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ABSTRACT 

 
A theoretical study of the geometries and electronic properties of new conjugated compound based 

on 1-aza-azulene, which displays the effects of the substituents on the geometries and electronic properties of 
these materials are discussed. The theoretical ground-state geometry and electronic structure of the studied 
molecules were obtained by the density functional theory (DFT) and time dependent (TD-DFT) at B3LYP level 
with 6-31G(d, p) basis set. The theoretical knowledge of the HOMO, LUMO, energy Egap, after his study, these 
compounds have showed the energy Egap of the studied molecules differ slightly from 3.57 eV to 3.87 
eVdepending on the different structures. These properties suggest these materials as good candidates for 
organic solar cells. 
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INTRODUCTION 
 

Organic photovoltaic cells have received much attention in recent years as they offer an 
environmentally friendly and low cost solution to the world’s rising energy needs [1-2]. However, the organic 
molecules have attracted an ever-increasing attention in scientific research because of its potential 
advantages, such as low cost and highly efficient conversion of sunlight into electricity [3-4]. The knowledge 
the relationship between the electronic properties and molecular structure for these materials is very 
important to explore their suitability in electroluminescent devices. However, the HOMO and LUMO energy 
levels of the donor and acceptor compounds in photovoltaic devices are very important factors to determine 
the effective charge transfer will happen between donor and acceptor [5]. The offset of band edges of the 
HOMO and LUMO levels will prove responsible for the improvement of all photovoltaic properties of the 
organic solar cells. Since a deep HOMO level is desirable for obtaining high open-circuit voltage (VOC) since 
maximum value of the VOCis determined by the energy difference between the HOMO (Highest occupied 
molecular orbital) level of the donor and LUMO (lowest unoccupied molecular orbital) level of the acceptor [6-
7]. 
 

In this paper, twenty-one Compounds based on 1-aza-azulene are studied, they are good candidate 
for particularly their applications, in organic light emitting diodes (OLED), organic solar cells (OSC) [8-9], 
sensors and organic field effect transistors (OFET) [10-11]. The geometries, electronic properties, absorption 
spectra of these compounds are studied by using density functional theory (DFT) and time-dependent density 
functional theory (TD-DFT) [12]. 

 

 
 

Fig 1: Structure of 1-aza-azulene (AZ1) 
 

MATERIALS AND METHODS 
 

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 [13]. The electronic absorption spectra are investigated using TD-
DFT calculations at the B3LYP. The calculations were carried out using the GAUSSIAN 03 program [14], and the 
simulation of current-voltage (J-V) characteristics of organic photovoltaic cell was established by gpvdm 
software. 
 

The power conversion efficiency (η) is mainly determined by the short-circuit current density (Jsc) and 
the open circuit photovoltage (Voc). The η can be expressed by the following equation [15]: 
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Where, Pin is the incident power density, FF is the fill factor and Jsc is the short circuit current. 
For the short-circuit current density Jsc it is determined as: 
 



     ISSN: 0975-8585 
 

 

January –February  2017  RJPBCS 8(1)  Page No. 902 

  


dLHEJ collectinjectSC    

 
Where 𝐿𝐻E (𝜆) is the light harvesting efficiency,𝛷inject is the electron injection efficiency and 𝜂collect   is 

the charge collection efficiency. 
 
LHEcan be expressed as [16]: 

fLHE  101  

 
Where f is the oscillator strength. 
 

The circuit diagram has been given in figure 2 [17]. 
 

 
 

Fig 2: Equivalent circuit of organic solar cell 
 

In order to better, understand the reason for the increased efficiency of the bilayer devices, we using 
gpvdm capable of simulating both the electrical and optical properties of the bilayer structures. Materials used 
for the design and bandwidth values data of materials are given in table 1. 

 
Table 1: Layers of solar cells, optical material used for layers and bandwidth values 

 

Layer  Name Optical Material thickness (m) 

ITO (anot) ITO 1.0 10-07 

1-aza-azulene Generic_Organic 2.0 10-07 

PCBM Generic_Organic 1.0 10-07 

Al (katot) Al 1.0 10-07 

 
RESULTS AND DISCUSSION 

 
The optimized molecular structures are depicted in figure 3. This later indicates planar conformations 

for all compounds.  
 

 
AZ1 

 
AZ2 (Cl in position 7 ) 

 
AZ3 (F in position 7 ) 
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AZ4 (Br in position 7 ) 

 
AZ5 (Cl in position 6 ) 

 
AZ6 (F in position 6 ) 

 
AZ7 (Br in position 6 ) 

 
AZ8 (Cl in position 8 ) 

 
AZ9 (F in position 8 ) 

 
AZ10 (Br in position 8 ) 

 
AZ11 (CH3 in position 6 ) 

 
AZ12 (CH3 in position 7) 

 
AZ13 (CH3 in position 8 ) 

 
AZ14 (Cl in position 9 ) 

 
AZ15 (F in position 9 ) 

 
AZ16 (Br in position 9 ) 

 
AZ17 (Cl in position 10 ) 

 
AZ18 (F in position 10 ) 

 
AZ19 (Br in position 10 ) 

 
AZ20 (CH3 in position 10 ) 

 
AZ21 (CH3 in position 9 ) 

 
Fig 3: Optimized geometries of all compounds. 

 
Table 2, shows the calculated orbital energies and energy gap between the highest occupied 

molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) 
 

In organic solar cells, the open circuit voltage (Voc) 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. 
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Table 2: Energy values of ELUMO (eV), EHOMO (eV) andEgap(eV) of the studied molecules obtained by B3LYP/6-
31G (d) 

 

Compound EHOMO (eV) ELUMO (eV) E gap (eV) 

AZ1 
AZ2 
AZ3 
AZ4 
AZ5 
AZ6 
AZ7 
AZ8 
AZ9 
AZ10 
AZ11 

AZ12 

AZ13 

AZ14 

AZ15 

AZ16 

AZ17 

AZ18 

AZ19 

AZ20 

AZ21 

-5.87 
-6.05 
-5.93 
-6.02 
-6.12 
-6.05 
-6.11 
-6.14 
-6.05 
-6.13 
-5.79 
-5.71 
-5.77 
-6.08 
-5.96 
-6.06 
-6.11 
-6.01 
-6.10 
-5.79 
-5.72 

-2.13 
-2.45 
-2.36 
-2.45 
-2.37 
-2.22 
-2.37 
-2.42 
-2.18 
-2.42 
-2.03 
-2.03 
-2.01 
-2.46 
-2.37 
-2.45 
-2.39 
-2.22 
-2.39 
-2.05 
-2.05 

3.74 
3.60 
3.57 
3.57 
3.75 
3.83 
3.74 
3.72 
3.87 
3.71 
3.76 
3.68 
3.76 
3.62 
3.59 
3.61 
3.72 
3.79 
3.71 
3.74 
3.67 

 
The HOMO and LUMO energies values of the compounds are different. This is due to structural 

modifications followingsubstitution. The energy gap (Egap) of studied molecules varies from 3.57 eV to 3.87 eV. 
 

The obtained Voc values are in the range of 1.71-2.14 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. 
 
Shows figure 4 J-V characteristics of the AZ1 / PCBM solar cells with 0.01 (mW.cm-2) 
 

-0,4 -0,2 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4

-4

-2

0

2

4

6

8

10

12

14

C
u

rr
e
n

t 
d

e
n

s
it

y
 (

m
A

.c
m

-2
)

Voltage (V)

     Light intensity 

 0.01 (mW.cm
-2
)

 
Fig 4: J-V characteristics of AZ1 / PCBM solar cells under various light intensities 
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The open-circuit voltage (VOC) is related to the light intensity. On this basis, we have established a 

simulation for the relationship between the open-circuit voltage and the light intensity, as shown in figure 5. 
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Fig 5: Influence of light intensity on open circuit voltage (VOC) of AZ1 / PCBM solar cells 

 
Effect of Light intensity on short-circuit photocurrent density (JSC), open-circuit voltage (VOC), fill factor 

(FF), and conversion efficiency (η) is given in table 3. 
 

Table 3: Electrical Parameters of the AZ1 / PCBM Solar Cells with Light intensity 
 

Light intensity 
(mW.cm-2) 

JSC (mA.cm-2) VOC (V) FF (%) η (%) 

0.0001 
0.001 
0.01 
0.1 
0.5 
1.0 
5.0 
10 

0.889 
0.889 
0.877 
0.828 
0.624 
0.513 
0.300 
0.227 

1.141 
1.141 
1.228 
1.312 
1.368 
1.390 
1.438 
1.457 

66.563 
66.563 
56.493 
43.788 
39.995 
40.152 
38.076 
33.688 

6.75 
6.75 
6.08 
4.75 
3.41 
2.86 
1.64 
1.11 

 
The percent efficiency is mainly affected by the light intensity. The results shown in figure 6, with the 

light intensity increase, percent efficiency decreases. 
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Fig 6: Influence of light intensity ranging from 0.0001 to 10.0 mW/cm2 on percent efficiency of AZ1 / PCBM 

solar cells 
 

The calculated dipole moment of the studied compounds respectively AZ1(3.1051D), AZ2(3.4536D), 
AZ3(3.2715D), AZ4(3.3616D), AZ5(4.1922D), AZ6(4.0647D), AZ7(3.9966D), AZ8(1.9355D), AZ9(2.2010D), 
AZ10(1.9822D), AZ11(2.7017D), AZ12(3.1291D), AZ13(3.6539D), AZ14(1.1546D), AZ15(1.7340D), AZ16(1.2750D), 
AZ17(2.5548D), AZ18(2.7678D), AZ19(2.5161D), AZ20(3.3546D), AZ21(3.6299D). 
 

In the figure 7 we plotted the electron spatial distribution of HOMO and LUMO orbitals of all 
compounds. The HOMO and LUMO demonstrated the typical π-type molecular orbital characteristics. 
Moreover, the HOMO displays an anti-bonding character between cycles and the LUMOs exhibit the bonding 
character between cycles, so the lowest lying singlet states are corresponding to electronic transition of π–π* 
type. 
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Fig 7: Contour plots of the frontier orbitals of all compounds. 
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As shown in table 4, we can find the values of wavelengths λabs calculated and oscillator strengths 
(OS). We noted that all optical absorption corresponds to transitions from HOMO to LUMO. Excitation state S1 

corresponds almost exclusively to the allocation of an electron from the orbital HOMO of LUMO. The 
wavelengths of absorption wave resulting from electronic transition S0→S1 that increases progressively with 
the increase of conjugation lengths. It is reasonable, the transition between HOMO→LUMO is predominant in 
S0→S1 electronic transition, the result are a decrease of LUMO and an increase of HOMO energy. 

 
Table 4: Absorption spectra data obtained by TD-DFT methods for compounds at 

B3LYP/6-31G (d, p) optimized geometries 
 

Compound λabs (nm) E activation (eV) O.S (eV) MO/character 

AZ1 
AZ2 
AZ3 
AZ4 
AZ5 
AZ6 
AZ7 
AZ8 
AZ9 
AZ10 
AZ11 

AZ12 

AZ13 

AZ14 

AZ15 

AZ16 

AZ17 

AZ18 

AZ19 

AZ20 

AZ21 

435.77 
452.87 
454.66 
454.35 
434.35 
423.94 
435.01 
438.02 
420.69 
439.20 
432.17 
441.77 
433.40 
452.57 
453.25 
453.85 
435.27 
422.05 
436.28 
432.38 
444.19 

2.845 
2.737 
2.726 
2.728 
2.854 
2.924 
2.850 
2.830 
2.947 
2.822 
2.868 
2.806 
2.860 
2.739 
2.717 
2.731 
2.848 
2.937 
2.841 
2.867 
2.791 

0.302 
0.361 
0.457 
0.359 
0.310 
0.250 
0.326 
0.291 
0.217 
0.299 
0.329 
0.364 
0.261 
0.337 
0.321 
0.356 
0.380 
0.435 
0.413 
0.416 
0.307 

HOMO->LUMO (94%) 
HOMO->LUMO (94%) 
HOMO->LUMO (94%) 
HOMO->LUMO (94%) 
HOMO->LUMO (94%) 
HOMO->LUMO (95%) 
HOMO->LUMO (94%) 
HOMO->LUMO (92%) 
HOMO->LUMO (91%) 
HOMO->LUMO (92%) 
HOMO->LUMO (94%) 
HOMO->LUMO (94%) 
HOMO->LUMO (93%) 
HOMO->LUMO (95%) 
HOMO->LUMO (96%) 
HOMO->LUMO (95%) 
HOMO->LUMO (92%) 
HOMO->LUMO (91%) 
HOMO->LUMO (92%) 
HOMO->LUMO (93%) 
HOMO->LUMO (95%) 

 
To illustrate the results in table 4, we also simulated the UV-visible absorption spectrum for 

compounds studied for the TD-DFT method/ B3LYP /6-31G(d, p) (Figure 8, (a) and (b)). 
 

We studied the UV-vis spectra of each compound studied: AZi (i=1 to 21) using the TD-DFT method. 
These values are calculated by TD-DFT method starting with optimized geometry obtained at B3LYP / 6-31G (d, 
p). 
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Fig 8(a): Simulated UV–visible optical absorption spectra of title compounds with calculated data at the TD-
DFT/B3LYP/6-31G(d, p) 
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Fig 8(b): Simulated UV–visible optical absorption spectra of title compounds with calculated data at the TD-
DFT/B3LYP/6-31G(d, p) 

 
Finally, we note that the AZ3 and AZ4 molecules have the largest wavelength (λmax) among these 

studied molecules so it can have remarkable properties in the photo-physical domains. 
 

CONCLUSION 
 

The properties of the electronic structure and optical absorption of studied molecules based on 1-aza-
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 for the different structures, and Egap of AZ3 and AZ4 are 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. 
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