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The molecular structural and electronic properties of 9-octyl-3,6-di(thiophen-

2-yl)-Carbazole and its derivatives were studied by quantum chemical calculations. 

Methyl (CH3), formyl (CHO) and acetyl (COCH3) substitutions have been applied on 

9-octyl-3,6-di(thiophen-2-yl)-Carbazole to investigate the optical properties. All 

structures were optimized using PBE0 functional of calculations with the 6-31G(d) 

basis set. The electronic transition of structural geometries have been studied by 

PCM-TD-PBE0/6-311G(d,p) calculations based on ground state geometries at 

PBE0/6-31G(d) level. The obtained results indicate that calculated UV-vis absorption 

spectra of Th-3,6CZ-Th-H, Th-3,6CZ-Th-CH3, Th-3,6CZ-Th-COCH3 and Th-3,6CZ-

Th-CHO were found at 298, 334, 393 and 402 nm with respect to the experimental 

data of 302, 298, 365 and 393 nm, respectively. The fluorescence quantum yield and 

fluorescence lifetimes of the compound in dichloromethane has been studied. The 

results showed Th-3,6CZ-Th-COCH3 and Th-3,6CZ-Th-CHO had high quantum 

yield. Most of the derivative of Th-3,6CZ-Th-H molecule exhibit planar structures at 

excitation state. The excited state-torsion angles are more planar than the ground state 

geometries. The obtained results of the electronic transition of structural geometries 

indicate that calculated absorption and emission spectra related with the experimental 

data. In additional, the polarizable continuum model was successfully applied to 

include solvent effect in the model which plays an important role on the absorption 

behavior. 
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EXPERIMENTAL AND THEORETICAL STUDIES OF  

9-OCTYL-3,6-DI(THIOPHEN-2-YL)-CARBAZOLE 

DERIVATIVES 

 

INTRODUCTION 

 

In 1987, the thin multilayer organic light emitting diodes (OLEDs) was 

recognized as one of the potential technologies for the next generation of flat-panel 

display device. The OLED composed of two layers of a hole-transporting layer and 

emitting material which are sandwich between an indium-tin-oxide anode and an 

alloyed Mg:Ag (Van Slyke, 1987). Electron-hole recombination is emitted as green 

electroluminescent. After that, the performances of OLED devices have been 

extensively improved such as turn-on voltage (Cao et al., 1999), external efficiency 

(Malinsky et al., 1999), current density (Cleave et al., 1999) and luminescence 

(Ogundare et al., 2008). The OLED component is composed of a cathode, an emissive 

layer, a conductive layer, an anode and a substrate (Figure 1). One of the simplest 

OLED is consisted of indium tin oxide (ITO) anode (Doskocz et al., 2006), hole-

transporting layer (HTL), electron-transporting layer (ETL), and Mg-Ag cathode, in 

which HTL or/and ETL could act as the light-emitting layer (Tang et al., 1987; Fong 

et al., 2006; Tong et al., 2007). The ITO anode is a transparent semiconductor, which 

was used for the hole injection due to its work function of 4-5 eV (Paliulis et al., 

2003). During last decade, the intensive research has been carried out to generate the 

material with high light emitting efficiencies (Shirota et al., 1994), high thermal 

stability, and good amorphous film formation property (Shirota et al., 2000). The 

electro-luminescence (EL) characteristic of OLED materials depend on the 

appropriate HOMO and LUMO energy levels and the electron and hole motilities 

(Pan et al., 2005; Brunner et al., 2004). 
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Figure 1  Organic Light Emitting Diode Diagram. 

 

Organic light-emitting diodes (OLEDs) are fabricated as electroluminescent 

organic film sandwiched between a high work function anode and a low function 

cathode. When a voltage is applied between anode and cathode, electrons are injected 

from the cathode into the π*-band (lowest unoccupied molecular orbital, LUMO) of 

the organic materials, and holes are injected from the anode into the π-band (highest 

occupied molecular orbital, HOMO). The injected electrons and holes interact within 

the organic materials film and radiatively decay to produce electroluminescence, 

which causes electroluminescent light (Figure 2). The emissive organic materials, 

supplied with an electrical current, can produce full-color display and panel light 

sources (Sheats et al., 1999). For full-color application, it is necessary to have red 

(620-700 nm), green (500-550 nm) and blue (430-500 nm) emitters with sufficiently 

high light-emitting efficiencies, low operating voltages and high external quantum 

efficiency. These three colors of light depend on the type of emissive organic 

material. The emissive organic materials have π-conjugated system in the structures 

and they have smaller hole injection barrier than electron injection barrier.  

Furthermore, the conjugated organic materials or conjugated polymer with low 

HOMO-LUMO energy level, by increasing the electron affinity, have been used as 

materials for OLED device. 
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Figure 2  Process of organic light-emitting diodes (OLED). 

 

Much effort has been undertaken recently to develop flexible and tunable 

light-emitting diodes (LEDS) from conjugated polymers. Many conjugated polymers 

have been designed and synthesized to develop blue-, green-, and red-light-emitting 

materials (Belletete et al., 2004). They have some very interesting electronic and 

optical properties and have been investigated as advanced molecular electronic 

materials. The properties of the resulting conjugated polymers are a function of the 

monomeric components of the polymerized moiety, the organic solvent and 

supporting electrolyte, and the material of the anode.  

 

3,6-Substituted carbazoles have been proved to be effective charge 

transporting, electroluminescent and host materials with improved thermal and 

morphological stabilities. Structurally well-defined carbazole derivatives and their 

chemistry have been studied at length due to their biological activity (Yamashita et 

al., 1992; Chakraborty et al., 1997). However, in the last decade the amorphous and 

film-forming compounds have attracted much attention in terms of molecular 

electronic materials (Strohriegl et al., 2003). The carbazole-based compounds 

demonstrate high thermal, morphological, chemical and environmental stability. Two 

basic properties of the fully aromatic carbazolyl group are the easy oxidizability of 

nitrogen atom and its ability to transport positive charge centers via the radical cation 

species. Such derivatives are finding various applications in photoconductors (Law, 

1993; Yang et al., 2000; Lamansky et al., 2001), field effect transistors 
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(Dimitrakopoulos et al., 2004; Katz, 2004) and in particular as organic photorefractive 

materials (Ostroverkhova et al., 2004) and components of electroluminescent devices 

(Shirota, 2000; Mitshke et al., 2000). 

 

The synthetic efforts have been made toward small bandgap conjugated 

polymers by adding electron donor or electron acceptor groups the energy gaps (Eg) 

of conjugated polymers can be reduced to below 1 eV while sustaining good stability. 

Theoretical calculations have also proved to be of importance for these studies 

because of the various limitations of experiments. Due to the high level of disorder 

associated with most of these materials, structural information could not be obtained 

easily by experimentally. Therefore, theoretical studies are used to investigate energy 

gap control. Theoretical investigations have been proven to be an important tool for 

studying the relationships between electronic structures and optical properties of the 

-conjugated materials. This helps in understand a fundamental of the conformational 

analysis, electronic and optical characteristics of known materials and in guiding the 

experimental efforts toward novel compound with enhanced characteristics. The 

theoretical quantity of energy gap for direct comparison with the experimental energy 

gap (Eg) should be the transition (or excitation) energy from the ground state to the 

first dipole-allowed excited state (Zhu et al., 2004). The energy gap (Eg) in an 

extended system is defined as the difference between the highest occupied molecular 

orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO). Theoretical 

approaches are available to calculate the extrapolation energy gap for increasing 

longer oligomers, and extrapolation to infinite chain length is followed. A distinct 

advantage of this approach is that it can provide the convergence behavior of the 

structural and electronic properties of oligomers. In practice both the oligomers 

extrapolation and the polymer approaches are generally considered to be 

complementary to each other in our understanding of the properties of polymers. 

  

 For the quantum chemical calculation on both the ground states and excited 

states, theoretical methods have been applied to different conjugated polymer systems 

(Huang et al., 2001; Corral et al., 2000; Poolmee et al., 2005; Meeto et al., 2008). In 

particular, the density function theory (DFT) method is able to describe the geometry 
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molecules, as well as their energetic, in a satisfactory manner (Grozema et al., 2005). 

Hybrid exchange correlation functionals are widely used in the DFT formalism, to get 

a better fit with experiments. Popular forms of hybrid DFT methods, including 

Becke’s three parameter hybrid functional (Becke., 1993) using the Lee Yang Parr 

(LYP) (Lee et al., 1988) correlation functional (B3LYP). There are many applications 

of hybrid DFT in conjugated polymers, which gives acceptable results for the 

geometry and HOMO-LUMO gaps of oligomers for some hetero-type conjugated 

polymers (Hutchison et al., 2002). Many researchers focus on TDDFT method in 

order to investigate the electronic properties with geometry relaxation effects in 

excited states (Jacquemin and Perpète, 2006). In 2006, Saha and coworker pointed out 

that conventional TDDFT with the B3LYP functional should be used carefully, 

because it can provide inaccurate estimates of the chain length dependence of π-π* 

excitation energies for these molecules with long π-conjugated chains. Nowadays, 

TDDFT still has some limitations, even though it can be helpful in understanding 

fundamentals of the electronic and optical characteristics of conjugated polymers and 

guiding the experimental efforts toward compounds with enhanced characteristics.  

 

Thus, the main objectives of this work are to synthesize and characterize the 9-

octyl-3,6-di(thiophen-2-yl)-carbazole and derivatives. The effect of substituents on 

structures and electronic properties with electron donating and withdrawing groups 

are investigated. In addition, quantum chemical calculations are study on the 

structural, electronic and optical properties of the 9-octyl-3,6-di(thiophen-2-yl)-

carbazole and derivatives by density functional theory method to compare between 

the experimental and theoretical results. 
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OBJECTIVES 

 

1.  To synthesize and characterize the 9-octyl-3,6-di(thiophen-2-yl)-carbazole 

derivatives. 

 

2.  To investigate the 9-octyl-3,6-di(thiophen-2-yl)-carbazole derivatives by 

quantum chemical calculations. 

 

3. To compare the absorption and emission properties between the quantum 

chemical calculations molecules and experimental results of the 9-octyl-3,6-

di(thiophen-2-yl)-carbazole derivatives. 
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LITERATURE REVIEW 

 

The molecular origin of the electrical and optical properties presented by 

polythiophene, polyfluorene and other polyconjugated materials requires the 

intramolecular delocalization of the π-electrons along the conjugated chain. The 

degree of planarity has a direct influence on the effective conjugation length as well 

as the width of the π-bands including the optical band gap. Thus the knowledge of the 

backbone conformation of the polymers is very important. For example, it is 

responsible for the thermochromism that polythiophenes (Cesare et al., 1997), poly 

fluorenes (Blondin et al., 2000) and other polymers (Leclerc et al., 2001) exhibit in 

solution and in the solid state and can also be used to control both electrical and 

optical properties of these materials. Therefore conformational analysis studies on 

dimeric species which serve as a model for polymeric systems are of fundamental 

importance once it can provide useful information that can enable us to understand the 

behavior of the real polymer (Belletete et al., 2004). 

 

In synthetic chemistry, carbazole has been extensively exploited as a 

convenient building block for the development of biologically active compounds 

(Link et al., 1996), photorefractive materials (Zhang et al., 1998) and more recently, 

liquid crystals (Darbaro et al., 1997). The carbazole molecular moiety has been 

exploited in organic photorefractive materials in both polymeric and low-molecular 

weight systems (Zhang et al., 1997). Introduction of substituents on the 3- and 6-

positions of carbazole represents a possible approach for designing carbazole-based 

photorefractive materials. Additionally, by extending the central aromatic core and 

introducing flexible alkyl chains into the periphery of the molecular architecture as 

required for liquid crystals design it should be possible to obtain a structure that is 

both  photorefractive and liquid crystalline and, therefore, superior for photorefractive 

applications (Belloni et al., 2005). A synthetic route to the synthesis of 3,6-bis 

(thiophen-2-yl)-9-(2-ethyl-hexyl)carbazole by Suzuki cross-coupling (Promarak et al., 

2007). Alkyl carbazole was used and synthesized. The alkyl substituents would 

provide good solubility to the desired products in common organic solvents. 
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Carbazole is a prototypical organic molecule that has shown potential for 

technological applications (Romero et al., 1996). The synthesis and application of 

carbazole derivatives has been of great interest for chemists and materials scientists 

due to their intrinsic photophysical properties, high thermal stabilities, photochemical 

stabilities (Shi et al., 2010; Morin et al., 2002) and redox properties i.e., they exhibit 

relatively intense luminescence and undergo reversible oxidation processes making 

them suitable as hole transporting mobility. Two basic properties of the fully aromatic 

carbazolyl group are the easy oxidizability of nitrogen atom and its ability to transport 

positive charge centers via the radical cation species (Grigalevicius et al., 2006). Such 

derivatives are finding various applications in photoconductors (Law et al., 1993) 

field effect transistors (Dimitrakopoulos et al., 2002) and in particular as organic 

photorefractive materials and components of electroluminescent devices (Shirota et 

al., 2000). Carbazole derivatives are also widely used as building blocks for potential 

organic semiconductors, especially for organic light-emitting diodes (Feng et al., 

2006). Its ring can be easily functionalized by covalently linked to other molecules 

(Shi et al., 2010).  

 

The ground and excited states of covalently linked 2-carbazole-based dimer 

were investigated by theoretical methods and by UV-vis and fluorescence 

spectroscopy. Geometry optimizations of the ground state of N,N’-diethyl-2,2’-

bicarbazole (CC), 2-(N-ethylcarbazol-2-yl)-thiophene (CT), and 2-(N-ethylcarbazol-2-

yl)-9,9-diethylfluorene (CFl) were carried out at the restricted Hartree-Fock level 

(RHF/6-31G(d)). The derivative is non-planar in their ground electronic states 

(Belletete et al., 2004). The ground state optimized structures and energies are 

obtained using the molecular orbital theory and the density functional theory (DFT). 

The potential energy curves of the dimers are also obtained. All molecules are non-

planar in their electronic ground states (Gong et al., 2008). The S2 ← S0 electronic 

transition possesses much larger oscillator strength and is polarized along the x-axis. 

Electronic transition energies from the relaxed excited states have been obtained from 

ZINDO/S calculations performed on the optimized geometries of S1 and S2. It is 

found that the electronic transition energies from the first relaxed excited state are 

close to those determined experimentally from the fluorescence spectra recorded in n-
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hexane. CT possesses a shorter conjugation length (10.6 Å) than CC (14.8 Å). Thus, 

this behavior shows that a thiophene ring possesses better electron donor properties 

than a carbazole unit (Belletete et al., 2004). 

 

 Promarak et al (2007) studied the synthesis of novel N-carbazole end-capped 

π-conjugated bisthiophenyl derivatives by Suzuki cross-coupling and Ullmann 

reactions. They investigated the optical, thermal and electrochemical properties. The 

results were shown that    UV–vis absorption spectra displayed bathochromic shift with 

respect to their conjugated backbones and photoluminescence spectra showed 

emission maxima in the blue region. Thermal analysis revealed that they are thermally 

stable semi-crystalline and amorphous materials and all molecules exhibited good 

electrochemical stability. 

 

The preparation of a carbazole copolymer alternating 3,6-linked-9-alkyl-9H-

carbazole units and 2,7-linked-3,6-dimethyl 9alkyl-9H-carbazole units has been 

achieved using Suzuki cross-coupling method. The characteristic polymer was stable 

up to 420 °C and has a band gap of 3.2 eV. Fluorescence studies indicated that the 

polymer has a particularly narrow emission band around 400 nm (Pickup et al., 2009). 

The solution spectra are blue shifted in comparison with those from poly(9-alkyl-9H-

carbazole-3,6-diyl)s (≈425 nm) (Iraqi and wataru., 2004) and are similar to those of 

poly(3,6-dimethyl-9-alkyl-9H-carbazole-2,7-diyl)s (≈397 nm) (Iraqi et al., 2006). 

 

 In 2006, Doskocz and coworker investigated on the ground-state geometries of 

the studied monomers and short oligomers were optimized by applying the density 

functional theory (DFT) using the B3LYP/6-311G(d,p). The calculations were 

performed for a selected group of compounds based on carbazole and fluorene 

substituted symmetrically by thiophene, ethylenodioxythiophene, furane, and pyrrole. 

Studies of the variation in the properties are a function of the chemical composition of 

the central fragment and the external rings. They were found that the substitution in 

positions 2,7 of the central fragment leads to a smaller energy gap compared to its 

analogue with the substitution in the 3,6 positions. The smallest HOMO-LUMO gap 

is found in derivatives of ethylenedioxythiophene. 
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 In 2007, Suramitr and coworker investigated on conformation and vertical 

excitation energies of carbazole-based molecules were carried out by B3LYP 

calculations with 6-31G, 6-31G(d) and 6-311G(d,p) basis set. Carbazole-based 

molecules combined with five-membered (Cz-co-Thiophene (Cz-co-Th)N and Cz-co-

Furan (Cz-co-F)N) and six-membered (Cz-co-Fluorene (Cz-co-Fl)N and Cz-co-Phenyl 

(Cz-co-P)N) aromatic rings. The analyses of potential energy surfaces and torsional 

angles for carbazole-based oligomers give that these copolymerized with five-

membered aromatic rings are more planar than those copolymerized with six-

membered ring. The excitation energies calculated by TD-B3LYP are comparing with 

those of TD-PBE1PBE and agree with experimental data. For carbazole-based 

oligomers were found that the vertical excitation with the S1 state plays a major role. 

The behavior of these molecules depends on the number of chain length and this can 

be explained by the HOMO-LUMO orbital. 
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MATERIALS AND METHODS  

 

Synthesis and Characterization 

 

1. Materials          

-  5-Acetyl-2-thiopheneboronic acid (C6H7BO3S) 

 -  1-Bromooctane (CH3(CH2)7Br) 

-  1-Bromo-2,5-pyrrolidinedione (NBS, C4H4BrNO2) 

-  9H-carbazole (C12H9N) 

-  Dimethyl sulfoxide (DMSO, C2H6OS) 

-  Disodium carbonate (Na2CO3) 

-  N,N-dimethylmethannamide (DMF, C3H7NO) 

-  Ethanol (C2H5OH) 

-  Ether 

-  5-Formyl-2-thiopheneboronic acid (C5H5BO3S) 

-  Hexane (C6H14) 

-  Magnesium sulfate (MgSO4) 

-  5-Methyl-2-thiopheneboronic acid (C5H5BO3S) 

-  Sodium hydroxide (NaOH) 

-  Tetrahydrofuran (THF, C4H8O) 

-  Tetrakis(triphenylphosphine)palladium (Pd(PPh3)4) 

-  2-Thienylboronic acid (C4H5BO2S) 

 

2. Instruments 

 

1
H- NMR analyses was carried out using a VARIAN 

UNITY
 INOVA 

spectrometer which operated at 400.00 MHz for 
1
H in deuterated chloroform (CDCl3) 

with tetramethysilane (TMS) as an internal reference. UV analysis was done with 

Perkin Elmer Lambda 35 UV-Vis spectrophotometer, using a quartz cell with 1 cm 

path length. Fluorescence analysis was obtained using Perkin Elmer Instruments LS55 

fluorescence spectrophotometer. Thermogravimetric analysis (TGA) was performed 



12 

 

under nitrogen atmosphere at heating rate of 10 C/min on a Perkin Elmer TGA-7 

thermal analyzer.  

 

3. Synthesis 

       

        The solid state structure of 9-octyl-3,6-di(thiophen-2-yl)-carbazole derivatives 

have been investigated (Figure 3). 

 

 

 

 

 

Figure 3  Synthesis of 9-octyl-3,6-di(thiophen-2-yl)-carbazole derivatives.  

                (R =  -CH3, -COCH3 and -CHO) 
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3.1 Synthesis of 3,6-dibromo-9H-carbazole (A2) 

 

 

         (A1)                     (A2) 

 

Carbazole (A1) (35.65 g, 0.213 mol) was dissolved in dimethylformamide 

(DMF) (400 ml) in a 1000 ml three-necked flask. After the solution was cooled to 0 

°C, N-bromosuccinimide (NBS) (75.89 g, 0.426 mol) in DMF was added dropwise 

through a dropping funnel. The mixture was allowed to warm to room temperature 

and stirred for an additional 2 h. The mixture was then poured into water (2000 ml). 

The white precipitates collected by filtration were recrystallized from ethanol to give 

colorless crystals. 

 

1
H-NMR (DMSO,  ppm): 7.45 (2H, dd, -Ar-H), 7.52 (2H, dd, -Ar-H), 8.41 (2H, dd,  

-Ar-H), 11.57 (1H, s, -NH) 

 

3.2 Synthesis of 3,6-Dibromo-9-octyl-carbazole (A3) 

 

To a 250-mL threenecked flask containing 3,6-dibromo-9H-carbazole (A2) 

(16.25 g, 50 mmol) in DMSO (100 ml) were added 1-bromooctane (14.48 g, 75 

mmol) and 50% NaOH solution (50 ml). The mixture was stirred at room temperature 

for 4 h, after which ether (100 ml) and deionized water (100 ml) were added. The 

organic layer was washed with brine and water and dried over MgSO4. After filtration 

and evaporation of the solvent, the resulting solid was dissolved in hexane and 

purified by passing through a silica gel column. Recrystallization from heptanes 

produced white crystals. 
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         (A2)              (A3) 

 

1
H-NMR (CDCl3,  ppm): 0.77-0.80 (3H, t, -CH3), 1.16–1.23 (12H, m, -CH2), 4.15 

(2H, t, -CH2), 7.14 (2H, s, -Ar-H), 7.49 (2H, d, -Ar-H), 8.07 (2H, s, -Ar-H) 

 

3.3 Synthesis of 9-octyl-3,6-di(thiophen-2-yl)-carbazole (Th-3,6Cz-Th-H)  

 

                                               

                 (A3)      (Th-3,6Cz-Th-H) 

 

A mixture of 3,6-Dibromo-9-octyl-9H-carbazole (A3) (0.23 g, 0.7 mmol), 2-

thiopheneboronic acid (0.2 g, 1.56  mmol),  Pd(PPh3)4 (0.0116 g, 0.01 mmol) and 2 M 

Na2CO3 aqueous solution (15 ml, 30 mmol) in THF (20 ml) was stirred at reflux under 

N2 atmosphere for 24 h. Water (150 ml) and CH2Cl2 (150 ml) were added. The 

organic phase was separated, washed with water (150 ml), brine solution (100 ml), 

dried over anhydrous Na2SO4, filtered, and the solvents removed to dryness. 

Purification by column chromatography using silica gel eluting with hexane gave 

light green solids. 

 

1
H-NMR (CDCl3,  ppm): 0.88–0.98 (6H, m, -CH3), 1.27–1.47 (8H, m, -CH2), 2.07–

2.11 (1H, m, -CH), 4.16 (2H, dd, J=7.8 Hz, J=1.8 Hz, -CH2-N), 7.14 (2H, dd, J=5.1 
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Hz, J=3.6 Hz, -CH), 7.29 (2H, dd, J=5.1 Hz, J=1.2 Hz, -CH), 7.38–7.40 (4H, m), 7.75 

(2H, dd, J=8.4 Hz, J=1.8 Hz, -Ar-H), 8.36 (2H, d, J=1.8 Hz, -Ar-H) 

 

3.4 Synthesis of 3,6-bis(5-methylthiophen-2-yl)-9-octyl-9H-carbazole (Th-

3,6Cz-Th-CH3)  

                                            

                (A3)                                (Th-3,6Cz-Th-CH3) 

 

A mixture of 3,6-Dibromo-9-octyl-9H-carbazole (A3) (0.23 g, 0.7 mmol), 5-

Methyl-2-thienylboronic acid (0.2215 g, 1.56  mmol),  Pd(PPh3)4 (0.0116 g, 0.01 

mmol) and 2 M Na2CO3 aqueous solution (15 ml, 30 mmol) in THF (20 ml) was 

stirred at reflux under N2 atmosphere for 24 h. Water (150 ml) and CH2Cl2 (150 ml) 

were added. The organic phase was separated, washed with water (150 ml), brine 

solution (100 ml), dried over anhydrous Na2SO4, filtered, and the solvents removed to 

dryness. Purification by column chromatography using silica gel eluting with hexane. 

 

1
H-NMR (CDCl3,  ppm): 0.88 (3H, m, -CH3), 1.25–1.73 (12H, m, -CH2), 2.61 (6H, 

s, -CH3), 6.60 (2H, d, -CH), 6.70 (2H, d, -CH), 7.34 (4H, m, -Ar-H), 7.58 (2H, s, -Ar-

H) 

 

3.5 Synthesis of 5,5’-(9-octyl-carbazole-3,6-diyl)-dithiophene-2-carbalde- hyde 

(Th-3,6Cz-Th-CHO)  

 

A mixture of 3,6-Dibromo-9-octyl-9H-carbazole (A3) (0.23 g, 0.7 mmol), 5-

Formyl-2-thiopheneboronic acid (0.243 g, 1.56  mmol),  Pd(PPh3)4 (0.0116 g, 0.01 

mmol) and 2M Na2CO3 aqueous solution (15 ml, 30 mmol) in THF (20 ml) was 

stirred at reflux under N2 atmosphere for 24 h. Water (150 ml) and CH2Cl2 (150 ml) 
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were added. The organic phase was separated, washed with water (150 ml), brine 

solution (100 ml), dried over anhydrous Na2SO4, filtered, and the solvents removed to 

dryness. Purification by column chromatography using silica gel eluting with hexane. 

 

                                      

                (A3)                         (Th-3,6Cz-Th-CHO) 

 

1
H-NMR (CDCl3,  ppm): 0.79 (3H, m, -CH3), 1.29 (8H, m, CH2), 1.31 (2H, m, -CH2-

CH3), 4.16 (2H, t, -CH2-N), 7.58 (2H, d, -CH), 7.88 (2H, dd, -CH), 7.91 (1H, d, -CH), 

7.99-8.00 (4H, d, -CH), 9.84 (2H, s, H-C=O) 

 

3.6 Synthesis of 1,1’-(5,5’-(9-octyl-carbazole-3,6-diyl)-bis-(thiophene-5,2-diyl 

))-diethanone (Th-3,6Cz-Th-COCH3)  

 

Pd(PPh3)4, K2CO3,

2M Na2CO3, THF

reflux, 63%
N

Br
Br

C8H17

S B(OH)2H3COC S

N

S

C8H17

CC

O

H3C

O

CH3

 

                (A3)                        (Th-3,6Cz-Th-COCH3) 

 

A mixture of 3,6-Dibromo-9-octyl-9H-carbazole (A3) (0.23 g, 0.7 mmol), 5-

Acetyl-2-thienylboronic acid (0.265 g, 1.56  mmol),  Pd(PPh3)4 (0.0116 g, 0.01 mmol) 

and 2 M Na2CO3 aqueous solution (15 ml, 30 mmol) in THF (20 ml) was stirred at 

reflux under N2 atmosphere for 24 h. Water (150 ml) and CH2Cl2 (150 ml) were 

added. The organic phase was separated, washed with water (150 ml), brine solution 

(100 ml), dried over anhydrous Na2SO4, filtered, and the solvents removed to dryness. 
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Products were purified by column chromatography using silica gel eluting with 

hexane. 

 

1
H-NMR (CDCl3,  ppm): 0.79 (3H, m, -CH3), 1.17 (8H, m, -CH2), 1.33 (2H, m,         

-CH2-CH3), 1.73 (2H, m, -CH2), 2.49 (6H, s, -CH3), 4.24 (2H, t, -CH2-N), 7.00 (2H, d, 

-CH), 7.34 (4H, m, -Ar-H), 7.50 (2H, d, -CH), 7.58 (2H, d, -Ar-H) 
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METHODS OF CALCULATIONS 

 

Quantum Chemical Calculations 

 

Quantum chemical calculation is the application of chemical, mathematical 

and computational skills to the approximations of chemistry problems. It uses 

computers to generate information such as properties of structure and dynamic 

molecular system.  It also helps predict before running the actual experiments so that 

they can be better prepared for making observations. Theoretical studies are an 

important to approximate the electronic structure determinations, geometry 

optimizations, frequency calculations, transition structures, protein calculations, 

electron and charge distributions, potential energy surfaces (PES), rate constants for 

chemical reactions (kinetics), thermodynamic calculations heat of reactions and 

energy of activation of molecular system with common computer software. In 

addition, the experimental cannot be explained with the electron term. Computational 

quantum chemistry is one of the challenging tasks in calculating the electronic 

structure and predicting properties of variety of molecules. This approach can be 

provided molecular models and guide the design of novel molecules. 

 

1. Model of calculation 

 

  Starting geometries of 9-octyl-3,6-di(thiophen-2-yl)-carbazole derivatives, 

9-octyl-3,6-di(thiophen-2-yl)-carbazole (Th-3,6Cz-Th-H), 1,1’-(5,5’-(9-octyl-carbazol 

-3,6-diyl)-bis-(thiophene-5,2-diyl))-diethanone) (Th-3,6Cz-Th-COCH3), 3,6-bis(5me- 

thylthiophen-2-yl)-9-octyl-carbazole (Th-3,6Cz-Th-CH3), and 5,5’-(9-octyl-carbazole 

-3,6-diyl)-dithiophene-2-carbaldehyde (Th-3,6Cz-Th-CHO) were constructed by 

molecular modeling. The molecular structure of Th-3,6Cz-Th-H composed of the two 

thiophene rings. Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, Th-3,6Cz-Th-CHO are 

similar structure to that of Th-3,6Cz-Th-H but they are replaced by methyl, acetyl and 

formyl group on hydrogen atom on the thiophene group. The structures of all 

molecule as shown in Figure 4 and 5. Then the ground state geometry of their 

molecules was determined by a full optimization using the density functional theory 

M5 
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(DFT) level. The basis set 6-31G(d) has been used for the geometries optimization. 

All calculations were performed using the Gaussian 09 program package. 

 

2. Conformation Analysis 

 

In this study, the Th-3,6Cz-Th-H conformation was investigated. The 

bond length, bond angle and torsion angle were calculated using PBE0 method with          

6-31G(d) basis set. The main chain structure (C1-C14 atoms) was considered for 

conformational analysis of the bond length parameter. The units (C3-C4-C5-C6 and 

C9-C10-C11-C12) were studies with the bond angle and torsion angle which is 

directly connected to backbone for Th-3,6Cz-Th-H structure. Moreover, the alkyl 

substituents at N atom play an important role in the solubility and do not affect the 

electronic structure and optical properties. Therefore, we might neglect the 

appearance of alkyl group at that position here.  Consequently, the models and also 

the atom number used in this study are shown in Figure 4(a). 
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Figure 4  Schematic diagram of Th-3,6Cz-Th-H (a) and Th-3,6Cz-Th-CH3 (b) 

structures.  

 

(a) 

(b) 
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Figure 5  Schematic diagram of Th-3,6Cz-Th-CHO (a) and Th-3,6Cz-Th-COCH3 (b) 

structures. 

 

 

 

(a) 

(b) 



22 

 

3. Electronic Properties 

 

3.1  Absorption and Emission properties 

 

The electronic transitions were calculated by time-dependent density 

function theory (TDDFT) method employing the basis set 6-311G(d,p) based on the 

PBE0/6-31G(d) optimized geometries in the Gaussian 09 program packages. The 

excitation energies and emission transition energies calculations of all molecules have 

been carried out at TD-PBE0/6-311G(d,p) level by using Gaussian 09 program 

packages. 

 

3.2  Fluorescence Energy and Radiative lifetime 

 

The fluorescence energy as the emission transition energies was 

obtained from the vertical de-excitation at the optimized first singlet excite state using 

TD-PBE0/6-311G(d,p) method. Radiative lifetime can be calculated on the 

fluorescence energy and oscillator strengths according to the following formula 

(Bransden and Joachain, 1983). 

 

fE

c

flu

2

3

)(2
  

 

Where c is the velocity of light, Eflu is the fluorescence transition 

energy and ƒ is oscillator strength. Fluorescence or radiative lifetime provides 

information useful in discrimination of particles which the long conjugated system 

leads to a decrease of lifetime.  
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RESULTS AND DISCUSSION 

 

Synthesis and Characterization 

 

1. Synthesis 

 

1.1 Synthesis of 9-octyl-3,6-di(thiophen-2-yl)-carbazole (Th-3,6Cz-Th-H) 

 

The syntheses of 9-octyl-3,6-di(thiophen-2-yl)-carbazole (Th-3,6Cz-Th-

H) was started by treat carbazole with N-bromosuccinimide (NBS) as a brominating 

reagents to give the corresponding dibromo compound. 3,6-dibromo-9H-carbazole 

(A2) can be easily obtained using dimethylformamide (DMF) at 0 C. The compound 

3 (A3) was substituted with the alkyl group with bromooctane (BrC8H17) in dimethyl 

sulfoxide (DMSO). The Th-3,6Cz-Th-H was obtained by coupling of the resultant 

dibromo compound with 2-thiopheneboronic acid under Suzuki reaction to afford the 

product in 29.78% yield. This synthesis method of Th-3,6Cz-Th-H was prepared 

consisting of a central carbazole core disubstituted with two thiophene rings. 

 

The spectrum of 
1
H-NMR measurement was shown in Appendix A. The 

1
H-NMR spectrum of Th-3,6Cz-Th-H was easily obtained because it can be dissolved 

in d-chloroform (CDCl3) at room temperature. The 
1
H-NMR spectrum exhibits the 

chemical shift of alkyl side chain in the region of 0.88-4.16 ppm. The aromatic group 

(carbazole ring) signal appears at 7.40-8.36 ppm. The thiophene-H shows douplet of 

douplet (dd) at 7.29 ppm with a coupling constant of 5.1 amd 1.2 Hz. The thiophene 

protons signals are attributed to thienyl proton adjacent sulfur atom on thiophene ring.  

 

1.2 Synthesis of 3,6-bis(5-methylthiophen-2-yl)-9-octyl-9H-carbazole (Th-3,6 

Cz-Th-CH3) 

 

The syntheses of 3,6-bis(5-methylthiophen-2-yl)-9-octyl-9H-carbazole 

(Th-3,6Cz-Th-CH3) was started by treat carbazole with N-bromosuccinimide (NBS) 

as a brominating reagents to give the corresponding dibromo compound. 3,6-dibromo-
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9H-carbazole (A2) can be easily obtained using dimethylformamide (DMF) at 0 C. 

The compound 3 (A3) was substituted with the alkyl group with bromooctane 

(BrC8H17) in dimethyl sulfoxide (DMSO). The Th-3,6Cz-Th-CH3 was obtained by 

coupling of the resultant dibromo compound with 5-Methyl-2-thienylboronic acid 

under Suzuki reaction to afford the product as solid in 22.07% yield. This synthesis 

method of Th-3,6Cz-Th-CH3 was prepared consisting of a central carbazole core 

disubstituted with two thiophene rings that substituent at 5-position of thiophene rings 

with methyl group. 

 

The spectrum of 
1
H-NMR measurement was shown in Appendix A. The 

1
H-NMR spectrum of Th-3,6Cz-Th-CH3 was easily obtained because it can be 

dissolved in d-chloroform (CDCl3) at room temperature. The 
1
H-NMR spectrum 

exhibits the chemical shift of alkyl side chain in the region of 0.88-1.73 ppm. The 

aromatic group (carbazole ring) signal appears at 7.34-7.58 ppm. The thiophene-H 

shows douplet (d) at 6.70 ppm. The methyl group (-CH3) signal appears at 2.61 ppm. 

The thiophene protons signals are attributed to thienyl proton adjacent sulfur atom on 

thiophene ring.  

 

1.3 Synthesis of 5,5’-(9-octyl-carbazole-3,6-diyl)-dithiophene-2-carbaldehyde 

(Th-3,6Cz-Th-CHO) 

 

The syntheses of 5,5’-(9-octyl-carbazole-3,6-diyl)-dithiophene-2-carbalde 

hyde was started by treat carbazole with N-bromosuccinimide (NBS) as a brominating 

reagents to give the corresponding dibromo compound. 3,6-dibromo-9H-carbazole 

(A2) can be easily obtained using dimethylformamide (DMF) at 0 C. The compound 

3 (A3) was substituted with the alkyl group with bromooctane (BrC8H17) in dimethyl 

sulfoxide (DMSO). The Th-3,6Cz-Th-CHO was obtained by coupling of the resultant 

dibromo compound with 5-Formyl-2-thiopheneboronic acid under Suzuki reaction to 

afford the product as solid in 31.41% yield. This synthesis method of Th-3,6Cz-Th-

CHO was prepared consisting of a central carbazole core disubstituted with two 

thiophene rings and substituent at 5-position of thiophene rings with formyl group. 
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The spectrum of 
1
H-NMR measurement was shown in Appendix A. The 

1
H-NMR spectrum of Th-3,6Cz-Th-CHO was easily obtained because it can be 

dissolved in d-chloroform (CDCl3) at room temperature. The 
1
H-NMR spectrum 

exhibits the chemical shift of alkyl side chain in the region of 0.79-4.16 ppm. The 

aromatic group (carbazole ring) signal appears at 7.58-7.88 ppm. The thiophene-H 

shows douplet (d) at 7.91 ppm. The formyl group (CHO) signal appears at 9.84 ppm. 

The thiophene protons signals are attributed to thienyl proton adjacent sulfur atom on 

thiophene ring. 

 

1.4 Synthesis of 1,1’-(5,5’-(9-octyl-carbazole-3,6-diyl)-bis-(thiophene-5,2diyl 

))-diethanone (Th-3,6Cz-Th-COCH3) 

 

The syntheses of 1,1’-(5,5’-(9-octyl-carbazole-3,6-diyl)-bis-(thiophene-

5,2-diyl))-diethanone (Th-3,6Cz-Th-COCH3) was started by treat carbazole with N-

bromosuccinimide (NBS) as a brominating reagents to give the corresponding 

dibromo compound. 3,6-dibromo-9H-carbazole (A2) can be easily obtained using 

dimethylformamide (DMF) at 0 C. The compound 3 (A3) was substituted with the 

alkyl group with bromooctane (BrC8H17) in dimethyl sulfoxide (DMSO). The Th-

3,6Cz-Th-COCH3 was obtained by coupling of the resultant dibromo compound with 

5-Acetyl-2-thienylboronic acid under Suzuki reaction to afford the product as solid in 

56.63% yield. This synthesis method of Th-3,6Cz-Th-COCH3 was prepared consisting 

of a central carbazole core disubstituted with two thiophene rings that substituent at 5-

position of thiophene rings with acetyl group. 

 

The spectrum of 
1
H-NMR measurement was shown in Appendix A. The 

1
H-NMR spectrum of Th-3,6Cz-Th-COCH3 was easily obtained because it can be 

dissolved in d-chloroform (CDCl3) at room temperature. The 
1
H-NMR spectrum 

exhibits the chemical shift of alkyl side chain in the region of 0.79-1.33 ppm. The 

aromatic group (carbazole ring) signal appears at 7.34 and 7.58 ppm. The thiophene-H 

shows douplet (d) at 7.00 and 7.50 ppm. The acetyl group (COCH3) signal appears at 

2.55 ppm. The thiophene protons signals are attributed to thienyl proton adjacent 

sulfur atom on thiophene ring.  
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2. Absorption Properties 

 

The absorption spectra of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-

CHO and Th-3,6Cz-Th-COCH3 in dichloromethane solution are depicted in Figure 6. 

The max of UV-vis spectra for Th-3,6Cz-Th-H are 252 and 302 nm, the maximum 

absorption of Th-3,6Cz-Th-CH3 occur at 298 nm, the maximum absorption of Th-

3,6Cz-Th-COCH3 occur at 318, 356 and 365 nm as red shifts with a shoulder, the 

maximum absorption of Th-3,6Cz-Th-CHO occur at 250 and 393 nm as red shifts 

with a shoulder.  The compound of Th-3,6Cz-Th-COCH3 and Th-3,6Cz-Th-CHO are 

bathochromic shifts in absorption, as compared to Th-3,6Cz-Th-H, is presumably due 

to the acetyl group and formyl group which are electron withdrawing groups on the 

thiophene ring. In addition, there are two main peaks in UV-vis spectra of both 

compounds. One is due to the π-π* transition of delocalized π electron along the 

conjugated main chain in long wavelength and another is due to the n-π* electron 

transition to the side chain in short wavelength.   
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Figure 6  Absorption spectra of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-

COCH3 and Th-3,6Cz-Th-CHO in CH2Cl2 solution. 

 

The low energetic edge of absorption spectrum of Th-3,6Cz-Th-H is 302 nm, 

which corresponds to a band gap (Eg) of 4.10 eV. While the absorption onset for Th-

3,6Cz-Th-CH3 is 298 nm, corresponding to a band gap (Eg) of 4.16 eV, the absorption 

onset for Th-3,6Cz-Th-COCH3 is 365 nm, corresponding to a band gap (Eg) of 3.39 

eV, the absorption onset for Th-3,6Cz-Th-CHO is 393 nm, corresponding to a band 

gap (Eg) of 3.16 eV, as summarized in Table 1. Th-3,6Cz-Th-CHO shows lower band 

gap than Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3 as decreasing 

disorder in the conjugated system due to steric hindrance of the electron-withdrawing 

formyl group effect.  These results could conclude that there is a stronger interchain 

interaction in Th-3,6Cz-Th-CHO, which leads to more coplanar backbone structure 

than that Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3 structure. 
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Table 1  Optical data of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, 

and Th-3,6Cz-Th-CHO measured in dichloromethane solution 

 

Compound 
Absorption Fluorescence 

λmax (nm) Eg (eV)
b
 λmax (nm) Eg (eV)

b
 ΦF 

Th-3,6Cz-Th-H 

Th-3,6Cz-Th-CH3 

Th-3,6Cz-Th-COCH3 

Th-3,6Cz-Th-CHO 

302 

298 

365 

393 

4.10 

4.16 

3.39 

3.16 

405 

356 

457 

475 

3.06 

3.48 

2.71 

2.61 

0.25 

0.20 

0.57 

0.79 

 

a
Measured in a CH2Cl2 solution. 

b
 Estimated from the wavelength (Eg=1240/λmax) 

 

3. Emission Properties 

 

The emission spectra of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-

COCH3 and Th-3,6Cz-Th-CHO in dichloromethane at room temperature are shown in 

Figure 7. The maximum wavelength of emission spectra of Th-3,6Cz-Th-H is 405 

nm. Whereas, Th-3,6Cz-Th-CH3 with substituted methyl groups in  5-position of 

thiophene ring in the emission spectra is 356 nm, Th-3,6Cz-Th-COCH3 with 

substituted acetyl groups in  5-position of thiophene ring in the emission spectra is 

457 nm, Th-3,6Cz-Th-CHO with substituted formyl groups in  5-position of 

thiophene ring in the emission spectra is 475 nm.   
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Figure 7  Emission spectra of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-

COCH3 and Th-3,6Cz-Th-CHO measured in dichloromethane solution. 

 

Stokes shifts is the difference between of the absorption wavelength and 

emission wavelength. Stokes shifts of Th-3,6Cz-Th-H is 103 nm, whereas Th-3,6Cz-

Th-CH3 is 58 nm, Th-3,6Cz-Th-COCH3 is 92 nm. Th-3,6Cz-Th-CHO is 82 nm. The 

results indicated that their main chain structures are rather rigid. However, the 

photophysical properties of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3 

are blue light emission, while Th-3,6Cz-Th-CHO exhibit as blue-green light 

emission. It is noteworthy that it can be used as new luminescence materials in the 

fabrication of OLED based full-color displays. 
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4. Fluorescence quantum yield 

 

In optical spectroscopy, the quantum yield is the probability that a given 

quantum state is formed from the system initially prepared in some other quantum 

state. For example, a singlet to triplet transition state cross over to the triplet state. The 

fluorescence quantum yield gives the efficiency of the fluorescence process. It is 

defined as the number of photons emitted. The fluorescence quantum yields of the Th-

3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO 

compounds were measured in dichloromethane at room temperature by a relative 

method using quinine sulfate in sulfuric acid as a standard. The fluorescence quantum 

yields were calculated from the equation 
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In the above equation, ø is the fluorescence quantum yield, F is the integration 

of the emission intensities, n is the index of reflection of the solution and A is the 

absorbance at the excitation wavelength, the subscripts 'r' and 's' denote the reference 

and unknown samples, respectively. The fluorescence quantum yield (ø) were 

collected in Table 1. As shown in Table 1, the fluorescence quantum yield of the Th-

3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO are 

0.25, 0.20, 0.57 and 0.79, respectively. The Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-

CHO compounds showed high fluorescence quantum yields. 
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Quantum Chemical Calculations 

 

1. Ground state and Excited state Structural Properties  

 

The density function theory (DFT) method has been used for the purpose of 

conformation analysis. Bongini and Bottoni (1999) pointed that the DFT approach 

provides a good description of the conformation properties of oligomer and 

polythiophenes, which is agreement with the experimental evidence. Therefore, it will 

be useful to examine the structural parameters of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, 

Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO geometries based molecules with 

PBE0 functional method. Preliminary calculations all of the Th-3,6Cz-Th-H, Th-

3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO structures were 

performed by using PBE0/6-31G(d) method for the ground state optimization (S0) and 

TD-PBE0/6-31G(d) method for the first singlet excited state optimized geometries 

(S1). The structural parameters in term of bond length were considered on backbone 

structure while the bond angle and torsion angle were studied only for thiophene-

carbazole bridge position. Which it defined structures by excellent model systems that 

can be used to study conformation of all structures corresponding to the experimental 

results.  In order to understand structural properties of the molecule, the ground state 

(S0) and the first singlet excited state (S1) geometries, bond length, bond angle and 

torsion angle, of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-

3,6Cz-Th-CHO geometries were investigated. 
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Figure 8  Schematic represents the bond number on the backbone structure of Th-

3,6Cz-Th-R (R = -H, -CH3, -COCH3 and -CHO) molecule.  
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Table 2  Optimized bond lengths (in Å) of Th-3,6Cz-Th-R (R = H, CH3, COCH3 and 

CHO) obtained from PBE0/6-31G(d) and TD-PBE0/6-31G(d)  methods 

 

Bond 

length (Å) 

R=H R=CH3 R=COCH3 R=CHO 

S0 S1 S0 S1 S0 S1 S0 S1 

C1-C2 

C2-C3 

C3-C4 

C4-C5 

C5-C6 

C6-C7 

C7-C8 

C8-C9 

C9-C10 

C10-C11 

C11-C12 

C12-C13 

C13-C14 

BLA 

1.365 

1.421 

1.375 

1.465 

1.398 

1.392 

1.444 

1.392 

1.398 

1.465 

1.375 

1.421 

1.365 

0.051 

1.371 

1.413 

1.395 

1.449 

1.421 

1.403 

1.425 

1.402 

1.421 

1.449 

1.385 

1.413 

1.371 

0.036 

1.368 

1.422 

1.373 

1.464 

1.399 

1.392 

1.444 

1.392 

1.399 

1.464 

1.372 

1.422 

1.368 

0.051 

1.374 

1.412 

1.385 

1.448 

1.421 

1.403 

1.425 

1.403 

1.421 

1.447 

1.385 

1.412 

1.375 

0.034 

1.378 

1.409 

1.383 

1.462 

1.400 

1.391 

1.444 

1.391 

1.400 

1.462 

1.383 

1.409 

1.378 

0.039 

1.394 

1.393 

1.404 

1.432 

1.427 

1.373 

1.459 

1.373 

1.427 

1.432 

1.404 

1.393 

1.394 

0.016 

1.380 

1.407 

1.385 

1.461 

1.400 

1.390 

1.444 

1.390 

1.400 

1.461 

1.385 

1.407 

1.380 

0.038 

1.395 

1.392 

1.404 

1.432 

1.427 

1.373 

1.459 

1.373 

1.426 

1.432 

1.404 

1.392 

1.395 

0.016 

 

 The C-C and C=C bond lengths of the optimized structures for the Th-3,6Cz-

Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO are listed in 

Table 2.  The bond length values were considered as the distance between the carbon 

atoms on the main chain structure. Unfortunately, from our knowledge, there is no   

X-ray structure of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-

3,6Cz-Th-CHO structure available in literature. Therefore, this structural parameter 

with the quantum chemical calculations can be predicted the conformational analysis 

in this study. According to the results, in all cases the single bond lengths (C-C) 

became shorter and the double bond lengths (C=C) became larger, presented in Figure 

8. The bond length was compared between Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-

3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO structure based on optimized geometries 

of the ground state (S0) and the first singlet excited sate (S1). The excitation to the S1 
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state relaxes the bond alternation, the single bond lengths (see bond number C2-C3, 

C4-C5, C6-C7, C7-C8, C9-C10, C10-C11 and C12-C13)  were calculated to be 

contracted in the S1 state and the double bond lengths (see bond number C1-C2, C3-

C4, C5-C6, C8-C9, C11-C12 and C13-C14) to be longer as shown in Table 2. Our 

calculations indicated that the bond length alterations by electron donating 

substitutions (methyl groups) are significant only for carbazole ring position, whereas 

the bond length alterations by electron withdrawing substitutions (acetyl and formyl 

groups) are significant for thiophene ring position. 

 

Bond length changes in aromatic systems can also be described by bond length 

alternation (BLA). The BLA values for selected molecular fragment can be defined as 

the differences in the lengths between single bond and double bond between non-

hydrogen atoms. The positive and negative sign of BLA indicated that the molecular 

unit has an aromatic and quinoid isomer, respectively.  Thus, the BLA value can 

evaluated as following equations :  

 

     
        

       
   

        
       

  

 

Where d symbols denote the bond determined of single bond and double bond 

distances on the backbone structure. As can be seen from data in Table 2, the Th-

3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO 

optimized geometries of the ground state (S0) lead to increase of the BLA value, 

whereas the first singlet excited state (S1) is decreased of the BLA value. From 

positive sign of BLA of four structures, it can be concluded that the main chain 

structures (C1-C14 atoms) are aromatic isomer. 
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Figure 9  Optimized bond length and bond length alternation (BLA) of Th-3,6Cz-Th-

H of the S0 and S1 geometries as obtained from PBE0/6-31G(d) and TD-

PBE0/6-31G(d) methods, respectively. 
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Figure 10  Optimized bond length and bond length alternation (BLA) of Th-3,6Cz-

Th-CH3 of the S0 and S1 geometries as obtained from PBE0/6-31G(d) 

and TD-PBE0/6-31G(d) methods, respectively. 
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Figure 11  Optimized bond length and bond length alternation (BLA) of Th-3,6Cz-Th 

-COCH3 of the S0 and S1 geometries as obtained from PBE0/6-31G(d) and 

TD-PBE0/6-31G(d) methods, respectively. 
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Figure 12  Optimized bond length and bond length alternation (BLA) of Th-3,6Cz-Th 

-CHO of the S0 and S1 geometries as obtained from PBE0/6-31G(d) and 

TD-PBE0/6-311G(d,p) methods, respectively. 
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Figure 13  Schematic represent the bond numbering of Th-3,6Cz-Th-R (R = -H,  

                  -CH3,    -COCH3 and -CHO) molecule.  
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Table 3  Optimized torsion angle (in degree) of Th-3,6Cz-Th-R (R = H, CH3, COCH3 

and CHO) obtained from PBE0/6-31G(d) and TD-PBE0/6-31G(d)  

methods 

 

Torsion angle 

(degree) 

R=H R=CH3 R=COCH3 R=CHO 

S0 S1 S0 S1 S0 S1 S0 S1 

C3-C4-C5-C6 

C9-C10-C11-C12 

27.9 

27.8 

17.9 

17.8 

26.9 

26.8 

15.9 

16.2 

25.1 

25.9 

0.3 

0.3 

24.7 

24.5 

0.2 

0.3 

 

The structural parameters of the torsion angles units of the Th-3,6Cz-Th-R (R 

= H, CH3, COCH3 and CHO) geometries between ground state (S0) and first singlet 

excited state (S1) geometries are summarized in Table 3.  Investigation of the torsion 

angles of Th-3,6Cz-Th-R (R = H and CH3) from S0 geometries (around 27-28 

degrees) slightly larger than S1 geometries (around 16-18 degrees). The torsion angles 

of Th-3,6Cz-Th-R (R = COCH3 and CHO) from S0 geometries (around 25-26 

degrees) larger than S1 geometries (around 0.2-0.3 degrees). The ground-state 

structures of all molecules are non-planar with the torsion angle C3-C4-C5-C6 and 

C9-C10-C11-C12 (about ~25°) because of the steric repulsion. The excited state-

torsion angles are more planar than the ground state geometries with torsional angles 

around 180 or 0 degree.  The differences in the bond torsional angles between the 

ground and the lowest singlet excited state can be explained by considering the bond 

length changes. The results indicated that the bond length and torsion angle at S1 

geometries become closed to planar structure.   
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2. Electronic Properties 

 

2.1  Absorption Properties 

 

In order to understand the physical origin of optical transitions for the 

selected excitation energies, it is useful to examine the relevant (the highest) occupied 

and the lowest unoccupied molecular orbitals that play a dominant role. The PBE0/6-

31G(d) method was used on the basis of the ground state optimized structures to 

compute vertical electron excitation energies, the highest occupied molecular orbital 

(HOMO) and the lowest unoccupied molecular orbital (LUMO), absorption 

wavelength and oscillator strength (f) of all structures were investigated in this work 

(Table 4).  The calculated energies and absorption wavelength are compared with the 

experimental data in dichloromethane solution and quantum chemical calculation at 

TD-PBE0/6-311G(d,p) method optimized with PBE0/6-31G(d) level. The electronic 

transitions are described in detail below in term of the contribution to the excited state 

which the excitation take place.   

 

The absorption wavelengths, oscillator strengths and excitation character 

of Th-Cz-Th, CH3-Th-Cz-Th-CH3, COCH3-Th-Cz-Th-COCH3, and CHO-Th-Cz-Th-

CHO molecules are listed in Table 4, together with the experimental absorption 

spectra.  The results shown that the absorption spectra of Th-3,6Cz-Th-H, Th-3,6Cz-

Th-CH3, Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO (297.96, 334.16, 393.50 and 

402.47 nm) are agreed well with the experimental spectra (302, 298, 365 and 393 nm) 

in dichloromethane solution. Moreover, the absorption wavelength in PCM model of 

Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO in dichloro- 

methane is slightly red-shift than that the experimental results.  

 

 

 

 

 

 



42 

 

Table 4  The lowest excitation energies in eV and oscillator strength (f) in solvent 

phase (in dichloromethane) using TD-PBE0/6-311G(d,p) method and 

absorption of experimental data in CH2Cl2 solution for the Th-3,6Cz-Th-R 

(R = H, CH3, COCH3 and CHO) geometries. H denoted HOMO and L is 

LUMO.  

 

Electronic 

transitions 
Eg (eV) Eex (nm) f Transition state 

Experiment 

abs (nm) 

R=H      

S0S1 3.61 342.76 0.0147 HL (93%)                                                                      

302 

252 

S0S2 3.77 328.39 0.6536 HL+1 (94%)                                 

S0S3 4.16 297.96 0.6606 H-1L (88%)                              

S0S4 4.24 292.01 0.1952 HL+2 (96%) 

S0S5 4.43 279.42 0.3487 H-1L+1 (94%) 

 

R=CH3 

     

S0S1 3.55 348.97 0.0133 HL (94%)                                                                                                                                                 

298 

S0S2 3.71 334.16 0.8088 HL+1 (95%)                                   

S0S3 4.05 306.00 0.5525 H-1L (90%)                                

S0S4 4.18 296.50 0.2510 HL+2 (97%) 

S0S5 4.33 285.97 0.3225 H-1L+1 (96%) 

 

R=COCH3 

     

S0S1 3.15 393.50 1.0077 HL (97%)                                 

365 

356 

318 

S0S2 3.44 359.62 0.2130 HL+1 (99%) 

S0S3 3.63 341.04 0.0022 HL+2 (61%) 

S0S4 3.81 324.76 0.2205 H-1L (64%)                                                                 

S0S5 3.84 322.57 0.2375 H-1L+1 (68%) 
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Table 4 (Continued) 

 

Electronic 

transitions 
Eg (eV) Eex (nm) f Transition state 

Experiment 

abs (nm) 

R=CHO      

S0S1 3.08 402.47 1.0083 HL (97%)                                   

393 

250 

S0S2 3.38 366.45 0.1915 HL+1 (99%) 

S0S3 3.60 343.84 0.0306 H-1L (55%)                                                           

S0S4 3.76 329.53 0.0934 H-5L (32%) 

S0S5 3.76 329.06 0.0187 H-4L (43%) 

S0S6 3.78 327.57 0.2242 H-1L +1 (58%)                                                                     

 

It is interesting to the excitation energies calculated by TDDFT corresponding 

to the absorption wavelength are underestimated when compared to the maximum 

wavelength from experimental results, as shown in Table 4. The calculated S0→S1 

absorption energies, transition stated (H denoted HOMO and L is LUMO) and 

oscillator strength of the Th-3,6Cz-Th-R (R=COCH3 and CHO) molecule and the 

corresponding experimental values are presented in Table 4. All S0→S1 transition 

consists of one-electron transitions mainly from HOMO to LUMO (H→L). The 

TDDFT results show that the absorption spectra of Th-3,6Cz-Th-H, Th-3,6Cz-Th-

CH3, Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO (297.96, 334.16, 393.50 and 

402.47 nm) is agreed well with the experimental spectra (302, 298, 365 and 393 nm) 

in dichloromethane solution which this absorption spectra in PCM model in 

dichloromethane solution is slightly differ from the experimental data.  

 

The TDDFT excitation spectrum for the Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, 

Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO  compounds are compared to the 

experimental absorption spectra as shown in Figure 14, 15, 16 and 17. The theoretical 

absorption spectrum of the Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, 

and Th-3,6Cz-Th-CHO compound consists of closely peaks with large oscillator 

strength, the highest oscillator strength (π–π* transition) of all states calculated by 

TD-PBE0/6-311G(d,p) method which are compared to the experimental absorption 
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spectra in Figure 14, 15, 16 and 17. This is in good agreement with the experimental 

measurements. All of these states are assigned to the π→π* transition corresponding 

to the transition from HOMO to LUMO, HOMOL+1 and H-1L+1 transitions. 

The introduction of COCH3 and CHO groups on the 9-octyl-3,6-di(thiophen-2-yl)-

Carbazole to bathochromic shift of the absorption wavelengths of carbazoles 

derivatives. 
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 Figure 14  Absorption spectra of Th-3,6Cz-Th-H obtained from the experimental in 

CH2Cl2 solution (a) and calculated using TD-PBE0/6-311G(d,p) in PCM 

model (b). 

 

(a) 

(b) 
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Figure 15  Absorption spectra of Th-3,6Cz-Th-CH3 obtained from the experimental 

in  CH2Cl2 solution (a) and calculated using TD-PBE0/6-311G(d,p) in 

PCM model (b). 

(a) 

(b) 
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Figure 16  Absorption spectra of Th-3,6Cz-Th-COCH3 obtained from experimental in 

CH2Cl2 solution (a) and calculated using TD-PBE0/6-311G(d,p) in PCM 

model (b). 

(a) 

(b) 
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Figure 17  Absorption spectra of Th-3,6Cz-Th-CHO obtained from the experimental 

in CH2Cl2 solution (a) and calculated using TD-PBE0/6-311G(d,p) in 

PCM model (b). 

 

 

(a) 

(b) 
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For the lowest excitation energy, the electron is excited from the highest 

occupied molecular orbitals (HOMO) to the lowest unoccupied molecular orbital 

(LUMO). This transition is π→π* character arising exclusively from S0→S1 

electronic transition mainly composed by HOMO→LUMO transition. However, the 

orbital presentation of the next transitions is different with respect to the substation. In 

the HOMO and next HOMO, double bonds form bonding orbitals, and the single 

bonds are antibonding. In the LUMO, double bonds are antibonding and the single 

bonds are bonding on the backbone structure. 

 

The molecular orbitals relevant for the Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, 

Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO molecules presented in Figure 18. In 

the HOMO of Th-3,6Cz-Th-H and Th-3,6Cz-Th-CH3 molecules, the electrons are 

localized on the backbone structure. The LUMO contains localization on the carba-

zole structure.  

 

In the HOMO of Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO molecules, 

the electrons are localized on the backbone structure. The LUMO contains 

localization on the thiophene ring and substitutents structure. The results show that 

Th-3,6Cz-Th-COCH3, and Th-3,6Cz-Th-CHO molecules, which are electron 

withdrawing group allowed the electron delocalized on the thiophene and substituents 

structure. 
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(a) 

                               

(b) 

                               

(c) 

                            

(d) 

 

Figure 18  Structures of molecular orbitals for (a) Th-3,6Cz-Th-H, (b) Th-3,6Cz-Th-

CH3,  (c) Th-3,6Cz-Th-COCH3 and (d) Th-3,6Cz-Th-CHO molecules. 

 

 

 

 

HOMO LUMO 
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2.2 Emission Properties 

 

The emission calculations are performed by vertical de-excitation of the 

compounds of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, and Th-

3,6Cz-Th-CHO molecules with the PBE0/6-31G(d) method in their first singlet 

excited state, followed by using the resulting geometries to perform TD-DFT 

calculations employing the PBE0/6-311G(d,p) method from the singlet ground state. 

Table 6 indicated the calculated fluorescence of Th-3,6Cz-Th-H and Th-3,6Cz-Th-

CH3 molecule 348.78 and 356.57 nm. The luminescence peak at 405 and 336 nm of 

experimental spectra is close to the Th-3,6Cz-Th-H and Th-3,6Cz-Th-CH3 geometries 

using TD-DFT method (348.78 and 356.57 nm).  The calculated fluorescence of Th-

3,6Cz-Th-COCH3 and Th-3,6Cz-Th-CHO molecules are 444.06 and 449.57 nm for S1 

with the largest oscillator strength arising from HOMO→LUMO corresponding to π-

π*excitation and it is close to the experimental results of 457 and 475 nm.  

 

Table 5  The emission energies in eV and oscillator strength (f) in solvent phase (in 

dichloromethane) using TD-PBE0/6-311G(d,p) method and emission of 

experimental data in CH2Cl2 solution for the Th-3,6Cz-Th-R (R = H, CH3, 

COCH3 and CHO) geometries. H denoted HOMO and L is LUMO.  

 

Electronic 

transitions 
Eg (eV) Eex (nm) f Transition state 

Experiment 

abs (nm) 

R=H      

S1S0 3.33 371.00 0.0184 HL (95%) 
405 

S2S0 3.55 348.78 0.6678 HL+1 (94%) 

R=CH3      

S1S0 3.26 380.00 0.0163 HL  (95%) 
356 

S2S0 3.47 356.57 0.8277 HL+1  (95%) 
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Table 5 (Continued) 

 

Electronic 

transitions 
Eg (eV) Eex (nm) f Transition state 

Experiment 

abs (nm) 

R=COCH3      

S1S0 2.79 444.06 1.2205 HL (98%) 
457 

S2S0 3.18 389.00 0.1935 HL+1 (98%) 

R=CHO      

S1S0 2.75 449.57 1.2196 HL (98%) 
475 

S2S0 3.15 393.22 0.1615 HL+1 (96%) 

 

Table 6  The wavelength of emission energies,  stokes shifts and radiative lifetime () 

using TD-PBE0/6-311G(d,p) method and experimental data in CH2Cl2 

solution for the Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3, 

and Th-3,6Cz-Th-CHO. 

 

Compound 
EFlu (eV) Stokes shifts 

 (s) 
Cal. Expt. Cal. Expt. 

Th-3,6Cz-Th-H 

Th-3,6Cz-Th-CH3 

Th-3,6Cz-Th-COCH3 

Th-3,6Cz-Th-CHO 

3.33 

3.26 

2.79 

2.75 

3.06 

3.48 

2.71 

2.61 

0.83 

0.45 

0.36 

0.33 

1.04 

0.68 

0.68 

0.55 

1.13x10
-7

 

1.33x10
-7

 

2.43x10
-9

 

1.82x10
-9

 

 

 The differences between frequency or wavelength of the emitted and absorbed 

light is called the Stokes shift. Evaluation of the Stokes shift is the differences ∆E = 

Eabs-Eflu. The TD-PBE0/6-311G(d,p) and experimental values exhibit Stokes shift of 

Th-3,6Cz-Th-CHO  are lower than Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3 and Th-3,6Cz-

Th-COCH3. This result demonstrates that the Th-3,6Cz-Th-CHO structure is more 

relaxed than those of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3 and Th-3,6Cz-Th-COCH3 

upon excitation and the result corresponding with the radiative lifetime.   
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CONCLUSION AND RECOMMENDATION 

 

Conclusion 

 

 The syntheses of 9-octyl-3,6-di(thiophene-2-yl)-carbazole derivatives have 

been carried out. All of these compounds were synthesized via Suzuki reaction. These 

compounds were confirmed by 
1
H-NMR, UV-Vis and fluorescence measurements. 

The absorption behavior of Th-3,6Cz-Th-H (302 nm), Th-3,6Cz-Th-CH3 (298 nm), 

Th-3,6Cz-Th-COCH3 (365 nm) and Th-3,6Cz-Th-CHO (393 nm) and optical band 

gap energies with the absorption onset are 4.10, 4.16, 3.39 and 3.16 eV, respectively. 

The electron-withdrawing acetyl and formyl groups on the substituent thiophene 

moiety can further give red shifts in the absorption and emission spectra. The 

photophysical properties of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3 and Th-3,6Cz-Th-

COCH3 exhibited as blue light emission, while Th-3,6Cz-Th-CHO exhibited as blue-

green light emission. It is noteworthy that can be used as new luminescence materials 

in the fabrication of OLED-based full-color displays. 

 

 The experimental data was confirmed with results obtained from quantum 

chemical calculations. Therefore, the structural conformations (S0 and S1) and 

electronic properties of Th-3,6Cz-Th-H, Th-3,6Cz-Th-CH3, Th-3,6Cz-Th-COCH3 and 

Th-3,6Cz-Th-CHO geometries were performed.  The PBE0/6-31G(d) method was 

used for the systematic theoretical investigation of the conformation analysis. The 

substitutions of the thiophene unit by electron-withdrawing (-COCH3, -CHO) and 

electron-donating (methyl) group were considered. Most of the derivative of Th-

3,6Cz-Th-H molecule exhibit planar structures at excitation state. The excited state-

torsion angles are more planar than the ground state geometries. The absorption 

properties and fluorescence wavelength were investigated using TD-PBE0/6-

311G(d,p) method. The obtained results of the electronic transition of structural 

geometries indicate that calculated UV-vis absorption spectra related with the 

experimental data. 
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Recommendation 

 

1. For experimental section, temperature must be controlled during the 

experiment. In addition, the time of reflux should be longer if the amount of reactants 

increase.      

 

2. Thermal analysis is recommended for measure thermal properties of 

compound.  
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1. 3,6-dibromo-9H-carbazole (A2) 

 

 

 

Appendix Figure A1  
1
H-NMR spectrum of 3,6-dibromo-9H-carbazole. 
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2. 3,6-Dibromo-9-octyl-carbazole (A3) 

 

 

 

Appendix Figure A2  
1
H-NMR spectrum of 3,6-Dibromo-9-octyl-carbazole. 
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3. 9-octyl-3,6-di(thiophen-2-yl)-carbazole 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Figure A3  
1
H-NMR spectrum of 9-octyl-3,6-di(thiophen-2-yl)-carbazole. 
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4. 5,5’-(9-octyl-carbazole-3,6-diyl)-dithiophene-2-carbaldehyde 

 

 

 

Appendix Figure A4  
1
H-NMR spectrum of 5,5’-(9-octyl-carbazole-3,6-diyl)- 

dithiophene-2-carbaldehyde. 
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5. 1,1’-(5,5’-(9-octyl-carbazole-3,6-diyl)-bis-(thiophene-5,2-diyl))-diethanone 

 

 

 

Appendix Figure A5  
1
H-NMR spectrum of 1,1’-(5,5’-(9-octyl-carbazole-3,6-diyl)-

bis-(thiophene-5,2-diyl))-diethanone. 
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Radiative lifetime 

The radiative lifetime of an excited electronic state in a laser gain medium is 

the lifetime which would be obtained if radiative decay via the unavoidable 

spontaneous emission were the only mechanism for depopulating this state. It is given 

by the  equation  

 

    
 
    

  
                  

      

  
   

which shows that high emission cross sections and a large emission bandwidth 

inevitably lead to a low radiative lifetime. This is because the cross sections describe 

not only the strength of stimulated emission but also that of spontaneous emission. 

The derivation of this equation is based on an equation for the mode density of free 

space as is also used e.g. for the derivation of Planck's law for the power spectral 

density of thermal radiation. This means that the equation does not hold in 

microcavities (as often used in experiments on quantum electrodynamics) because 

such cavities can substantially modify the mode density.   

 

Note also the influence of the refractive index via the mode density. If 

fluorescence lifetime measurements are done using a powder with a grain size well 

below the wavelength of light, the refractive index of the ambient medium (rather 

than that of the powder grains) becomes relevant. For example, the upper-state 

lifetime measured for powder in air can be longer compared with that for solid 

crystals. Such observations should not be misinterpreted as evidence for quenching 

effects in crystals. 

 

Another important aspect is that a shorter mean wavelength of the emission 

implies a shorter radiative lifetime. This results from the increased mode density of 

the radiation field. A consequence is that ultraviolet lasers tend to have a higher 

threshold pump power than e.g. infrared lasers. 

 

http://www.rp-photonics.com/gain_media.html
http://www.rp-photonics.com/spontaneous_emission.html
http://www.rp-photonics.com/transition_cross_sections.html
http://www.rp-photonics.com/bandwidth.html
http://www.rp-photonics.com/stimulated_emission.html
http://www.rp-photonics.com/spontaneous_emission.html
http://www.rp-photonics.com/power_spectral_density.html
http://www.rp-photonics.com/power_spectral_density.html
http://www.rp-photonics.com/cavities.html
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As the gain efficiency of a laser medium is in simple cases proportional to the 

product of the maximum emission cross section and the upper-state lifetime (the σ–  

product), lasers based on broadband gain media have a higher threshold pump power. 

The actual lifetime of an electronic level can be lower than the radiative lifetime, if 

non-radiative quenching processes also significantly depopulate the level. This means 

that the quantum efficiency of the transition is below unity. 

 

If the quantum efficiency is known to be close to unity, the above equation can 

be used for obtaining the absolute scaling of emission cross sections, the wavelength 

dependence of which is already known from the shape of the emission. In other cases, 

where the scaling of emission cross sections is known (e.g. obtained from absorption 

cross sections via the reciprocity method), the quantum efficiency of the fluorescence 

can be obtained by comparing the calculated radiative lifetime with the upper-state 

lifetime. 
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