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This work investigates computationally the spectroscopic and thermodynamics properties of the perylene molecule (C20H12) in the gas
phase by utilizing a semi-empirical method [Hyper Chem8.0 and WinMopac7.0] programs, via (MNDO-PM3). This method is
providing more simplicity and quick performance. The electronic properties such as total energy, dissociation energy, molecular orbital,
ionization potentials, electronic affinity, and energy gap were calculated. However, vibration analysis and UV-visible spectra have
been calculated. Moreover, the thermodynamic properties at the standard temperature such as heat of formation, entropy, enthalpy,
heat capacity, and Gibbs free energy were calculated.
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INTRODUCTION

In the last few years, there has been an important effort in the preparation of new organic semiconductors for their
application in electronics and optoelectronic devices. Specifically, the development of novel organic semiconductors with
effective charge transport capability is an attractive topic in the field of organic electronics for many applications such as
organic thin-film transistors (OTFT) and organic light-emitting diodes (OLED) [1-4]. Current and future applications of
organic semiconductors range from commercially available OLED displays [5], and infrared applications [6—7], over
potentially printable organic [8] and hybrid organic/inorganic solar cells [9], to printable electronic circuits based on
organic field-effect transistors (OFET) [10]. While OLED displays outperform their inorganic counterparts in terms of
energy efficiency [11]. Compared to inorganic materials, the use of organic semiconductors are attractive because these
materials offer many advantages, for example, low cost and the ability to form thin films, which enable the fabrication of
large-area and flexible devices. Organic semiconductors include both small molecules and polymers, small molecules
have advantages such as easier synthetic procedures, purification methods, and characterization in view of their small size
and well-defined structure [12]. In addition, their optical and electronic properties can be easily tuned by means of
molecular design. Nature has conserved an infinite variety of organic chemicals, and these materials have much better
ranges for ease of making, shaping, and adjusting the properties of materials compared to inorganic chemicals [13].
n-m stacking of organic chemicals reveals good conductivity of charge carriers [13-14]. Regarding the optical
performance, the nano/sub-micron organic structures showed a quantum yield close to that of photoluminescence [15].
Subsequently, organic single crystals with excellent optical and electrical properties are critical for the development of
organic optoelectronics [16].

Perylene is a brown solid that is a multi-cyclic aromatic hydrocarbon with the chemical formula CyoH». It exhibits
blue fluorescence and is utilized as a pure or substituted blue-emitting dopant material in OLEDs. Perylene is also utilized
as an organic photoconductor and has been used as technical dyes for many years attributed to its high temperature, photo,
and chemical constancy [17]. Besides that, in the last years, such compounds gained large widespread because of their
use in optical devices [18—19]. These 7 conjugated dyes show high photosensitivity and high electron mobility [20-21].
As well as photo physical properties, particularly the sensitivity of their fluorescence lifetime to the PH, render them very
useful as probes for live-cell fluorescence lifetime imaging [22]. Perylene dyes are a representative framework of electron
transport (n-type) organic semiconductors. The energy of their electron transport level is the electron affinity (EA), which
is an important parameter in selecting the electron transport materials for device application and the material's electron-
accepting ability [23].

The research employed semi-empirical programs that had fast computational cycles. One of these semi-empirical
methods is the MNDO-PM3 approach, which calculates the experimentally measured practical values. This program has
adopted one of the molecular modeling methods (HyperChems8.0), and by means of the molecules are drawn in a
preliminary way, while fixing the nature of the bonds between two atoms of the molecule. Additionally, the spatial
geometry of the molecule is calculated to the nearest energy —stable geometric shape by conducting the process of
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reducing energy to the optimum limit (Geometry optimization). The potential energy curve is drawn by changing the
length of the bond between the two atoms and keeping the total energy at each change as low as possible. Quasi-
experimental methodologies are based on the electronic Schrodinger equation gained after detach the nuclear and
electronic motion, (Born-Oppenheimer approximation)

N

H(r,R)¥(r,R)=E(r,R)¥(r,R). (D

Here r and R indicate the coordinates of the electrons and the nucleus respectively [24].

This study's aim is to investigate Perylene's (C20H2) vibration spectrum and electronic structure in the IR region and
electronic transition in the UV-visible region, using semi-empirical calculations (MNDO-PM3). It has a planar structure
with D, point symmetry. The research purpose to calculate the lower energy of the stabilized state of the molecule way
potential energy curves. One important characteristics that have been studied are for the thermodynamic principles which
is concerned with the energy transformation of the substance in the empty space that the substance occupies (system) and
the subsequent shift in its energy level the internal energy is a type of potential energy in the system which plays a role
in many concepts, including heat capacity its unit cal.mol'.deg"'[25], All materials have an enthalpy that depends on
pressure, temperature, and internal energy, with the exception of gases, which behave ideally or almost ideally [26]. The
distinctive characteristic that relates to the stability of the compound is either the heat of formation or the enthalpy of
formation; if it is positive, the compound is unstable, and if it is negative the compound is stable. Entropy (S), which it is
a measure of the resulting randomness of a compound due to the change in temperature degrees, is another function [27].
Additionally, free Gibbs energies were calculated using the [HyperChem8.0 and WinMopac7.0] software.

COMPUTATION METHODS
Semi-empirical calculation investigations were carried out using MNDO-PM3 in order to understand the geometrical
optimization and electron structures of perylene in the neutral and singlet states. Computation the electronic properties
like the ionization energy of electronic states, and energy gap (Eg), geometric optimization of Perylene in the gas phase
by the semi-empirical way, and calculated the highest occupied molecular orbital in electron (HOMO) and lowest
unoccupied molecular orbital in electron (LUMO). In addition, computation of the IR spectrum in the ground state,
ionization potential (IP) and electronic affinity (EA) by using the following equations [28],

IP=|[E_HOMO| ; EA=[E_LUMO | )
Also, the electronegativity () has been computed by using the equation [29],
x=(IP+EA)/2 3)
While the hardness (1) is defined [29],
n=(IP-EA)/2 (4)
Whereas the softness (S) and electrophilic (W) is defined by equations [30],
S=1/2n (5)
W=y"2/2n (6)

Several thermodynamic properties of the perylene molecule have been investigated using computer programs
(WinMopac 7.0). These properties determine the most important conditions for conducting reactions as well as the effect
of temperatures on a molecule within the three phases and for a variety of temperatures that include melting, boiling, and
standard degrees, as well as comparing the results with experimental values taken from the literature.

RESULTS AND DISCUSSION
Molecular Structure

The geometric shape of the perylene molecule (Cy0Hi2) was drawn through a program HyperChem8.0 that relies on
calculating the internal coordinate (r, 8, @) and on the geometric form at the equilibrium case of the perylene as in Figure 1.

After getting the matrix and inserting it into the program WinMopac 7.0, some important properties of the perylene
molecule were determined, such as the final heat of formation, the total energy at the stability posture, the binding energy,
the electronic energy, the core-core interaction, the zero-point energy, the ionization potential, and the electronic affinity,
as shown in Table 1.
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n 32 26 21
11 18 7 10
30 20 1 2 9 22
29 16 5 4 1 23
17 14 13 12
28 27 25 24

Figure 1. shows the molecular structure of the perylene molecule that was drawn in the program HyperChe8.0.

Table 1. show the result of some important properties of the perylene molecule was calculated, by using (HyperChem8.0 and
WinMopac7.0)

Quantum Magnitude Cal. Magnitude Cal. Unit
[HyperChem8.0] [WinMopac 7.0]
Total Energy -58880.6822330 -58879.1031898 /molkcal
Total Energy - 93.832328265 a.u.
Binding Energy -3961.4641970 kcal/mol
Isolated atomic energy - 54919.2180360 kcal/mol
Electronic Energy -429071.4512403 -429045.60781474 kcal / mol
Core-Core Interaction 370190.7690073 370166.5046249 kcal / mol
Heat of Formation 81.5598030 82.019799 kcal/mol
Gradient 0.1844568 1.65705 mol/angkcal/
Molecular point group Don
Zero point energy of vibration 160.43560 160.886 kcal/mol
Ionization Potential 7.984057 7.98706 eV
Electronic Affinity 7.984 eV

The Un-Harmonic Potential Energy Calculation (Perylene)

Studying the potential curve, which represents the correlation between the total energy of the molecule and the
interatomic distance of the active bonds in the perylene molecule, permitted to determine the lowest energy value of the
curve, which represents the equilibrium point (the bottom of the curve). At the distance of (re=1.1A), it has a value of
(-3961.55) kcal/mol for (C10-H21) and (-3962.5510) kcal/mol for (C17-H28).

The potential curve depicted the force between the atoms (C10-H21) and (C17-H28) for perylene, and these forces
illustrate the total of the forces of repulsion and attraction. When the distance between the atoms is reduced, the force of
attraction from the other nucleus begins to effect each electron. At the same time, electrons and nuclei begin to repel each
other [31]. When the atoms are separated from each other by increasing the distance, the gravitational force will present
that the total energy decreases due to the decrease in the potential energy and the electronic-nucleus attraction, thus;
increasing the energy reduction until it reaches the lowest total energy value. The dissociation energy of the molecule is
calculated from the difference between its lowest energy value and its value when r is infinity. Furthermore, when the
distance between two atoms is infinite, the potential energy becomes zero [31], and the value of dissociation energy is as
follows: (C10-H21) (De = 182.44 kcal/mol.) as shown in Figure 2, and (C17-H28) (De = 209.08 kcal/mol.) illustrated in
Figure 3.
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Figure 2. Potential energy change with interatomic distance (C10-H21) of perylene molecule.
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Figure 3. potential energy change with interatomic distance (C17-H28) of perylene molecule.

Calculation the Vibrational Frequencies of the Perylene Molecule

After drawing the potential energy curve of the molecule at the equilibrium position, the modes of vibration
frequencies of the molecule were calculated from this point, which was 90 modes according to (3N-9) and by using
(HyperChem 8.0 and WinMopac 7.0) expressed in wavenumber and unit cm™'. The results showed that the calculated
values were close to practical and theoretical values in the literature, as shown in Table 2.

Table 2. vibrational frequencies of perylene calculated by using (HyperChems8.0 and WinMopac7.0) programs and Comparison with
practical values and other works.

Vibe. . Wave number | .0 humber 1/em Cal. cm™! Exp. Cm’! Cal. cm’!
modes Symmetry Intensity 1/cm Cal. Cal. [WinMopac]

[HyperChem] [33]
1 1 AU 0.00006 49.04 49.425
2 1 B3U 0.23811 90.03 91.21 87
3 1 B2G 0 150.68 151.32 126
4 2 B3U 2.54259 166.98 167.51 172
5 1 BIG 0 181.7 182.2 188
6 2 AU 0 230.8 231.36 255
7 2 B2G 0 286.72 287.01
8 1 B2U 0.01594 287.56 287.76 294
9 1 B3G 0 368.67 368.71 368
10 1 AG 0 381.64 381.67
11 2 BIG 0 385.77 386.22 403
12 3 B3U 0.09547 428.46 428.76
13 3 B2G 0.00001 436.79 436.98 441
14 2 AG 0 462.17 462.47 445
15 3 AU 0.00001 480.37 480.56 482
16 1 B1U 0.13799 486.95 487.11
17 4 B3U 4.4721 538.12 538.4 534
18 2 B2U 0.16382 545.65 545.67 546
19 3BIG 0 559.21 559.48
20 2 B3G 0 562.44 562.52
21 2 BIU 0.39825 592.71 592.84 581
22 4 B2G 0 636.49 636.58
23 3AG 0 63791 637.97
24 3B3G 0 651.22 651.26 642
25 4 AU 0.00022 673.88 674.12 685
26 4BIG 0.0029 777.76 777.8 773
27 5 B3U 55.62972 778.42 778.54
28 5 B2G 0 796.71 796.87 794 794 793
29 3 B2U 0.11724 797.61 797.72
30 5 AU 0.00011 798.94 799.08
31 3BIU 0.87439 810.99 811.08 815
32 4 AG 0 823.37 823.46
33 6 B3U 28.1843 849 849.08 853
34 6 B2G 0 894.95 895.13
35 5BIG 0 912.18 912.34 910
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Vibe. . Wave number Wavenumber 1/cm Cal. cm’! Exp. Cm’! Cal. cm’!
modes Symmetry Intensity 1/cm Cal. Cal. [WinMopac]

[HyperChem] [32] [33]
36 7B3U 0.00045 931.92 932.1
37 6 AU 0.00011 938.39 938.52 938
38 4 B3G 0 940.27 940.37 940
39 7 B2G 0 960.19 960.36 968
40 4 B1U 0.15287 979.57 979.74 969
41 6 B1G 0 990.69 990.83 983
42 7 AU 0.00011 1001.73 1001.89
43 8 B3U 3.99791 1006.18 1006.28
44 8 B2G 0 1015.28 1015.39 1018 1020
45 5AG 0 1082.89 1083.24 1091
46 5 B3G 0 1117.67 1117.72 1110 1112
47 4 B2U 0.045 1129.57 1129.97
48 5BIU 0.45894 1134.18 1134.36
49 5 B2U 0.44051 1134.57 1134.66
50 6 B3G 0 1146.16 1146.71
51 6 B1U 0.02615 1148.13 1148.54
52 6 AG 0 1163.26 1163.35 1182 1191 1177
53 7 B3G 0 1196.58 1196.73 1184
54 6 B2U 0.92369 1209.41 1209.6
55 7 B1U 0.06871 1213.37 1213.6 1204 1217 1218
56 7 AG 0 1261.18 1261.34 1241
57 8 B3G 2.01679 1265.9 1265.74 1279 1284 1264
58 7 B2U 0.02091 1318.88 1318.24 1320 1313 1315
59 8 B2U 0.00078 1324.37 1324.55
60 8 AG 0 1346.39 1346.56 1369 1374 1355
61 8§ BIU 13.78876 1430.71 1430.95
62 9 B3G 0 1442.99 1442.72 1435
63 9 AG 0 1460.48 1460.73
64 9 B2U 8.0757 1469.06 1469.07 1471
65 9 B1U 4.89914 1499.86 1500.13 1521
66 10 AG 0.00004 1569.98 1570.41 1542 1532
67 10 B1U 0.74697 1575.75 1576.11
68 10 B3G 0 1594.93 1595.11 1583
69 11 AG 0 1598.91 1599.06 1586
70 10 B2U 0.96029 1635.18 1635.35 1628
71 11 B3G 0 1694.65 1694.91
72 11 B2U 0.09353 1720.86 1721.07
73 11 B1U 0.51825 1784.28 1784.43
74 12 AG 0.00012 1784.78 1784.93
75 13 AG 0 1791.74 1791.87
76 12 B1U 2.03035 1797.88 1798.02
77 12 B2U 0.14084 1813.14 1813.29
78 12 B3G 0 1827.36 1827.52
79 25.09984 25.09984 3002.33 3002.33
80 14 AG 0.00008 3002.23 3002.44
81 13 B1U 1.26978 3018.79 3019.05
82 13 B3G 0.00001 3018.9 3019.13 3031
83 15 AG 0.03805 3052.61 3053.16 3040
84 14 B1U 19.16395 3052.61 3053.17 3041
85 14 B3G 0.00305 3053.8 3054.35
86 14 B2U 9.8558 3053.82 3054.37 3061
87 15 B1U 37.8511 3070.76 3071.35 3063
88 16 AG 0.00049 3070.95 3071.52 3065
89 15 B2U 29.08017 3071.15 3071.75
90 15 B3G 0.00002 3071.22 3071.81

We conclude from the above table that the vibration between the atoms (C-H) at the wavenumber (796.71 cm-1)
[32] is close to the results of the measured literature, both experimentally and theoretically, and is equal to 794 cm-1,
which is also consistent with previous studies (793 cm-1) [33]. To describe the vibration modes of the perylene molecule
HyperChem8.0 a program was used, as the molecule is drawn and the special main axes are determined for being a non-
linear molecule. According to the rule (3N-6), we get 90 basic vibrational frequencies, and these modes were described
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through the program by clarifying the directions of vibration of the atoms with arrows with an indication of the intensity,
and the symmetry of each mode, as shown in Figure 4.
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Figure 4. the basic vibrational modes of the perylene molecule were drawn using the HyperChem8.0 program, explaining the

intensity, frequency and symmetry.

The Eigenvalues of the Orbitals of the Perylene Molecule

Symmetry — Energy(eV)

B3U. 1.541
B3L- 0.256
AU 0.216

BaL- 0.055
B2 0.007
BIG 1.277

Elp= 6.707ev

AL 7.984
o 9.495
B2G -9.543
BIG 9.723
B2G -9.816

-11.474

Figure 5. shows the values of the energy levels of the
perylene molecule, showing the highest occupied
molecular orbital (EHOMO) and the lowest unoccupied
orbital (ELUMO), and the symmetry of each orbital
calculated through the program HyperChemsS.0

The energy levels of the perylene molecule were plotted
using HyperChemS8.0 software after the stable shape of the
molecule was obtained, and the energy values for the highest
occupied molecular orbital were equal to EHO-MO =-1.277 eV
and  the lowest  unoccupied  molecular  orbital,
ELUMO =-7.984 eV, and the symmetry of each orbit is shown
in Figure 5. 46 was the number of orbitals occupied by the
electrons, and 46 orbitals were unoccupied by the electrons.
through which the energy gap between the two levels can be
calculated (Eg = ELUMO-EHOMO) and is equal to 6.707 eV.

Electronic Properties of Perylene

After calculated the values of HOMO and LUMO for
perylene molecules (C20H12), also calculated electronic properties
(EA. IP) and calculated the global chemical indices such as (S, W,
¥ M) by used semi-empirical way (MNDO-PM3) and was
(IP=7.984eV), (EA=1.277¢V), (3=4.6309¢V), (m=3.3535eV),
(S=1.6767¢V) and (W=3.197¢V). By using equations 2, 3, 4, and
5 respectively. Additional to previous study we can also calculate
the parameter for total charge density and electrostatic potential,
illustrated in (2D contours) as shown in Figure 6.
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a

As we noticed from Figure 6b, the electronic charge density was centralized around the carbon atoms in the perylene
molecule, in which the carbon atom is more negativity than the hydrogen atom. Figure 6a illustrates the electrostatic
potential, which shows the plot of a contour map in 2D.

Figure 6. illustrated a- Electrostatic potential, b- Total charge density for perylene.

UV-Vis Spectroscopy of Perylene

The electronic transition was computed using the semi-empirical electronic spectrum from the configuration
interaction (CI) method using the HyperChem8.0 program after obtaining the best balanced and stable geometric shape
of the perylene molecule. Figure 7 depicts the absorption spectra, which exhibit two different bands (Q-band and B-band).
The Q-band was found to be 412.3 nm, which is due to the n-n* transition from the highest occupied molecular orbital
(HOMO) to the lowest unoccupied molecular orbital (LUMO); this value agreed with previous studies, which found the
Q-band to be 435 nm [34]. The B-band was identified to be 239.6 nm due to the transition from 7 levels to LUMO. Table
3 shows the absorbance range calculated between 180 and 650 nm.

Table 3. show the electron transition of perylene

Wavelength(nm) Oscillator strength abs. SO
621.2 0 ' B-band
421.3 0.6192 ~ ]
346.8 0 = 159
343.9 0 A
334 0 g 1.0
3324 0 B
323.8 0.0135 S 0.5 Q-band
318.1 0 38 !
315.6 0 < 004
311.5 0 . . . . .
267.8 0 200 300 400 500 600
239.6 2.1082
232‘ 5 15731 Wavelength (nm)
228.8 0 Figure 7. Absorption spectra of Perylene calculated by HyuperChem8.0
185.9 0 program
185.9 0
185.8 0.0006
185.8 0

Thermodynamic Properties of Perylene Molecule

One of the important properties that have been studied is the thermal properties of the perylene molecule, which
deter-mine the most important conditions on the basis of which chemical reactions take place. After getting the
energetically stationary shape of the molecule and obtaining the final matrix containing the charges of the atoms that
make up the molecule through the WinMopac7.0 program, The MNDO-PM3 method has been used to obtain thermal
functions during the three phases of the molecule, and for a number of temperatures that involve melting, boiling, and
standard degrees, the dimensions between these atoms (1), the best position of these atoms (Opt.), the values of the angles
(6°) and the angles of the diagonal (o) are shown in Table 4.
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Table 4. The final matrix of the perylene molecule is obtained from the WinMopac7.0, showing the interior coordinates (r, 6°, ¢°) in
the balance condition.

Atom  Distance Opt.  Angle(6°) Opt. Dihedral(¢®) Opt. A B C  Charge
C .0000000 0 .000000 0 .000000 0 o 0 0 -0148
C 1.4614239 1 .000000 0 .000000 0 o 0 0 -0148
C 1.4269000 1 119.281700 1 .000000 0 2 1 0 -0084
C 1.4268761 1 121.436500 1 .000000 1 3 2 1 -0148
C 1.4614000 1 119.281700 1 .001296 1 4 3 2 -0148
C 1.4269239 1 119.281700 1 .000000 1 1 2 3 -0084
C 1.3796000 1 121.199400 1 179.999900 1 2 1 5 -0997
C 14112239 1 119.281700 1 179.999900 1 32 1 -.0366
C 1.4201239 1 119.634900 1 .000000 1 8§ 3 2 -0869
C 1.3692000 1 120.224400 1 -.001398 1 9 8 3  -0970
C 1.4201000 1 119.633530 1 179.999900 1 8§ 3 2 -0869
C 1.3692001 1 120.223029 1 .000000 1 11 8 3 -0970
C 1.3796000 1 119.518777 1 .000000 1 4 3 8 -0997
C 1.3796000 1 121.199400 1 .000000 1 5 4 3  -0997
C 1.4112239 1 119.281700 1 179.999095 1 6 1 2 -0366
C 1.4201239 1 119.634900 1 179.999900 1 15 6 1 -0870
C 1.3692000 1 120.224500 1 -179.998899 1 16 15 6 -.0970
C 1.3796000 1 121.199400 1 .001170 1 1 2 7 -0997
C 1.4091761 1 120.944600 1 .000000 1 18 1 6 -.0970
C 1.3692239 1 120.395300 1 .000000 1 19 18 1  -.0869
H 1.0949000 1 120.579301 1 179.999900 1 100 9 8 .1038
H 1.0957001 1 118.928407 1 179.999900 1 9 & 3 1059
H 1.0957001 1 118.928408 1 179.999900 1 1 8 3 1059
H 1.0949000 1 120.579197 1 179.999900 1 12 11 8 .1038
H 1.1011000 1 119.346230 1 179.999900 1 13 4 3 1113
H 1.1011000 1 119.346330 1 179.999900 1 7 2 3 1113
H 1.1011000 1 119.346230 1 179.999900 1 14 5 6 1113
H 1.0949000 1 120.577930 1 179.999900 1 17 16 15 .1038
H 1.0957001 1 118.928403 1 179.999900 1 16 15 6  .1059
H 1.0957000 1 120.846999 1 179.999900 1 20 19 18 .1059
H 1.0949000 1 119.025200 1 179.999900 1 19 18 1 .1038
H 1.1011000 1 119.347700 1 179.999900 1 18 1 6 .1113

Heat of Formation
The heat of formation was computed for the perylene molecule in its energy-stable form and for various temperatures
ranging from 100 to 300 °K (Table 5), as it included both the boiling and melting points as well as the standard
temperature. Figure 8 shows that the heat of formation is temperature dependent and increases as temperature increases.
The heat of formation at the standard temperature of 298 °K is 82 kcal.mol'!, which is close to the result measured in the
literature, which was 72.17 kcal.mol™! [35].

Table 5. The values of the heat of formation for the
perylene molecule and their corresponding temperature

Temperature (K ) H. O. F. (kcal/mol)
100 74.641 120
110 74.839 o 1151
120 75.052 L o]
130 75.282 _
140 75.53 T, 1059
150 75.794 g 100
160 76.077 — 95
170 76.379 8
180 76.7 < 90
190 c77.04 2 g5
200 77.4 9
210 77.781 e 807
220 78.181 M9 . . . . :
230 78.603 100 150 200 250 300
240 79.044 o
550 79,507 Temperature (°K)
260 79.991 Figure 9. The relationship between the entropy of the Perylene molecule
270 80.495 and temperature
280 81.021
290 81.568

300 82.135
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Entropy
Among the thermal properties that were calculated is the entropy for different temperatures to describe the
randomness of the compound during the three phases, and the entropy value at the standard degree was 298K by (116)
Cal.mol"!. K-!, which is close to the measured value from previous studies (112.14) Cal.mol'.K-'[35]. The randomness of
the molecule begins to increase with increasing temperature as shown in Figure 9 and Table 6.

Table 6. the values of the entropy for the perylene
molecule and their corresponding temperature

Temperature (K) Entropy (Cal.K!.mol!)
100 78.8275
110 80.7091 120
120 82.5651 1151
130 84.4049 T‘:& 1104
140 86.2354 ~ 1051
150 88.0617 °
160 89.8877 g 1007
170 91.7162 = 957
180 93.5495 < 9-
190 95.3889 a 85
200 97.2356 g ]
210 99.0904 Lﬁ s
220 100.9535 T T T T Y
230 102.8253 100 150 200 250 300
240 104.7056 Temperature (°K)
ggg }822333 Figure 9. The relationship between the entropy of the Perylene molecule
’ and temperature
270 110.3951
280 112.3062
290 114.2237
300 116.1468

Heat Capacity
The heat capacity of the perylene is a function of temperature and is directly proportional to it, as the increase in
temperature increases the number of particles in the upper vibration energy level, and the heat capacity increases with
constant pressure. At a temperature of 298 K and a pressure of 1 atmosphere, the heat capacity was 57.2 Cal-mol'K"!,
which is close to the practical value of 49.13 Cal-mol"'K-![35]. The heat capacity was also calculated for different values
of temperature (100-300 °K) as shown in Figure 10 and Table 7.

Table 7. Shows the values between the heat capacity
and temperature of perylene molecule

Temperature (K)  H. Capacity (Cal.mol’l. K)

100 18.9841 —

110 20.5394 —'M 60

120 22.1614 e e

130 23.8464 = o

140 25.5897 g |

150 27.3865 = ¥

160 29.2322 O, 401

170 31.1223 2 351

180 33.0524 'S 3]

190 35.0182 & e

200 37.0154 o o]

210 39.0396 s )

220 41.0866 s

230 43.1519 100 150 200 250 300

240 45.2312 Temperature (°K)

;28 4479'342 10 53 Figure 10. The relationship between heat capacity of perylene molecule
: and temperature

270 51.5115

280 53.6057

290 55.6942

300 57.7737
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Enthalpy
The enthalpy function was determined for a variety of temperatures (Table 8) and represents the sum of the system's
internal and external energy. and its value at standard temperature was 8740 Cal-mol!, which is near to the sources
determined by other methods, which were equal to 9080 Cal-mol!, as shown in Figure 11. We observe that the enthalpy
increases with rising temperature, demonstrating that the enthalpy is temperature dependent.

Table 8. Shows the values between the enthalpy and
temperature of perylene molecule

Temperature (K) Enthalpy (Cal.mol ")
100 1248.9206 -
110 1446.4812 1
120 1659.9307 P
130 1889.919 g 7000
140 2137.0529 g 6000
150 2401.8915 = 50001
160 2684.9465 < 1
170 2986.6841 >, 40007
180 3307.5262 =" 30004
190 3647.8512 % 2000 e
200 4007.9947 B 000 -
210 4388.2489 , , , , ,
220 4788.8627 100 150 200 250 300
230 5210.0414 Temperature (OK)
240 5651.9468
250 6114.6978 Figure 11. The relationship between the enthalpy and Perylene
260 6598.3715 temperature
270 7103.0042
280 7628.5934
290 8175.0994
300 8742.4478
Gibbs Free Energy

After the change in entropy and enthalpy was calculated for the temperature range of 100-300 °K (Table 9) of the
perylene molecule, the free energy of Gibbs was calculated in order to determine whether the reaction occurs
spontaneously or not, using the equation (AG=AE-TAS) and for the same temperatures. and it was at the standard
temperature of -2600.7 Cal-mol’!, and the relation between Gibb’s energy and temperature was drawn as in Figure 12.
And the relationship was inverse between the two values; as the temperature increased, the free energy of Gibbs gradually
decreased.

Table 9. the Gibbs free energy values of perylene
molecule and the corresponding temperature

Temperature (K) Gibbs=H-TS (Cal.mol)
}(1)8 _67?33i 812 8991 ey
120 -8247.8813 E o .\-\
130 -9082.718 8 ’
140 -9935.90371 =
150 -10807.3635 £y 1loEA
160 -11697.0855 S
170 -12605.099 M -2.0E44
180 -13531.3838 o
190 -14476.3098 5 -2.5E4-
200 -15439.2053 38
210 -16420.7351 2 3.0E4 r ; r : T
220 -17420.9073 @) 100 150 200 250 300
230 -18439.7776 Temperature (°K)
240 -19477.3972
250 -20533.8772 Figure 12. Show the relation between the Gibbs free energy and
260 -21609.2625 temperature of perylene molecule
270 -22703.6728
280 -23817.1426
290 -24949.7736

300 -26101.5922
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CONCLUSIONS

The present study, show the results, that the (C-H) bond is the active bond in the molecule and the lowest energy of the
perylene molecule to keep the molecule in a stable state was (-3961.45 eV). The equilibrium distance of the molecule was
equal (1.1A), and the dissociation energy of the molecule (C10-H21) was found to be (De = 182.44 kcal/mol.) and (C17-
H28) (De = 209.08 kcal/mol. We conclude that the molecule begins to dissociate when the length of the bond breaks down
and the energy at this point called the dissociation energy. With regard to the thermal properties, we note the direct
proportionality of (AHf, CP, H, S) with temperature and the interpretation of this according to quantum mechanics, as the
thermal energies arising from both the transitional movement and the rotational and vibrational motion of the molecule are
quantum energies and all of them are directly proportional to the temperature. As for high temperatures, electronic movement
plays an important role, as high energies cause electronic transitions. Also, the increase in the values of Entropy with an
increase in temperature is due to the increase in the energy diffusion related to the rotational and vibration energies. And as
for the heat of formation, the positive values indicate that the compound is endothermic. The energy gap control of organic
semiconductors is important for many applications, for example, light-emitting diode and organic photovoltaic devices.
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HANIBEMIIPUYHE JOCJIIXEHHS EJJEKTPOHHUX, KOJIUBAJIBHUX TA TEPMOJUHAMIYHUX
BJACTUBOCTEM MOJIEKYJIA MEPAJIEHY (C20H1z2)
Aoaya Xakim III. Moxammen?, Icca 3. Xaccan?, Xacan A. KagxemP, Pocype Bopxanaiuen AGayapaxman®
“@akyrvmem hizuxu, 0C8IMHIL KON yucmux Hayk, yHieepcumem Kipxyka, Kipxkyk, Ipak
bMinicmepcmeo oceimu, 6ioxpumuii oceimuiii xonedaic, Kipxyx yenmp, Ipax

“@Daxyremem pizuxu, Haykosuil Konedaic, yHisepcumem Kipkyka, Kipkyxk, Ipax
B po6oTi MeTo10M OOYHCITIOBaHHS JOCIIPKEHO CIIEKTPOCKOITIIYHI Ta TEPMOIUHAMIYHI BIACTUBOCTI MoJekynu mepwieHy (CaoHiz) y
ra3oBiii asi 3a gomomororo nporpam HamiBemmipuanoro Mmetoay [Hyper Chem8.0 i WinMopac7.0] guepe3z (MNDO-PM3). Ileii cnioci6
3abe3reuye OUTbIy MPOCTOTY i MBHIKICTH poOOTH. By po3paxoBaHi €JICKTPOHHI BIACTUBOCTI, TaKi SIK MMOBHA CHEPTis, CHEPTis
Jucolianii, MoJeKyJsipHa opOiTaib, MOTEHLIANN 10HI3allii, eJeKTPOHHA CIOPIAHEHICTh Ta eHepreTHyHa wiiauHa. Takox Oynu
po3paxoBanuii Y®D-BuANMHUI CIIEKTp Ta MpoBeACHO Bibpauiitnuii anani3. KpiM toro, 6ymu po3paxoBaHi TepMOANHAMIYHI BIIACTHBOCTI
MIPH CTaHAAPTHIN TeMIIepaTypi, TaKi K TEIUIOTa YTBOPEHHS, EHTPOIIis, CHTANbIIIS, TETIOEMHICTD 1 BUTbHa eHepris [1060ca.
Kurouosi cinoBa: nepunen; CooHiz; enepeia monexyau; euoumuii Y@; I9; MNDO-PM3; mepmoounamixa



