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CHAPTER I 

INTRODUCTION 

 

1.1 Introduction to OLED 

Organic light emitting materials have been attracting attention of researchers from 

both industry and academic institutions which take place many technologies of 

display such as cathode ray tube (CRT), liquid crystal displays (LCD) and plasma 

displaysdue to their limitation, for examples, their bulky, low viewing angle, 

consuming more electrical power and color tunability. The bulky and heavy cathode 

ray tube displays (CRT) were replaced by LCD which flatter and slimmer than CRT. 

However, LCD has some disadvantages because they cannot emit light by itself and 

need background light source. The requirements of present display are good 

brightness, light quality, contrast, high resolution, improved color variation, low 

weight, reduction in thickness and cost, low power consumption. Therefore, OLED 

have been improved and developed to fulfill these requirements. 

 

 

 
Figure 1.1 OLED displays [1] 

 

OLED is the emission of light from fluorescence properties of organic material by 

electric power. They are attractive becauseOLEDs, working as displays, are flat and 

lighter in weight with emissive fast and operate at a very low voltage and offer the 

prospect of simple fabrication. They have excellent viewing angle and the potential of 

much low power consumption than backlit liquid crystal displays. FromFigure 1.2, 



17 
 

OLED display shows better quality in brightness and contrast, which are important 

thingsto develop the next generation of flat panel displays over the LCD displays. 

 

 
Figure 1.2 Comparison of brightness and contrast between OLED and LCD display 

[1] 

In 1987, Ching W. Tang and Steven Van Slyke reported the first diode device 

at Eastman Kodak [2].They developed a novel electroluminescent device with high 

brightness at low DC voltage. The device was fabricated by vapor deposition. The 

double layer of Alq3 and diamine sandwiched between cathode and anode.The device 

showed high quantum efficiency, luminous efficiency, and brightness more than 100 

cd/m2 at driving voltage below 10 V. 

 
Tris(8-hydroxyquinoline)   4,4’-(cyclohexane-1,1’diyl)  

aluminium (Alq3)    bis(N,N-di-p-tolylaniline (Diamine) 

Figure 1.3Chemical structures of Alq3 and diamine 
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1.2OLED structure and operation[3-6] 

 The structure and operation of single-layer and multi-layer OLED are shown 

in Figure 1.4.The typical structure of OLED is the single-layer made from a single 

layer of organic film sandwiched between two electrodes, cathode and anode. The 

cathode electrode ejects electrons to the organic layer (emitting layer, EML). The 

cathode usually is a low work function metal alloy. The widely used materials are 

calcium (Ca) or magnesium (Mg). Aluminum (Al) is used to cover electrode to 

prevent an oxidation. In the anode, the converse applies, which supplied positively 

charged holes into the organic layer. A transparent electrode, indium tin oxide (ITO) 

is often used as anode material, so the light can emit through the device. The 

requirement of this electrode is low roughness with high work function. 

 The mechanism of OLED device starts from injection of electrons from the 

cathode into LUMO energy level of EML and holes from the anode into HOMO 

energy level of EML under applied voltage. Holes and electrons migrate through the 

EML and combined together, resulting in electronic excited state species called an 

exciton. The radiative decay of excitonresults in emission of light.Thus, emission 

color can be determined by the energy gap of HOMO and LUMO of the emitting 

organic material. The brightness or intensity of the light depends on the applied 

electrical current. 

 Multi-layer OLED device is consisting of several layers that have different 

properties. The important factor to increasethe performance ofOLED device is to 

control the recombination of electrons and holes in the same amount by inserting 

hole-transporting or/and electron transporting layer between the electrodes to reduce 

the energy barrier between the electrodes and organic materiallayer for injection of 

charge to balance the amount of holes and electrons that inject into the emitting layer. 
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a) Single-layer OLED    b) Multi-layer OLED 

Figure 1.4 Schematic structure (top) and energy level diagram (bottom) of (a) Single 

layer OLED and (b) Multi-layer OLED. 

 

1.3 Organic electroluminescent materials 

 Organic electroluminescent materials were mainly studied for the fabrication 

of practical OLED device. The primary reason is that the numerous organic materials 

with high fluorescence quantum efficiencies in the visible light. The development of 

organic electroluminescent materials has been separated into two classes; small 

molecules and polymer. 

First, small molecules were firstlydeveloped by Tang and Van Slyke whom 

improved the OLED efficiency and durability. The requirement for fabrication of 

highly stable OLED is the low molecular weight materials with specific optical and 

electronic properties, for example fluorescence, charge mobility, energy level, good 

film forming and high thermal stability [7-10]. Thermal stability is the oneof the 
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significant factors for OLED device durability.Under thermal stress, most organic 

materials tend to turn into the thermodynamically stable crystalline state, which leads 

to device failure [11,12]. In general, high glass transition temperature (Tg) amorphous 

hole-transporting materials (AHTMs) are needed for highly efficient and long lifetime 

OLED devices [13-15].Because they are in a thermodynamically non-equilibrium 

state and may exhibit glass transition phenomena usually associated with amorphous 

polymer. They may form transparent amorphous thin films, uniform by spin-coating 

method and thermal evaporation.  

Second, the first polymer light emitting diode was reported by J.H. 

Burroughes and co-workers in 1990 [16-18]. Poly(p-phenylenevinylene) (PPV) film 

was prepared from solution-processable precursor polymer. The uniform, 

homogeneous and dense film was deposited on a pre-coated electrode substrateand 

deposited the top electrode on top of the PPV film. The device showed a threshold of 

charge injection below 14V.However, the quantum efficiency of the PPV devices was 

only 0.05%, much lower than the estimated photoluminescence (PL) quantum yield of 

about 8% for PPV. The main advantages of conjugated polymer are easy processing 

and mechanical flexibility. The polymer OLED requires small amount of power for 

production of light. For forming polymer thin film, vacuum deposition is not suitable 

method. However, polymer can be deposited by spin coating technique,the common 

method for deposited polymer thin film. This process is appropriate for large area film 

than thermal evaporation. However, the electrodes are needed to be deposited by 

thermal evaporation for fabrication of the multi-layer devices. 

 
Figure 1.5 Chemical structure of Poly(p-phenylenevinylene) (PPV) 

 

Therefore, the development of the performance of OLEDis to design and 

synthesize materials with easy process, high thermal stability and charge transport 

properties. In this work, we design the new materials, which is the combination 

between the high thermal stability and hole transporting property of carbazole with 
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highly emissive truxene unit. The materials were synthesized and the OLED devices 

based on these materials were fabricated and investigated the performance of the 

devices. 

 

1.4 Hole-transporting materials (HTMs) 

 The hole-transporting materials play a key role in transporting holes and 

prevent electrons get to the other side of the electrode without recombination with 

holes. The HTM should be stable in the radical cationic form and easily oxidized. The 

typical HTMs are 4,4′-bis-[N-(1-naphthyl)-N-phenyl- amino]-biphenyl (NPB)[19-22] 

and N,N′-diphenyl-N,N′-bis(3-methylphenyl)- 1,1′-biphenyl-4,4′-diamine (TPD) [23-

28, 28a] which are widely used in OLED.The molecular structures are shown in 

Figure 1.5.They have an excellent hole transporting properties. However, they 

havelow glass transition temperature (Tg) which affect the morphology at high 

operating temperature. 

 
Figure1.6 Chemical structures of NPB and TPD 

 

1.5 Emitting materials (EMMs) 

 The emissive layer can be a material of organic fluorescence compounds or 

polymers with high efficiency, color purity and lifetime. The fluorescence principles 

are described by Jablonski diagram (Figure 1.7). 
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Figure 1.7 Jablonski diagram [29] 

 

 The requirements for full-color OLED display are consist of red, blue and 

green emitter to obtain a variety of colors by a combination of red, blue and green 

light. For example, the red emitter 4-(dicyanomethylene)-2- methyl-6-[4-(dimethyl-

aminostyryl)-4H-pyran] (DCM) [30], a green emitter tris(8-hydroxyl-quinoline) 

aluminum (Alq3) [31,32] and blue emitters NPD and polyfluorene (PF) derivatives 

(Figure 1.8) [33,34]. 

 
Figure 1.8 Chemical structures of DCM and PF derivatives 

 

1.6 OLED devices fabrication technologies[35] 

 OLED devices can be fabricated in two ways, vacuum deposition technique 

and spin coating for solution technique. Vacuum deposition technique is the widely 

used technique of thin film deposition. The material is evaporated in vacuum. Then, 

the vacuum allows the vapor particles to go directly to the substrate and condense 

back to solid state. Therefore, this technique is suitable only for volatile and thermally 

stable materials. However, it takes more time to reach high vacuum state and is 

difficult to deposit over large area. 

On the other hands, solution techniques offer several advantages over vacuum 

deposition such as easily fabrication procedure, large area coverage and low power 
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consumption. The simplest method for solution casting technique is using the 

centrifuge force by dropping small amount of the solution onto spinning head and 

spinning the solution, respectively. The centrifuge force will spread the solution into 

thin film layer on the top of substrate. 

 

1.7 Literature reviews 

This part will survey about application of carbazole and truxene derivatives as 

the HTMs for OLED. 

In 2011, V. Promarak and coworkers [48] synthesized carbazole dendrimers, 

G1CBC and G2CBC (Figure 1.9) for using as holetransporting layer for OLED. 

G1CBC and G2CBC showed emission band inblue-purple region at 420 and 413 nm, 

respectively. G1CBC and G2CBC exhibited high glass transition temperature at 138 

and 245 oC, respectively. To investigate the hole-transporting properties, the OLED 

with structures of ITO/HTL(50 nm)/Alq3(50 nm)/LiF(0.5 nm):Al(200 nm) were 

fabricated. The device with G2CBC as an HTL shown maximum luminance is about 

15,890 cd/m2 at 13 V with a turn-on voltage of 3 V.  

 
Figure 1.9Chemicalstructures of G1CBC and G2CBC [48] 

 

 In 2010, T. Kumchoo and coworkers[49]successfully synthesized three 

derivatives of 3,6-dipyrenylcarbazole as blue light emitting and hole transporting 

materials. All compounds showed high glass transition temperatures above 160 
oC.The devices with the structure of ITO/PEDOT:PSS/EML/LiF:Alhaving compound 

1-3 as EML. The device with compound 3exhibited the best performance with 

maximum luminance 1,600 cd/m2 at 8.8 V and turn-on voltage of 3.8 V for blue 
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OLED. Then, The devicesconfigurations of ITO/HTM/Alq3/LiF/Al werefabricated 

using compound 1-3 as HTL and Alq3as EML. The device with compound 3 as HTL 

showed the maximum luminance of 9,300 cd/m2 at 8.8 V with a turn-on voltage of 4.2 

V for green OLED. 

 

 

      1          3               2 

Figure 1.10 Chemical structures of compound 1-3 [49] 

 

In 2008, V. Promarak and coworkers [50] synthesized a hole-transporting 

materials based on carbazole compounds (G2CB and G2CC) (Figure 1.9). G2CB and 

G2CC exhibited identical emission shapes in bluish-purple region with the maxima at 

382 and 390 nm, respectively. G2CB and G2CC that containing carbazole moieties 

showed high Tgat 206 oC and 245 oC, respectively. The electrochemical properties of 

the G2CB and G2CC were investigated by cyclic voltammetry (CV) analysis. HOMO 

levels of G2CB and G2CC are 5.46 and 5.44 eV, respectively. LUMO levels of G2CB 

and G2CC were 2.18 and 2.23 eV, respectively. OLED devices with the structure of 

ITO/HTL(50 nm)/Alq3(50 nm)/LiF(0.5 nm):Al(200 nm) were fabricated using 

compounds G2CB and G2CC as the HTL. The device with G2CC as an HTL has 

much better performance in terms of brightness, current and turn-on voltage than that 

with G2CB. In the case of ITO/G2CC/Alq3/LiF:Al device, its maximum luminance is 

about 8900 cd/m2 at 14 V with a turn-on voltage of 3.5 V. The 

ITO/G2CB/Alq3/LiF:Al device shows the maximum luminance at 3000 cd/m2 at 15 V 

with a turn-on voltage of 7.5 V. 
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Figure 1.11Chemical structures of G2CB and G2CC [50] 

 

 In 2009, Z. Yang and coworkers, [57] synthesized two solution-

processabletriphenylamine-based dendrimers with truxene core as hole-transporting 

materials for organic light-emitting diodes; Tr-TPA3 an Tr-TPA9(Figure 1.12). The 

dendrimers showed excellent solubility in organic solvents, high thermal stability with 

high Tg above 110 oC and good film forming. Then, they fabricated devices which 

using these dendrimers as hole transporting layer and Alq3 as emitting layer. The Tr-

TPA9based device exhibited the turn-on voltage of 2.5 V, the maximum luminance of 

about 11,058 cd/m2and the maximum current efficiency of 4.01 cd/A. 

 

 
 

Figure 1.12Chemical structures of Tr-TPA3 and Tr-TPA9 [57] 
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To improve the performance of OLED, the hole-transporting layer was 

inserted between the electrode and emissive layer. The commercial hole transporting 

material were NPB and TPD that have high hole transporting property, though, they 

have low glass transition temperature (Tg), which affect the morphology at high 

operating temperature. However, carbazole and truxene have been widely used as 

hole transporting materials due to their advantages, according to above literature 

reviews. 

For carbazole derivatives, they have been extensively studied due to their 

optical and electrical properties [36-47]. The carbazole has strong absorption in the 

near UV region, donating ability of lone pair electron on nitrogen atom in carbazole 

ring, can be easily functionalized at its 3-, 6-, and 9- position and undergo reversible 

process which make them suitable as hole carriers. Therefore, they have been widely 

used as a hole transporting material in OLED devices. 

For truxene derivatives [51-56], they have been an attractive building block 

for OLEDs, liquid crystals, fluorescent sensors, organic solar cells, and dendritic 

macromoleculesdue to their rigidity and highly emissive property. They can be easily 

functionalized at positions 2-, 7-, 12- and 5-, 10-, 15-. 

On the other hand, there are no reports that incorporate carbazole and truxene 

into the same molecules.Therefore, in our current study, we incorporated highly 

emissive truxene unit with carbazole fragments with an aim to achieve new OLED 

materials with high hole transporting property and high thermal stability. 

 

In summary, the objectives of this work are following: 

(1) To synthesize derivatives of carbazole and truxene as hole-

transporting materials for OLED. 

(2) To characterize and study the electronic, photophysical, 

electrochemical and thermal properties of the target molecules. 

(3) To investigate their potential application as hole-transporting 

materials for OLED. 
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CHAPTER II 

EXPERIMENTAL 

 

2.1 Synthesis 

2.1.1 Instruments and Equipment 

Thin layer chromatography (TLC) was performed on aluminium sheets 

precoated with silica gel (Merck Kiesegel 60 F254) (Merck KgaA, Darmstadt, 

Germany). Column chromatography was performed on silica gel (Merck Kieselgel 

60G) (Merck KGaA, Darmstadt, Germany). All 1H-NMR spectra were recorded on 

Varian Mercury 400 MHz NMR spectrometer (Varian, USA) using CDCl3 and 

DMSO-d6. 13C-NMR spectra were recorded at 100 MHz on Bruker 400 MHz NMR 

spectrometer using the same solvent. Mass spectrawere recorded on a Microflex 

MALDI-TOF mass spectrometer (BrukerDaltonics) using doublyrecrystallized α-

cyano-4-hydroxy cinnamic acid (CCA) as a matrix. Absorption spectra were 

measured by a ShimadzuUV-2550 UV-Vis spectrophotometer. Fluorescence spectra 

were obtained from an Agilent technologies Cary Eclipsespectrofluorometer. 

The fluorescence quantum yields (Φ) were determined by comparison 

with a standard of known fluorescence quantum yield according to the following 

equation [58,59]. 

ΦX= ΦST










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
2

2
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X


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Where the subscripts X refer to the unknown samples and ST refers to 

the standard 2-aminopyridine solution in 0.01 M H2SO4, whose fluorescence quantum 

yield is known to be 0.60, Φ is the fluorescence quantum yield, Slope is the slope 

from the plot of integrated fluorescence intensity versus absorbance, and  is the 

refractive index of the solvent. The refractive indexes of CHCl3 and 0.01 M H2SO4 

were 1.445 and 1.333, respectively.  

The electrochemical analysis by cyclic voltametry was performed 

using an AUTOLAB spectrometer. All measurements were made at room temperature 

on sample solutions in freshly distilled dichloromethane with 0.1 M tetra-n-

butylammoniumhexafluorophosphate as electrolyte. Dichloromethane was distilled 
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from calcium hydride and the electrolyte solutions were degassed by nitrogen 

bubbling. A glassy carbon working electrode, a platinum wire counter electrode, and a 

Ag/AgNO3 (Sat.) reference electrode were used in all cyclic voltammetry 

experiments. 

Thermal experiments with Differential Scanning Calorimeter (DSC) 

were performed on Mettler Toledo DSC 822e and Thermogravimetric Analysis (TGA) 

were studied usingSimultaneous Thermal Analyzer Netzsch 409. Melting point were 

measured on scientific melting point (Bibby) 

 

2.1.2 Synthetic procedures 

3,6-diiodo-9H-carbazole(3) 
  A solution of carbazole (5.0 g, 30.14mmol) in acetic acid (50 mL) was 

added potassium iodide (6.8 g, 40.95mmol). Then, potassium iodate (9.8 g, 

45.78mmol) was added. The reaction mixture was refluxed for 20 min. The reaction 

was allowed to cool to room temperature and diluted with EtOAc (50 mL) and water 

(50 mL). The aqueous layer was separated and extracted with EtOAc (2 × 50 mL). 

The combined organic layer was dried over MgSO4, filtered, and concentrated under 

reduced pressure to give a brown solid residue. The crude product was purified by 

crystallization from acetone and hexane to yield 3as light brown crystals. (12.6 g, 

99.6%). 1H NMR (DMSO-d6): δ 11.55 (s, 1H), 8.57 (s, 2H), 7.66 (d, J = 10.2 Hz, 

2H), 7.35 (d, J = 8.5 Hz, 2H).This data is consistent with those reported in the 

literature [49,61]. 

 

9-acetyl-3,6-diiodocarbazole (4) 

A mixtureof3 (2.3 g, 5.51 mmol) wasdissolved in aceticanhydride (21 

mL) andaddedborontrifluoridediethyletherate (0.1 mL ) thenrefluxing for 20 min 

toyield4 as whitepowder (2.3 g, 92%) 1H NMR (CDCl3): δ 8.25 (s, 1H), 7.96 (d, J = 

8.8 Hz, 1H), 7.76 (d, J = 8.8 Hz, 1H), 2.84 (s, 2H).This data is consistent with those 

reported in the literature [61]. 
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 3,6-di(9-carbazolyl) carbazole(5) 

  A mixtureof carbazole (6.2 g, 37.12 mmol), 4 (7.8 g, 17.04mmol) 

andcopper(I)oxide (8.0 g, 55.68 mmol) in N,N-dimethylacetamide (DMAc)(150 

mL)washeatedto 160 °C for 36 h. The reaction mixture was cooled to room 

temperature and then filtered through Celite. The filtrate was pour into methanol (2 

L). The mixtureofacetylatedcarbalzoletrimerwasobtainedbyfiltration. Then, 

themixture(3.6 g) wasdissolved in THF (175 mL), DMSO (75 mL), H2O (5 mL) and 

KOH (3.0 g, 69.09 mmol) wasaddedandreflux for 2 h. The 

reactionmixturewascooledtoroomtemperature, neutralizedbyHCl, 

andthenpouredintowatertogive final mixture. The carbazole trimerwasisolatedby sílica 

gel columnchromatographyusing 4:1 hexane/ethylacetatewith 2% Et3N as 

theeluenttoyield(57% twosteps)1H NMR (CDCl3): δ 8.48 (s, 1H), 8.20 (s, 2H), 8.17 

(d, J = 7.7 Hz, 4H), 7.70 (d, J = 8.6 Hz, 2H), 7.62 (dd, J = 8.6, 1.8 Hz, 2H), 7.44 – 

7.34 (m, 8H), 7.33 – 7.24 (m, 6H).This data is consistent with those reported in the 

literature [61]. 

 10,15-dihydro-5H-diindeno[1,2-a:1',2'-c]fluorine (Truxene) (6) 

A mixture of 3-phenylpropionic acid (10.0 g, 66.72 mmol) 

andPolyphosphoric acid (50 g) was heated at 60 °C for 60 min under nitrogen 

atmosphere. Water (5 mL) was then added to the reaction and temperature was raised 

to 160 °C for 3 h. After the reaction was cooled to room temperature, the mixture was 

poured into ice water and gray powder was filtered and washed with water. The crude 

product was purified by recrystallization from toluene to yield 6 as light-yellow solid 

(49%). 1H NMR (CDCl3): δ 7.92 (d, J = 7.5 Hz, 1H), 7.68 (d, J = 7.3 Hz, 1H), 7.50 (t, 

J = 7.2 Hz, 1H), 7.39 (t, J = 7.2 Hz, 1H), 4.22 (s, 2H).This data is consistent with 

those reported in the literature [62]. 

 

5,5,10,10,15,15-hexabutyl-truxene (7) 

  A solutionof truxene (6) (1.0 g, 2.92 mmol) in DMF (50 mL) at 0 °C 

under nitrogen, NaH (1.2 g, 29.80mmol) was added and the solution was allowed to 

warm to room temperature and stirred for 30 min, then n-butyl bromide (3.2 mL) was 

added for 24 h. The mixture was poured into water and extracted with EtOAc.The 

combined organic layer was dried over MgSO4, filtered,and concentrated under 
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reduce pressure. The crude product was purified by silica gel column chromatography 

using hexane as the eluent to yield 7 as white solid (1.5 g, 75%). 1H NMR (CDCl3): δ 

8.38 (d, J = 7.4 Hz, 1H), 7.47 (d, J = 5.9 Hz, 1H), 7.43 – 7.31 (m, 2H), 3.09 – 2.88 

(m, 2H), 2.20 – 2.00 (m, 2H), 1.02 – 0.79 (m, 4H), 0.61 – 0.35 (m, 10H). 

 

  5,5,10,10,15,15-hexabutyl-2,7,12-triiodo-truxene(8) 

  A solutionof7 (0.5 g, 0.74 mmol) in 5 ml of solvente mixture 

(CH3COOH:H2SO4:H2O = 100:40:3) andadded 1 mLof CCl4. Afteradding KIO3 (0.2 

g, 0.75 mmol) and I2 (0.9 g, 3.72 mmol) , themixturewasheatedto 80 °C and stirred for 

3 h. The reaction was cooled to room temperature and poured into water. The crude 

product was obtained by filtration and purified by recrystallization from ethanol to 

afford white powder of 8 (0.7 g, 84%). 1H NMR (CDCl3): δ 8.07 (d, J = 8.4 Hz, 1H), 

7.76 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 2.91 – 2.77 (m, 2H), 2.08 – 1.95 (m, 2H), 0.99 

– 0.78 (m, 4H), 0.59 – 0.30 (m, 10H).This data is consistent with those reported in the 

literature [62] 

 

Compound 1 

A mixture of 8 (0.1 g, 0.10mmol), carbazole(0.1 g, 0.73 mmol), Cu 

bronze powder (0.2 g, 2.69mmol) and K2CO3 (0.2 g, 1.53mmol) in degassed 

nitrobenzene (1 mL) was refluxed for 48 h under N2 atmosphere. The resulting brown 

solution was allowed to cool to room temperature and extracted with CH2Cl2 (3 × 50 

mL). The combined organic layer was dried over MgSO4, filtered,and concentrated 

under reduce pressure. The crude product was purified by silica gel column 

chromatography using 4:1 hexane/CH2Cl2 as the eluent to yield (0.05 g, 41%). 1H 

NMR (CDCl3): δ 8.60 (d, J = 8.5 Hz, 1H), 8.22 (d, J = 7.8 Hz, 2H), 7.73 (s, 1H), 7.66 

(d, J = 8.3 Hz, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.49 (t, J = 7.2 Hz, 2H), 7.35 (t, J = 7.2 

Hz, 2H), 3.15 – 3.02 (m, 2H), 2.27 – 2.15 (m, 2H), 1.13 – 1.01 (m, 4H), 0.77 (dt, J = 

23.8, 12.5 Hz, 4H), 0.62 (t, J = 7.3 Hz, 6H). 13C NMR (CDCl3): δ 155.5, 145.6, 140.9, 

139.1, 138.1, 136.2, 125.95, 125.77, 124.7, 123.5, 120.8, 120.4, 120.0, 109.9, 56.0, 

36.6, 26.7, 22.9, 13.9 ppm. MALDI-TOF-MS: found 1173.768 ([M]+calcd: 1173.69) 
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  Compound 2 

A mixture of 8 (0.1 g, 0.10mmol), 5(0.2 g, 0.37 mmol), Cu bronze 

powder (0.1 g, 2.05mmol) and K2CO3 (0.2 g, 1.56mmol) in degassed nitrobenzene (1 

mL) was refluxed for 48 h under N2 atmosphere. The resulting brown solution was 

allowed to cool to room temperature and extracted with CH2Cl2 (3 × 50 mL). The 

combined organic layer was dried over MgSO4, filtered,and concentrated under 

reduce pressure. The crude product was purified by silica gel column chromatography 

using 4:1 hexane/CH2Cl2 as the eluent to yield (0.1 g, 50%). 1H NMR (CDCl3): δ 8.80 

(d, J = 8.5 Hz, 1H), 8.40 (s, 2H), 8.22 (d, J = 7.5 Hz, 4H), 7.99 (s, 1H), 7.96 – 7.85 

(m, 3H), 7.75 (d, J = 8.7 Hz, 2H), 7.48 (q, J = 8.3 Hz, 8H), 7.34 (t, J = 7.1 Hz, 4H), 

3.33 – 3.20 (m, 2H), 2.48 – 2.36 (m, 2H), 1.27 – 1.10 (m, 4H), 1.03 – 0.80 (m, 5H), 

0.72 (t, J = 7.3 Hz, 6H).13C NMR (100 MHz, CDCl3): δ 156.2, 146.2, 142.0, 140.9, 

139.9, 138.4, 136.0, 130.8, 126.6, 126.3, 126.1, 125.2, 124.4, 123.4, 121.2, 120.5, 

120.1, 119.9, 111.5, 109.9, 56.5, 37.0, 27.0, 23.1, 14.2 ppm. MALDI-TOF-MS: found 

2165.802 ([M]+calcd: 2164.04) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 OLED device fabrication section   
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2.2.1 Commercially available materials 

  The commercial sources and purities of materials used in these 

experiments are shown in Table 2.1. All materials were analytical grade and used 

without further purification, unless indicated. 

Table 2.1Commercially available materials for OLED device fabrication. 

Materials Purity (%) Company 

1˝ 1˝ Indium oxide doped tin oxide (99.3 wt% 

In2O3:0.7wt% SnO2)-coated glasses (5-15 ohm/sq) 

Poly(3,4-ethylenedioxythiophene)–poly(styrene) (0.5 

wt% PEDOT: 0.5 wt% PSS) 

Tris(8-hydroxyl-quinoline) aluminum (Alq3) 

Lithium fluoride (LiF) 

Aluminium (Al) wire 

2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP) 

N,N-diphenyl-N,N’-bis(1-naphthyl)-(1,1’-biphenyl)-4,4’- 

diamine (NPB) 

99.5 

 

1.3 

 

98 

99.98 

99.97 

99.99 

99 

99 

Kintec 

 

Baytron 

 

Sigma-Aldrich 

ACROS 

BDH 

Sigma-Aldrich 

Sigma-Aldrich 

Sigma-Aldrich 

 

2.2.2 Reagents 

The reagents were obtained from various suppliers as shown in Table 

2.2. All reagents were analytical grade and used without further purification, unless 

indicated. 
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Table 2.2 List of reagents. 

Reagents Purity (%) Company 

Hydrochloric acid (HCl) 37% 36.5 Carlo Erba 

Nitric acid (HNO3) 69% 68.5-69.5 BDH 

Sodium hydroxide (NaOH) 99.99 Carlo Erba 

Acetone 99.5 BDH 

 

2.2.3Instruments 

  The following instruments were used in this study: 

(1) Photoluminescence (PL) spectrophotometer (Perkin–Elmer, 

Model LS 50B) 

   (2)  Spin-coater (Chemat Technology, Model KW-4A) 

   (3)  Thermal evaporator (ANS Technology, Model ES280) 

   (4)  Digital source meter (Keithley, Model 2400)  

   (5)  Multifunction optical meter (Newport, Model 1835-C) 

   (6)  Calibrated photodiode (Newport, Model 818 UVCM) 

(7) USB Spectrofluorometer(Ocean Optics, Model 

USB4000FL) 
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 2.2.4 Organic thin film preparation and characterization 

 The preparation process of organic thin films is describedin Figure 2.1. 

1˝1˝ quartz glass 

 

Cleaned by acetone and dried 

 

 Cleaned quartz glass  Spin coated 

 

 

 Quartz glass coated with organic thin film  Organic material 

 

 Characterized by PL spectrophotometer 

 

Figure 2.1 Preparation and characterization of organic thin film. 

2.2.5 Spin coating technique of organic thin film 

In order to study the photophysical properties of solid-state materials, organic 

thin films coating on quartz glass substrates (1˝ 1˝) were prepared by spin coater. 

Prior to film deposition, the substrates were cleaned with acetone in ultrasonic bath 

followed by drying on a hotplate. The organic materialwas dissolved in the solution of 

THF:toluene (1:1 %v/v)and then filtered through a 0.45 µm pore sizenylon filter 

(Orange scientific) and spin-coated onto a cleaned quartz glass surface at 2500 rpm 

for 30 sec. Finally, the quartz glass coated with the organic film was baked at 100 C 

for 10 min. 

Spin coater 



35 
 

 
(a) 

 
(b) 

Figure 2.2 (a) A thermal evaporator which consists of (1) vacuum chamber, (2) high 

vacuum pump system; (i) backing pump, (ii) diffusion pump and (iii) cooler of 

diffusion pump, (3) volume control of evaporation source heater, (4) thickness 

monitor of quartz crystal oscillator, (5) vacuum gauge, and (6) vacuum gauge monitor 

and (b) vacuum chamber consisting of (1) evaporation source heaters (alumina 

filament bolts), (2) sensor of the quartz crystal oscillator, (3) source shutter, and (4) 

substrate holder. 
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2.2.6 OLED device fabrication 

 The OLEDs fabrication process is described in Figure 2.3 

 
 

Figure 2.3 Fabrication of OLED. 
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 2.2.7 Patterning process for ITO-coated glasses 

  The ITO-coated glasses (Figure 2.4a) were firstly etched to give a 

pattern of ITO sheet on glass. Prior to the patterning process, the ITO sheet on glass 

was covered with a 2 x 10 mm of negative dry film photo resist (Warf) [60]. The 

covered ITO glass (Figure 2.4b) was immersed in the solution of HCl:HNO3 (1:3 v/v) 

(aqua regia) for 10 min, with stirring during the etching process. The etched ITO glass 

was cleaned by thoroughly rinsing with water and subsequently soaking in 0.5 M 

NaOH for 10 min to remove the negative dry film from an ITO-coated glass surface. 

Finally, these substrates were thoroughly rinsed with water to give the patterned ITO 

glasses as shown in Figure 2.4c.  

 

 
                  (a)                            (b)                          (c) 

Figure 2.4 (a) ITO-coated glass, (b) ITO-coated glass covered with 2 x 10 mm of 

negative dry film photo resist and (c) patterned ITO glass. 

 

 2.2.8 Cleaning process for the patterned ITO glasses 

  The cleanliness of the ITO surface was an important factor in the 

performance of the OLEDs devices. The patterned ITO glasses were cleaned for 10 

min with detergent in ultrasonic bath followed by a thorough rinse with de-ionized 

(DI) water and then subsequently ultra-sonicated in acetone for 10 min. Finally, the 

substrates were dried in vacuum oven at 100 C to give fresh patterned ITO glasses.  

 

2.2.9 Spin-coating method of PEDOT:PSS 

  A PEDOT:PSS solution was diluted with de-ionized (DI) waterand 

stirred for 1 day. The spin-coating method was performed on a spin coater as shown 

in Figure 2.5. The diluted PEDOT:PSS solution was filtered through a 0.45 µm pore 

sizenylon filter (Orange scientific) and spin-coated onto a fresh patterned ITO glass 
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surface at 2500 rpm for 30 sec. Finally, the patterned ITO glass coated with the 

PEDOT:PSS film was baked at 120 C for 15 min for curing. 

 
Figure 2.5 Spin-coating method by using a spin coater. (a) PEDOT:PSS solution in 

the syringe, (b) nylon filter, and (c) fresh patterned ITO glass. 

 

2.2.10Organic thin film deposition 

 The deposition of other organic layers was the next step in the 

fabrication of OLEDs. The organic layers were deposited using spin coating method 

(Figure 2.2) with the same procedure described in section 2.2.4. Prior to the 

deposition, the patterned ITO glass coated with PEDOT:PSS film or/and the fresh 

patterned ITO glass were placed on a substrate holder. The organic materialwas 

dissolved in the solution of THF:toluene (1:1 %v/v)and then filtered through a 0.45 

µm pore sizenylon filter (Orange scientific) and spin-coated onto a patterned ITO 

glass coated with PEDOT:PSS film or/and the fresh patterned ITO glass surface at 

2500 rpm for 30 sec. Finally, the ITO glass coated with the organic film was baked at 

100 C for 10 min. 

 

 2.2.11 Emissive layer deposition 

The organic layers were deposited using thermal evaporation. Prior to 

the deposition, the patterned ITO glasses coated with organic film were placed on a 
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substrate holder.The organic materials, such as Alq3, were loaded in co-evaporation 

sources, alumina filament boat 1 and 2, respectively, into a vacuum chamber of the 

thermal evaporator. These organic materials were deposited on top of glass substrates 

by co-evaporation of the two source materials at a background pressure of 

approximately 1  10-5 mbar with 0.2 – 0.4 Å/sec evaporation rate. 

2.2.12 Cathode deposition 

Finally, an ultra thin LiF layer and Al cathode contact were 

sequentially co-evaporated from two tungsten boats through a shadow mask (Figure 

2.6) with 2 mm wide slits arranged perpendicularly to the ITO fingers, to obtain the 

OLED with an active area of 2  2 mm2 (Figure 2.7). The operating vacuum for 

evaporation of this cathode was under 1  10-5 mbar at high evaporation rates of 5 – 

10 Å/sec.The thickness of LiF and Al of all devices were 0.5 and 150 nm, 

respectively. 

 
Figure 2.6Instrument for cathode deposition. (a) tungsten boats and (b) 2 mm wide 

fingers of a shadow mask.  

 

 

 

 

Figure 2.7 OLED devicewith 4 pixels. A pixel active area of a device is 2  2 mm2. 

ITO 
anode    Organic film 

Al cathode 
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2.2.13 Device measurement 

The instruments for OLED device measurements are shown in Figure 

2.8.The computer was used for controlling of the digital source meter, the 

multifunction optical meter, and the USBspectrofluorometer as well as recording the 

data. The digital source meter applied the voltages to the device and measured the 

resulting currents. The multifunction optical meter connected with the calibrated 

photodiode served in the measurement of the luminance (brightness). The USB 

spectrofluorometer was used for the EL spectra acquisition. 

 
Figure 2.8 Instruments for determination of OLED device performance: (a) OLED 

test box, (b) lid of OLED test box, (c) calibrated photodiode, (d) multifunction optical 

meter, (e) digital source meter, (f) USB spectrofluorometer, (g) probe of USB 

spectrofluorometer, (h) OLED device holder, (i) computer controller and recorder for 

digital source meter, multifunction optical meter, and USB spectrofluorometer. 

  All device measurements were performed in anOLED test box by 

blocking the incident light at room temperature under ambient atmosphere. When 

voltages were applied, the currents, brightness, and EL spectra were recorded at the 
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same time to give the current density–voltage–luminance (J-V-L) characteristics and 

EL spectra. The turn-on voltage was defined at the brightness of 1 cd/m2. The current 

densitywas calculated as the following formula (1):  

     J =                   (1) 

  Here, I (mA) is the current and A (cm2) is the pixel active area of the 

device. The luminous efficiency of the device was calculated as the following formula 

(2): 

ηlum =      (2) 

 Here, L (cd/m2) is the luminance and J (mA/cm2) is the current 

density. 

The external quantum efficiency is defined as [63] 

ηex=  

The external quantum efficiencyofthedevicewascalculated as thefollowing formula 

(3): 

ηex(%) = ηlum     (3) 

  Here, hv is the photon energy (in eV) of the emission, and  is the 

photopic luminosity function. 
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CHAPTER III 

RESULTS AND DISCUSSION 

 

3.1 Synthesis 

 Prior to the synthesis of fluorophores,the truxene core was synthesized by a 

three-step procedure illustrated in Figure 3.1.A dehydration and trimerization of 

hydro-cinnamic acid with polyphosphoric acid (PPA) for 8 h at 160 oC afforded 

truxene as a light-yellow solid in 49% yield after recrystallization in toluene. The 

structure was verified by 1H-NMR comparison withthe data reported in the literature 

[62].  

Figure 3.1 The synthesis of 8 
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Figure 3.2 1H-NMR of 6 in CDCl3 

  With the truxene core in hands, the solubility in organic solvent can be 

enhanced by hexa-alkylation at the position 5,10 and 15 of truxeneusingNaHand n-

butyl bromide in DMF at room temperature with stirring for 24 h. The product was 

purified by silica gel column chromatography to yield 7 in 75% yield as a white solid. 

Figure 3.31H-NMR of 7 in CDCl3 
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  The regioselective iodination of 7 using KIO3 and I2 in solvent mixture 

between CH3COOH, H2SO4, H2O, and CCl4gave triiodotruxene8in 84% yield as a 

white solid. 

Figure 3.41H-NMR of 8 in CDCl3 

  Meanwhile, the synthesis of the tercarbazoledendron (5) involved the 

regioselective iodination of carbazole at the 3- and 6-positions using KI/KIO3 in 

refluxing acetic acid for 20 min to afford 3,6-diiodo-9H-carbazole (3) as brown solid 

in 99% yield after recrystallization[61]. 
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Figure 3.5 The synthesis of tercarbazole dendron (5) 

 
Figure 3.61H-NMR of 3 in DMSO-d6 

 To protect the -NH group,the nitrogen in 3,6-diiodo-9H-carbazole (3) 

wastransformed into an amide group using acetic anhydride and boron trifluoride 

diethyl etherate (BF3Et2O) to give 9-acetyl-3,6-diiodo-carbazole(4) in 92 %yield as a 

white solid. 
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Figure 3.7 1H-NMR of 4 in CDCl3 

  Eventually, the C-N coupling of between two units of carbazole 

anddiiodo4 in N,N-dimethylacetamide (DMAc) catalyzed by copper(I)oxide (Cu2O), 

followed by the hydrolysis of the amide group provided the tercarbazole 5in 57%for 

two steps as a white solid. 

 
Figure 3.8 1H-NMR of 5 in CDCl3 
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The mechanism of C-N coupling using Cu as catalyst 

 

 
Figure 3.9 The mechanism of Cu-catalyzed C-N coupling reaction 

 

  For the preliminary screening of the catalytic system forthe synthesis of 

target molecule 1,the mixture of CuI and 1,10-phenanthroline were used as catalysts 

and CsCO3 as a base in DMF (Entry 1, Table 3.1). However, this condition did not 

provide the expectedproducteven whenthe reaction time was prolonged to 48 h.When 

Cu powder and K2CO3were used as catalyst and base, the reaction could produce the 

target compound 1 in unacceptable yield, regardless of the solvent (DMF or 

PhNO2).However, the yield could be increased whenthe reaction time was extended 

from 24 to 48 h or 6 days. We hypothesized that the prolonged reaction time is 

required as the surface of copper catalyst might be inactive, and the heating and 

agitation of the mixture could break off the inert surface.These results suggested that 

the most practical condition was in entry 5. The compound1 was successful 

synthesized as a yellow solid in 40% yield after a silica gel column chromatography. 
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Table 3.1C-N coupling conditions for compound1 

 

Entry Condition Time %yield 

1 
CuI, 1,10-Phenanthroline, CsCO3 

DMF, reflux 48 h - 

2 
Cu, K2CO3, 18-crown-6 

DMF, reflux 24 h 3 

3 
Cu, K2CO3, 

DMF, reflux 24 h 6 

4 
Cu, K2CO3, 

degassed PhNO2, reflux 24 h 7 

5 
Cu, K2CO3, 

degassed PhNO2, reflux 48 h 40 

6 
Cu, K2CO3, 

degassed PhNO2, reflux 
6 days 51 

 

  The synthesis of target compound1 and 2is shown in Figure 3.10 and 

Figure 3.11 respectively. 

 

 

 

 

 

 

 

 

 

Figure 3.10 The synthesis of compound1 

 The chemical structure of compound 1 was characterized by 1H NMR, 13C 
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NMR and MALDI-TOF spectrometry. The 1H NMR of compound 1(Figure 3.11) in 

CDCl3 showed a doublet peak at 8.5 ppm for H(e), a doublet peak at 8.22 ppm for 

H(i), a singlet peak at 7.73 ppm for H(b), a doublet peak at 7.66 ppm for H(d), a 

doublet peak at 7.59 ppm for H(j), a triplet peak at 7.49 ppm for H(k), a triplet peak at 

7.35 ppm for H(l) and around 0-3.5 ppm for alkyl chain. 

 
Figure 3.111H NMR of compound 1 in CDCl3 

  The synthesis of compound2 is shown in Figure 3.12. Compound2 was 

synthesized by the reaction of 8 and excess amount of 5 in the presence of Cu bronze 

and K2CO3 in degassed nitrobenzene at refluxing temperature.Compound2 was 

obtained by silica gel column chromatography asanorange brown solid in 50% yield. 

 

 

 

 

 

 

 

 

 

Figure 3.12The synthesis of compound2 

 The chemical structure of compound 2 was characterized by 1H NMR, 13C 

NMR and MALDI-TOF spectrometry. The 1H NMR of compound 2(Figure 3.13) in 
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CDCl3showed a doublet peak at 8.80 ppm for H(e), a singlet peak at 8.40 ppm for 

H(k), a doublet peak at 8.22 ppm for H(o), a singlet peak at 7.99 ppm for H(b) and at 

around 0-3.5 ppm for alkyl chain. 

 
Figure 3.13 1H NMR of compound 2in CDCl3 

3.2 Optical property 

  The investigation of absorption of compound1 and 2 were performed in 

dilute chloroform solution. The normalized absorption spectra are shown in Figure 

3.14 and summarized in Table 3.2. The absorption spectra of compound1 and 2 in 

solution, showing two strong absorption bands in the visible region at 330 nm 

corresponding to the π-π* electron transition of entire conjugated backbone and band 

at 294 nm corresponding to the π-π* local electron transition of the carbazole 

moieties. The similarity of theabsorption spectra of compound 1 and 2showed that the 

π-conjugation system of both compoundswere the same, the equal energy absorbed. 

Thisindicatedthe independent arrangement of molecules in solution phase, each 

molecule was solvated, the outer carbazole of compound 2 was not included in π-

conjugated system because of its steric effect. 

Therefore, compound 2has the same π-conjugated system as compound 1in this 

situation. While,thin films were obtained by spin coating method,compound 2 

exhibited more bathochromic shift than compound 1due to better π-electron 
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delocalization in conjugated systems resulting frombetter planarity between carbazole 

dendron, consist of the outer carbazole, and truxene units affected by the solid state 

packing and prevent aggregation by six-butyl group and bulky nature of carbazole 

dendron.However, the molar absorptivity of compound 2 was slightly higher than that 

of compound 1 due to higher number of photoactive carbazole units.  
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Figure 3.14Normalized absorption spectra of compound1,2in CHCl3 and thin film 

  The normalized fluorescence spectra are shown in Figure 3.15, obtained 

from CHCl3 solution. Compound1 and 2 exhibited the maximum emission 

wavelength at 367 and 391 nm, respectively,and displayed a typical vibrational 

progression pattern of truxene core, while the absorption bands are in the same 

wavelength. The emission band of compound2 appeared at a longer wavelength which 

probably due to a higher degree of geometrical relaxation upon excitation with lower 

energy. For thin film, both compounds showed more bathochromic shift. This 

suggested that the resonance effect on carbazole molecule may occurred and also 

obvious by the lower quantum efficiency of compound2 (0.10) as compared to that of 

compound1 (0.22). The quantum yield was measured in CHCl3 solution at room 

temperature using 2-aminopyridine in 0.1 M H2SO4 (ΦF = 0.60) as a standard. 



52 
 

0	

0.2	

0.4	

0.6	

0.8	

1	

1.2	

320	 370	 420	 470	 520	 570	 620	

N
o
rm

a
li

ze
d

 f
lu

o
re

sc
en

ce
 i

n
te

n
si

ty
 (

a
.u

.)
  

Wavelength (nm) 

1	

2	

1	thin	film	

2	thin	film	

 
Figure 3.15Normalized emission spectra of compound1, 2 in CHCl3 and thin film 

Table 3.2 Optical properties of compound1 and 2 measured in CHCl3 solutions and 

thin films 

Compound 

[nm]  

(log ε [M-1cm-1]) 
[nm] 

ΦF
a 

Solution Thin film Solution Thin film 

1 331(4.95) 315 367 379 0.22 

2 330(5.05) 333 391 418 0.10 
a 2-aminopyridine in 0.1 M H2SO4 (ΦF = 0.60) was the reference.   

 

3.3 Electrochemical property  

 From the prior UV-visexperiments, the optical band gapenergy could be 

determined from the onset of absorption wavelength (the lowest energy that 

molecules absorb to excite the electron to the excited state) wasestimated by Eg= 

1240/onset. The onset absorption of compound 1is 420 nm and compound 2 is 402 nm 

corresponding to energy band gaps of 2.95 eV and 3.08 eV, respectively. 

In this CV experiments, platinum wire was used as a counter electrode, 

Ag/AgNO3 as a reference electrode and glassy carbon as a working electrode.tetra-n-

butylammoniumhexafluorophosphate (TBAPF6) as a electrolyte which can solute in 

organic solvents. The concentration of electrolyte was 0.1 M, and the concentration of 

compound1 and 2 was 1.0 mM. 
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The redox potentials were performed in dry dichloromethane at scan rate of 

0.05 V/s and result in Table 3.3. The cyclic voltammograms of two compounds were 

showed in Figure 3.16. The HOMO energy level of compound1 and 2 were 

calculated by an empirical formula, HOMO = -(4.44+Eonset) (eV)[64,65]. The onsets 

of oxidation potential of compound1 and 2 were at 0.75 and 0.63, respectively. These 

suggested that compound2could be oxidized easier and have better hole-transporting 

propertythan compound1.The LUMO energy level was calculated by HOMO energy 

level subtracted with the energy band gap from calculation of the onset of UV-Vis 

absorption. 
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Figure 3.16 The cyclic voltammograms of compound1 and 2 

Table 3.3 The electrochemical properties of compound1 and 2 

Compound HOMOb (eV) LUMOc (eV) Eg
d(eV) 

1 5.19 2.24 2.95 

2 5.07 1.99 3.08 
aMeasured using a glassy carbon as a working electrode, a platinum wire as a counter 

electrode, and Ag/AgNO3 as a reference electrode in CH2Cl2 containing 0.1M 

TBAPF6 as a supporting electrolyte at a scan rate of 50 mV/s under a nitrogen 

atmosphere.  
bCalculated by the empirical equation: HOMO = -(4.44 + Eonset). 
cCalculated from LUMO = HOMO - Eg. 
dThe optical energy gap estimated from the onset of the absorption spectra  

(Eg = 1240/onset).   
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Figure 3.17Band diagram of ITO, compound1, compound2, Alq3 and LiF/Al 

 

3.4 Thermal property 

 For electroluminescent device, the thermal stability is crucial for durability 

and lifetime of device. The degradation of the device depends on the morphological 

change of the amorphous organic layer. The thermal properties were observed by 

thermo gravimetric analysis (TGA) and Differential scanning calorimetry (DSC) 

under nitrogen atmosphere. 

 The thermal properties of compound1 and 2 are shown in Figure 3.18 and 

summarized in Table 3.4. The TGA curves were suggested that all compounds were 

thermally stable with 5% weight loss temperature (T5d) at 392 and 371 oC, 

respectively. From DSC on second heating cycle, compound1 showed only an 

endothermic peak at 249 oC due to glass transition temperature (Tg) and no signal for 

melting and crystallization temperature was observed. For compound2 showed 

endothermic baseline shift at due to glass transition temperature (Tg) at 293 oC. These 

results suggested that all compounds could form molecular glass with high Tg. 
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Figure 3.18DSC curves of compound1 and 2 at a heating rate of 10 oC/min under N2 

atmosphere 

 

Table 3.4 Thermal properties of compound1 and 2. 

Compound mpc(oC) Tg
a(oC) Td

b(oC) 

1 >300 249 392 

2 >300 293 371 

 

aObtained from DSC measurements on the second heating cycle with a heating rate of 

10 oC/min under N2 atmosphere.bObtained from TGA measurements with a heating 

rate of 10 oC/min under N2 atmosphere. 
c Obtained from scientific melting point 

3.5 Hole transporting (HTL) property 

 3.5.1 Investigation of the hole transporting property 

  The HOMO energy level of compound1 and 2 were at 5.19 and 5.07 eV 

respectively. These energy levels lie between work function of ITO (4.80 eV) and 

HOMO energy level of Alq3 (5.70 eV) which indicated that all compounds could be 

used as HTL in OLED. The barriers between ITO and compound1and2 were 0.49 and 

0.37 eV, respectively, that could be suggested that hole injection from ITO to 

compound2 could be more easily occurred.The LUMO energy level of compound 1 

and 2 were at 2.24 and 1.99 eV, respectively, that higher than LUMO energy level of 
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Alq3(3.1 eV). This also suggested that both compounds could be acted as electron 

blocking materials. Because of high molecular weight of compound2, Spin coating 

method was used instead of thermal evaporation to coated hole transporting layer onto 

the devices.Multi-layer OLED were fabricated with structure of 

ITO/HTL[30nm]/Alq3[40nm]/LiF[0.5nm]/Al[120nm] by using compound1 and 2 as 

hole transporting layer. Only device 5, NPB, commercial hole transporting material, 

was used as HTL to be compared with our compounds. ITO as the anode, LiF/Al as 

the cathode and Alq3 as the light emitting and electron transporting layer. All devices 

emit green color of Alq3 (530 nm), indicated that compound1 and 2 were only the hole 

transporting layer. 

 
Figure 3.19Energy level diagram of device 1-5 

  The voltage-luminance and voltage-current density characteristics of the 

devices are shown in Figure 3.20and summarized in Table 3.5. From device 1 and 3, 

it showed that compound 2 have better hole transporting property than compound 1. 

And in the present of PEDOT:PSS as HTM,the performance of device can be 

improved by effectively control the recombination of hole and electron. Resulting in 
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decreased turn-on voltage and current density while increased maximum 

luminescence, luminance efficiency, and external quantum efficiency. Device 4 

exhibited the best performance with maximum luminance of 9658 cd/m2 at 9.2 V, a 

turn-on voltage of 3.6 V and an external efficiency of 0.056%, due to the lower energy 

barrier between compound2 and ITO. Never the less, device 4 exhibited lower 

performance than device 5 which used NPB, commercial HTM,as HTL.    

 

 
Figure 3.20Current density and luminance VS voltage characteristic of device 1-5 

Table 3.5 Electroluminescent properties of device 1-5 

Device HTLf Von
a Lmax

b ηlum
c ηex

d Je 

1 

2 

3 

4 

5 

1 

1 with PEDOT:PSS 

2 

2 with PEDOT:PSS 

NPB with PEDOT:PSS 

5.8 

4.8 

3.6 

3.6 

2.2 

454(10.6) 

2626(9.2) 

4547(8.8) 

9658(9.2) 

33985(8.4) 

0.04 

0.42 

0.65 

1.15 

2.37 

0.002 

0.021 

0.031 

0.056 

0.116 

1433 

1329 

1786 

1612 

2000 
aTurn-on voltage (V). bMaximum luminance (cd/m2) (at applied potential, V). 
cLuminance efficiency (cd/A). dExternal efficiency (%). e Current density (mA/m2) 
fSpin coating method at 2500 rpm for 30 s, concentration of compound=2%w/v 
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 3.5.2 Investigation of thickness of hole transporting layer 

 To study about the thickness of hole transporting layer, Double-layer OLED 

was fabricated using compound2 as hole transporting layer with the structure 

ITO/PEDOT:PSS[30nm]/HTL/Alq3[40nm]/LiF[0.5nm]/Al[120nm]by vary the 

concentration of compound2 at 1, 2, 3 and 5 %w/v with spin coating method at 2500 

rpm for 30s. Device configurations are shown in Figure 3.21. 

     
Figure 3.21Device configuration of device 6-9 

  The voltage-luminance and voltage-current density characteristics of the 

devices are shown in Figure 3.22and summarized in Table 3.6. Device 7 exhibited 

the best performance with maximum luminance of 9658 cd/m2 at 9.2 V, a turn-on 

voltage of 3.6 V and an external efficiency of 0.056%. 

 
Figure 3.22Current density and luminance VS voltage characteristic of device 6-9 
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Table 3.6Electroluminescent properties of device 6-9 

Device conc.f Von
a Lmax

b ηlum
c ηex

d Je 

6 

7 

8 

9 

1 

2 

3 

5 

3 

3.6 

3.8 

4 

5129(6.8) 

9658(9.2) 

6992(8.8) 

5806(11.8) 

0.91 

1.15 

1.19 

0.72 

0.044 

0.056 

0.058 

0.035 

2000 

1612 

1379 

1226 
aTurn-on voltage (V). bMaximum luminance (cd/m2) (at applied potential, V). 
cLuminance efficiency (cd/A). dExternal efficiency (%). e Current density (mA/m2) 
fSpin coating method at 2500 rpm for 30 s (%w/v). 

The AFM results are shown in Table 3.7. At concentration of 1%w/v, 

the thin film could not be formed. While at concentration 2, 3 and 5 %w/v,thin film 

could form in a good surface. However, the molecular aggregation was occurred at 3 

and 5 %w/v.Therefore, the appropriate condition was the concentration of 2 %w/v. 

This results corresponding to device performance above. When the concentration was 

increased, performance of device decreased. This suggested that the recombination of 

electron and hole in the emitting layer was affected by the thickness of hole 

transporting layer and also the hole mobility of hole transporting layer (compound 2) 

Table 3.7 AFM image of compound2 at 1, 2, 3 and 5 %w/v 

Conc. 

(%w/v) 

AFM image Thickness 

(nm) 

Conc. 

(%w/v) 

AFM image Thickness 

(nm) 

1 

 

Not fully 

form film 

2 

 

14 

3 

 

19 5 

 

24 
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CHAPTER IV 
 

CONCLUSION 
 

 Two new hole-transporting materials for OLED were successfully 

synthesizedfrom carbazole and truxene. The solubilities of these compounds in 

organic solvents were facilitated and the aggregation by pi-pi stackingwas prevented 

by alkylation at the methylene units of truxene. The iodination of truxene core and 

Cu-catalyzed C-N coupling with carbazole or 3,6-di(9-carbazolyl) carbazole then 

gave rise to the target compounds in moderate yields.All compounds were 

characterized by NMR spectroscopy, UV-Vis and fluorescence spectrophotometry 

and MALDI-TOF spectrometry.The absorption spectra of both compounds were 

acquired in CHCl3 solution and thin film.  In solution phase, the compounds displayed 

maximum absorption and emission wavelengths at 330-331 and 367-391 nm, 

respectively. The onset absorption of compound 1is 420 nm and compound 2 is 402 

nm, corresponding to energy band gaps of 2.95 eV and 3.08 eV, respectively. On the 

other hand, they showed absorption at 315-333 and emission at 379-418 nm as thin 

film state. The quantum yield of compound 1 and 2, which were measured in CHCl3 

solution using 2-aminopyridine as a standard, were 0.22 and 0.10, 

respectively.Thermal properties of the compounds were determined by differential 

scanning calorimetry (DSC) and thermogravimetric analysis (TGA) under nitrogen 

atmosphere.Both compounds possess excellent thermal stabilities with high glass 

transition temperatures (Tg) of above 240 ºC and decomposition temperature above 

370 ºC, which is necessary property of good thin film.The electrochemical properties 

were studied by cyclic and differential pulsevoltammetricmethods. The HOMO 

energy level of compound 1 and 2 were at 5.19 and 5.07 eV, respectively. These 

compounds were fabricated as hole-transporting materials in organic light-emitting 

devices. The device having the structure of ITO/PEDOT:PSS/2/Alq3/LiF:Al exhibited 

a bright green emission with a maximum luminescence of 9,658 cd/m2 at 9.2 V and a 

turn-on voltage of 3.6 V. 
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APPENDIX 

 

Figure 11H-NMR spectrum of 3,6-diiodo-9H-carbazole(3) 

 

Figure 21H-NMR spectrum of 9-acetyl-3,6-diiodo-carbazole(4) 
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Figure 31H-NMR spectrum of 3,6-di(9-carbazolyl) carbazole (5) 

 
Figure 41H-NMR spectrum of truxene (6) 
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Figure 51H-NMR spectrum of 5,5,10,10,15,15-hexabutyl-truxene(7) 

 
Figure 61H-NMR spectrum of 5,5,10,10,15,15-hexabutyl-2,7,12-triiodo-truxene (8) 
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Figure 71H-NMR spectrum of compound1 

 

 
 

Figure 8 13C-NMR spectrum of compound 1 
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Figure 9 MALDI-TOF spectrum of compound1 

 

 

Figure 10 1H-NMR spectrum of compound 2 
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Figure 11 13C-NMR spectrum of compound 2 

 

 
Figure12 MALDI-TOF spectrum of compound2 
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Figure 13TGA spectrumofcompound1 

 

Figure 14TGA spectrumofcompound2   
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