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Abstract 

In this study, the synthesis of 4 new heterocyclic compounds derived from quinoxalinedione were 

presented, which have been characterized by 1H and 13C NMR spectroscopy. The solar cells’ photovoltaic 

properties based on these novels organic compounds donor-π-acceptor dyes were studied. Density 

functional theory DFT method is realized to optimize electronic parameters, optical and photovoltaic 

properties for some new 8-hydroxyquinoline derivatives based on quinoxaline-2,3-dione. The results have 

shown that time-dependent DFT (TDDFT) investigations with polarizable continuum model PCM were 

significantly able to foretell the excitation energy and the spectroscopy of the molecule. The highest 

occupied molecular orbital HOMO and the lowest unoccupied molecular orbital LUMO energy levels of 

these molecules can ensure a positive impact on the dye regeneration and electron injection process. 

Injection driving force ΔGinject, light-harvesting efficiency LHE, reorganization energy λtotal and open-

circuit photovoltage Voc provide qualitative predictions on these dyes’ reactivity. Among these 4 molecules, 

the compounds which can be used as organic solar cells have determined. 

Keywords: Optical, Photovoltaic, Quinoxalinedione, PCM, TD-DFT 

 

 

Introduction 

The quinoxalinedione derivatives have attracted attention in several molecular applications [1-4]. 

Synthesis, energetic and structural properties of some quinoxalinedione derivatives were made by our group 

[5-10]. Spectroscopic data are in agreement with literature [5,8,10]. Organic photovoltaic solar cells 

(OPVSC) pose an important potential for progress in the work for electricity production from low-cost 

compounds. In the last years, we have noticed a significant growth in the (OPVSC) conversion efficiency 

[11,12]. Some technical aspects were presented whose objective is to minimize the costs of photovoltaic 

compounds, thus extending a technology based on environmentally friendly materials. This objective is 

becoming achievable continuously in the high-performance organic screen evolution in the electronics 

industry [13-15].  

Some Quinoxaline-based polymers have received an attention lot for their flexibility, processing ease, 

weak weight and their production weak cost [16-18]. Relatively, their large band gaps limited the short-

circuit current density (Jsc), reducing the power conversion efficiencies (PCE); this last one is based on the 

open-circuit photovoltage (Voc), the Jsc, and the fill factor (FF) systems. Low band-gap conjugated polymers 

(CP) have been developed to best match the solar spectrum and so produce a higher Jsc [19]. Now, the 

organic solar cell photoelectric conversion efficiency is well over 7 % [20,21]. Thus, the new improvement 

of the (PCE) requires the development of new (CP) with greater absorption and adequate energy levels 

along the solar spectrum. Therefore, the heavy load carrier mobility of semiconductor polymers must be 

tokening into account [22,23]. The photo-excitation process in conjugated systems cannot generate free 

charge carriers but neutral, bound electron-hole pairs so that charge transfer might facilitate the formation 

of free charge carriers [23]. Intermolecular charge transfer has been known to be short distance process in 
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the organic conjugated materials. The method used only gives the HOMO to LUMO charge transfer so that 

usually it is only applicable to the lowest excited state and other charge transfer contributions are neglected.  

The experimental results reached for organic molecules without minerals remain limited to date. As 

some of the studies works only searched the optoelectronic and photophysical properties for dye sensitizers 

[24,25], also intra molecule e--dynamic process between compounds and TiO2 [26,27]. The central 

quinoxalinedione has been paired to (CH3, Cl, NO2 and hydroxiquinolinyl), and bonded to the substituent 

as an Acceptor/anchor group forming D-π-A designing. The optical absorption and e--structural properties 

were calculated of 4 dye sensitizers Di(I = 1 - 4) Figure 1. As well, the various electron-donor (e--D) group 

role has been analyzed in the structures setting. In this work, we searched to see the sensitizer donor impacts 

on the open-circuit photovoltage (Voc) and the short-circuit current density (Jsc) of the cell through 

discussing the key factors affecting Voc and Jsc with the goal of finding potential sensitizers for use in dye-

sensitized solar cell (DSSC). 

D1: 1,4-Bis((8-hydroxyquinolin-5-yl)methyl)quinoxaline-2,3(1H,4H)-dione. 

D2: 1,4-Bis((8-hydroxyquinolin-5-yl)methyl)-6-methylquinoxaline-2,3(1H,4H)-dione. 

D3: 6-Chloro-1,4-bis((8-hydroxyquinolin-5-yl)methyl)quinoxaline-2,3(1H,4H)-dione. 

D4: 1,4-Bis((8-hydroxyquinolin-5-yl)methyl)-6-nitroquinoxaline-2,3(1H,4H)-dione. 

  

 

   
D1 (C28H20N4O4)              D2 (C29H22N4O4)             D3 (C28H19N4O4Cl)            D4 (C28H19N5O6) 

Figure 1 Optimized geometries of all the compounds used. 

 

 

Theoretical 

Theoretical background 

The cell current-voltage characteristics design in the dark and under lighting, allows evaluating more 

of its electrical behavior and its PV performances [28,29]. Fill factor FF, Incident photon to current 

efficiency IPCE and External photovoltaic yield η are determining by: 
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in which; Pmax the maximum power issued by the photovoltaic cell (PVC); G the illumination; S the surface 

and 𝑃𝑖𝑛𝑐  is the incident solar power on the cell.  
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For cell productivity, the conversion yield is very important [30]; an ideal cell can be subject to the 

following thermionic injection model [31]: 

exp 1s

eV
I I

kT

  
   

  

                                       (4)  

 

 and       

 

  sc inject collectJ LHE d


                            (5) 

or Is : Saturation current in inverse polarization, inject : Electron injection efficiency, collect : Charge 

collection efficiency and collect = Constant. 

 

For high Jsc, the efficient sensitizers used in DSSC must have to high light-harvesting efficiency 

(LHE). As we calculated the LHE,  inject  and λtotal to make light on the link enter Jsc and η.  

The LHE, ΔGinject and Edye* are determined by [32]:  

 

LHE = 1 – 10-f                                (6) 

 

ΔGinject = Edye* + ECB                              (7) 

 

Edye* = Edye – E00                                   (8) 

 

where Edye and Edye* are the compound oxidation potential energy in the ground and excited state, ECB is 

the reduction potential of the TiO2 conduction band, E00 is an electronic vertical transition energy associate 

to λmax and f is the oscillator force corresponding to λmax. We establish that the larger f would have the 

greater light-harvesting efficiency. So, in a few works the value ECB = –4.0 eV for TiO2 is broadly used 

[33-36], Edye* can be determined [35-37]. 

 

The precedents papers signed that the investigation with an unrelaxing path is efficient [28,32]. So, 

the e- injection from the compound excited state to the TiO2 conduction band is given by an unrelaxing path 

in our calculation. Thus, the small λtotal which contains the hole reorganization energy λh and the electron 

reorganization energy λe could improve the Jsc, λh and λe are determined by [38]:  

 

   0

0 0i E E E E  

                                                             (9) 

 

where 0E 
, E 

 , 
0E  and 0E  are well known and determined energy recently [39]. 

 

Figure 2 present the idealized equivalent circuit, which is an absolute current generator. In which, Rs 

and Rsh are the series and shunt resistances, RL is the external circuit charge resistance and IL is a current 

source.  

 

 

 
Figure 2 Equivalent circuit of a real PVC under the light. 

 

I 
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The Isc is the current passerby of the cell at zero utilized voltage; near-zero polarization, the slope is 

an Rsh value that matches the diode leaks [40].  

Let us assume that: (Rs = 0; Rsh = ∞) with (I = 0; IL = Isc), the Voc is determined by: 

 

𝑉𝑜𝑐 =
𝑛𝑘𝑇

𝑒
𝑙𝑛 (

𝐼𝑠𝑐

𝐼𝑠
+ 1)                                                                      (10) 

 

As well, the Voc can be calculated by this analytical equation [34]:   

 

Voc = ELUMO – ECB  

 

Then, Isc decreased by the Rs, a small Rsh will decrease Voc and the cell will not liberate any voltage 

within weak illumination G. 

 

Operating principe of a DSSC 

S: Sensitizer; S*: Electronically excited state; Iodide: a mediator. 

The operating cycle can be summarizing in the terminology of the following chemical reactions [40]: 

 

Anode:                                            S +  hυ                                              S∗ 
 

Injection of electrons:                     S∗                                                         S+  +  e− (TiO2) 
 

Dye reduction:                                2S+ +   3I−                                        2S +  I3 – 
 

Cathode regeneration:                    I3−  + 2e− (Pt)                                  3I−       
 

Calculation methods  

In this work, our calculations were optimized in the gas phase by density functional theory (DFT) 

investigation with 6-31G(d,p) Gaussian basis sets [41,42] and B3LYP hybrid [43-45]. The oscillator force 

ƒ and excited-state energy were determined using the TD-DFT/CAM-B3LYP processes in chloroform 

solvent. The integral equation formalism polarizable continuum model (IEF-PCM) was used in excitation 

energy [46-49]. The compounds’ cationic and anionic states have been calculated at B3LYP/6-311G(d,p) 

level to determine the λtotal.  

 

Experimental  

Materials 

All the reagents and solvents used for the preparation of these compounds were published in previous 

work [50]. NMR spectra were performed on a BRUKER AM 300 spectrometer operating in Fourier 

transform at a frequency of 300.13 MHz for 1 H NMR and 75.47 MHz for 13 C NMR. The associated 

calculator uses an Aspect 3000 using the BRUKER 1986 software (DI6R 861). The compounds were 

dissolved in a deuterated solvent (DMSO or CDCl3). Tetramethylsilane (TMS) is used as a fictitious 

reference. 

 

Synthesis of organic compounds  

These compounds were synthesized from quinoxaline derivatives (A-D), and 5-chlorométhyl-8-

hydroxyquinoline hydrochloride (5-CMHQ) using a technically simple method, and with very good yields 

(Scheme 1). 5-Chlorométhyl-8-hydroxyquinoline hydrochloride (5-CMHQ) was synthesized from 8-

hydroxyquinoline (HQ) according to a method described in previous work [51]. Their structures were 

characterized by 1H and 13C NMR spectroscopy. 

The reaction for the synthesis of new quinoxaline based on 8-hydroxyquinoline realized according to 

the following procedure: 

A mixture of (0.01 moles) of alkylquinoxaline (A-D) and (0.02 moles) of 5-chloromethyl-8-

hydroxyquinoline hydrochloride (5-CMHQ) in 50 mL of tetrahydrofuran (THF) in the presence of (0.03 

moles) of triethylamine (Et3N) is brought to reflux under magnetic stirring for 24 h. The monitoring of the 

reaction was controlled by TLC using a dichloromethane/hexane mixture (85:15, v/v). When the reaction 

ends, the solvent was evaporated, and the residue obtained was dissolved in 20 mL of water, and extracted 

with dichloromethane (3×20 ml). The organic phases are combined, washed twice with a saturated aqueous 

solution of NaCl, dried over anhydrous MgSO4, and evaporated on a rotary evaporator under the vacuum 
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of the water pump. The crude product obtained is washed with acetone, and purified by chromatography 

on a silica gel column using the dichloromethane/hexane mixture (85:15, v/v). The obtained 

chromatographed product was recrystallized from absolute ethanol. 

 

 

 
Scheme 1 Synthetic route for the synthesis of D1-D4. 

 

 

 
 

Scheme 2 Mechanism of the N-alkylation of 5-chloromethyl-8-hydroxyquinoline hydrochloride by 6-

alkylquinoxalein-2,3-diones derivatives 
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Results and discussion 

Experimental study  

Organic synthesis (Data value and validation) 

D1: 1H NMR (CDCl3) 4.85 (s, 2 H, OH), 5.37 (s, 2 H, CH2), 7.48-8.77 (m, 2 H, ArH-quinoxaline), 

7.10-7.45-7.45-8.48-8.77 (m, 10 H, ArH-quinoline). 13C NMR (DMSO): 46.08 (CH2), 150.67 (ArC-OH), 

153.86 (C=O) 127.03-122.95 (ArCH-benzene of quinoxaline), 131.18 (ArC-benzene of quinoxaline), 

112.87-121.24-127.80-131.18-148.27 (ArCH-quinoline), 122.66-128.24-127.18 (ArC-quinoline). 

 

D2: 1H NMR (CDCl3) 2.37 (s, 3 H, CH3), 5.33 (s, 2 H, OH), 3.91 (s, 2 H, CH2), 7.04-7.04-7.06-7.41-

7.46 (m, 10 H, ArH-quinoline), 6.54-7.09-7.25 (m, 3 H, ArH-quinoxaline). 13C NMR (DMSO) 46.12 (CH2), 

21.57 (CH3), 151.00 (ArC-OH), 152.86 (C=O) 121.77-111.23-130.30 (ArCH-benzene of quinoxaline), 

128.35-133.93 (ArC-benzene of quinoxaline), 110.74-122.77-126.91-128.76-148.09 (ArCH-quinoline), 

125.97-128.35-138.76 (ArC-quinoline). 

 

D3: 1H NMR (DMSO-d6): 4.68 (s, 1 H, OH), 4.55 (s, 2 H, CH2), 7.04-7.23-7.60-8.83-9.08 (m, 5 H, 

ArH-quinoline), 7.18-7.19-7.21-7.51 (m, 4 H, ArH-quinoxaline). 13C NMR (DMSO-d6): 52.39 (CH2), 

151.16 (ArC-OH), 151.36 (C=O), 114.08-123.38-129.23-130.12-144.99 (ArCH-quinoxaline), 130.26-

144.54 (ArC-quinoxaline), 111.14-117.70-126.57-128.92-144.99 (ArCH-quinoline), 126.30-128.41-

135.55 (ArC-quinoline). 

 

D4: 1H NMR (DMSO-d6): 1.11 (s, 3 H, CH3), 6.99 (s, 1 H, OH), 4.73 (s, 2 H, CH2), 7.02-7.34-7.53-

7.58-7.61 (m, 10 H, ArH-quinoline), 7.19-7.20-7.50-7.57 (m, 3 H, ArH-quinoxaline). 13C NMR (DMSO-

d6) 23.64 (CH3), 152.49 (ArC-OH), 168.62 (C=O), 127.47-132.09-133.51-148.12 (ArCH-benzene), 

127.57-138.21-139.38 (ArC-benzene), 111.05-122.06-126.28-130.54-134.88 (ArCH-quinoline), 125.60-

128.73-137.20 (ArC-quinoline). 

 

The 1H NMR spectra of the compounds D1-D4 taken in the DMSO-d6, show in particular the signals 

relating to the protons of the alkyl groups, thus highlighting the disappearance of the signals attributable to 

the NH groups; which attests to their commitment to the reaction. The 13C NMR spectra of the compounds 

D1-D4 taken in DMSO-d6, show the appearance of the signals relating to the secondary carbons linked to 

the nitrogen atoms of the quinoxaline compounds.  

The secondary nitrogen atoms of the quinoxaline compounds are polarized δ- and their non-binding 

doublets have a nucleophilic character, which allows the attack on the carbon atom carrying the chlorine of 

the compound 5-CMHQ. 

 

Theoretical study 

Geometry structures 

The investigation for every molecule’s chemical structure presented in Figure 1 appear that they have 

a similar coplanar structure. The coplanar composed-conformation should improve the electron transfer 

from e--D to e--A through the π-spacer unit for our compounds.        

CAM-B3LYP method was applied and reasonably able to predict the excitation energies and 

absorption spectra of D-A compounds [52,53]. So, vertical excitation energy and electron absorption 

spectrum stimulated by TD-CAM-B3LYP process. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3 Optimized representations of the molecule D1 and the positions of each atom. 
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This study makes it possible to give results on optimized structural parameters: The interatomic 

distances, the valence angles and the dihedral angles, Table 1 illustrates the results found for the 4 

compounds Di (i = 1 - 4). 

 

Table 1 Bond lengths, valence angles and dihedral angles of the used compounds. 

 

From Table 1, the comparative study between the 4 molecules showed that the 2 structural 

parameters, valence angles and dihedral angles are very similar to the base molecule with a difference in 

binding length. Effectively, the π-conjugated group in this D-π-A shape, is employed as a surface from 

intramolecular charge transfer ICT of e--D to e--A group. The bond lengths for all molecules notably 

decreasing in similitude along those in S0, which is important for absorption spectra, that A-group and π-

bridge (quinoxalinedione) linking is very important for enhanced ICT characteristic.   

 

Intramolecular charge transfer  

Intramolecular charge transfer (ICT) was obtained by using frontier molecular orbital (FMO). The 

LUMO and HOMO electron locative distribution are presenting in Figure 4 of all molecules. Therefore, 

the HOMO and LUMO plots confirmed the π-type characteristics MO typical. The HOMO presents an anti-

bonding type between bonding type and 2 adjacent fragments for each unit; on the other hand, LUMO 

exhibits a bonding type between 2 adjacent fragments. Thus, the lowest-lying singlet states are 

corresponding to ππ* character electronic transition. The LUMOs and HOMOs pattern is like with every 

other (Figure 4). The HOMOs electron propagation is principally situated in e--D to π-conjugated space, 

whereas the LUMOs are primarily positioned in e--A fragments and conjugation spacing half. Therefore, 

all D-π-A compounds e- transitions from HOMO to LUMO it can lead to ICT from Donor-units to Acceptor-

anchoring groups through a conjugated bridge, so the HOMO–LUMO displacement possibly classified as 

a ππ* ICT. All compounds C=O-anchoring groups have remarkable participation to LUMOs who grant a 

solid electronic coupling with TiO2 area, thereby improving the e--injection performance and subsequently 

enhance the Jsc. 

 

HOMO                                                         LUMO 

 

 

 

D1 

 

 

 
 
 
 

 

 

 

 

D2 

 

 

 

 

 

 
 

Compound D1 D2 D3 D4 

C29-R56 (Å) 1.084 1.512 1.822 1.459 

C27-C29-R56 (°) 119.51 120.66 118.59 118.56 

C24-C27-C29-R56 (°) −179.20 −179.69 179.74 179.65 
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Figure 4 All compounds frontier orbital contour plots. 

 

 

Molecular orbitals  

A D-π-A compound with a stronger e--D group as compared to that with a weaker e--D group, usually 

give a high HOMO. The e--D impact on the electronic properties is calculated using different D groups. 

HOMO energies of the 4 dyes are increasing in order of D1 → D2 → D3 → D4. Since D1 has the highest 

HOMO value (−5.947 eV), it contains the strongest e--D group. D2, D3 and D4 with investigated EHOMO 

respectively −7.235, −7.366 and −7.374 eV, have a weak input in e--D ability because they restrict a group 

in e--D moiety. In Figure 5 the calculated LUMO energies from all sensitizers are relative without influence 

by variations in molecular structure, owing to a little e--A group (C=O) impaction, which is less affected 

by D-group changing. The ΔEg results are presenting in Figure 5, thus ΔEg are increasing in order of D1 

→ D4 → D3 → D2. The ΔEg ranges are about 4.110-6.626 eV; consequently, these molecules can be used 

in DSSC applications. 

 

 

D1 D2 D3 D4
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LUMO
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Figure 5 Schematic energy diagram of all molecules utilized.  
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Optical properties 

Optical properties were obtained in the chloroform solution of all sensitizers [54,55]. The chloroform 

was employed in UV-Visible absorption between 280 and 360 nm as a solvent on quinoxalinedione-based 

molecules; a similar outline for all dyes is indicated in the spectrum (Figure 6). The gap HOMO-LUMO 

position and the first band largeness in the spectrum are the 2 first parameters that can be related to the dye 

efficiency, for reduce energies favors the light-harvesting process. The first vertical excitation energies 

(Eve) of our dyes are decreasing in order of D1 → D4 → D2 → D3. Compared with D3, the D4 and D2 

absorption spectrum show slightly blue shift with decreasing oscillator strength, due probably to the 

heteroatom electronegativity existence in the e--D groups. D1, D4, D2 and D3 absorption spectra present 

the main peak at ~297, 265, 252 and 240 nm, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Absorption spectra of all dyes Di (i = 1 - 4). 

 

 

In adiabatic measure, the emission spectra were determined to discuss the molecules 

photoluminescence characters of all dyes. Table 2 present the dyes optical properties including the 

calculated fluorescence wavelengths with the strongest oscillator. For these dyes, the emission spectra 

appearing from S1 state is assigned to LUMO→HOMO character and π*→π transition, we found that the 

calculated fluorescence is only the lowest-lying absorption reverse process. Moreover, the red shift 

fluorescence spotted of photoluminescence spectra is increasing in order of D1 → D4 → D2 → D3; well 

good according to the absorption observed data when passing from D3 to D1. The D3, D2 and D1 emitted 

at higher wavelengths (301.19, 302.79 and 345.44 nm) with strongest intensity (f = 0.115, f = 0.074 and f 

= 0.037). These encouraging optical properties suggest that D3 with chlorine group could be the best 

recommended in the DSSC.  

 

 

Table 2 Optical properties of all days Di(i = 1 - 4) obtained by CAM-B3LYP/6-311G (d.p). 

 

 

Day 
E00 

(eV) 

EHOMO 

(eV) 

ELUMO 

(eV) 

ΔE     

(eV) 

λmax 

(nm) 
f 

ET 

(eV) 

µ 

(Debye) 

D1 3.5892 −5.947 −1.837 4,11 345.44 0.037 −1598.39 8.318 

D2 4.0947 −7.235 −0.609 6,626 302.79 0.074 −1636.84 9.030 

D3 4.1165 −7.366 −0.903 6,463 301.19 0.115 −2057.28 4.520 

D4 3.4442 −7.374 −1.975 5,399 359.98 0.000 −1801.93 6.397 

240 260 280 300 320 340 360 380 400

0,00

0,05

0,10

0,15

0,20

o
sc

il
la

to
r 

st
re

n
g
h

t

wavelength (nm)

 D1

 D2

 D3

 D4



Trends Sci. 2022; 19(19): 6173   10 of 14 

 

In this part, the dipole moment vectors in a 3D representation of all dyes Di (i = 1 - 4) were determined 

by the theoretical calculation method B3LYP 6-311G (d, p). Figure 7 represents each dye with its dipole 

moment vector, the dipole moment vector μ was compared to the standard orientation for each compound, 

i.e. that the center in each nuclear charge is the coordinates origin [4,5]. The dipole moment vectors in a 

3D figuration of our 4 quinoxalinedione derivatives were presented in Figure 7; the μ for D1 (8.318 D) 

increased slightly in D2 and decreased slightly in D4, with a weak orientation, and decreased in D3 (4.520 

D) with an important orientation. Moreover, the dipole moment variations in D2 case are greatly smaller in 

comparison with that appear in D3 and D4, the electronegative (chlorine and nitro) existence in the same 

position, not only decreased dramatically the dipole moment but as well modified the vector orientation 

with large angle (~34° in D4 and ~85° in D3). The NPA charges present an indication as well as this change 

to μ are in according with known low eligibility impact of nitro and chlorine, previously recognized 

[43,47,56,57], as compared to its inductive impact.  
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-6

-4

-2

0

2

D2

Y

X

D1

D3

D4

 
 

Figure 7 Dipole moments vectors in a 3D figuration for all days, calculated by B3LYP 6-311G. 

 
 

Photovoltaic properties 

The Edye value was determined as negative EHOMO [39]; Edye* is estimated, Edye* of all molecules are 

increased in order of D2 → D3 → D4 → D1. Thus, the most practical oxidizing species are D2 and D3 

while D1 is the worst. For every dye, all ΔGinject obtained are negative, as well the e- injection from 

compound to TiO2 are impulsive. 

As seen in Figure 8 and Table 3, the -ΔGinject are decreased in order of D2 → D3 → D4 → D1. This 

presents that D2 and D3 have the greatest -ΔGinject value, while D1 has the littlest. The LHE result has to 

be as high as possible to expand the photocurrent answer. For these molecules, LHE is in a close range 0.0-

0.232 with slight growth, so that all these sensitizers present similar photocurrent. 

 

 

 X Y Z 

D1 0.0003 −4.3263 7.1048 

D2 −0.3008 −5.9541 6.7829 

D3 2.0946 0.2069 4.0001 

D4 −2.4787 3.1858 4.9631 
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Table 3 Electrochemical parameters for all used compounds. 
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Figure 8 Critical parameters influenced Jsc along of calculated sensitizers: ΔGinject, LHE, λtotal and Voc. 

 

 

Consequently, compounds D2 and D3 show a favorable Jsc, important LHE, larger ΔGinject and smaller 

λtotal; and mostly ΔGinject and λtotal are more important to govern the Jsc.  

In addition, the overall power conversion efficiency η could be affected as well by Voc. Therefore, for 

these 2 molecules, the electron injection is more efficient for these sensitizers with the larger excited state 

related to the band edge of semiconductor conduction, ie. higher Voc. It was found that Voc of all compounds 

is in the range 2.025 - 3.391 eV and decreasing in order of D2 → D3 → D1 → D4. It shows that D3 and 

D2 have the higher Voc than other compounds, while D4 has the smallest.  

In addition, the LHE as well could allocate the electron injection kinetics. Consequently, the 

calculated LHE is as well significant to analyze the relationship between electron structure and critical 

influenced parameter Jsc. Thus, in Figure 7 and Table 2 the calculated LHE of all compounds is increasing 

in order of D4 → D1 → D2 → D3. This shows that D4 have the smallest LHE but D3 have the largest. 

Thus, we could draw a conclusion that the high LHE, -ΔGinject and Voc can give an important 

efficiency. Accordingly, the DSSC compound effectiveness by D3 dye might be favorable to the other 

sensitizers, because of its preferable effectiveness of the over parameters founded on our calculated results. 

 

Dye Edye (eV) 
Edye* 

(eV) 

ΔGinject 

(eV) 
LHE λh (eV) λe (eV) λtotal (eV) 

Voc 

(eV) 

D1 1.837 −4.110 −7.6992 0.0816 0.18020 0.35565 0.53584 2.163 

D2 0.609 −6.626 −10.7207 0.1560 0.18340 0.18478 0.36818 3.391 

D3 0.903 −6.463 −10.5795 0.2320 0.15987 0.25395 0.41382 3.097 

D4 1.975 −5.399 −8.8432 0 0.18819 0.29105 0.47924 2.025 
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Conclusions 

In this work, the synthesis and the characterization of a new series of heterocyclic compounds 

obtained by association of 8-hydroxyquinoline with quinoxalinedione derivatives were presented. The 

synthesis of this series of compounds was carried out by simple conditions but with good yields and the 

characterization data shows that there is good consistency between the spectroscopic data and the proposed 

structures. These new compounds were obtained according to simple procedures with good yields and they 

have been the subject of a theoretical study. 

The intended results were investigating by DFT calculation with the CAM-B3LYP method. Since D2 

and D3 dyes have the largest values of (LHE, -ΔGinject, Voc) and have the smallest values of (λtotal). In 

comparison with other dyes, D2 and D3 compounds were founding to be the best photo-sensitizer for use 

in DSSC. Since these results are sufficient for an efficient e- injection, D2 and D3 compounds can be used 

as organic solar cells except D1 and D4. Finally, this investigated process can be employed to predict the 

optical and photovoltaics properties on the other compounds and polymers, and it encourages synthesis of 

the novel organic solar cell materials. 
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