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A few porphyrins and their metal complex (metalloporphyrin) assume huge parts in
detecting, photodynamic treatment, attractive reverberation imaging (MRI), anticancer
medications, electronic gadgets, and fluorescence imaging. In this work, the impact of
changing the focal metal was thought about, as titanium metal and cadmium metal were
utilized. As well as adding chlorine atom to the focal metal, as well as concentrating on
the impacts of various closures of the compound, once by making hydrogen at the meso-
closes and again by making phenyl rings at the meso-closes. Furthermore, information
on all past impacts on electronic properties and their improvement. For instance, the
energy of filled and HOMO and LUMO, the energy gap, hardness, delicate quality
compound electronegativity, and electrophilicity are determined. It very well may be
seen that the chose materials have a lower energy gap than the pure porphyrin. The
energy gap of the mixtures examined, which are all situated in the semiconducting
locale (1.109352 - 2.91692 eV), can thusly be utilized in significant electronic
applications like sensors, transistors and solar cells. All computations were done with
the Gaussian 09 programming package.
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1. Introduction

In last years, porphyrin have
demonstrated their financial plausibility in the
production and improvement of most
electronic gadgets and the chance of involving
them in electronic gadgets present and in the
future[1,2]. A porphyrin is a major ring atom
comprised of four pyrroles[1,3], which are
more modest rings comprising of four carbons
and one nitrogen. These pyrrole atoms are
connected by an arrangement of single and
twofold bonds. framing a tremendous ring. A
tetra-pyrrole is the specialized name for four
pyrroles connected together[4-9]. The ring has
an extremely even dissemination of electrons

around its distance across. Accordingly, a
porphyrin is a compound. A porphyrin
compound. is very steady in this state. Porphin
is the model of a nonexclusive porphyrin[10].
This particle is just experienced as halfway in
nature very sometimes, yet it is the
groundwork of all porphyrin compound. . The
last examination in porphyrin is one-layer (two
dimensions) compounds (i.e., the rings are
level in space) or three-dimensional[11], in
which there are many investigations at the
degree of hypothetical research[7,12-16] and
viable research[17-20] to comprehend and
acquire actual properties that can be applied in
electronic advances. Metalloporphyrins have
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been utilized as strong impetuses in a wide
scope of substance processes[8,21-25].
detecting, photodynamic treatment (PDT),
attractive reverberation imaging
(MRI),anticancer drugs, electronic gadgets, and
fluorescence imaging in light of their particular
specific endorsement and maintenance[5,26].

The electronic design properties of the
ground condition of the metalloporphyrin were
done in hypothetical way by involving the first
principle in the hypothesis DFT calculations.
The main principle. The upsides of HOMO and
LUMO energies, energy values, Fermi level
ionization = potential, electronegativity(x),
electrophilicity (w), and electrostatic potential
were considered, as well as gathering
electronic properties, bringing about IR
spectra.

2. Computational Details

Porphyrin is a natural compound. It is basically
made out of four pyrrole rings associated with
one another by inclining spans in a shut style to
frame an enormous ring toward the end. It is
the easiest tetrapyrrole compound, which is a
strong, sweet-smelling compound[5]. Current
hypothetical estimations have been explored
using the primary guideline calculation in the
thickness practical hypothesis (DFT)[27-29]).
Though the calculation improvement was
accomplished utilizing the B3LYP model[30].
These images allude to Becke's three
boundaries. Lee-Yang-Parr additionally is
known as the cross breed functional [31-33].
which is viewed as a great decision to research
the streamlining in the illumination of DFT. The
6-31G premise set was utilized quantum
substance computation [34,35]. All systems
could be relaxed before energy investigations
for porphyrin and metalloporphyrin
(porphyrin with metals of both Titanium (Ti)
and Cadmium (Cd) atoms). This process is
termed  "geometry  optimization."  The
electronic properties of porphyrin include the
energy of the Fermi level, the highest occupied
molecular orbital (HOMO) energies, the lowest
unoccupied molecular orbital (LUMO) energies,
and energy gaps (the difference between the
eigenvalues of the maximum valence band and

the minimum conduction band or by
mathematically speaking expressed[27,36-38]

Eg = Erymo — Enomo (1)

Structures are studied theoretically with
involve of Ti and Cd impurities.

According to Koopman's approximation in
which the frontier orbital energies are given by
the following relationship[29,39,40]
[.P.=—-HOMOE.A.= —LUMO}

(2)

Subsequently, the ionization potential (I.P) and
electron affinity (E.A) values can be used to
determine electronegativity, hardness,
softness, and electrophilicity.

Mulliken electronegativity (x) is an index that
describes the tendency or power of a functional
group or an atom in a structure to attract
electrons[38,40].

__ LP+E.A

. (3)

The global hardness was proposed by Parr and
Pearson define

1 0%E

n =Gy 4

After simplifying the equation 4 can be

rewritten as
IL.P-E.A

n= "= (5)
Also, global softness is defined by the reverse
of hardness by the following relationship

1

o= (6)

The electrophilicity index is defined as
_ x* _ (P+E.A)?
T 2n T 4(.P-E.A) (7)

Finally, the Fermi level can be written as

F, = EHOMO'ZFELUMO (8)

3. Results and Discussion
3.1 Geometry optimization

In the first stage, the shape of porphyrin
was designed, including 20 carbon atoms, 4
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nitrogen atoms and 14 hydrogen atoms. The
carbon atoms are built as rings of a quad
lattice. The structure of porphyrin treated with
hydrogen passivation decreases the boundary
effects. Subsequently, the structure is treated
until it reaches the best position for stability.
This process is called geometry optimization.
However, we did not observe the apparent
deformation of pristine porphyrin and their
directions. The preceding certainly agrees with
figure 1.

Figure 1. Geometry optimization of pure
porphyrin

DTiTHP

The second stage is the addition of some
impurities to the pristine porphyrin to get a
new enhanced property such as electronic,
optical, mechanical, and several properties. The
pristine structure is doped by Titanium (Ti)
and Cadmium (Cd) atoms. All these structures
are clearly shown in figure 2, which involves
Double Titanium meso-tetra (4-hydrogen)
porphyrin (DTiTHP),Double Cadmium meso-
tetra(4-hydrogen)
porphyrin(DCATHP),Titanium meso-tetra (4-
carboxyphenyl) porphyrin(TiTCPP), Titanium-
Chlore meso-tetra (4-carboxylphenyl)
porphyrin (TiCITCPP), Cadmium meso-tetra(4-
carboxyphenyl)porphyrin (CATCPP),
Cadmium-Chlore meso-tetra(4-carboxyphenyl)
porphyrin (CdCITCPP), Cadmium-Chlore meso-
tetra(4-hydogen) porphyrin (CdCITHP). It is
important to visualize that the simulation for
all the structures is performed using the DFT
method with the B3LYP hybrid functional in
the light of the Gaussian 09 software package.
[41] Eventually, the vibrational spectrum is
calculated without imaginary wavenumbers.
This result confirms that the structures
deduced correspond to minimum energy.

Eurasian Journal of Physics, Chemistry and Mathematics

www.geniusjournals.org

Page |31



Volume 11| October 2022 ISSN: 2795-7667

rl
L <
p °,®
*» & ‘
? 9 2 ‘J
2.2 pd @
’ @ e, @ 2
> _> 0o i BE -
i : : ;o sa o %a?, .
0 ‘0d 9 ®* e e 00 09
C = W = ") @ D =2 : : » _—
* J‘ ‘d 9 99 J‘ ‘t %‘ .333!‘ “. J:"’) J‘.’.‘
@ ; 2 !
&’ “““ e ““““‘
7 gl ‘ ® @ _a”
d ‘" ¢
J"“y ,“‘J
C‘. .‘.
= v
TiTCPP TiCITCPP
7
9 .'Q
¥y 09’
2 ff‘ 2 "“?“ 3
a“““‘.a N ‘@‘“‘ o, o o
2 °® 0y a2 2T Le 99 9@ 2
e, P-a I 9 9 > \. ) > @
& 2 ."‘ o O > 4 >-2° »
2 28 @
am aa ik = % %9 e
s 2 > D 9
a“‘l ‘9 9
)Q‘J) 'J.“,
2

CdTCPP CdCITCPP

Figure 2: geometry optimization of metalloporphyrin in different sites where Ti,
Cd, and Cl represent Titanium, Cadmium, and chlorine atoms, respectively.

3.2 Infrared spectra
When they oscillate in the same

phase, asymmetric stretching is
happening when the bonds oscillate
in a variety of phases. Infrared
spectra  yield  harmonics of
vibrational frequencies. Low
frequencies give torsion vibrations.

There are two kinds of stretching
oscillations: symmetric and
asymmetrical. When similar atoms
stretch in the same direction, this is
referred to as symmetric stretching.
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Figure3. the infrared spectra of all structure such as porphyrin and metalloporphyrin
(metals are Ti, Cd)
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Figure 3 elucidates that there are other
pinnacles. Each pinnacle represents a bond
between two neighboring particles, whereas
the results are in good agreement with
experimental data[2,5]. All charts of the
infrared spectra have peaks between 650-1000
cml, these peaks are attributed to the

vibrations and absorption of carbon atoms

3.3 Contours

with double bonds. Moreover, it contains peaks
with a frequency of 1640 cm-l, which results
from the vibration of bonds between carbon
and nitrogen atoms. The other peaks represent
the presence of other impurity atoms such as

metals (Ti, Cd) and chlorine atoms.
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Figure 4. Electrostatic potential (ESP) contour map of porphyrin and
metalloporphyrins, respectively
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That the pure compound porphyrin has
a distortion in the distribution of negative
charges, so it appears in red in the center of the
compound, while the rest of the compounds,
that is, after adding the metal to the porphyrin
(metalloporphyrin), are more stable and the
distribution of the charge is more uniform, so
the Berillion zones are on the The shape of
semi-regular circles is not significantly
distorted. This may be attributed to the amount
of positive and negative charges present in the
compound, in addition to their density of
distribution in the compound. Finally, the

central circle is between the carbon atoms.
These circles represent the regions of Brillion,
where the first central circle represents the
zone of the first Brillion. And the second circle
represents the second Brillion zone, and so on
with the other bands. Naturally, the electrons
in the first region cannot move to the region of
the second Brillion, except when there is more
energy than the energy of the region forbidden
between them.

3.4 Density of states (DOS)
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Figure (5) DOS and both diagrams of HOMO and LUMO for pure Porphyrin and
metalloporphyrin (metals are Ti, Cd

The linear interference between atomic
orbitals can give molecular orbitals.
Thus, molecular orbitals can produce
both the HOMO and LUMO surfaces. The
above figures can show that both HOMO
and LUMO regions have new colors.
There are two interpretations of these
colors as following The first explanation
includes the positive part of the wave
function can be indicated by green color,
while the negative part of the wave
function is indicated by the dark red
color.

The second explanation involves the positive
part of the electrostatic potential zone is
indicated by the green color while the
negative part of the electrostatic potential
zone is indicated by a dark red color.

Anyone can notice the difference between
the HOMO and LUMO forms with and
without impurities. For example, the
dissimilarity between the HOMO and LUMO
surfaces of a pure
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Porphyrin structure versus the HOMO
and LUMO surfaces can be clearly noticed after
the addition of impurities such as Titanium (Ti)
and Cadmium (Cd). This difference in the
surface shape can be attributed to the effect of
the interaction between the original structure
of Porphyrin and the added atoms. For
example; Current surfaces have been
performed for pure Porphyrin and
metalloporphyrin with doping by using density
functional theory in Gaussian 09 package. In
general, the density of state increases with
increasing the electron energy. Thus, there are
many available states being occupied at a
certain energy level with a high density of
state. On the other hand, there are not available
energy level being occupied at the DOS,equals
to zero[44]

3.5 Electronic Properties

This section refer to the electronic
properties physical such as the values of
HOMO,LUMO, band gap, ionization potential
(I.P), electron affinity (E.A), electronegativity
(x), and electrophilicity (w), softness (o ) ,
hardness (n), and Fermi level energy.

Table (1) shows the frontiers energies and
energy gap (Eg)

Table 1 represents the values of the
lowest empty level within the conduction beam
and the highest filled level within the valence
beam. Energy gap values were also calculated
using equation No. 1. The results of the energy
gap appear in Table 1. In fact, the energy gap
value obtained for porphyrin agrees well with
the results[45]. When comparing the energy
gap values for porphyrin before and after
doping, it can be noted that the energy gap
values for all compounds became lower, which
is a good result. It is also clear that the value of
the energy gap when adding titanium metal to
porphyrin is less than the value of the energy
gap when adding cadmium metal to porphyrin.
This is an important result because all the
energy gap values are located in the
semiconductor region. . It is also important to
mention that the obtained energy gap values
are very useful, especially in electronic
applications such as solar cells and sensors. For
example, the value of the energy gap of the
compound porphyrin with titanium(TiTCP) is
similar to the value of the energy gap of silicon.

Table( 2 )the values of ionization
potential (I.P), electron affinity (E.A),
electronegativity (x), and electrophilicity (w).

Compound LP(eV) E.A(eV) X(eV) w(eV)

5.20119 2.2842
Porphyrin
(P)

DTiTHP

DCATHP 4850183  3.17187

TiTCPP 2.341965

TiCITCPP 3.772667 1.111256  2.441961 3.967614

CdTCPP 5331527  2.620595 3.976061

CACITCPP 6.318162 3.867629  5.092896  15.89023

SYSTEM  LUMO (eV) HOMO (eV) Eg(eV)
Porphyrin -2.2842  -5.20119 2.91692
(P)

DTiTHP -2.54141  -3.86491 1.323494
DCATHP -3.17187  -4.85018 1.678313
TiTCPP -1.15534  -2.34196 1.186628
TiCITCPP -1.11126  -0.377267  2.66141

CATCPP -2.6206 -5.33153 2.710932
CACITCPP -3.86763  -6.31816 2.450533

Eurasian Journal of Physics, Chemistry and Mathematics

www.geniusjournals.org

38

Page

3.864364  4.80213

3.864908  2.541414  3.203161  3.394843

4.011026  6.750313
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Table 2, all values are calculated by
using the expression in equations (2, 3, and 7
In fact, the ionization potential and electron
affinity are crucial because they can be used to
forecast chemical bond strength. They can also
be utilized as indicators of whether an atom or
molecule will become an electron donor or
acceptor. They depend on the type of metal and
geometry structure sequent their values
become larger or smaller by compare with the
value of pure porphyrin. They can also be
utilized as indicators of whether an atom or
molecule will become an electron donor or
acceptor. They depend on the type of metal and
geometry structure, so their values become
larger or smaller by comparing them with the
value of pure porphyrin as shown in table 2.
For example, the largest value of I.LP and E.A
after adding impurities at the electron L.P. of
Cadmium chlorine meso-tetra(4
carboxylphenyl) porphyrin (CdCITCP) is
(6.318162) eV, and the structure of CACITCP
has an E.A of (3.867629)eV. On the other hand,
the structure with the smallest values of I.P and
E.AA to the (TiTCP) structure has I[P
(2.341965)eV) and the structure has
E.A(1.155337)eV). Furthermore, both L.P. and
E.A. are represented as primary bases to
predict and obtain other properties. So, it can
be used as a sensor device.

The value of the electronegativity for
the structure CdACITCP is higher and equal to)
5.092896)eV. This means that these structures
have a stronger ability to attract the shared
electrons. The values of the electrophilicity
fluctuate up and down compared to the value
of the pristine compound (porphyrin without
metal). The reason for changing electrophilicity
values is the geometric structure, type, and
position of impurities according to the acidity
or basicity of Lewis. The values of the
electrophilicity fluctuate up and down
compared to the value of the porphyrin.
Systems doped with porphyrin- (Ti and Cd)
have the highest electronegativity values.

Table( 3 )the values of, softness (o ), hardness
(), and Fermi level enrg

Compound c(eV) n(eV) F.L(eV)
Porphyrin (P) 0.342819 1.46417 -3.86436
DTiTHP 0.330874 0.661747 -3.20316
DCATHP 0.419578 0.839156 -4.01103
TiTCPP 0.296657 0.593314 -1.74865
TiCITCPP 0.665353 1.330705 -2.44196
CdTCPP 0.677733 1.355466 -3.97606
CdCITCPP 0.612633 1.225266 -5.0929

Depending on previous equations and
Table 3, we can see that the energy gap is a
function of the chemical hardness. When the
structure has a higher value of hardness, it
means the structure has a large energy gap. For
instance, the porphyrin structure has values for
the hardness and energy gap (at ground state),
which are equal to (1.46417 eV). Softness is
equal to the inverse of the hardness, which
leads to the largest value of hardness
corresponding to the smallest value of softness,
for example, 0.342819 eV and vice versa. In
harvesting, hardness and softness are
parameters that are very important because
they can be used to test both the performance
and sensitivity of explosive molecules.

It is clear that the Fermi level values of
metalloporphrin compounds change. These
changes in values in comparison with the
original porphyrin can be attributed to the
crystal structure and the type of metal used. As
shown in table 3, For example, the Fermi level
values for all structures are lower than the
location of the Fermi level for pure porphyrin
(-4.02694 eV). Also, one can notice that the
lowest value of the Fermi level is for the
compound CdCITCP, at (-5.0929)eV
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4., Conclusions

In this work, the electronic
properties of porphyrin and metalloporphyrin
were achieved theoretically by using DFT
algorithms, the B3LYP technique, and 6-311G
(d, p)- No imaginary frequency values appeared
in the results obtained for all compounds,
which means that the results are correct and
accurate. Three crucial characteristics must be
combined: the first, appropriate structural
porphyrin features; the second, an adequate
central metal; and the third, suitable
metalloporphyrin. Regarding the choice of the
central metal, when using a phynol ring and
hydrogen, Ti (IVB) and Cd (IIB) are widely
accepted as the most suitable central metals.
From the metalloporphyrin structure, we can
conclude that the best compounds are those
that contain titanium atoms in meso-
carboxylate rings and Double meso-hydrogen
porphyrin (viz: TiTCP and DTiTHP). It is
important to mention; compounds containing a
chlorine atom exhibit ferromagnetic behavior.
The energy gaps in these structures are the
smallest. This result is an important ground
state energy gap for all metalloporphyrin
compounds located in the semiconducting
region, and this gives designers and
manufacturers freedom to choose the material
and use it in electronic applications. The
hardness values of the metalloporphyrin
materials are greater than the softness values,
which indicates that these compounds are
stable.
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