMO), the energy of the Highest Occupied Molecular
both synthetic and organic compounds, and they take part idrbital (HOMO), the vibrational frequencies and the energy
many kinds of reactions [3]. This compound was subjectecf the optimized geometric structure of the molecule were
to the density function theory, a quantum-mechanical atomcalculated at B3LYP/ 6-31+G basis set using Gaussian 09
istic simulation technique that may be used to calculate &oftware [10]. DFT accounts for some correlation and has
wide range of properties of nearly any type of atomic syseen reported to provide fairly good results for the descrip-
tem, including molecules, crystals, surfaces, and even elegon of various molecular properties [11,12]
tronic devices [4]. A novel group of two-dimensional poly-
mers made up of hexa-substituted benzene nodes inside a
two-dimensional covalently organic framework (2D COF) is3. Results and discussion
represented by graphimine. Strong materials like graphene
created graphimine, a rigid, aromatic network with shortlink-3.1. Energy gap, HOMO and LUMO
ages between benzene nodes. As such, it has the poten-
tial to completely change the way that lightweight, high- The terms “Molecular orbitals” relate to the highest occupied
performance materials are made today. The results obtainedolecular orbital (HOMO) and the lowest unoccupied molec-
support the first successful synthesis of highly compactedlar orbital (LUMO). For chemicals and physicists, these
two-dimensional polymers linked by amides and imines, analectronic characteristics were important. The innermaxi-
they have enormous potential for future development as novehum orbitals with loose placements to only take electrons
low-weight, high-strength performance materials [1,5,6] are known as LUMOSs. The ability to give an electronis re-
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b ? 1.786337 eV, respectively. This reduction indicates a tran-
-, J"""'-J sition towards semiconductor behavior, making these struc-
4 3 Do tures more suitable for electronic applications where lower
‘,.-J._ f- = & ; energy gaps are desirable. The smaller energy gap signifies
; “ 2 2 & that the material could be more reactive or conductive un-
@ 9
& ";):-c-“-\ A 4_;3__,,&_ EY der certain conditions. Finally, given the range of energy
." f ® ey @9 gaps observed for all doped compounds (1.684571 eV to
Y b ",.' P 2.31802 eV). All doped structures exhibit a lower energy gap
& ‘ ’J\Jd R compared to pure graphimine, confirming the effectiveness of
@ 5 . ® B transition metal substitution in reducing the energy gap. By
W S S
+ o ,) ‘," ; ? adding impurities to structures, their electrical behavior may
¥ 29 w" [N ““J be precisely controlled, making the transition from insulat-
. 3 .( j 3 - ing to conducting states easier [16]. where spin polarization
@ = increased and the band gap decreased as a result of impurity
I doping [17]. This reduction enhances the potential for these
o materials to be used in electronic applications where semi-
FIGURE 1. Pure graphimine structure. conducting properties are desired.

- 3.2. Infrared spectra
TABLE |. The values of HOMO, LUMO and energy gap with

unit eV. Scientific researchers have benefited greatly from infrared
Enomo ELumo spectroscopy, an analytical method that makes use of a
Structure V) V) Eg(eV) molecule’s vibrational transitions. This field includes space
exploration, protein characterization, and nanoscale semicon-
pure 551547 .1.93463  3.580836  ductor analysis. The measurement of the absorption, emis-
graphimine sion, or reflection of infrared radiation by matter is known
Imine-Sc -3.83443 -2.14986 1.684571  as infrared spectroscopy, sometimes known as vibrational
Imine-Ti -4.72664 -2.60862 2.31802 spectroscopy or IR spectroscopy. It can be used in the
Imine-Fe -4.1566 237026 1786337 _study and identification qf solid, liquid, and gaseous c;hem—
. _ ical compounds or functional groups. It can be applied to
Imine-Ni -5.17779 -3.1501 2.027689 identify and validate known and unknown samples as well
Imine-Cu -4.54842 -2.49488  2.053539  3g characterize novel materials. The electromagnetic spec-
Imine-Nb -4.47006 -2.36591 2.104149  trum'’s infrared sector is commonly separated into three ar-

eas: the near-, mid-, and far-infrared, so hamed because of
presented by the HOMO, while the ability to receive an electheir proximity to the visible spectrum. Higher-energy near-
tron is represented by the LUMO, an electron acceptor. AR radiation, with a wavelength d¢f.7 — 2.5 um and about
molecule’s optical polarizability, chemical hardness/softness}4000 — 4000 cm™!, can stimulate combination or over-
kinetic stability, and chemical reactivity are all determined bytone modes of molecular vibrations. The fundamental vibra-
the energy gap. The DFT technique has been used to cortions and related rotational-vibrational structure are typically
pute the HOMO-LUMO energy gap for Graphimine, both studied in the mid-infrared, or roughi000 — 400 cm™*
before and after doping. The LUMO-HOMO energy gap's(2.5 — 25 um). With its low energy, the far-infrared range
Eigen values indicate the molecule’s level of chemical activ-of 400 — 10 cm™! (25 — 1,000 pm) can be utilized for low
ity [13—-15]. In this study; the density function theory with frequency vibrations and rotational spectroscopy. The ter-
basis set B3LYP/6-31G was applied to calculate the propahertz range, which borders the microwave zone and spans
erties of electronic of compounds, according the following2— 130 cm™*, is thought to be useful for probing intermolec-
relation: ular vibration [16,17]. The atoms inside the molecule change
(1) their positions relative to each other, as they do not remain
fixed in the same location. where the molecules vibrate at
From Table |, the pure graphimine exhibits a relatively different frequencies. The vibration of molecules depends on
large energy gap (3.580836 eV), indicating that it is less conthe molecular structure [18]. As a result of the vibration and
ductive in its natural state, which is typical for insulators orrotation frequencies, the infrared spectrum of the molecule
materials with low electrical conductivity. This higher energy that will be absorbed by the dipole moment is likely to change
gap suggests that a significant amount of energy is requireith the Fig. 2, for an infrared diagram is shown
to excite an electron from the HOMO to the LUMO. The The IR spectrum provided is a vital tool for analyzing
substitution of graphimine-sc (Scandium) and graphimine-Fe¢he molecular structure and vibrational characteristics of the
(Iron) drastically reduces the energy gap to 1.684571 eV andompound. The distinct peaks and their corresponding inten-
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fore and after the doping. It is noted that the shape of the Lo ® : : ‘-‘J Imine-Ni
peaks is either weak, medium, or strong. These peaks repre ‘:, a,(::? A ow
sent the types of bonds in the compounds, either mono, dou- b4 2o ‘f, 5 ,,43*,
ble, or triple. In Fig. 2, the intensity of the peaks indicates the S . ) 3 o’
st'rength of absorp.tion, Whﬁch gorrelates yvith the c.hange in Imine-Fe N 3*.‘ 72 3 e ﬂ_‘%
dipole moment during the vibration. The high-intensity peaks 3 ¥ LA e o
o o . T R aa e a8 R Ne, .
suggest strong vibrational transitions, likely due to significant 0P e b b s s ; B o,
changes in the dipole moment during molecular vibrations. ,o‘_:: 51 J‘: A : . »9 t/“ @ : :
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bond strength. From Fig. 2, the pure graphimine has its high- »a J? LINCT b A
est peak at frequency 1692 ct New peaks appeared after (< (@ D] e ;
p q y _ p PpE ¢ S P Imine-Nb
doping the pure compound with atoms. The highest peaks ’ : AR RN
. . . >
appeared in graphimine-Cu at frequency (1800 ¢nand ’ f"'J
1540 cnt!) and graphimine-Ni at frequency (1575 cfand Imine-Cu

1483 cntl).

FiIcurRe 3. Distribution of electron density contours of pure

3.3. Contours graphimine and doping graphimine structures.

An essential tool for understanding the type of bonding andirawn to areas with the highest negative ESP [22]. Density of
the distribution of electrons in the bonding region is the eleccontour maps for Graphimine and the compound after doping
tron density distribution of the materials [19]. The ground With transition elements (Sc, Ti, Fe, Ni, Cu, and Nb ) respec-

state properties of metals, semiconductors, and insulators afely have been accomplished at G basis set B3LYB level.

described by density function theory (DFT). The charge dis- Around the central benzene ring, the concentration of
tribution in a system can be described by the electron derelectrons in the pure compound is visible. The contour curve
sity function. Contour maps represent the charge density afings appear inside the central ring in the pure compound
an electron as it defines the Brillion regions and electrostatiand are in the form of regular rings. These rings represent
potential [20, 21]. The contours of the map’s electrostaticthe first, second, and third billion zones, as electrons cannot
potential can generally be utilized to infer prospective sitesnove between these regions unless sufficient energy is avail-
for electrophilic attack because electrophiles are frequenthable to allow them to move. After replacing one of the carbon
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atoms with another atom from the transition metal elementsis close to the conduction band, the material is likely to be a
the charge distribution in the compound will differ. The con- donor; if it is close to the valence band, the material may be
tour rings inside the central benzene ring become irregular imn acceptor. From Table I, it can be noted that the value of
shape, as do the rings surrounding it. This can be observed the Fermi level for the pure graphimine compound is equal
a compound doped with the element graphimine-Sc, wherto (—3.72505 eV), but after doping the compound with tran-
the electron concentration areas differ, as do the contowition metal atoms, the Fermi level moves up, as is the case
curves. These surfaces show the charge density, moleculaith the value of the Fermi level for the graphimine-Sc com-
size, shape, and location of chemical reactivity. In generalpound, which is equal t0{2.99215 eV), where the Fermi
red represents regions of maximum negative electrostatic pdevel approaches the conduction bamng,, it represents a
tential, while green represents regions of zero potential. Condonor level, while in the case of the graphimine Ni structure,
tour maps give the shape of the structure, reaction areas, atite Fermi level {4.16395 eV) moves down and approaches
electron concentrations before and after adding impurities. the valence band and becomes an acceptor level. This shift in
Fermi level can be attributed to the type and location of the
3.4. Fermilevel impurity used.

Originally conceived by scientist Enrico Fermi, the phrase
“Fermi level” refers to the energy of the least securely bound&s_
electrons in a solid. It is essential for determining the elec-
tronic and thermal properties of a solid. The value of th
Fermi level at zero temperature-£73.15° C) is known as
the Fermi energy, and it remains constant for all solids. Th

lonization potential and electron affinity

e . : .
The minimal energy that an electron in a gaseous atom or ion
énust absorb to escape the nucleus’s influence is known as the

Fermi level is changed by the temperature of the solid as WemeZat'on potential. It is typically an endothermic process

as by the addition or removal of electrons. An energy Ievef".md is also occasionally referred to as the ionization poten-

is any one of the many different energies that an electron CaHSLr In theri pg"”Od'ﬁ tr‘iazblij[ '??'ﬁtm:de?elzgy g(r-:'nerallyf riﬁs
be sustained at within a material. The constraints of quan(—) er a period (a horizontal row) and falls across a family

tum physics dictate how many electrons each energy Ievéfi ve_rtlcal COIL.’mn)' The assumption that the lonization en-
ergy is determined by the negative of the orbital energy of the

can contain. Fermi level is mutable [23]. In general, elec- . ; T . .
[23] g highest filled orbital is typically used to explain these trends.

trons exhibit two behaviors. In this instance, the first behav- ~". ) i . i
While using the Hartree-Fock orbital energies, this assump-

ior in which electrons provide energy in pure semiconductor% n -known as Koopman's theorem ratelv for s th
by either increasing temperature or projecting photons with on -Known as Kroopmans theorem-accurat€ly tforecasts the
najority of ionization energy (IE) trends. It is harder to re-

ener reater than the ener ap is unsuitable for most a . N .
99 dy gap gove an electron the higher the ionization energy while low

plications because it requires a significant amount of radi- nization energies indicate ease of electron removal [8, 1]
ant or thermal energy. In the second behavior, an electroﬁ) g e

or holes are tipped by a Fermi level shift, either up or down. ince each element's unique electron configuration may be

This change is accomplished by deformation rather than bif.sedt:]q detelrmlnetﬁll IoEf 't‘;’ t(;]hemlgal '?ndfpr:ysmalt proNper-
increasing the heat. The level is shifted more when there ar cS, LS exp a_ll_r;]s ne. t'o € majorl_?l/ ore emeqc fh u-
more impurities present. The fermi level can be adjusted t§ °ar cnarge: 1he lonization energy will increase It the nu-

the required degree with the right doped. Furthermore th&'ear charge (atomic number) is higher because the nucleus

relationship for the Fermi level is defined as follows: will be holding the electrons more tightly. Number of elec-

Eh L El ' tron shells: The ionization energy will be lower and the elec-
omo umo

(2) trons will be held less tightly by the nucleus if the size of

2 the atom is larger due to the presence of more shells. Ef-

Locating the Fermi level helps predict how a material will fective nuclear charge, or Zeff: When electron shielding and
behave in terms of electrical conductivity. If the Fermi level penetration are stronger, the electrons are held less tightly

by the nucleus, which results in a lower ionization energy

TABLE Il. The values of the Fermi level in the ground state for all and Zeff of the elgctron [24]. When one electron is addef}'
systems. to a neutral atom in the gaseous phase to produce a negative

ion, the energy of the atom changes in (kJ/mole), which is

FL =

Structure Fermi level (eV) known as electron affinity. Stated differently, the probability
The pure graphimine -3.72505 of an electron being added to a neutral atom [25]. The energy
Imine-Sc -2.99215 shift (in kJ/mole) of a neutral atom in the gaseous phase with
Imine-Ti -3.76763 the addition of an electron to create a negative ion is known
Imine-Ee .3.26343 as electron affinity. Stafced differently, the_probablllty tha’F a
) ] neutral atom may acquire an electron. First electron affini-
Imine-Ni -4.16395 ties, or negative affinities, result from the release of energy
Imine-Cu -3.52165 when an electron is introduced to a neutral atom. Second
Imine-Nb -3.41798 electron affinities are positive because the energy needed to

Rev. Mex. Fis71051601
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(HSAB) Principle, a qualitative concept, to explain the prin-

TABLE IIl. The values of ionization potential (I.P.) and electron Ciples underlying the reactions of metal complexes and their
affinity (E.A.) are measured in eV unit for pure graphimine and stability. However, considering interactions between HOMO
doping graphimine. and LUMO, it is also possible to quantify this idea based on
Klopman’s FMO analyses. It explains Pearson’s HSAB the-

Structure I.P. (eV) E.A. (eV) e L7 . .
— ory’s principle, definitions, applications, theoretical under-
Pure Graphimine 5.515467 1.934631 pinnings, examples, and limitations. Lewis acids and bases
Imine-Sc 3.8344332 2.1498621 can be further classified as hard, soft, or borderline forms
Imine-Ti 4.9266426 2.6086227 using the HSAB concept. Small ionic radii, high positive
Imine-Fe 4.1565996 2.3702631 charge, firmly solvated, vacant orbitals in the valence shell,
Imine-Ni 5.1777909 31501017 and high energy LUMOSs are characteristics of hard Lewis
. acids. Large ionic radii, low positive charge, completely
Imine-Cu 4.5484236 2.494885

filled atomic orbitals, and low energy linear momentum or-
Imine-Nb 4.4700588 2.3659095 bitals are characteristics of soft Lewis acids. Small ionic
radii, strong solvation, high electronegative, weakly polariz-

add an electron to a negative idre(, second electron affin-  aple, and high energy HOMOs are the characteristics of hard
ity) exceeds the energy released during the electron attacewis bases. Large ionic radii, moderate electronegativity,
ment process. Electron affinity, as the name implies, is agtrong polarizability, and low energy HOMOs are character-
atom’s capacity to take an electron. In contrast to electronegstics of soft Lewis bases. The HSAB idea states that soft
ativity, electron affinity is a measurement [26]. The Koop- acids prefer to bind to soft bases to form covalent complexes,
man’s approximation is consistent with the theory of molec-whereas hard acids prefer to attach to hard bases to form ionic
ular orbitals (MO). The boundary orbitals for orbital energiescomplexes. The term Hard-Soft Interaction Principle (HSIP)

are defined according to the following relationship: is occasionally used to refer to it. According to the HSAB
principle, in order to create stable complexes, soft acids like

I.P. =-EHOMO, (3)  to combine with soft bases while hard acids prefer to com-
EA —_ELUMO. 4) bine with hard bases. lonic complexes are created when a

hard acid interacts with a hard base, whereas covalent com-
Note that the highest occupied molecular orbital reprePlexes are created when a soft acid interacts with a soft base.

sents E H O M O, while the lowest unoccupied molecular or-Strong ionic contacts arise from the substantial variations in
bital represent&, umo. The values of E.A and I.P. vary de- €lectronegativity between hard acids and hard bases, while

pending on geometry structure and the types of impuritie§veaker ionic interactions arise from the near-identical elec-
added to the pure compound, and this is noted in the followironegativities of soft acids and soft bases. Stated differently,
ing Table IIl. the soft acid-soft base interaction results in a greater number

The highest ionization potential value for the pure of covalent acid-base complexes. Polar covalent interactions
compound was 5.515467 eV, and the lowest value wadbetween soft acid and hard base and between hard acid and
3.8344332 eV for the compound doped with Sc, this matche80ft base are typically less stable or more reactive. If it is
what was mentioned in the source. In electron affinity, theP@rmitted for polar covalent compounds [28, 29]. Chemical

value was highest for nickel (3.1501017 eV) and the lowespardness and softness can be calculated from the relations:
value for the pure compound (1.934631 eV). lonization en-

ergy and electron affinity are important because the first can n= w, (5)
be used to predict the strength of chemical bonds. While the 2
second can be used as a measure to know whether an atom — i. (6)
or molecule will become an electron donor (this in case it 2n
has the less positive) or an electron acceptor (this in case
it has a more positive value). Furthermore, both ionizatiors
energy and electron affinity are represented primary base tbABLE IV. The values of the hardnesg)(@nd softnesso).
predict and obtain other properties such as electronegativity, =
softness, hardness, and electrophilicity. Structure n(eV) o(eV)
Pure graphimine 1.790418 0.279264

3.6. Hardness and Softness Imine-Sc 0.842286 0.593623

_ o . Imine-Ti 1.15901 0.431403
Cherr_uf:fal hardness, whlch is a measure of the_s_tab|llt|_es and Imine-Fe 0893168 0.559805
reactivities of molecules, is an important reactivity attribute ) ]
of matter. It is defined as the resistance towards electron Imine-Ni 1.013845 0.493172
cloud polarization or deformation of chemical species [27]. Imine-Cu 1.026769 0.486964
Ralph Pearson developed the Hard and Soft Acids and Bases Imine-Nb 1.052075 0.475251
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The Table IV shows the values of hardness and softness
It is noted that the compound with the highest hardness has
the smallest value of softness. This applies to a pure com-
pound, where its hardness and softness (1.790418 eV) ant
(0.279264 eV''), respectively. Graphimisc has the lowest
hardness value (0.842286 eV) and the highest softness valu
(0.593623 eV'!). This is consistent with the properties of
hardness and softness in the periodic table. As can be see
from comparing the Tables | and IV, the energy gapisafunc- =+ = = =% ]
tion of the chemical hardness and softness [30]. pure graphimine

Where a large energy gap of structure has a big value .,
of hardness, such as the pure compound has the high
est energy gap value (3.580836 eV) and the highest hard-
ness value (1.790418 eV), while the lowest energy gap
(1.684571 eV) and less hardness (0.842286 eV) values were :
for the Graphimine-Sc.

-0 -8 -5 -4 -2 0 2 4
Energy (&)

Imine-Ti

3.7. Density of states DOS

Since the density of states (DOS) gives a straightforward
method for characterizing complex electronic systems, it is
undoubtedly the most essential notion for comprehending the
physical properties of materials. The band gap and effective
masses of carriers are two important characteristics of mate-
rials that are clearly evident from the DOS and underpin their
electrical and optical capabilities. The ability to assess and
tune different material properties is significantly enhanced by
the ability to compute a high-quality DOS that accurately re-
flects the electronic structure of a material. Due to the acces- ..
sibility and simplicity of DFT calculations, DOS calculations
are now routinely carried out; nonetheless, it is frequently
the case that the DOS presents essential components of th
electronic structure uncommon. Not frequently noticed yet
important features of an electronic structure are revealed by
the density of states. This little tutorial ought to function as a
roadmap for deciphering the DOS of an actual material [31].
In particular systems, only electrons of a specific wavelength *
can exist due to the material’s atomic charge and interatomic .
distance. In the other situations, the material’s crystalline
structure plays a major role in permitting wave motion in one
direction while obstructing wave propagation in another one. Imine-Cu
As a result, at some energy levels, a large number of statgsgyre 4. DOS diagrams for pure graphimine and doping
may be conceivable at a given wavelength, but at other engraphimine structures.
ergy levels, no states are possible. The density of states dis-
tinguishes this distribution. Additionally, the DOS is utilized represents the total density of electron states, which is the
in solid state physics and quantum mechanics to forecast hogum of the contributions from both alpha and beta orbitals.
electrons and phonons will behave [32, 33]. Anyone can notice that this curve has been exaggerated by a
From Fig. 4, the density of states, which is the num-factor of 0.5 to show the differences between the alpha and
ber of states available at a given energy level. The verticabeta curves. If the alpha density curve differs significantly
axis shows how electrons are distributed across different erfrom the beta density curve, this may indicate the presence of
ergy levels. The blue curve represents the number of eleanagnetic effects in the system (such as materials that exhibit
tron states available at a given energy level for alpha orbitalsnagnetic properties such as ferromagnetism), which can be
(i.e. electrons with a given spin). The green curve representattributed to the asymmetric distribution of electrons between
the density of electron states for beta orbitals. (electrons the alpha and beta orbitals. These results agree with previous
with the opposite spin). If the system is magnetic, this curvestudies, such as Longat al,, have demonstrated that substi-
can differ significantly from the blue curve. The red curve tuting a single atom in transition metal clusters can markedly

-4 -2
Energy (eV)

Imine-Fe ’

[

4

DU

5 .
Energy (eV)

Imine-Nb

3

Rev. Mex. Fis71051601



ENHANCING THE ELECTRONIC PROPERTIES OF GRAPHIMINE THROUGH TRANSITION METAL SUBSTITUTION: A DFT STUDY 7

influence their structural and magnetic properties [36]. Suctthe molecule in the ground state have been computed. We
as graphimine structures with Sc, Cu, and Nb. So, they can bdid not find any value for the imaginary frequency, which
used in technological applications such as store of informameans that all the values calculated for the compounds are
tion or store of energy (magnets). While the pink and greeraccurate. The Fermi level for the graphimine-Sc compound
lines indicate the energy levels that contain electrons (filledapproaches the conduction ban, it represents a donor

or occupied orbitals). The pink lines represent the occupiedevel, while in the case of the graphimine-Ni compound, the
orbitals in the alpha state, and the green ones represent thermi level moves down and approaches the valence band
occupied orbitals in the beta state. Virtual orbitals (yellowand becomes an acceptor level. It should be highlighted that
and purple lines): These lines indicate the energy levels thahese results obtained in improving the electronic properties
do not contain electrons (empty or unoccupied orbitals). Thef the graphimine compound after doping result in a decrease
yellow lines represent the virtual orbitals in the alpha statejn the energy gap values compared to the energy gap value of
and the purple ones in the beta state. On the other hand, tlilee pure graphimine. Contour maps give information like the
different energy levels in units of eV in the system are rep-shape and electron concentration of the structure, which con-
resented by the-axis. There are negative and positive en-tribute to knowing the electronic properties. The hardness of
ergies, where negative energies indicate the occupied energyl impurities is less than the value of the pure compound, and
states (below the Fermi level) and positive energies indicatéhe softness of the impurities is greater than the value of the
the unoccupied energy states (above the Fermi level). Thesmiginal structure. This means that the compounds are more
compounds are characterized by having ferromagnetic progeffective and can be used in sensors. Density of state plots
erties. So, they can be used in technological applications sua@howing ferromagnetic properties of graphimine compounds
as store of information or store of energy (magnets). doped with Sc, Cu, and Nb atoms respectively.
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