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ABSTRACT 
We report a theoretical study about the effects of the thiophene and 1, 3, 4-oxadiazol groups on five organic 

molecules with help of DFT and TD-DFT calculations. By using DFT/B3LYP/6-31G(d, p) to investigate the 

electronic structures and related properties for studied compounds in ground state, which can be found that the 

alkyloxy group has no effect on the HOMO-LUMO gap. The lower LUMO energy for BBN2 and BBN2F2 or larger 

electron affinity (EA), which are also favorable for hole transport. The higher HOMO energy for BHT2 and BBT2Br4 

or smaller ionization potential (IP), which are also favorable for electron transport. The maps of electrostatic potential 

(MEP) for the fives diodes, is discussed in term of colors change and ligand groups presence, reactivity indices, 

showed for BBN2 and BBN2F2 as a strong electrophile. The AIM analysis reveals bonds in compounds belong to 

closed-shell type interactions, and another side, we used TD-DFT/B3LYP, CPCM/TD-DFT-B3LYP in gas and 

solvent phase respectively as a quantum methods to investigated the Photophysical properties in excited for thiophene 

and 1, 3, 4-oxadiazol ligand, absence of solvatochromism in all absorptions spectra. To achieve deep blue emission, 

with increasing 1, 3, 4-oxadiazol group and achieved the hypsochromic shift. The thiophene group shows the reverse 

and emits red color.  
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1. INTRODUCTION 
Development of novel electronic donor/acceptor materials is an important topic in the research of (Organic 

Light Emitting Diodes) compounds. In organic semiconductor; the research of new material on ᴨ-conjugated 

molecules to operate as active materials have become one of the most interesting of chemistry. Since Tang et al, and 

Friend et al, have been reported of organic light-emitting diode OLED. The thiophene based materials has more 

interest of research due to the large ᴨ conjugation and the good planarity. The 1, 3, 4-oxadiazole groups are highly 

attractive. Hence, these groups are given excellent charge transport materials. In addition, 1, 3, 4-oxadiazol are 

increasing electron affinity. We report a theoretical study about the compounds belongs to the family of aryl 

thiophene compounds to produce polymers, 1,4-Dibromo-2,5dibutoxybenzene, (BBBr2), 2,2'-[2,5-Bis (hexyloxy) 

1,4phenylene] dithiophen (BHT2) and 3,5-Dibromo-2[2,5-dibutoxy-4-(3,5-dibromothiophen-2yl)phenyl] 

(BBT2Br4). In this work we carried out a quantum calculation based on the density functional theory DFT and time 

dependent TD-DFT, the electronic structures, molecular electrostatic potentials MEP, reactivity indices, topological 

analysis, absorptions spectra and emission spectra of diodes are discussed and analyzed. 

2. METHODS & MATERIALS 

Computational details: Density functional theory calculations were carried out using the Gaussian 09W program 

packages developed by Frisch and coworkers. The Becke's three parameter hybrid functional using the LYP 

correlation functional (B3LYP), one of the most robust functional of the hybrid family, was herein used for all the 

calculations, with 6.31G (d, p) basis set. Gaussian output files were visualized by means of GAUSSIAN VIEW 05 

software the calculation of the Topological study of electron density, QTAIM analysis were carried out using ADF 

2010 program with utilizing the generalized-gradient approximation (GGA) was employed in the geometry 

optimization by using the Perdew-Burke-Ernzerhof (PBE), the approximation (ZORA). 

3. RESULTS AND DISCUSSION  

Geometric and electronic properties: The optimized geometries obtained by functional B3LYP with 6.31G(d, p) 

basis set of the studied molecules, the schematic structures are presented in Fig.1, and the main structurale parameters 

are summarized in Table.1,2, we can see that our values agree well with the experimental measurement. In BBBr2, 

the alkyl chain is found coplanar with the benzene ring; thus confirmed that the molecule is essentially planar, the 

bond lengths O1-C3, C4-O1 in BBBr2 and O1-C1, O1-C8 in BHT2, O2-C8, C10-O2 in BBN2 and BBN2F2; showed 

insignificant change indicating that the alkyloxy ligand has no effect. In the 1,3,4-oxadiazol compound, we note the 

presence of a slight effect, the 1,3,4-oxadiazol ligand is twisted relative to the benzene ring, making a dihedral angles 

O1-C1-C3-C8 0.17˚ and 0.15˚ in BBN2 and BBN2F2 respectively. The theoretical electronic property parameters 

(EHOMO, ELUMO and Gap).Calculated band gaps were in the range of 3.73-5.09eV.The calculated parameters (EHOMO, 

ELUMO, Gap) of, BHT2, BBT2Br4, BBBr2,BBN2 and BBN2F2 are ( -4.938, -5.426, -5.614, -5.803, -5.962 eV), ( -1.212, 
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-1.653, -0.515, -1.954, -2.170 eV) and ( 3.73, 3.77, 5.09, 3.85, 3.79 eV), respectively. The calculated band gap Egap 

of the studied compound increases in the following order BHT2 ˂ BBT2Br4˂ BBN2F2 ˂BBN2 ˂BBBr2 indicating, of 

BBBr2 the most stable compound, the HOMO/LUMO energies in agreement with their electron donor/acceptor 

character, allow the HOMO and the LUMO energy levels of the donor and acceptor compounds are very important 

factors to determine between donor and acceptor. As shown in Fig.2, of BHT2 and BBT2Br4, the most donor 

molecules due the HOMO levels are higher than those of BBN2, BBN2F2 and BBBr2. On the other hand, of BBN2F2 

and BBN2 the most acceptor compounds, the LUMO of BBN2F2 and BBN2 are lower than those of BHT2 and 

BBT2Br4; it is important to note that the substitution of thiophene or 1, 3, 4-oxadiazol ligand, plays a significant role 

in the HOMO-LUMO energy gap.  

  
Figure.1. The schematic structures of the studied 

diodes 

Figure.2. Frontier molecular orbital energy level 

diagram of diodes  

Table.1. Optimized bond distances (Å) and bond angles (°) for the diodes with B3lyp 6-31G (d, P). 

BBBr2 

   Bond length (Å) Bond angles Dihedral angle 

Br1-C1 1.905 (1.900) C2-C1-Br1 118.8 (118.7) 

C4-O1-C3-C2 

 

2.26 (3.3) 

 

O1-C3  1.358 (1.366) O1-C3-C1A 117.9 (117.7) 

O1-C4  1.428 (1.441) O1-C3-C2 124.4 (124.3) 

 BHT2  

 Bond length (Å)  Bond angles  Dihedral angle 

S1-C7  1.730 (1.707) C7-S1-C4  92.10 (92.24) 

C4-C2-C1-O1  2.50  
S1-C4  1.759 (1.738) C1-O1-C8  119.50 (118.42) 

O1-C1  1.367 (1.369) O1-C1-C3  123.30 (123.50) 

O1-C8  1.426 (1.432) C2-C4-S1  124.10 (123.82) 

BBT2Br4 

 Bond length (Å)  Bond angles  Dihedral angle 

Br1-C4A  1.883 (1.874) C4-S1-C1   91.80 (91.70) 

C6-C5-C1-S1  
41.49(41.43) 

 

Br2-C2  1.905 (1.886) C6-O1-C8  119.10 (117.94)  

S1-C4  1.733(1.716) C2-C1-S1  108.70 (109.12)  

S1-C1  1.743 (1.738) C5-C1-S1  121.31(121.31) 

Table.2. Optimized bond distances (Å) and bond angles (°) for the new diodes with B3lyp 6-31G (d,P). 

BBN2 

Bond length (Å) Bond angles Dihedral angle 

N1-N2 1.391 C1-O1-C2 102.37 O1-C1-C3-C8 0.17 

N1- C2 1.292 O1-C1-C3 122.33   

N2- C1 1.307 C1-C3-C8 124.33 C1-C3-C8-O2 0.03 

O1- C1 1.366 O2-C8-C3 117.72   

O1- C2 1.356 O2-C8-C7 123.61   

H1- C2 1.078     

C1- C3 1.460     

O2- C8 1.358     

O2- C10 1.431     

BBN2F2 

Bond length (Å) Bond angles Dihedral angle 

N1-N2 1.391 C1-O1-C2 102.37 O1-C1-C3-C8 0.15 

N1- C2 1.292 O1-C1-C3 122.33   

N2- C1 1.307 C1-C3-C8 124.33 C1-C3-C8-O2 0.05 

O1- C1 1.366 O2-C8-C3 117.72   

O1- C2 1.356 O2-C8-C7 123.61   

H1- C2 1.078     

C1- C3 1.460     
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O2- C8 1.358     

O2- C10 1.431     

Reactivity indices and molecular electrostatic potential MEP: The global hardness η measures the stability of a 

system in terms of resistance to electron transfer and the chemical potential  characterizes the escaping tendency of 

electrons from the equilibrium system. Each system’s η and  are calculated from the 𝜀𝐻𝑂𝑀𝑂 and the 𝜀𝐿𝑈𝑀𝑂 with the 

relations: 

 𝜂 =
1

2
(𝜀𝐿𝑈𝑀𝑂 − 𝜀𝐻𝑂𝑀𝑂)   (1) 

𝜇 =
1

2
(𝜀𝐿𝑈𝑀𝑂 + 𝜀𝐻𝑂𝑀𝑂)   (2) 

The electrophilicity ω introduced by Parr. Measures the ability of a molecule to accept electrons from the 

surroundings. It is calculated with the relation: 

𝜔 =
𝜇2

2𝜂
       (3) 

In Table.3, we display the computed values of the electronic chemical potential, chemical hardness η, and 

electrophilicity index ω of diodes, which appeared of BBN2 and BBN2F2 the most electronegative molecules they 

are strongly activated electrophilic substitution. That indicates the power of 1, 3, 4-oxadiazol in a molecule to attract 

electron to itself. Inspection of Table.3, reveals clearly that the η values of compounds BHT2, BBT2Br4, BBN2F2 and 

BBN2 are nearly similar, but of BBBr2 the hardness η value is higher than of those compounds BHT2, BBT2Br4, 

BBN2F2 and BBN2, indicating that the stabilities of compounds BHT2, BBT2Br4, BBN2F2 and BBN2 are equal; which 

a small energy gap is favorable for soft molecules, of BBBr2 is the most stability; which a large energy gap is 

favorable for hard molecules. The results confirmed by maps of electrostatic potential for the diodes see Fig.3, around 

a molecule is given more information to show reactive sites for electrophilic and nucleophilic attack, The color code 

of these maps is the range between -1.055e-2eV (deepest red) to 1.055e-2eV (deepest blue); the positive (blue color) 

regions of MEP are related to electrophilic reactivity and the negative (red color) regions to nucleophilic reactivity. 

Furthermore, the partial negative charges are on the thiophene ring, while the partial positive charges are on the 1, 

3, 4-oxadiazol ring; form these results, it can be inferred that the 1, 3, 4-oxadiazol ring indicates the strongest 

electrophilic compounds and thiophene ring the strongest nucleophilic compounds.  

 
Figure.3. Maps of electrostatic potential for the new diodes 

Table.3. Global reactivity descriptors: chemical potential (, eV), chemical hardness (η, eV) and 

electrophilicity index (ω)  
BBBr2 BHT2 BBT2Br4 BBN2 BBN2F2 

 -3.323 -3.075 -3.539 -3.878 -4.066 

η 2.549 1.863 1.886 1.925 1.896 

ω 2.160 2.530 3.320 3.901 4.360 

Topological study of electron density: The topological analysis of the electron density  based on Bader's AIM 

theory; allows a quantitative description of different intermolecular and intramolecular interactions. The critical point 

(CP) in the electron density, and this determines the positions of extrema in ρ ( maxima, minima, or saddle points ), 

which there are four types of stable CP: (3, -3), nuclear critical; (3, -1) bond critical point (BCP); (3, + 1) ring critical 

point; (3, + 3) cage critical point, a better description can be based on the topological properties of electron density 

, Laplacian ², the kinetic energy density G(r) and the local electronic energy density H at bond critical points 

BCP precisely, values of  ˂ 0.07, ² ˃ 0, V/G ˂ 1, and H has a positive value are indicative of the closed-shell 

interactions such as ionic, hydrogen bonding. The results of calculations resumed in Table.4, reveal the 

characteristics of the closed-shell interactions at BCP of BHT2 in thiophene ring according experimental data located 

at C5—H5···Cg1 (2.88 Å), C5-Cg1 (1.80 Å) and C5—H5··· Cg1 (169°); Cg1 is the centre of the S1,C4-C7 thiophene 

ring. A strong covalent bond are detected in BHT2, this is probably the result of covalent contact between thiophene 

and benzene ring in H1-H5 (2.03 Å).  

From the mulliken charge calculation, the positive and negative charge separation between oxygen (-0.539) 

and sulfur (+0.342), that indicates the O-S bond ( 2.74 Å ) is predominantly ionic, for BHT2 and BBT2Br4, also we 

found nearly the same negative charge between oxygen (-0.542) on the alkyloxy groups and oxygen (-0.459) on the 

1,3,4-oxadiazol ring groups that indicates the O-O bond ( 2.63 Å ) is predominantly covalent, for BBN2 and BBN2F2, 
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of compound BBT2Br4 contain hydrogen bond located at C7-H7...Br2 in good agreement with experimental data, 

H7...Br2 2.78 Å (2.80 Å) and C7-H7...Br2 114° (114°), the bond critical point (BCP) are shown in Fig.4.  

 
Figure.4. Representative bond critical point BCP and RCP (green) of the studied diodes 

Table.4. QTAIM calculated values of: electron density (), Laplacian (²), the kinetic energy density G(r), 

and the local electronic energy density (H) 

  (r) ²(r) V/G H(r) 

 

BBT2Br4 

Thiophene ring RCP 0.0411 0.2297 0.9464 0.0028 

Benzene ring RCP 0.0231 0.1427 0.8492 0.0047 

O-S BCP 0.0149 0.0587 0.8292 0.0021 

Br2-H7 BCP 0.0119 0.0377 0.8405 0.0013 

 

BHT2 

Thiophene ring RCP 0.0413 0.2297 0.9482 0.0028 

Benzene ring RCP 0.0231 0.1427 0.8491 0.0047 

O-S BCP 0.0186 0.0727 0.8642 0.0022 

H1-H5 BCP 0.0127 0.0485 0.8083 0.0020 

 

BBN2 

 

1,3,4-oxadiazole ring RCP 0.0629 0.4154 0.9953 0.0005 

Benzene ring RCP 0.0231 0.1423 0.8486 0.0047 

O-O BCP 0.0126 0.0661 0.7570 0.0032 

 

BBN2F2 

1,3,4-oxadiazole ring RCP 0.0629 0.4154 0.9953 0.0005 

Benzene ring RCP 0.0231 0.1423 0.8486 0.0047 

O-O BCP 0.0126 0.0661 0.7570 0.0032 

Photo physical properties: 
Absorption and emission properties: Time dependent density functional theory TDDFT has become one of the 

most prominent and most widely used approaches for the calculation of excited state properties of medium to large 

molecular systems. The calculated absorption wavelengths of BHT2 and BBT2Br4 are shown in Table.5, 6. To 

consider the functional effects and test the different functional method, TD/B3lyp with 6.31G (d, p) basis set reveal 

good agreement with the experimental data. However, the results obtained from the B3LYP with 6.31G(d, p) method 

are much closer to the experimental values than these of the CAM-B3LYP the main contribution of the corresponding 

maximal absorption corresponds to the promotion of one electron from the HOMO to the LUMO, Which is a ᴨ-ᴨ* 

transition; it is interesting to note that the contribution of the alkyloxy groups to the electronic absorption is 

vanishingly small, Therefore, the absorption spectra in BHT2 and BBT2Br4, are simulated in gas and solvent phase 

CHCl3, the main band located in near visible region with broad and strong absorption characteristics in agreement 

with HL transition; which show that appropriate consideration of solvent effects is not necessary to explain the 

experimental phenomena see Fig.5 and Table.7. The oscillator strength f of the studied compounds on absorption 

and emission spectra increases in the following order BBBr2˂ BBN2 ˂ BBN2F2 ˂ BBT2Br4˂ BHT2, this means those 

compounds BHT2 and BBT2Br4 have a greater emission than those compounds BBBr2, BBN2 and BBN2F2, and 

Compounds BHT2 and BBT2Br4 are shown red shift emission, which are in agreement with LH transition see 

Table.8, the maximum emission show at 462nm, 335nm for molecules BBN2 and BBN2F2 respectively, which are 

the most intense band and agree well L+1H transition, LH-1 transition respectively. On the other hand, for 

BBBr2, the maximum emission show at 506 nm in agreement with H-1L transition, we can say that the emission 

peaks of the studied compounds exhibit a hypsochromic shift with increasing the 1,3,4-oxadiazol ring; indicates the 

strongest electrophilic compounds and the dipole moments negligible, but the emission peaks of BHT2 and BBT2Br4 

exhibit bathochromic shift with increasing the thiophene ring; the strongest nucleophilic compounds and the dipole 

moments important; this explains why compounds BHT2 and BBT2Br4 have a larger emissive and stokes shift (Fig.5). 
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Figure.5. Absorption spectra obtained by TDDFT methods for these diodes, together in gas and solvent 

(CHCl3) phase 

  

 
 

Figure.6. Theoretical absorption spectra (black line) and emission spectra (red line) of diodes 

Table.5. A comparison of computed absorption maxima (𝒎𝒂𝒙
𝒂𝒃𝒔 = 𝒏𝒎), oscillator strengths (𝒇) at various 

levels with experimentally reported value of BHT2 

Method Cam-B3lyp B3lyp Cam-B3lyp B3lyp exp 

 LANL2DZ 6-31G (d, P)  

361 

305 
 (nm) 332 377 328 360 

276 317 272 302 

Table.6. A comparison of computed absorption maxima (𝒎𝒂𝒙
𝒂𝒃𝒔 = 𝒏𝒎), at various levels with experimentally 

reported value of BHT2 and BBT2Br4 

 Method B3lyp LANL2DZ B3lyp 6-31G (d, P) 𝒎𝒂𝒙
𝑬𝒙𝒑

 (nm) 

 

BHT2 

 

 (nm) 

Gas solvent Gas solvent  

377 403 360  373 361 

 (nm) 317 325 302  306 305 

 

BBT2Br4 
 (nm) 372 386 370  381 344 

317 322 315 319 297 

Table.7. Absorption spectra obtained by TDDFT methods for these diodes, together in gas and solvent 

(CHCl3) phase 

Diodes Absorption max (nm) 
 gas CHCl3 

  E f  E f 

BBBr2 

HL  ICT 273 4.543 0.111 276 4.495 0.161 

HL+2 ICT 229 5.404 0.000 229 5.416 0.000 

HL+3 ICT 273 4.533 0.000 230 5.381 0.000 

H-1L ICT 211 5.869 0.000 209 5.914 0.000 

BHT2 

HL ICT 360 3.431 0.631 373 3.323 0.800 

H-1L ICT 302 4.099 0.224 306 4.041 0.259 

H-1L+1 CT 264 4.683 0.000 269 4.600 0.000 

H-2L ICT 284 4.356 0.000 285 4.349 0.000 

BBT2Br4 

 

HL  ICT 370 3.343 0.545 381 3.253 0.672 

H-1L ICT 315 3.926 0.260 319 3.884 0.316 
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H-3L ICT 265 4.649 0.042 267 4.595 0.040 

HL+4 ICT 263 4.707 0.020 265 4.649 0.004 

BBN2 

HL 

H-1L 

HL+1 

ICT 

ICT 

CT 

356 

287 

242 

3.481 

4.321 

5.114 

0.251 

0.556 

0.000 

369 

292 

251 

3.335 

4.233 

4.926 

0.348 

0.656 

0.000 

 

BBN2F2 

HL 

H-1L 

HL+1 

ICT 

ICT 

CT 

360 

291 

255 

3.440 

4.250 

4.850 

0.260 

0.550 

0.000 

375 

297 

256 

3.300 

4.160 

4.829 

0.338 

0.651 

0.000 

Table.8. Absorption and emission of diodes calculated by TD-DFT in gas phase 

Diodes EAbs (eV) 𝑚𝑎𝑥
𝐴𝑏𝑠

 (nm) f EEmis(eV) 𝑚𝑎𝑥
𝐸𝑚𝑖𝑠

 (nm) f 𝑔𝑎𝑧
 

BHT2 3.44 360  0.63 1.74 711 1.29 351 

BBT2Br4 3.34 370  0.54 1.69 731 0.95 361 

BBBr2 4.54 273  0.11 2.44 506 0.12 233 

BBN2 4.32 287 0.56 2.68 462 0.41 175 

BBN2F2 4.25  291 0.54 3.70 355 0.55 44 

4. CONCLUSION 

The quantum calculations were performed on a series of organic diode by means of the DFT and TDDFT 

methods. The results reveal that the alkyloxy group has minor effect on electronic and topologic structural parameters 

in ground and excited state geometries. The lower LUMO energy for BBN2 and BBN2F2 are favorable for electron 

transport. On the other hand, the higher HOMO energy for BHT2 and BBT2Br4 are also favorable for hole transport 

Analysis of intramolecular bonds indicates the presence of ionic and hydrogen interactions. The maps of electrostatic 

potential shows the nucleophilic character in the diode thiophene ligand and the electrophilic in the diode contained 

the 1, 3, 4-oxadiazole group. The emission spectra in BHT2 and BBT2Br4 are given red shift emission with large 

stokes coefficient, the diodes contained 1, 3, 4-oxadiazole groups in BBN2 and BBN2F2 are shown hypsochromic 

shift emission. 
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