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ABSTRACT

TITLE : SYNTHESIS AND CHARACTERIZATION OF NOVEL ORGANIC
MATERIAL FOR DYE SENSITIZED SOLAR CELLS AND
ORGANIC LIGHT EMITTING DIODES

BY . TEADKAIT KAEWPUANG

DEGREE : MASTER OF SCIENCE

MAJOR . CHEMISTRY '

CHAIR . ASSOC.PROF.VINICH PROMARAK, Ph.D.

KEYWORDS : OLIGOTHIOPHENE / CARBAZOLE / D-D-Tt-A/ DYE SENSITIZED
SOLAR CELLS / ORGANIC LIGHT-EMITTING DIODES /
OPTOELECTRONIC DEVICES

This thesis deals with synthesis and characterization of novel carbazole derivatives for
using as dye molecules in optoelectronic devices. The designed D-D-Tt-A organic dyes containing
different linker and acceptor units for using as dye molecules in dye-sensitized solar cell (DSCs).
The D-D-Tt-A type organic dyes CFTATn-A n=1-3 composed of three paris: (1) cabarzole
donating groups (D); (2) an oligothiophenes and oligothiophene-phenylenes (1); and (3) cyanoacrylic
acid anchoring groups (A). The electronic, electrochemical, and thermal properties of these
compounds can be tuned by varying the number of thiophene rings and anchoring groups. The
electron distribution before the light irradiation (HHOMO) is delocalized mainly over carbazole-
carbazole donor and oligothiophene; whercas after light irradiation (LUMO) it moves to the
acceptor units close to the anchoring groups. These compounds exhibited a high molar
absorptivity in the blue/green region of solar light. Th;e number of thiophenc increased the
conjugation length of compounds resulting a red-shift aq‘d broad in absorption solution spectra.
The dye CFTAT3-A should be promising materials for DSCs devices. The target emitting
materilals C,TnG1 n=0-2 and PFC, PFCdi-Py and PFCdi-CPy for using as emitting molecules in
OLEDs devices. The electronic, electrochemical, and thermal properties of these compounds can -
be tuned by varying the number of thiophene rings and dendron moieties. The number of
thiophene and dendron units increased\the conjugation length of compounds resulting a red-shift

and broad in absorption solution spectra. All compounds in this study are fluorescent with the



v

color ranging from blue to green. All targets have good electrochemical and thermal stabilities and
could be used as emissive layers in OLEDs. The performance of OLEDs using these materials as

light-emitting layer is under investigation and will be reported in the future.
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CHAPTER 1
INTRODUCTION

1.1 Optoelectronics

Optoelectronics is a technology that the interaction between optics and
electronics and the devices based on this technology are known as the optoelectronic devices.
Consequently these materials were used as nonconductor in the elecironic indusiry. Since 1977,
Alan J. Heeger, Alan G. MacDiarmid and Hideki Shirakawa found that the conductivity of
poly(acetylene)} can be increased by eleven orders of magnitude when it is doped with balogens
[1,2]. The discovery and development of conductive polymers they received the Nobel Prize for
Chemistry in 2000. Theréfore, the possibility of using organic semiconducting materials for
applications in optoelectronics and the semiconductor has been of great scientific and
technological interest [3-5]. An important advantage of organic semiconducting materials is easy
processability, i.e. form solution, large area coverage and the possibility to use flexible substrates
make organic semiconductors idéal candidates for low cost electronic applications. During, the
last 15 years rapid progress took place in the field of materials developments, device design,
deposition processes and molecular modeling [6]. In the area of organic thin film devices vary
active research is going on spanning many subjects such as organic light emitting diode (OLEDs)
[7], organic field-effect transistors (OFETs) [8], sensors [9], organic photovoltaic [10] and dye
solar celis (DSCs).

1.2 Dye Sensitized Solar cells

1.2.1 Introduction «
Today, most solar cells manufacturefi iﬂe.the wortld are silicon solar cells. There
are several types of silicon solar cells, one of which is bulk silicon solar cells, which provide
high conversion efficiency but require expensive materials and costly fabrication process. Then
there are thin-film solar cells, which significantly reduce costs at the expense of decreased

conversion efficiency. Non-silicon compound semiconductor solar cells are expected to provide



conversion efficiency as same as silicon crystal solar cells, but increased concerns about
environmental load and the use of scarce metals. There is demand for the development of new
fow-cost high-efficiency non-silicon solar cells. One of next-generation solar cells expected to
satis{y these demands is dye-sensitized solar cells (as follows called DSCs). Gritzel et al. reported
high-efficiency cells using nanoporous titanium oxide semiconductor electrodes, ruthenium (Ru)
metal complex dyes and iodine electrolyte solutions in the journal of Nature in 1991.
consequently, many studies have been lactively carried out on DSCs and revealed their
performance comparable to amorphous silicon thin films. These DSCs have the advantages of low
cost, lightweight, easy to be fabricated and friendly to the environment, but issues include
durability and further improvement of their properties. To respond to these issues, many
researcher have been made, such as solidifying electrolytes and improving materials and design
structures. |

In 1972 Honda and Fujishima reported that water splitting was possible by illumination
of TiO, [11]. The large bandgap of TiO, yielded quite low conversion efficiencies due to the
ability to absorb photons only in the ultraviolet region. Gerischer and Memming further showed
that the enhanced light harvesting could be attained by sensitizing flat semiconductor electrodes
[12]. In 1976 Tsubomura et al. presented a working dye-sensitized porous zinc oxide photocell
using a platinum counter electrode and a iodide/triidodie redox couple [13]. In 1985, Desilvestro
et al. used a rough TiO, electrode sensitized with a ruthenium complex yielding enhanced photo
conversion efficiency [14]. The breakthrough for DSCs occurred in 1991, [15] when Gritzel and
O’Regan managed to build a, 7.1%, photovoltaic device based on a dye-sensitized 10 jam thick
porous TiO, electrode. The DSC research has since then expanded and today there is a quite large
research community trying to understand and improve thge photovoltaic efficiency of the DSC.
DSCs manufacturing facility, G24 innovations, started up* with a capacity of 25 MW located in
Cardiff, Wales. The DSC technology may be considereci among the most advanced solar cell
techniques on the verge of commercialization. DSC'is ajn appropriate candidate in the view of
materials and production cost and device performance trade off. In the near future, the venture of

DSCs as a competitive technology will thus be revealed.



1.2.1 Principle of DSCs
The DSCs, or the Griizel cell, is a complex system where three different
components, the semiconductor, the chromophore and the electrolyte are brought together to

generaie electric power from light without suffering any permanent chemical transformation

(Figure 1.1} [16].
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Figure 1.1 Schematic picture of the dye sensitized solar cell.

The nanocrystalline semiconductor is usually the anatase TiO,, although alternative
wide band gap oxides such as ZnQ can be used. A monolayer of the chromophore, i.e. the
sensitizer, is attached to the surface of the semiconductor. Photoexcitation of the chromophore
results in the injection of an electron into the conduction band of the semiconductor (Figure 1.2).
The chromophore is regenerated by the electrolyte, usually an organic solvent containing a redox
couple, such as iodide/triiodide. The electron donation to the chromophore by iodide is

f
compensated by the reduction of triiodide at the counter electrode and the circuit is completed by
electron migration through the external load. The ‘overall voltage generated corresponds to
the difference between the Fermi level of the semiconductor and the redox potential of

the electrolyte.
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Figure 1.2 Schematic picture of the electroh flow in the DSC.

The performance of the solar cell can be quantified with parameters such as incident
photon to current efficiency (IPCE), open circuit photovoltage (¥} and the overall efficiency of
the photovoltaic cell (#). The efficiency of the DSC is related to a large number of parameters.
This thesis will only focus on the development of efficient sensitizers and their synthesis, even so,
it is important to have the general concepts in mind.

1.2.2 Overali Efficiency of the Photovoltaic Cell (#1)

The solar energy to electricity conversion efficiency under white-light irradiation

(e.gz., AM 1.5 G) can be obtained from the following equation:

J .V ff
sc oc
- = = . o (1.1)
1 I
0

Where [, (mW/cm’) is the photon flux (e.g., ca. 100 mW/cm’ for AM 1.5 G), J. (A)
is the short-circuit current density under irradiation, ¥, (V) is the open-circuit voltage, ff'

represents the cell fill factor. The fill factor measures the squareness of the J-V curve (Figure 1.3).
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Figure 1.3 J-V curve.



1.2.3 Chromophores

The efficiencies of the sensitizers are related to some basic criteria [17].
The HOMO potential of the dye should be sufficiently positive compared to the electrolyte redox
potential for ‘efficient dye regeneration. The LUMO potential of the dye should be sufficiently
negative to match the potential of the conduction band edge of the TiO, and the light absorption in
the visible region should be efficient. However, by broadening the absorption spectra,
the difference in the potentials of the HOMO and the LUMO energy levels is decreased. If the
HOMO and LUMO energy levels are too close in potential, the driving force for electron injection
into the semiconductor or regeneration of the dye from the electrolyte could be hindered.
The sensitizer should also exhibit small reorganization energy for excited- and ground-state redox
processes, in order to minimize free energy losses in primary and secondary electron transfer steps.

1.2.3.1 Rluthenium Based Chromophores
Chromophores of ruthenium complexes such as the N3, N719 and black
dyes have been intensively investigated and show record solar energy-to-electricity conversion

efficiencies (7}) of 10, 11.2 and 10.8%, respectively (Figure 1.4) [18].
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Figure 1.4 chemical structures of N3, N719 and black dyes.



A large number of different ruthenium based sensitizers have been
investigated in order to improve the photovoltaic performance and stability of the DSCs. Amongst
them especially four (K19, K73, K77 and Ru-1) have shown interesting properties in that they are

competing in efficiency and have higher molar extinction coefficients than the three former. The

enhanced absorption observed is expected from the extended conjugated system.
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Figure 1.5 chemical structures of K19, K73, K77 and Ru-1 dyes.

1.2.3.2 Organic Chromophores

Recently, performances of DSCs based on metal-free organic dyes have
been remarkably improved by several groups. The first tf:ansient studies on a coumarin dye in
DSCs was performed in 1996, when Griitzel et al. found i‘njection rates of 200 fs from C343 into
the conduction band of Ti0,. Since €343 has a narrow absorption spectrum, the conversion
efficiency of this specific compound was low. By introduction of a methine unit, the 7T-system
could be expanded and in 2001 a respectable efficiency of 5.6% was obtained with NKX-2311 .
[19]. Adding more methine units (up to three) and introducing bulky substituents to prevent

dye-aggregation could push the efficiency to 6.7% in 2005 (NKX-2753). Currently other building



blocks like thiophene are tested, which are believed to give a higher stability. First results of

7.4% for NKX-2677 are encouraging [20].

NKX-2753 NKX-2677

Figure 1.6 chemical structures of C343, NKX-2311, NKX-2753 and NKX-2677 dyes.

In 2003, an indoline dye D102 and D149 discovered by Ito et al.
These indoline dyes gave solar-to-electrical energy conversion efficiency of 6.1 and 9%,
respectively, in full sunlight. A highest efficiency for organic dyes has been achieved by

an indoline dye D149 [21].

Figure 1.7 chemical structures of D102 and D149 dyes.

4

In 2007, Yuanzuo Li et al. [22] reported that the highly efficient and

.
stable organic dyes JK-1 and JK-2 composed of bis-dimethylfluoreneaniline moiety as
the electron donor and cyanoacrylic acid moiety as the electron acceptor with an overall

conversion efficiency of 8.01%.




JK-1 JK-2

Figure 1.8 chemical structures of JK-1 and JK-2 dyes.

In 2007, Duckhyun Kim et al. [23] investigated that the organic dyes
JK-24 and JK-25 containing N-(9,9-dimethylfluoren-2-yl)carbazole as electron donor and
cyanoacrylic acid as electron acceptor bridged by thiophene units, gave an overall convetsion
efficiency (77) of 5.15%. Although many structure frameworks such as coumarin, aniline, and
indoline have been employed as good electron donor unit, the small molecular organic dyes

containing the N-substituted carbazole structural motif have been little explored for DSCs.
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Figure 1.9 chemical structures of JK-24 and JK-25 dyes.

Carbazoles represent the second strategy, starting from highly photo-stable
sensitizers, dealing with the efficiency issue by introducing| different substitoents on the carbazole
framework. This class of dye has high absorption coefﬁcients in the visible region, and the
fluorescence quantum vields of the singlet state are néar u;lity. Electron injection from dye singlet
states into the conduction band of a semiconductor is generally faster than that from triplet and it
conserves more potential from the light capture. Some carbazole compounds have been used as ]
sensitizer in DSC but their efficiency was low. Recently, the carbazole compounds-based

dye-sensitized solar cells have reached efficicncies around 5.15-8.30% [24-26].
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Figure 1.10 Chemical structure of some carbazole derivatives used as sensitizer in DSCs.

Most of the dyes employed in DSCs have carboxylic acid groups to
anchor on the TiO,~surface. The binding is reversible with high binding equilibrium constants
(K = 10° M"). At a pH > 9 the equilibrium is typically shified to the reactant side and the dye
molecules desorb. This somewhat fragile linkage triggered the development of dyes with different
anchoring groups. In general the binding strength to a metal oxide surface decreases in the order
phosphonic acid > carboxylic acid > ester > acid chloride > carboxylate salts > amides [27] due to
its strong electronic withdrawing propertics, the most widely used and successful to date being
the carboxylic acid and phosphonic acid functionalities. The carboxylic acid groups, while
ensuring efficient adsorption of the dye on the surface also promote electronic coupling between
the donor levels of the excited chromophores and the acceptor levels of the TiO, semiconductor.
Some of the possible modes of chelation/derivatization, ranging from chemical bonding

(chelating or bridging mode) to H-bonding, are shown in Figure 1.11 [28].
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Figure 1.11 Possible binding modes for carboxylic acid groups on TiO,.
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1.3 Organic light emitting diodes (OLEDs)

The most promising organic-based electro-optic devices are OLEDs. They have
recently received a great deal of attention because of their application for a wide range of display
applications as well as from the standpoint of scientific interest. They are attractive because of low
voltage driving, high brightness, capability of multicolor emission by the selection of cmitting
materials and casy fabrication of large-area and thin-film devices. Following the reports on
OLEDs using single crystals of anthracene, recent pioneering works on OLEDs using low
molecular-weight organic materials and a conjugated polymer have triggered extensive research
and development within this field. Recent years have witnessed significant progress with regard to
brightness, multi- or {ull-color emission, and durability and thermal stability of OLEDs.
The OLEDs fall into two' competing technologies based on the materials used: small molecule
devices are fabricated using vacuum evaporation techniques, whereas polymer structures can be
applied using spin-casting or ink-jet techniques. The screen-printing technique has recently been
introduced and is presumed to be applicable to both polymer and small molecule devices [29].

1.3.1 Structure
The basic OLED cell structure consists of a stack of thin organic layers
sandwiched between a transparent anode and a metallic cathode. The organic layers comprise
a hole-injection layer, a hole-transport layer, an emissive layer aﬁd lem electron-transport layer.
When an appropriate voltage (typically a few volts) is applied to the cell, the injected positive and
negative charges recombine in the emissive layer to produce light (electroluminescence).
The structure of OLED the organic layers and the choice of anode and cathode are designed to
maximize the recombination process in the emissive layer, thus maximizing the light output from
the OLED device. Both the electroluminescent efﬁciencS/ and control of color output can be
significantly enhanced by "doping" the emissive layer with a small amount of highly fluorescent
molecules [30,31]. .
An OLED consists of the following parts:
Substrate (clear plastic, glass, foil) - The substrate supports the OLED.
Anode (transparent) - The anode removes electrons {adds electron "holes") when

a current flows through the device.
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Organic layers - These layers are made of organic molecules or polymers.
Conducting layer - This layer is made of organic plastic molecules that transport
"holes" from the anode. One conducting polymer used in OLEDs is polyaniline.
" Emissive layer - This layer is made of organic plastic molecules (different ones
from the conducting layer) that transport electrons from the cathode; this is where
light is made. One polymer used in the emissive layer is polyfluorene.

Cathode {may or may not be transparent depending on the type of OLED) -

The cathode injects electrons when a curient flows through the device.

Cathode {e.g.Al)
_/

i Electron-transport layer

Melal canthode

~——  Emissive layer

Hole-transport layer

Anode (ITO..)

Figure 1.12 Organic light emitting diodes (OLEDs) Structure

1.3.2 Working Principle
When a voltage is applied to the electrodes the charges start moving in the device
vnder the influence of the electric field. Electrons leave the cathode and holes move from the
anode in opposite direction. The recombination of this charges leads to the creation of a photon
with a frequency given by the energy gap (E = hv) between the LUMO and HOMO levels of the
emitting molecules. Therefore, the electrical power applie{d to the electrodes is transformed into
light. Different materials and dopants can be used to.generate different colors and the combination
1

of them allows building up a white light source {32].
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Figure 1.13 Organic light emitting diodes (OLEDs) working principie

1.3.3 Material Technologies
The development of new materials, particularly for achieving emission in

the blue region of the spectrum, for organic light-emitting devices is the focus of intense investigation
throughout the world. Scientists have developed a new class of materials that demonstrate
exceptional promise for use as electron transport materials within an OLED device. The successful
development df practical blue OLED devices would significantly impact advancement of OLED
technology in both display devices and energy-cfficient solid-state lighting. These materials address
the critical issue of achieving high quantum efficiency {photons generated per electron injected into
an OLED device) at low voltages. Devices buiit at PNNL using the new materials have produced
external quantum efficiencies at a brightness of 800 cd/m’ as high as 11% at only 6.3 V without
using conductivity doping. One class of new OLED materials dcvélo})ed at PNNL are based on
organic phosphine oxide compounds while another is based on organic phosphine sulfides.

In the following passage some basics on materials used in OLEDs are given [11-13].
The colour of the emitted light can be tuned by the molecular structure of the organic emissive
material (see Figure 1.14). Typical emitters for different colours can either be well-defined low
molecular compounds such as DPVBI (4,40-bis(2,2-diphenylethene-1-yl)diphenyl) for blue

emission, Alg;, (tris{8-oxychinolinato)aluminum) )

3
DPVBI Alg, BCM

Figure 1.14 Chemical structures of various emitting materials small molecules used in OLEDs
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Figure 1.15 Chemical structures of various emitting materials polymers used in OLEDs
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Figure 1.16 Various hole transport and electron transport materials used in OLEDs

For green emission [33], and DCM (4-(dicyanomethylene)-2-methyl-6-(p-
dimethylaminostyryl)-4H-pyrane) for red emission, or polymers such as polyfluorenes (blue) [34],
PPV (poly(p-phenylenvinylene)) (green) [35], and MEH-PPV (polyl[(2-(2-ethylhexyloxy)-
5-methoxy-p-phenylen)vinylene]) (orange) [36]. Typical hole transporters are materials based on
the triarylamine motive like TPD (N,N-bis(3-mett;ylphenyl)-N,N-diphenylbenzidine) or
MTDATA (m-methyliris(diphenylamine)iriphenylamin), \;fhiie compounds like Alg, and PBD (2-
(4-biphenyl)-5-(4-tert-butylphenyl)-1,3 4-oxadiazole) are able to transport electrons especially
well (Figure 1.16).
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1.3.4 Aim of the thesis
In recent years, the development of novel organic materials for optoelectronic

applications has been aitracted a lot of interest both in industry and academics. Especially in the
area of dye S(;iar cells (DSCs) and organic light emitting diodes (OLEDs) huge progress has been
made. One of the main technological attraction of organic electronics is that the active layers can
be deposited at low temperatures by liquid phase techniques. This makes organic semiconductors
ideal candidates for low-cost, large-area electronic applications on flexible substrates.

The aims of this work are:

(1) To synthesize a novel donor-donor-Tt-conjugate acceptor (D-D-TI-A) organic
material based on +-Bu carbazole, fluorene and thiophene as the donor group, with an thiophene
and thiophene-phenylene linker and a cyanoacrylic acid moie’iyl as acceptor/anchor group that

would be an interesting starting point for further modifications as show in Figure 1.17.

Figure 1.17 Organic dye structures of D-D-TT-A type organic dyes (CFTAnT-A n=1-3).

(2) To synthesize a series of #-butylcarbazole, thiophene-substituted di-carbazole

derivatives as both emitting and hole-transporting matt‘:rials for OLEDs.



15

O N R I{1 = e, R2 = B

Figure 1.18 Structure emitting materials of #-butylcarbazole-substituted di-carbazole derivatives

(3} To synthesize a series of pyrene, di-pyrenecarbazole-substituted fluorene

derivatives as both emitting and hole-transporting materials for OLEDs.
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Figure 1.19 Emitting materials structure of pyrene, di-pyrenecarbazole-substituted fluorene

derivatives

(4) To characterize and study the electronic, photophysical, elecirochemical and
thermal properties of the farget molecules. i
(5) To investigate their potential applications a:s both dye sensitizers and emitters for

DSCs and OLEDs devices, respectively.




CHAPTER 2
SYNTHESIS AND CHARACTERIZATION OF D-D-1t-A TYPE ORGANIC
_ DYES FOR DYE SOLAR CELLS (CFTATn-A,n=1-3)

2.1 Introduction

Organic sensitizers were divided into three parts; donor, linker and acceptor. This is
a convenient method to systematise the sensitizers. There are several basic criteria that an efficient
sensitizer should fulfill, and these criteria can be used when designing a new organic sensitizer.
First of all, light excitation should be associated with vectorial electron flow from the light
harvesting moiety of the dye, ie. the donor and the linker, towards the proximity of
the semiconductor, i.e. thel acceptor/anchoring group of the dye. This can be seen as the HOMO is
located over the donor and the ‘linker, while the LUMO is located over the acceptor,
i.e. a pronounced push-pull effect. Second, the HOMO potential of the dye should be sufficiently
positive compared to the electrolyle redox potential for efficient dye regeneration [37].
Third, the LUMO potential of the dye should be sufficiently negative to match the potential of
the conduction band edge of the TiO,. Fourth, a strong conjugation and electronic coupling across
the donor and the acceptor to ensure high electron transfer rates.-Finally, to obtain a dye with
efficient photocurrent generation, 7T-stacked aggregation on the semiconductor should be avoided
[38]. Aggregation may lead to intermolecular quenching or molecules residing in the system not
functionally attached to the semiconductor surface and thus acting as filters.
2.1.1 Carbazole in Conducting Materials
Due to the electron-donating nature of carfbazoies, they have been widely used as
hole-transporting materials for a number of applications, such as xerography, organic field-effect
transistors, photorefractive systems, light emitting diodes;{ etc. Long-lived charge separate states
and multiphoton absorbing abilities have been reﬁbrted for some of these carbazole based
materials. In photovoltaic cells the interest of using carbazole based sensitizers has increased in
recent years. Studies of ruthenium complexes with carbazole as electron donor moiety have shown .
interesting results promising for DSC applications. However, organic sensitizers with carbazole donor

moieties published when this project started (Figure 2.1), included in some cases relatively long
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synthetic procedures which would have yielded high production costs and their efficiencies in the DSC

was relatively low (7] = 5.15-8.30%) compared to for instance some indoline sensitizers {36, 39].

Figure 2.1 Examples of carbazole sensitizers published at the start of the project.

At this point in time, the number of carbazole based sensitizers has increased and
modifications have been ;nade both at the carbazole moiety, with different substituents and at
the linker unit, where different T-conjugated systems have been investigated. The carbazole
moiety is non-planar and can suppress aggregation due to the disturbance of the T0-T stacking.

2.1.2 W-Conjugated L.inker

2.1.2.1 Oligothiophenes as T-Conjugated Linker
Expansion of the T-conjugated C=C backbone to exiend the absorption
spectrum and broaden it to the red region, is one way to decrease the HOMO/LUMO energy level
differences and thereby increase the solar cell performance. This would, however, complicate the
synthetic procedure and affect the stability of the dye due to photoinduced trans to cis isomerisation.
The introduction of different TT-conjugated ring moieties, such as thiophene, benzene or pyrrole is an
elegant way of extending the TT-conjugated system without affecting the stability of the dye. In 2003

Hara et al. reported a series of coumarine dyes with different linker units (Figure 2.2) [40].

n=6.0% n=7.2% n=7.7%
NKX-2311 NKX-2593 NKX-2677

Figure 2.2 T-conjugated extension by thiophene iniroduction in the finker.
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Broadened toward the red region when the dyes are adsorbed on the surface of TiO,,
leading to an increase of the photocurrent. NKX-2593 and NKX-2677 both show efficiencies over
7% and have almost identical absorption specira. From a synthetic point of view, NKX-2593
requires a sii;ghtly shorter synthetic route than NKX-2677 to obtain approximately the same
efficiency.

2.1.2.2 Thiophenes-phenylene as TT-Conjugated Linker

The function of a Bridge group is twofold, i.e. acting both as a part of the
light absorbing chromophore and also as a channel for transporting charges. A good bridge group
should promote the absorption of light over a wide wavelength region, yet retards the rate of
internal charge recombination. Linearly connected arylenes serve both purposes quite well.
The flexible dihedral angles between adjacent aryl groups are twisted to a greater extend upon
excitation to the CT state, while the electronic resonance is reduced and the rate of charge
recombination slows down. In 2009 Tahsin J. Chow et al. reported a series of

naphthylphenylamine dyes with different linker units (Figure 2.3) [41].

Aoo0,.. oo™ Qoo

1N-PPP 1N-PSP 1N-PSS

n=4.6% n=71% n=6.1%

Figure 2.3 T-conjugated extension by thiophene-phenylene introduction in the linker.

The triarylene bridges consist of phenyl and/or, thiophenyl groups linked together in a
lincar fashion. These compounds exhibited a high absorp}‘ivity in the blue/green region of solar
light. IN-PSP and 1N-PSS both show cfficiencies over 6:% and have almost identical absorption
spectra. From a synthetic point of view, IN-PSS a sliéhﬁy shorter synthetic route than IN-PSP to

obtain approximately the same efficiency.
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2.1.3 Cyanoacrylic Acid as Acceptor and Anchoring Group.
The carboxylic acid group is by far the most employed group for attachment of
the sensitizers to the semiconductor surface. The binding modes (Figure 2.4) have been

investigated i;y Galoppini and co-workers [42].

a b c

Figure 2.4 Main binding modes of carboxylate group to TiO,, a) regular monodentate,

b) regular bidentate chelating, c¢) bridging bidentate.

When it comes to the slightly wider term acceptor groups, cyanoacrylic acid is by far
most commonly used due to its strong electronic withdrawing propertics. There is a number of
different acceptor groups reported and some show promising results (Figure 2.5). In some cases,
the ending of the linker and the beginning of acceptor, since the increased conjugation that some
acceptor groups provided will broaden the absorption spectra. However, in this thesis a synthetic
point of view will be used to differentiate the linker and the acceptor depending on the reactants

used [24, 43, 44].

1 poon O
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Figure 2.5 Examples of different acceptor groups.

2.2 Aim of the Study

1

We designed an organic chromophore based oq' di(carbazole fluorenethiophenyl)amine
as the bulky donor group for decrease TT-TU stacking :)f molecules, with oligothiophenes because
increase TT-conjugated bridge for increase range of absorption of molecule and cyanoacrylic acid
was used electron-withdrawing anchoring group, respectively. That would be an interesting -

starting point for further modifications (Figure 2.6). The D-D-T-A type organic dyes were
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synthesized using a combination of Alkylation, Bromination, Ullmann coupling, Suzuki cross-

coupling and Knoevenage! condensation reactions.

Figure 2.6 Organic dye structure of D-D-TT-A typ organic dyes.

2.3 Results and Discussion

2.3.1 Synthesis
To synthetic approach io a serics of dye sensitized solar cells for organic
materials, first dibromofiuorene was prepared from bromination of fluorene using bromine as

electrophile in the present of FeCl, as afford dibromofluorene in 80% yield.

SN o

ook (BrF2)

Figure 2.7 Bromination reaction to form dibromofluorene (BrF2).

]
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The mechanism of bromination of fluorene is shown in Figure 2.8.

& o
Br—gi Fed; — 3w Br—Br—Fed;

déh(ﬁ?—recl dﬁ‘g}‘ 3

Figure 2.8 The proposed mechanism of bromination of fluorene.

Bromination follows the same general mechanism for the electrophilic aromatic
substitution (EAS). B‘romine itself is not electrophilic enough to react with benzene. But the
addition of a strong Lewis acid (electron pair acceptor), such as FeCl,, catalyses the reaction, and
leads to the substitution product. The bromine molecuie reacts with FeCl, by donating a pair of its
electrons to the Lewis acid, which creates a more polar Br-Br bond, and thus a more reactive
¢lectrophile. In the Figure 2.8 show mechanism of bromination of fluorene by first step,

The bromine reacts with the Lewis acid to form a complex that makes the bromine more
electrophilic. Next step, The TT electrons of the aromatic C=C act as a nucleophile, attacking the
electrophilic Br, and displacing iron bromo-trichloride. This step destroys the aromaticity giving
the cyclohexadienyl cation intermediate and final step, Removal of the proton from the Sp3 C
bearing the bromo-group reforms the C=C and the aromatic system, generating HBr and

regenerating the active catalyst.



22

The chemical structure of BrF2 was confirmed by 'H-NMR analysis. The 'H-
NMR spectrum of product BrF2 shows a singlet signal at chemical shift 7.7 ppm (2I1) assigning
as 1-H and 8-H position of fluorene ring, a doublet signal at chemical shift 7.65 ppm (ZH, J=7.45
Hz) assigning as 3-H and 4-H of fluorene adduct and a singlet signal at chemical shift 3.9 ppm
(2H) assigning as methylene proton of fluorene.

Dialkylation at the C-9 position to increase the solubility of the resultant
compound BrF(2) was accomplished by géneration of the fluorenyl anion with an aqueous NaOH
solution in DMSO and subsequent dihexylation with 1-bromohexane in the presence of n-Bu,NCl
as phase transfer catalyst at room temperature. The desired 2,7-dibromo-9,9-dihexyl-9H-fluorene

was isolated by silica-gel column chromatography as brown solid in 86% yield.

11-CgHy 3Br, 50% NaOH @
Br . By ————= B . gr
. n-BugNEl, DMSO CeHed “
5113

B&%

Alkyl-BrF(3)

Figure 2.9 Alkylation reaction to form 2,7-dibromo-9,9-dihexy!-9H-fluorene (Alkyl-BrF(3)).

The mechanism of alkylation with phase transfer catalyst to explain the critical
role of tetraalkylammonium salts (Q'X) in the reactions between two substances located in
different immiscible phase is shown in Figure 2.10. Key to this tremendous enhancement in
reactivity is the generation of a guaternary ammonium hydroxide, which makes the hydroxide
anion soluble in organic solvents and sufficiently nucleophilic. The high rate of displacement is
mainly due to two of the three characieristic features of the pairing cation (Q”): high lipophilicity

and the large ionic radius. {
L

1
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—MNaCl + Q*oH = NaOH + Q'8r —(interface)—

it #f

NaCl NaOH (aqueous phase}

quaternary onium salt QF = R{lT, ReP*

2, R = alkyl

X = halide

/', R" = phenyl or vinyl or carbonyl
# = metai '

(organic phase)

(aqueous phase)

Figure 2.10 The proposed mechanism of alkylation.

shift 2.0 ppm (4H) assigning as methylene proton of hexy! unit.

and (+)-frans-diaminocyclohexane as co-catalyst in toluene at 170°C under N, in 70% yield.

CFBr{4)

(J

GHi” CoHia touene, 170°C, 24n,  SHe” “GHs O
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The chemical structure of Alkyl-BrF(3) was confirmed by 'H-NMR analysis.
The 'H-NMR spectrum of product Alkyl-BrF(3) shows a singlet signal at chemical shift 7.60 ppm
(2H) assigning as 1-H and 8-H position of fluorene ring, a doublet signal at chemical shift 7.55

ppm (4H, J = 7.45 Hz) assigning as 3-H and 4-H of fluorene adduct, a triplet signal at chemical

Subsequently, the key intermediate N-carbazole fluorene was synthesized by
using Ullmann coupling of 2,7-dibromo-9,9-bis-n-hexylfluorene with 1 equivalent of

3,6-di-tert-carbazole in the presence of copper(I} iodide as catatyst, potassium phosphate as base

Figure 2.11 Ullmann coupling reaction to form 9-(7-bromo-9,9-dihexyl-9H-fluoren-2-y1)-3,6-di-

tert-butyl-9H-cabazole (CFBr{4)).
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The proposed mechanism of Ullmann coupling reaction is shown in Figure 2.12.
his catalytic cycle, the first step is an oxidative addition of the aryl halide to copper, to form a

copper(Ill) intermediate. Subsequently, the halide on copper is exchanged for the nucleophile and

active Cu() catalyst is regenerated.

the obtained Entennediate, via a reductive elimination step, releases the coupling product and the
Seers
CeHys sHiz @

HH + KP4
Cul
reductive

+
elimination Y+ KyPO,

| &

GeHiz

(O

oxidative

addition 8 O
r
.@ Br
CeMya Hia

Figure 2.12 The proposed mechanism of [llmann coupling reaction.

The chemical structure of CFBr{(4) was confirmed by "H-NMR analysis. The H-
NMR spectrum of product CFBr(4) shows a singlet signal at chemical shift 8.36 ppm (2H)(a)
assigning as 4-I and 5-H of Bu carbazole, a doublet signal at chemical shift 8.01 ppm (1, J =
8.10 Hz)(b) assigning as 4-H of fluorene, a doublet signal at chemical shift 7.88 ppm (1H, J =
6.00 Hz){(¢) 4-H of fluorene adduct, a multiplet signal at chemical shift between 7.49 to 7.71 ppm
(9H) assigning as proton of fluorene and carbazole umf Moreover, IR spectrum reveals the

absorption at 1364 cm " which is consistent with the preseq'ce of C-N bond.
v
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Figure 2.13 H'-NMR spectrum of 9-(7-bromo-9,9-dihexyl-9H-fluoren-2-y1)-3,6-di-
tert-butyl-9H-cabazole (CFBr(4)) in CDCI,.

Suzuki cross-coupling reaction of 2-thiophenboronic acid. The thiophene
intermediates were prepared by using Pd(PPh,), as catalyst in the presence of aqueous sodium
carbonate solution in THF at refluxing temperature afforded the thiophene gave 77 % yield, show

in Figure 2.14.

t-Bu +Bu
O"B( H)y
*4 Pe(PPhak, 2 M NayCO, w
Cyrlyg™ "Gz THE, refux 24 1 Cgthyy™ "z

7%
CFT(5)

{
t

Figure 2.14 Suzuki cross-coupling reaction to form 3,6-di-tert-butyl-9-(9,9-dihexyl-7-(thiophen-

2-y1)-9H-fluoren-2-y1)-9H-carbazole (CET(5)). -
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The proposed mechanism of Suzuki cross-coupling mechanism of thiophene
intermediate, show in Figure 2.15. The mechanism for the Suzuki cross-coupling involves three
steps: 1) oxidative addition; 2) ligand substitution (transmetallation); 3) reductive elimination. The
palladium(O)%species is generated under the reaction conditions from palladium acefate and
triphenylphosphine. The boronic acid reduces the Pd(IT) to Pd(0). The palladium(0) complex then
oxidatively adds the aryl halide. The halide is then substituted by phenylboronic acid to give a
palladium diaryl complex. Reductive elimination from this complex occurs to give the new

organic product and regenerate the Pd(0) catalyst.

e

-Bu. O

Cetla™ CgHyg Ly
By

Oxidative addition
Reducive eilimination

B, O s . y

CgH
Sy Ay g

B{OHY,C0, }»2 MazG0s Q
KO -Bu
" %,
Trans-metalation 2
@— oH s @ Mer  Metathetic exchange
# ® .
H CsHva

Figure 2.15 The proposed mechanism of Suzuki cross-coupling reaction.

The chemical structure of CFT(5) was confirmed by "H-NMR analysis. The 'H-
NMR spectrum of product CFT(5) shows a doublet Sigliél at chemical shift 8.18 ppm (2H, J =
8.70 Hz)(a) assigning as 4-H and 5-I position of +-Bu c.arbazoie, whereas the doublet signal at
chemical shift 7.91 ppm (2H J = 8.70 Hz)(b) was a;signed as two protons in fluorene ring. The
overlapping peaks at chemical shift around 7.12 to 7.67 ppm (11H) are assigned as other protons
in carbazole, fluorene and thiophene moieties, a triplet signal at chemical shift 2.03 ppm (4H, J ~

= 5.70 Hz)(c) assigning as methylene proton of hexyl unit, show in Figure 2.16.
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Figure 2.16 H'-NMR spectrum of 3,6-di-tert-butyl-9-(9,9-dihexyl-7-(thiophen-2-y1}-9H-fluoren-

2-y1)-9H-carbazole CFT (5) in CDCL,.

Iodination reaction of CFT (5) with NIS in mixed solvent of choroform:acetic
acid (1:1) to gave CFTTodo (6) in 90% yield. Tododination reaction in the Figure 2.17 was used
to explain the observed order 1 > Br > Cl for the ease of halogen displacement from the aromatic
ring and the better reactivity shown by electron-deficient aryl halides. Then we choose lodine

because Iodine is good living group more than Br and CL

+Bu .
@ @ O S, nhnmfonnN:Iiceuc sk} ®. Q @ 5 |

SVt e YA
8 @ Cath™ “Cafira e csH1sH13

By
CrFTlodo(6)}
4

Figure 2,17 Tododination reaction to form 3,6—di—tert—hut§1—9-(9,9-d'1hexyl-7—(S-iodothiophen-Z-

yD)-9H-fluoren-2-y1)-9H-carbazole (CFTIodo(6)).
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The chemical structure of CFTIede(6) was confirmed by ‘H-NMR analysis,
show in Figure 2.18. The '"H-NMR spectrum of product CFTTedo(6) shows a single signal at
chemical shift 8.33 ppm (2H) assigning as 4-H position of #-Bu carbazole ring, a triplet signal at
chemical shift 7.94 ppm (1H, J = 7.80 Hz) assigning 4-H position of fluorene ring connection with
thiophene, a multiple signal at chemical shift between 7.14 to 7.82 ppm (11H) assigning proton on
aromatic ring, a doublet signal at chemical shift 2.14 ppm (4H, J = 4.50 Hz) assigning as

methylene proton of hexyl unit, show in Figure 2.18.

1, e
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Figure 2.18 H'-NMR spectrum of 3,6-di-ters-butyl-9-(9,9-dihexyl-7-(5-iodothiophen-2-
yi)-9H-fluoren-2-y1)-9H-carbazole (CFTIodoi(6)) in CDCI,.

]
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Ullmann coupling of CFTIedo (6) with 1 equivalent of 4-bromoaniline in the
presence of copper(l) iodide as catalyst, potassium phosphate as base and (&)-trans-
diaminocyclohexane as co-catalyst in toluene at 170°C under N, in 45% yield, show in

Figure 2.19. -

+Bu

HaErer W T,
.

@.@ ¥ oot KOs
oy CgHyy AEM Tolene, refix 24 h

(J
+Bu @ Na e
)

By

CFTA(7)

Figure 2.19 Ullmann coupling reaction to form N-(4-bromophenyl)-5-(7-(3,6-di-tert-butyl-9/-
carbazol-9-y1)-9,9-dihexyl-9H-fluoren-2-yl1)-N-(5-(7-(3,6-di-tert-butyl-9H-carbazol-
9-y1)-9,9-dihexyl-9H-fluoren-2-yl)thiophen-2-yl)thiophen-2-amine (CFTA(7)).

The chemical structure of CFTA(7) was confirmed by '‘H-NMR analysis.
The 'H-NMR spectrum of product CFTA(7) shows a single signal at chemical shift 8.20 ppm
(4H)(a) assigning as 4-H and 5-H position of #~Bu carbazole, a multiple signal at chemical shift
between 7.15 to 7.90 ppm(28H)(b) assigning proton on aromatic ring. The triplet signal at

chemical shift 2.05 ppm (8H, J = 7.92 Hz)(¢) was assigned proton in hexyl unit.
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Figure 2.20 H'-NMR spectrum of N-(4-bromophenyl)-5-(7-(3,6-di-tert-butyl-9H-carbazol-9-yl)-
9,9-dihexyl-9H-ﬂuor¢n—2-yl)-N-(5-(7-(3,6-di-tert-butyl—9H—carbazol-9-y])—9,9-
dihexyl-9H-fluoren-2-yl)thiophen-2-ylithiophen-2-amine (CFTA(7)) in CDCl,.

Suzuki cross-coupling reaction of {(5-formylthiophen-2-yl)borenic acid.
The aldehyde intermediates were prepared by using Pd(PPh,), as catalyst in the presence of
aqueous sodium carbonate solution in THF at refluxing temperature afforded the thiophene-

aldehyde gave 32 % yield, show in Figure 2.21.
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CFTA-T-aldehyde(7a)
Figure 2.21 Suzuki cross-coupling reaction to form 5-(4-(bis(5-(7-(3,6-di-tert-butyl-9H-carbazol-
9-y1}-9,9-dihexyl-9H-fluoren-2-yDthiophen-2-yl)amino)phenyDthiophene-2-

carbaldchyde.

~ The chemical structure of CFTA-T-aldehyde(7a) was confirmed by '"H-NMR
analysis. The '"H-NMR spectrum of product CFTA-T-aldehyde(7a) shows symbol peak of
aldehyde. Whereas the single signal at chemical shift 9.89 ppm (1H)(a) assigning as proton of
aldehyde group, a doublet signal at chemical shift 8.17 ppm (4H, .J = 1.20 Hz}(b) assigning as 4-
proton and 5-H of #Bu carbazole, a multiple signal at chemical shift between 7.26 to 7.91
ppm{31H) assigning proton on aromatic ring, a doublet of doublét signal at chemical shift 2.03

ppm (84, J= 10.05 Hz)(¢) assigning as methylene proton of hexyl unit, show in Figure 2.22,
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Figure 2.22 H'-NMR spectrum of 5-(4-(bis(5-(7-(3,6-di-tert-butyl-9H-carbazol-9-y1)-9,
9H-fluoren-2-y1)thiophen-2-yl)amino)phenyl)thiophene-2-carbaldehyde
(CFTA-T-aldehyde(7a)) in CDCl,

32

9-dihexyl-

Knovenagel condensation reaction of CFTA-T-aldehyde (7a) with 2-cyanoacetic

acid wsing piperidine catalyst in Chloroform reflux 24h resulting in CFTAT1-A in 97% yield,

show in Figure 2.23.
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NC._.COOH A-cooH

Piperidine
CHCg, reflux 24h

CFTATI-A

Figure 2.23 Knoevenagel condensation reaction of CFTA-T-aldehyde(7) with cynoacetic acid.

Suzuki cross-coupling reaction of 2-thiophenboronic acid. The thiophene
intermediates were prepared by using Pd(PPh,), as catalyst in the presence of aqueous sodium
carbonate solution in THF at refluxing temperature afforded the thiophene gave 66% yield, show

in Figure 2.24.

Pd{PPhs)4
21 NazC05 , THF

CFTAT{8a)

]

Figure 2.24 Suzuki cross-coupling reaction of CFTA(T) vq'ith 2-thiopheneboronic acid.
)

The chemical structure of CFTAT(8a) was confirmed by 'H-NMR analysis,
The 'H-NMR spectrum of product CFTAT(8a) shows a singlet signal at chemical shift 8.21 ppm ~

(4H)(a) assigning as 4-H and 5-H of #Bu carbazole. Whereas the multiple signal at chemical
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shift between 7.05 to 7.91 ppm (35I){b) was assigned proton in carbazole, fluorene and phenyl
ring. The multiplet signal at chemical shift 2.06 ppm (8H)(¢) was assigned proton in hexyl unit,

show in Figure 2.25.

a

N

e T

Figure 2.25 H'-NMR spectrum of 5-(7-(3,6-di-tert-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9H-
fluoren-2-y1)-N-(5-(7-(3,6-di~tert-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9H-fluoren-2-
yDthiophen-2-y1)-N-(4~(thiophen-2-yl)phenyl)thiophen-2-amine
(CFTAT(83)) in CDCL,

Suzuki cross-coupling reaction of 2-thiophenboronic acid and the corresponding
bromo-compound employed in order to increase the numb%:r of thiophene units in the molecules.
The thiophene intermediates were prepared by using Pd:(PPha)4 as catalyst in the presence of
aqueous sodium carbonate solution in THF at reﬂuxin; temperature afforded CFTATBr(9a)
CFTAdi-TBr(9b) resulting in 86 and 99% yield, Respectively. The bromination reaction was

carried out in THF as solvent with NBS. The reaction mixture was stirred at room temperature for ~

30 min to direcily yield bromocompound as show in Figure 2.26.
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N r=12 5
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CFTATBr(%a} = 86%

CFTAT2 8b) = % CFTAdi-TBr(9b) = 99%

Figure 2.26 Suzuki cross-coupling reaction and bromination reaction to form bremocompounds.

Suzuki crtl)ss-coupling reaction of (5~-formylthiophen-2-yl)boronic acid employed
in order to increase the number of thiophene units in the molecules. The thiophene-aldehyde
intermediates were prepared by using Pd(PPh,), as catalyst in the presence of aqueous sodium
carbonate solution in THF at reﬂqxing temperature afforded the thiophene-aldehyde adduct in 98
and 88% yield. Show in Figure 2.27.

OHC—@—BEOH)Z
B .

Pd(PPhg)s
28 Na,CO;y , THE

CFTATF2-aldehyde(I0a) = 98%

CFTAT3-aldehyde{18b) = 88%

Figure 2.27 Suzuki cross-coupling reaction of bromocompounds.
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The chemical structures of CFTAT2-aldehyde(10a) and CFTAT3-
aldehyde(10h) were coﬁﬁrmed by 'H-NMR analysis. The 'H-NMR spectrum of product
CFTAT2-aldehyde(10a) and CFTAT3-aldehyde(i0b) shows symbol of aldehyde peak a
singlet sign;i at chemical shift 9.88 ppm (1H)(a) assigning as proton position of aldehyde group,
a singlet signal at chemical shift 8.18 ppm (4H)(b) assigning as 4-H position of #-Bu carbazole, a
multiple signal at chemical shift between 7.19 to 7.91 ppm{33H) éssigning proton on aromatic
ring. The triplet signal at chemical shift 2.03 ppm (8H, J = 3.90 Hz)(¢) was assigned proton in

hexyl unit, show in Figure 2,28,

Figure 2.28 H'-NMR spectrum of CFTAT3-aldehyde(10b) in CDCI,.
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Knovenagel condensation reaction of CFTAT2-aldehyde(10a) and CFTAT3-

aldehyde{10b) with 2-cyanoacetic acid using piperidine catalyst in Chloroform reflux 24h

resulting in CFTAT2-A and CFTAT3-A in 97 and 98% yield, show in Figure 2.29.

Bu t-Bu

<
By @ N

INC. COOH ‘/ NG
S, ~ » #/~CO0H
A Ho Pipe:idine { A/
n=23 A a=23

GHCls, refiux 24h

B @ N s 13

@ CFTATI-A=97%

+Bu CFTAT3-A = 98%

Figure 2.29 Knoevenagel condensation reaction of CFTAT2-aldehyde(10a} and

CFTAT3-aldehyde(10b) with cynoacetic acid.

The chemical structure of CFTAT2-A was confirmed by "H-NMR analysis.
The 'H-NMR spectrum of product CFTAT2-A shows a triplet signal at chemical shift 8.19 ppm
(6H, J = 6.00 Hz)(a) assigning as proton position of #-Bu carbazole andl proton of cyaneacitic acid,
a multiple signal at chemical shift between 7.24 to 7.90 ppm(32H) assigning proton on aromatic
ring. The singlet signal at chemical shift 3.24 ppm (8H)(¢) was assigned proton in hexyl unit,

show in Figure 2.30.
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Figure 2.30 H'-NMR spectrum of CFTAT2-A in CDCI,.

The chemical structure of CFTAT3-A was confirmed by 'H-NMR analysis.
The 'H-NMR spectrum of product CFTAT3-A shows a singlet signal at chemical shift 8.18 ppm
(6H)(a) assigning as proton position of ~Bu carbazole and proton 6f c;yanoacitic acid, a multiple
signal at chemical shift between 7.16 to 7.89 ppm{32H) assigning proton on aromatic ring.
The singlet signal at chemical shift 3.22 ppm (8H){(¢) was assigned proton in hexyl unit, show in
Figure 2.31. '
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Figure 2.31 H'-NMR spectrum of CFTAT3-A in CDCL,.

Knoevenagel condensation is addition reaction of the methylene components,
activated with two electron withdrawing groups, to aldehydes can be performed with secondary
amines. A reasonable variation of the mechanism, in which piperidine acts as organocatalyst,

involves the corresponding iminium intermediate as the acceptor is shown in Figure 2.32. [47]
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Figure 2.32 The proposed mechanism of Knoevenagel condensation reaction.
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3.2.2. Total Synthesis

The target D-D-TT-A type organic dyes CFTATn-A, n = 1-3 were
synthesized as shown in Scheme 2.1. Bromination reaction of fluorene (F1) with Br, using FeCl,
as catalyst m chloroform gave BrF(2) in 80% yield. Alkylation reaction of BrF(2) with 1-
bromohexane using NaOH as base and tetrabutyl ammonium bromide co-catalyst in DMSO to
give Alkyl-BrF (3) in 86% yield. Ullmann coupling reaction of Alkyl-Br¥ (3) with Bu-
carbazole using K,PO, as base, Cul cata.lyét and used trans-diaminocyclohexane as co-catalyst in
toluene gave CFBr (4) in 72% yield. Suzuki cross coupling reaction of CFBr (4) with 2-
thiopheneboronic acid was carried out using Pd(PPh;), as a catalyst, Na,CO, as a base in THF
resulting in CFT (5) in 77% yield. Iodination reaction of CFT (5) with NIS in mixed solvent of
choroform:acetic acid (1:1) to gave CFTledo (6) in 90% yield. Ullmann coupling reaction
between CFTloedo (6) and 4-bromoaniline afforded CFTA (7) in 45% vyield. Suzuki cross
coupling reaction of CFTA (7) with (5-formylthiophen-2-yl)boronic acid was carried out using
Pd(PPh,}, as a catalyst, Na,CO, as a base in THF resulting in CFTA-T- aldehyde (7a) in 68%
yield. Knovenagel condensation reaction of CFTA-T- aldehyde (7a) with 2-cyanoacetic acid
using piperidine catalyst in Chloroform reflux 24h resulting in CFTAT1-A in 87% yield. Suzuki
cross coupling reaction of CFTA (7) with 2-thiopheneboronic acid was carried out using
Pd(PPh,), as a catalyst, Na,CO, as a base in THF resulting in CFTAT (8a) in 66% yield.
Bromination reaction CFTAT (8a) with NBS in THF gave CFTATBr (9a) in 86% yield. Suzuki
cross coupling reaction of CFTATBr (9a) with 2-thiopheneboronic acid gave CFTAJI-T (8b) in
90% yield followed by bromination of the resultant with NBS in THF gave CFTAdi-TBr (9b) in
99% yield. Suzuki cross coupling reaction of CFTATBr (9a) and CFTAdI-TBr (9b) with 5-
formyl(thiophen-2-ylboronic acid yielded CFTAdi~T—alde?1yde (10a) and CFT Atri-T-aldehyde
(10b) in 98% and 88% yields, respectively. Finally, Knovenagel condensation reaction of
CFTAdi-T-aldehyde (10a) and CFTAtri-T-aldehyde (10b) with 2-cyanoacetic acid using

piperidine catalyst in chloroform produced Dye2 and Dye3 in 97% and 98% yields, respectively.
¥ D y
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Scheme 2.1 Synthetic route to D-D-T-A type organic dyes{({CFTATn-A, n = 1-3).
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Scheme 2.1 Synthetic route to D-D-T-A type organic dyes (CFTATn-A, n = 1-3)(Cont.).
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2.3.3 Optical properties

The absorption spectra of all the D-D-Tt-A type organic dyes in dilute CILCl,
solution are shown in Figure 2.22 (a) and listed in Table 2.1. Dyes (CFTAn-A, n= 1-3) exhibited
broad absorpﬁon spectra ranging from 250 to 600 nm. The spectra exhibit two major absorption
bands., The absorption band at around 294 nm can be altributed to the T-TC transition of the
carbazole moieties and the absorption bands at longer wavelength around 450 nm corresponding to
the intramolecular charge transfer (ICT) transition between the domor and the acceptor. This
indicates that the molecules have a D-D-T-A character. As the number of thiophene units in the
molecules increase, the spetra are red shifted and the molar extinction coefficients {(£) increase.
Thier € values range from 17,400 to 27,800 M 'em”. The broad absor]ition spectra and high £ value

are the key requirments for best sentisizer for efficient DSC.
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Figure 2.33 Absorption (a) specira and PL spectra (b) of CFTATn-A n=1-3 in dry CH,Cl,

solution.

The PL spectra of CFTAn-A, n = 1-3 were located in the yellow to orange region, and

their emission maxima were increasingly red-shifled witI;i the increasing number of thiophene

rings (Figure 2.33 (b)).



Table 2.1 The absorption and fluorescence data of CFTATn-A n=1-3 in dry CH,Cl, solution.
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Amax of absorbance (nm)

Compound Amax of emission (nem)
= and £10° M em™)
CFTAIT-A 298 (0.92), 354 (9.79) 456
CFTA2T-A 297 (5.58), 439 (8.04) 542
CFTA3T-A 297 (4.59), 450 (7.57) 548

2.3.4 Thermal properties

For optoelectronic applications, the thermal stability of organic materials is

crucial for device stability and lifetime. The degradation of organic optoelectronic devices

depends on morphological changes resulting from the thermal stability of the amorphous organic

layer. Morphological change might be promoted by rapid molecular motion near the glass

transition temperature (T)).

Weight (%)

204

~40 4
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e CETAZT -A
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T, = 175194 °C
T, = 173.270°C

T T T T
200 400 afo 80D

Temperature (OC)

Figure 2.34 TGA curves of CFTAn-A, n = 2-3 measured under nitrogen aimosphere at

heating rate of 10 °C/min.

'

]

The thermal properties of CFTAn-A, n=1-3 were measured by uising TGA analysis.

A 5% weight loss temperature (T.;;) of CFTAn-A, n=1-3 were found to be 175 and 173 °C,

respectively. Before and during evaporation no decomposition was detected indicating an

excellent themal stability of CFTAn-A, n=1-3. This suggests that the presence of carbazole =
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dendron donor moieties fo the thiophenes as 7i-conjugated linker is indeed beneficial to their

thermal stabilities.

2.4 Conclusions

The designed dye compounds CFFAn-A, n = 1-3 composed of three parts: (1) carbazole
donating groups (D); (2) an oligothiophene and oligothiophene-phenylene (T); and (3) a
cyanoacrylic acid anchoring group (A) were synthesized using a combination of aikylation,
bromination, Ullmann coupling, Suzuki cross-coupling and Knoevenagel condensation reactions.
The electronic, electrochemical, and thermal properties of these compounds can be tuned by
varying the number of thiophene rings. These compounds exhibited a high molar absorptivity in
the blue/green region of solar light. The number of thiophene increased the conjugation length of
compounds resulting a red-shift and broad in absorption solution spectra. The dye CFTA3-A

should be promising materials for DSCs devices.




CHAPTER 3
SYNTHESIS AND CHARACTERIZATION OF DICARBAZOLE

DENDRIMERS AS EMITTING MATERIALS FOR OLEDs (C,TnG1 =0-2)

3.1 Introduction

The general structure of OLEDs consists of a light emissive layer sandwiched in between
two metal electrodes, one of which is transparent conducting electrode. Additional layers between
the cathode and the emissive layer (electroniransport layer, ETL) or between the anode and the
emissive layer (hole transport layer, HTL) js used for high efficiency OLED devices. Recent
studies revealed that organic multilayer structures typically enhance the performance of the
devices by lowering the barrier for hole injection from the anode and by enabling control over the
electron-hole recombination region, moving it from the organic/cathode interface, where the
defect density is high, into the bulk. Hence, the layer deposited on the anode would generally be
a good hole transport material (HTM), providing HTL. Similarly, the organic layer in contact with

the cathode would be the optimized ETL [33, 48-50].

3.2 Aim of the Study

Carbazole molecules have been used as HTLs owing to their excellent hole-transporting
capability, high charge carmrier mobility, high thermal, morphological and photochemical
stability.It can easily be functionalized at its 3,6-, 1,8- or N positions and then covalently linked
into polymeric systems, both as building blocks in the main chain and pending groups in the side

chain. The molecular structures of carbazole dendrimers compounds are shown in Figure 3.1

[51-53].
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Figure 3.1 Structure of di-carbazole dendrimers compounds {C,TnG1 = 0-2).

3.3 Results and Discussion

3.3.1 Synthesis
Alkylation reaction of carbazole with 1-bromododecane using sodium hydride as

base gave 9-dodecyl carbazole(C).in 95% yield, show in Figure 3.2.

CqusBr, NaH
Cl2H25 .

C

Figure 3.2 Alkylation reaction to form 9-dodecyl-9H-carbazole(C) compound.
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The chemical structures of 9-dodecyl-9H-carbazole(C) compounds were confirmed by

'"H-NMR spectrum of 9-dodecyl-9H-carbazole(C) shows a doublet signal at chemical shift 8.09 ppm

(2H, J = 2.4 Hz){a) assigning as 4-H and 5-I position of carbazole ring, a multiplet signal at

chemical shift 7.20-7.50 ppm (4H) assigning H of carbazole and a triplet signal at chemical shift

3.30 ppm (2H, J = 2.1 Hz)(b) assigning proton of dodecaneé, show in Figure 3.3.
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Figure 3.1 Structure of di-carbazole dendrimers compounds (C,TnG1 = 0-2).

3.3 Results and Discussion

3.3.1 Synthesis
Alkylation reaction of carbazole with 1-bromododecane using sodium hydride as

base gave 9-dodecyl carbazole(C) in 95% vyield, show in Figure 3.2.

CaHzsBr, NaH

DMF, N, ,70°C .
H s C12H25 |

C

Figure 3.2 Alkylation reaction to form 9-dodecyl-9H-carbazole(C) compound.

The chemical structures of 9-dodecyl-9H-carbazole(C) compounds were confirmed by
'"H-NMR spectrum of 9-dodecyl-9H-carbazole(C) shows a doublet signal at chemical shift 8.09 ppm
(2H, J = 2.4 Hz)(a) assigning as 4-H and 5-I position §f carbazole ring, a multiplet signal at
chemical shift 7.20-7.50 ppm (4H) assigning H of cérbazoie and a triplet signal at chemical shift
3.30 ppm (2H, J = 2.1 Hz)(b) assigning proton of dodecane, show in Figure 3.3.
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- CroHas

Figure 3.3 H'-NMR spectrum of 9-dodecyl-911-carbazole(C) in CDCI,

" The proposed mechanism of alkylation reaction. The mechanism pathway S;2
reaction. This pathway is a concerted process (single step, siﬁglé step reactions have no
intermediates and a single transition state (TS)) as shown in Figure 3.4. The nucleophile attacks at
the carbon with the partial positive charge as a result of the polar s bond to the electronegative

atoms in the leaving group.

— .
4—|-'| - 1 (':unzs
__) Cqua—Q—z-Br ﬂ‘

H oo 4

Figure 3.4 The proposed mechanism of nucleophilic substitution reaction.
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Oxidative coupling reaction of 9-dodecyl carbazole(C) was carried out using FeCl,
as a catalyst in CHCI, solvent resulting in Bis-9-dodecyl carbazole(C,) in 86% vield, show in

Figure 3.5.

CyaHys

ke =S
C12H25 @ @ ‘

CyaHys
G,

Figure 3.5 Oxidative coupling reaction to form 9,9-didodecyl-9H,9'H-3,3-bicarbazole(C,) compound.

The chemical structure of 9,9'-didodecyl-9H,9'H-3,3"-bicarbazole(C,) was confirmed
by 'H-NMR analysis. The "H-NMR spectrum of 9,9'-didodecyl-94,9'H-3,3'-bicarbazole(C,)
shows a doublet signal a‘lt chemical shift 841 ppm (2H, J = 1.2 Hz)(a) assigning as 4-H of
carbazole, a doublet signal at chemical shift 8.19 ppm (211, J == 7.8 Hz)}(b) assigning as 2-H of

-Bu carbazole and a triplet signal at chemical shift 3.45 ppm (4H, J = 7.2 Hz)(c) assigning as

proton of dodecane, show in Figure 3.6,

N O
e

b CiaHas
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Bromination reaction of Bis-9-dodecyl carbazole(C,) with NBS in THF at room
temperature gave 6,6'-dibromo-9,9"-didodecyl-9H,9'H-3,3"-bicarbazole (C,~diBr) in 50% yield,

show in Figure 3.7.

cqu%s guﬁzs
&7 ) NBS Br &) @ )
&y,Hys . CyoHas

Figure 3.7 Bromination reaction to form 6,6'-dibromo-9,9"-didodecyl-9H,9'H-3,3"-bicarbazole

(C,~diBr) compound,

The chemical structure of C,~diBr was confirmed by '"H-NMR analysis, The "H-
NMR spectrum of C,-diBr shows a triplet signal at chemical shift 8.30 ppm (2H, J = 6.0 Hz)(a)
assigning as 4-H of +Bu carbazole, a quartet signal at chemical shift 7.83 ppm (211, /= 8.1 Hz)(b)
assigning as 2-H of carbazole and a triplet signal at chemical shift 4.29 ppm (4H, J = 7.20 Hz)(c)

assigning as proton of dodecane, show in Figure 3.8.
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Figure 3.8 H'-NMR spectrum of 6,6'-dibromo-9,9"-didodecyl-9H,9'H-3,3'-bicarbazole
(C,~diBr) in CDCY,

Ullmann coupling reaction between C,~diBr and #-Bu-carbazole(G1} were used
copper(I) iodide as catalyst, potassium phosphate as base and (+)-frans-diaminocyclohexane as

co-catalyst in toluene at 170°C under N, to give C,TG1 in 76% yield, show in Figure 3.9.

t-Bu
12st H ?12"525
@ O t-Bu @ H;N i'ﬂ'fz t-Bu @ O O
@ O Cul, K;PO;4 +-Bu
N Toluene, reflux 24 h
1 12H25 tBu

Figure 3.9 Ullmann coupling reaction to form 3,3",6,6"-tetra-tert-butyl-9',9"-didodecyl-9'H,9"H-

9,3":6',3":6",9"-quatercarbazole(C,TG1) compound.
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The chemical structure of C,TG1 was confirmed by '"H-NMR analysis. The H-
NMR spectrum of C,T'G1 shows a doublet signal at chemical shift 8.69 ppm (2H, J = 0.9 Hz)(a)
assigning as 4-H of +-Bu-carbazole, a singlet signal at chemical shift 8.32 ppm (2H)(b) assigning
as 2-H of carbazole and a triplet signal at chemical shift 8.17 ppm (6H, J = 3.0 Hz)(c) assigning as
4-H of carbazole and a triplet signal at chemical shift 4.36 ppm (4H, J = 7.2 Hz)(d) as proton of

dodecane, show in Figure 3.10.

J C12H25
szst !

Figure 3.10 H'-NMR spectrum of 3,3",6,6"'-tetra-tert-butyl-9',9"-didodecyl-9'H,9" H-

9,3.6',3":6",9"-quatercarbazole(C,TG1) in CDCl,
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Suzuki coupling reaction between dibromocarbazole(C,-diBr) and 2-thiopheneboronic
acid was carried out using Pd(PPh,), as catalyst, Na,CO, as a base in THF as a solvent at reflux

24h resulting in bromothiophene (C,T1Br) 38% yield, show in Figure 3.11.

CHHH C12H15

@O e @O
@ @ THF, reflux 24 br @ @

Pd(PPhS), , 2M Na,CO,
C;zﬂzs . CpaFios

Figure 3.11 Suzuki cross-coupling reaction to form bromothiophene(C,T1Br) compound.

The chemical structure of bromothiophene(C,T1Br) was confirmed by 'H-NMR
analysis. The 'H-NMR spectrum of bromothiophene(C,T1Br) shows a singlet signal at chemical
shift 8.45 ppm (2H)(a) assigning as 5-H position of carbazole ring, a singlet signal at chemical
shift 8.39 ppm (1H)(b) assigning as 2-H of carbazole with thiophene, a singlet signal at chemical
shift 8.34 ppm (1H) assigning as 2-H of carbazole and a doublet signal at chemical shift 4.25
ppm (4H, J = 7.2 Hz)(¢) assigning as proton of dodecane, show in Figure 3.12.
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Figure 3.12 H'-NMR spectrum of bromothiophene(C,T1Br) in CDCl,
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Suzuki coupling reaction between dibromocarbazole(C,~diBr} and 2-thiopheneboronic
acid was carried out using Pd(PPhL,), as catalyst, Na,CO, as a base in THF as a solvent at reflux

24h resulting in dithiophene(C,T2) 48% yield, show in Figure 3.13.

Cqus CiaHys
on. ™ a  go
@ () THF, reflux 24 br & P {4
¥ Pd(PEl’h_.,)',. IM Na,CO, gqus

Figure 3.13 Suzuki cross-coupling reaction to form dithiophene(C,T2) compound.

The chemical structure of dithiophene(C,T2) was confirmed by 'H-NMR analysis.
The 'H-NMR. spectrum of dithiophene(C,T2) shows a doublet signal at chemical shift 8.49 ppm
(4H, J = 7.2 Hz)(a) assigning as 4-1 and 5-H position of carbazole ring, a doublet signal at
chemical shift -7.88 ppm(2H, J = 7.2 Hz)(b) assigning as 2-H of thiophene, a doublet signal at
chemical shift 7.78 ppm(2I1, J = 7.2Hz)(¢) assigning as 3-H of thiophene and a triplet signal at

chemical shift 4.34 ppm(4H, J = 7.2 Hz)(d) assigning as proton of dodecane, show in Figure 3.14.
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Figure 3.14 H'-NMR spectrum of bromothiophene(C,T2) in CDCl,
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Bromination reaction of bromothiophene (C,T1Br) with NBS in THF at room

temperature gave dibromo {C,T1-diBr) compound in 37% yield, show in Figure 3.15.

Siszs gqus
V3 NBS Br— |
I
N , I:I
CpHys CaHas

Figure 3.15 Bromination reaction to form dibromo(C,T1-diBr) compound.

The chemical structure of dibromo(C,T1-diBr) was confirmed by 'H-NMR
analysis. The 'H-NMR spectrum of dibromo(C,T1-diBr) shows a singlet signal at chemical shift
8.40 ppm (IH)(a) assigning as 5-H position of carbazole with thiophene, a singlet signal at
chemical shift 8.35 ppm (1H) assigning as 2-H of carbazole with thiophene, a singlet signal at
chemical shift 8.30 ppm (2H)(b) assigning as 2-H and 3-H of thiophene and a doublet signal at
chemical shift 4.28 ppm (4H, J = 5.1 Hz)(d) assigning as proton of dodecane, show in Figure
3.16.

T T T T
8.5 8.0 1.5 7.0 6.5 B.¢ 5.5 5.0 4.5 4.0 3.5 39 25 26 1.5 1.0 6.5 opm

Figure 3.16 H'-NMR spectrum of bromothiophene(C,T1-diBr) in CDCI,
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Bromination reaction of bromothiophene (C,T2) with NBS in THF at room

temperature gave dibromo (C,T2-diBr) compound in 61% yield, show in Figure 3.17.

Ciatlys Crabys

a8 @@ NBS (] @@
@ O {4 THF, 1t o @Q { Mgy

Ciatips CyaHas

Figure 3.17 Bromination reaction to form dibromo(C,T2-diBr) compound.

The chemical structure of dibromo(C,T2-diBr) was confirmed by 'H-NMR
analysis. The 'H-NMR spectrum of dibromo(C,T2-diBr) shows a singlet signal at chemical shift
8.43 ppm (2H)(a) assigning as 4-H position of carbazole ring, a singlet signal at chemical shift
8.32 ppm (ZH)(h) assigning as 2-H position of carbazole ring, a doublet signal at chemical shift
7.86 ppm (2H, J = 7.5 Hz) assigniﬁg as 2-H position of thiophene ring, and a triplet signal at

chemical shift 4.34 ppm (411, .7 = 6.9 Hz) assigning as proton of dodecane, show in Figure 3.18.
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Figuare 3.18 H'-NMR spectrum of bromothiophene(C,T2-diBr) in CDCI,
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Ullmann coupling reaction between dibromocarbazole(C,T1-diBr) and ¢Bu-
carbazole(G1) were used copper(I) iodide as catalyst, potassium phosphate as base and (£)-trans-
diaminocyclohexane as co-catalyst in toluene at 170°C under N, to give C,T1G1 in 26% yield,

show in Figure 3.19,

t-Bu
I%HHZS : ‘ ?1 2Has
Br t-Bu O HzN NHZ L @ +-Bu
Br oo
N O Toiu::;, ’:;:L?): 24 h ]}; @
Cuabs CiaHos u

Figure 3.19 Ulimann coupling reaction to form C,T1G1 compound.

The chemical structure of dibromo({C,T1G1) was confirmed by 'H-NMR analysis.
The 'H-NMR Spectrum of dibromo(C,T1G1) shows a singlet signal at chemical shift 8.40 ppm
(1H)(a) assigning as 5-H position of carbazole with thiophene, a singlet signal at chemical shift
8.35 ppm (1H) assigning as 2-H of carbazole with thiophene, a singlet signal at chemical shift
8.30 ppm (2H)(b) assigning as 2-H and 3-H of thiophene and a doublet signal at chemical shift
4.28 ppm (411, J = 5.1 Hz)(d) assigning as proton of dodecane, show in Figure 3.19.
Ullmann coupling reaction between dibromocarbazole(C,T2-diBr) and rBu-
carbazole(G1) were used copper(l) iodide as catalyst, potassium phosphate as base and (£)-frans-
diaminocyclohexane as co-catalyst in toluene at 170°C under N, to give C,T2G1 in 14% yield,

show in Figure 3.20.

I(:? i :NH C12|'h5
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Figure 3.20 Ulimann coupling reaction to form C,T2G1 compound.
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3.3.2 Synthetic Strategy

The synthetic routes of dicarbazole dendrimers compounds are shown in Schemes 3.1.
The target molecules bearing biscarbazole donor, thiophene linker and cyanocacrylic acid or
acceptor were synthesized as shown in Scheme 3.1. Alkylation reaction of carbazole with 1-
bromododecane using sodium hydride as base gave 9-dodecyl carbazole(C) in 95% vyield.
Oxidative coupling reaction of 9-dodecyl carbazole(C) was carried out using FeCl, as a catalyst
in CHCI, solvent resulting in Bis-9-dodecyl carbazole(C,) in 86% yield. Bromination reaction of
Bis-9-dodecyl carbazole(C,) with NBS in THF gave dibromocarbazole(C,-diBr) in 50% yield.
Suzuki coupling reaction between dibromocarbazole(C,-diBr) and 2-thiopheneboronic acid was
carried out using Pd(PPh,), as catalyst, Na,CO, as a base in THF as a solvent at reflux 24h
resulting in the mixture products of dithiophene(C,T2) and bromothiophene (C,T1Br) in 48% and
38% yield, respectively. Treatment of the resulting product with NBS in THF gave dibromination
product (C,T2-diBr) and product (C,T1-diBr) in 61%yield and 37%yield respectively. Ullmann
coupling reaction between dibromocarbazole(C,-diBr) and -Bu-carbazole(G1) gave product
C, TGl in 76% yield. Ullmann coupling reaction between dibromocarbazole(C,T1-diBr) and
-Bu-carbazole(G1) gave produét C,T1G1 in 26% yield. Ullmann coupling reaction between

dibromocarbazole(C,T2-diBr) and #-Bu-carbazole(G1) gave product C,T2G1 in 14% yield.
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Scheme 3.1 Synthetic route to dicarbazole dendrimers compounds (C,TnG1 = 8-2).
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3.3.2 Optical properties
The optical properties of the C,TGl, C,T1G1 and C,T2G1t dendrimers were
investigated by UV-Vis spectroscopy in a dilute solution of CH,Cl, and shown in Figure 3.2,
The absorption spectra of C,TG1, C,T1G1 and C,T2G1 are dominated by sirong absorption
bands in the 250-300 nm region and by less intense absorption bands in the 340-450 nm region.
The strong absorption band at about 300 nm could be assigned to the T-Tt’ local electron transition
of a carbazole dendron at the terminal ends. While bands of low intensities at A, 350 nm

corresponds to the TI-7" electron transfer of the entire conjugated backbone.
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Figure 3.21 Absorption (a) spectra and PL spectra (b} of C,TG1, C,T1G1 and C,T2G1 in dry

CH, (], solution.

Table 3.1 The absorption and fluorescence data of C,TnG1 (n=0-2) in dry CH,Cl, solution.

Amax of absorbance (nm)

Compound ‘o Aamax of emission {nm)
and £(10' M em™)
C,TG1 298 (1.47), 349 (6.45) “ 530
C,TiG1 298 (1.74), 411 (7.31) 1 548

C,T2G1 298 (2.01), 438 (7.82) = 597
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3.4 Conclusions

We have synthesized amorphous hole-transporting dendrimers, C,TaG1 (n=0-2) using
a divergent route involving Alkylation reaction, Oxidative coupling reaction, Bromination
reaction, Suzuki coupling reaction and Ullmann coupling reactions. The optical properties of the

resulting can using materials.



CHAPTER 4
SYNTHESIS AND CHARACTERIZATION OF CARBAZOLE-FLUORENE
AND PYRENE DERIVATIVES AS EMITTING MATERIALS FOR OLEDs

(PFC, PFCdi-Py, PFCdi-CPy and CFP4)

4.1 Introduction

Since the breakthrough discovery by Tang and van Slyke in organic light emitting diodes
(OLEDS); research info OLEDs has been pursued intensively because of their potential use in
information displays such as TVs, computer monitors and cellular phones. Developing blue light
emitters isessential for the{development of full color displays. It is much more difficult to produce
blue emission due to the intrinsic characteristic of having a wide bandgap irrespective of the type of
materials. Because of their high solution and solid-state photoluminescence (PT.) quantum yields,
recently much research into blue-emitting materials has centered on fluorene conjugated derivatives.
In order to block the interchain interaction and improve the thermal stability, two bulky aryl groups
are infroduced at C3,6 positions of cerbazole moiety [54]. However, the difference between
ionization potential (IP) of conjugated fluorene derivatives (5.6-5.8 eV) and work-function of the
indium tin oxide (ITO) (-4.7 eV) requires the use of hole-injection layers to obtain efficient hole-
injection,nand the poly(3,4-cthylenedioxythiophene): poly(styrenesulfonate)(PEDOT:PSS) is
commenly used as the hole injection materials. But it is not ideal because of its absorption in the
visible region and the unstable interface between ITO and PEDOT:PSS. In order to avoid above
disadvantages and simplify the OLEDs device, triarylamines was incorporated into the carbazole

moiety to improve the hole-injection ability [55, 56]. :

'

4
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4.2 Aim of the Study

Inspired by the results, we design and synthesize the following new triphenylamin and
pyrene derivatives containing a carbazole core (PFC, PFCdi-Py, PFCdi-CPy and CFP4) (Figure
4.1). We found that substituents at the C-3, 6 positions of carbazole affect the thermal propertics and
optical properties, whereas those at the C-9 position mainly affect the thermal propertics of the
carbazole derivatives. Significantly, by suitable adjustment of the substitutent group in carbazoles,
blue-emitting materials with a high thermal stability and high electroluminescence efficiency can be
achieved. In this chapter, we report on the synthesis and investigation of a new series of carbazole

derivatives and their blue light-emission and hole-transport with additional high thermal stability.

PEC PFECdi-Py PECdi-CPy

® ®
L G

® ¢
Spneoas:

v g
) &
S0 )

CFP4

Figure 4.1 The target molecules (PFC, PFCdi-Py, PFCdi-CPy and CFP4).
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4.3 Results and Discussion

4.3.1 Synthesis
.. Fluorene was brominated with bromine in chloroform. The most nucleophilic

C-7 position of fluorene ring was attacked by Br' {o provide 2,7-dibromofluorene (2BrF) as white

solid in 80% yield (Figure 4.2).

FsCIa,i;Clai rt Bi’Br

(2BrF)

Figure 4.2 Alkylation reaction to form 2,7-dibromo-9/-fluorcne (2BrF) compound.

The reaction mechanism involved three-steps reaction as described in Figure 3.6.
Step 1 bromine reacts with the Lewis acid to form a complex that makes the bromine more
electrophillic. Step 2 the 7T electron of the aromatic C=C acting as a nucleophillic attacks the
electrophillic Br following and displacing iron tribromine. This step destroys the aromaticity
giving the cyclohexanedieny! cation intermediate. Step 3 removal of the proton from the spa-C
bearing the bromo group reforms the C=C and the aromatic system, generates HBr and

regenerates the active catalyst.

2T TN

“+ -
:Br-Br:  + FeCl X — =B'r-}?{f—Fv.=.Cl3

. B'r-(g'r —FeCl BryFeCl

) --.——"' 3*;'/—31» 3BBrH+Br +FeCl,

Figure 4.3 The propose mechanism of aromatic clectrophilic bromination.
1
The chemical struciure of 2BrF wag confirmed by "H-NMR analysis. The 'H-
NMR of the brominated product shows a singlet signal at chemical shift 7.75 ppm (2H) ppm

assigning as 1-H and 8-H position of fluorene ring, doublet signal at chemical shift 7.65 ppm (2H,

J = 9.0 Hz) assigning as 4-H and 5~.H position of fluorene ring, doublet signal at chemical shift
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7.55 ppm (2H, J = 9.0 Hz) assigning as 4-H and 5-H position of fluorene ring and a singlet signal
at chemical shift 3.85 ppm (2H) ppm assigning as 9-H position of fluorene ring,

In order to improve a great solubility in organic solvent of final product long
alkyl chain of C, was intensively attached to C-9 of fluorene ring, moreover with long alky! chain
on fluorene would allows the purification by chromatographic techniques of intermediate
compounds formed in each synthetic steps be possible. Alkylation of 2BrF with bromooctane by
using tetrabutylammonium bromide as phase transfer catalyst and 50% sodium hydroxide as base
in dimethylsulphoxide under this condition fluorene was formed cabanion by hydroxide jon
abstracted the proton at acidic position (C-9 position) and the electrophilic position of alkyl
bromide was attacked by nucleophile gave the dialkylated product 2,7-dibromo-9,9-dioctyl-9H-
fluorene(2BrAlkyl-F) in 89% vield.

e e e

50%NaOH, DMSO,
BugN*Br Cabli7” "Cyhyy

2BrAllyHF

Figure 44 Bromination reaction to form 2,7-dibromo-9,9-dioctyl-9H-fluorenc(2BrAlkyl-F)

compound.
BBrm,...gmBr_...arm_,.mar
8 Y 2 N

R=CH;

Kigare 4.5 The propose mechanism of nucleophilic alkylation.

The chemical structure of ZBrAlkyl-F was confirmed by 'H-NMR analysis.
The 'H-NMR of the brominated product shows muitiplet s:ignal at chemical shift 7.50 ppm (6H)
ppm assigning as proton of fluorene ring, triplet signal at"chemicai shift 1.95 ppm (2QH, J = 8.4

-
Hz) assigning as proton of alkyl group.
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Ullmann coupling reaction between 2BrAlkyl-F and carbazole using K,PO, as

base, Cul catalyst and used frans-diaminocyclohexane as co-catalyst in toluene gave BrFC in

89%yield.

Q A
DN NH,
BrBr LC;%";O'—D' B{N :
Cetyy™ Cghing Teluens, refiax 24h Catis™ Cyhiyy @
' BrFC
Figure 4.6 Ullmann coupling reaction to form 9-(7-bromo-9,9-dioctyl-9H-fluoren-2-y1)-9/1-

carbazele(BrFC) compound.

The chemical structure of BYFC was confirmed by "H-NMR analysis. The -
NMR spectrum of bromofluorene(BrFC) shows a doublet signal at chemical shift 8.21 ppm (2H)
assigning as 4-H and 5-H position of carbazole ring, and a doublet signal at chemical shift 2.08

ppm (2H)(b) and chemical shift 2.02 ppm (2H){(¢) assigning as methylene proton of fluorene,

show in Figure 4.7.
Er” -
S Cai%acsm :('—a
a\ i b
<
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. T 1
8BS 80 75 TO &5 &0 55 50 45 40 35 30 25 20 15 10 05 ppm

Figure 4.7 H-NMR spectrum of 9-(7-bromo-9,9-dioctyl-9H-{luoren-2-y1)-9H-carbazole(BrFC)
in CDCI,.
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The proposed mechanism of Ullmann coupling reaction is shown in Figure 4.8,
The active species is a copper(I)iodide which undergoes oxidaiive addition with the second
equivalent of halide, followed by reductive elimination and the formation of the fluorene-

carbazole carbon bond.

@ OO
a

CeHyr
Har lan exch aﬁge
Reductive elimination

@.@ OO

CEHIT CeHiz

Oxidative addition

Br Br

Csthir™ "Catiz

Figare 4.8 The proposed mechanism of Ullmann coupling reaction.

Suzuki coupling reaction of BrFC and pyrene broronic acid with Pd(PPh,), as
catalyst and Na,CO, as base in THF/H,O as solvent at reflux for 24 h to gave a green solid of PFC in
90%yiclds.

J - R
Cghley”™ CgHyr @ TH, refii Can sHiy

Figure 4.9 Suzuki cross-coupling reaction to form 9-(2,9-di00ty1—7-(pyren-1-y1)-9H—ﬂuorcn-2-yl)-
SH-carbazole(PFC) compound.
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\ The chemical structure of PFC was confirmed by 'H-NMR analysis. The 'H-

NMR spectrum of PFC shows a multiple signal at chemical shift 7.97-8.15 ppm (9H) assigning as

H position of fluorene ring and a doublet signal at chemical shift 2.08 ppm (2H)(b) and chemical
shift 2.02 ppm (2H)(c) assigning as methylene proton of fluorene.

The proposed mechanism of Suzuki cross-coupling reaction is shown in Figure

4.10. The Suzuki reaction is the coupling of pyrene boronic acid with fluorene halide using a

palladium catatyst to form C-C bond. Thus, base activation of organoboron reagents as boronate

intermediates facilitated the transfer of the organic group from boron to palladium

(transmetallation). The reaction has later been extended to also include couplings with alkyl

groups [57].

O.@

GgH C H
Pd@Pha)s aHy” Lyl

e 3 CBHW Oxidative addition

Reductive elimination

0 fiFhs aﬁpd* @
;L : Pha CgHy ™ CaHyr @

Cetlyy” CeHyr
ha

Transmetafafion

+ Base (a.g. KCH)

Figure 4.10 The proposed mechanism of Suzuki cross-coupling.

Bromination reaction of PFC with NBS in distill tetrahydrofuran as solvent at

reflux for 3 h to give a PFC-2Br in 90%yield. i

Bapp —= = . Ragp. g

Figure 4.11 Bromination reaction to form 3,6-dibromo-9-(9,9-dioctyl-7-(pyren-1-y1)-9H-fluoren
-2-y)-9H-carbazole(PFC-2Br) compound.
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The chemical structure of PFC-2Br was confirmed by '"H-NMR analysis,
The 'H-NMR spectrum of PFC-2Br shows a doublet signal at chemical shift 8.50 ppm (2H, J =
9.5 Hz)(a) assigning as 4-H and 5-H position of #-Bu carbazole ring, a multiplet signal at chemical
shift 7.96-8.14 ppm (9H)(b) assigning as proton position of pyrene, a multiple signal at chemical
shift 7.31-7.66 ppm (10H) assigning as proton position of fluorene and carbazoe and a doublet
signal at chemical shift 2.06 ppm (2H, J = 3.5 Hz)(c) assigning as methylene proton of fluorene,
show in Figure 4.12. l

-

L

Figure 4.12 H'-“NMR spectrum of 3,6-dibromo-9-(9,9-dioctyl-7-(pyren-1-y1)-9H-fluoren-2-yl)-
9H-carbazole (PFC-2Br) in CDC,. '
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Suzuki coupling reaction of PFC-2Br and pyrene broronic acid with Pd(PPh,), as
catalyst and Na,CO, as base in THF/H,O as solvent at reflux for 24 h to give PFCdi-Py in 23% vield.

o O®‘3

OO @ Br "@0 @0 @

O@ O.@ N Hoys ’@ O.@ ) @

Pd(PPha), 2M NayCO,
CgHyy THF, reflux CoHyr™ "CgHyr @

&,
»
ay

HHH'

Figure 4.13 Suzuki cross-coupling reaction to form 9-(9,9-dioctyl-7-(pyren-1-yl)-94-fluoren-2-y1)-3,6-
di(pyren-1-y1)-9H-carbazole (PFCdi-Py) compound,

The chemical structure of PFCdi-Py was confirmed by 'H-NMR analysis.
The "H-NMR spectrum of PFCdi-Py shows a singlet signal at chemical shift 8.51 ppm (2H)(a)
assigning as 4-H and 5-H position of ~Bu carbazole ring, a multiplet signal at chemical shift 7.97-
8.25 ppm (27H)}(b) assigning as i)roton position of pyrene, a multiple signal at chemical shift
7.23-7.75 ppm (10H) assigning as proton position of fluorene and carbazole and a singlet signal at
chemical shift 2.06 ppm (ZH)(c) and a singlet signal ai chemical shift 2.17 ppm (2H)(d) assigning

as methylene proton of fluorene,
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Figure 4.14 H'-NMR spectrum of 9-(9,9-dioctyl-7-(pyren-1-y1)-9F-fluoren-2-yl)-3,6-di(pyren-1-yl)-
9H-carbazole(FFCdi-Py) in CDCI,.

Ullmann coupling reaction between PFC-2Br and carbazole(dipyrene) using

K,PO, as base, Cul catalyst and used trans-diaminocyclohexane as co-catalyst in toluene gave

PFCAi-CPy in 14% yield.

0 - B 0 e
O% Q.@ N @ Pd(PPha)a:MNﬂzcoa ’O O.@ @ g‘

Gty “CgHyy @ THF, refiux OgHi7™ “CaHyy

Br i N

Figure 4.15 Ullmann coupling reaction to form 9'-(9,9-dioctyl-7-(pyren-1-y1)-9H-fluoren-2-yl)-

3,3",6,6"-tetra(pyren-1-y1)-9'H-9,3":6',9"-terbenzo{bJindole {(PFCdi-CPy) compound.
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The chemical structure of PFCdi-CPy was confirmed by 'H-NMR analysis.
The 'H-NMR spectrum of PFCdi-CPy shows a singlet signal at chemical shift 7.7 ppm (2H)
assigning as 1-H and 8-H position of fluorene ring, a doublet signal at chemical shift 7.65 ppm
Qi J= 7.45 Hz) assigning as 3-H and 4-H of fluorene adduct and a singlet signal at chemical
shift 3.9 ppm (2H) assigning as methylene proton of fluorene.

Ulimann coupling reaction between 2BrAlkyl-F and carbazole using K,PO, as
base, Cul catalyst and used tmns-diamiﬁocyclohexane as co-cafalyst in toluene gave 2CF in

67%yield.

“ {2

A e,

Gah1i™ “CeHyz Gui KsPO, CBH17 Har
Toluene, refiux 24h

Figure 4.16 Ullmann coupling reaction to form 9,9'-(9,9-dioctyl-9H-fluorene-2,7-diyl)bis(9H-

carbazole)(2CF) compound.

The chemical structure of 2CF was confirmed by '"H-NMR analysis. The 'H-

NMR spectrum of 2CF shows a doublet signal at chemical shift 8.24 ppm (4H d, J = 7.6 Hz)

assigning as 4-H and 5-H position of carbazole ring, a singlet signal at chemical shifi 8.00 ppm

(2H, J = 8.1 Hz) assigning as 3-H and 4-H of fluorene adduct and a multiplet signal at chemical
shift 2.02-2.08 ppm (4H) assigning as methylene proton of fluorene.

Bromination of 2CF with NBS in distill tetrahydrofuran as solvent at reflux for 3 h

to give a 4BrCF in 99%yield.

O N NBS : N @ O .

Figure 4.17 Bromination reaction to form 9,9'-(9,9-dioctyl-9H-{luorene-2,7-diyl)bis(3,6-dibromo-
9H-carbazole}(4BrCF) compound.
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The chemical structure of 4BrCF was confirmed by '"-NMR analysis. The 'H-
NMR spectrum of product 4BrCF shows a singlet signal at chemical shift 7.7 ppm (2H) assigning
as 1-H and 8-H position of fluorene ring, a doublet signal at chemical shift 7.65 ppm (2H, J = 7.45
Hz) assigniné as 3-H and 4-H of fluorene adduct and a triplet signal at chemical shift 2.04 ppm
(4H, t, J = 8.1 Hz) assigning as methylene proton of fluorene.

Suzuki coupling reaction of 4BrCF and pyrene broronic acid with Pd(PPh,), as

catalyst and Na,CO, as base in THF as solvent at reflux for 24 ho gave CFP4 in 11%yicld

3¢ ve
Qo @‘06@ o
" N HO)= N () N
CBHIT sHr Pd(PP-?ﬂ),'::f:f],ﬁagch Q Cet” Tty @
B B ! Q @
(= @
| | e 2%

Figure 4.18 Suzuki cross-coupling reaction to form 2,7-Bis[3,6-dipyrenecarbazol-9-y1]-9,9-bis-n-

Octylfiuorene (CFP4) compound.

The chemical structure of CFP4 was confirmed by H-NMR analysis. The 'H-
NMR spectrum of product CFP4 shows a singlet signal at chemical shift 8.52 ppm (4H) assigning
as 4-H and 5-H position of carbazole, a multiple signal at chemical shift 8.00-8.23 ppm (36H)

assigning as H position of pyrene ring and a singlet signal at chemical shift 2.25 ppm (4H)

assigning as methylene proton of fluorene.
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Figure 4.19 'H-NMR Spectrum of 2,7-Bis|3,6-dipyrenecarbazol-9-y1]-9,9-bis-n-Octylfluorene
(CFP4).

4.3.2 Synthetici Strategy
The synthetic routes of the pyrene-fluorene-carbazole(PFC), dipyrene-

substituted carbazole derivatives (PFCdi-Py), di(carbazole-dipyrene)-substituted carbazole
derivatives (PFCdi-Py) and tetrapyrene-substituted carbazole derivatives CFP4 compound.

The compounds PFC, PFCdi-Py, PFCdi-CPy and CFP4 were synthesized stalic via a divergent
approach involving Alkylation, Suzuki coupling, Bromination and Ullmann cross coupling
reactions as illustrated in Scheme 4.1. Alkylation of fluorene with 1-bromooctane sodium hydride
as base in DMF solvent at roomtemperature for 3 h to give a white solid of Alkyl-F in 87% vyield.
Bromination of Alkyl-F with NBS in distill tetrahydrofuran as solvent at reflux for 24 h to give
2BrAlkyl-F in 95% yield. Ullmann coupling reaction between 2BrAlkyl-F and carbazole using
K,PO, as base, Cul catalyst and used trans-diaminocyclohexane as co-catalyst in toluene gave
BrFC in 89%yield. Suzuki coupling reaction of BrFC and pyrene broronic acid with Pd(PPh,), as
catalyst and Na,CO, as base in THF/H,O as solveni at reﬂu}; for 24 h to gave a green solid of PFC
in 90%yields. Bromination of PFC with NBS in distill te]‘;rahydrofuran as solvent at reflux for 3
h to give a PFC-2Br in 90%yield. Suzuki coupling rea::tion of PFC-2Br and pyrene broronic acid
with Pd(PPh,), as catalyst and Na,CO, as base in THF/H,0 as solvent at reflux for 24 h to gave
PFCdi-Py in 23% yield. Ullmann coupling reaction between PFC-2Br and carbazole(dipyrene)

using K;PO, as base, Cul catalyst and used #rans-diaminocyclohexane as co-catalyst in toluene
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gave PFCdi-CPy in 14% yield. Ullmann coupling reaction between 2BrFAlkyl and carbazole
using K;PO, as base, Cul catalyst and used #rans-diaminocyclohexane as co-catalyst in toluene
gave 2CF in 67%yield. Bromination of 2CF with NBS in distill tetrahydrofuran as solvent at
reflux for 3 h to give a 2BrCF in 99%yield. Suzuki coupling reaction of 2BrCF and pyrene
broronic acid with Pd(PPh,), as catalyst and Na,CO, as base in THF/H,O as solvent at reflux for

24 hto gave CFP4 in 11%yield, as show in scheme 4.1.
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Scheme 4.1 Synthetic route to target molecules (PFC, PFCdi-Py, PFCdi-CPy and CFP4).
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The spectroscopic properties of the four materials were measured in

dichloromethane (CH,C1,) solution and the corresponding data were summarized in Table 4.1.

In solution aﬁsorp‘cion spectra, The absorption bands at around 225-275 nm can be attributed to

the TT-7 transition of the carbazole moieties and the absorption bands at longer wavelength

around 325-400 nm corresponding to the intramolecular charge transfer (ICT) transition between

the carbazole and conjugated substituted pyrene backbone (Figure 4.20 (a)).
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Figare 4.20 (a) Absorption spectra of PFC, PFCdi-Py, PFCdi-CPy and CFP4 and (b) PL

spectrum of PFC, PECdi-Py, PFCdi-CPy and CFP4 in CH,Cl, solution,

The emission spectra display maxima at 420, 427, - and 432 nm, for PFC,

PFCdi-Py, PFCdi-CPy and CFP4 respectively. From the substituted pyrene and carbazole(pyrene)

to substituted fluorene, the PL spectra also show a gradual red-shift, concomitant with the

increasing conjugation length (Figure 4.20 (b)).
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Table 4.1 The absorption and fluorescence data of PFC, PFCdi-Py, PFCdi-CPy and CFP4

Amax of absorbance (nm)

Compound Amax of emission (nm) E, (eV)
and (M 'em™)
PFC 293 (7.26), 348 (7.34) 420 3.16
PFCdi-Py 257(7.13), 356 (7.21) 427 3.13
PFCdi-CPy 299 (7.09), 355 (7.17) 444 3.09
CFP4 279 (5.18), 353 (5.22) 432 2.92

4.4 Conclusions

We have synthesized amorphous hole—trahspoﬁing dendrimers, PFC, PFCdi-Py,
PFCdi-CPy and CFP4 using a divergent route involving Bromination, Alkylation, Ullmann and
Suzuki coupling reactions. The optical properties of the resulting new materials could be readily

controlled by an increased number of pyrene, carbazole(pyrene) dendron units.



CHAPTER 5

SUMMARY

The designed D-D-TT-A type organic dyes CFTAn-A n = 1-3, C,TnG1 = 0-2 and
PFC, PFCdir-Py and PFCdi-CPy composed of three parts: (1) cabarzole donating groups (D); (2)
an oligothiophene and oligothiophenc-phenylene (7T); and (3) an cyanoacrylamide and
cyanoacrylic acid anchoring groups (A). They were synthesized using a combination of alkylation,
bromination, Ullmann coupling, Suzuki cross-coupling and Knoevenagel condensation reactions.
The electronic, electrochemical, and thermal properties of these compounds can be tuned by
varying the number of thiophene rings and anchoring group. The electron distribution before the
light irradiation (IHOMO) is delocalized mainly over carbazole-carbazole donor and
oligothiophene; whereas after light irradiation (LUMO) it moves to the acceptor units close to the
anchoring groups. These con‘lpounds- exhibited a high molar absorpiivity in the blue/green region
of solar light. The number of thiophene increased the conjugation length of compounds resulting a
red-shift and broad in absorption solution spectra. The dye CFTA3-A should be promising
materials for DSCs devices. The target emitiing materilals C,TnG1 = 0-2 and PFC, PFCdi-Py and
PFCdi-CPy for using as emitting molecules in OLEDs devices were successfully synihesized from
bromination, Ullmann coupling and Suzuki cross-coupling condensa'tiorll reactions. The electronic,
electrochemical, and thermal properties of these compounds can be tuned by varying the number
of thiophene rings and dendron moieties. The number of thiophene and dendron units increased
the conjugation length of compounds resulting a red-shift and broad in absorption solution spectra.
All compounds in this study are fluorescent with the color ranging from blue to green. All targets
have good electrochemical and thermal stabilities and couIdibe used as emissive layers in OLEDs.
The performance of OLEDs using these materials as 1ight~e¥hitting Iayer is under investigation and

will be reported in the future. .



CHAPTER 6
EXPERIMENT

6.1 General prbcedures and instruments

'H-NMR spectra were recorded on Brilker AVANCE (300 MHz) spectrometer.
®C NMR spectra were recorded on Briikker AVANCE (75 MHz) spectrometer and were fully
decoupled. Chemical shifts (8) are reported relative to the residual solvent peak in part per million
(ppm). Coupling constants (J) are given in Hertz (Iz). Multiplicities are quoted as singlet (s),
broad (br), doublet (d), triplet (1), quartet (q), AA'BB’ quartet system (AA'BB'), AB quartet
{ABq) and multiplet (m).

The UV-visible spectra were measured in spectrometric grade dichloromethane on a
Perkin-Elmer UV Lambda 25 spectrometer. The absorption peaks are reported as in wavelength
(nm) (log € /dm’mol 'cm™) and sh refers to shoulder. Fluorescence spectra were recorded as a
dilute solution in spectroscopic grade dichloromethane on a Perkin-Elmer LS 50B Luminescence
Spectrometer. |

Dichloromethane was washed with conc, H,S0, and distilled twice from calcium
hydride. Tetfahydrofuran (THF) was heated at reflux under nitrogen over sodium wire and
benzophenone until the solution became blue and freshly distilled before use. All reagents and
solvents were purchased from Aldrich, Acros, Fluka or Thai Supplies and received unless
otherwise stated.

Analytical thin-layer chromatography (TLC) was performed with Merck aluminium
plates coated with silica gel 60 F,,. Column chromatography was catried out using gravity feed
chromatography with. Merck silica gel mesh, 60 A. Where ;olvent mixtures are used, the portions
are given by volume. {

The electrochemistry was performed using a AUTOLAB spectrometer,

All measurements were mad_e at room temperature on sample dissolved in freshly distilled

dichloromethane, 0.1 M tetra-n-butylammonium hexafluorophosphate as electrolyte. The solutions

were degassed by bubbling with argon. Dichloromethane was washed with concentrated
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sulfuric acid and distilled from calcium hydride. A glassy carbon working electrode, platinum
wire counter electrode, and a Ag/AgCl/NaCl (Sat.) reference electrode were used.
The ferrocenium/ferrocene couple was used as standard, and the ferrocene was purified by
recrystallisatﬂm from ethanol and then dried under high vacuum and stored over P,0..

Differential scanning carolimetry (DSC) analysis was performed on a METTLER
DSC823¢ thermal analyzer using a heating rate of 10 °C/min and a cooling rate of 50 “C/min
under a nitrogen flow. Samples were scanned from 25 to 350 °C and then rapidly cooled to 25 °C

and scanned for the second time at the same heating rate to 350 °C.

Thermogravimetric measurements were carried out using a thermoanalysis apparatus
TGA/SDTA851 from Mettler Toledo. Samples for the measurements were prepared by filling alox
crucibles. Measurements were performed at a heating rate of 10 °C /min under a nitrogen flow rate

of 75 cm’/min in the temperature range from 25 to 800 °C.

Melting points was measured by BIBBY Stuart Scientific melting point apparatus

SMP3 in open capillary method and are uncorrected and reported in degree celsius.

6.2 Synthesis and characterization
Chapter 2

2,7-dibromo-9H-flnorene(BrF2)

To a solution of fluorine (15 g, 90.24 mmol) in chloroform (100 ml), was cooled to 0
°C then added FeCl, (80 mg, 0.694 mmol) with stirring '.‘.Br2 in chloroform was slowly added
the mixture and stirred at room temperature for 3 h. The r‘éaction mixture was poured into water
and washed with aqueous sodium thiosulfate solution urtil red color of bromine disappeared.
The organic layer was dried over sodium sulfate anhydrous, filiered and evaporate to dryness.
The residue was purified by crystallization by dichloromethane gave BrF2 as white solid (23 g,
80%); 'H-NMR (300 MHz, CDCL) 5 7.75 (2H, s), 7.65 (2H, d, J = 9.0 Hz), 7.55 (2H, d, J = 9.0
Hz) and 3.85 (2H, s) ppm.
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2,7-dibromo-9,9-dihexyl-9 H-fluorene{Alkyl-BrF(3))

B!Br
T Cetid” CgHya

To a mixture of 2,7-dibromofluorene (10g, 30.86 mmol) and tetrabutyl ammonium
bromide (1 g, 3 mmol) in DMSO (100 ml) was added an aqueous NaOH solution (50% wi/V, 6
mi) follow by 1-brromohexane (15 ml). After being stirred at room temperature for 3 h, the
reaction mixture was extracted with ethyl acetate (100 mlx3). The combined organic phase was
washed with water (100 ml), HCI solution (1 M, 50 ml), brine solution (100 ml), dried over
sodium sulfate anhydrous, filtered and the organic phase was removed in vacuum. Purification by
column chromatography using silica gel eluent with hexane gave Alkyl-BrF(3) solid colorless
viscous {12.7 g, 86%); 'H-NMR (300 MHz, CDCL,) 6 7.50 (6H, m), 1.95 (4H, t,.J = 8.4 Hz), 1.00-
1.40 (16H, m) and 0.95 (6H, m) ppm.

3,6-Di—tert—butyicarbélzoie

Carbazole (10 g, 59.80 mmol) and ZnCl, (24.45 g, 179.41 mmol) were dissolved in
nitromethane (150 ml), then fert—buty! chloride was slowly added to the mixture. The reaction
mixiure was stirred at room temperature under N, for 5 h. The reaction mixture was poured into
water and extracted with dichloromethane (100 mi x 3). Thie combined organic phase was washed
with water (100 ml), brine solution (100 ml), dried over ‘éodium sulfate anhydrous, filtered and
the solvent was remove in vacuum. The residue was purified by recrystallization with hexane,
gave 3,6-di-tert-butylcarbazole as white powder (15.370 g, 92%); m.p. 222-224 °C; "H-NMR
(300 MHz, CDCL,) & 8.09 (2H, s), 7.85 (1H, s), 7.48 (2I1, dd, J= 8.5 Hz, J = 1.6 Hz}, 7.34 (2H,
d, J= 8.5 Hz), and 1.47 (18H, s) ppﬁl; FT-IR (KBr) 3411, 3059, 2959, 2903, 2864, 1628, 1577,
1492, 1466, 880, and 815 cm’".
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9-(7-bromo-9,9-dihexyl-9 H-fluoren-2-y1)-3,6-di-fert-butyl-9 H-carbazole(CFBr(4))

1-Bu. O
NBF
O CgHig CsHaa

t-Bu

A stirred mixture of 2,7-dibromo-9,9-dihexyl-9H-flucrene (21.1294 g, 42.9640 mmol), 3,6-di-
tert-butyl-9H-carbazole (3 g, 10.7365 mmol), copper iodide (1.0224 g, 5.3683 mmol), potassium
phosphate (5.6976 g, 26.8413 mmol) and trans-diaminocyclohexane (0.6120 g, 5.3683 mmol) in
toluene (130 ml) was refluxed for 24 h under N, atmosphere. After cooling, the reaction mixture
was extracted with dichloromethane (100 ml x 3). The combined organic phase was washed with
water (150 ml), brine solution (150 ml), dried over sodium sulfate anhydrous, filtered and the
solvent was removed in vacuum. The product was purified by silica gel chromatography to give
CFBr(4) as yellow viscous (2.0984 g, 72% yield); 'H-NMR (300 MHz, CDCL,) 5 8.36 (2H, s),
8.10 (1H,d,J=8.1 Hz), 7.88 (2H, d, J = 6.0 Hz), 7.49-7.71 (9H, m) and 2.15 (4H, s) ppm.

3,6-di-tert-butyl-9-(9,9-dihexyl-7-(thiophen-2-y)-9 H-fluoren-2-yl)-90 H-carbazole
(CFT()

t-Bu
N
Qi» CgHyg” Cethia

t-Bu

A mixture of 9-(7-bromo-9,9-dihexyl-9H-fluoren-2-y1)-3,6-di-tert-butyl-9f-carbazole (6.0767 g,
8.7962 mmol), Pd(PPh,), (0.3050 g, 0.2639 mmol) and an alqueous Na,CO, solution (2 M, 90 ml)
in freshly distilled tetrahydrofuran (1060 ml) were a«?ded; 2-thiophene-broronic acid (1.1256 g,
8.7962 mmol). The mixture was heated at reflux under N, atmosphere for 24 h. After the mixture
cooled to room temperature water (50 ml) was added. The mixture was extracted with
dichloromethane (50 ml x 3). The combined organic layer as washed with water (50 ml), brine

solution (50 ml) dried over anhydrous sodium sulfate, filtered and the organic solveni was



84

removed in vacuum. Purification by column chromatography using silica gel eluting with hexane
gave CFT(5) as light green viscous (2.220 g, 77%yield; 'H-NMR (300 MHz, CDCl,) 5 8.18 (2H,
d,J=8.7Hz),7.91 2H, d, J= 8.7 Hz), 7.12-7.67 (11H, m) and 2.03 (41, ¢, /= 5.7 Hz) ppm.

3,6-di-fert-butyl-9-(9,9-dihexyl-7-(S-iodothiophen-2-y1)-9 H-fluoren-2-y1)-9 H-

t-Bu :
(2 N |
Q CgHyf CeHia

+Bu

carbazole(CETIodo(6))

3,6-di-tert-butyl-9-(9,9~dihexyl-7-(thiophen-2-y1)-9H-fluoren-2-y})-9H-carbazole

(4.1915 g, 6.0390 mmol) was added in small portions to a stirred solution of chloroform : acetic
acid (1:1) 50 ml, then added N-Todosuccinimide (1.4268 g, 6.3409 mmol) was slowly. After being
stirred at room temperature for 60 min, water was added. The mixture was extracted with
dichloromethane (50 ml x 3). The combined organic layer was washed with water (50 mi), brine
solution (50 ml), dried over anhydrous sodium sulfate, ﬁltered and the solvent was removed in
vacuum. Purification by short column chromatography using silica gel eluting with
dichloromethane : hexane, 5:95 gave CFTIodo(6) as light green s'olifi (0.650 g, 90%yield); 'H-
NMR (300 MHz, CDCIl,) § 8.33 (2H, s), 7.94 (1H, #, J = 7.8 Hz), 7.14-7.82 (11H, m) and 2.14
(4H, d, J= 4.5 Hz) ppm.



85

N-(4-bromophenyl)-5-(7-(3,6-di-fert-butyl-91I-carbazol-9-y1)-9,9-dihexyl-9 H-
fluoren-2-yl)-N-(5-(7-(3,6-di-tert-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9 H-fluoren-2-
yDthiophen-2-yl)thiophen-2-amine{CFTA(7))

A mixture of 3,6-di-tert-butyl-9-(9,9-dihexyl-7-(5-iodothiophen-2-y1)-9H-fluoren-2-
yl)-9H-carbazole (3.8253 g, 4.6652 mmol), 4-bromoaniline (0.3230 g, 1.8781 mmol ), tran-
diaminocyclohaxane(0.2144 g, 1.8781 mmol), K;PO, (1.9935 g, 9.3905 mmol) and Cul (0.3577 g,
1.8781 mmol} in toluene (180 ml). The reaction mixture was stirred at reflux under N, atmosphere
for 24 h. Water (100 ml) was added and the mixture was extracted with dichloromethane (50 mI x
3). The organic layer was separated and dried in Na,SO,. The solvent was removed in vacuym.
The pure product was purified by column chromatography over silica gel eluting with hexane and
dichloromethane ratio 9 : 1 gave CFTA(7) as a green solid. (1.7214g, 45% yield); 'H-NMR (300
MHz, CDCl,) 6 8.20 (4H, s), 7.15-7.90 (28H, m) and 2.05 ($H, t,J="7.9Hz) ppm.
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5~(4-(bis(5-(7-(3,6-di-terr-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9 H-fiuoren-2-

yDthiophen-2-yl)amino)phenyl)thiophene-2-carbaldehyde(CFT A-T-aldehyde(7a))

To a stirred solution of N~(4-bromophenyl)-5-(7-(3,6-di-tert-butyl-9H-carbazol-9-y1)-9 9-dihexyl-
9H—ﬂuoren—2—yl)—N-(5-(7-(3,6~di-tert—butyl-9H-carbazol—9-y1)—9,9—dihexyl~9H-ﬂuoren—Z—yl)thiophen—Z-
yDthiophen-2-amine (0.5000 g, 0.3213 mmol) and Pd(PPh,), (0.0111 g, 0.0096 mmol) in freshly
distilled tetrahydrofuran (40 ml) were added 5-formylthiophene-boronic acid (0.0500 g, 0.3213
mmol), and an aqueous Na,CO, solution (2 M, 29 ml). The mixture was stirred at reflux under N,
atmosphere for 24 h. After cooling the solution, water (50 ml x 3) was added to the solution and
extracted by dichloromethane (50 ml x 3). The organic layer was separated and dried in Na,SO,.
"The solvent was removed in vacuum. The pure product was purified by silica gel chromatography
using a mixture of hexane and dichloromethane (8:2) to give CFTA-T-aldehyde(7a) as orange
solids (0.3400 g, 68% yield); m.p. 150-151 °C; "H-NMR (300 MHz, CDCI,) 5 9.89 (111, s), 8.17
(4H, d, J=1.2 Hz), 7.26-7.91 (31H, m) and 2.03 (8H, dd,s'.]= 10.0 Hz) ppm; FT-IR (KBr) 3053,
2952, 2926, 2862, 2364, 1737, 1665, 1610, 1492, 1551, 1364, 1325, 1295, 1263, 1228, 1049,
875, and 808 cm”.
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(E)-3-(5-(4-(bis(5-(7-(3,6-di~terr-butyl-9H-carbazol-9-yl)-9,9-dihexyl-9 H-fluoren-2-

yl)thiophen-2-yl)amino)phenyl)thiophen-2-yl)-2-cyanoacrylic acid(CFTAT1-A)

COCH

A mixture of 5-(4-(bis(5-(7-(3,6-di-ters-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9H-fluoren-2-
ylthiophen-2-yl)amino)phenyl)thiophene-2-carbaldehyde (0.1629 ¢, 0.1026 mmol) and
cyanoacetic acid (0.0873 g, 1.0263 mmol} and piperidine (0.0131 g, 0.1539 mmol) in chloroform
(25 ml). The solution was refluxed 24h. After cooling the solution, water (50 ml x 3) was added to
the solution and extracted by dichloromethane (50 mi x 3). The organic layer was separated and
dried in Na,SO,. The solvent was removed in vacuum. The pure product was purified by silica
gel chromatography using a mixture of hexane and dichloromethane (1:2) gave CFTAT1-A as a
red solids (0.1414 g, 97% yield); m.p. 153-154 °C; 'H-NMR (300 MHz, CDCL,) 5 8.19 (6H, 1, J =
6.0 Hz), 7.24-7.90 (32H, m) and 3.24 (8H, s) ppm; FT-IR (KBr) 3333, 3064, 2952, 2925, 2854,
2359, 1736, 1727, 1658, 1641, 1461, 1451, 1366, 1261, 11154, 1020, 951, 809, 760 and 668 cm.
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5-(7-(3,6-di-tert-butyl-9 H-carbazol-9-y1)-9,9-dihexyl-9H-fluoren-2-yl)-N-(5-(7-(3,6~
di-fert-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9 H-fluoren-2-yl)thiophen-2-yI)-N-(4-(thiophen-2-
yDphenylthiophen-2-amine(CFTAT(8a))

To a stirred solution of N-(4~brom0pheny1)-5-(7-(3,6-di-tert-butyl—9H—carbazol-9-yl)-9,9-dihexyl-
9H—ﬂuoren-2-y1)-N-(5-(7-(3,6-di-tert-butyluQH—carbazol-9—yl)—9,9—dihexyI-9H~ﬂuoren-2-y1)thi0phen~2—
yhthiophen-2-amine (1.1040 g, 0.6617 mmol) and Pd(PPh,), (0.0229 g, 0.0198 mmol) in freshly
distilled tetrahydrofuran (25 ml) were added 2-thiophene-broronic acid (0.0931 g, 0.7279 mmol),
and an aqueous Na,CO, solution (2 M, 14 ml). The mixture was stirred at reflux under N,
atmosphere for 24 h. After cooling the solution, water (50 ml x 3) was added to the solution and
extracted by dichloromethane (50 ml x 3). The organic layer was separated and dried in Na,S50,.
The solvent was removed in vacuum. The pure product was purified by silica gel chromatography
using a mixture of hexane and dichloromethane (8:2) gave ¢FTAT(8a) as green solids (0.7400 g,
67% yield); m.p. 149.5-150 °C; "H-NMR (300 MHz, CDCl,) § 8.21 (4H, s), 7.05-7.91 (35H, m)
and 2.06 (8H, m) ppm; FT-IR (KBr) 3042, 2956, 29;24, 2857, 2360, 1611, 1491, 1365, 1324,
1295, 1263, 1034 and 810 cm™,
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N-{4-(5-bromothiophen-2-yl)phenyl)-5-(7-(3,6-di-tert-butyl-9[-carb azof-9-y1)-9,9-
dihexyl-9H-fluoren-2-y))-N-(5-(7-(3,6-di-fert-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9 H-

fluoren-2-yh)thiophen-2-yl)thiophen-2-amine(CFTATBr(9a))

To a stirred solution of 5-(7-(3,6-di-tert-butyl-9H-carbazo!l-9-y1)-9,9-dihexyl-9H-fluoren-2-y1)-N-
(5-(7-3,6-di-tert-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9F-fluoren-2-yl)thiophen-2-yl)-N-(4-(thiophen-
2-ylphenyl)thiophen-2-amine (0.7400 g, 0.4427 mmol) was added in small portions in distilled
tetrahydrofuran solution (15ml) at room temperature. After that, N-Bromosuccinimide (0.0867 '
0.4870 mmol) was slowly added in mixture solution. After being stirred for 3 h, water (50 ml) was
added and the mixture was extracted with dichloromethane (50 ml x 3). The organic layer was
separated, dried over anhydrous sodium sulphate, filtered and dried to remove the solvents in
vacuum. Purification by column chromatographyl over silica gel eluting with a mixture of hexane
and dichloromethane (8:2) followed by recrystallization VV;ith a mixture of dichloromethane and
methanol afforded green solid (0.6414 g, 86% yield); 1H-N|MR (300 MHz, CDCl,) 6 9.89 (1H, s),
8.17 (4H, d, J = 1.20 Hz), 7.26-7.91 (31H, m) and 2.03§ (8H, dd, J = 10.05 Hz) ppm; FT-IR (KBr)
3044, 2956, 2927, 2858, 2361, 1611, 1584, 1475, 1365, 1325, 1295, 1263, 1235, 1034, 878, and

810 cm™.



90

5"(4-(bis(5-(7-(3,6-di-tert-butyl-9H-carbazol-9-y1)-9,9-dihexyl-9H-fluoren-2-yl)
thiophen-2-ylJamino)phenyl)-[2,2'-bithiophene]-5-carbaldehyde(CFTAT2-aldehyde(10a))

CHO

A mixture of 4-bromo thiophen-2-amine compound (0.6289 g, 0.3839 mmol),
Pd(PPh,), (0.0133 g, 0.0115 mmoll), 5-formylthiophene-boronic acid {0.0599 g, 0.3839 mmol), an
aqueous Na,CO, solution (2 M, 15 mi) in freshly distilled tetrahydrofuran (20 ml) was stirred at
reflux under N, atmosphere for 24 h. After cooling the solution, water (50 ml) was added to the
mixture and extracted by dichloromethane (50 ml x 3). The organic layer was separaicd and dried
in Na,80,. The solvent was removed in vacuum. The pure product was purified by column
chromatography over silica gel eluting with hexane and dichloromethane ratio 6 : 4 to give
CFTAT2-aldehyde(10a) as an eluent a orange solids (0.6163g, 98% yield); m.p. 162-162.5 °C;
'"H-NMR (300 MHz, CDCL,) 8 9.89 (1H, s), 8.17 (411, d, . = 1.2 Hz), 7.26-7.91 (31H, m) and 2.03

(8H, dd, /= 10.0 Hz) ppm. .

+
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(E)-3-(5"(4-(bis(5-(7-(3,6-di-tert-butyl-9H-carbazol-9-y1)-9,9-dihexy RO H-fluoren-2-

yDthiophen-2-y)amine)phenyl)-[2,2"-bithiophen]-5-y1)-2-cyaneacrylic acid(CFTAT2-A)

| NEE COOH

A mixture of 5'-(4-(bis(5-(?~(3,6-di-tert—buty1-9H-carbazol—9—y1)-9,9~dihexy1—9H—ﬂuorcn—2-
yDthiophen-2-yl)amino)phenyl)-[2,2"-bithiophene]-5-carbaldehyde (0.2021 g, 0.1211 mmol) and
cyanoacetic acid (0.1030 g, 1.2110 mmol) and piperidine (0.0516 g, 0.6055 mmol) in chloroform
(15 mi). The solution was refluxed 24h. Afier cooling the solution, water (50 ml x 3) was added to
the solution and extracted by dichloromethane (50 mi x 3). The organic layer was separated and
dried in Na,SO,. The solvent was removed in vacuum. The pure product was purified by silica
gel chromatography using a mixture of hexane and dichloromethane (1:1) to give CFTAT2-A as
a red solids (0.1960g, 97% yield); m.p. 160-161 °C; 'H-NMR (300 MHz, CDCL,) 6 8.19 (6H, ¢, J
= 6.0 Hz), 7.24-7.90 (32H, m) and 3.24 (8H, s) ppm. °C NMR (300 MHz, CDCL): 152.71,
151.99, 146.05, 144.25, 142.86, 140.65, 139.31, 139.21, 1?;,7.18, 136.35, 135.22, 132.59, 126.55,
125.44, 124.92, 124.06, 123.80, 123.58, 123.40, 121.40, 1‘20.87, 120.33, 120.00, 116.32, 109.22,
55.53, 44.43, 40.35, 34.75, 32.03, 31.54, 29.70, 29.565, 2391, 22,75, 22.59 and 14.03. FT-IR
(KBr) 3411, 3042, 2956, 2928, 2857, 2364, 2208, 1726, 1613, 1584, 1477, 1453, 1348, 1295,
1263, 1237, 1079, 878, 809, 741 and 615 em”.
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N-(4-(|2,2"-bithiophen]-5-ylphenyl)-5-(7-(3,6-di-fert-butyl-9H-carb azol-9-yl)-9,9-
dihexyl-9H-fluoren-2-yD)-N-(5-(7-(3,6-di-tert-butyl-9H-carbazol-9-yl)-9,9-dihexyl-9 H-
fluoren-2-yl)thiophen-Z-ythiophen-2-amine(CFTAT2 (8b))

To a stirred solution of N-(4-(5-bromothiophen-2-yl)phenyl)-5-(7-(3,6-di-ters-butyl-
9H~carbazol-9-y1)—9,9-dihexy]-9H-ﬂuoren-2~yl)—N—(5-(7-(3,6—di-terr-butyi-9H-carbazol-9~yf)-9,9-
dihexyl-9H-fluoren-2-yl)thiophen-2-yl)thiophen-2-amine (0.6414 g, 0.3915 mmol) and Pd(PPh,),
(0.0136 g, 0.03 mmol) in freshly distilled tetrahydrofuran (35 ml) were added 2-thiophene-
broronic acid (0.0551 g, 0.4307 mmol) and an aqueous Na,CO; solution (2M, 30 mmol).

The mixture was refluxed for 24 h. After cooling the solution, water (50 ml x 3) was added to the
solution and extracted by dichloromethane (50 ml x 3). The organic layer was separated and dried
in Na,80,. The solvent was removed in vacuum. The pure product was purified by silica gel
chromategraphy using a mixture of hexane and dichloromethane (8:2) to give CFTAT?2 (8b) as a
dark green solids (0.5773g, 90% yield). "H-NMR (300 Mz, CDCL) § 9.89 (1H, s), 8.17 (4H, d, J
=1.20 Hz), 7.26-7.91 (31H, m) and 2.03 (8H, dd, J = 10.05 Hz) ppm. “C NMR (300 MHz, CDCL,):
152.68, 151.91, 143.81, 142.86, 140.16, 139.41, 139.39, {37.04, 136.57, 133.12, 127.2, 125.45, 124.81,
124.70, 12440, 123.67, 123.62, 123.43, 121.44, 120.78, 120.28, 119.90, 116.35, 109.28, 55.53, 40,40,
3479, 32.08, 31.58, 29.70, 23.94, 22.63 and 14.08. FT-IR (KBr) 3068, 2956, 2928, 2903, 2857, 2361,
1610, 1584, 1478, 1454, 1364, 1325, 1295, 1263, 1235, 1034, 878 and 810 cm .
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N-(4~(5'—bromo-[Z,Z'-bithiophen]-5—yl)phenyE)—S—(7—(3,6-di-tert—butyl~9H—carbazo!—9—yl)—
9,9-dihexyl—9H—fEuoren-Z-yl)-N—(5-(7-(3,6-di-tert-butyl-9H-carbazol-9-yl)-9,9-dihexyl-9H—ﬂuoren—2—
yDthiophen-2-ylthiophen-2-amine{ CFT Adi-TBr(9b))

N-Bromosuccinimide (0.0678 g, 0.3812 mmol) was added in small portions to a solution of N-(4-
([2,2'-bithiophen]-5—y1)pheny1)—5-(7—(3,6—di~tert—buty1-9H-carbazol-9-y1)-9,9-dihexyl-9H—ﬂuoren~
2-y1)~N—(5-(7—(3,6—di—tert-butyl-9H-carbazol—9—y])-9,9-dihexy1-9H—ﬂu01‘en—2-yi)thiophen—%y])

| thiophen-2-amine (0.5688 g, 03465 mmol) in distilled tetrahydrofuran (15ml) at room
temperature. After being stirred for 3 h, water (50 ml) was added and the mixture was extracted
with dichloromethane (50 ml x 3). The organic layer was separated, dried over anhydrous sodium
sulphate, filiered and dried to remove the solvents in vacuum. Purification by column
chromatographyl over silica gel eluting with a mixture of hexane and dichloromethane (8:2)
followed by recrystallization with a mixture of dichloronzlethane and methanol afforded green
solid (0.5631g, 99% yield); 'H-NMR (300 MHz, CDCL,) 3 9.89 (1H, 5), 8.17 (4H, d, J = 1.20 Hz),
7.26-7.91 (31H, m) and 2.03 (8H, dd, J = 10.05 Hz) ];pm. FT-IR (KBr) 3042, 2955, 2927, 2857,
2360, 1611, 1584, 1478, 1452, 1365, 1324, 1294, 1263, 1235, 1033, 969, 877, 809 and 614 cm’".
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5"—(4—(his(S-(?-(3,6-di—tert-butyl-9H-carbazol-9—y1)—9,9-dihexyl—9H-ﬂuoren—2-
yhthiophen-2-yhamino)phenyl)-[2,2':5',2""-terthiophene}-5-carbaldehyde(CFTAT3-
aldehyde(10b))

To a solution of N—(4~(5‘-bromo~[2,2’-biﬂ1iophen]—5~yl)pheny1)-5—(7—(3,6-di-tert-butyl—9H—carbazol-9-
y1)-9,9-dihexyl-9H-fluoren-2-y1)-N-(5-(7-(3 6-di-tert-butyl-9H-carbazol-9-y1)-9,9-dihexyl-97F-fluoren-2-
yDthiophen-2-yl)thiophen-2-amine (0.3000 g, 0.1744 mmol), 5-formylthiophenboronic acid (0.0272
g, 0.1744 mmol), Pd(PPh,),(0.0060 g, 0.0052 mmol), and aqueous Na,CO, solution (2 M, 20
mmol) in freshly distilled tetrahydrofuran (20 ml) was degas with nitrogen for 5 min. The reaction
mixture was stirred at reflux under nitrogen for 24 h. After being cooled to room temperature,
water (50 ml) was added and extracted with dichloromethane (50 ml x 3). The combined organic
layer were washed with water (50 ml) and brine solution (50 ml), dried over anhydrous Na,S0,,
filtered, and the solvents were removed to dryness. Puriﬂc%ltion by column chromatography over
silica gel eluting with a mixture of 50% dichloromethane :‘:md hexane follow by recrystallization
with a mixture of dichloromethane and methanol aff;;orded CFTAT3-aldehyde(10b) as pale a
orange solid (0.2660 g, 88% yield); m.p. 174-175.5 °C; '"H-NMR (300 MHz, CDCl,) 5 9.88 (1H,
s), 8.18 (4H, s), 7.19-7.91 (33H, m) and 2.03 (8H, ¢, J = 3.9 Hz) ppm. “C NMR (300 MHz, -
CDCL,): 182.38, 152.67, 151.96, 146.82, 144.98, 142.87, 141.65, 140.48, 139.32, 139.28, 139.24,
137.35, 137.15, 135.39, 134.42, 132.73, 127.04, 12547, 124.88, 124.46, 124.04, 123.87, 123.58,
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12341, 121.40, 120.83, 120.31, 119.93, 116.33, 109.22, 55.52, 40.36, 34.76, 32.04, 31.54, 29.66,

23.91, 22.59 and 14.04. FT-IR (KBr) 3474, 3067, 2956, 2928, 2857, 2369, 1725, 1610, 1584,
1491, 1477, 1455, 1364, 1325, 1295, 1263, 1228, 1048, 878, 810, 794, 740 and 615 cm .

(E)-3-(5"-(4-(bis(5-(7-(3,6—di-tenf—butyI-QH-carbazoi-9-yl)—9,9-dihexyl-9H-ﬂuoren-2-

yl)thiophen—2-yi)2mino)phenyl)-[2,2':5',2"-terthiophen]-S-yl)-z-cyandacrylic acid(CFTAT3-A)

NCi COOH
1\ S
S A\ H
N

A  mixture of 5"-(4—(bis(5-(7-(3,6-di—tert~buty1—9H—carbazol—9-y1)~9,9—dihexy1-9H—ﬂuoren—2-
yl)thiophen-2-yl)amino)phenyl)-[2,2":5',2"-terthiophene]-5-carbaldehyde (0.2400 g, 0.1370 mmol)
and cyanoacetic acid (0.1165 g, 1.3701 mmol} was vacuum-dried and chloroform (20m1) and
piperidine (0.0583g, 0.6851 mmol)were added. The solution was refluxed for overnight. Afier
cooling the solution, water (50 ml x 3) was added, to the solution and extracted by
dichloromethane (50 ml x 3). The organic layer was separ%tted and dried in Na,SO,. The solvent
was removed in vacuum. The pure product was puriﬁedg'by silica gel chromatography using a
mixture of hexane and dichloromethane (1:1) to give L-CFTATS-A as a red solids (0.2375g, 99%
yield); m.p. 180-180.5 °C; 'H-NMR (300 MHz, CDCL,) & 8.18 (5H, s), 7.16-7.89 (33H, m) and
3.22 (8H, s) ppm. BC NMR (300 MHz, CDCL,): 152.67, 151.94, 144.67, 143.79, 142.85, 140.39,
139.32, 139.28, 138.48, 137.11, 136.22, 135.66, 135.60, 134.83, 132.81, 126.36, 12543, 125.22,
124.85, 124.45, 123.93, 123,86, 123.57,»1}23.40, 121.40, 120.81, 120.30, 119.91, 116.32, 109.22,
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55.51,44.42, 40.35, 34.75, 32.03, 31.54, 29.66, 23.91, 22.73, 22.58 and 14.03. FT-IR (KBr) 3400,
3059, 2957, 2925, 2857, 2353, 2207, 1727, 1658, 1613 1479, 1453, 1348, 1295, 1263, 1033, 877,
795, 741 and 615 cm”.

Chapter 3

9-Dodecylcarbazole(C)

i
Ciz2Hzs

To a solution of carbazole (10.00 g, 59.80 mmol) in DMF (93 ml) was added followed
by NaH (2.15 g). 1-Bromododecane (15.00 g, 89.70 mmol) was added slowly. The reaction
mixture was stirred at 70 °C for 20 h. Water (100 ml) was added and the mixture was extracted
with methylené chloride (50 mi x 3)..The combined organic phases were washed with a dilute HCl
solution (50 ml x 2), water (100 ml), and brine solution (50 ml), dried over anhydrous Na,S0O,,
filtered and the solvents were removed to dryness. Purification by column chromatography over
silica gel eluting with hexane gave a pale yellow viscous oil (9.50g, 95% yicld) "H NMR (300
MHz, CDCL,): & 8.09 (2, J = 2.4 Hz, d), 7.44 (4H, m), 7.25 (d, J = 2.4 Hz), 3.30(2H,J=2.1
Hz, 1), 1.88 (t, J = 2.1 Iz, 2H), 1.33 (m, 18H) and 0.89 (t, J = 2.1, 3H). “C NMR (300 MHz,
CDCl,): 140.57, 125.67, 122.98, 120.45, 118.82, 108.77, 43.15, 32.09, 29.77, 29.66, 29.56, 29.51,
29.09, 27.45, 22.86 and 14.19 MS (TOF MS ES+) m/z: 336.2691 [M + H]".

9,9'-didedecyl-9H,9'H-3,3'-bicarbazole(C,)

To a stirred solution of FeCl, (22.612g, 139.4 mmol) in freshly distilled tetrahydrofuran (250 mi)

was added slowly a solution of cart;azole (9.7372g, 34.85 mmol) in freshly distilled
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tetrahydrofuran (50ml) Afier initiative stirred at room temperature for 24 h, water (100 ml) was
added. The mixtare was extracted with CH,Cl, (50 ml x 3). The combined organic phase was
washed with water (100 mi), brine solution (50 ml), dried over anhydrous Na,50,, sodium
thiosulphate,uv filtered and the solvent was removed to dryness. Purification by column
chromatography using silica gel cluting with hexane gave pale yellow viscous oil. (9.1145 g, 93%
yield); 'H-NMR (300 Milz, CDCL,) § 8.41 (2H, d, J = 1.2 Hz), 8.19 (2H, d, J = 7.8 IIz) and 3.45
(41, ¢, .J = 7.8 Hz) ppm. "C NMR (300 MHz, CDCL): 140.92, 139.55, 133.38, 125.63, 125.53,
123.41, 123.07, 120.44, 118.94, 118.72, 108.86, 108.77, 43.24, 31.91, 29.60, 29.52, 29,45, 29.33,
29.05, 27.36, 22.68 and 14.11. FT-IR (KBr) 3051, 2957, 2923, 2852, 1629, 1600, 1462, 1347,
1330, 878, 796, 744 and 726 cm’".

6,6'—dibromo-9,9‘-didodecyi-9H,9'H—3,3'-bicarbazoie(Cz-diBr)

?12“25
a9
Br

BrN

C12Hzs

N-Bromosuccinimide (3.7104 g, 20.8460 mmol) was added slowly in small portions {o a stirred
solution of 9,9'-didodecyl-9H,9'H-3,3"-bicarbazole (6.8034 g, 10.1688 mmol} in distilled
tetrahydrofuran (25 ml). After initiative stirred at room temperaturé for 3 h, water (50 ml) was
added. The mixture was extracted with CH,CL, (50 ml x 3). The combined orga.nic phase was
washed with water (50 ml), brine solution (50 ml), dried over anhydrous Na,SO,, sodium
thiosulphate, filtered and the solvent was removed tio dryness. Purification by column
chromatography using silica gel eluting with a mixture of C:H;,CI2 and hexane gave yellow viscous
oil. (3.4017 g, 50% yield); "H-NMR (300 MHz, CDCL,) § 8.30 (2H, ¢, J = 6.0 Hz), 7.83 (2H, q,J=
8.1 Hz} and 4.29 (4H, ¢, /= 7.2 Hz) ppm; FT-IR (KBr) 3047, 2957, 2923, 2853, 1629, 1597, 1470,
1453, 1378, 1348, 1149, 1055, 869, and 797 cm”.
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6-bromo-9,9'-didodecyl-6'-(thiophen-Z-y]}-QH,9'H-3,3'-bicarbazole(CleBr) :

C|31zH25
N.

oSS
oS ©
i
CigHs
To a stirred solution of 6,6™-dibromo-9,9'-didodecyl-9H,9'H-3,3"-bicarbazole (1.3690 g,
1.6557 mmol) and Pd(PPh,), (0.0574 g, 0.0417 mmol) in freshly distilled tetrahydrofuran (35 mil)
were added 2-thiophene-broronic acid (0.2128 g, 1.6557 mmol) and an aqueous Na,CO, solution
(2M, 30 mmol). The mixture was refluxed for 24 h. After cooling the solution, water (50 ml x 3)
was added to the solution and extracted by dichloromethane (50 ml x 3). The organic layer was
separated and dried in Na,SO,. The solvent was removed in vacuum. The product was purified by
silica gel chromatography using a mixture of hexane and dichloromethane (8:2) as an eluent a
green solids (0.5202g, 38% vield); 'H-NMR (300 MHz, CDC1,) 5 8.45 (211, s), 8.39 (1H, s), 8.34

(1H, 5) and 4.25 (4H, d, J = 7.2 Hz) ppm.

6;br0m0-6'-(S-bromothiophen—Z-yi)—9,9‘-didodecy!-9ILQ'H-3,3'-bicarbazole

(C,T1-diBr)
(‘312H25
N

SO
OQ ! P~br

N
CizHzs
1
13

N-Bromosuccinimide (0.2960 g, 1.6632 mmol) was added slowly in small portions to a
stirred solution of 6—br0mo—9,9'-didodecy1-6'—(thiophe‘n—Z-t‘yi)-QHﬁ‘H-B,3'~bicarbazole (1.3148 g,
1.5840 mmol) in distilled tetrahydrofuran {15 ml). After initiative stirred at room temperature for
3 h, water (50 ml) was added. The mixture was extracted with CH,Cl, (50 ml x 3). The combined
organic phase was washed with water (50 mi), brine solution (50 ml), dried over anhydrous

Na,30,, sodium thiosulphate, filtered and the solvent was removed to dryness. Purification by
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column chromatography using silica gel eluting with a mixture of CIL,Cl, and hexane gave white
solids. (0.4865 g, 37% yield); 'H-NMR (300 MHz, CDCl,) 8 8.40 (1H, s), 8.35 (1H, s), 8.30 (2H,
s) and 4.28 (4H, d, J= 5.1 Hz) ppm.

9,9'-didedecy}-6,6'"-di(thiophen-2-y1)-9H,9'H-3,3"-bicarbazole(C,T2)

@ ¢ ) s
CI$7 ~
Y

CigHgs
To a stirred solution of 6,6'-dibrom0-9,9’—didodecyl-9H,9'H-3,3'-bicarbazole (2.2803 g,
2.7578 mmol) and Pd(PPh,), (0.0956 g, 0.0827 mmol) in freshly distilled tetrahydrofuran (35 ml)
were added 2-thiophene-broronic acid (0.7058 g, 5.5156 mmol) and an aqueous Na,CO, solution
(2M, 30 mmol). The mixture was refluxed for 24 h. After cooling the solution, water (50 mi x 3)
was added to the solution and extracted by dichloromethane (50 ml x 3). The organic fayer was
separated and dried in Na,SO,. The solvent was removed in vacuum. The pure product was
obtained by silica gel chromatography using a mixture of hexane and dichloromethane (8:2) as an
cluent a green solids (1.0945g, 48% yield); 'H-NMR (300 MHz, CDCl,) 6 8.49 (4H, J = 7.2 Hz,
d), 7.88 (2H, J = 7.2 Hz, d), 7.78 (4H, J = 7.2 Hz, d) and 4.34 (4H, J = 7.2 Hz, 1) ppm. °C NMR
(300 MHz, CDCL): 147.40, 140.63, 140.09, 133.52, 130.80, 125.95, 124.93, 123.97, 123.53,
123.31, 122.09, 119.03, 117.77, 109.78, 109.22, 43.39, 31.91, 29.60, 29.50, 29.42, 29.33, 29.06,

27.32,22.68 and 14.11
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6,6'-bis(5-bromothiophen-2-y1)-9,9'-didodecyl-9H,9'H-3,3"-bicarbazole

Craftas
N
Br S/l @ @ N
'/ Br
O ‘

é12H25

N-Bromosuccinimide (0.1815 g, 1.0200 mmol) was added stowly in small portions to a
stitred solution of 6-bromo-9,9'-didodecyl-6"-(thiophen-2-y1)-9/,9'H-3 3"-bicarbazole (0.4137 g,
0.4976 mmol) in distilled tetrahydrofuran (25 ml). After initiative stirred at room temperature for
3 h, water (50 ml) was added. The mixture was extracted with CH,CL, (50 ml x 3). The combined
organic phase was washed with water (50 mi), brine solution (50 ml), dried over anhydrous
Na,50,, sodium thiosulphate, filtered and the solvent was removed to dryness. Purification by
column chromatography using silica gel eluting with a mixture of CH,C], and hexane gave white
solids. (0.2534 g, 61% yield); 'H-NMR (300 MHz, CDCL,) 6 8.43 (2H, s), 8.32 (2H, s), 7.86 (2H,
J="1.5Hz, d) and 4.34 (4H, J = 6.9 Hz, t) ppm.

3,3'",6,6"'-tetra—tert—butyl-9',9"-didodecyl—9'E9“H—9,3'I:6',3":6",9"'—

quatercarbazele(C,TG1)

S
N @QO
oS &

N
I
c

O

12Hzs
y

A stirred mixture of 6,6'-dibrom0-9,9'—didode;:yl—%[,9'H—3,3’-bicarbazole {0.4603 g,
0.65 mmol), 3,6-di-tert-butyl-9H-carbazole (0.5449 g, 1.95 mmol), copper iodide (0.1238 g, 0.65
mmol), potassium phosphate (0.6899 g, 3.25 mmol) and trans-diaminocyclohexane (0.0371 g,
0.32 mmol) in toluene (130 ml) was refluxed for 24 h under N, atmosphere. After cooling, the

reaction mixture was extracted with dichloromethane (50 ml x 3). The combined organic phase
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was washed with water (15 ml), brine solution (50 ml), dried over sodium sulfate anhydrous,
filtered and the solvent was removed in vacuum. The product was purified by silica gel
chromatography to afforded C,T'G1 as white solid (0.2416 g, 76 % yield); m.p. 134 °C; 1H-NMR;
5 8.69 (2H, d: J=10.9 Hz), 8.32 (2H, s), 8.17 (6H, s), 7.64-7.55 (611, m), 7.46 (4H, J= 8.7 Hz, d),
7.36-7.30 (6H, m), 7.26 (2H, s), 4.36 (411, J= 7.2 Hz, 1), 1.94 (4H,J=17.2 Hz, t), 1.48-1.26 (72H,
m) ppm; "C-NMR (300 MHz, CDCL,): 142.51, 140.21, 139.71, 139.57, 129.83, 128.89, 125.73,
124.22, 123.52, 123.33, 123.07, 122.63, 1'19.30, 116.20, 111.89, 110.48, 109.85, 109.12, 43,54,
34.74, 32.06, 31.91, 29.61, 29.58, 29.52, 29,40, 29.34, 29.02, 27.33, 22.69 and 14.11,

3",6"—di—tert-butyi-6-(5—(3,6-di—tert-butyl-9H«carbazol—9-yl)thiophen-z-yi}—9,9'-

didodecyl-9H,9'H-3,3":6',9""-tercarbazole(C,T1G1)

A stirred mixture of 6-bromo-6'-(5-bromothiophen—Z-yl)—é,9'-didodecyl-9H,9‘H~3,3'-
bicarbazole {0.4152 g, 0.4568 mmol), 3,6-di-ters-butyl-9H-carbazole (0.3829 g, 1.3704 mmol),
copper iodide (0.0870 g, 0.4568 mmol), potassium phosphate (0.4848 g, 2.2840 mmol) and trans-
diaminocyclohexane (0.0261 g, 0.284 mmol) in toluene (30 ml) was refluxed for 24 h under N,
atmosphere. After cooling, the reaction mixture was extracted with dichloromethane (50 ml x 3).
The combined organic phase was washed with water (50 ﬁ;‘l]), brine solution (50 ml), dried over
sodium sulfate anhydrous, filtered and the solvent was rt‘%moved in vacuum. The product was
obtain by silica gel chromatography to afforded (C,T1G1) as light green solid (0.1188 g, 26%
yield); 1H-NMR; 5 8.69 (2H, d, J = 0.9 Hz), 8.32 (2H, s), 8.17 (6H, s), 7.64-7.55 (6H, m), 7.46
(4H,J = 8.7 Hz, d), 7.36-7.30 (8H, m), 7.25 (2H, 5), 4.36 (411, J=7.2 Hz, 1), 1.92 (41, J= 7.2 Hz,
t), 1.48-1.26 (72H, m) ppm |
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6,6'—bis(5-(3,6-di—tert-butyl-QH-carbazol-Q-yl)thiophen-2~yl)-9,9'-didodecyl—

9H,9'H-3,3'-bicarbazole(C,T2G1)

A stirred mixture of 6,6'-bis(5-bromothiophen-2-y1)-9,9'-didodecyl-9H,9'H-3,3'-
bicarbazole (0.1926 g, 0.1943 mmol), 3,6-di-tert-butyl-9H-carbazole (0.420 g, 0.5858 mmol),
copper iodide (0.0370 g, 0.1943 mmol), potassium phosphate (0.2062 g, 0.9715 mmol) and frans-
diaminocycloh;:xane (0.0111 g, 0.0972 mmol) in toluecne (30 mi) was refluxed for 24 h under N,
atmosphere. After cooling, the reaction mixture was extracted with dichloromethane (50 ml x 3).
The combined organic phase was washed with water (50 mi), brine solution (50 ml), dried over
sodium sulfate anhydrous, filtered and the solvent was removed in vacuum. The product was
obtain by silica gel chromatography to afforded C,T2G1 as light green solid (0.0270 g 14%
yield); 'H-NMR; § 8.69 (2H, d, J = 0.9 Hz), 8.37 (2H, s), 8.19 (6H, s), 7.64-7.55 (611, m), 7.46
(4H, J = 8.7 Hz, d), 7.36-7.30 (10H, m), 7.23 (2H, s), 4.33 (41, J = 7:2 Hz, t), 1.91 (4H,J= 7.2
Hz, 1), 1.48-1.24 (72H, m) ppm.
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Chapter 4

2,7-dibromo-9H-fluorene (2BrFiu)

Fluorene (17 g, 102.27 mmol) and FeCl, (0.1281g ,0.7875 mmol) were added to the
stirred in CHCI, (100 ml). Then, a mixﬁe of bromime solution (10.48 ml) and Chloroform (50
ml) were added to the reaction. The reaction mixture was continue stirred under N, atmosphere at
room temperature for 3 h. After the mixture was cooled to room temperature water {100 ml) was
added. The mixture was extracted with CILCL, (50 ml x 3) and sodium thiosulphate, dry over
anhydrous Na,S0,, filtered and the solvent was removed to dryness. Purification by column
chromatography using silica gel eluting with a mixture of CIL,Cl, and hexane gave white solids.
(14.807 g, 87% yield). 'H-NMR (300 MHz, CDCL) & 7.75(2H, s), 7.65 (2H, d, J = 9.0 Hz), 7.55
(2H, d,J= 9.0 Hz), and 3.85 (2H, s) ppm.

2,7-dibromo-9,9-dioctyl-9H-fluorene (2BrFAlkyl)

B,a;

CeHy? CgHiz

A mixture of 2BrFlu (14.804 g, 46.29 mmol), 1-bromoociane (13.66 ml g, 97.21
mmol), aqueous NaOH solution (50% (w/v), 16.6 ml) and tetrabutyl ammonium bromide (~ 2 g)
in DMSO (80 ml). The reaction mixture was continue sti;“red at room temperature for 3 h, the
reaction mixture was extracted wiih ethyl acetate (100 ml x 2). The combined organic phase was
washed with water (100 ml x 2), HCI solution (1 M, 50 rrll), water (100 ml), brine solution (50
ml), dried over anhydrous Na,SO,, filtered and the soiveni[ was removed to dryness. Purification
by column chromatography using silica gel cluting with hexane gave a colorless viscous, (14.06 g,
95% yield). 'H-NMR (300 MHz, CDC1,) 8 7.50(6H, m), 1.95 (411, t, J = 8.4 Hz), 1.00-1.40 (2411,
m) and 0.95 (61, m) ppm.
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9-(7-bromo-9,9-dioctyl-9H-fluoren-2-yl)-9H-carbazole (BrFC)

:

To a mixture of 2BrFAlkyl (1.0620 g, 1.9364 mmol), carbazole (0.1542 g, 0.9221
mmol), copper(l) iodide (0.1756g, 0.922i mmel), potassium phosphate (0.5173g, 4.6105mmol)
and {rans-diaminocyclohexane (0.1053 mi, 0.9221 mmol) in toluene (20 ml) was degassed with
N, for 5 min. The mixture was heated at reflux under N, atmosphere for 24 h. After the mixture
was cooled to room temperature water (50 mi) was added. The mixture was extracted with CILCL,
(50 ml x 2). The combined organic phase was washed with water (50 ml), brine solution (50 ml),
dried over anhydrous Na,SO,, filtered, and the solvents were removed to dryness. Purification by
column chrométtography using silica gel eluting with a mixture of CH,Cl, and hexane afforded a
colorless viscous. (0.9468 g, 89% yield) ; 'H-NMR 8H (300 MHz, CDCY,) 0.78-0.88(10H, m),
1.15-1.30 (20H, m), 1.99-2.04 (4H, m), 7.32-7.43 (2H, m), 7.47 (4H, d, J= 3.9 Hz), 7.56 (41, t,J
=6.0Hz), 7.67 (1H, d, /= 8.7 Hz), 7.91 (1H, d, /= 7.8 Hz), 8.21 (2H, d,J = 7.8 Hz) ppm.

9-{9,9-dioctyl-7~(pyren-l-yi)—9H-ﬂu0ren-2~yi}-9H~cari)az'ole (PFC)

ST e e

A mixture of BrFC (0.9468 g, 1.4917 mmol), l-fpyrene boronic acid (0.2169 g, 0.4972
mmol), Pd(PPh,), (34.3 mg, 0.0447 mmol) and an aquec?us Na,CO; solution (2 M, 10 ml)} in
freshly distilled tetrahydrofuran (20 ml) was degassed with N, for 5 min. The mixture was heated
at reflux under N, atmosphere for 24 h. After the mixture was cooled to room temperature water
(50 ml) was added. The mixture was extracted with CH,CL, (50 ml x 2). The combined organic
phase was washed with water (50 ﬁl), brine solution (50 ml), dried over anhydrous Na,S0,,

filtered, and the solvents were removed to dryness. Purification by column chromatography using
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silica gel eluting with a mixture of CH,Cl, and hexane gave white solids. (0.8517 g, 90%
yield); H-NMR 8H (300 MHz, CDCl,) 0.82-0.86 (6H, m), 0.94-0.96 (4H, m), 1.19-1.28 (20H, m),
2.07-2.11 (4H, m), 7.35 (2H, J = 7.5 Hz, t), 7.45-7.53 (4H, m), 7.62 (2H, J= 5.7 Hz, d), 7.70 (2H,

J=17.8 He, d),7.97-8.15 (7H, m), 8.21-8.31 (6H, m) ppm.

3,6—dibromo—9-(9,9-diactyl—7-(pyren—1-yl)-9H-ﬂuareﬁ-Z-yl)—9H-carbazole

SiResrce

(PFC-2Br)

CaHqr
Br

N-Bromosuccinimide (0.4209 g, 2.3655 mmol) was added slowly in small portions to a
stirred solution of PFC (0.8517 g, 1.1264 mmol) in distilled tetrahydrofuran (25 ml). After
initiative stirred at room temperature for 3 h, water (50 mi) was added. The mixture was extracted
with CH,Cl, (50 ml x 3). The combined organic phase was washed with water (50 ml), brine
solution (50 ml), dried over anhydrous Na,S0O,, sodium thiosulphate, filtered and the solvent was
removed to dryness. Purification by column chromatography using silica gel eluting with a
mixture of CH,Cl, and hexane gave white solids. (0.8517 g, 90% yield) ;1H-NMR OH (500 MHz,
CDCL,) 8.50 (2H, d, J = 9.5 Hz), 7.96-8.14 (SH, m), 7.31-66 (10H, m), 2.06 (411, d, J = 3.5 Hz)



106

9-(9,9-di0ctyl-7-(pyren-I-yl)—9H—ﬂuoren-2-yl)-3,6-di(pyren-I-yl)—9H—carbazo!e
(PFCdi-Py)

Cakly?” "CaHiy

A mixture of PFC-2Br (0.95 g, 2.03 mmol), l-pyrene boronic acid (1.23 g, 426
mmol), Pd(PPh,), (47 mg, 0.041 mmol) and an aqueous Na,CO; solution (2 M, 10 ml) in freshly
distilled tetrahydrofuran (15 ml) was degassed with N, for 5 min. The mixture was heated at
reflux under le atmosphere for 24 h. After the mixture was cooled to room temperature water
{50 ml) was added. The mixture was extracted with CH,CL, (50 ml x 2). The combined organic
phase was washed with water (50 ml), brine solution (50 ml), dried over anhydrous Na,SO,,
filtered, and the solvents were removed to dryness. Purification by column chromatography using
silica gel eluting with a mixture of CH,Cl, and hexane gave light green solids. (1.36 g, 82% yield)
"H-NMR 8H (500 MHz, CDCL,) 8.51 (2H, 5), 7.97-8.25 (27H, m), 7.23-7.75 (10H, m), 2.17 (21,
s), 2.06 (2H, s) ppm.
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2,7-Bis[3,6-dipyrenccarbazol-9-yl]-9,9-bis-n-ectylfluorene (CFP4)

To a mixture of 4BrCF (0.50 g, 0.48 mmol), pyrene-1-boronic acid (0.53 g, 2.17
mmol), tetrakis (triphenylphosphine)palladium(0)(0.01g, 0.009 mmol), in freshly distilled
tetrahydrofuran (20 ml) and 2M Na,CO, 4.8 mL was degassed with N, for 5 min. The mixture was
heated at reflux under N, atmosphere for 24 h. After the mixture was cooled to room temperature
water (50 ml) was added. The mixture was extracted with CH,CL, (50 mix 2). The combined
organic phase was washed with water (50 ml), brine solution (50 ml), dried over anhydrous
Na,50,, filiered, and the solvents were removed to dryness. Purification by column
chromatography using silica gel eluting with a mixture of CH,CIL, and hexane to give yellow
solids. (0.085 g, 11% yield). '"H-NMR 8H (ppm) (300 MHz, CDC13)' 0.73-0.75 (10H,m), 1.07-1.28
(20H, m), 2.23 (4H, 5), 7.77-7.88 (6H, m), 8.00-8.23 (36H, m), 8.29 (4H, d, /= 7.8 Hz), 8.38 (4H,
d,J=9.3 Hz), 8.52 (411, s) ppm.
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ABSTRACT )

In this work. a series of novel fluorescent organic materials based on carbazole, fluorene and pyrene derivatives were
synthesized and characterized for use as blue light-emitting materials for organic light-emitting diede (OLED), The key
intermediate 1-(7-bromo-0.9-dioctyl-9H-fluoren-2-y)pyrene was obtained by bromination of fluctene, alkylation of 2,7~
dibromo-9H-fluorene with 1-bromooctain then Suzuki cross coupling of the resultant with pyrene-1-borouic acid, Target
molecule PFC was synthezied by Ullmann conpling of 1-(7-brome-9,9-dioctyl-9H-fluoren-2-yhpyrene with carbazole.
PFCdi-P was obtained from bromination of PFC using NBS and then Suzuki cross coupling reaction with pyrene-i-
boranic acid. Ullmann coupling of 3,6-dibromo-9-(9.9-dioctyl-7-(pyren-1-y1)-0H-fluoren-2-yD)-9H-carbazole with 3.6-
ditpyren-1-y1)-9H-carbazole to give PFCAI-CP, These 2-pyrene-7-(N-carbazole}flnorene derivatives were clharacterized
by 'H. ¥C NMR, FTIR. UV-Vis and fluorescerice spectroscopy. The farget molecules were expected to use as high
efficient blue emitters with amorplious and high thermal stability for OLEDs.

PFCdi-P PFCdi-CP

Molecular structures of the farget molecules

Keywords Cacbazole: Fluorene; Pyrene: OLED; Blue light-emitting materiat
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SYNTHESIS AND CHARACTERIZATION 2-PYRENE-7-(N-
CARBAZOLE)FLUORENES AS BLUE LIGHT-EMITTING
MATERIALS FOR ORGANIC LIGHT-EMITTING
DIODES (OLEDs)

s .- P 1 . .
Teadkait Kaewpuang', Siriporn Jungsuttiwong', Taweesak sudyoadsuk’, Tinnagon Keawin'
- and Vinich Promarak'*
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Abstract: In this work, a series of novel
fluorescent organic materials based on carbazole,
fluorene and pyrene devivatives were synthesized
and characterized for use as blue light-emitting
materials in organic light-emitting diodes (OLEDs),
The key intevinedinte 1-(7-bromo-9,9-dioctyl-9H-
fluoren-2-y)pyrene was obtained by brominatien
of fluorene, alkylation of 2,7-dibvono-9H Mnorene
with 1-bromooctaine then Suzuki cross coupling of
the resultant with pyrene-1-bovonic acid. Target
molecule PFC was synthiezied by Ullmann coupling
of 1-('7—!1rﬂmo@,9-(Iioctyl-9Huﬁum'en-2-}'])]131'91!?
with carbazole. PFCAi-P was obtained from
brominationof PFC using A-Bromosucciniinide
aud then Suzuki cross coupling renction with
pyrene-1-boronic ncid. Ullinann coupling of 2,7-
Bis(3,6-dibromocnrbazol-9-y1)-2,9-bis-n-
octylfluorene with pyrene-1-beromic acid resulted
in CPF4. These 2-pyrene-7-(N-carbazoleMiuorene
derivatives were characterized by 'H and "C NMR,
UV-Vis and fluorescence spectroscopy. The target
molecules were expected to use as high efficient
blue-light emitfers with amorphons and high
thermal stabilify for QLEDs.

1, Introduction

The normal stracture of OLEDs includes of a Hght
emissive layer sandwiched in between two metal
electrodes, one of which is fransparent conducting
electrode. Additional layers between the cathode and
the emussive layer (electrontansport laver, ETL) or
between the anode and the emissive layer (hole
fransport layer. HTL) is used for high efficiency
OLED devices. Recent studies revealed that organic
nwdtilayer  structures  typically  increase  the
performance of the devices by decreasing the barrier
for hole injection from the anode and by enabling
contral over the electron-hele recombination region,
moving it fom the organic/cathode interface, where
the demerit density is high, into the bulk. Therefore,
the fayer deposited on the anode would generally be
a good hole fransport material (HTTM). providing HTL.
Similarly. the organic layer in contact with the cathode
would be the optimized ETL [1-4].

In this work.we describe the synthesis and
characterizationof blue light-emitting materials that
conveniently prepared using brominatios. atkylation .
Ullmann coupling and Suzuki coupling reaction for
use it organic Hght-emitting diodes (GLEDs)

Y é“‘“?é;ﬁ;&gﬂ s _r

PFC PFCAdi-P  (PF4

Figure 1.Structures of PFC, PFCdi-P and CPES for nse
as orgattic light-emitting mateyial.

2. Experhinental

2.1, Materials and Instruments

Tetrahydrofiran (THF) was refluxed with sodinm
and benzophenone, and distilled, CH,CL for DSC and
TGA experimentswere washed with conc. HoSO, and
distiied fwice from CaH,. All reagents and solvents
were pugchased from Aldrich, Acros, Flika or Thai
Suppliets and used asreceived nnless otherwise stated.

'H-NMR spectra were recorded on Bridker
AVANCE {300 MHz) spectrametsr. *C-NMR spectra
were recorded on Briker AVANCE (75 MHz)
spectiometer and were fully decoupled. Chemical
shifts are reported relative to residual solvent peak in
part per million (ppm). Coupling constants (S are
given in Hertz (Hz). UV-Visible specira were
measwrad in CH,CL on Perkin-Elimer UV Lambda 235
spectrometer. Analytical thin-layer clromatograpliy
{TLC) was performed with Merck aluninium plates
coated with silica gel 60 Fysq, Columm chromatography
was camvied out using gravity feed clwomatography
with Merck siliga gel mesh, 60 °A,

2:1.1 2.7-(1“!3:'01110-9H-ﬂuo:‘ene (03]

A solution of fluorene (17 g, 102.27 mmeol) and
FeCl3 {01281z .0.7875 mmiol) in CHCI3 (100 mi)
were firstly prepared . Then, a mixtwe of bromime
sobdtion (10.48 mf) and CHCI3 (50 ml) was added to

PURE AND APPLIED CHEMISTRY INTERNATIONAL CONFERENCE 2012 (PACCON 2012}

19




e

PEPPhab I NALO)
THE, raflux

2]

s L e

Br. Br
@ @ NBS @ @ mK&
. . THF. ¢t . Pd{aphy}y 28 Mo, 0O,
& o & o (0 cnion O o
[5)

(=
' mﬂah
o,

3
ﬁ*w e O
Catlyi” Calyy  Toluene, refbax 2402 Clte?” ey

L)} &3} 0'30

Scheme 1.Synthesis of blue tight-entting diode materials

water (100 ml) was added, The mixture was extracted
with CH2CE2 (50 ml %' 3) and sodivm thiosulphate, this
stirred solution. The reaction mixture was stirred under
Ny atmospliere at roont temperature for 3h. After the
mixture was cooled fo room temperatuee, then dried
over anhydrous Na2SO4. The solvent was finally
removed to obtain crude product. The erede product
was purified by colwmn chromatography wsing silica
gel elutingwith a mixture of CHiClL and hexane gave
white solids. Yield 14.807 g (87%). ‘H-NMR (300
MHz, CDCL) 8 7.75(2H, ). 7.65 (2H. d. T = 9.0 Hz).
755(2H. d. J=9.0 Hz). and 3.85 (2H, 5) ppa.

2.1.2 2, 7-dibromo-9,9-divetvi-9H-Tuorene (3)

A mixture of 2 (14,804 g, 46,29 nunol),
1-bromooctane (13.66 ml g. 97.21 mmel). aqueous
NaOH solution (30% (wiv), 16.6 ml) and tetrabutyl
angnogium bromtide (~ 2 g} in DMSO (80 mi) was
prepard and stirred af room temperature for 3h. The
reaction mixture was then extracted with ethy! acetate
(100 1l x 2). The combined organic layer was washed
with water (106 mf x 2), HC1 (1 M. 50 ml). water (100
). brine solution (50 m).and dried over anhydrous
Na;SO,. The crude product was obtained after the
solvent was removed. The crude product was finally
purified by column chromatography using silica gel
eluting with hexane gave a colorless viscous. Yield
1406 g (95%). 'H-NMR (300 MHz CDCL;) &
7.50(6H, m}, 1.95 (4H. t, T = 8.4 Hz), 1.00-1.40 {24H.
m) and 0.95 (6H. m) ppm.
2.1.39-(7-bromio-9,9-dioctyi-9H-fluoren- -y SH-
carbazole (4)

A mixture of 3(1.0620 g

1.9364 nunol),
carbazole (0.1542 g, 0.9221 mumol). copper(D) iodide

(0.1756g.  0.9221 mmol), petassium phosphate
(0.5173g. 4.61035mumof) and trans-diamimacyclohexasne
(0.1053 ml 09221 nunol) in toluene (20 nwas
degassed with N for 5 min. The mixture was heated to
refles under Ny atmosphere for 24h. After the mixture
was cooled to room temperatve, water (50 ml) was
added and the mixture was then extracted with CH:Cl,
(50 ml x 2). The combined organic layer was washed
with water (50 ni). brine solution (50 mb). and dried
over anhiydrous Na:SO4. The solvent was removed to
obtain crude product. The crude product was finaHy
putified by cohunn clyomatography using sifica gel
eluting with a mixture of CH,Cl, and hexane afforded
a colorless viscous product. Yield 0.9468 g (89%) :
'H-NMR SH (300 MHz, CDCl) 0.78-0.88(10H. m),
1.15-1.30 (20EL m), 1.99-2.04 (4H, m), 7.32-7.43 (2H.
m), 7.47 (4H, &, 7= 3.9 Hz), 7.56 (4H, t, T = 6.0 Hz},
7,67 (1H. 4, J=87Hz). 7.91 (1H. d. J= 7.8 Hz), 8.21
(2H. d. Y= 7.8 Hz) ppm.

204 908, Qudlioctyl- 7e(pyren-Iad)-SH-flioren-2-1v4)-
YH-carbazole (PFC)

A mixture of 4 (0.9468 g, 14917 nmol), 1-
pyrene boronic acid (0.2165 g 04972 1ok},
Pd(PPhy), (34.3 mg, 0.0447 mmol) and an aquectis
NayCO; solution (2 M, 10 mi) in THF (20 ml) was
degassed with N, for 5 min. The mixture was heated to
reflux wnder N, atmosphere for 24h. After the mixture
was cooled to room temperature, water (50 mi) was
added. The ixture was extracted with CHYCL (50 mi
% 2. The combined organic laver was washed with
watea‘{ (50 mb). brine solution (50 ml),and dried over

PURE AND APPLIED CHEMISTRY INTERNATIONAL CONFERENCE 2012 (PACCON 2012)

120




anhydrons Na,SO,. The crude product was obtained
afler sofvent removal and puwified by colemn
chromatography using silica gef eluting with a nixture
of CH,C1; and hexane to afford a white solid product.
Yield 0.8517 g (90%)."H-NMR SH (300 MHz, CDC1L,)
1.82-0.86 (611, m), 0.94-0.96 (4H. m). 1.19-1.28 (20H.
m), 2.07-2.1F (4, m), 735 CQH. £, =75 Hz), 7.45-
753 (4. m), 762 QH 4. T=57Hz), 770 (2H, 4, 1 =
7.8 Hz),7.97-8.15 (7H, m). 8.21-8.31 (6H. m) ppm.

215 3.6-dibromo-9-(9,9-cioctyl-7-Gmwen-1-vij-9H-

fuoren-2-vi}-9H-carbazole (3)

N-Bromosuccinimide (04209 g, 2.3655 nunol}
was added in small portions to a stured solution of
PFC (0.8517 g 1.1264 nunol) m THF (25 ml). After
initiative stisred af room temperatuse for 3h, water
(50 ml) was added. The mixture was extracted with
CH,CL, (50 ml x 3). The combined organic fayer was

washed with water (50 ml), brine solution (50 ml).and.

drred over anhydrous Na;SO0;. sodivm thiosutphate.
The solvent was then removed to obtain crude product
which was then purified by column chromatography
using silica gel elutitg with a mixtwe of CH,Cl, and
hexane affording a white solid product, Yield 0.8517
2 (90%)

216 948 9-dioctyl-7-(pwen-1-vl)-9H-fliroren- 2up3-
3, 6-di(pren-Ivi)-9H-carbazole (PFCAI-P)

A mixture of § (0.95'g, 2.03 mmol), 1-pyrene
boronic acid (1.23 g, 4.26 mumot). PAPP;), (47 me.
0.041 mmol) and an aquecus Na,CO; solution (2 M,
10 ml) in THF (15 ml) was degassed with N, for 5
min. The mixtee was heated to reflx wnder N,
atmosphere for 24%, After the mixture was cooled to
room temperature, water (50 ml) was added. The
mixhue was exfracted with CH:Cly (50 ml x 2). The
combined organic layer was washed with water
(50ml). brine solution (50 ml). and dried over
anfrydrous Na;S0y. After solvent removing, the crude
product was purified by colunn chromatography using
silica gel eluting with a mixture of CHCl; and hexane
afforded light yellow solid product. Yield 1.3 g
(82%)

2.1.72, 7-Bis{ 3, 6-dipyrenecarbazol- 919 9-bis-n-
ochviflnorene(CFP4)

A mixtire of 7(0.50 g. 0.48 mmol). pyrene-1-
boronic acid )0.53 g 217 ol tetrakis
(triphenylphosphine)palladivm{0)(0.01 g, 0.009
nunob)in THE (20 mf) and 2M NayCO; 4.8 mLwas
degassed with N; for 5 min. The nixture was heated to
reflix under N, attnosphere for 24 h. After the mixtwe
was cooled to room temperature, water (50 l}
wasadded. The mixture was extracted witly CHCl, {50
mix2). The combined organic layer was washed with
water (30 ml). brine solution (50 ml), dried
overanhydrous Na,S0;. The solvent was then removed
to obtained crude product. The crude product was
finally purified by colums chromatography using silica
gel eluting with a mixtwe of CH,Cl, and hexane to
give yellow solids. Yield 0.085 g (11%), 'H-NMR &

{ppm) (300 MHz, CDCl;) 0.73-0.75 (10H,m). 1.07-
1.28 (20H, m). 2.23 (4H, s), 7.77-7.88 (6IL m}. $.00-
8.23 (36H, m), 8.29 (4H. &, J=T7.8 Hx), 838 (dIL d. J
=9.3 Hz), 8.52 (41 5) } ppm.

3. Result and Disscussion

3.1 Synthesis and Characterization

The synthesis procedure of farget materials is
outlined it Scheme 1. The target matedals PFC.
PFCAi-P and CFP4 were synthesized using a
combination of bromination, alkylation, Ullmann
coupling and Suzuki cross-coupling. The synthesized
materials were cliaracterized by *H-NMR. PC-NMR,
UV-Vis and Fluoresence spectroscopy.

Nocmalizod ietan sity

Figure 2.Absorption spectra and PL spectra of PFC,
CFP4 and PFCAL-P in CHCLy solution

3.2. Optical properties

The optical properties of PFC, CFP4 and PFCd-P
were investigated nsing UV—vis and hotohmuinescence
spectroscopy i solutions as shown in Figure 2. The
UV-Vis absorption spectra of PFC, CFP4 and PFCdi-P
exhibit two strong characteristic bands; 280 nm
(absorption band corvesponds fo the absorptions of
carbazole it} and 355 am (absorption band
cotresponds to the absorptions of the fluorene unif).
The entission spectrta of PFC, CFP4 and PFCdi-P
located in the blue-green region with emission peaks at
440 1an. -

4. Conclusions

In this work;we successfully synthesized PFC.,
PFCAi-P and CFP4of blue light-smitting materials fhat
conventently prepared using brominatios. alkylation .
Ulhtaane: coupling and Suzuki conpling reaction for
use as blue light-emilting materials in organic light-
emifting diodes (OLEDs)
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SYNTHESIS AND CHARACTERIZATION OF BULKY D-D-w-A TYPE ORGANIC
DYES FOR DSSCs

Teadkait Kaewpuang. Siriporn Jungsuttiwong, Taweesak Sudyoadsuk, Tinnagon Keawin,
Vinich Promarak®

Center for Organic Electronic and Alternative Energy (COEA), Department of Chemistry and
Center of Excellence for Innovation in Chemistry, Faculty of Science, Ubon Ratchathani
University, Ubon Ratchathani 34190. Thailand

*e-mail: teadkaitkanwpuang@gmail.com

Abstract: Novel organic dyes, namely Dye2 and Dye3. containing  di{carbazole
fluorenethiophenyl)amine as bulky donor moiety are designed and synthesized, The
oligophenylthiophenes and cyancacrylic acid are used as n-conjugated bridge and electron-
withdrawing anchoring group, respectively. The taiget molecules were characterized by
NMR, IR, UV-vis and fluorescence tecliniques.

Introduction: Dye sensitized-solar cells (DSSCs) have been intensively investigated since
the report of highly efficient ruthenivm complex-sensitized TiO2 solar cells by the Swiss
scientists. To date. overall conversion efficiencies of up to 12% were achieved from the
-Tuthenitun complex device. However, pure organic dyes exhibit not only higher extinction
coefficient, but simple preparation and purification procedure wiilt a low cost. Recently,
enormous progress has been made in this field and the highest overall photoelectiic
conversion efficiency of solar cells sensitized by organic dyes containing an electron donor
(D) and an electron acceptor (A), separated by a m-conjugation bridge (m) has reached 9.8%.
This indicates the promising perspective of metal-free organic dyes. Therefore, in this work,
we develop bulky D-D-r-A type organic dyes having di(carbazole fluorenethiophenyl)aniine
as bulky donor moiety. cyanoacrylic acid as acceptor and oligophenylthiophenes as 7-
conjugated bridge :

Figure 1. Chemical structures of the designed dyes.

125

Methodology: All reagents were purchased from Aldrich, Acros or Fluka and used without
further purification. All solvents were supplied by Thai c::ompanies and used without further
distillation. THF was refluxed with sodium and benzophenone, and freshly distilled prior to
use. 'H and °C NMR spectra were recorded on a Bruker AVANCE 300 MHz spectrometer.
Infrared (IR) spectra were measured on a Perkin-Elmer FTIR spectroscopy Spectrum RXI
spectrometer. Ultraviolet-visible (UV-Vis) spectra were recorded on a Perkin-Elmer UV
Lambda 25 spectrometer and photohuninescence spectra were recorded with a Perkin-Elmer

LS 50B Luminescence Spectrometer as dilute CH,C1; solution

© 38" Congress on Science and Technology of Thailand (Full paper)
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Results, Discussion and Conclusion: The Dye2 and Dye3 were synthesized as shown in
Scheme 1. Ullmamn coupling reaction of BrF (1) with t-Bu-carbazole using K3PO, as base,
Cul catalyst and used frans-diaminocyclohexane as co-catalyst in toluene gave CFBr (2) in
72% yield. Suzuki cross coupling reaction of CFBr (2) with 2-thiopheneboronic acid was
carried out using Pd(PPh;), as a catalyst, Na;C'O; as a base in THF resulting in CFT (3) in
77% Yyield. Todination reaction of CFT (3) with NIS in mixed solvent of choroform:acetic
acid (1:1}) to gave CFTIodo (4) in 90% yield. Ullmann coupling reaction between CFTIodo
(4) and 4-bromoaniline afforded CFTA (5) in 45% yield. Suzuki cross coupling reaction of
CFTA (5) with 2-thiopheneboronic acid was camried out using Pd(PPhs); as a catalyst,
Na,CO; as a base in THF resulting in CFTAT (6a) in 66% yield. Bromination reaction
CFTAT (6a) with NBS in THF gave CFTATBr (7a) in 86% yvield. Suzuki cross coupling
reaction of CFTATBr (7a) with 2-thiopheneboronic acid gave CFTAQI-T (6b) in 90% yield
followed by bromination of the resultant with NBS in THF gave CFTAAE-TBr (7D) in 99%
yield. Svzuki cross coupling reaction of CFTATBr (79) and CFTAdi-TBr (7b) with 5-
formyl(thiophen-2-yl)boronic acid yielded CFTAdi-T-aldehyde (8a) and CFTAti-T-
aldehyde (8b) in 98% and 88% yields, respectively. Finally, Knovenagel condensation
reaction of CFTAdI-T-aldehyde (8a) and CFTAtri-T-aldehyde (8b) with 2-cyanoacetic
acid using piperidine catalyst in chloroform produced Dye2 and Dye3 in 97% and 98%
yields, respectively.
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Scheme 1. Synthetic route to the target dyes.
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The Dye2 and Dye3 were characterized by NMR, IR, UV-vis and fluorescence
techniques. They are soluble in chlorinated solvents, THF and acetone and exhibit absorption
band cover UV and visible regions.
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