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ABSTRACT

In this study, we carried out theoretical study of electronic properties and geometry of twelve conjugated compounds
based on 1,3-diaza-azulene. The effect of the substituted groups (Cl, F, Br, CH3) on the optoelectronic and structural
properties, dipole moment, HOMO, LUMO and Eg,, are discussed. The geometry at the ground state and the electronic
structure of studied molecules are obtained by density functional theory (DFT) and density functional theory time-
dependent (TD-DFT) with the B3LYP / 6-31G (d, p). The results of this study show that these compounds are good
candidates for organic solar cells.
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INTRODUCTION

The cheapest current technology for generating electricity from the sun is the use of the photoelectric effect. Solar
panels on silicon are currently the most popular, this technology is limited by its high cost. An emerging technology that
can address the current gaps in the field is organic photovoltaics in which semiconductors are carbon-based. These
compounds are much less expensive to manufacture and require a lower initial investment [1,2]. They also exhibit the
ability to be dissolved and incorporated into inks. They may benefit from the enormous expertise in printing technology,
low cost and high speed of production. In addition, organic devices can be fabricated on flexible or semi-transparent
substrates, and can benefit from new applications, such as solar textiles that wrap for easy transport, solar tinted
windows [3,4].

The main limitation of organic photovoltaics is its low efficacy compared to its inorganic counterparts. To be
economically viable and competitive, it is crucial to increase this effectiveness. To do this, we need to find organic
compounds, which have the most relevant electronic properties, including optimum band gap and energy levels
allowing heterojunction effective.

The synthesis of all compounds is completely impossible, and it is crucial to probe how the theoretical properties for
better effectiveness. Scharber et al. proposed a semi-empirical model in 2006 to explain the operation of the organic
devices and provide an efficiency maximum of 11% based on this model [5]. It is useful from first principles and
solving the Schrddinger equation. These calculation methods that are not based on experimental data are called ab-
initio. An interesting technique to solve the Schrédinger equation is the density functional theory (DFT) [6].

Organic semiconductors have attracted the attention of researcher’s theorists and experimentalists in recent years, due to
their excellent optical and electronic properties [7]. These materials can be used for producing such diverse devices as
photovoltaic cells, field effect transistors, and light emitting diodes [8-13]. Most research of new m-conjugated
molecules with specific applications has become one of the interesting topics in the fields of physical and chemical
materials [14].

A fundamental understanding of the ultimate relationship between structure and properties of these materials is required
to exploit their properties for photovoltaic cells. In this study, twelve compounds based on 1,3-diaza-azulene (DA,
DA;, DA,, DA, DA, DAs, DAg, DA;, DAg, DAy, DAy, DA,;) are considered. These compounds were studied using
DFT and TD-DFT calculations. HOMO, LUMO, gap energies and open circuit voltage (V) of all molecules are
investigated.
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Figure 1: Structure of 1,3-diaza-azulene (DAo)
EXPERIMENTAL SECTION

The optimized of the geometries of the studied molecules were carried by using DFT method with the hybrid functional
of exchange correlation with the three-parameter compound of Becke (B3LYP) and the 6-31G (d, p) basis set was used
for all calculations [15]. The electronic absorption spectra are investigated using TD-DFT calculations at the B3LYP.
The calculations were carried out using the GAUSSIAN 03 program [16].

The power conversion efficiency (1) is mainly determined by the short-circuit current density (Jsc) and the open circuit
photovoltage (V). The 1 can be expressed by the following equation:
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where, Pi, is the incident power density, FF is the fill factor and J. is the short circuit current.

For the short-circuit current density Jsc it is determined as:
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where LHE (2) is the light harvesting efficiency, ®iyec is the electron injection efficiency and ncaeet is the charge collection efficiency.

LHE can be expressed as:

—f
LHE=1-10
where f is the oscillator strength.

RESULTS AND DISCUSSION

The optimized molecular structures are presented in Figure 2. The Geometric display shows the planar conformation for
all compounds.

Table 1 shows the calculated orbital energies and energy gap between the highest occupied molecular orbital (HOMO)
and lowest unoccupied molecular orbital (LUMO) as well the open circuit voltage V. and difference between the
LUMO energy levels of the donor (DA, / i=0,...,11) and acceptor (PCBM C60) :

o = E o (donor) -E, o (acceptor)
In organic solar cells, the open circuit voltage (V) is found to be linearly depending on the HOMO donor and LUMO

acceptor energies [14-15] which are important factors in determining whether effective charge transfer will occur
between the donor and acceptor .The theoretical values V. is calculated from the following expression:

Voe =| Epomo(D0N0r)|—| E, o (Acceptor )|—0.3
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Figure 2: Optimized molecular structures computed by DFT/B3LYP/6-31 G(d,p)

Table 1: Energy values of LUMO, HOMO, gap, V. and a of the studied molecules obtained by B3LYP/6-31G (d, p)

Compound Enomo (€V) ELumo (eV) Egap (eV) Voc(eV) a (eV)
DA, -6.72 -2.44 4.28 2,72 1,26
DA, -6.84 -2.75 4.09 2,84 0,95
DA, -6.76 -2.67 4.09 2,76 1,03
DA; -6.79 -2.74 4.05 2,79 0,96
DA, -6.9 -2.67 4.23 2,90 1,03
DAs -6.84 -2.53 431 2,84 1,17
DAs -6.85 -2.66 4.19 2,85 1,04
DA, -7.01 -2.72 4.29 3,01 0,98
DAg -6.93 -2.49 4.44 2,93 1,21
DAy -6.98 -2.72 4.26 2,98 0,98
DA -6.61 -2.32 4.29 2,61 1,38
DAy -6.52 -2.33 4.19 2,52 1,37

PCBM C60 -6.1 -3.7 - - -

The HOMO and LUMO energies values of the compounds are different. This is due to structural modifications
following substitution. Energy gap (Egap) of studied molecules varies from 4.44 to 4.05eV. The corresponding values
are in the order:

DA;< DA,<DA,<DAs<DA;<DA,<DA<DA<DA;<DA;;<DAs;<DAg

The obtained V. values are in the range of 2.52-3.01 eV. These values are sufficient for an injection of electrons
efficiently as possible and therefore, all the studied molecules can be used as organic bulk heterojunction (BHJ) solar
cells.

The calculated dipole moment of the studied compounds respectively DAy(4.1736D), DA(3.1789D), DA,(3.3978D),
DA;3(3.2235D), DA,(4.4262D), DAs5(4.5418D), DA4(4.2459D), DA;(2.3967D), DAg(2.8941D), DAy(2.5913D),
DA4(4.0149D), DA,,(4.5667D)
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Figure 3: HOMO and LUMO energy levels of the studied compounds, by DFT/B3LYP/6-31G(d,p) basis set

As shown in Table 2, we can find the values of wavelengths A, calculated and oscillator strengths (OS). Excitation
state S; corresponds almost exclusively to the allocation of an electron from the orbital HOMO of LUMO. The
wavelengths of absorption wave resulting from electronic transition So—S; that increases progressively with the
increase of conjugation lengths. It is reasonable, the transition between HOMO—LUMO is predominant in So—S;
electronic transition, and the results are a decrease of LUMO and an increase of HOMO energy.

Table 2: Absorption spectra data obtained by TD-DFT methods for compounds at B3LYP/6-31G (d) optimized geometries

Compound A (nm) Ectivation(€V) f MO/character
DAy 371.54 3.337 0,212 HOMO->LUMO (91%)
DA 386.27 3.209 0,294 | HOMO->LUMO (89%)
DA, 385.07 3.219 0,367 | HOMO->LUMO (90%)
DA; 388.93 3.187 0,307 | HOMO->LUMO (89%)
DA, 371.3 3.339 0,316 | HOMO->LUMO (80%)
DAs 363.1 3414 0,283 | HOMO->LUMO (83%)
DAs 372.28 3.33 0,386 | HOMO->LUMO (73%)
DA; 373.72 3.317 0,144 HOMO->LUMO (89%)
DA 362.16 3.423 0,076 | HOMO->LUMO (88%)
DAy 374.6 3.309 0,141 H-1->LUMO (88%)
DA, 368.13 3.367 0,313 | HOMO->LUMO (87%)
DAy 377.42 3.285 0,267 | HOMO->LUMO (90%)

To illustrate the results in Table 2, we also simulated the UV-visible absorption spectrum for twelve compounds studied
for the TD-DFT method / B3LYP / 6-31G (d) (Figure 5).We studied the UV-vis spectra of each compound studied: DA;
(i=0 to 11) using the TD-DFT method (Figure 5). These values are calculated by TD-DFT method starting with
optimized geometry obtained at B3LYP / 6-31G (d).The wavelength A, calculated of the test compounds decreased in
the following order:

DAg<DAs<DA;,<DA,<DA;<DA<DA,<DA<DA;;<DA<DA,<DA;

Absorbance (a.u)
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Figure 5: Simulated UV-visible optical absorption spectra of title compounds withcalculated data at the TD-DFT/B3LYP/6-31G(d)
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Figure 4: Obtained isodensity plots of the frontier orbital HOMO and LUMO of the studied compounds obtained at B3LYP/6-31(d) level
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Finally we note that the DA3 molecule has the largest wavelength (Amax) among these studied molecules so it can have
remarkable properties in the photo-physical domains.

CONCLUSION

In this study, the properties of the electronic structure and optical absorption of twelve compounds based on 1,3-diaza-
azulene were studied using DFT and TD-DFT methods. We noticed the changes of several donor or acceptor groups do
not change the geometric parameters and the energies of the orbital HOMO, LUMO and Egap showed that Egap studied
molecules differ slightly from 4,05 eV to 4,44 eV for the different structures, and Egap of DAz is much lower than other
compounds. From these results, we can conclude that these molecules have shown significant optoelectronic properties,
which leads to offer these materials for application of organic solar cells. This calculation procedure can be used as a
model system for understanding the relationship between the electronic properties and molecular structure and can also
be used to study their aptitude in electroluminescent devices. The results suggest these materials as candidate for
organic solar cells.

REFRENCES

[1] F Etzold; IA Howard; R Mauer; M Meister; TD Kim; KS Lee; NS Baek; F Laquai, J. Am. Chem. Soc., 2011, 133,
9469-9479.

[2] J Kalowekamo; E Baker, Sol. Energy, 2009, 83, 1224-1231.

[3] MR Lee; RD Eckert; K Forberich; G Dennler; CJ Brabec; RA Gaudiana, Science, 2009, 324, 232-235.

[4] RR Sondergaard; M Hoselet; FC Krebs, J Polym. Sci. Part B: Polym. Phys., 2013, 51, 16-34.

[5] MC Scharber; D Muhlbacher; M Koppe; P Denk; C Waldauf; AJ Heeger; CJ Brabec, Adv. Mater., 2006, 18, 789-
794,

[6] K Capelle, Braz. J. Phys., 2006, 36, 1318-1343.

[7] S Hotta; SA Lee, Synth. Met., 1999, 101, 551-552.

[8] Special issues on molecular materials for electronic and optoelectronic devices, Acc. Chem. Res., 1999, 32, 191.

[9] S Miyata, HS Nalwa, Organic Electroluminescent Material and Devices, Gordon and Breach, Amsterdam, 1997.
[10] T Skotheim, J Reynolds, R Elsenbaumer. Handbook of conducting polymers, Marcel Dekker, New-York, 1998.
[11] Advances in synthetic materials, twenty years of progress in sciences and technology, Edited by Bernier, Lefrant
and Bidan, Elsevier, 1995.

[12] J Pei; WL Yu; W Huang; AJ Hegger, Macromolecules, 2000, 33, 2462-2471.

[13] H Yanagi; S Okamoto, App. Phys. Lett., 1997, 71, 2563.

[14] A El Assyry; R Jdaa; B Benali; M Addou; A Zarrouk, J. Mater. Environ. Sci., 2015, 6, 1-11.

[15] AD Becke, J. Chem. Phys., 1993, 98, 5648-5652.

[16] MJ Frisch; GW Trucks; HB Schlegel; GE Scuseria; MA Robb; JR Cheeseman; G. Scalmani, V. Barone, B.
Mennucci, GA Petersson et al., Gaussian. Inc. Wallingford CT.

135



